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Introduction

The naturally occurlng ergot alkaloids of the fungus,

Claviceps purpurea, and thelr many derivatives have been of

neurcpharmacological interest for many years because of their
ability to affect peripheral and central adrenergic and
serotonergic systems. More recently, selected compounds

such as lergotrile (2-chloro-6-methyl ergoline-8-beta-
acetonitrile) and bromocryptine (2-bromo-alpha-ergocryptine),
have been glven additional attention due to thelr possible
therapeutic potential in the treatment of parkinson's
disease, acrﬁmegaly and other disorders. There have been
'considerable data published attempting to establish the
mechanism(s) whereby the ergot compounds exert their effects.
A large portion of these experiments involves the inter-
action of ergot compounds with dopaminergic systems. This

is a logical course of study, since many of the actions of
the ergot compounds mimic the actions of compounds known to

affect dopaminergic neurons, e.g. antagonists such as the



phencthlazlines and butyrophenones, znd agonlsts such as
levodopa and apomorphine, In the last decade, much
attention also has been focused on the role of serotonin
{(5~hydroxytryptamine) in the mediation of dopaminergilc
systems. There have been‘many conflicting reports pub-
lished as to the role of serotonin but it is still uncer-
tain whether or not serotonin does indeed_plaj a role. The

present study investigates two dopaminergic effects of the

standard dopamine agonist apomorphlne and the ergoline
lergotrile and the simllaritiss or differences that
exlst when serotonergic functior ls azltered.

Literature 3Survey

1. Hypothermice action of apomorriines

An efféct of apomorphine c¢n rodent thermoregulatory
functioﬁ was first described by Lapin and Samsonova (1968a,
1968b). The first convincing evidence that linked drugs
‘which stimulate dopamine reéeptqrs with a decrease in core
temperature in rats and mice was presented in 1972 (Kruk,
1972; Fuxe and Sjoqvist, 1972). Since thaﬁ time, apomor-
phine has been consistently reported to cause a dose-related
hypothermlia in rats and mice using a variety of injectlon
"et al,, 1977; Cox and Lee, 1978}, Kruk (1972) found that
dopamine, amphetamine and apomorphine injected intracerebro-
yentricularly into réts, caused a fall inm core'témpératuré
.accsmpanied by a rilse in skin temperature. & maximum drop

of about one degree centlgrade was obwerved with all three



drugs, this effect belng completely antagonized by the
specific dopamine antagonlist pimozide. Fuke and Sjogvist
(1972) obtained a drop of 3° to 4° C in the hody temperature
of mice administeréd apomorphiné by intraperitoneal inject-
fon, and this effect was blocked by a dose of haloperidol
that had no effect on body témpérature itself. The nor-

adrenaline antagonlgt phenoxybenzamine and the antlchollner-

of apomorphine, thereby precluding alpha adrenerglc or
muscarinic cholinergic mechanisms of action for apomorphine.
These obhservations suggest that the hypothermic action of |
apomerphine 1s exclusively mediated by dopamine receptors.

The apparent mechanism of action of apomorphine at the

-_dopamine receptor'had been determined several years earlier

by Ernst (1967) and Anden (1967). Apomorphine-induced

effects were found to he Independent of exogenous catechol-
amine release, which 1s contrary to the actlon of amphet-
amine, which produced its actilon through the reiease of
endogenous catecholamines.r It was concluded that the action
of apomorphine was that of.a direct agonistic action on the
receptor structure. Thus it appears that apomorphine
induces hypothermia by a direct stimulation of dopamine
receptors.

It has long been recqgnized that the preoptlc anterior
hypothalamus has an important thermeregulatory function in
warm-blooded animals (Reld gg;g;., 1968). TUtilizing central

microinJection technliques, 1t has been determined that the



site of actlon of apomorphiné (Cox and Lee, 1978) and
dopamine CQﬁock and Gale, 1974) is a well defined area of
dopamine receptors in the preoptic anterior hypothalamus.
This area was found to he sensitivé to the antagonistie
action of haloperidol in both studies.

Tolerance to the hypothermic action of apomorphiné has

been demonstrated. Dally intraperitoneal Injections of

on reported to_decrease the hypothermic
response of subseguent injections of apomorphine and other
dopamine agonists (Chiel et al., 1974). It was suggested

that tolerance to the hypothermic effects was due at least.

in part to a decrease in sensitivity of the dopamine recep-

tors Involved. Tolerance to the hypothermic action of apo-.

‘morphine has also been demonstrated to occur after chronic

rostral hypothalamic injections (Ary et al., 1977), but

repeated injections into the lateral ventricle fall to pro-

duce tolerance; Therefore, the possibility of two different
types of dopamlne receptors at two different sites has been
suggested -—- those surrounding the lateral ventricles being
reslstant to tolerance, |
2, Apomorphine-Induced Stereotypic Behavior

It has been known for over one hundred years thét apo-—
morphine, administered by a variety of roﬁtes, produces a
béh&vioral syndrome in rats consisting of continuous, pur-
poseless, compulsive actlons (Harnack, 18741; At threshold
doses; an Inecrease In exploratory activity coupled with dis-

continuous sniffing is manifested. With increased dosage,



normal activities such as grooming and feeding are extin-
guished énd replacéd With'continﬁoﬁs sniffing, accompanied
by small, repetitive head movements, High_dosés of apomer-
phine elicit a continﬁous'gnawing; biting and licking

- response and the rat restricts 1ts locomotion to a very
small area. The nature of this behavior justifies the term

"stereotypy," which has been applled to it'CDiChiara and
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seribed In maeny s
including rodents, cats, dogs, rabbits, pigeons and others
(Randrup and Munkvad, 1967; DiChiara and Gessa, 1978).

Such stereotyped behavior in rodents can be quantified
according to the dose-related appearance of one or more of
the behavioral components (Ernst, 1967; Costall and Naylor,
1972). Such scoring scales rate smiffing behavior (with
locomotion) lowest while rating continuous gnawing (with.
little or no locomotion) the highest. Detalls of one such
scoring system are shown in Table I, The appearance of the
sniffing at low doses and gnawing at higher doses appears to
be directly correlated with the appearance of apomorphine
in brain tissue following peripheral injection (Butterworth
and Barbeau, 1975). Other scoring systems exist for apomor-
phine~-induced stereotypy, e.g. "gnaw compulsion” synarome
. was considered to be present (Ernst; 196G) when rats gnaw
at thé wire mesh on the bottom of ths cage for at least half
a minute and, when 1ooséned from the wire, start gnawing
again, Others have used a quantal approach to determine the

pregsence of stereotyped behavior (Goetz and Klawans, 1974;



Tadble I —-- Stereotyped behavior rating scale used in
the present study :

0 = Rats exhibiting no stereotyped behavior; behavior
1s indistinguishable from that of control animals.

1 = Rats exhibiting periodic sniffzng and repetitive
head and limb movements.

2 = Rats exhibiting continuous sniffing and repefiitive

head and limb movements; exploratory activity is
also present.

3 = Rats exhibiting occasional licking, biting or
gnawing; exploratcry activity 1s also present.

4 = Rats exhibiting persistent and intense licking,
biting or gnawing; ioccomotion is restricted to
a small area.

5 = Rats exhibiting persistent and intense lieking,
biting or gnawing restricted to one location.




Jacobs, 1974).. It has been ohserved that the presence of
wooden shavings on the cage floor facilitatés.the.gnawing
componenéiof stereotypy produced by Intermediate doses of
apomorphine, and that distrécting stimﬁli, such as loﬁd
noise, inhibit this phenomenon (DiChlara and Gessa, 1978).
Ernst (3967) concluded that apomorphiné:prodﬁcés stereo~

fyped behavior in rats by direct stimulation of the dopamine

R P PP W PR | E Iy A Y e g PP ey
rg—Focated in the neostriatun—This hypothesi

supported by several other studles that have been reported.
In the next three paragraphs these studles will be discussed.

The zbillty of apomorphine to induce stereotyped behav-
ior has been shown to be abolished by lesions of the corpus
striatum (Amsler, 1923; Wolfarth et al., 1973). By stereo-
taxically implanting crystalline apomorphine or L-dopa into
the brain of rats, Ernst and Smelik (1966} discovered that
aregs produclng stereotyped behavior were the dorsal part
~of the caudate nucleus and the globus pallidum. No stereo-
typed behavior was produced by i1mplants into the ventral
part of the caﬁdate nucleus, In the region medial to the
caudate nucleus (nucleus lateralls septl), In subthalamic
structures, or in the substantia nigra.

As noted eariier, evldence for the direct actiﬁn of
apomorphine on dopamine receptors was présented by Ernst
(1967) and Anden (1967). L-~dopa, apomorphine and amphet-
amine all producé similar stereotyped hehavior in rats,
Depletion of brain amines by alpha-methyldepa failed to

block. apomorphine-induced stereotypy but profoundly antagon-



ized amphEtaminéqinduced stereotypy. ~Alpha-methyltyro-

sine and resérpiné'producé'the Same‘résults; Fog (1967)
demonstrated that intracerebral microlnjections of dopamine
Into the corpﬁs striatum restore amphetaminé—induced stereo-
typy that has been inhibited by alpha-methyltyrosine. This
strongly suggests that apomorphine doés-ﬁot“act by dopamine

raléaaé, but has a dopamine-like effect on the receptor

of endogenous amines. Further evidence of this is the ob-:
servation that monamine oxldase inhibitors can potentiate
the behavioral effects of amphetamine (Ernst, 1967) and L-
dopa but exert no effect on apomorphine-induced stereotyped
behavior, Apomorphine does have structural similarities to
doepa, and it has been suggested that the presence of hydroxyl
groups at the para- and_ggggf positions of the phencl ring
in the phenol-ethylamine configuration is obligatory for a
direct action on gnawing behavior (Ernst, 1967). Apomorphine
posseséeslthis catechol configuratlon; amphetamine does not
(Fig. 1).

Further support for the dopamlnergic nature of apomor-
phine is fhat among neuroleptlcs, the most powerful antagon-
Ists of apomorphine are haloperldol, spiroperidol aﬁd pimo-

- zilde, Thése compounds are reported to be pure dopamlne

receptor blockers at doses effective 1n antagonizing apomor-

phiné—induced stereotyped behavior (DiChiara and Gessa, 1978)
In contrast to thé above widély accépted théories on

apemerphine action, it has heen shown that lesions of
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Figure 1 -- The structural relationships between dopamine,

amphetamine, apomorphine and lergotrile.



dopaminergic tracts or nervé cells are effective in ahol-

ishing or decreasing apomorphinéAindﬁced stéréotypy (Costall

and Naylor, 1972). This would indicate that apomorphine-

Induced stéreotypy-reqﬁires the‘preséncé'of Intact dopamin-

ergic terminals, and that apomorphine prodﬁces stereotypy

via some presynaptic mechanism. Further évidence indicating

a presynaptic action for apomorphline 1s that disruption
intraneuronal amine—sbtores by oxypertine and RO-04-1284

of

(catecholamline depletors) has been shown to reduce or

abollsh the stereotypic effects of azpomorphine (Costall

Naylor, 1973a). The electrolytic leslon technigues employed

and

by Costall and Naylor (1972, 1973b) have come under criti-

cism recently by DiChiara and Gessa (3978). Their studies

are in disagreement with data obtalned by speclfic chemo-

lytlc destruction of dopamine terminals with 6-hydroxy-

dopamine (Schoenfeld and Uretsky, 1372). Reasons suggested

for this descrepancy include the incompieteness of the

electrolytic lesions or interference with other non-dopamin-

ergic nerve tracts necessary for the expression of apomor-

phine—indﬁced stereotypy.

Further evidence for the presynaptilc adtivity of apo-

morphine, bhut not intrinsically linked to sterectypy, 1s the

ability of apomorphine to inhibit tyrosine hydroxylase, the

enzyme responsihle for converting tyrosine to dopa (Goldsteiln

‘et al., 1970}, It has been proposed that a négative feed-

Back mechanism exists In dopaminergic neurons, and that the

stimulation of dopamine terminals by apomorphine actilvates
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thls mechanism CKehr'Et'al., 1972). Studies determining

the rate of disappéarance of dopamine after tyrosine hydroXxy-

lase Inhibltion with alpha-methyltyrosine have shown that

apomorphine consistently causes a decrease 1In the rate of

T

disappearance of dopamine (Anden et al., 1967; Butcher and
Anden, 1969). Goldstein and colleagues (1970) found that

apomerphine Inhibited fyrosline hydroxylase as well as the

additlon of haloperidol to the preparatlon did not affect
the 1nhlbitory effect of apomorphine. This experliment
indicates that the inhibltory effectiveness of apomorphine
on striatal slices is not due to stimulation of dopamlne
receptors:, but due to a direct aétion on tyrosine hydroxy-
lase., The catechol structure of apomorphine supports this
theory.

Costall and Naylor (1975) have attempted to differen-
tlate pharmacologically and anatomicalily two components of
stereotyped behavior, a low-intensity component {sniffing
and repetitive movements) and a high-lntensity component
(gnawing). As mentloned earlier, low doses of apomorphine
caﬁse sniffing and repetitive head and limb movements, where- :
as high doses eliclt intensive gnawing. Intracerebral
~application of dopamline to the tubercuium olfacforium and
nucleus accumbens septl produces sniffing and movements
characteristic of the low-intensity component; ‘Lesions of
these areas were‘éfféctive in'réducing the stéreotypéd

sniffing and head and limb movements 1induced by apomorphine.
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The substantia nigra and nucleus amygdaloideus centralis
were determinéd to bé thé effectors for the high-intensity
component ﬁsing the same intracérebral application and
lesion techniques; Tt has become apparent from these
findings that other braln structures and pathwaﬁs are also
Important in the expression of the stereotyplc effects of

apomorphihe besides those of the neostriatum (Ernst and

Clopny ] AT
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tatal structures—(nucleus pallidus)
and mesolimbic areas {(tuberculum olfactorlum, nucleus amyg-
daloldeus centralls and lateralls, nucleus accumbens septl)
as well as those of the neostriatum (caudate nucleus and
putamen) all appear to have 1lmportant functions in the full
expression of apoﬁorphine—induced stereotyplc behavior.
3, The Role of Serotonin in Thermal Regulation and Stereotypy
There exists considerable evidence that serotonln plays

a role in many central nervous system functions such asg

temperature regulation, neurcendocrine regulation, sleep,

extrapyramidal function and behavior (Chase and Murphy, 1973).

Récently It has been pestulated that serotonin may have a
functlion In regulating or medlating the central éffects of
dopaminomimetics such as apomorphine, Confllecting reports
preclude the formulation of a single theory to explain the
rqle that serotqnin‘may play in these sysfems

Attempt& to evaluate the role serctonin may play 1n the
central nervous system or in the action of dopamine agonists
may be grouped intc four approaches., The first approach is

bicochemical, whereby attempts are made to increase or



decrease braln serotonin., Systemlcally administered pre-
cﬁrsors of serotonin (L_tryptophan and 5-hydroxytryptophan)
are belieyed to incréasé brain serotonin and neural trans-
mission, but evidence exists that thiS-méthod‘may also infer-
fere with other catecholamines (Chase and Murphy; 1973).

The opposlte approach is to adminlster a drug that is

believed to decrease brain serotonin and neural transmission,

hydroxylase and leads to a profound depletion of brain sero-
tonin (Koe and Welssman, 1966). However, 1t has been shown
that parachlorophenylalanine also lowers the levels of
other braln amines including norepinephrine and dopamine
(Tagliamonte et al,, 1973).

A pharmacclogic approach 1s to use selectlve blocking
agents for serotonln receptors in the brain. Drugs such as
cyproheptadine, cinanserin and methysergide are believed to
block serotonin receptors directly. The majJor difficulty
with these pharmacglogically based investigations 1is
finding a drug that acts exclﬁsively on serotonin neurons.

Physical techniques haye been utillzed for the i1n vitro
study of serotonin function. Lesions of the midbrain raphe
are reported to deplete mafkedly the serotonin concentration
of forébrain (Kostowski et al., 1968), whereas electrical
stimuiation of this area accelerates the synthesis aﬁd
release of serotonin (Kostowski et al., 1969). As with
- pharmacological techniques, physical intervention 1s some-

what nonspécific and may affect non-sérot@nergic nerve

o

o oamrmocd 1o



fibers that traverse the raphe nucleus (Chase and Murphy,
1973).

The fourthﬁmajor approach to the stﬁdy of seroctonin
'méchanisms Involves histoflﬁorESCent techniqﬁes. By
measuring fhé brain levels'of'sérotonin or 5-hydroxyindolie-
acetic acid, its principal deaminated metabolite, the steady

gtate or turnover rate of serotonin can be monitored, and

)]
it

E P TEN
[¥]

X vv e d A aan SR
L )

re—rewaorve & ITVE&TIOT oI

c
Ly

mated CTozer'gE_géﬁ, 1966) ,

It has been reported that apomorphine increases sero-
tonin turnover (Scheel-Kruger and Hasselager, 1974 Grabow-
Ska; 1975; Maj, 1975). Apomorphine has been found %o
accelerate the disappearance of S5-hydroxyindoleacetlic zcld
from the brain of pargyline-pretreated (a MAO inhibitor)
rats as well as to facilitate the depletlon of bBraln sero-
tonin caused by synthesis inhibition (Grabowska, 1975).
Depletilion of brain serctonin was abolished when rats were
treated with the decpamine antagonist, spiroperidol. Apo-

~morphine has béen reported to l1ncrease brain serotonin and
F=hydroxzyindoleacetic acld levéls, accelerate the disappear-
ance rate of sercotonin after synthesis inhibition with

‘glgégfpropyldopacetamide, and intensify serotonin fluor-
escense in raphe nuclei CMaJ; 19751; Dopamine blockers
(ﬁpiropéridol and pimozide) counteract these effects of
apomorphine; and this has led to the suggestlion that these
agents influence serotonin neurons through a secondary mech-

anlsm, with the primary effects being directed at dopamine



receptors. Further experiments haye supported this theory.
Apomorphiné willl increase the concentration of serotoniln
and b-hydroxylndoleacetic acld in the raphe région in the

meaencephalon of normal rats bﬁt not in rats with a mesen-

This transéction Interrupts the descending pathway orlgin-

ating from dopamilne structures of the forebraln, Transec-

tion alone was reported to cause no change 1n raphe serotonin
or S5-hydroxyindoleacetlc acid, Therefore, it appears that
apemorphine can adtivate serotonin neurons indirectly., This
activation of serotonergic neurons may be Important in the
mediation of some of the pharmacological effects of apo-
morphine and other dopaminomimetics.

Serotonln appears to also have a critlcal role in the
complex nétwork of neural factors whlch regulate body temp-
erature, Brain serotonin has been shown to increase in the
rat during heat stress (Reid et al., 1968) and it has been
proposed that céntral serotonin pathways may be involved
In the résponse'to heat stress in the rat.

Séyeral studies indiCate that apomorphine-induced
thermal effects have a serotonin link. Midbrain raphe
1ésions have béen shown to attenuate the hypothermic effects
of apomorphine in rats (Grabowska et al., 1974). Selective
chemolytle destruction ¢f serotonin neurons with 5,6-di-
hydroxytryptamine, as well as serotonin depletlon with para-

chlorophenylalaniné, has been reported to strongly inhiblt



the hyperthermia induced by apomerphine and other dopamine
agonists in rabbits CCarruba'éﬁ;gi., 1978). Intrahypo-
thalamle pretreatment withycyprohéptadiné or methyserglde
has heén shown to block thé hypothermic effect of dopamine
agonists (Cox and Leé, 1979). LSD (lysergic acid diethyl-
amide} will inhibit apomorphine-induced hypothermia and

this'éffect is bélieved to he due fo stabllization of sero-

strong evidence indicates that apomorphine and other
dopaminomimetics may mediate thermal effects in mammals
through a sercotonergic 1link.

While there is general agreement on a serotonerglec

link In apomorphine-induced hypothermia, apomorphine-induced

stéreotypy does not enjoy such agreement. Studles have
shown that an increase in brain serotonin induced by 5-
hydroxytryptophan or l-tryptophan or a reduction in brain
serotonin with parachlcrophenylalanine has no effect on
apomOrphine—indﬁced stereotypy (Rotrosen’gﬁ;gl., 1872
Baldessarini et al., 1975). The serotonin 1esiohing agents
5,6~ or 5,7-dlhydroxytryptamine (Baldessarini et al., 1975)
1972) have also been reported to havé no effect on apomor-
phine—indﬁced stereotypy.

Certaln reports indicate that a decrease in serotonin

concentration or a blockade of serotonin receptors can poten-

tiaté apomorphine-Induced sterédtypy (Wéiner'et'al,, 1975,

Molgilnicka et al,, 1977). Treatments found to potentiate
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apomorphine-induced steréotypy included parachlorophenyl-
alanine, cyprohéptadine, méthysérgide and methergoline,

The administration of 5-hydroxytryptorhan was found to
Inhibit apomorpﬁinéwinducéd stereotypy (Weilner gﬁ;gl.,lQ?S)-
Consequently, it has been sﬁggestéd that serotonin plays an
antagonistic role to that of dopamine in stereofyped behav-

ior (Moigllnicka et al., 1977). In agreement with this,

inhibitéd by l;tryptqphan treatment and potentiated by
parachlofophenylalanine treatment (Balsara et al., 1979),

In direct contrast to these findings, the serotonin
agonist quipazine and the serotonin reuptake blocker ORG 6582
have been reported to convert apomorphine-induced Zow-
intensity sniffing to high—intensity'gnawing (Carter and
Pycock, 1978), and cyproheptadine and metergoline have been
réported to reduce apomorphilne-induced stereotypy. In addit-
ion, parachlorophenylalanine, cinanserin and methysergide
treatments have been reported to block l-dopa- or l-trypto-
phanninducéd 1atéral héad weaving and reciprocal forpaw
tréading In rats (Jacobs, 1974). Dopamine synthesis inhibi-
tion’withlé;gggfmethyltyrosine or receptor blockade with
pimozide apparently had no effect on the sterectypy 1in
thése studies. ‘Therefore, the role that serotonin may
play in apomorphiné—induced stereotyped behavior remains
very unclear,

4, Pharmacology of Lérgotrile and Related Ergot Compounds

The naturally occcuring ergot alkalolds and the hundreds
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of chemically related sémisynthetic agents that are now
available have been described aa a treasure chest of pharma-
cologically aetive and clinically useful compouhds

(Saaméli, 1976). Crude extracts of the parasitic fungus

oxytocic, but the cornerstone of the pharmacclogy of ergot

1y the classic work done by Sir Henry Dale early in thé

CRICTET T i

an

sal using ergot extracts in a spinal cat has been the basis
for many studles in receptor pharmacology (for a review
see Schild, 1976).

The Influence of ergot compounds on noradrenerglc
synapses has been well studied. Dihydrogenated ergot alka-
loids and ergotamine have been demonstrated to have direct
venoconstrictor activity (Mellander and Nordenfélt, 1976),
Aellig (1976) and Chu and colleagues (1976) have attfibuted
part of thils venoconstrictor activity to aipha-adrenoceptor
stimulation., Other noradrenergic effects of ergot compounds
have been demonstrated such as presynaptic noradrenaline
release and the blockade of alpha-adrenoceptors (Salzmann
and Pacha;,13761. Inhibition of catecholamine reuptake has
béén demonstratéd With.dihydroergotoxine In central nervous
tissue (Meiler-Ruge and Iwangoff, 1976).

Recently, much attention has focused on the dopamin-
érgic activity of ergot compounds, probably due to the
clinteal application of ergot compounds in the treatment

of such pathologies as parkinsonism, acromegaly, hyper-
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prolactinemia-hypogonadism and puerperal lactation. The
course of study on the dopaminergic agonist and antagonlst
actlvities of ergot derivatives and lergotrile have heen
_explored in two different ways: (1) those which have employ-
ed hlochemical and endocrinologilcal techniques; and (ii)
those which have ﬁsed these compounds clinically as réplacé-

ments for traditional dopaminergic agents.

Several studies have cemonstrated the interaction oL
ergot derlvatives and lergotrile with the dopamine receptor.
After pretreatment With;glgﬁgfmethyltyrosine, histochemlcal
studies on neostriatal and limbic dopamine nerve terminals.
revealed g dosé~dependent deceleration of dopamlne fluor-
escencé In rats treated with ergocornine or bromocryptine

(Corrodi et al., 1973). Lergotrile has also been reported

to s8low the decline in dopamine concentration after synthesis

inhihition with alpha-methyltyrosine along with being able
to lower whole brain DOPAC (3,Y4-dihydroyxphenylacetic acid)
concentration in rats (Fuller and Perry, 1978)., Lergotrile
has been shown‘to cause a dose-dependant and haloperidol-
reversible depression of-dopamine cell-firing rates in the
pars compacta of thé rat substantia nigra (Walters et al.,
-31979). ALl of these observations are conslstent with the

théory that ergolines and leprgotrile can act as direct

dopamine agonists in yvivo.
IEE,VitTQ stﬁdiés indlcate that bromocryptine and ler-

gotrile havé mixed putative agonist-antagonist activity on
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dopamine receptors, Receptor binding stﬁdiés have shgwn
that lergotrile has a higher affinity for radiolabeled
dopamine binding than bromOcryptine; while bromocryptine has
& higher affinity than lergotrile for radiolabeled haloper-
Idol binding sites CLeW‘QE;gi;, 1977). Lergotrile has‘also

been shown to antagonizé the dopaminéastimﬁlated adenyl

cyclase activity In the striatum (Kebablan et al.,1977).

—— In Iight of these results, it Has beenm suggested that

sevéral categorles of pharmacclogically distinct dopamine
receptors exist (Kebabian and Kebabian, 1978) and that ler-
~gotrile posseasés varying degrees of agonist-antagonist
properties with respéct to these varilous recéptors;

The role of hypothalamic dopamine in inhibiting pltui-
Tary prolactin release provides a yery good opportunity for
studying thé'dopaminergic activity of a variety of compounds.
Neuroleptics of many classes (butyrophenones, phénothiaiines,
thioxanthines) increase prolactin secretion in man in a
doSevdépendent manner without affecting plasma levelsg of
othér pitultary hormones (Langer and Sachar, 1977). This
response to néuroleptics is attributed to the blockade of
dopamine in the hypothalamic-pltultary axls, as dopamine
completely antagonizes the response to the neurolepflcs
when adminiﬁteréd. Lergotrile has been shown to inhibit
prolactin secretion in man and to attenuate the perphenazine-
iﬁdﬁced secretion of prolactin (Lemberger et al., 1974).
This effect was very spécific; no significant changes in

the'othér pltultary hormones measured (GH, T3, Ty, LH, FSH)
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were observed, Many ergoline derivatives have been shown to
have the’samé éffédt CCleméns'éE;@}é; 1974}, The mechanism
of action for lergotrile in prolactin secretion Inhibition
has~héén suggestéd to be dué to an activation of adenoc-
hypophyseal dopamine recéptors (Clemens et al., 1975). A
major metabdlité of lergotrilé in humans, 13-hydroxy-lergo-

trile, has has heen demonstrated to be a potent inhibitor

of prolactin secrefion (Parll et 2l

Lergotrile has been shown to raise the levels of
serum growth hormone in normal humans, but to lower the hor-
mone in acromegalic patients (Kleinbverg et al., 1978; Thor-
ner et al., 1978). Thorner and coworkers (1978) have demon-
strated the dopaminergic nature of this action by attenuat-
ing the response to lergotrile with metcclopramide, a
dopamine antagonist, Bromocryptine has also been demonstra-
ted to lower serum‘gfowth hormone in patlents with acromeg-
aly (Thorner and Besser, i9761, Both lergotrile and bromo-
cryptiné show promise in the treatment of acromegaly. Clin-
Ical Improvement is seen as a decrease 1in sweating, thinning
of extgemitiés; improvement 1In glucose tolerance and, of
course; decrease 1in serum growth hormone levels,

Both lergotrile and bromocryptine have heen used suc=:
cessfully in the treatment of parkinsonism (Lieberman et al.,
1975; Goldstein et al., 1978; Klawans et al., 1978). Bind-
ing studlies to striatal membranes have demonstrated that the
efficacy of these compounds in the treatment of parkinscnism

can be atfributed to the direct stimulation of dopamlne

sayrm
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receptors (Goldsteln et al,, 1978), One particularly
interesting observation 1in all of these studiés ls that
lergotrile and bromacryptiné were effective 1in patients
who were no longér résponsivé to L-dopa and carbldopa
therapy. |
Certaln ergot dérivatives have been demonstrated fto

induce sterectypy and/or hypothermia in rodents. Lisurlde

A Ao myam A un

grogen maleabteThas—been—shown—toproduce dose—dependent
stereotypy and hypothermia in mice (Horowski and Wachtel,
1976). Stereotypy was induced in control as well as
reserpinized mice, indicating a direct dopaminergic action
for this ergot derivative. A dose-response relationship
has also heen demonstrated for bromocryptine—induced hypo-
thermia in rats (Calne and Claveria, 1975). It was suggest-
ed that the hypothermia produced was the result of bromo-
cryptine stimulating dopamine receptors in brain areas con-
trollling body temperature, B

Statément of the Problem

Apomorphine and 1ergotrilelinduce hypothermia and
stereotypy in the rat. It 1s generally accepted that these
effects are dué to stimulation of dopamlne receptors, as
both effects can be completély antagonized by haloperidol
or pimorzide., Several studles have 1ndlcated that such
central actions of dopaminomimetics may be affected by sero-
tonergic mechanisms.

Apomorphine-indﬁced hypothermla in rats appears to be

medlated via a serotonin link (Grabowska et 2l,,1973;




Grabowska, 1974; Cox and Lee, 197%9). One study has in-
dicated that sﬁoh.a serotonin link may medlate apomorphine--
Induced hyperthérmia in rabbits CQﬁock and Horita, 1974).
While there are many studies éxamining the role of serotonin
Iin apomorphine-induced température effects, thére are very
few studles that have examined the role of serotonin in

the temperature effects induced by ergot derivatives. One

gstudir mesd BPrnamoaoses
i~ = L A e 0

and found this effect to be antagonized by treatment with
elther parachlorophenylalanine or 5,6-dihydroxytryptamine
(Carruba et al., 1978). The role that serotonin may play .
in lergotrile-induced hypothermla has not been studied.

The role that serotonin may‘play in apomorphine-
Induced stereotypy is very unclear. This may be due 1n part
to the difference 1n methods used to evaluate the behavior
and iIn part to the absence of a speciflc agonist or antagon-
ist of serotonin, a problem that plagues many serotonin
studies. Each of the biochemical, phariacologic and physical
technlques used to faclliltate or iInterrupt serotonergic
activity may affect non-serotonergic nerve activity as well
" (Chase and Murphy, 1973).

Sincé both apomorphine and lergotrile prodﬁce similar
effects which have heen attributed to dopaminergle écﬁivity,
the possibility exists that both_compoﬁnds have a similar
mechanlism of action, If this is true, 1t would be expected
that any serotonergilc influénce on the effects of either drug

wbuld:belthe same, The present study was undertaken to compare
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two effects induced hy apomorphine (hypothermia and
stereotypy) with the corresponding effects induced by
lergotrile and the changés that may arise in these responses
when serotonin function is altéfed; The results of thié
study should provide some evidence as to whethér apomor-
phine and lergotrile prodﬁce their éffects through a

common or parallel dopaminergic mechanism,
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Materials and Methods

1. Animals

Male Wistar rats (Simonsen Laboratories; Gilroy, Calif-
ornia), welghing betwaen 150-250 g, were housed prior to
- experimentation in community cages on a standard light-dark
schedule (1ight: 0700-1400) and given food (S/L Custom Lab
Diét~G4.5, Simonsen Labs) and water ad libitum. Amblent
temperature was regulated at 22° + 1° C, TFor each exper-
iment, naive animals were chosen.at random, welghed and
placed in individual cages. Food and water were withheld
during the course of each experiment,
2. Drugs

Apomorphine hydrochloride (APO, Merck and Co.),
lergotrile mesylate (LER, E1i Lilly), cyproheptadine hydro-
chloride CCYP;,Merck; Sharp and Dohme), cinanserin hydro-
chloride (CIN, Squibb and Sons}, and parachlorophenyl-

alanine methyl ester hydrochloride (PCPA, Sigma) were zll
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prepared as aqueous solutions immediately prior fto use
using duoble-distilled water. Hzloperidol (HAL, McNeil)
was supplied 1In prepared HaldolR injection ampules and
was diluted to final concentration with double-distilled
water,
3. Procedure

All =xperiments were started at 0900 with drug and;
control pretreatments given hy 110Q. Double-distilled

water served for control injectlons. A1l Injectlons were

given intraperitoneally with pretreatment and challenge
injections given on opposite sides of the peritoneal cavity.
A constant injection volume of 1.0 ml/kg was used except for
PCPA and i%s control, which were given at 2.0 ml/kg. All
pretreatments were given 3Q minutes pricr to the challenge
injections except for PCPA‘and its control, which were
given 4§ hours prior to challenge injectlons of APO or LER.
All doses given refer to the salt of the compound except
for HAL, where doses were gliven as the free base, The
signiflcance of the drug effecﬁs were evaluated using the
Student 't € tést, Analysis of varlance hetween the base-
line body temperatures was evaluated using Dunnett't t test.
Q; Measurement of Bedy Temperature

During experimentation, the animals were housed
individually in metal cages (2% x 30 x 15 cm) on absorbant

0 C) after

bedding in a controlled temperature room (229 + 1
being weighed. The animalis were allowed to acclimatize for

60 minutes prior to any temperature recording. &n electron-
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Ic telethermometer with a flexible rectel probe (Yellow
Springs Instruments #H3TA; probé #402) was used for all
temperatﬁre measuréments; and was inserted 5.0 cm past
thE'réctﬁm-Cinsertion'duration'= 30 seconds). Baseline
Temperatures were taken every 15 minutes for at least one
hour prior to any-injection;' Recordings wéré made 15 and

30 minutes after pretreatment injecticns to assure that

For APO experiments, recordings were made every 15 minutes
for 90 minutes, and for LER, every 30 minutes for 300
minutes -- this difference reflects the duration of action
of each drug on body temperature. The change 1in body
temperatﬁpe was determined by subtracting each interval's
reading from the baséline temperature for each animal,
5. Measurement of Stereotypy

The animals were housed in clear plexiglass cages
(25 x 45‘3‘15 cm) in a silent, eyenly 1lit room for 60
minutes prlor to the experiment., The floor of the cages
was filled with 1-2 ecm of absorbant bedding (KC Pharmacal)
upon which the animals could gnaw or bite. This material
was found to be very satisfacﬁory to observe the gnawing/
hiting componént of Stereoﬁypy. Opaques screens were placed
between individual cages to prevent behavicral interaction
between animals., In all éxpériments, the animals were
Injected at staggered intérvals of 2 minutes, and the
inténsity of stéreotypy was assessed using a modifiled

version (Table I) of the scale developsd by Costall and

N
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Naylor (1972). A total stereotypy score was assigned to

each animal consisting of the total of the 18 scores

(taken every 5 minuteslover the 90-minute observation

period), although very often the duration of stereotypy

was conslderably less than 90 minutes.

6. Determination of Brain Serotonin Content
Determination of whole brain serotonin content was

‘made by spectrofluorimetric assay by the method of Lai

and coworkers {1978). Rats were killed by rapid decapita-
tion 48 hours after the double-distilled water or PCPA in-
Jections. The entire brain was quickly removed, washed with
Ice cold 0.9 percent saline, weighed and homogenized for‘M.O
seconds (Brinkmann PCU-2 Polytron) in twe volumes of cold
0.3 N perchloric acid. The homogenate was centrifuged at
2000 x g for 10 minutes. Eight hundred ul of the supernate
was added to 2.0 ml Na,HPO, buffer containing 0.1 M DEHPA

(diethylhexyphosphoric acid) in 1.2 ml CHC1 After shaking

3
for two minutes, the organic layer was separated from the
aqueous layer by centrifugation (600 x g for 5 minutes). One
ml of the organic layer was removed and added to a test tube
containing 2.0 ml heptane and 0.6 ml 0.2 N HCl and shaken
for two minutes. Again the organic layer was separated from
the aqueoﬁs layer by centrifugation (600 x g for 5 minutes).
Two hundred pl of the aqueous layer was transferred to a

test tube to which was added 100 ul o-phthalaldehyde

reagent (50 mg percent in methanol). This mixture was




vortexed immedlately., Eight hundred Pl concentrated HCL

(12 N) was then added and vortexed immediately. The

resulting mixture was heated in an 85O c watér‘bath'for

30 minutes, then cooled to room'témpératﬁre (22° C) in

a water bath. The serotonin phosphor was read at an activa-

tion wavelength of 356 nm and a fluorescence wavelength

of 480 nm. Serotonin creatinine sulfate (50 pg/ml in

carme
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Results

1l. Hypothermia

Apomorphine and 1ergotrile produced a dose-related
hypothermia when injected intraperitoneally into rats (Fig.
2,3). Pretreatment with haloperidol 0.5 mg/kg very highly
significantly antagonized the maxirmum drop in body temper-
ature for both doses of apomorphine (Fig. 4,5) and all
three doses of lergotrile {(Fig. 6,7,8) without significantly
affeeting body temperature alone (Fig. 9). Pretreatment
with cyproheptadine HCl1 0.5 mg/kg had no significant effect
on apomorphiﬁe—induced hypothermia (Fig. 4,5) but signifi-
cantly potentiated the hypothermic response of lergotrile
(Fig. 6,7,8). Cyproheptadine HC1 0.5 mg/kg had no sig-
nificant effect on body temperature itself (Fig., 9). Pre-
treatment with clnanserin HC1l 5.0 mg/kg very highly signifi-
cantly attenuated apomorphine-induced hypothermia (Fig. 10)
while very highly significantly potentiating the hypothermic
response of lergotrile (Fig. 11).

A single iInJection of parachlorophenylalanine methyl

30
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Table ITI -~ The effect of pretreatmsnt (-30 minutes) with
elther haloperidol (HAL) or cyproheptadine HCL
(CYP) on the body temperasure effects of

Wl

intraperitoneal apomorphine HC1 (APO).

Mean body temperature °C + 1.0 SEM

DA {3113 RN EP

Til

Time, APO 0.5 mg/kg - HAL 0.5 mg/kg CYP 0.5 mg/kg

min. (N=14) followed by followed by
AFO 0.5 mg/kg APO 0.5 mg/kg
(N=8) (N=10)

0%  36.83 + 0.15 36.73 + 0.18  37.11 + 0.11
+15 36.44 + 0,16 37.06 + 0.19 36.60 + 0,17
+30 36.32 + 0.15 36.95 + 0.18 36.54 + 0.22
+45 36.46 + 0.13 36.80 + 0.20 36.68 + 0.19
+60 36.59 + 0.14 36.81 + 0.20 36.75 + 0.18
+75 36.73 + 0.15 36.88 + Q.19 36.86 + 0.17
#90  36.76 + Q.17 36.89 + 0.18 36.88 + 0.13

87ero time values for the three treatment groups were
checked for homogenity using Dunnett's t test, and no
significant difference (P<L0.05) was found (pooled
s2=0.2LU04, §,f.=29). -
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Table III -- (Continued)

35
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Mean body temperature °C + 1.0 SEM

Time, CIN 5.0 mg/kg PCPA 300 mg/kg

min. followed by followed by
APO 2.0 mg/kg APO 2.0 mg/kg
(N=12) (N=9)

Q 36.66 + 0.21 37.81 + 0.10
+15 36.21 + 0.31 36.74 + 0,27
+30 36.13 + 0.31 36.61 + 0.28
+45 36.27 + 0.30 36.73 + 0.26
460 36.50 + 0.26 37.04 + 0.22
+75 36.63 + 0.20 37.36 + C.11
+00 - 36.73 + 0.17 37.59  0.08
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Table IV -- The effect of pretreatment (-30 minutes) with
either haloperidol (HAL) or cyproheptadine HC1
(CYP) on the body temperature effects of
intraperitoneal lergotrile mesylate (LER).

Mean body temperature °C + 1.0 SEM

Time, LER 0.3 mg/kg HAL 0.5 mg/kg CYP 0.5 mg/kg
min. (N=9) followed by followed by
LER 0.3 mg/kg LER 0.3 mg/ke
(N=8) (N=9)
08 36,17 + 0.22 36.98 + 0.26 36.94 + 0.12
+30 35.33 + 0.19 36.88 + 0.23 35.93 + 0.19
+60  35.31 + (.20 36.93 + 0.20 35.74 + 0,18
+90  35.64 + 0.23 36.94 + 0.23 36.00 + 0.12
#120  35.98 + 0.24 36.80 + 0.24 36.26 + 0.11 _
+150 36,17 + 0.23 36.83 + 0.25 36.51 + 0.16 .
+180 36,27 + 0.18 36.98 + 0.20 36.67 + 0.12 -
+210  36.32 + 0.21 37.09 + 0.17 36,76 + 0.09 -
+240 36,28 + 0.24 37.01 + 0.17 36.78 + 0.08
+270 36.31 + 0.19 36.88 + 0.20 36.89 + 0.09
+300 36,19 + 0.16 37.04 + Q.12 36.90 + 0.09 _
aZero time values for the three treatment groups were ' %

checked for homogenity using Dunnett's £ test, and both
the HAL and the CYP pretreated groups were significantly
d%fferent (P£ 0.05) from the LER control group (pooled
sc=0,3660, d.f.=23).






Table V

-~ (Continued)

=

PR 115 T [ P |

Mean body temperature °c + 1.0 SEM

TR

PCPA 300 mg/keg

Time, CIN 5.0 mg/kg
min. followed by followed by
Groagy” MEE L350 e
.08 36.92 + 0.16 37.44 + 0.12
+30  34.99 + 0.14 35.95 + 0.21
+60  34.45 + 0.23 35.28 + 0.28
+90 34,63 + 0.24 35.45 + 0.24
+120  35.47 + 0.3% 35.65 + 0.22
+150  36.18 + 0.31 36.14 + 0.21
+180  36.88 + 0.26 36.65 + 0.19
+210  34.92 + 0.19 37.05 + 0.14
+240  36.84 + 0.17 37.25 + 0.08
+270 36,91 + 0.13 37.30 + 0.12
+300  36.94 + 0.12 37.41 + 0.11
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Table VI

-- The effect of pretreatment (-30 minutes) with

47

either haloperidol (HAL) or cyproheptadine HCl
(CYP) on the body temperature effects of
intraperitoneal lergotrile mesylate (LER}.

Mean body temperature °C + 1.0 SEM

Time, LER 3.0 mg/kg HAL 0.5 mg/kg CYP 0.5 mg/kg

min. (N=10) followed by followed by
LER 3.0 mg/kg LER 3.0 mg/ke
(N=9) (N=9)

0% 36.33 + 0.21 36.52 + 0.24 37.21 + 0.16
£30  34.36 + 0.17 31.96 + 0.32 35.18 + 0.2l
+60  33.25 + 0.17 34,99 + 0.33 34.03 + 0.28
+90  33.01 + 0.21 35.48 + 0.34 33.71 + 0.25

+120  33.24 + 0.23 35.94 + 0.33 33.86 + 0.26
+150  33.68 + 0.28 36.28 + 0.28 34,11 + 0.25
+180 34,01 + 0.30 36.49 + 0.21 34,44 + 0,25
+210  34.61 + 0.31 36.50 + 0.20 34.98 + 0.29
+240  35.01 + 0.30 36.59 + 0.20 35.41 + 0.28
+270  35.50 + 0.30 36.63 + 0.21 35.78 + 0.25
+300  35.90 + 0.27 36.62 + 0.18 36.06 + 0.23

A7ero time values for the three treatment groups were

checked for homogenity using Dunnett's t test, and only

the CYP pretreated group was significantly different

(P4 0.05) from the LER control group (pooled s2=0.391§,

d.f.=25)




(hlix

i
1
4




0dV/dA Al v
adv/IvH X
S'2 0aVOo

a8

CNIW> IWNIL

ay

s
—

00

LI4Z0W HZ mOoa> FUZL






TR TR e T e i R R A H L I [ I T B 1. <

CNIW? 3JWIL

DCJ

OQI<ZlWW HZ Noo> FWUZL

T
¢ -
. ll-l.l‘l"\%ll‘llll'xll.llll“l*ll\l-.ll.lal'x-“l-l‘l“*“.ll'.ll‘ Illa Q
* K WX * * ¥ * 9 %
* ¥ ¥ -
0dV/AdAD v -
0dY/IWH X : R —t .59

B8°'2 04V O







bl

47

[ S T 1 ] S A 1 R T

I/ HAI v
VIN/TIVH XX
€'8 ¥370

ke ool

CNIWD JWIL

P

U<z HZ maQ>»> FWZL






U9

| A B | AU 11 ]| S 1 A N - . . R I N T rodr o ol ek ol g

CNTW> IWTL
BBE BS2 eaz ast aat as B
— L.t . 1.1 m_ 1 1.1 1 u ) BN S O, | — L1 1.1 .— L. 1 1 u | A S | -Iu—
I i { { | I —
———— nll
et Nl
1
1=
%"Pﬂt‘ =
— B
¥IV/dAI v -
HIT/IVH X I
gl 4370 :

M

UTQ<ZOW HZ NO00> T






TR s TR 113011 e W U] SRR 1 ]

AN/ HAI vV
JIT/WH X
B'€ ¥3ITO

CNINWD JWIL

Dbk

vl Bl

O

Q

OT<zolW HZ DOoA> +WZL






Lo ey v e fell TRk ey -

53

SR STREERL

CNIW> JWIL

S'B dADV
S8 IVHX
02H 4o

UT<Z0W HZ fNoa> +w=Zo

O
o






55

0dY/Vdld v
0dv/NIJ X
B'2 0dv O

ok

LIk

CNTIW? 3JWIL

L

ODICZVW HZ 0BOoa> FLWEL






.4

OLER 1|

X CIN/LER
A PCPA/LER

l
3020

- 57

!
250

I
200

—

Il]llIilllllllllllrillllll]'

o

o] - N M
t I H

DICZeW HZ mOQa>» HWEa

(5]

T
i

TIME <MINO

Hl i

T



o

58
ester HC1 300 mg/kg reduced whole brzin serotonin content -
to 17 percent of water-pretreated contrel rats in 48 hours :

(Table VII). Serotonin depletion with parachlorophenyl-

alanine apparently has no effect on apomorphine-induced
hypothermia (Fig. 10) and may tend to potentiate lergotrile- %
induced hypothermia (not statistically significant, see
Fig. 11).

2. Stereotyped behavior

Apomorphine and lergotrile at low doses induced
stereotypy consiéting of increased locomotion coupled with
sniffing and repetitive head and 1limb movements. At these
doses, apomorphine produced continuous locomotor activity
and head and limb movements while the locomotor activity
and repetitive movements induced by lergotrile were discon-
tinuous, suggesting that apomorphine may stimulate the low-
intensity components of stereotypy to a greater extent than =
lergotrile. Increasing the dose of apomorphine or lergo-
trile replaced locomotor activity with intermittent biting,
gnawing or licking mouth movements. High doses of apomor-

phine or lergotrile evoked continuous (at least 30 seconds

EEE

[ A1) W1 O R |

without stopping)} biting, gnawing or licking mnuth movements.

Mouth movements Induced by lergotrile mesylate 1.0 mg/kg
were very continuous, frequently lasting several minutes
without interruption.

The results of haloperidol and cyproheptadine pretreat-
ments on apomorphine- and lergotrile-induced stereotypy are

summarized in Table VIII. Haloperidel produced slight sedation
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Table VIT -- The effect of pretreatment (-48 hours) with
either intraperitoneal dcuble-distilled
water (DH20) or parachlorophenylalanine
methyl ester hydrochloride (PCPA) on the
whole brain serotonin content of male rats.

o JCEIL i s L

IR

Treatment, dosage Mean + 1.0 SEM t P
DH20, 2.0 ml/kg 0.465 + 0.023 ug/sg

(W=6)

PCPA, 300 mg/kg 0.081 + 0.017 ug/g 13.36 ¢0.001
(N=6)
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Table VIITI —-- The effect of pretreatment (~30 minutes) with el
cyproheptadine HC1l on stereotyped behavior produ
apomorphine HC1 or lerpgotrile mesylate in male n

ther haloperidol or
ced by intraperitoneal
ats. .

mg/kg

Total stereotypy score + 1.0 SEM (

N)

i

Treatment Apomorphine HC1 Apomorphine HC1 Lergotrile mesylate
0.5 mg/kg 2.0 mg/kg 1.0 mg/kg

Control (H,0) - 12.0 + 1.8 (13) 33.2 + 3.1 (11) 24,2 + 2.7 (15)
Haloperidol 0.25 2.7 + 0.5° (7) 2.0 + 0.4° (7) -

Haloperidol 0.5 1.9 + 1.1° (9) 0.9 + 0.3° (9) 5.3 + 1.1P (9)
Haloperidol 1.0 - - by o+ 1.2° (9)

- Cyproheptadine HC1 0.5 8.7 + 2.7 (1) 26.3 + 4.7 (12) -
Cyproheptadine HC1 1.0 9.1 + 1.4 (10) 18.1 + 4.92 (10) 29.9 + 3.2 (10)
Cyproheptadine HC1 2.0 - - 35.6 + 3.4% (9)

L4

83ignificantly different from control (P&0.05)

Pyepy highly significantly different from control (P<€ 0.001)
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cand very highly significantly antagonized both -apomorphine-~

and lergotrile-induced stereotypy in a dose-related manner.
Cyproheptadine also reduced the total stereotypy score pro-
duced by gpomorphine in a dose-related manner. This antag-
onism became significant as the doses of apomorphine and
cyproheptadine were raised. Cyproheptadine alone produced

no behavioral effects, Cyproheptadine had aﬁ opposite

effect oirlergolriie-induced stereotypy. A significant
potentiation of lergotrile-induced stereotypy was observed

as the pretreatment dose of cyprocheptadine HCI was increased

to 2.0 mg/kg.
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Discussion

The present study indicates that differences exist as
to the effects of known serotonin antagonists (cyproheptadine
and cinanserin) upon the hypothermic and stereotypic effects
of apomorphine and lergotrile.. Pretreatment with cyprohep-
tadine had no effect on apomorphine-induced hypothermila
_while it potentiated that of lergotrile, and pretreatment
with cyproheptadine attenuated apomorphine-induced stereo-
typy while potentiating lergotrilé-induced stereotypy. Pre-
treatment with cinanserin potentiated lergotrile-induced
hypothermia while antagonizing apomorphine-induced hypotherm-
ia. Thils same pattern was observed with cinanserin in
regard to apomorphine~ and lergotrile-induced stereotypy.

Degspite the differences that serotonin blockade appears
to have on apomorphine- and lergotrile-induced effects, the
observed effects of these drugs ars probably due to some
effect on dopaminergic mechanisms. Convineing evidence in
the rat exists linking the stimulation of dopamine receptors

to hypothermia (Xruk, 1972; Fuxe and Sjogvist, 1972} and
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stereotyped behavior (Ernst, 1967; Anden, 1967). The ability
of the dopamine antagonist haloperidol to abolish the effects
of‘both apomorphine and lergotrile in the present experi-
ments is presumptive evlidence that both apomorphine and
lergotrile exert their effects via dopamine receptors. This
is in agreement with the consistent findings in rats that

apomorphine induces hypothermia (Barnett et al., 1972; Chiel

Y S, Lr 2 | Y WO, = ey A
L v

8t 197#, Aryet—atr. 1977y Cox and Lee,
as stereotyped behavior (Harnack, 1874; Ernst, 1967; Costall
and Naylor, 1972) and that dopamine antagonists can block
the hypothermic and stereotyplc effects of apomorphine (Kruk,
1972; Fuxe and Sjoqvist, 1972; DiChiara and Gessa, 1978).
Until the present investigation, lergetrile-induced hypother-
mia and sterectypy have not been studied and these effects
have not previocusly been demonstrated to bg attennated
by neuroleptics. However, inhibiltion of unit activity of
dopamine cells by lergotrile has been reported to be antagon-
ized with haloperidol (Wélters et al., 1979) and lergotrile
has been found to compete with radiolabeled halcperidol
binding sites in rat striatum (Lew et al., 1977). Addition-
ally, the hypothermic effect of another ergoline, bromo-
cryptine, has been demonstrated to be antagonized by pimo-
zide (Calne et al., 1975).

As both apomorphine and lergotrile appear to exert their

hypothermic and sterectyplc effects via depamine receptors,
the involvement of serctonin in these effects may be due to

three different possibilities. First, serotonin may be a

A
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thyslological antagonist for the hypothermia and stereotyped
behavior induced by dopaminergic stimulatidn. Serotonin
could exert direct opposing acticon on the target response
(hypothermia or stereotyped behavior) through an independent

pathway or could inhibit the dopaminergic pathways leading

to full expression of the target response. Second, serotonin

may facilitate the effects of dopaminomimetics on hypothermia

e S . - . J—

r—sterectypedbehiavior I the rat. Servtorin wotid then
exist as a functiocnal 1link in the final expression of dopam-
inergic stimulation, or serotoninlactivation alone could pro-
duce an identical response to that of dopaminergic stimula-
tion. Third, serotonin may have no effect at all upon dop-
amiﬁergic systems since neither cyproheptadine nor cinanserin
can be classified as selectlive serotonin antagonists ( e.g.
¢yproheptadine 1s also a potent histamine antagonist;: see
Stone et al., 1973).

The present findings suggest that serctonin antagonists
attenuate apomorphine-induced hypothermia while faclilitating
1ergotri1e-induced hypothermia. This proposes a facilitatory
role for serotonin in apomorphine-induced hypothermla and
an antagonistic role for serotonin in lergotrile-induced
hypothermia. The results with apomorphine in the present
study are in agreement with the results of Other investiga-
tors. Cox and Lee (1979) found that intrahypothalamic pre-
treatment with cyproheptadine or methysergide blocked apomor-

phine—~ or dopamine-induced hypothermia. They suggested that

a serotonin link existed in dopamine-receptor-mediated hypo-




~— apomorphinme=induced hypothermia by cyproieptadine and
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thermia in the rat. 1In one study (Grabowska, 1974),
lesions of midbrain raphe prevented apomorphine~induced
hypothermia suggesting that the hypothermic action of apo-
morphine may be dependent upon activation of serotonin
neurons originating in the midbrain. A serotonergic link
has also been proposed in apomorphine-induced hyperthermia

in the rabbit (Quock and Horita, 1976). The antagonism of

cinansefin support the theory of a serotonin link mediating
the thermal effects of apomorphine.

If serotonin activation must occur for apomorphine to
induce hypothermia in rats, it would be expected that
serotonin activation alone should induce hypofthermia in rats.
Indeed, heat stress accelerates serotcenin turnover in rat
brain (Chase and Murphy, 1973). Additionally, administra--
tion of 5-hydroxytryptophan with a peripheral decarboxylase
inhibitor produced hypothermla 1in rats (CGrabowska et al.,
1973). This effect has also been demonstrated with trypto-
phan (Pawlowski, 1976), although cyproheptadine and methy-
gsergide were shown %to potentiate this effect -~ an unexpected
finding. It was suggested that cyprcheptadine and methyser-
gide do not block the serotonin receptors for which stimula-
tion leads to hypothermia., This brings up the possibility
of multiple receptors for both dopamine and serotonin in
producing hypothermia in rats. Since the serctonin antagon-
ists, cyproheptadine and cinanserin, potentiated lergotrile-

Induced hypothermia while having.the opposite effect on

L meET. |
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apomorphlne~induced hypothermia, it is suggested that apo-
morphine and lergotrile may act through different but parallel
dopaminergic pathways to produce hypothermla in the rat.

A recent body of evidence exists which suggests that

two or more distinet dopamine receptors exist. Two classes =
of dopamine receptors have been defined according to thelr

association with, or independence from, dopamine-sensitive

Y — = J—
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gdenyl cyclgse (Kebdbligr, 197f; Senwarez et al., I
has been proposed that those receptors unassociated with
adenyl cyclase be deslgnated type alpha and those receptors
associated with adenyl cyclase be designated type beta
(Kebablan, 1978). Dopaminergic ergoﬁs such as lergotrile,
lisuride, and bromocryptine and specific antagonists such as
metoclopramide have been shown to be relatively specific for
the alpha-dopaminergic receptor in the anterior pitultary,
and fail to produce thelr effects upon the beta-dopaminergic
receptor in the strlatum.

In view of the present findings, 1t appears that

gserotonin may have a facilitatory rocle on beta-dopaminergic

receptor stimulation (by apomeorphine) while antagonizing

alpha-dopaminergic receptor stimulation (by lergotrile). The
inability of parachlorcophenylalanine to infiuence the change
in body temperature induced by apomorphine or lergotrile in
this étudy does not support this theory, but this lack of
significant results may be due in part to the effect para-
chlorophenylalanine itself had on the body temperature (see

Tgbles IIT and V).
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The modification of depaminergic-induced stereotypy by
antiserotonin agents has recelved extensive investigation,
but lacks agreement. This may be due to differences in
evaluating the stereotypic behavior(s), the vast number of
chemically different serotonin antagonists used, and differ-
ences between specles studled. Several studies have repori-

ed the fallure of serotonin agonists and antagonists to

modIfy apomorphine—induced stereoctypy in the rat (Rotrosen
et al., 1972; Baldessarini et al., 1975; Calil et al., 1978}.
The present study is in agreement with another study that
demonstrated reduction of apomorphine-induced stereotypy
with the serotonin antagoenists cyproheptadine and metergo-
line (Carter and Pycock, 1978). Still other studles report
the potentiation of apomorphine-induced stereotypy by sero-
tonin antagonists, indicating an inhibitory role for seroto-
nin in this behavior (Weiner et al., 1975; Baldessarini and
Griffith, 1976; Mogilnicka et al., 1977). These disagree-
ments preclude the assignment of a single role for serotonin
in apomorphine~induced stereoctypy.

As with hypothermia, the antiserotonin effects on apo-
morphine-induced stereotypy were the opposite of the effects
on lergotrile-induced stéreotypy. This is a further indica-
tion that apomorphine and lergotrile do not sﬁimulate iden—
tical depaminergic pathways. This difference may invoelve
the stimulation of adenyl cyclase-linked (beta type) dopamine
receptors by apomorphine and stimulation of non-adenyl

cyclase~linked (alpha type) dopamine receptors by lefgotrile
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to produce stereotypy in the rat. Another possihle explan-
atIon 1s that apomorphine and lergotrile stimulate anatom-
ically different dopamine receptor populations with differ-
ing serotonergic influence. Costall and Naylor (1975) have
suggested that the tuberculum olfactorium and nuclieus
aecumbens septi are more lmportant in the low-intensity

components (locomotion, sniffing) of stereotypy while the

i _ '“traiis‘appeﬁrs—tU‘be'necessafy_fqr
the high;intensity (gnawing, licking) components. In the
present study, it was noted that lergotrile produced more
mouth movements and less locbmotion than apomorphine over .
the spectfrum of doses used. Others have supported the stim-
ulation of anatomically different recepters by apomorphine
and lergotrile (Tye et al., 1977; Gianutsos and Moore, 1980).
Additionaliy, much attention has focused on the presynaptic
activity of dopamine agonists (Costall and Naylor, 1973a,
1973b; Silbergeld and Pfeiffer, 1577). Apomorphine has
been reported to exert less presynaptic activity on dopamin-
ergic neurons than bromocryptine or lergotrile (Silbergeld
and Pfeiffer, 1977). It is unknown what influence serotonin
may have on the presynaptilc events of dopamine neurons, but
if serotonin influences dopamine nerve cell firing, pre-
synaptic actions of ergollines such as dopaminé release or
blockage of the reuptake of dopamine might be influenced by
serotonergic manipulation,

The results of thils study indicate that the dopamine

agonists apomorphine and lergotrile do net produce their

—
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similar effects through a common dopaminergic pathway. It
may be possible that apomorphine and lergotrile activate
two separate depaminergic pathWays, each with its own unique
mode of serotonergic involvement. There iS'muchrevidence
supporting this idea in the literature. Serotonin appears
to play a facilitatory modulator role in the apomorphine-

activated pathway, while serotonin seems to play an inhibi-

s
¥

—

the—ler gotrile—-actl vated pathway —=

both pathways leading to outwardly i1dentical effects of
hypothermia and stereotypy.

It may be concluded from this investigation that (1) .
more than a single dopaminergic pathway 1s invelved in pro-
ducing hypothermia and stereotyped behavior in the rat;

(ii1) that these pathways are differentially affected by apo-

morphine and lergotrile; and (iil) that serotonin is intimate-

ly involved in both pathways, albeit 1n different manners.
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Conclusions

The present study in male Wistar rats was designed to
study the mechanisms of two effects (hypothermia and stereo-
typed behavior) induced by the dopamine agonists apomorphine
and lergotrile, It is generally accepted that these effects
are produced in rats through central stimulation of dopamine
receptors; however, several studles have indicated that
serotonergic mechanlsms may mediate or modify these "dopam-
inergic" effects,

The results of the present study demonstrate that differ-
ences exlst as to the effects that known serotonin antagon-
ists Ccyproheptédine and cinanserin) have upon the hypother-
mic and stereotypic effects of apomorphine and lergotrile,
Pretreatment with cyproheptadine had no effect upon apomor-
phine-induced hypothermia while it potentiated that of lergo-
trile, Moreover, pretreatment with cyprcheptadine attenuated
apomorphine-induced stereotypy while potentliating lergotrile-
induced stereotypy. Pretreatment with cinanserin potentiated

lergotrile~induced hypothermia and stereotypy while antagon-
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izing both of these effects of apomorphine.
Parachlorophenylalaniné effectively reduced whole hrain
serotonln content in rats, but failed to produce any signifil-
cant change in the thermal response to apomorphine or lergo-
trile,
Haloperidol was found to antagonize both the hypothermia

and stereotypy produced by apomorphine or lergotrile. This

Hinding supportstire dopaminergic nmature of these effects.

Thé present findings suggest that serotonin plays a
facilitatory modulator role in apomcrphine-induced effects
and that serotonin plays an inhibitory modulator role in
lergotrile-induced effects. Recent studles by other investi-
gators have suggested that twe or more pharmacologically
and anatomically distinct types of dopamlne receptors exist.
it would appear that apomorphine and lergotrile may have the
egbility to selectively stimulate these different dopamilne
receptor populations.

It may be concluded from this investigation that (i)

more than a single dopaminergic pathway is involved in pro-

ducing hypothermlia and stereotyped behavicr in the rat;

(11} that these pathways are differentially affected by apo-

morphine and lergotrille; and (iii) that serotonin is intimate-

ly involved in hoth pathways, albeit in different manners.
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