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RESULTS AND DISCUSSION OF NEUROCHEMICAL AND the ne_

ELECTROPHYSIOLOGICAL STUDIES HIAA

Effects on the Noradrenergic System (7,9).LSD v

In rat whole brain, lisuride dose-dependency decreased the level of norepineph- raphe
fine intraperitoneally (NE) to a moderate extent (by approximately 30% below the was de
control value 0.5 to I hr after I mg/kg i.p.), whereas LSD had a similar but smaller of 5-H
effect at 1 mg/kg i.p. (9,14). Dose-response curves showed that lisuride and, less methio

potently, LSD induced an increase of 3-methoxy,4-hydroxyphenylethyleneglycol sites C
sulfate (MOPEG-SO4), the first significant effects being seen with 0. i and 0.3 mg/ accuml
kg i.p., respectively (Fig. 1). This rise was prominent in the frontal cortex, limbic lisuridc
forebrain, and hypothalamus but absent in the striatum (9). The increment of MO- prefere

PEG-SO4 in rat whole brain after lisuride (9) and LSD (H. H. Keller, unpublished 5-HT,
data) was completely prevented by a low dose of the otz-.adrenoceptor agonist In ac
clonidine. NE-stimulated cAMP formation in iimbic slices was found to be potently iments
inhibited by lisuride and less potently by LSD (14). All these results demonstrate marked
that lisuride and, to the same extent but less potently, LSD increase the NE turnover (about

in brain as a consequence of blocking ot-adrenoceptors. The a-blockade, at least 8(R) el:
by lisuride, is stereospecific, as lisuride's 8(R) epimer had very little effect on raphe v
MOPEG-SO4 (Table 1). In addition, lisuride at a concentration as low as IO-SM period

enhanced the K+-provoked output of _H-NE from rat cerebral cortex slices shown
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Effects on the Dopaminergic System

in accordance with the results of other investigators (7), we found that lisuride
and LSD caused a small but statistically significant increase of the DA level in rat

whole brain (13). Lisuride injected at low doses (0.1 mg/kg i.p., 0.05 mg/kg
intracerebroventricularly) caused a marked reduction of homovanillic acid (tlVA)
in rat brain which occurred rapidly (maximum effect after 60 rain) and lasted for

3 to 4 hr (8,10). The decrement of HVA in rat brain after lisuride injected i.p. or
given orally was markedly enhanced and prolonged in rats pretreated with the

microsomal enzyme inhibitor proadifen (8,10). All of the above-mentioned findings
reflect the agonistic effect of lisuride at central DA receptors and strongly suggest
that lisuride, like other ergot alkaloids, exerts its DA agonistic effect by itself and
not through active metabolites (10). Dose-response curves over a wide dose range
revealed (Fig. I) that the level of HVA after low doses of LSD was either slightly
reduced (13) or, as in the present study, essentially unchanged. Therefore, as judged
by the HVA level, an agonistic effect of LSD at DA receptors is difficult to
demonstrate. With I mg/kg i.p. and higher doses there was even a moderate to

marked increase of this metabolite (Fig. I), which probably reflects the antagonistic
action of LSD at DA receptors and/or a DA-releasing effect. In line with these
latter two possibilities is the finding that the K _-induced release of _H-DA from

superfused rat striatal slices was increased by 3 x I0-6M LSD (H. H. Keller, FIG.;
unpublished data). The effect of lisuride was clearly biphasic. Low doses (i.e.. Given
0.01 to 0. I mg/kg i.p.) markedly decreased HVA, indicating a reduction in DA P > 0fresh
turnover due to stimulation of DA receptors (Fig. I ) (9). At higher doses this effect striatu
gradually diminished, whereas HVA levels even slightly above control were ob-

served (Fig. I). It is of interest that this biphasic effect was prominent in the frontal manr
cortex, less pronounced in the limbic forebrain, and hardly detectable in the striatum was (
(Fig. 2). Thus, this dual effect seems to occur in the mesocortical (and mesolimbic) with
but not in the nigrostriatal dopaminergic pathway. The biphasic effect on the ttVA obtaiJ
level shown here for the first time with lisuride probably reflects the drug's DA as ha:
receptor agonistic effect at low doses and its antagonistic effect at high doses. The presy
interaction of lisuride at central DA receptors is stereospecific, as the lisuride 8(R) this i_
epimerhadnoeffectonthe HVAlevel(TableI). releas

The changes in ttVA do not allow one to conclude whether lisuride stimulates tors,
pro- or postsynaptic DA receptors. Postsynaptic DA receptor stimulation in the
brain is indicated by the dopaminergic behavioral signs (see below) and by lisuride's
ability to induce contralateral rotation in rats unilaterally lesioned in the medial

forebrain bundle (14). Also, lisuride and LSD both stimulate the DA-sensitive ln t
adenylate cyclase and antagonize DA-stimulated cyclic AMP formation (for detailed stimul

discussion, see ref. 14). motor

tlowever, as shown earlier in vivo (7), recent results obtained in vitro suggest di_,pla
that lisuride is also a potent agonist at presynaptic DA receptors (Fig. 3). The potent tremol

neuroleptic molindone at 10 7Menhanced the potassium-evoked release of 3tt-DA pergol
from superfused small rat striatal slices. If simultaneously added with molindone, bchav:

lisuride antagonized the enhancing effect of molindone in a concentration-dependent pronot



FERS MOUNTING BEHAVIORAND NEUROTRANSMITTERS 83

HVA • FRONTALCORTEX

rand that lisuride _ It0 • LIMBIC FOREBRAIN
e DA level in rat " STR,ATUM _

.p.. 0.05 mg/kg _ t00 _ -= - /

i
illic acid (HVA) _ _ -,-

_ injected i.p. or _ _._t_. _ __i t

'treated with the z_ a0
rationedfindings j

strong" _uggest tu'tu 70 _ x][\ ](__._'ectby ....elf and
wide dose range _ 60- _ N_, N_;__.tt I

,,,
aseitherslightly mw

refore, as judged wtr 50- n=9-10 ]'x,___ / !_"sis difficultto u
n a moderate to _ t,0:

t_

the antagonistic 0.'01 .025 .1_5 0'.l 0:25 i 2'.5 tO

line with these LISURIDE mg/kg i.p., !h
of 3H-DA from

(H. H. Keller, FIG.2. Dose-dependentchangesof theHVAlevelinthreeratbrainareasinducedby lisuride.
.ow doses 6.e., GivenarethemeanswithSEM.Statisticalsignificancefordifferencefromcontrol:opensymbols:
"eductionin DA P > 0.05;filled symbols:at leastp < 0.05.Absolutecontrolvaluesinnanogramspergramoffreshtissue,means+_SEM,N = 16:frontalcortex69,8 +-2.5;limbiclorebrain200.2 ± 10.4;
doses this effect striatum438.0 ± 19.0.
ontrol were ob-

mt in the frontal manner, a first significant effect being seen with IO_M. Essentially the same effect
e in the striatum was obtained with pergolide, whereas with LSD only some slight effect was seen
md mesolimbic) with 10TM. From these data we conclude that: (a) the enhanced release of DA

"ecton the HVA obtained with molindone is the consequence of blocking presynaptic DA receptors,
the d 's DA as has been recently found in vivo (I), and (b) these two ergolines antagonize the

high doses. The presynaptic effect of molindone, although we have not been able so far to show in
he lisuride 8(R) this in vitro system that iisuride and pergolide per se inhibit potassium-evoked DA

release consistently. Thus. lisuride and pergolide stimulate presynaptic DA recep-
uride stimulates tors. whereas LSD is weak in this respect.
mulation in the

3mdby lisuride's Behavioral Characteristics
d in the medial

le DA-sensitive In the rat. lisuride induces a number of behavioral signs probably related to the

ion (for detailed stimulation of postsynaptic dopamine receptors in the brain, i.e., increased loco-
motor activity and stereotyped sniffing, gnawing, and boxing position. Also, lisuride

in vitro suggest displays some signs associated with 5-HT receptor stimulation, e.g., head weaving,
',.3). The potent tremor, increased muscle tone, and Straub tail. In addition, unlike LSD, lergotrile,

lease of 3H-DA pergolide, and bromocriptine, lisuride induces a very marked masculine mounting
vith molindone, behavior in grouped rats. This behavior is observed both in males and, even more
ation-dependent pronounced, females (3l.
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FIG. 3. Enhancementby molindoneof the potassium-inducedrelease of _H-dopaminefromrat be directc
striatalslicesandantagonismof thiseffectbythreeergoSnes.Ratstriatalslices(0.2 × 0.2 × 1.5 (e.g., gu
mm) previouslyloaded for 30 min with _H-dopamine(2 × 10_M) in the presenceof 10 5M
pargyline werecontinuouslysuperfusedat 37'>Cwithoxycarbon-saturatedKrebs-Ringer buffer indcpend,
containing 10-5Mcocaine as DA uptake inhibitor. The radioactivity then released into the su- pituitary
perfusionmedium wascountedin 16 consecutivefractionsof 3 mineach. During the first (S,) mountin_
and second (S_)stimulationperiods of 1 min at the beginning of tractions 3 and 12, the K' in our m]
concentrationwas raised to t5 ma, which resulted in an immediate release of radioactivity that
returned to the basal level in the following two fractions.The resultsare expressed as theratio that it is
of the netoutputoverthe basal releasein S2and S,, Incontrolexperiments(CONTR., superfusion masculine
medium only), the average ratio was about 0.5. Molindone either alone or in combination with
one of the ergots was added to the medium at the beginning of fraction8, i.e., 12 rain before
stimulation S2.The columns represent means -+ SEM. Molindone vs. control: p < 0.001; mol-
indone vs. molindone + ergot: *p < 0.05, **/9< 0.01, ***p < 0.001.

FIG. 5. Dr=,
to 38 daysJ

FIG. 4. Masculinemountingbehavior between two female prepuberalrats. Both themounting after lisurid,
animal and the animal being mounted were injected 30 min earlier with lisuride 1 mg/kg i.p. The 3). The col
photographwas taken during the short periodof mountingaccompanied byvigorous and frequent parenthese
pelvic thrusts. The mounting rat characteristically shows grasping with the forepaw, active eye (1.5 mg/kg
closure, and pinnae adduction. (From ref. "
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Figure 4 shows two female rats, both of which have been injected with lisuride

I mg/kg i.p. The sequence of events normally consists of a short foreplay (i.e..

approaching from behind and anogenital explorati_n), then mounting with frequent

vigorous pelvic thrusts, and, after dismounting, licking of the animal's own genitals.
This behavior is an impressive imitation of the masculine copulatory behavior.

Under the action of lisuride, the same rat occasiona!!y either mounts or is being

mounted by an other animal. Both events occur at about the same fiequency. This
behavior can be quantified easily by observing groups of three rats per cage and

counting the number of mounts with pelvic thrusts for each animal. Mounting was

induced in females with lisuride 0.2 mg/kg i.p., and its frequency increased with

incremental doses (4). At high doses, frequencies up to about 60 mounts during 2
n hr have been observed (Fig. 5). Other previously described (3,4) features include

the following: Lisuride induces mounting even more readily in prepuberal females

than in adult females or adult males. It can be seen as early as 18 days after birth,
OT i.e., even in weanling rats. It occurs only in rats, and not in any other animal

species so far studied, i.e., mice, hamsters, guinea pigs, rabbits, and cats. it can

)amine from rat be directed not only to other rats but also toward individuals of other animal species

.2 × 0.2 × 1.5 (e.g., guinea pigs) or even toward dead animals or a dummy. It seems to be
3ence of 10 5M independent of sex hormones, as it also occurred in gonadectomized rats. However,z-Ringer buffer
ed into the su- pituitary factors do seem to play a role, since hypophysectomized rats showed no

ng the first (S,) mounting at all (4). Considering all these characteristics, lisuride-induced mounting,
_nd 12, the K' in our mind, does not truly reflect male copulatory behavior. We believe, rather,idioaclivity thai
_ed as the ratio that it is a special kind of inborn stereotype associated with several elements of
R., superfusion masculine sexual behavior.
.mbination with
12 min before
< 0.001; tool- numberof mountsper active rat during2h

6 ' lb ' 2'o' 3'o' ;o'._o' do' ;_o

[ .... lisuride (4i6) 1 adult

I lisunde (21/21) I

] 5-HTP+ lisuride (2/12)

I pimozide + lisudde (1/12) prepuberal

I pCPA (11/15) I

I PCPA+ pimozide (6/6)

FIG. 5. Drug-inducedfemale-to-femalemountingof adult (40 to 60 days) and prepuberal(21
to 38 days) rats. Mountingwas countedin groupsof three animals each duringthe first 2 hr

the mounting alter lisurideorafter groupingp-CPA-injectedrats previouslykept isolated(for details, see ref.
r_g/kgi.p.The 3). The columnsrepresent the mean numberof mountsper active animal; the numbers in
sand frequent parenthesesaretheactiveanimals/totalnumberofratstestedintheexperimentalgroup.Lisuride

(1.5 mg/kg i.p.)was injectedeitheraloneor aftervariouspretreatments(for details,see ref.3).
tw,activeeye (From ref. 3, withpermission.)
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Monoaminergic Mechanisms Possibly Underlying Mounting

Lisuride-induced mounting, although being much more pronounced, resembles t. Alar

that observed after repeated injections of p-CPA, after cerebral indolectomy by 5,6- dopaPhal

and 5,7-dihydroxytryptamine, and after L-DOPA plus a peripheral I.-I)OPA decar- 2, Cerr

boxylase inhibitor (5). Figure 5 demonstrates that pretreatment with the 5-HT _.ur.

precursor amino acid 5-hydroxytryptophan almost completely abolished female-to- 3. Da tfi:ma
female mounting. Blockade of the DA receptors by pimozide greatly reduced mount- 4. Da !

ing provoked by lisuride as well as by p-CPA (3). More evidence for an inhibitory t.i_ul
role of 5-HT stems from experiments in which iisuride-induced mounting was dose- the bF. Si
dependently reduced or even abolished by the 5-HT agonist quipazine, trazodone .s. Da P
and its metabolite m-chlorophenylpiperazine, and by potent inhibitors of neuronal tamir

intrat
5-HT uptake, including chlorimipramine, citalopram, paroxetine, and Ro I 1-2465, (,. (;iac;
all of which enhance serotonergic neurotransmission by increasing 5-tt'F in the i,cctit
synaptic cleft (4). 7. Kehl

in rill
8. Kelle

CONCLUSIONS and c
Eapel

The neurochemical and electrophysiological experiments presented show that 9. KelleLSD-
lisuride stimulates presynaptic 5-HT receptors more markedly than LSD. The dose- 19:3'_
dependent changes of the cerebral HVA levels induced by lisuride and LSD indicate Io. Kellerbiotra
that both ergolines have mixed agonistic/antagonistic properties at DA receptors in l i. Kellcl
the brain. In addition, the experiments with rat striatal slices labeled with 3H-DA rolept

provide evidence that lisuride and pergolide stimulate presynaptic DA receptors 12. Meek
ethyle

more potently than LSD. In addition, lisuride and LSD, like other ergot alkaloids, 13. Pieri,
block et-adrenoceptors at higher doses. All these interactions of lisuride at 5-FrF, on ce,

DA, and NE receptors are stereospecific. The behavioral experiments described 14. Pieri.M. (I
show also that, similarly to p-CPA, lisuride induces intensive mounting in rats, anima

and that this behavior is suppressed, both by DA receptor blockers and 5-1-t'I" 15. Rosen
agonists, or 5-HT uptake inhibitors. They support the view that lisuride-induced with s531.
mounting is subserved by simultaneous DA stimulation and a reduction in 5-1tT I_,. Snydc
input. The differences between lisuridc and LSD in their actions on the various lissue

monoaminergic systems are, however, quantitative rather than qualitative. They rio 17. Waldn
" noradr

not appear to be sufficient to explain why only lisuride induces mounting in rats I_. w'este,
and why LSD is such a powerful hallucinogen in humans (13). acid if

Med.,
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