


of one photobeam induced by stereotyped behaviour, e.g.,
sniffing, rearing, or rotations were not registered.

Mounting behaviour was assessed in groups of ani-
mals prior to the open-field.

Rats were used only once.
Values are presented as the mean ± standard error of

the mean (SEM). Drug effects were assessed using one-way
analysis of variance; individual treatment groups were
compared with t-test.

Drugs. The following drugs were used: Apomorphine
hydrochloride (SPOFA), Cyproheptadine hydrochloride
(Sharp & Dohme), Desipramine hydrochloride (AWD),
5,7-Dihydroxytryptamine creatinine sulfate (5,7-DHT)
(Sigma), 6-Hydroxydopamine hydrochloride (6-0HDA)
(Fluka), Lisuride hydrogenmaleate (Schering), Lysergic
acid diethylamide tartrate (LSD) (SPOFA), Pargyline
hydrochloride (Fahlberg-List), Sulpiride (Schurholz).

Lisuride, sulpiride, and cyproheptadine were generous
gifts from the respective drug companies. All drugs were
dissolved in 0.9% NaCl, except 6-0HDA, which was
dissolved in 0.1% ascorbic acid.

All doses were calculated as the salt. The injection
volume of intraperitoneally (IP) administered drugs was
10 ml/kg body weight. The interval between the injection of
drug and the commencement of testing was 7 min for
apomorphine, and 30 min for the other drugs.

6-0HDA and 5,7-DHT administration. Rats were anes-
thetized with sodium hexobarbital (120 mg/kg IP) and
positioned in a stereotactic apparatus after pretreatment
with desipramine (25 mg/kg IP); for 6-0HDA lesion the
rats were additionally pretreated with pargyline (50 mg/kg
IP). The neurotoxins 6-0HDA and 5,7-DHTor 0.9% NaCI
were administered by means of a Hamilton ILlsyringe (CR
700-20) in a volume of 0.5 ILlover a period of 2 min. The
injection cannula had an outer diameter of 0.23 mm. The
coordinates ofthe cannula tip were, according to Konig and
Klippel for the median raphe nucleus A = 0.35; L = 0;
V = 2.6. One week after surgery the behavioural experi-
ments were carried out. Rats were killed after the
experiment for histological examination. Data were dis-
carded if the lesion was not in the raphe nucleus.

Results

Figure 1 shows that lisuride induced a biphasic effect on
locomotor activity of rats: a low dose (0.1 mg/kg IP)
decreased and higher doses (0.2-0.4 mg/kg IP) increased
motility dose dependently (F7,116 = 31.3, P < 0.001). A
dose of 0.4 mg/kg lisuride produced the maximum stimu-
lant response. Following higher doses of lisuride (0.4 mg/kg
and higher) signs of the behavioural "serotonin syndrome",
e.g., Straub tail, hindlimb abduction, head weaving,
tremor, vocalisation, stereotypies, and mounting were
observed.

Figure 2 shows that cyproheptadine at a dose which did
not alter spontaneous locomotor activity significantly but
which has been shown to antagonize serotonergic-induced
locomotor effects (Gold et al. 1980) attenuated lisuride-in-
duced hyperlocomotion. Additionally, lisuride-induced
mounting behaviour was suppressed by cyproheptadine.

LSD, given in a low dose, which was ineffective by
itself, but has been shown to produce a serotonergic
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Fig. 1. Dose-response curve for lisuride effects (e) on locomotor
activity. Crossed squares of an open-field were counted for 5 min.
Vertical bars represent SEM. Numbers of rats used are shown in
the figure. * P < 0.001 versus control (0)
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Fig. 2. Effect of cyproheptadine (0.2 mg/kg) on lisuride-induced
hypermotility. Crossed squares of an open-field were counted for
5 min. Columns represent means ± SEM, n = number of rats.
* P < 0.005 versus lisuride alone (0.2 mg/kg and 0.4 mg/kg,
respectively)

locomotor effect in combination with dopaminergic drugs
(Fink et al. 1979), abolished the locomotor inhibitory effect
of lisuride and actually induced locomotor hyperactivi-
ty.

Figure 3 shows that the potentiating effect of LSD on
lisuride-induced locomotor hyperactivity disappeared with
increasing doses of lisuride.

Figure 4 shows that destruction of serotonergic neu-
rons within the median raphe nucleus by 5,7-DHT, which
has been demonstrated to produce degenerations at
polygonal raphe neurons and dendritic structures of
fusiform ones (Holzel et al. 1984), potentiated slightly
hypermotility induced by 0.2 mg/kg lisuride. Mounting
behaviour was induced by the combination of LSD with a
dose of lisuride (0.2 mg/kg), which did not produce this
behavioural effect by itself.

Figure 5 shows that apomorphine also induced a
biphasic locomotor effect (F4,66 = 12.75, P < 0.001).
However, the maximum stimulatory effect was significantly
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Fig. 3. Influence of LSD (0.1 mg/kg) on lisuride-induced loco-
motor effects. Crossed squares of an open-field were counted for
5 min. Columns represent means ± SEM, n = number of rats.
** P < 0.005 versus lisuride (0.1 mg/kg) and LSD (0.1 mg/kg),
respectively, * P < 0.02 versus lisuride (0.14 mg/kg) and LSD
(0.1 mg/kg), respectively
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5.7-0HT
,81'97d,150 6-0HOA 8,ug 7dNoCl

o
"0
§ 50

3

9 11 8
Noel 02 02

0.2 02
Q2 Lisuride [mg/kg]

Cyproheptadine

Fig. 4. Influence of lesion of the median raphe nucleus by
6-0HDA or 5,7-DHT on lisuride-induced locomotor effects.
Crossed squares of an open-field were counted for 5 min. Columns
represent means ± SEM, n = number of rats. 0 P < 0.002,
• P < 0.05 versus lisuride (0.2 mg/kg) in unlesioned rats,
* P < 0.02 lisuride (0.2 mg/kg) in 6-0HDA lesioned rats

lower (P < 0.001) than that of lisuride. The apomor-
phine-induced hypermotility was potentiated by pretreat-
ment with lisuride in a dose of 0.14 mg/kg. The locomotor
depressant effect of apomorphine was abolished by this and
a lower dose of lisuride (Fig. 5, Table 1).

Sulpiride did not induce any locomotor effect when
given alone, but antagonized the sedative lisuride effect
(Table 1). After 6-0HDA injection into the median raphe
nucleus [3H]-dopamine uptake (1 x 10-7 M [3H]-dopa-
mine) in a crude synaptosomal fraction prepared from
punches of the median raphe nucleus was decreased to
54 ± 7% (n = 8), indicating lesion of dopaminergic termi-
nals (K. Drescher, personal communication).

In Fig. 4 it is shown that after 6-0HDA injection into
the median raphe nucleus lisuride-induced locomotor
inhibition was not affected, whereas locomotor stimulation
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. Fig. 5. Influence of increasing doses of apomorphine on locomotor
effect induced by 0.14 mg/kg lisuride. Crossed squares of an
open-field were counted for 5 min. Columns represent means
± SEM, n = number of rats. *" P < 0.002, * P < 0.01 versus
corresponding apomorphine control

Table 1. Effect of apomorphine and sulpiride on lisuride-induced
locomotor inhibition

Drug Dose Locomotor activity Number
(mg/kg) (Mean of crossed of rats

squares ± SEM)

NaCI 42.6 ± 4.2 18
Lisuride 0.1 20.9 ± 2.2* 24
Apomorphine 0.25 19.6 ± 4.3* 18
Lisuride + 0.1 40.9 ± 12.3*' 8Apomorphine 0.25
Sulpiride + 4.0 38.3 ± 4.4 24
Lisuride + 0.1 37.9 ± 5.9*** 10Sulpiride 4.0

P < 0.002 versus NaCI
•• P < 0.05 versus apomorphine and lisuride

P < 0.005 versus lisuride***

produced by a high dose of lisuride was potentiated. This
potentiating effect was suppressed by cyproheptadine.

Discussion

Lisuride and the dopamine agonist apomorphine produced
very similar locomotor dose-response curves following
systemic administration: both curves are biphasic, with low
doses reducing and high doses increasing locomotor activity
(Figs. 1, 5). The curves are similar in slope, whereas the
maximum stimulant effect of lisuride was considerably
higher than that of apomorphine. On a molar base, lisuride
was three times more potent than apomorphine in respect
of induction of locomotor effects.

The reduction in spontaneous locomotor activity by a
low dose of lisuride seems to be compatible with a
stimulation of presynaptic dopamine receptors in the
mesolimbic system as has been demonstrated in neuro-
chemical experiments (Kehr 1977; Tissari et a1. 1983;



Tissari and Gessa 1983). In accordance with the finding of
Wachtel (1978) it was shown that the presynaptic dopamine
antagonist sulpiride prevented the inhibitory locomotor
effect of lisuride (Table 1). After combined injection of
locomotor depressant doses of lisuride and apomorphine,
the locomotor inhibition was not augmented, but abol-
ished, indicating that the total dose of dopamine agonists is
large enough to stimulate postsynaptic dopamine receptors
(Table 1).

LSD in a low dose, ineffective when given alone,
abolished the sedative effect of lisuride and produced
locomotor stimulation (Fig. 3). This is in accordance with
our previous findings that LSD also prevents the inhibitory
apomorphine effect, and that LSD induced this effect by a
serotonin agonist action (Fink and Morgenstern 1984b).
Thus, serotonergic mechanisms do not seem to be involved
in the sedative effect of lisuride. Therefore, this lisuride
effect is compatible with a stimulation of presynaptic
dopamine receptors.

However, the locomotor stimulant effect of higher
doses of lisuride is not satisfactorily explained solely by
stimulation of postsynaptic dopamine receptors in the
mesolimbic system, since the maximum locomotor response
of lisuride is higher than that of dopamine agonists, e.g.,
apomorphine (Fig. 5) and amphetamine (Fink et al. 1979).
Electrophysiological and neurochemical studies revealed a
marked central serotonin agonist property of lisuride in
addition to its dopamine agonist action (Kehr 1977;
Rogawski and Aghajanian 1979; Rosenfeld and Makman
1981; Tissari et al. 1983; Walters et al. 1979; Weir et al.
1981; White and Wang 1983). Considering these findings,
an attempt will now be made to compare the locomotor
stimulant effect of lisuride with that of the drug combi-
nation of apomorphine and LSD. LSD has been previously
demonstrated to act in a low dose as a serotonin agonist
preferentially at presynaptic receptors on serotonergic
raphe neurons, resulting in a reduced activity of the
serotonergic system. It is well established that changes of
serotonergic activity may alter dopaminergic effects (See
Fink and Oelssner 1981).

Whereas low doses of LSD failed to alter spontaneous
locomotor activity, hypermotility induced by dopamine
receptor stimulation was potentiated (Fink et al. 1979). The
maximum locomotor response induced by apomorphine
plus LSD was comparable to that induced by lisuride.

The LSD-induced potentiation effect has been shown to
be suppressed by serotonin antagonists (Gold et al.
1980).

In parallel, lisuride-induced locomotor hyperactivity
was strongly inhibited by the serotonin antagonist cypro-
heptadine. This corresponds to the finding that LSD failed
to potentiate hyperactivity induced by a high dose of
lisuride (Fig. 3). Furthermore, the locomotor effect of
increasing doses of apomorphine was potentiated by
lisuride (Figs. 1, 5). The maximum response produced by
this combined drug treatment was similar to that of high
doses of lisuride alone and that of apomorphine plus LSD,
respectively (Fink et al. 1979). These findings are in line
with the hypothesis that in addition to the dopaminergic
action, a serotonergic component, which is comparable
with the serotonergic action of LSD, may also contribute to
hypermotility induced by high doses of lisuride.

Lisuride produced signs of the "serotonergic syn-
drome", which has been observed also after combined
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injection of apomorphine and LSD or after injection of
higher doses of LSD alone (Fink et al. 1979; Silbergeld and
Hruska 1979). Besides that, lisuride-induced mounting
behaviour was influenced by cyproheptadine and by LSD.
Thus, our results support those findings in the literature,
which indicate a serotonergic involvement in the induction
of these behavioural effects (Horowski 1983; Keller et al.
1983; Silbergeld and Hruska 1979).

Recently, we found that the potentiating effect of
sulpiride on apomorphine hypermotility was prevented by
6-0HDA lesion of the median raphe nucleus, suggesting
that dopaminergic terminals in this nucleus may playa role
in the mediation of locomotor effects (Fink and Morgen-
stern 1984a). The lisuride-induced hypermotility was poten-
tiated by 6-0HDA lesion of the median raphe nucleus
(Fig. 4). It is likely, therefore, that this potentiation effect is
produced by an action of lisuride at supersensitive post-

. synaptic dopamine receptors on raphe neurons. Since
cyproheptadine abolished the potentiation effect, it is
conceivable that the potentiation effect is mediated by the
serotonergic system. It is suggested that both serotonin and
dopamine receptor stimulation by lisuride contributes to an
inhibition of serotonergic activity, facilitating hypermo-
tility. The sedative lisuride effect is not influenced by
6-0HDA lesion of the median raphe nucleus, indicating
that dopamine receptors in the median raphe nucleus do
not playa role in lisuride-induced sedation.

In conclusion, our results suggest that the locomotor
effects of lisuride can be related to a complex action
involving both dopaminergic and serotonergic mecha-
nisms.
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excellent technical assistance.

References

Carruba MO, Mantegazza P (1983) Behavioral pharmacology of
ergot derivatives. In: CaIne DB, Horowski R, Me Donald RJ,
Wuttke W (eds) Lisuride and other dopamine agonists. Raven
Press, New York, pp 65-77

Carruba MO, Riccardi S, Muller EE, Mantegazza P (1980)
Anoretic effect of lisuride and other ergot derivatives in the
rat. Eur J Pharmacol 64: 133-141

Cote T, Munemura M, Kebabian J (1979) Lisuride hydrogen
maleate: An ergoline with ,ii-adrenergic antagonist activity.
Eur J Pharmacol 59: 303-306

Fink H, Morgenstern R (1984a) The role of median raphe nucleus
in sulpiride-induced potentiation of apomorphine hypermo-
tility. Eur J Pharmacol 99: 123-124

Fink H, Morgenstern R (1984b) Characterization of the mecha-
nism by which LSD antagonizes the apomorphine hypermo-
tility in rats. Biogenic Amines (in press)

Fink H, Morgenstern R, Oelssner W (1979) Psychotomimetics
potentiate locomotor hyperactivity induced by dopaminergic
drugs. Pharmacol Biochem Behav 11: 479-482

Fink H, Morgenstern R, Oelssner W (1984) Clozapine - a
serotonin antagonist? Pharmacol Biochem Behav
20: 513-517

Fink H, Oelssner W (1981) LSD, mescaline and serotonin injected
into medial raphe nucleus potentiate apomorphine hypermo-
tility. Eur J Pharmacol 75: 289-296

Gold R, Morgenstern R, Fink H (1980) Effect of atypical
antidepressants on LSD potentiated apomorphine hypermo-
tility in rats. Acta BioI Med Ger 39: 917-921

Halzel B, Pfister C, Fink H (1984) Morphologische Verande-
rungen an Neuronen des Nucleus raphe dorsalis der Ratte nach



468

Applikation von 5,7-Dihydroxytryptamin. J Hirnforsch 25:
343-349

Horowski R (1983) Pharmacological effects of lisuride and their
potential role in further research. In: Caine DB, Horowski R,
Me Donald RJ, Wuttke W (eds) Lisuride and other dopamine
agonists. Raven Press, New York, pp 127-139

Horowski R, Wachtel H (1976) Direct dopaminergic action of
lisuride hydrogen maleate, an ergot derivative, in mice. Eur J
Pharmacol 36: 373- 383

Kehr W (1977) Effect of lisuride and other ergot derivatives on
monaminergic mechanisms in rat brain. Eur J Pharmacol
41:261-273

Keller HH, Bonetti EP, Pieri L, Da Prada M (1983) Lisuride-in-
duced mounting behavior and effects on the monaminergic
system in rat brain. In: Caine DB, Horowski R, Me Donald RJ,
Wuttke W (eds) Lisuride and other dopamine agonists. Raven
Press, New York, pp 79-87

Loew DM, Vigouret J-M, Jaton A-L (1979) Neuropharmacology
of ergot derivatives. In: Fuxe K, Caine DB (eds) Dopaminergic
ergot derivatives and motor function. Pergamon Press,
Oxford, pp 129-140

Marini JL, Jacobs BL, Sheard MH, Trulson ME (1981) Activity of
a non-hallucinogenic ergoline derivative, lisuride, in an animal
behavior model for hallucinogens. Psychopharmacology
73: 328-331

Morgenstern R, Fink H, Oelssner W (1983) LSD-potentiated
apomorphine hypermotility: A model for differentiating anti-
psychotic drugs. Pharmacol Biochern Behav 18: 13-17

Pieri L, Keller HH, Burkard W, Da Prada M (1978) Effects of
lisuride and LSD on cerebral monamine systems and hallu-
cinosis. Nature 272: 278 - 280

Pieri L, Keller HH, Laurent J-P, Burkard WP, Pieri M, Bonetti
EP, Da Prada M (1983) Behavioral, neurochemical and
electrophysiological effects of lisuride and LSD in animals. In:
Caine DB, Horowski R, Me Donald RJ, Wuttke W (eds)
Lisuride and other dopamine agonists. Raven Press, New
York, pp 89-107

Rogawski MA, Aghajanian GK (1979) Response of central
monaminergic neurons to lisuride: Comparison with LSD. Life
Sci 24: 1289-1298

Rosenfeld MR, Makman MH (1981) The interaction of lisuride,
an ergot derivative, with serotonergic and dopaminergic

receptors in rabbit brain. J Pharmacol Exp Ther
216: 526-531

Silbergeld EK, Hruska RE (1979) Lisuride and LSD: Dopamin-
ergic and serotonergic interaction in the "serotonergic syn-
drome". Psychopharmacology 65: 233-237

Silbergeld EK, Hruska RE, Weir R, Kennedy SW (1979)
Dopaminergic and serotonergic effects of ergot drugs. In: Fuxe
K, Caine DB (eds) Dopaminergic ergot derivatives and motor
function. Pergamon Press, Oxford, pp 223-235

Tissari AH, GessaGL (1983) Ergot-induced inhibition of
dopamine synthesis in striatal synaptosomes: A D-2 DA
receptor mediated mechanism. In: Caine DB, Horowski R, Me
Donald RJ, Wuttke W (eds) Lisuride and other dopamine
agonists. Raven Press, New York, pp 33-43

Tissari AH, Rossetti ZL, Meloni M, Frau MI, Gessa GL (1983)
Autoreceptors mediate the inhibition of dopamine synthesis by
bromocryptine and lisuride in rats. Eur J Pharmacol
91: 463-468

Wachtel H (1978) Inhibiton of locomotor activity of rats by low
doses of different dopamine (DA) receptor agonists, Nau-
nyn-Schmiedeberg's Arch Pharmacol 302: R 236

Wachtel H (1983) Central dopaminergic and antidopaminergic
effects of ergot derivatives structurally related to lisuride. In:
Caine DB, Horowski R, Mc Donald RJ, Wuttke W (eds)
Lisuride and other dopamine agonists. Raven Press, New
York, pp 109-125

Wachtel H, Schlangen M (1979) Motorstimulation following the
local application of the dopaminergic ergot derivative lisuride
into the nucleus accumbens of rats. Naunyn-Schmiedeberg's
Arch Pharmacol 307: R 64

Walters JR, Baring MD, Lakoski JM (1979) Effects of ergolines
on dopaminergic and serotonergic single unit activity. In: Fuxe
K, CaIne DB (eds) Dopaminergic ergot derivatives and motor
function. Pergamon Press, Oxford, pp 207-221 .

Weir RL, Hruska RE, SiJbergeJd EK (1981) Binding of antipar-
kinsonian ergot derivatives to the dopamine receptor. Psy-
chopharmacology 75: 119-123

White FJ, Wang RY (1983) Comparison of the effects of LSD and
lisuride on A 10 dopamine neurons in the rat. Neuropharma-
cology 22: 669-676

Received June 6, 1984; Final version October 30, 1984




