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In normal mice, hypothermia induced by treatment with apomorphine or lisuride could be inhibited by pre-
treatment with sulpiride, whilst the stereotyped behaviour in these animals was not affected. In reserpine-pre-
treated mice, apomorphine, lisuride, d-LSD and bromocriptine restored motor activity at least in part, antagonised
the hypothermia caused by reserpine, and, with the exception of bromocriptine, produced stereotyped behaviour.
Only the effects caused by bromocriptine could be abolished completely by even very low doses of sulpiride,
whilst high doses of this drug had no or only very little effect on the activity of the other dopaminergic agonists.
Inhibition of tyrosine hydroxylase by n-methyl-p-tyrosine completely prevented the effects of bromocriptine,
but affected only very slightly the effects of lisuride and d-LSD, and not at all the activity of apomorphine. These
results clearly demonstrate that the same type of dopaminergic activation produced by ergot derivatives in mice
can be obtained by two different mechanisms, one of which in the case of bromocriptine is easily inhibited by
sulpiride at low doses. If one accepts the hypothesis of a high affinity of this drug to presynaptic receptors, then
our data could be explained by the hypothesis that brornocriptine exerts its effects in our test system via an
inhibitory effect on these presynaptic dopamine receptors, and that this effect can be counteracted by suJpiride.
Other possibilities, however, are not excluded.
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1. Introduction

In rodents, dopamine depletion induced by
reserpine causes strong motor depression and
tremor (Carlsson, 1959) which can be counter-
acted by the dopamine precursor L-DOPA.
When it was found that, in humans, Parkin-
son's disease is a result of central dopamine
deficiency (Ehringer and Homykiewicz,
1960), reserpinised rodents became accepted
as an animal model of this disease, and dopa-
minergic agonists such as L-DOPA and apo-
morphine were shown to be effective both as
antagonists of reserpine-induced motor depres-
sion in rodents and in the treatment of Par-
kinson's disease (for review see Carlsson,
1972). Subsequently, ergot derivatives were
also found to have dopaminergic activity, as
in the case of bromocriptine (Corrodi et al.,

Bromocriptine

1973), d-LSD (Fuxe et al., 1975) and lisuride
(Horowski et al., 1975). These ergot deriva-
tives also effectively antagonised reserpine-
induced motor depression (Johnson et al.,
1976; Fuxe et al., 1975; Horowski and
Wachtel, 1976). One of these derivatives,
bromocriptine, has also been found to have
anti-Parkinson activity (Calne et al., 1976).

However, since dopamine as a neurotrans-
mitter is not only involved in the mainte-
nance of normal motor function, treatment
with dopaminergic agonists also produces
side effects which make these compounds
intolerable to some patients with Parkinson's
disease. One approach to improve this situa-
tion could be the development of dopaminer-
gic agonists which are especially active in
supersensitive systems, as has been reported
for d-LSD (Fuxe et al., 1975) ana perhaps,
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for lisuride; such compounds should stimulate
the supersensitive nigro-neostriatal pathways
in Parkinson's disease at doses lower than
those required for stimulation of receptors in
areas where no denervation has occurred.
Another possibility was proposed (Corsini et
al., 1976) as a result of the demonstration
that pretreatment with the classical neurolep-
tic haloperidol antagonised all effects of apo-
morphine in humans, whereas, after pretreat-
ment with sulpiride, the anti-Parkinson activ-
ity remained and only side effects such as
nausea and emesis were prevented.

Against this background we studied the
effect of pretreatment with sulpiride on dif-
ferent pharmacological effects of the ergot
derivatives bromocriptine, d-LSD and lisuride
in mice as compared with apomorphine, in
order to see whether the action of these drugs
could be influenced by sylpiride in the same
way as has been described for apomorphine
(Puech et al., 1976).

In intact animals, apomorphine and lisuride
produce strong stereotyped behaviour and
hypothermia, effects which could be prevented
by haloperidol (Horowski and Wachtel, 1976).
However, since bromocriptine and d-LSD did
not have such clear effects in normal mice,
all drugs were tested further in animals pre-
treated with reserpine, as dopaminergic drugs
are known to induce stereotyped behaviour,
restore motor activity - at least in part -,
and increase the low body temperatures in
animals so pretreated. Finally, we used reser-
pinised mice after additional pre-treatment
with the catecholamine synthesis inhibitor 0;-

methyl-p-tyrosine in order to see whether
intact catecholamine synthesis was necessary
for the pharmacological effects of the four
ergot derivatives.

2. Materials and methods

2.1. Drugs and solutions

The following drugs were used: lisuride
hydrogen maleate (Spofa, Prague), bromo-
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criptine (Sandoz A.G., Basle), D-Iysergic
acid diethylamide (d-LSD, Spofa, Prague),
apomorphine hydrochloride (Sandoz, A.G.,
Basle), sulpiride (Delagrange, Paris), reser-
pine hydrochloride (as Serpasil®, Ciba/
Geigy, Basle), o-methyl-p-tyrosine methyles-
ter hydrochloride (H44/68 Hassle A.B., Go-
thenburg). Most substances were dissolved in
0.9% saline. Reserpine hydrochloride was
used as Serpasil® ampoules containing 1 mg/
ml. Sulpiride was dissolved in a 10% solution
of Cremofor EL (polyethoxylated castor oil,
BASF, Ludwigshafen) in saline. Bromocrip-
tine was dissolved in a few drops of ethanol
and then diluted with 0.9% saline.

2.2. Administration

Apomorphine and the ergot derivatives
lisuride, d-LSD and bromocriptine were given.
s.c., as they were more active via this route of
administration. All the other drugs were
administered i.p. All doses were calculated as
the base and allocated to the animals at
random in a volume of 0.2 ml per 20 g body
weight.

2.3. Animals

Female NMRI mice weighing 18-25 g (Dr.
Schwarz, Schering A.G. Berlin) were used.
The animals received Altromin® as a standard
diet and water ad libitum. 1 h before testing,
the animals were placed individually into
acrylic glass cages (9 X19 X9) in a diffusely
illuminated room maintained at a temperature
of 22 ± 10 C and at constant humidity.

2.4. Test methods

In some experiments, animals were pre-
treated with reserpine (10 mg/kg i.p. 20-24 h
before testing) alone or in combination with 0;-

methyl-p-tyrosine (250 mg/kg i.p., 2.5 h before
the test drug) or with sulpiride (1 h before
administration of the dopaminergic agonists).

Stereotyped behaviour was observed as
described earlier (Horowski and Wachtel,
1976). The animals were observed in their
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individual cages for 1 min for the detection of
stereotyped behaviour (continuous licking,
sniffing or gnawing movements for more than
30 sec within this time) by an experienced ob-
server unaware of the previous treatment.
This was especially easy in the reserpinised
animals where no spontaneous activities inter-
fered with the observation.

The motor activation in mice whose spon-
taneous activity had been abolished by pre-
treatment with reserpine was evaluated by
the method of Vernier et al. (1962). Animals
were exposed to an open field (60 X45 X7
em) and scored positive for motor activity
on covering a minimum distance of 30 em
within 1 min. Thus, for a positive score, no
complete restoration of motor activity was
required, but merely a minimal motor response
to the new environment not seen in the
cataleptic controls.

The body temperature of the animals was
measured with an electric universal thermom-
eter (ELLAB TE 3) 20 see after the introduc-
tion of a rectal probe (RM 4). The drugs were
tested as follows: apomorphine, lisuride, and
d-LSD 30 min, bromocriptine 2 h after injec-
tion, since preliminary studies have shown
optimal activity of the drugs under these
conditions.

2.5. Statistics

Statistical significance was evaluated using
the Mann-Whitney V-test, while the median
effective doses (EDso) and 95% confidence
limits were determined by probit analysis.

3. Results

3.1. Intact mice

In normal animals, only apomorphine and
lisuride induced stereotyped behaviour and
hypothermia in dose-dependent manner. Pre-
treatment with sulpiride (50 mg/kg i.p.)
abolished the hypothermic effect of both
compounds (figs. 1 and 2). After this treat-

159

T °c body temperature Ix + S.E.M.) n=6

37

36

35

34 f pretreatment
with sulpiride
(50 mg/kg i.p.)

33 t
pretreatment
with 5 % CEl
(controls)

number of animals displaying
stereotyped behaviour

APO

Q 0 112244454 6 APO +
6 6 666666666 6 SUl

0 0 o 0 2 3 5 5 655 6 APO
6 6 666 666 666 6

0.9 % 0.1 0.2 0.39 0.78 156 3.13 6.25
NaCI mg/kg apomorphine s.c.

Fig. 1. Influence of pretreatment with suJpiride on
apomorphine·induced hypothermia in mice.

ment, maximally effective doses of both com-
pounds (1.56 mg/kg apomorphine, 0.07 tag]
kg lisuride) produced body temperatures
which were again in the range of those of un-
treated animals. In contrast to this, the stereo-
typed behaviour induced by apomorphine and
lisuride in the same animals was not affected
at all by sulpiride.

3.2. Mice treated with reserpine

Apomorphine and lisuride induced stereo-
typed behaviour in mice treated with low
doses of reserpine (EDso of lisuride 0.18,
(0.13-0.26) mg/kg s.c.). d-LSD also induced
stereotyped behaviour, whilst this type of
activity could not be observed after treatment
with bromocriptine. All drugs restored motor
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Fig. 2. Influence of pretreatment with sulpiride on
lisuride-induced hypothermia in mice.
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activity (not to the normal level but suffi-
ciently, according to our criterion) and antag-
onised the reserpine-induced fall in body tem-
perature. Bromocriptine was, however, active
only after rather high dosages (EDs 0 for
restoration of motor activity: 4.4 (2.3-8.6)
mg/kg s.c.). As can be seen from fig. 3, pre-
treatment with low (1.56 mg/kg i.p.) and high
(50 mg/kg i.p.) dosages of sulpiride com-
pletely antagonised the action of bromocrip-
tine. The effects of apomorphine, d-LSD and
lisuride were not or only very slightly affected
or, in the case of body temperature, were
increased even further.

Another experiment with bromocriptine
showed that the dose-dependent increase in
body temperature and motor activity caused
by bromocriptine was virtually abolished by
pretreatment with 50 mg/kg sulpiride given
i.p. Stereotyped behaviour could not be ob-
served in any of the animals (fig. 4).

Since even a low dose of sulpiride was effec-
tive in antagonising bromocriptine effects (see
fig. 3), we checked whether the effect of sul-
piride was dose-dependent (fig. 5). As can be
seen, doses of sulpiride as low as 1.56 mg/kg
were effective in reducing the bromocriptine-
induced increase in body temperature in reser-
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Fig. 3. Influence of pretreatment with sulpiride (1.56 and 50 mg/kg i.p.) on ergot effects in reserpinized mice.
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Fig. 4. Influence of pretreatment with sulpiride (50 rug/kg i.p.) on bromocriptine effects in reserpinized mice.

pinised mice, whilst even lower doses were
effective in preventing the motor activation
(EDso 0.35 (0.19--0.62) mg/kg sulpiride i.p.).

In the case of lisuride, the dose-dependent
effects of this compound in reserpinised mice
could be reduced only very slightly by pre-
treatment with 50 mg/kg sulpiride i.p. (fig. 6).
Even after this pretreatment, lisuride was
highly active as a dopaminergic agonist because

30

28

a dose as low as 0.55 mg/kg s.c. was still effec-
tive in all animals tested.

3.3. Mice treated with reserpine and ex-methyl-
p-iyrosine

The effect of additional pretreatment with
the catecholamine synthesis inhibitor 0'-

methyl-p-tyrosine was investigated in a fur-
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Fig. 5. Influence of pretreatment with different doses of sulpiride on bromocriptine effects in reserpinized mice.
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Fig. 6. Influence of pretreatment with sulpiride (50 mg/kg i.p.) on lisuride effects in reserpinized mice.

ther experiment, in which animals were treated
with 0.1, 1.0 and 10.0 mg/kg apomorphine,
lisuride, d-LSD and bromocriptine (fig. 7).
It can be seen that the effects of bromocriptine
were also completely abolished by this kind
of pretreatment, whilst only the effect of the
lowest dose of lisuride was affected and the
activity of apomorphine was not affected at

all. This was true of the effects of these drugs
on body temperature as well as on motor
activity and stereotyped behaviour. In the
case of d-LSD, the effects on body tempera-
ture were reduced but not abolished, whilst
motor activity and stereotyped behaviour
were not affected.
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Fig. 7. Influence of pretreatment with o-methvl-p-tyrosine on ergot effects in reserpinized mice.
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4. Discussion

Our results in normal mice confirm that
sulpiride only inhibits some apomorphine
effects whilst it does not affect others, e.g.
stereotyped behaviour (Boissier et al., 1977).
It is interesting that the same differences
could be found with the ergot derivative
lisuride.

If this holds for humans, an anti-Parkin-
son effect could probably also be maintained
in the case of lisuride, others effects of the
drug being prevented by simultaneous treat-
ment with sulpiride or related compounds. It
has been shown in preliminary human studies
that the nausea and emesis induced by lisuride
in some human volunteers could be inhibited
by i.m. injection of 50 mg sulpiride; the pro-
lactin-lowering effect of lisuride in humans
was inhibited at the same time (Horowski et
aI.,1978).

Both the stereotyped behaviour and hypo-
thermia induced in mice by apomorphine and
lisuride are considered to be due to an effect
on dopaminergic systems; both symptoms can
be inhibited by the dopamine antagonist halo-
peridol (Horowski and Wachtel, 1976). The
question which therefore remains is why only
the hypothermic effect is affected by sul-
piride. One possible explanation for this dif-
ference is that sulpiride may reach only those
parts of the brain where the blood-brain
barrier is unsufficient, as is the case in the hy-
pothalamus and the chemoreceptor-trigger
zone of the medulla oblongata. This hypothe-
sis, however, is unlikely to be correct not only
because in vitro data show that sulpiride is
not effective in nigro-neostriatal dopaminergic -
systems (Trabucchi et al., 1975) considered
to be the basis of the stereotyped behaviour,
but also because our data from reserpinised
mice do not support it in any way. Identical
effects induced by dopaminergic agonists,
i.e. restoration of motor activity or increase
in body temperature, could be inhibited by
sulpiride in the case of bromocriptine only
and not in the case of lisuride, d-LSD or apo-
morphine. In this respect, it is important to

---- ------
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remember that dopaminergic systems inside
the blood-brain barrier (the nigro-neostriatal
pathway as well as the nucleus accumbens)
have been shown to be involved in the induc-
tion of motor activity.

Another possibility is that sulpiride can
inhibit effects of the ergot derivatives on
other systems e.g. serotonergic or noradrener-
gic mechanisms. This is again very unlikely,
because all the effects we measured can also
be induced by apomorphine, which can be
regareded as being very specific for dopa-
minergic systems. Furthermore, no significant
interactions of sulpiride with other mono-
-aminergic systems have yet been reported.

On the basis of this, it seems likely that the
dopaminergic agonists tested by us exert their
pharmacological and also their clinical effects
via different actions on dopaminergic mecha-
nisms, only one of which can be blocked by
sulpiride. Our data show that bromocriptine
has a preferential effect of this type which is
easily inhibited by sulpiride, while lisuride,
apomorphine and d-LSD have a prominent
effect on the other type of dopaminergic sys-
tem which can not be blocked by sulpiride
even in high doses.

It is very interesting in this context that
apomorphine as an agonist and haloperidol as
an antagonist strongly influence the dopamine-
dependent adenylate cyclase whilst the effects
of bromocriptine and sulpiride are much less
pronounced or even absent (Spano et al.,
1977; Trabucchi et al., 1976). A dual system
of dopaminergic effects has been proposed by
different authors (Carlsson, 1975; Cools and
van Rossum, 1976). Carlsson (1977) has
postulated that the stimulation of autorecep-
tors by dopaminergic agonists leads to an
inhibition of the neuronal firing rate as well
as to an inhibition of neuronal dopamine
synthesis. It has been suggested that both
bromocriptine and sulpiride have a preferen-
tial effect on this kind of receptor (Di Chiara
et al., 1977; Trabucchi et al., 1975; Fuxe et
al., 1977). The pharmacological data reported
here do not appear to agree with this hypo-
thesis, since bromocriptine produced effects
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similar to those of apomorphine, i.e. restora-
tion of motor activity and increase in body
temperature, whereas one would expect an
opposite effect on the basis of an activation of
presynaptic receptors. One explanation for
this could that bromocriptine is known to
possess both agonist and antagonist proper-
ties (Goldstein et al., 1977) and that, in low
doses, this drug can block the dopamine-
induced activation of adenylate cyclase (Tra-
bucchi et al., 1976). Thus it is quite possible
that, in our experiments, bromocriptine was
able to block the presynaptic receptors, there-
by increasing neuronal activity with, as a
result, the liberation of more dopamine into
the synaptic cleft. On this basis it would be
quite easy to understand that these effects
of bromocriptine could be blocked by the
inhibition of catecholamine synthesis with ex-
methyl-p-tyrosine, as shown in fig. 7, while
the same effects caused by stimulation of
postsynaptic dopamine receptors in the case

TABLE 1
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of lisuride, d-LSD and apomorphine were not
affected. In any case, the inhibition of the
effects of bromocriptine could be used as a
simple and sensitive pharmacological model
for testing drugs with sulpiride-like activity -
in contrast to the apomorphine-induced
stereotypies which are good test systems only
for classical neuroleptics.

If one accepts the hypothesis that there are
two different dopaminergic systems which
can both be activated by the classic dopamine
agonist apomorphine while one is activated
preferentially by bromocriptine and inhibited
by sulpiride, then it is important to stress that
this second type closely resembles the dopa-
minergic system inhibiting prolactin release,
because both bromocriptine and especially sul-
piride in low doses are highly effective in this
system also (Horowski and Graf, 1977).

From our results reported here and else-
where it can be concluded that both bromo- .
criptine and lisuride have prominent dop-

Bromocriptine

Some pharmacological differences between bromocriptine and lisuride.

Lisuride

Strong stereotyped behaviour at lower doses than in
normal mice
Stereotyped behaviour and effects on motor activity
and body temperature virtually not affected by low
or high doses of sulpiride

In reserpinised mice after additional pretreatment with a-meth.yl-p-tyrosine
Effects on motor activity and body temperature com- No, or only very slight reduction of effects on motor
pletely abolished activity and body temperature, and of stereotyped

behaviour

In normal mice
No, or only very slight stereotyped behaviour
Hypothermia only after high doses

In reserpinised mice
No stereotyped behaviour

Effects on motor activity and body temperature
easily inhibited by very low doses of sulpiride

In rats
Strong and long-lasting prolactin-lowering effect with
low doses
Slight behavioural effects (sniffing) only with high
doses

Strong stereotyped behaviour, dose-dependent
Hypothermia with very low doses

Strong and long-lasting prolactin-lowering effect with
low doses
Stereotyped behaviour
Increased offensive-defensive postures with vocalisa-
tion and mounting behaviour, with doses as low as
0.1 rng/kg s.c., effects potentiated by MAO inhibitors
and blocked by haloperidol, but not by sulpiride
Increased group toxicity
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aminergic and prolactin-lowering effects; how-
ever, there are also important pharmacological
differences (table 1).

Our observation that effects of bromocrip-
tine in mice could be inhibited by pretreat-
ment with the tyrosine hydroxylase inhibitor
o-methyl-p-tyrosine is in agreement with
other reports from experiments with rats
(Fluckiger et al., 1976; Johnson et al., 1976).
Similar effects of lisuride and apomorphine
are not antagonized by this pretreatment and
the prolactin-lowering effect of both com-
pounds is also unaffected (Horowski and Graf,
1976). However, the behavioural effects of
lisuride in grouped rats (e.g. offensive-defensive
behaviour, frequent mounting, increased group
toxicity) seem to depend partly on the pre-
sence of endogenous dopamine, as these
effects are strongly enhanced by pretreatment
with the MAO-inhibitor nialamide. The fre-
quent mounting behaviour induced by lisuride
seems, nevertheless, to be due to the addi-
tional inhibition of serotonergic systems (Ho-
rowski and Wachtel, 1976; Da Prada et al.,
1977) as this effect was not observed after
treatment with apomorphine or bromocriptine
under the same conditions.

This entire pharmacological pattern makes
lisuride a very interesting drug for further
pharmacological and clinical testing. As
regards a potential anti-Parkinson effect of
lisuride, its high potency on oral application
in humans as well as its dopaminergic activity
in both normal and, which may be more
relevant, in supersensitive animals may be of
great importance. This also applies to the
possibility of using sulpiride to prevent side-
effects, as suggested by our results, and finally,
to the independence of its effects from the
presence of endogenous dopamine.

In addition, it must be stressed that the
pharmacological similarities between lisuride
and d-LSD as reported here, as well as their
biochemical similarities (Kehr, 1977; Kehr
and Speckenbach, 1978) are striking. For this
reason, the total absence of any hallucinogenic
effect of lisuride in humans as revealed by our
clinical experience indicates that further

165

investigations of possible differences between
these two drugs, e.g. their influence on dopa-
minergic and serotonergic balance in some
brain regions, may be very helpful in eluci-
dating the biological basis of hallucinations
and related disorders in human disease.
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