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YAMAGUCHI, K., T. NABESHIMA, M. AMANO, S. YOSHIDA, H. FURUKAWA AND T. KAMEYAMA. 
Phencyclidine-induced dopamine-dependent behaviors in chronic haloperidol-treated rats. PHARMACOL BIOCHEM 
BEHAV 23(5)803-809, 1985.---This study was designed to assess whether phencyclidine (PCP) produces dopamine 
(DA)-dependent behaviors such as licking, biting and gnawing at low doses after withdrawal from chronic haloperidol 
(HAL) treatment in rats. Low doses of PCP (2.5 and 5 mg/kg) produced licking, gnawing, biting and self-biting in rats after 
withdrawal from chronic HAL treatment, which were not observed in the vehicle-pretreated rats given PCP at the same 
dose range. These behaviors were similar to DA-dependent behaviors produced by methamphetamine and apomorphine in 
rats after withdrawal from chronic HAL treatment. The PCP-induced behaviors were attenuated by acute pretreatment of 
DA antagonist, HAL (0.25 mg/kg, IP). Furthermore, at doses of 5 or 7.5 mg/kg, PCP-induced head weaving and backpedal- 
ling, which were mediated by both DA and serotonin (5-HT) neurons, significantly increased in rats after withdrawal from 
chronic HAL-treatment. These results suggest that dopaminergic systems play an important role for PCP-induced behav- 
ioral responses. 

Phencyclidine Dopaminergic Stereotyped behavior Methamphetamine Apomorphine Haloperidol 

PHENCYCLIDINE (PCP), a general anesthetic agent de- 
veloped in the late 1950's has been reported to induce 
psychotomimetic reaction in man [11,12]. Previous studies 
have demonstrated the role of dopaminergic neurons in 
PCP-induced behaviors; the locomotor activity and some as- 
pects of the stereotyped behaviors produced by PCP are 
similar to the behavioral changes induced by d-amphetamine 
and methylphenidate [4,6]. d-Amphetamine and methyl- 
phenidate are believed to produce their behavioral effects 
mainly through presynaptic actions on dopaminergic 
neurons. In general, drugs which increase dopaminergic 
function in the brain cause a well-known pattern of behavior 
which includes increased locomotor and repetitive activities 
such as sniffing, non-specific mouth movement, licking, bit- 
ing and gnawing [9,22]. Balster and Chait [2] have reported 
that a small dose of PCP enhances amphetamine stereotypy, 
which has been shown to be mediated predominantly by ni- 
grostriatal dopamine (DA) neurons [5]. Furthermore, PCP 
produced ipsilateral rotation in substantia nigra-lesioned rats 
[7] and inhibition of DA uptake in the rat striatum [8,26]. 
From these results, PCP appears to have a presynaptic 
dopaminergic action in the striatum. 

On the other hand, there have been numerous reports in 
which chronic blockade of synaptic transmission, by lesion 
of presynaptic neurons or by pharmacological antagonism of 
the transmitter substance at a receptor site, results in an 

enhancement of the observed effects associated with synap- 
tic transmission. For example, chronic treatment with 
neuroleptic agents, which have dopaminergic antagonist 
properties, results in increased stereotyped behaviors in- 
duced by the direct-acting dopaminergic agonist, apomor- 
phine (APO) given after withdrawal of neuroleptic agents 
[10, 20, 24, 25, 29]. Furthermore, Klawans and Rubovits [10] 
have also found that after chronic chlorpromazine treatment, 
rats are more sensitive to the stereotypic effect of the indi- 
rect acting dopaminergic agonist, amphetamine. 

Based on the above reports and hypothesis, we investi- 
gated whether low doses of PCP produce DA-dependent be- 
haviors (such as licking, biting and gnawing which are not 
observed in normal rats) in rats after withdrawal from 
chronic haloperidol (HAL) treatment. The behaviors in- 
duced by PCP were compared with the DA-dependent be- 
haviors induced by methamphetamine (MAP) and APO. Fur- 
thermore, we investigated whether PCP-induced stereotyped 
behaviors, such as head weaving, backpedalling and turning 
[17, 18, 19], are potentiated in rats after withdrawal from 
chronic HAL treatment. 

METHOD 

Animals 

Male Fischer 344 rats (Charles River Breeding Co. Ja- 

1Requests for reprints should be addressed to Toshitaka Nabeshima, Ph.D. 
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FIG. 1. Components of PCP-induced DA-dependent behaviors in 
HAL- and vehicle-pretreated rats. Each group of 10-20 rats received 
a daily injection of HAL (4 mg/kg, IP) or vehicle for 7 days. Four 
days after the last injection, three groups of rats were given PCP 
(2.5, 5 and 7.5 mg/kg, IP). DA-dependent behaviors induced by PCP 
were evaluated at four points during each of the four 15-min 
observation-periods after PCP injection by the method of all (score: 
3) or none (score: 0) as described in the Method section. None of 
DA-dependent behaviors was induced in the control groups given 
vehicle (2 ml/kg, IP). Values are the mean-S.E. Open columns: 
Chronic vehicle + PCP; Solid columns: Chronic HAL + PCP. 
*p<0.05, **p<0.01 vs. Chronic vehicle + PCP (Mann-Whitney 
U-test). 

pan), weighing 150-200 g, were used. The age of animals was 
50-60 days at the start of study. All animals were housed 
with continuously available food and water on a 12:12 hr 
light-dark cycle (light on 8:00 a.m.). The room temperature 
was maintained at 23 -  + I°C (humidity: 55_+5%). All animals 
were kept in the room for a minimum of 1 week prior to the 
start of the experiment. 

Drugs 

Phencyclidine hydrochloride (PCP, synthesized in our 
laboratory) and Methamphetamine hydrochloride (MAP, 
Dainippon Seiyaku Co.) were dissolved in 0.9% saline. 
Apomorphine hydrochloride (APO, Sigma) was dissolved in 
0.9% saline containing 0.1% of ascorbic acid. Haloperidol 
(HAL, Dainippon Seiyaku Co.) was dissolved in a minimum 
amount of 15% acetic acid and then diluted with water. The 
volume of intraperitoneal or subcutaneous injection was 
0.2 ml/100 g body weight. 

Chronic' HAL Treatment Schedule 

Rats were administered HAL chronically, following the 
schedule of Sayers et al. [24] with minor modification. Rats 
were given HAL (4 mg/kg, IP) once a day from 9 to 11 a.m. 
for 7 days. After 4 drug-free days, the rats were challenged 
with PCP, APO or MAP and the behavioral responses in- 
duced by these drugs were evaluated. Control rats were 
given the same volume of vehicle following the same 
schedule as the chronic HAL treatment. 

Behavioral Studies 

All behavioral experiments were performed in a quiet 
room, at a temperature of 22-24°C between 10:00 and 15:00. 
The animals were randomly assigned to the different drug 

treatment conditions. Observation of animal behavior was 
done in a plastic cage with dimension of 19×30×13 cm 
(DA-dependent behaviors) or of 30×35x17 cm (PCP- 
induced stereotyped behaviors). The animals were 
habituated to the plastic cage by placing them individually in 
the cage for 30 min before the experiments. Ratings of behav- 
ior were made by two of the authors, who were blind to the 
drug treatments. 

I. Measurement of  DA-dependent behaviors. DA- 
dependent behaviors induced by PCP, APO or MAP were 
assessed by the method of Watanabe et al. [32] with some 
modifications. Briefly, the DA-dependent behaviors were 
rated as follows; 0: inactive or asleep; 1: active but the same 
as saline-treated rat; 2: predominantly locomotor activity 
with bursts of stereotyped sniffing or rearing; 3: stereotyped 
sniffing or rearing over a wide area; 4: stereotyped sniffing or 
rearing in one location; 5: stereotyped licking of the floor or 
walls of the cage at least three times during the observation 
period; 6: gnawing the filter paper on the cage or edge of the 
cage at least three times during the observation period; 7: 
compulsive continual biting, not in one location; 8: continual 
biting in one location; 9: continuous biting the filter paper on 
the cage or edge of the cage without any interruption and 
maintaining this posture during the observation period; 10: 
biting of own tail, forepaw or hindlimb of the rat (self-biting). 

Doses of PCP were set within the dose range of 2.5 and 5 
mg/kg which caused DA-dependent behaviors including ex- 
ploratory behavior and sniffing without licking, biting and 
gnawing [28] and the dose of PCP (7.5 mg/kg) was based on 
studies of the neurological mechanisms underlying the com- 
plex stereotyped behaviors [17, 18, 19, 28]. PCP-induced 
DA-dependent behaviors (sniffing, licking, gnawing, biting 
and self-biting) were rated as an all (score: 3) or none re- 
sponse (score: 0) at four points during each of the four 
15-min observation-periods (0, 15, 30 and 45 rain post- 
injection). APO (0.25 and 1 mg/kg, SC) and MAP (2.5 and 5 
mg/kg)-induced DA-dependent behaviors were rated for 
1-min observation-periods at 15 min intervals up to 1 and 2 hr 
post-injection, respectively. The maximum score of DA- 
dependent behaviors during observation period was used for 
the analysis of results. 

2. Measurement o f  PCP-indueed stereotyped behaviors. 
Stereotyped behaviors induced by PCP were assessed by the 
observational rating scales which were developed by the au- 
thors [17] as follows: head weaving (the number of times the 
animal made slow, side to side or lateral head movements), 
backpedalling (the number of times the animal moved back- 
ward), turning (the number of times the animal circled later- 
ally to the left or right over 360 ° within a relatively small 
area). The rating of head weaving was made at four points 
during each of the four 3-rain observation-periods (15, 30, 45 
and 60 min post-injection). The ratings of backpedalling and 
turning were made at four points during each of the four 
15-min observation-periods (0, 15, 30 and 45 rain post- 
injection). One of the two authors recorded the behavioral 
scores for head weaving while the other author recorded 
those for backpedalling and turning. 

Biochemical Studies 

Determination o f  monoamines and their metabolites in 
the whole brain. On the 4th day of withdrawal from chronic 
HAL treatment, the animals were sacrificed by microwave 
irradiation (Toshiba Microwave Applicator TMW-6402A, 
Tokyo, Japan) for 1.5 sec at 5 kW. The brain was frozen 



PCP-INDUCED DA-DEPENDENT BEHAVIORS 805 

tc Fa:P 2.5 n~l /kg 

e 

4 4 

2 2 

0 0 

io PCP 7.5 m~l/l~ IO 

8 8 

6 6 

4 4 

2 2 

o; o'-~5 is~o ~4s ~ o 

io F:CP 5Dm~/k ; I  

8 

6 

HAL G 2 5 n ~ / k Q  + 

i i o!m m-3o ~ ,rC6b 
Time after administration (rain) 

FIG. 2. Time courses of PCP-induced DA-dependent behaviors in 
HAL- and vehicle-pretreated rats. Each group of 10-20 rats received 
a daily injection of HAL (4 mg/kg, IP) or vehicle for 7 days. Four 
days after the last injection, four groups of rats were given PCP (0, 
2.5, 5 and 7.5 mg/kg, IP). In the experiment of antagonism by acute 
HAL, each group of 10 rats was given vehicle or HAL (0.25 mg/kg) 
at 45 min before the PCP (2.5 mg/kg) injection. The DA-dependent 
behaviors induced by PCP were evaluated at four points during each 
of the four 15-min observation-periods after the PCP injection by 
scoring system described in the Method section. Values are 
mean_+S.E. A--H Chronic vehicle + Saline; ~ - - ~  Chronic HAL + 
Saline; © I ©  Chronic vehicle + PCP; e - - e  Chronic HAL + PCP; 
A--& Chronic HAL + Acute HAL + PCP 2.5 mg/kg. *p<0.01 vs. 
Chronic vehicle + PCP, "p<0.01 vs. Chronic HAL + PCP (Mann- 
Whitney U-test). The effects of doses and times after PCP adminis- 
tration on the stereotyped behavior were compared by Mann- 
Whitney U-test for data where KruskaI-Wallis H scores were associ- 
ated with a probability of less than 5%. Time effect: vehicle- 
pretreated groups; PCP 5 mg/kg, 0-15 min vs. 30-45 and 45-60 min, 
p<0.01, 15-30 min vs. 30-45 min, p<0.05, 15-30 rain vs. 45-60 rain, 
p<0.01 (Mann-Whitney U-test). Dose-effect: vehicle-pretreated 
groups; PCP 0 mg/kg vs. PCP 5 mg/kg, 0--15 and 15-30 min, p<0.01, 
PCP 0 mg/kg vs. PCP 7.5 mg/kg, all points, p<0.0l, PCP 2.5 mg/kg 
vs. PCP 5 mg/kg, 0-15 and 15-30 rain, p<0.01, PCP 2.5 mg/kg vs. 
PCP 7.5 mg/kg, all points, p<0.01, PCP 5 mg/kg vs. PCP 7.5 mg/kg, 
15-30 min, p<0.05, 30-45 and 45-60 min, p<0.01, HAL-pretreated 
groups; PCP 0 mg/kg vs. PCP 2.5, 5 and 7.5 mg/kg, all points, 
p<0.01, PCP 2.5 mg/kg vs. PCP 5 mg/kg, 15-30 rain, p<0.01, PCP 
2.5 mg/kg vs. PCP 7.5 mg/kg, 15-30 min, p<0.01, 30-45 min, p<0.05 
(Mann-Whitney U-test). 

rapidly and stored in a deep freezer at -70°C until assayed. 
Extraction and determination of monoamines and their 
metabolites were performed according to the method of 
Nabeshima et al. [16]. Contents in vehicle-pretreated rats 
were as follows: DA 1027.5-+35.0, 3,4-dihydroxyphenyl- 
acetic acid (DOPAC) 58.9-+ 1.7, 3-methoxy-4-hydroxypheny- 
lacetic acid (HVA) 72.7-+2.5, serotonin (5-HT) 421.2_+9.8, 
5-hydroxyindoleacetic acid (5-HIAA) 321.0- + 17.1 (ng/g wet 
tissue-+S.E., n= 10). 

Statistical Analysis 

All results were expressed as the mean-+S.E.. Kruskal- 
Wallis analysis of variance of ranks was used to analyze the 
effects of doses (i.e., 0, 2.5 and 5 mg/kg) and times (i.e., 30, 

45 and 60 min) after drug administration on the stereotyped 
behavior. Statistical analysis was then carried out using 
pair-wise Mann-Whitney U-test for data where the 
Kruskal-Wallis H scores were associated with a probability 
of less than 5% [23]. A two factor analysis of variance 
(ANOVA) with repeated-measures on both factors 
(drug x time x subject) and a Mann-Whitney U-test were used 
to analyze the effects of withdrawal from chronic HAL- 
pretreatment on the stereotyped behavior induced by drugs 
[27]. A two tailed Student's t-test was used to analyze the 
effects of withdrawal from chronic HAL pretreatment on the 
contents of monoamines and their metabolites in the whole 
brain. 

RESULTS 

I. Effects o f  Withdrawal from Chronic HAL-Pretreatment  
on PCP-Induced DA-Dependent Behaviors 

PCP-induced DA-dependent behaviors in rats on the 4th 
day of withdrawal from chronic HAL injection are shown in 
Fig. 1 and Fig. 2. In vehicle-pretreated rats, sniffing without 
any DA-dependent behaviors was induced by 2.5-7.5 mg/kg 
PCP (Fig. 1). At doses of 2.5 and 5 mg/kg PCP, the DA- 
dependent behaviors in the HAL-pretreated rats consisted 
mainly of sniffing and biting with occasional licking, gnawing 
and serf-biting (Fig. 1). In the HAL-pretreated rats, signifi- 
cantly higher sniffing and biting scores were obtained at 0-15 
and 15-45 min after the injection of 2.5 mg/kg PCP, respec- 
tively, compared with the vehicle-pretreated rats (Mann- 
Whitney U-test). In the HAL-pretreated rats, significantly 
higher DA-dependent behavioral scores were observed for 
the duration of 0-60 and 15-60 rain after the injection of 2.5 
and 5 mg/kg PCP, respectively, compared with the vehicle- 
treated rats (Fig. 2, Mann-Whitney U-test). However, at the 
dose of 7.5 mg/kg PCP, there was no difference in the behav- 
ioral scores of the vehicle and HAL-pretreated rats (Fig. 2, 
Mann-Whitney U-test). 

2. Effects o f  Acute HAL Treatment on PCP-Induced DA- 
Dependent Behaviors Af ter  Withdrawal From Chronic 
HAL-Treatment  

The dose employed for acute HAL-treatment (0.25 
mg/kg) was sufficient to antagonized stereotyped behaviors 
including licking and gnawing induced by 1 mg/kg APO [21]. 
The acute dose of PCP was 2.5 mg/kg which mainly induced 
sniffing, licking and biting throughout the observation-period 
of 60 min in the HAL-pretreated rats. As shown in Fig. 2, 
significantly higher DA-dependent behavioral scores were 
obtained for the duration of 60 min after the injection of PCP 
in the HAL-pretreated rats compared with the vehicle- 
pretreated rats (Mann-Whitney U-test). There were highly 
significant drug-effect, F(1,72)=106.03, p<0.01, and 
time x drug interaction, F(3,72) = 2.96, p <0.05 (ANOVA). On 
the other hand, the acute HAL treatment significantly at- 
tenuated the PCP-induced DA-dependent behavior in the 
HAL-pretreated rats (Mann-Whitney U-test). There were 
highly significant drug-effect, F(1,72)=197.28, p<0.01, and 
time-effect, F(3,72)=4.08, p<0.01 (ANOVA). 

3. Effects o f  Withdrawal From Chronic HAL-Pretreatment  
on MAP-Induced DA-Dependent Behaviors 

MAP-induced DA-dependent behaviors in rats on the 4th 
day of withdrawal from chronic HAL injection are shown in 
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FIG. 3. Time courses of MAP-induced DA-dependent behaviors in 
HAL- and vehicle-pretreated rats. Each group of 5 rats received a 
daily injection of HAL (4 mg/kg, IP) or vehicle for 7 days. Four days 
after the last injection, rats were given MAP (0, 2.5 and 5 mg/kg, IP). 
The DA-dependent behaviors induced by MAP were evaluated for 
1-min periods at 15 min intervals after MAP injection by scoring 
system described in the Method section, values are the mean_+S.E. 
~ - -A  Chronic vehicle + Saline; ~ - - ~  Chronic HAL + Saline; 
©--© Chronic vehicle + MAP; e - - e  Chronic HAL + MAP, 
*p<0.05 vs. Chronic vehicle + MAP (Mann-Whitney U-test). The 
effects of doses and times after MAP administration on the stereo- 
typed behavior were compared by Mann-Whitney U-test for data 
where Kruskal-Wallis H scores were associated with a probability of 
less than 5%. Time-effect: vehicle-pretreated groups; MAP 2.5 
mg/kg, 30 min vs. 105 and 120 min, p<0.05, 60 min vs. 105 and 120 
min, p<0.05, 75 min vs. 120 min, p<0.05, MAP 5 mg/kg, 15, 30, 45 
and 60 min, p<0.05, HAL-pretreated groups; MAP 2.5 mg/kg, 30 
min vs. 45 rain, p<0.05, 60 and 105 min vs. 120 min, p<0.05, MAP 5 
mg/kg 15 min vs. 30, 45, 60, 75, 90, 105 and 120 min, p<0.05 
(Mann-Whitney U-test). Dose-effect: vehicle-pretreated groups; 
MAP 0 mg/kg vs. MAP 2.5 mg/kg, 15, 30, 45, 60, 75, 90, and 105 rain, 
p<0.05, MAP 2.5 mg/kg vs. MAP 5 mg/kg, 15, 30, 45, 60 and 105 
min, p<0.05, HAL-pretreated groups; MAP 0 mg/kg vs. MAP 2.5 
and 5 mg/kg, all points, p<0.05, MAP 2.5 mg/kg vs. MAP 5 mg/kg, 
all points, p<0.05 (Mann-Whitney U-test). 
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FIG. 4. Time courses o f  APO-induced DA-dependent behaviors in 
H A L -  and vehicle-pretreated rats. Each group o f  5 rats received a 
daily injection of HAL (4 mg/kg, IP) or vehicle for 7 days. Four days 
after the last injection, rats were given APO (0, 0.25 and l mg/kg, 
IP). The DA-dependent behaviors induced by APO were evaluated 
for l-min periods at 15 rain intervals after APO injection by scoring 
system described in the Method section. Values are the mean_+S.E. 
A--A Chronic vehicle + Saline; £~--~ Chronic HAL + Saline; 
©--© Chronic vehicle + APO; e - - e  Chronic HAL + APO, 
*p<0.05 vs. Chronic vehicle + APO (Mann-Whitney U-test). The 
effects of doses and times after APO administration on the stereo- 
typed behavior were compared by Mann-Whitney U-test for data 
where Kruskal-Wallis H scores were associated with a probability of 
less than 5%. Time-effect: vehicle-pretreated groups; APO 1 mg/kg, 
15 rain vs. 60 min, p<0.05, 30 min vs. 45 and 60 rain, p <0.05, 45 rain 
vs. 60 min, p<0.05, HAL-pretreated groups; APO 0.25 mg/kg, 15 
min vs. 60 min, p<0.05, 30 rain vs. 45 and 60 min, p<0.05, 45 min vs. 
60 rain, p<0.05, APO 1 mg/kg, 15 rain vs. 45 min, p<0.05 (Mann- 
Whitney U-test). Dose-effect: vehicle-pretreated groups; APO 0 
mg/kg vs. APO 2.5 mg/kg, 60 rain, p<0.05, APO 0 mg/kg vs. APO I 
mg/kg, 15, 30 and 45 min, p<0.05, APO 2.5 mg/kg vs. APO 5 mg/kg, 
all points, p<0.05, HAL-pretreated groups; APO 0 mg/kg vs. APO 
2.5 mg/kg, 15, 30 and 45 rain, p<0.05, APO 0 mg/kg vs. APO 1 
mg/kg, all points,p<0.05, APO 0.25 mg/kg vs. APO 1 mg/kg, 45 and 
60 rain, p<0.05 (Mann-Whitney U-test). 

Fig. 3. In the vehicle-pretreated rats, the DA-dependent be- 
haviors induced by 2.5 and 5 mg/kg MAP consisted mainly of 
rearing and sniffing with occasional licking, respectively. At 
the dose of 2.5 mg/kg MAP, the DA-dependent behaviors in 
the HAL-pretreated rats did not differ from those of  the 
vehicle-pretreated rats. In contrast, at the dose of  5 mg/kg 
MAP, the DA-dependent behaviors in the HAL-pretreated 
rats consisted mainly of biting and self-biting, which were 
not observed in the vehicle-pretreated rats, with occasional 
licking. In the HAL-pretreated rats, significantly higher 
DA-dependent behavioral scores were observed for the du- 
ration of 45-120 min after the injection of  5 mg/kg MAP, 
compared with the vehicle-pretreated rats (Mann-Whitney 
U-test). There were highly significant time-effect, 
F(7,64)=3.47, p<0.01,  drug-effect, F(1,64)= 101.43, p<0.01,  
and t imexdrug interaction, F(7,64)=2.88, p<0.01 
(ANOVA). 

4. Effects of  Withdrawal From Chronic HAL-Pretreatment 
on APO-Induced DA-Dependent Behaviors 

APO-induced DA-dependent behaviors in rats on the 4th 
day of withdrawal from chronic HAL injection are shown in 
Fig. 4. In the vehicle-pretreated rats, the DA-dependent be- 
haviors induced by 0.25 and 1 mg/kg APO consisted mainly 
of  locomotor activity and licking with occasional gnawing, 
respectively. In contrast, the DA-dependent behaviors in- 
duced by APO at the same dose range in the HAL-pretreated 
rats consisted mainly of  gnawing and biting with occasional 

licking and gnawing, respectively. In the HAL-pretreated 
rats, significantly higher DA-dependent behavioral scores 
were observed for the duration of 15-30 min and 30-60 min 
after the injection of 0.25 and 1 mg/kg APO, respectively, 
compared with the vehicle-pretreated rats (Mann-Whitney 
U-test). There were highly significant time-effect (0.25 
mg/kg, F(3,32)=18.49, p<0.01;  1 mg/kg, F(3,32)=5.89, 
p<0.01), drug-effect (2.5 mg/kg, F(1,32)=36.25, p<0.01; 1 
mg/kg, F(1,32)--77.36, p<0.01) and t imexdrug interaction 
(0.25 mg/kg, F(3,32)= 17.21, p<0.01; 1 mg/kg, 
F(3.32)= 17.21, p<0.01) (ANOVA). 

5. Effeets o f  Withdrawal From Chronic HAL-Pretreatment 
on PCP-Indueed Stereotyped Behaviors 

PCP-induced stereotyped behaviors in rats on the 4th day 
of  withdrawal from chronic HAL injection are shown in Fig. 
5. In the HAL-pretreated rats, significantly higher head 
weaving scores were observed at all points after the injection 
of 5 mg/kg PCP, compared with the vehicle-pretreated rats 
(Mann-Whitney U-test). There were highly significant 
time-effect, F(3,72)=7.75, p<0.01,  and dose-effect (5 mg/kg, 
F(1,72)=31.51, p<0.01; 7.5 mg/kg, F(1,72)=2.97, p<0.05) 
(ANOVA). Furthermore, in the HAL-pretreated rats, signif- 
icantly higher backpedalling scores were observed at 45-60 
min after the injection of 7.5 mg/kg PCP, compared with the 
vehicle-pretreated rats (Mann-Whitney U-test). There were 
highly significant time-effect, F(3,72)=7.42, p<0.01,  drug- 
effect, F(1,72)=5.20, p<0.05,  and t imexdrug interaction, 
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FIG. 5. Time courses of PCP-induced stereotyped behaviors in 
HAL- and vehicle-pretreated rats. Each group of 10 rats received a 
daily injection of HAL (4 mg/kg, IP) or vehicle for 7 days. Four days 
after the last injection, rats were given PCP (2.5, 5 and 7.5 mg/kg, 
IP). The stereotyped behaviors induced by PCP were evaluated by 
scoring system as described in the Method section. Values are the 
mean-+S.E. Open columns: Chronic vehicle + PCP; Closed col- 
umns: Chronic HAL + PCP, *p<0.05, **p<0.01 vs. Chronic vehicle 
+ PCP (Mann-Whitney U-test). The effects of doses and times after 
PCP administration on the stereotyped behavior were compared by 
Mann-Whitney U-test for data where Kruskal-Wallis H scores were 
associated with a probability of less than 5%.Turning, dose-effect: 
vehicle-pretreated groups; PCP 2.5 mg/kg vs. PCP 7.5 mg/kg, 0-15 
and 15-30 min, p<0.01, PCP 5 mg/kg vs. PCP 7.5 mg/kg, 0-15 min, 
p<0.05, 15-30 min,p<0.01, HAL-pretreated groups; PCP 2.5 mg/kg 
vs. PCP 7.5 mg/kg, 15-30, 3~45 and 45-60 min, p<0.01, PCP 5.0 
mg/kg vs. 7.5 mg/kg, 30-45 and 45-60 min, p<0.01 (Mann-Whitney 
U-test). Backpedalling, time-effect: HAL-pretreated groups; PCP 
7.5 mg/kg, 0-15 min vs. 30-45 rain, p<0.01, 0-15 min vs. 45-60 min, 
p<0.01, 15-30 min vs. 30-45 min, p<0.01, 15-30 min vs. 45-60 min, 
p<0.01, dose-effect: vehicle-pretreated groups; PCP 2.5 mg/kg vs. 
PCP 7.5 mg/kg, 30-45 min, p<0.05, PCP 5 mg/kg vs. PCP 7.5 mg/kg, 
31)-45 min, p<0.05, HAL-pretreated groups; PCP 2.5 mg/kg vs. PCP 
5.0 mg/kg, 30-45 min, p<0.01, PCP 2.5 mg/kg vs. PCP 7.5 mg/kg, 
30-45 and 45-60 min, p<0.01, PCP 5 mg/kg vs. 7.5 mg/kg, 45-60 
min, p<0.01 (Mann-Whitney U-test). Head weaving, time-effect: 
vehicle-pretreated groups; PCP 5 mg/kg, 15-18 min vs. 45-48 min, 
p<0.05, 15-18 min vs. 60-63 min, p<0.01, 30-33 min vs. 60-63 min, 
p<0.05, HAL-pretreated groups; PCP 5 mg/kg, 15-18 min vs. 45-48 
min, p<0.05,15-18 min vs. 60-63 min, p<0.01, dose-effect: 
vehicle-pretreated groups; PCP 2.5 mg/kg vs. PCP 5 mg/kg, 15-18 
and 30--33 min, p<0.05, PCP 2.5 mg/kg vs. PCP 7.5 mg/kg, 15-18, 
30-33 and 45-48 min, p<0.01, 60-63 min, p<0.05, PCP 5 mg/kg vs. 
PCP 7.5 mg/kg, 30-33, 45-48 and 60-63 min, p<0.05, HAL- 
pretreated groups; PCP 2.5 mg/kg vs. 5 mg/kg, 15-18, 30-33 and 
4~48 min, p<0.01, PCP 2.5 mg/kg vs. 7.5 mg/kg, 15-18, 30-33 and 
45-48 min, p<0.01 (Mann-Whitney U-test). 

F(3,72)=3.36, p<0.05 (ANOVA). However ,  PCP-induced 
turning in the HAL-pretreated rats did not differ from that of 
the vehicle-pretreated rats at the dosage range used. 

6. Effects o f  Withdrawal From Chronic HAL-Treatment on 
the Contents o f  Monoamines and These Metabolites in the 
Whole Brain 

As shown in Fig. 6, the brain levels of DA, DOPAC and 
HVA in rats were significantly low on the 4th day of with- 
drawal from chronic HAL-treatment.  In contrast, the brain 
level of 5-HIAA was significantly high on the 4th day of 
withdrawal from chronic HAL-treatment,  but not the 5-HT 
content. 

0, , , ,  o , T  5 = . .  

FIG. 6. Effects of withdrawal from chronic HAL-pretreatment on 
the contents of dopamine (DA) and 3,4-dihydroxyphenylacetic acid 
(DOPAC), 3-methoxy-4-hydroxyphenylacetic acid (HVA), seroto- 
nin (5-HT) and 5-hydroxyindoleacetic acid (5-HIAA) in the rat brain. 
Schedule of pretreatment of vehicle and HAL was described in the 
Method section. Contents of monoamines and their metabolites 
were expressed as % of control. Values are the mean-+S.E, from 10 
rats. **p<0.01, ***p<0.001 vs. vehicle-pretreated group (two-tailed 
Student's t-test). 

DISCUSSION 

A number of lines of evidence from rodent studies points 
to similarities in the effects of PCP and sympathomimetic 
stimulants. PCP produced hyperactivity and a form of ster- 
eotyped behavior similar to those produced by 
d-amphetamine. In addition, these effects of  PCP are en- 
hanced by d-amphetamine [2]. Studies comparing the effects 
of PCP and d-amphetamine on operant behavior in mice and 
rats have also consistently found marked similarities [I,34]. 

On the other hand, in the biochemical study, Martres et 
al. [13] have demonstrated that following pretreatment with 
the DA receptor blocking agent HAL (4 mg/kg, IP), a 
biphasic modification in responsiveness to APO as regards 
climbing behavior is observed together with a biphasic vari- 
ation in the striatal HVA level. Initially, the blockade of DA 
receptors by HAL results in the suppression of the APO- 
induced behavior as well as in the marked increase of the 
striatai HVA level. This probably reflects an increased DA 
release, .as a consequence of the disinhibition of the l 
neuronal feedback loop [13]. Furthermore, both effects dis- 
appear about 2 days after withdrawal from HAL and are 
followed, without any time lag, by a markedly increased be- 
havioral responsiveness to APO and a significant decrease in 
the HVA level. Thus, as soon as the blockade of  DA re- 
ceptors ceases, hypersensitivity can be revealed behav- 
iorally. The decreased HVA level reflects a diminished ac- 
tivity in the nigrostriatal DA neurones and is probably due to 
an increased activity of the feedback loop when the 
postsynaptic cells are hypersensitive to DA [13]. Moreover,  
Burt et al. [3] have found an increased DA receptor ([3H] 
HAL) binding activity in the striatal homogenates and an 
increased APO-induced stereotyped behaviors one week 
after withdrawal from chronic neuroleptic treatment for 3 
weeks in rats. In the present experiment, the decreased HVA 
level was observed in the chronic HAL-pretreated rat brain. 
Furthermore, PCP (2.5 and 5 mg/kg) produced the DA- 
dependent behaviors such as licking, gnawing, biting and 
self-biting suggestive of  a state of  hypersensitivity of DA 
receptors after the withdrawal from chronic HAL-treatment,  
since PCP failed to produce the DA-dependent behaviors in 
the control rats. In addition, t he se  PCP-induced DA- 
dependent behaviors were attenuated by the acute pretreat- 
ment with HAL. We also found that the DA-dependent be- 
haviors produced by PCP in the chronic HAL-treated rats 
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were similar to those of  MAP. These findings suggest an 
interaction between PCP and DA neurones and an important 
role of DA neurons in the PCP-induced behavioral re- 
sponses. Licking, gnawing and biting induced by APO and 
MAP were also potentiated in a state of hypersensitivity of 
postsynaptic DA receptors after withdrawal from chronic 
HAL-treatment.  In addition, self-biting was also observed 
by PCP and MAP, but not APO in the chronic HAL-treated 
rats. Furthermore, Yamaguchi et al. (unpublished results) 
found that PCP (2.5, 5 and 7.5 mg/kg, IP) causes only biting 
when endogenous 5-HT was depleted by the 5-HT depleters, 
p-chloroamphetamine or p-chlorophenylalanine. Therefore, 
the PCP-induced DA-dependent behaviors can be observed 
in rats when serotonergic neuronal activity is depressed or 
dopaminergic neuronal activity is activated. In other words, 
activation of serotonergic neuronal activity is greater than 
that of  dopaminergic neuronal activity in the PCP-treated 
normal rats. 

On the other hand, we have reported that acute and 
chronic PCP administration changes DA metabolism in mice 
[ 15]. It is well known that amphetamine or MAP produces an 
ipsilateral rotation due to the release of DA from the 
presynaptic site in the normal side of the striatum or sub- 
stantia nigra in mice or rats with 6-hydroxydopamine- 
induced lesion in the unilateral striatum or substantia nigra 
[30,33]. APO produces the contralateral rotation due to the 
stimulation of DA receptors in a state of denervation super- 
sensitivity in the denervated striatum or substantia nigra in 
mice or rats [31,33]. PCP also produces ipsilateral rotation in 
the rat with unilateral lesion of the substantia nigra [7]. From 
these reports and our results, it is suggested that PCP stimu- 
lates DA receptors through the release of DA from the 
presynaptic site in the normal side of the striatum or sub- 
stantia nigra as well as MAP [14]. 

Although part of the behavioral syndrome produced by 
PCP is similar to the DA-dependent stereotyped behavior, 
part of the syndrome is not dopaminergic in nature. The 
syndrome consists of stereotyped sniffing, backpedalling, 
turning and head weaving in rats [17,28]. In addition, 
Nabeshima et al. [18,19] have suggested that not only 
dopaminergic but also serotonergic and other systems in the 
striatum may play important roles in the PCP-induced ster- 
eotyped behaviors. Therefore, the lack of potentiation of the 
DA-dependent behaviors at the dose of 7,5 mg/kg PCP in the 
chronically HAL-treated rat may be related to a release of 
another amine induced by this dose. 

In conclusion, the present results show that low doses of 
PCP (2.5 and 5 mg/kg) produce stereotyped licking, gnawing, 
biting and self-biting after the withdrawal from chronic 
HAL-treatment.  The PCP-induced behaviors are attenuated 
by the acute pretreatment of DA antagonist, HAL. These 
behaviors are similar to DA-dependent behaviors produced 
by MAP and APO after withdrawal from chronic HAL- 
treatment. It appears that dopaminergic neuronal systems 
play a role in PCP-induced behaviors (at least in part). Fur- 
thermore, at the doses of 5 and 7.5 mg/kg, PCP-induced head 
weaving and backpedalling (which were developed through 
both DA and 5-HT neuronal systems) also increased after the 
withdrawal from chronic HAL-treatment.  
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