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CARTER, C J AND C J PYCOCK Potentiation of haloperidol catalepsy by dopamine agontsts possible involvement of
central 5-hydroxytryptanune PHARMAC BIOCHEM BEHAV 10(4) 475-480, 1979 —Apomorphine (0 12-2 mg/kg, SC)
and d-amphetamine (1-8 mg/kg, IP) were each able, at certain doses, to potentiate the cataleptic state produced by the
neuroleptic agent, haloperidol (1 mg/kg, IP) In subsequent biochemical experiments, in which the effects of combinations
of apomorphine or d-amphetamine and haloperidol on brain monoamine levels were studied, this behavioural observation
was seen to be related to an enhanced utihsation of 5-hydroxytryptamine (5-HT) i certain brain regions The results
suggest not only the possible involvement of 5-HT in the production of catalepsy, but also that the effects of these
‘classical’ dopamine agomsts on other central transmitter systems should be considered when interpreting their various

behavioural responses
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NEUROLEPTIC-induced catalepsy 1s primanly associated
with dopamine receptor blockade in mesolimbic and ex-
trapyramidal regions of the brain While a distinct site of
action for the production of this response has not been, and
probably cannot be, forwarded, there 1s a growing weight of
evidence to suggest that the antipsychotic potential of the
neuroleptics may be related more specifically to the conse-
quences of dopamine receptor blockade in mesolimbic re-
gions [7,8]. Neuroleptic catalepsy can be influenced by
modifying central S-hydroxytryptamine (serotonin, 5-HT)
function For example, we have recently shown that
neuroleptic catalepsy can be potentiated by facilitating 5-HT
transmussion [3), while conversely blockade of central 5-HT
mechanisms either by lesion techniques or drugs will have
the reverse effect [6, 16, 18].

While the effects of dopamine receptor antagonism result
mn the state of catalepsy, dopamine receptor agonists pro-
duce stereotyped behavioural responses which, paradoxi-
cally, may also to some extent be dependent upon raised
5-HT transmission [5,23] The ‘stereotypic’ agents are usu-
ally regarded as pure dopamine agomsts, although their
probable direct interaction with other neurotransmitter sys-
tems cannot be overlooked. For example, amphetamine 1s
also known to be capable of releasing 5-HT [12] and apomor-
phine has been reported as enhancing cerebral 5-HT utilisa-
tion [13,15] as well as causing a weak inhibttion of 5-HT
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uptake [19] In view of the effects of these agents on 5-HT
transmission, and a possible role of 5-HT 1n neuroleptic-
induced catalepsy, we have investigated the effects of
d-amphetamine and apomorphine on the cataleptic response
produced by halopenidol. In addition, we have attempted to
correlate the behavioural results with biochemical changes,
and have investigated the concentrations of 5-HT and its
metabolite S-hydroxyindole acetic acid (5-HIAA)
dopamune containing regions of the bran after a combination
of apomorphine or d-amphetamine with haloperidol

METHOD
Behavioural Measurements

Male Porton rats weighing 200-250 g were used 1n all
experiments Catalepsy was defined as the ability of an ani-
mal to maintain an abnormal position or posture, and was
assessed by placing the forelimbs over a horizontal bar 10 cm
above the floor of the cage' the intensity of catalepsy was
related to the time that this position was maintained. The
tume was converted to the numerical scoring system adopted
by Costall and Olley [10), where no catalepsy, score 0; 0 1~
2 5 min, score 1; 2.6-5.0 min, score 2, 5 1-10 0 min, score 3;
10 1-20 min, score 4, 20 1-x, score 5 Catalepsy was as-
sessed one hour after injection of halopendol (1 mg/kg, IP)
The effect of d-amphetamine (range 1-8 mg/kg, IP, 5 min
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after halopendol) or apomorphine (range 0.12-2 mg/kg, SC,
30 min after halopendol) on halopendol-induced catalepsy
was determined Sahne was used as a control mjection -
stead of the dopamine agonists

Biochemical Assessments

The effect of a combination of halopendol and the
dopamine agomists on regional S-HT turnover was investi-
gated Two methods were employed to assess 5-HT
utilisation—one being a study of the ratio of 5-HIAA 5-HT
concentrations [2], and the other to measure 5-HIAA levels
1n probenecid-treated rats (Probenecid 1s an agent used to
block the efflux of neurotransmitters and their metabolites
from the brain and the subsequent build-up of metabolites 1s
taken as an index of transmitter turnover, and 1s regularly
applied to monitor 5-HT turnover [20] )

In the first senes of experiments d-amphetamine (range
1-8 mg/kg, IP) or apomorphine (range 0 12-2 mg/kg, SC) was
administered at 5 or 30 min respectively to haloperidol (1
mg/kg, IP) or saline pretreated rats. Ammals were killed 1 hr
after neuroleptic administration for the regional assessment
of 5-HT and 5-HIAA concentrations In the second series of
experiments the same drug combinations were used except
that each animal received additionally probenecid (200
mg/kg, IP) 35 min after neuroleptic administration, and ani-
mals were killed 30 mun later

Rats were killed by cervical dislocation, the bran re-
moved and dissected over ice mto 4 regions, comprising
the striatum (caudate nucleus/putamen), nucleus accumbens
septi, tuberculum olfactorium, and frontal cortex Approx-
imately 1 mm thick sections were taken from the frontal
cortical region, and the tuberculum olfactorium removed
from the ventral surface. A vertical cut was made n the
forebran, and the tissue in the proximity of the anterior
commissure was punched out with reference to the atlas of
Pellegnno and Cushman [21] and taken as the nucleus ac-
cumbens region, distinguishing 1t from the more dorsally and
caudally located strniatal area The striata were dissected out
from the remaining tissue Brain regions from both sides of
the brain were pooled, weighed and homogemsed 1n acidified
butanol for the extraction of biogenic amines After centrifu-
gation, 5-HT and 5-HIAA were determined fluorimetrically
following condensation with o-phthaldialdehyde [11], while
dopamine was assayed by the method of Laverty and Shar-
man [17] Prior to assay, dopamine was purified on alumina
yielding a 63-68% recovery- concentrations stated represent
uncorrected values

Drugs

Dexamphetamine sulphate (Smith, Kline and French) was
dissolved in 09% saline Apomorphine hydrochlonde
(MacFarlan-Smith) was dissolved in 0.1% nitrogen-bubbled
sodium metabisulphite solution, and haloperidol (Searle) n
1% acetic acid Probenecid (Sigma) was dissolved m a
minimum amount of 0 5 N NaOH made up to volume with
distilled water. All doses refer to the salt, and all drugs were
myected m a volume of 1 mg/ml

Statistics

At least 6 rats were used at each dose level for be-
havioural and biochemical measurements and the results are
expressed as the mean =+ the standard error of the mean. For
the behavioural data, the significance values of difference
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between control and drug-treated groups were computed
using a Mann-Whitney U test for non-parametric data
Significance of differences of biochemical data were calcu-
lated using the Student’s 7 test Statistical significance was
taken at the level p<0 05

RESULTS
Behavioural Observations

Halopendol, at a dose of 1 mg/kg, produced a reproduce-
able cataleptic response with a mean score of approximately
2 (range of scores 1-3), one hour after injection The simul-
taneous ijection of d-amphetamime (1-8 mg/kg) had httle
effect on this score at the 1 and 2 mg/kg dose However, the 4
mg/kg dose of d-amphetamine produced a significant poten-
tiation of the neuroleptic induced catalepsy (p <0 05) (Fig. 1)
The higher dose of d-amphetamine (8 mg/kg) resulted n
stereotyped smffing and licking behaviour which an-
tagomsed the cataleptic response 1n some rats

A simular pattern was observed following the administra-
tion of apomorphine (0 12-2 mg/kg) 30 min after halopendol
pretreatment The lower doses of apomorphine produced lit-
tle change 1n haloperidol-induced catalepsy, while the 0.5
mg/kg dose sigmficantly potentiated the cataleptic response
(p<0.05) (Fig. 1) The higher doses of apomorphine (1 and 2
mg/kg) reduced the cataleptic effects of haloperidol (p <0 05
at 2 mg/kg), as the animals displayed varying degrees of
stereotyped behaviour

Biochemical Results

The effects of halopendol together with a combination of
either apomorphine or d-amphetamine on regional concen-
trations of 5-HT, 5-HIAA and dopamine were assessed in
normal rats Alone neither apomorphine (0 12-2 mg/kg, 30
min) nor d-amphetamine (1-8 mg/kg, 1 hr) caused any sig-
nificant changes in either 5-HT or 5-HIAA levels measured
m the nucleus accumbens, tuberculum olfactorium, striatum
or cortex (results not shown) Similarly, administration of a
single dose of haloperidol (1 mg/kg) resulted in no significant
changes 1n the concentrations of 5-HT or 5-HIAA 1n any of
the brain regions studied (Fig 2)

The combination of halopendol and apomorphine re-
sulted 1n significant increase in 5-HIAA concentrations 1n the
nucleus accumbens 1n a dose-related manner for the 0 25-1
mg/kg doses of apomorphine (p<0 05) (Fig 2) In addition
the haloperidol—2 mg/kg apomorphine combination caused
increased 5-HT levels in the nucleus accumbens The
halopendol-apomorphine combination also significantly ele-
vated striatal 5-HIAA levels at the 0 5 and 1 mg/kg dose of
apomorphine (p<<0 05) and stnatal 5-HT concentrations at
the 0 5 mg/kg dose of apomorphine (p<<0 05) (Fig 2). No
statistically significant changes in indoleamine concentra-
tions were recorded 1n either tuberculum olfactorium or cor-
tex

The effect of the combination of halopendol and
d-amphetamine on accumbens and stnatal 5-HT and 5-HIAA
concentrations 1s also shown in Fig 2 d-Amphetamine (2
and 4 mg/kg) in combination with halopenidol sigmficantly
elevated accumbens 5-HIAA concentrations (p <0 05) with-
out significant changes in 5-HT levels The highest dose of
amphetamine (8 mg/kg) significantly decreased accumbens
5-HT concentrations (p<<0 05), having no effect on accum-
bens 5-HIAA levels In the stnatum only the 4 mgkg
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FIG 1 The effects of d-amphetamine (1-8 mg/kg, IP), and apomor-
phine (0 12-2 0 mg/kg, SC) on the cataleptic state induced 1n rats by
halopendol (1 mg/kg, IP) ¢-Amphetamine was administered 5 min
after, and apomorphine 30 min after haloperidol mmjection The
hatched columns represent control catalepsy scores in animals 1n-
Jected with halopenidol alone Each column 1s the mean of 6 deter-
minations, the vertical bars represent standard error values, and the
asterisks denote significance values of p<0 05 (Mann-Whitney U
test)

d-amphetamine/haloperidol combination had any significant
biochemical effect, causing an increase in 5-HIAA concen-
trations (<0.05) (Fig 2) None of the d-amphet-
amine/haloperidol combinations had any significant effect on
tuberculum olfactorium or cortical indoleamine concentra-
tions

None of the drugs tested nor the relevant combinations
caused any significant changes in the dopamine concentra-
tions of the nucleus accumbens (control 5 81 = 070 ug/g
wet weight tissue), tuberculum olfactorium (4 92 + 0.87
ng/g), or striatum (6.63 = 1 01 ng/g)

The effect of a combination of haloperidol and dopamine
agonists on regional 5-HIAA concentrations in probenecid-
treated rats 1s shown in Tables 1 and 2. The only significant
change 1n metabolite levels seen following d-amphetamine
alone (4 mg/kg) was a 19% increase 1n tuberculum olfactory
5-HIAA (p<0 05) (Table 1) No changes were seen following
halopendol alone Combinations of these two drugs elevated
5-HIAA concentrations in tuberculum olfactorium at the 2, 4
and 8 mg/kg doses of amphetamine (p <0 05, p<0 01), in the
nucleus accumbens at the 4 mg/kg dose, and In the striatum
at the 4 and 8 mg/kg doses of amphetamine (p <0 05) when
compared to control amimals (Table 1) These probenecid
results indicate an increased 5-HT utilisation following the
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FIG 2 The effects of halopendol (HP) (1 mg/kg, IP, 1 hr) and
combinations of apomorphine (0 12-2 mg/kg, SC, 30 min) and
haloperidol (left-hand side) and of d-amphetamine (1-8 mg/kg, IP, 1
hr) and halopenidol (right-hand side) on concentrations of 5-HT
(open columns) and 5-HIAA (hatched columns) 1n nucleus accum-
bens (ACB) and striatum of rat brain Each column 1s the mean of 6
determinations vertical bars indicate standard errors *Denotes
statistical significance at the level p<0 05 (Student’s r test) (No
significant changes 1n either 5-HT or 5-HIAA concentrations were
recorded 1n either tuberculum olfactorium or cortex following any of
the drug combinations )

haloperidol-amphetamine combination. Because a signifi-
cant increase in S-HIAA levels was seen 1n the tuberculum
olfactorium following d-amphetamine alone, the biggest
overall increase in metabolite concentrations, when com-
pared with either haloperidol-amphetamine, or d-amphetamine
alone were associated with the striatal and nucleus accum-
bens regions No significant changes in cortical S-HIAA
concentrations were recorded following any of the drug
combinations (results not shown)

In the parallel experiment, apomorphine alone had no ef-
fect on C-HIAA concentrations i tuberculum olfactorium,
nucleus accumbens or striatum (Table 2) With the combina-
tion of haloperidol and apomorphine, the only changes rec-
orded were 1n nucleus accumbens and stnatum at the 1 and 2
mg/kg dose level of apomorphine, when both doses signifi-
cantly elevated 5-HIAA concentrations at both sites
(p<0.05, p<0 01) (Table 2). No significant changes were ob-
served in cortical 5-HIAA levels (results not shown)

DISCUSSION

The states of catalepsy and stereotypy seem to represent
two opposing behavioural parameters, revolving around the
functional state of forebrain dopamine systems It is not sur-
prising therefore that cateleptic agents can reverse the be-
havioural effects of stereotypic agents, and vice versa For
example, it 1s well documented that neuroleptic drugs block
hyperactive and stereotyped responses produced by am-
phetamme and apomorphine [9,22], while classical
‘stereotypic’ agents can reverse the cataleptic states induced
by the phenothiazenes and butyrophenones. Indeed, in our
own studies, higher doses of d-amphetamine and apomor-
phine were able to reduce the cataleptic effects of
halopenidol
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TABLE 1

EFFECT OF THE COMBINATION OF HALOPERIDOL AND D-AMPHETAMINE ON
REGIONAL CEREBRAL 5-HIAA CONCENTRATIONS IN PROBENECID-TREATED

RATS
Brain Region
Drug Tuberculum Nucleus Strniatum
olfactorium accumbens
control 124 =007 075004 065 +003
HP 133010 078 004 070 = 004
HP-+amphet (1 mg/kg) 142010 076 =010 063 =005

HP+amphet (2 mg/kg) 145+ 004* 082+ 004 062 =009
HP+amphet (4 mg/kg) 161 = 0 08%'t' 089 + 0 05*Ff 078 + 0 05*%
HP+amphet (8 mg/kg) 153 =015 083 =004 081 = 0 06*t%
amphet (4 mg/kg) 148009 076 =002 062 =004

Rats were given halopenidol (HP) (1 mg/kg, IP) or saline at time zero followed 5
mun later by d-amphetamine (amphet) (range 1-8 mg/kg, IP) or saline All animals
received probenecid (200 mg/kg, IP) at 30 min and were subsequently killed at 1 hr
for the determination of regional 5S-HIAA concentrations 5-HIAA concentration
1s expressed as ug/g wet weight tissue = 1 SEM  Each result 1s the mean of 6
determinations

*=significant difference between drug group and saline control, p<0 05,
*1p<0 01

t=significant difference between drug group and HP alone, p<0 05, t'p<0 01

i=significant difference between drug group and amphet alone, p<0 05

(Student’s 1 test)

CARTER AND PYCOCK

However, the surprising paradoxical potentiation of
halopendol-induced catalepsy by these two classical
dopamine agomists does not allow interpretation solely n
terms of postsynaptic dopamine receptor stimulatton or an-
tagonmism In view of the reported functional relationship be-
tween manipulation of central 5-HT mechamsms and
neuroleptic-induced catalepsy and an apparent serotoniner-

gic component of the classical ‘stereotypic’ drugs (see Intro-
duction) we investigated the possible involvement of 5-HT 1n
the interaction observed with the dopamine agonists
apomorphine and d-amphetamine

The ratio of 5S-HIAA 5-HT is taken as an index of 5-HT
turnover [2] and the changes in concentrations of 1ts metabo-
Iite 5-HIAA indicate the level of 5-HT utilisation [20]. In our

TABLE 2

EFFECT OF THE COMBINATION OF HALOPERIDOL AND APOMORPHINE ON
REGIONAL CEREBRAL 5-HIAA CONCENTRATIONS IN PROBENCID-TREATED

RATS
Brain Region
Drug Tuberculum Nucleus Striatum
olfactorrum accumbens
Control 145+ 007 098 =005 082+ 007
HP 153 +013 089+ 007 097013
HP+apo (0 25 mg/kg) 136 =014 101 009 087 =005
HP+apo (0 5 mg/kg) 144 =008 110010 099 =009
HP+apo (1 mg/kg) 155+016 124 = 009*1': 134 = 009*'+}"
HP+apo (2 mg/kg) 156 =012 120 = 010%F: 142 = 0 13*%!
apo (1 mg/kg) 162011 086 + 009 077 =008

Rats were given halopendol (HP) (1 mg/kg IP) or saline at time zero followed 30
min later by apomorphine (apo) (range 0 25-2 mg/kg, SC) or saline All ammals
received probenecid (200 mg/kg, IP) 5 min after apomorphine and were sub-
sequently killed 30 muin later for the determination of regional 5-HIAA concentra-
tions 5-HIAA concentration 1s expressed as ug/g wet weight tissue = 1 SEM
Each result 1s the mean of 7 or 8 determinations Numbers 1n parenthesis after apo
indicate dose

*=significant difference between drug group and saline control, p<0 0S5,
*1p <0 01

t=significant difference between drug group and HP alone, p<0 05, 'p<0 01

f=significant difference between drug group and apo alone, p<0 05, £'p<0 01

(Student’s ¢ test)
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system neither the dopamine antagonist (haloperidol) nor the
dopamine agonists (apomorphine and d-amphetamine) at the
doses and times employed significantly altered 5-HT utilisa-
tion and turnover (although an increase in 5-HIAA concent-
ration within the tuberculum olfactorium was measured after
4 mg/kg d-amphetamine) However, both combinations of
dopamine agonist and neuroleptic significantly potentiated
cerebral 5-HT utilisation There 1s a possible parallel con-
nection between the potentiation of haloperidol catalepsy by
apomorphine and d-amphetamine and the effects of these
drug combinations on regional S-HT turnover. Certainly
there 1s a significant potentiation of S-HT utilisation at the
05 mgkg dose of apomorphine and 4 mg/kg dose of
d-amphetamine indicating a fair correlation between be-
havioural and biochemical states Presumably the reversal of
the cataleptic effect by the higher doses of dopamine
agonists 1s the result of increasing dopamne receptor stimu-
lation with concomitant displacement of halopendol, as
5-HT function remains elevated

It 1s difficult to select an anatomical site at which these
effects may be mediated, although 1t 1s tempting to suggest
the nucleus accumbens or stnatum as the prime candidate,
as the biochemical changes 1n these nucler more closely fol-
low the behavioural patterns observed Indeed, the nucleus
accumbens has already been strongly implicated as an im-
portant site of action of agents with antipsychotic potential
[8,9]1, while striatal dysfunction 1s known to be associated
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with parkinsonism, and laboratory models of catalepsy In
addition, 1n separate lesion studies where we have selec-
tively lestoned 5-HT terminals in dopamine-terminal regions,
5-HT depletion within the nucleus accumbens produces a
large reduction in the cataleptic potential of the neuroleptic
agent fluphenazine [4)

Apomorphine or amphetamine alone, at the doses used 1n
this study, had Iittle effect on central 5-HT turnover It 1s
possible that blockade of therr main effects on the
postsynaptic dopamine receptor by the neuroleptics, which
themselves have been reported to enhance central 5-HT
turnover or utilisation [14,24], allows the subsequent man-
festation, and measurement of their actions on serotonergic
systems

The potentiation of haloperidol-induced catalepsy by am-
phetamine or apomorphine thus appears to be related to an
increase 1n central 5-HT utilisation. Whether this 1s an indi-
rect result of their effects on presynaptic or autoregulatory
dopamine receptors [1] or related to an additional phar-
macological action of these drugs on the serotonergic system
1s unknown Although these agents can be regarded as potent
dopamine agonists, some of their behavioural effects—
particularly stereotyped behaviour, have also been shown to
depend upon central 5S-HT mechanisms [5]. This dependence
may reflect hitherto unconsidered actions of drugs such as
amphetamine and apomorphine on these systems.
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