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Abstract

ŽŽ . w x .A-86929 y -trans-9,10-dihydroxy-2-propyl-4,5,5a,6,7,11b-hexahydro-3-thia-5-azacyclopent-1-ena c phenanthrene is a potent and
ŽŽ .selective full agonist at the dopamine D receptor. Both A-86929 and ABT-431 y -trans-9,10-diacetyloxy-2-propyl-4,5,5a,6,7,11b-1

w x .hexahydro-3-thia-5-azacyclopent-1-ena c phenanthrene hydrochloride , the diacetyl prodrug derivative of A-86929, were evaluated for
their effects on behavioral excitability in rodents. In rats, A-86929 produced a dose-dependent increase in locomotor activity that was
attenuated by the selective dopamine D receptor antagonist, SCH 23390, as well as by higher doses of the dopamine D receptor1 2

antagonist, haloperidol. Repeated administration of A-86929 over 6 days produced hyperactivity which did not change in magnitude
across days. Acute administration of A-86929 and ABT-431 to mice produced behavioral seizure activity, with ED values of 7.1 and 2.750

Ž .mmolrkg, s.c., respectively, that was blocked by SCH 23390. Young rats 35–37 days exhibited behavioral seizures following A-86929
Ž .and ABT-431 treatment ED s34.2 and 35.6 mmolrkg, s.c., respectively , but at doses higher than those required in mice. Moreover,50

Ž . Ž .adult rats 3 months were less sensitive ED s345 mmolrkg, s.c. to A-86929-induced seizures than young rats. Comparison of the50

ED values that produced behavioral seizure activity in rats with those previously established to produce contralateral rotation50
Ž .ED s0.24 mmolrkg, s.c. in 6-hydroxydopamine-lesioned rat indicates that a significant dose separation exists between these two50

properties of A-86929.
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1. Introduction

ŽŽ .A-86929 y -trans-9,10-dihydroxy-2-propyl-
w x4,5,5a,6,7,11b-hexahydro-3-thia-5-azacyclopent-1-ena c -

. Ž .phenanthrene is a selective, high-affinity K s51 nMi

ligand for the dopamine D receptor and possesses high1
Ž .potency EC s9.0 nM and full intrinsic activity relative50

to dopamine in stimulating adenylate cyclase. Both A-
Ž .86929 and ABT-431 Fig. 1 , the diacetyl derivative of

A-86929 that is rapidly converted to the parent compound
in vivo, produced robust contralateral rotation in the 6-hy-

Ždroxydopamine-lesioned rat model ED s0.24 and 0.5450
.mmolrkg, s.c., respectively , confirming the potent

dopamine receptor agonist activity of the compounds in
Ž .vivo Michaelides et al., 1995; Shiosaki et al., 1996 . The

) Ž . Ž .Corresponding author. Tel.: 1-847 937-5933; Fax: 1-847 938-1021;
e-mail: kazumi.shiosaki@abbott.com

contralateral rotation following A-86929 or ABT-431 treat-
ment was blocked by selective dopamine D , but not D ,1 2

receptor antagonists. Additional studies with A-86929 and
ABT-431 demonstrated the ability of these compounds to
reverse parkinsonian-like behavioral disabilities in the 1-

Ž .methyl-4-phenyl-1,2,3,6-tetrahydropyridine MPTP -le-
Ž .sioned marmoset model Shiosaki et al., 1996 . Effective

reversal of these MPTP-induced behavioral deficits in
nonhuman primates suggests the potential usefulness of
A-86929 and ABT-431 in treating Parkinson’s disease
Ž .Jenner et al., 1986 .

In addition to causing contralateral rotation in the 6-hy-
droxydopamine-lesioned rat model, dopamine D receptor1

agonists produce behavioral activation in intact rats. Sys-
Žtemic administration of SKF 38393 1-phenyl-2,3,4,5-tetra-

Ž . .hydro- 1H -3-benzazepine-7,8-diol hydrochloride , a se-
lective dopamine D receptor agonist possessing partial1

intrinsic activity relative to dopamine, increased grooming,
sniffing and vacuous jaw movements, but generally did not
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Fig. 1. Structures of A-86929 and ABT-431.

Žaffect horizontal locomotor activity for review see Jack-
.son and Westlind-Danielsson, 1994 . In contrast, SKF

Ž82958 3-allyl-6-chloro-2,3,4,5-tetrahydro-7,8-dihydroxy-
.1-phenyl-1H-3-benzazepine , which is a dopamine D re-1

ceptor-selective full agonist, increased locomotor activity
and stereotyped behaviors following acute administration
Ž .Meyer and Shults, 1993 , as did dopamine D receptor-2

Ž .selective agonists Eilam et al., 1992; Molloy et al., 1986 .
SKF 38393 has also been reported to increase the

sensitivity of rats to pilocarpine-induced behavioral seizures
ŽAl-Tajir et al., 1990a,b; Barone et al., 1990; Turski et al.,

.1990 and to produce convulsions 24 h after treatment in
Ž .reserpinized mice Al-Tajir et al., 1990a,b . These effects

were reversed by the dopamine D receptor-selective an-1

tagonist SCH 23390. In contrast, SKF 38393 protected
mice from seizures induced by pentylenetetrazole in a

Ž .dose-dependent manner Ogren and Pakh, 1993 , suggest-
ing that the involvement of dopamine D receptors in the1

propagation or the attenuation of behavioral seizures is
Ž .dependent on the specific seizure model used Starr, 1996 .
ŽŽ .SKF 82958 and the isochroman A-68930 1R,3S -1-

aminomethyl-3,4-dihydro-5,6-dihydroxy-3-phenyl-1H-2-
.benzopyran , produced clonic-tonic seizures when adminis-

Žtered to neurologically intact rats and mice Britton et al.,
.1991 . The convulsant properties appear to be associated

with dopamine D receptor agonists as a class based on the1

ability of structurally dissimilar D compounds to produce1

similar behavioral responses.
In the present paper, we describe the effects of A-86929

on the locomotor activity of rats following both acute and
repeated administration, and on the production of behav-
ioral seizure activity following administration of A-86929
andror ABT-431 to mice and rats. The ability of SCH
23390 to reverse these behavioral effects was also as-
sessed.

2. Materials and methods

2.1. Subjects

Ž .Male CD-1 mice Charles River, Portage, MI, USA
weighing approximately 13–22 g were housed 14 per cage,
with food and water available ad libitum.

Ž .Male Sprague-Dawley rats Sasco, Madison, WI, USA
weighing 175–330 g were used in the locomotor activity

Ž .studies. Young Sprague-Dawley male rats Sasco , approx-
imately 35–37 days old and weighing about 100 g, and

Ž .adult Sprague-Dawley male rats Sasco , approximately 3
months old and weighing about 350 g, were used in the
seizure studies. The rats were group housed, approximately
five per cage, with food and water available ad libitum. A

Ž .12:12 light:dark cycle lights on at 06:00 was maintained
and testing was conducted during the light portion of the
cycle.

2.2. Compounds

ŽŽ .A-86929 y -trans-9,10-dihydroxy-2-propyl-
w x4,5,5a,6,7,11b-hexahydro-3-thia-5-azacyclopent-1-ena c -

. ŽŽ .phenanthrene and ABT-431 y -trans-9,10-diacetyloxy-
2-propyl-4,5,5a,6,7,11b-hexahydro-3-thia-5-azacyclo-

w x .pent-1-ena c phenanthrene hydrochloride were synthe-
Ž .sized at Abbott Laboratories Abbott Park, IL, USA

Ž .Michaelides et al., 1995 . SCH 23390 was purchased from
Ž .Research Biochemicals International Natick, MA, USA .

ŽHaloperidol was purchased from Sigma St. Louis, MO,
.USA . The vehicle for ABT-431 in the seizure studies was

10% ethanol. Haloperidol was dissolved in a small quan-
tity of 0.1 M acetic acid and then brought up to volume
with sterile water. The vehicle for all other studies was
sterile distilled water. Haloperidol was administered in a

Ž .volume of 2 mlrkg, as was A-86929 100 mmolrkg in
the seizure antagonist study. All other injection volumes
were 1 mlrkg. All injections were placed in the subcuta-
neous, intrascapular space.

2.3. Locomotor actiÕity in rats

2.3.1. Acute dose-response study
Rats were placed in testing chambers housed within

Žventilated, sound-attenuating isolation chambers E10-23,
.Coulbourn Instruments, Allentown, PA, USA . Each

chamber measured 48=23=25 cm and was equipped
with a photobeam that transects its length. Interruptions of
the photobeam when the animal crossed over the center of
the cage were recorded using an on-line monitoring sys-
tem.

For the dose-response determination, rats were given a
40-min habituation period, injected with vehicle or various

Ž .doses of A-86929 0.5, 1.0, 2.0, 4.0 or 8.0 mmolrkg, s.c. ,
and were returned immediately to the testing chambers.

Ž .Horizontal locomotor activity crossovers was subse-
quently monitored for 6 h. Eight rats were used in each
treatment group.

2.3.2. Antagonism of A-86929-induced hyperactiÕity
To determine the effects of dopamine-receptor antago-

nists, rats were injected with either vehicle or various
Ždoses of SCH 23390 0.001, 0.003, 0.01, or 0.10 mmolrkg,

.s.c. after the 40-min habituation period and then returned
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to the activity cage. 10 min later, animals were injected
Ž .with A-86929 1.0 mmolrkg, s.c. , returned to the activity

Ž .cage and horizontal locomotor activity crossovers was
measured for 4 h.

A second group of rats was injected with vehicle or
Žvarious doses of haloperidol 0.01, 0.03, 0.10, or 1.0

.mmolrkg, s.c. following the 40-min habituation period
and was then returned to the activity cages. 30 min later,

Ž .animals were injected with A-86929 1.0 mmolrkg, s.c. ,
returned to the activity cages and horizontal locomotor

Ž .activity crossovers was monitored for 4 h. Each treatment
group consisted of 10–12 rats.

2.3.3. Effects of subchronic A-86929 treatment on locomo-
tor actiÕity

In a separate study, rats were injected with vehicle or
Ž .A-86929 1.0, 3.0, or 6.0 mmolrkg, s.c. daily for 6 days

and were tested for locomotor activity across a 3 h,
post-injection period on days 1, 3, and 6 as described
above. Each treatment group contained 8–15 rats.

2.4. BehaÕioral seizure actiÕity in mice

2.4.1. Acute dose response
Mice were injected subcutaneously with vehicle or vari-

Ž .ous doses of A-86929 0.30, 1.25, 5.0 or 10.0 mmolrkg
Ž .or ABT-431 0.63, 1.25, 2.5 or 5.0 mmolrkg and were

Žimmediately placed in clear plastic observation cages 28
.=17.5=13 cm containing animal bedding and equipped

with wire cage lids. Each cage held up to four mice. The
animals were observed for behavioral signs of seizure

Žactivity that included: buccal movements rhythmic open-
. Žing and closing of the mouth , forelimb clonus repetitive

rhythmic clawing motion by one or both of the forepaws
that may progress to animals adopting an upright position

.with arched back and tilted head , clonic seizure, tonic
seizure, and death. Bouts of running typically preceded
these seizure-like events.

2.4.2. Antagonism of seizures with SCH 23390
Seizure liability of a given dose of A-86929 was deter-

mined in the presence of various doses of the dopamine D1
Žreceptor antagonist, SCH 23390 0.01, 0.03, 0.10 and 0.30

.mmolrkg, s.c. . SCH 23390 or vehicle was injected 5 min
Ž .prior to administration of a dose 20 mmolrkg, s.c. of

A-86929 that produced seizure activity in 100% of mice as
Ž .determined in a previous experiment data not shown .

2.4.3. Effect of subchronic dosing of A-86929 on seizure
threshold

The effects of repeated administration of A-86929 on
seizure threshold were examined in mice. Animals were

Žadministered either vehicle or A-86929 1.0 mmolrkg,
.s.c. once daily for 4 consecutive days. The 1.0 mmolrkg

dose of A-86929 was determined from a previous acute
dose-response study to be the highest dose that failed to
induce any behavioral seizure activity. On day 5, various

Ždoses of A-86929 1.0, 3.0, 7.0, 10, 20 and 30 mmolrkg,
.s.c. were administered to mice in each of the two groups.

The mice were observed for 2 h for the presence of
forelimb clonic seizures.

2.5. BehaÕioral seizure actiÕity in rats

2.5.1. Acute dose response
For the dose-response determinations, animals were

Žplaced into clear plastic observation cages 20=10.5=8
.in with stainless-steel wire covers. After a 20 min habitua-

Ž .tion period, young rats 35–37 days old, 90–120 g were
Žinjected with vehicle or varying doses of A-86929 3.0, 10,

. Ž30, 60 and 100 mmolrkg, s.c. or ABT-431 3.0, 6.0, 10,
.30, 60 and 100 mmolrkg, s.c. and then returned to the

testing cage. Behavior was monitored visually for 3–6 h
Žfor signs of excessive excitation grooming, wet-dog

shakes, hyperactivity, pronounced salivation, teeth chatter-
.ing and overt seizure activity, typically consisting of

rearing and clonic movements of the forelimbs. Each
treatment group consisted of 10–14 rats.

Ž .Adult rats 3 months old, ;350 g were injected with
Žvarious doses of A-86929 3.0, 10.0, 20.0, 60.0 and 100

.mmolrkg, s.c. 60 min after placement into the observa-
tion cage. Animals were observed for 5 h for signs of
seizure activity. Each treatment group consisted of 8–16
rats.

2.5.2. Antagonism of A-86929-induced seizures
Ž .Young rats 35–37 days old, 90–120 g were allowed a

60-min habituation period in the observation cages and
Žadministered either haloperidol 2.76 mmolrkg in 2 mlrkg,

. Žs.c. 20 min prior to A-86929 treatment 100 mmolrkg,

. Žs.c. or SCH 23390 0.03, 0.09 or 0.31 mmolrkg in 1
. Ž .mlrkg, s.c. 5 min prior to A-86929 100 mmolrkg, s.c.

treatment. Ten rats were used in each treatment group. The
animals were observed for 3–6 h for signs of seizure
activity.

2.6. Statistics

Analysis of locomotor activity scores was conducted
Ž .using appropriate analysis of variance ANOVA and post-

hoc tests. ED values and 95% confidence limits were50
Ždetermined using the Litchfield and Wilcoxon test Tal-

.larida and Murray, 1987 . Antagonist effects were evalu-
ated by converting the proportions of animals seizing to Z

Ž .scores Hodges et al., 1975 .

3. Results

3.1. Increased locomotor actiÕity in rats

3.1.1. Acute dose response
To establish the presence of a dose-response relation, a

one-way ANOVA conducted on total locomotor activity
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Fig. 2. Locomotor activity, as measured by number of crossovers across a
6 h period, demonstrated by rats after treatment with vehicle or various
doses of A-86929. ), significantly different from vehicle; P -0.001.

scores in response to vehicle or A-86929 indicated signifi-
Ž Ž . . Ž .cant effects of dose F 5,42 s18.15; P-0.001 Fig. 2 .

Ž .Post-hoc analysis Tukey’s HSD indicated that doses of
Ž .2.0, 4.0 and 8.0 mmolrkg, s.c., significantly P-0.001

increased activity compared to vehicle. Animals treated
with 1.0 mmolrkg A-86929 also tended to be hyperactive
Ž .P-0.06 .

3.1.2. Antagonism of hyperactiÕity
A one-way ANOVA was conducted on total locomotor

Žactivity scores in response to a given dose of A-86929 1.0
.mmolrkg, s.c. in animals pretreated with varying doses of

Ž .SCH 23390 Table 1 . This analysis indicated significant
Ž Ž . .effects of dose F 4,47 s15.59; P-0.001 and post-hoc

tests indicated that the two highest doses of SCH 23390
Ž .0.01 and 0.10 mmolrkg, s.c. significantly reduced loco-

Ž .motor activity P-0.001 produced by A-86929 com-
pared to vehicle.

Similar analyses were conducted on locomotor activity

Table 1
Effects of pretreatment by vehicle or varying doses of SCH 23390 or
haloperidol on the locomotor activity elicited by a 1.0 mmolrkg, s.c.,
dose of A-86929 in rats

Pretreatment Dose Crossovers
Ž . Ž .mmolrkg, s.c. mean"S.E.

Vehicle 215 "28
SCH 23390 0.001 172 "26
SCH 23390 0.003 148 "28

aSCH 23390 0.01 44 " 8
aSCH 23390 0.10 8.5" 1.8

Haloperidol 0.01 174 "44
Haloperidol 0.03 145 "39

aHaloperidol 0.10 43 " 5
aHaloperidol 1.00 9 " 7

Statistical significance of the difference from vehicle-treated group is
indicated as a P -0.001.

Fig. 3. Locomotor activity on days 1, 3 and 6 in response to daily
treatments with vehicle or A-86929 at doses of 1.0, 3.0 and 6.0 mmolrkg,
s.c., for 6 days to rats.

Žscores in response to a given dose of A-86929 1.0
.mmolrkg, s.c. in rats pretreated with various doses of

Ž .haloperidol Table 1 . There was a significant effect of
Ž Ž . .dose F 4,47 s9.16; P-0.001 , and significant reduc-

Ž .tions in activity P-0.001 were produced by the two
Ž .highest doses of haloperidol 0.1 and 1.0 mmolrkg, s.c.

compared to vehicle.

3.1.3. Effects of subchronic A-86929 treatment on locomo-
tor actiÕity

Analysis of data from the repeated A-86929 treatment
Žstudy was performed using a two-way ANOVA dose=

.days , with repeated measures on the days factor, on total
locomotor activity scores on days 1, 3 and 6. A significant

Ž Ž . .effect of dose F 4,43 s14.48; P-0.001 was obtained,
Ž Ž . .but no significant effect of days F 2,8 s1.32; P)0.25

Ž Ž .or significant dose=day interaction F 8,86 s1.66; P)
.0.10 was revealed. These results indicate that although

significant hyperactivity was seen with the two higher
Ž .doses 3.0 and 6.0 mmolrkg, s.c. , the degree of hyperac-

Ž .tivity did not change across the testing days Fig. 3 .

3.2. Production of behaÕioral seizure actiÕity in mice

3.2.1. Acute dose-response study
Varying doses of A-86929 administered subcutaneously

produced behavioral seizures in intact mice in a dose-de-
Ž . Ž .pendent manner Fig. 4 . An ED value of 7.1 5.9–9.750

mmolrkg was calculated from these data. Subcutaneous
administration of varying doses of ABT-431 produced a

Ž .similar dose-response curve Fig. 4 , with a corresponding
Ž .ED value of 2.7 1.6–4.5 mmolrkg. Analysis of the50

doses of A-86929 and ABT-431 that produced behavioral
seizure activity in mice indicated no significant difference

Ž .between the ED values P)0.05 . The latency to seize50

was roughly 30–40 min for both compounds.
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Fig. 4. Dose-response curves of A-86929 and ABT-431 for the produc-
tion of seizure activity in mice.

3.2.2. Antagonism of seizures with SCH 23390
The incidence of behavioral seizure activity elicited by

ŽA-86929 20 mmolrkg, s.c., a dose that produced seizures
.in 100% of the animals in a previous experiment was

reduced in a dose-dependent manner with the dopamine D1
Ž .receptor-selective antagonist SCH 23390 Table 2 . The

Ž .highest dose of SCH 23390 0.3 mmolrkg, s.c. com-
pletely protected the mice from seizures induced by A-

Ž .86929. An ED value of 0.03 0.01–0.07 mmolrkg was50

calculated from these data for the ability of SCH 23390 to
antagonize the seizures produced by a 20 mmolrkg dose
of A-86929.

3.2.3. Effect of subchronic dosing of A-86929 on threshold
of seizure production

Mice that had been pretreated once daily for 4 days
with vehicle exhibited behavioral seizure activity in re-
sponse to various doses A-86929 with an ED value of50

Ž .12.8 5.9–27.8 mmolrkg, s.c. Mice that had been pre-
Žtreated once daily for 4 days with A-86929 1.0 mmolrkg,

.s.c. also exhibited seizures in response to various doses of
Ž .A-86929 with an ED value of 8.4 1.0–70.9 mmolrkg,50

s.c. The ED values generated from the two different50

groups of animals were not statistically different from each
Ž .other Fig. 5 . One mouse that had been pretreated for 4

days with A-86929 died during a seizure episode induced

Table 2
Effects of pretreatment by vehicle or varying doses of SCH 23390 on the
percentage of mice exhibiting behavioral seizure activity within 3 h

Ž .following a dose of A-86929 20 mmolrkg, s.c.

Ž . Ž .Dose mmolrkg, s.c. Seizures % animals

0.00 100
0.01 88

a0.03 50
a0.10 12
a0.30 0

Statistical significance of the difference from vehicle-treated group is
indicated as a P -0.05.

ŽFig. 5. Effects of 4-day pretreatment with either vehicle or A-86929 1.0
.mmolrkg, s.c. on dose-response curve of A-86929 to produce seizure

activity in mice.

after administration of 30 mmolrkg of A-86929 in the
subsequent dose-response study. No deaths occurred in
mice pretreated with vehicle following administration of
various doses of A-86929.

3.3. Production of behaÕioral seizure actiÕity in rats

3.3.1. Acute dose response
A-86929 produced dose-dependent increases in the inci-

Ždence of behavioral seizure activity in young rats 35–37
. Ž .days old, 90–120 g Fig. 6 . The ED dose in this group50

Ž .of animals was calculated to be 34.2 19.9–58.8 mmolrkg,
s.c., with a mean latency period of 106 min. ABT-431 also
produced seizure-like activity in juvenile rats, with an

Ž .ED value of 35.6 20.7–61.4 mmolrkg, s.c., and a50

mean latency period of 140 min. There was no significant
difference between these ED values.50

The incidence of behavioral seizure activity was
recorded for various doses of A-86929 administered to

Ž .adult rats 3 months old, ;350 g . An ED value of 34550

Fig. 6. Dose-response curves of A-86929 and ABT-431 for the produc-
Ž .tion of seizure activity in young 35–37 days old, 90–120 g rats, and

dose-response curve of A-86929 for production of seizure activity in
Ž .adult 3 months old, ;350 g rats.
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Table 3
Ž .Effect of selective dopamine D antagonist SCH 23390 and D antago-1 2

Ž .nist haloperidol pretreatment on the incidence of seizure-like activity in
Ž .rats following injection of A-86929 100 mmolrkg, s.c.

Treatment Dose Seizures
Ž . Ž .mmolrkg, s.c. % animals

Vehicle – 80
aSCH 23390 0.03 30
aSCH 23390 0.09 10
aSCH 23390 0.31 10

Haloperidol 2.7 40a

Each of the treatment groups consisted of ten animals. Statistical signifi-
cance of the difference from the vehicle-treated group is indicated as
aP -0.05.

Ž .126–940 mmolrkg, s.c., was calculated for this group
Ž .Fig. 6 . This difference in ED values for A-86929-in-50

duced seizure incidence between the young and adult rat
Ž .groups was statistically significant P-0.05 .

3.3.2. Antagonism of A-86929-induced seizure actiÕity in
rats

Analysis of the antagonist data showed that all pretreat-
Ž .ment doses 0.03, 0.09 and 0.31 mmolrkg, s.c. of SCH

23390 significantly reduced the incidence of seizure activ-
Žity produced by a given dose of A-86929 100 mmolrkg,

. Ž .s.c. compared to vehicle pretreatment Table 3 . Haloperi-
dol also significantly reduced the number of rats exhibiting

Žseizure-like activity but at a higher dose P-0.05 for all
.comparisons . Latencies to seizure onset were increased by

Ž .both antagonists data not shown .

4. Discussion

A-86929 produced a dose-dependent increase in hori-
zontal locomotor activity in neurologically intact rats. The
A-86929-induced locomotor effects are consistent with
those reported for other dopamine D receptor-selective1

Ž Ž X Xfull agonists such as SK F 89626 4 3 ,4 -
. Ž . .dihydroxyphenyl -4,5,6,7-tetrahydrothieno 2,3-c -pyridine

Ž .Andersen et al., 1987 and the benzazepine SKF 82958
Ž .Meyer and Shults, 1993 . In contrast, the dopamine D1

receptor partial agonist SKF 38393 was reported to have
very weak or no ability to increase horizontal locomotor
activity following either systemic or direct intracerebral

Žadministration Andersen et al., 1987; Meyer and Shults,
.1993 . Rather, the partial agonist has been reported to

produce grooming, sniffing, vacuous chewing and other
Žstereotyped behaviors in rats Murray and Waddington,

.1989 . Specific monitoring for these behaviors was not
conducted in the present study.

The A-86929-induced hyperactivity could be attenuated
in a dose-dependent manner by the selective dopamine D1

receptor antagonist SCH 23390 at dosesG0.01 mmolrkg,
s.c., indicating the involvement of dopamine D receptor1

stimulation in this behavior. However, the preferential
dopamine D receptor antagonist, haloperidol, also attenu-2

ated the A-86929-induced hyperactivity to roughly the
same extent as that produced by SCH 23390, although

Ž .higher doses were required G0.10 mmolrkg, s.c. . The
ability of a dopamine D receptor antagonist to greatly2

attenuate the D agonist-induced hyperactivity may reflect1

functional interactions between dopamine D and D re-1 2

ceptors that have been reported in vitro and in vivo
Ž .Jackson and Westlind-Danielsson, 1994 . For example,
episodic increases in locomotor activity produced by ad-
ministration of SKF 38393 to intact rats were reported to
be antagonized by SCH 23390 as well as by higher doses
of the dopamine D receptor antagonist metoclopramide.2

Likewise, the increased locomotor activity and stereotyped
behaviors produced by dopamine D receptor-selective2

agonists could be effectively reversed by D -selective an-1
Žtagonists in neurologically intact rats Molloy and

.Waddington, 1985; Pugh et al., 1985 . In rats with unilat-
eral dopamine depletions, the actions of SKF 38393 were
selectively blocked by dopamine D , but not D , receptor1 2

Ž .antagonists Arnt, 1985 , suggesting a change in receptor
subtype interactions after chemical lesioning. Others have
reported synergistic effects of dopamine D plus D recep-1 2

tor agonist treatments in 6-hydroxydopamine-lesioned rats
Ž .Robertson and Robertson, 1986 .

In the current study, constant levels of hyperactivity
were maintained following daily administration of three
different doses of A-86929 to intact rats for 6 days. This
maintenance of behavioral responsivity is consistent with
that observed following once or three-times daily adminis-
tration of varying doses of A-86929 for 10 consecutive

Ždays to 6-hydroxydopamine-lesioned rats Michaelides et
. Žal., 1995 and to MPTP-lesioned marmosets Shiosaki et
.al., 1996 . Maintaining behavioral responsivity with re-

peated administration by a dopamine receptor agonist will
be important in establishing whether a particular com-
pound will have potential as chronic therapy. Rapid behav-
ioral tolerance was seen with repeated administration of
the long-acting isochroman dopamine D receptor agonist,1

ŽŽ . Ž X .A-77636 1R,3S 3- 1-adamantyl -1-aminomethyl-3,4-di-
.hydro-5,6-dihydroxy-1 H-2-benzopyran hydrochloride

Ž .Asin and Wirtshafter, 1993 or with constant infusion of
Ž .SKF 38393 Winkler and Weiss, 1989 to 6-hydroxy-

dopamine-lesioned rats. Prolonged stimulation of the
dopamine D receptor with a long-acting compound or by1

continuous infusion may contribute to the behavioral toler-
ance observed. However, the relation between dosing regi-
men and behavioral responsivity following dopamine ago-

Ž .nist treatment is very complex Post, 1980 , and both
sensitization and tolerance have both been reported after
repeated administration of selective dopamine D and D1 2

Žreceptor agonists to rats c.f.: Braun and Chase, 1988;
Mattingly et al., 1993; Neisewander et al., 1991; White et

.al., 1990 .
Acute administration of A-86929 and ABT-431 to mice
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produced behavioral seizure activity in a dose-dependent
Ž . Žmanner, with ED values of 7.1 5.9–9.7 and 2.7 1.6–50

.4.5 mmolrkg, s.c., respectively. The lack of a significant
difference in the behavioral potencies of the two com-
pounds supports a rapid conversion in vivo of both acetyl
groups in ABT-431 to the parent catechol A-86929 follow-
ing subcutaneous administration. This is consistent with a
previous report in which no difference was observed in the
potencies of A-86929 and ABT-431 for inducing contralat-
eral rotation following subcutaneous administration to 6-

Ž .hydroxydopamine-lesioned rats Shiosaki et al., 1996 . The
behavioral seizures produced by A-86929 were qualita-
tively similar to those reported in mice following treatment
with the structurally dissimilar dopamine D receptor ago-1

Ž .nists, A-68930 and SKF 82958 Britton et al., 1991 . The
A-86929-induced seizures were blocked in a dose-depen-
dent manner by SCH 23390, indicating the involvement of
dopamine D receptor stimulation in this behavior. Pre-1

Žtreating animals with a subthreshold dose the highest
.no-seizure dose of A-86929 did not affect the seizure

threshold when rats were subsequently challenged with
higher doses of the compound. This result is consistent
with our failure to observe either behavioral sensitization
or tolerance in the locomotor activity studies with repeated
A-86929 treatments.

Both A-86929 and ABT-431 produced behavioral
Žseizure activity with similar potencies ED s34.2 and50

.35.6 mmolrkg, s.c., respectively in young rats weighing
approximately 100 g. In comparison to mice, rats were less
sensitive to the seizure-inducing properties of A-86929 and
ABT-431, and their latency to seize was longer. Interest-
ingly, the incidence of seizures induced by A-86929 was
reduced by either SCH 23390 or haloperidol pretreatment.
In other studies, haloperidol generally has been found to
lower seizure thresholds in response to a variety of electri-

Ž .cal and pharmacological stimuli see review in Starr, 1996 .
Of particular relevance to the present study was the report
that haloperidol enhanced the ability of the dopamine D1

receptor agonist, CY 208–243, to promote pilocarpine-in-
Ž .duced seizures in mice Burke et al., 1990 . However, the

seizures observed in the present study were in response to
treatment with a D agonist alone, and, in this case,1

haloperidol effectively attenuated the incidence of behav-
ioral seizures. The ability of haloperidol to block the
seizures induced by A-86929 may be a logical continuum
of its ability to block the locomotor stimulant actions of
this agonist, and may further speak to the issue of dopamine
D rD receptor interactions in the neurologically intact1 2

animal.
The effects of A-86929 on the production of behavioral

seizure activity were also studied in adult rats weighing
approximately 350 g. In this group of animals, the dose-re-
sponse curve produced by A-86929 was more shallow than
that produced in younger rats. An ED value of 34550

mmolrkg, s.c., was calculated from these data and this
value is ten-fold higher than that generated from young

Ž .rats ED s34.2 mmolrkg, s.c. . The reasons underlying50

this difference in sensitivity are not understood. Age-de-
pendent differences in D receptor levels between the brain1

Ž .of a young rat 35–37 days relative to that of an adult rat
Ž .3 months are unlikely to contribute to the difference in

Ž .seizure sensitivity Rao et al., 1991 . The adults rats used
in these studies were approximately three-times heavier
than the young rats, and differences in body fat content in
the adults may contribute to differences in the distribution
and pharmacokinetics of A-86929 relative to younger rats
and may, in part, account for the difference in seizure
sensitivities.

A comparison of the ED values for A-86929 that50
Žproduced behavioral seizure activity in rats ED s34.250

Ž . Ž . .juvenile and 345 adult mmolrkg, s.c. with the previ-
Ž .ously established ED value ED s0.24 mmolrkg, s.c.50 50

for A-86929 that produced contralateral rotation in the
6-hydroxydopamine-lesioned rat model of Parkinson’s dis-

Ž .ease Shiosaki et al., 1996 indicates a significant dose
window separating the production of these behavioral ef-
fects produced by this compound. Characterization of the
behavioral effects associated with increasing the doses of
A-86929 and, by extension, ABT-431, in preclinical mod-
els is an important consideration in advancing compounds
for future clinical study.
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