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 Abstract

Effects of dopaminergic D1 (DAD1) and D2 (DAD2) receptors were examined in the sensitization
of amphetamine (AMPH)-suppressed schedule-induced polydipsia (SIP).  After training under a fixed-
interval 60 sec schedule of food presentation in the presence of a water tube, rats received injections of
different doses of AMPH 10 min prior to the test.  It was found that AMPH at 2.0 mg/kg significantly to
reduced licks and water intake during the SIP.  The AMPH-suppressed SIP manifested again following
5-days of pretreatment with a sub-threshold dosage of AMPH (1.0 mg/kg) and a period of withdrawal.
The role of dopaminergic D1 and D2 receptors was then examined by introducing D1 or D2 antagonist
during the 5-days repeated injections of a sub-threshold dosage of AMPH.  Results showed that DAD1

antagonist SCH23390 had little effect on the sensitization.  However pretreatment with DAD2 antagonist
haloperidol (HAL) prevented the sensitization to AMPH in the long-term rather than short-term
withdrawal conditions.  It is suggested that SIP could be a useful paradigm to study AMPH sensitization
in rats and the involvement of dopamine receptors might be different.
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Introduction

Amphetamine (AMPH) addiction is as a serious
problem in the modern society.  When acutely intoxi-
cated with AMPH, an individual manifests psychotic
symptoms very similar to some of the major mental
disorders such as schizophrenia. When chronically
abused, AMPH badly influences an individual with
gradual deterioration of his personality (34).  The
behavioral consequences following AMPH treatment

have been studied intensively in recent years.  One
of the working hypotheses of AMPH addiction is
based on incentive sensitization which has been
proposed in interpreting the vicious cycle seen in
most addicts.  The hypothesis holds that after repeated
drug intakes, the individual becomes more dependent
on the drug.  The central dopamine system has been
recognized as a key role in the underlying mechanism
of sensitization (23).  Following repeated exposure to
drugs such as AMPH or cocaine, sensitization could
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be found in a number of behavioral paradigms which
contained locomotor activities and stereotyped be-
haviors (24), but not other disruptive effects on
sensorimotor gating (14).  Research in this field has
been focused generally on the receptor levels of
dopaminergic manipulations and most of the evi-
dences were obtained from locomotion studies.  The
clinical observation of AMPH addiction/dependence
revealed that it might be more imperative to target
on the issues of associated drug seeking and craving
behaviors.  This is particularly important during the
post-withdrawal stage, thus the acquired sensitization
of AMPH effect is legitimately necessary to be ex-
amined in behavioral tasks imbued with more cognitive
nature.  In the present study, we examined whether
AMPH-induced sensitization could be observed in a
task characterized by psychological over-drinking.

As first demonstrated by Falk (16-18), periodic
schedule of food pellet can be regarded as not only a
procedure of reinforcement but also a procedure to
generate a burst of vigorous drinking in rats, namely
schedule-induced polydipsia (SIP).  The responses
prior to the next pellet need to be shaped via a series
of scheduled activities including three striking
behavioral phases termed terminal, adjunctive and
facultative behaviors.  In rats, these successive phases
of behavior correspond to nose-poking to retrieve
food pellet, water licking, and locomotion, respec-
tively.  The properties of such behavior, particularly
the latter two, have been ascribed to neither the static
nor the dynamic attributes of superstitious behavior
(16), but as a kind of displacement or supplementary
behavior which normally occurs when rats are situated
in arousal or vigilant conditions (5, 16, 26, 29).  One
theory suggests that the cause of SIP is for the purpose
of coping and mood buffering of rats to reduce
emotional stress or arousal (4).  Thus, SIP phenomenon
may reflect a degree of a coping strategy to the in-
trinsic levels of anxiety (5, 10).

The effects of AMPH on SIP have previously
been reported.  It was noted the water intake in SIP
can be suppressed by AMPH and this effect may be
due to the reduction of high rates of licking and/or a
competition between licking and locomotor or other
amphetamine-induced activities (6, 13, 26).  The
present study aimed to examine whether the AMPH-
induced sensitization could be manifested in SIP
paradigm. Further, given the fact that manipulations
over both dopaminergic D1 (DAD1) and dopaminergic
D2 (DAD2) receptors were reported to influence AMPH
sensitization (37), we also investigated the role of
DAD1 and DAD2 receptors in the AMPH-sensitized
SIP effect by the intervention of SCH23390 and
haloperidol (HAL).

Materials and Methods

Animals

The animals were naive, male Sprague-Dawley
rats (National Laboratory Animal Center, Taiwan)
aged approximately 4 months and weighing 300-350
g at the beginning of the experiment.  Sixteen rats in
Experiment 1 were used in locomotion test and 24, 16
and 48 SIP-established rats were used in Experiment
1, 2 and 3, respectively, for testing SIP performance
under different pharmacological manipulations.  All
animals were housed in groups of two and in a
temperature and humidity controlled holding facility
on a 12 h light/dark cycle (light on at 07:00).  All
animals were maintained at 85% free-feeding weight
by food restriction with pellets earned during the test
and 20 g/rat standard rodent chow at the end of the
test.  Water was continuously available.  All animals
used in the studies were treated in accordance with
the guidelines issued by the Laboratory Animal Center,
National Defense Medical Center, Taipei, Taiwan.

Apparatus

Four identical operant conditioning aluminum
chambers (25 × 28 × 30 cm3, Coulbourn Instrument,
Lehigh Valley, PA) with matching sound attenuation
cubicles and 45 mg pellet dispensers were used
throughout the experiment.  The sides and ceiling of
the chambers were made from 0.2-cm thick clear
Plexiglas and a grid floor was constructed out of
0.6-cm diameter stainless-steel rods spaced 1.5 cm
apart.  A food magazine was located at the center of
the front wall and connected to a pellet dispenser to
deliver the Noyes precision food pellets (45 mg/
pellet).  An infrared light detector recorded the
numbers of nose poke made by the rats in order to get
pellets.  Water was freely available from the drinking
tube which was connected to a water bottle located
on the outside of the front wall.  The drinking tube
was recessed behind its opening so that incidental
contact of the subjects with the tube was avoided and
only the licks would be recorded by the infrared light
detectors.  The software executed the whole program
was written in C++ language and can be operated in
the Windows XP environment.  Besides SIP, the test
of locomotor activity was carried out in four activity
chambers (45 × 45 × 30 cm3) and was quantified
using the automated activity video tracking system
(Chromotrack/Polytrack, San Diego Instruments, CA).

SIP Training Procedure

The training program was identical with the
procedure used by the same team in a previous study
(26).  In the beginning of the experiment, all subjects
were trained to make a nose poke into the food
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magazine for food reinforcement on the fixed-ratio
(FR = 1) schedule of reinforcement (a 45 mg pellet)
for a total of 30 pellets.  After the subjects became
familiar with the operant conditioning, the experiment
was changed to a fixed-interval schedule with food
reinforcement every 60 s (FI = 60) during a 30 min
session per day.  If the water consumed was more than
10 ml for at least 3 consecutive days, the subject was
considered as a successfully induced SIP rat.  On
average, it took 25 training sessions to induce SIP
and about two-thirds of rats would get to this state.
When SIP was developed and stabilized, rats entered
the test program described as follows.  During the
experiment, the number of nose pokes, pellets earned
and licks were recorded for each subject in each
session.  The amount of water consumed (in ml) was
also acquired by weighing the water bottle before and
after the test.  Pre-drug basal level (3 days’ average)
was taken as 100% to compare the response of every
measure after drug or vehicle injection.

Experimental Protocols

Experiment 1. AMPH effect on locomotion and SIP

For confirmation of the AMPH effect, locomotor
activity was tested in 16 rats receiving either saline
(1.0 ml/kg, N = 8) or AMPH (1.0 mg/kg, N = 8).  Rats
were placed in separate cages made of transparent
plastic for 30 min in a novel and open-field condition.
Saline or AMPH (1.0 mg/kg) was administered 10
min prior to the test.  Locomotor activity was indexed
by total walking distance (with the unit of cm) and
was recorded by using the automated activity video
tracking systems (Chromotrack/Polytrack, San Diego
Instruments, CA).

Twenty-four SIP rats were injected vehicle
(saline, 1.0 ml/kg) or AMPH (0.5, 1.0 and 2.0 mg/kg)
10 min before SIP test (i.e., 6 rats for each dosage).
Since AMPH at 1.0 mg/kg did not alter adjunctive
performances (licks and water intake), a dose of 1.0
mg/kg was chosen for the sensitization experiment.

Experiment 2. Sensitization of the AMPH effect on SIP

In the sensitization experiment, SIP rats received
either saline (1.0 ml/kg, N = 8) or AMPH (1.0 mg/kg,
N = 8) in day 1 to day 5.  All 16 SIP rats received
AMPH (1.0 mg/kg) 10 min prior to the SIP test in day
9 (i.e., after short-term withdrawal) and day 20 (i.e.,
after long-term withdrawal).  During the periods of
repeated AMPH administration and subsequent with-
drawal, SIP was carried out daily as usual.

Experiment 3. Role of dopaminergic D1 and D2

receptors in the sensitized AMPH effect on SIP

Forty-eight SIP rats were used in the experiment.
The procedure was basically the same as in Experiment
2 except that DAD1 and DAD2 antagonists were
introduced from day 1 to day 5.  During those 5 days,
rats received one of the following protocols: saline +
saline, saline + AMPH (1.0 mg/kg), drugs [HAL (0.05
mg/kg) or SCH23390 (0.04 mg/kg)] + AMPH (1.0
mg/kg), and drugs [HAL (0.05 mg/kg) or SCH23390
(0.04 mg/kg)] + saline before each day’s SIP test
(N = 48, with 8 rats in each group).  The first injection
was administered 30 min prior to that day’s SIP, and
the second injection 10 min prior to the SIP.  All 48
SIP rats received AMPH (1.0 mg/kg) 10 (i.e., after
short-term withdrawal) or 20 (i.e., after long-term
withdrawal) min prior to the SIP test in day 9.  During
the periods of repeated AMPH administration and
subsequent withdrawal, SIP was carried out daily as
usual.

Drugs

D-amphetamine sulfate (AMPH; NBCD Drug
Supply, TW), SCH23390 [R(+)-7-Chloro-8-hydroxy-
3 -me thy l -1 -pheny l -2 ,3 ,4 ,5 - t e t r ahydro -1H-3-
benzazepine hydrochloride (Sigma, MO., USA)] and
HAL (Sigma, MO., USA) were prepared in saline-
acetic acid vehicle at pH = 4.3.  The solutions were
prepared to produce a total injection volume of 1.0
ml/kg and were prepared freshly prior to daily
administrations.  All drugs were administered intra-
peritoneally (i.p.).  The applied doses employed in
the current experiment were HAL (0.05 mg/kg) and
SCH23390 (0.04 mg/kg).  They were applied success-
fully elsewhere to antagonize amphetamine-induced
behavioral change in rats (7, 8, 25).

Statistical Analysis

The data were analyzed using a SPSS program
supported by the computer system of the National
Defense Medical Center.  For locomotion test, two-
way ANOVA was used with AMPH as a main factor
and time block of each 5 min as a factor of repeated
measurement.  In SIP tests, data were converted to
the percentage of baseline level and were expressed
as means for each of the variables such as pellets
obtained, nose pokes, licks and water intake.  In
Experiment 1, repeated one-way ANOVA was used
to examine the effect of different dosages of AMPH
(0, 0.5, 1.0 and 2.0 mg/kg).  In Experiment 2, Student
t-test was used to examine the effect of repeated
AMPH administration.  In Experiment 3, two-way
ANOVA was employed and AMPH or drugs
(SCH23390 or HAL) were used as  the independent
factors.  If necessary, post-hoc analysis using the
Tukey method was used for further comparisons.  In
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all conditions, the criterion for statistical significance
was P < 0.05.

Results

Effect of AMPH on Locomotion and SIP

Indexed by the total walking distance, rats
received acute AMPH at 1.0 mg/kg had a greater
locomotor activity.  Average of 30 min travel distance
in the AMPH group was 781 ± 45 cm, whereas in the
saline group was 633 ± 36 cm.  No effect of AMPH ×
Time Blocks was found.  There were significant main
effects of AMPH [F(1,14) = 4.82, P < 0.05] and Time
Blocks [F(5,70) = 5.16, P < 0.01] (Fig. 1).

In SIP (Table 1), acute AMPH did not have
major effect on earned pellets [F(3,20) = 1.08] and
nose pokes [F(3,20) = 0.76].  However, acute AMPH
significantly reduced licks [F(3,20) = 4.12, P < 0.05]
and water intake [F(3,20) = 3.97, P < 0.05].  Post-hoc
analysis by the Newman-Keuls method revealed that
the effects were mainly attributable to differences
between 2.0 mg/kg and other dosages.  The 1.0 mg/kg
dose of AMPH is, thus, termed the sub-threshold

dose later since it did not alter the behavioral per-
formances in SIP paradigm.

Effects of Repeated AMPH on SIP

Rats exposed to AMPH (1.0 mg/kg) for 5 days
(i.e., day 1 to day 5) successfully induced a significant
greater effect of this dosage on SIP paradigm when
the test was performed at day 9 (i.e., short-term with-
drawal) and day 20 (i.e., long-term withdrawal).
These were shown by the reduction of licks [t(14) =
2.63, P < 0.01 and t(14) = 2.96, P < 0.01 for short-
term withdrawal and long-term withdrawal respec-
tively] and water intake [t(14) = 2.77, P < 0.01 and
t(14) = 2.02, P < 0.05 for short-term withdrawal and
long-term withdrawal respectively] (Fig. 2).

Influence of Blockade of DAD1 and DAD2 Receptors
on the Sensitization of AMPH Effect in SIP

Figure 3 illustrates the influence of SCH23390
on the sensitization of AMPH effect in SIP.  Rats
received one of the protocols before each day’s
SIP from day 1 to day 5.  They were saline + saline,
saline + AMPH, SCH23390 + saline, SCH23390 +
AMPH (N = 8 for each group).  Effects of 5 days of
treatments were tested in day 9 (i.e., after short-
term withdrawal) and day 20 (i.e., after long-term
withdrawal).  There were no effects of AMPH or
SCH23390 or AMPH + SCH23390 on nose pokes and
pellets in both short-term and long-term withdrawal
conditions.  For licks, there was no effect of SCH23390
or AMPH × SCH23390 in both short-term and long-
term withdrawal conditions.  Main effect of AMPH
was found significant for licks in both conditions,
with F(1,28) = 8.12, P < 0.01 for short-term withdrawal
and F(1,28) = 8.48, P < 0.01 for long-term withdrawal.
Tukey method revealed that AMPH yielded reduction
of licks manifested in both SCH23390-treated and
untreated groups.  For water intake, there was again
no effect of SCH23390 or AMPH × SCH23390 in
both short-term and long-term withdrawal conditions.

Table 1.  Effects of AMPH on behavioral performance of SIP

% of baseline

Baseline AMPH  0 mg/kg AMPH 0.5 mg/kg AMPH 1 mg/kg AMPH 2 mg/kg

Pellets      29.49 (0.14)   99.74 (0.54) 100.52 (0.51) 101.33 (0.75)   98.51 (1.03)
Nose pokes    990.63 (107.40) 102.77 (7.32)   97.42 (7.6) 112.56 (13.51) 115.9 (13.08)
Licks 2,212.29 (212.60) 101.04 (6.2) 102.17 (8.41)   90.23 (7.5)   67.11 (13)*
Water intake      15.68 (1.39) 100.38 (0.04)   95.43 (3.35)   90.47 (1.58)   70.85 (15.02)*

Behavioral measurements were indexed by pellets consumed, number of nose poking, licks and the amount of water intake
(ml).  Values are presented as mean (standard error).  Baseline levels were obtained from the average of three con-
tinuous sessions prior to AMPH injections.  *P < 0.05.

Fig. 1. Effects of AMPH (1.0 mg/kg) on locomotor activity in
30 min after exposure to a novel testing photobeam
cage.  Activity was indexed by travel distance (expressed
by cm).  Values are presented as mean values ± standard
error (N = 8 for both groups).  Open circles depict saline
control rats.  Black circles depict AMPH rats.
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Fig. 2. Effects of AMPH (1.0 mg/kg) on the behavioral performance of SIP following AMPH sensitization.  Sixteen SIP rats received
either saline (1.0 ml/kg, N = 8) or AMPH (1.0 mg/kg, N = 8) on day 1 to day 5.  All SIP rats received AMPH (1.0 mg/kg) 10
min prior to the SIP test in day 9 (i.e., after short-term withdrawal) and 20 (i.e., after long-term withdrawal).  For illustration,
all values were presented as means ± SEM and converted to percentages of baseline level based on the average of SIP perfor-
mance of day 3 to day 5.  *P < 0.05 and **P < 0.01.

Fig. 3. Effects of pretreatment of SCH23390 (0.04 mg/kg) in SIP performance on day 9 (i.e., after short-term withdrawal) and
day 20 (i.e., after long-term withdrawal) when challenged with AMPH at the dose of 1.0 mg/kg 10 min prior to the test.  This
would help examine the influence of SCH23390 on the sensitization of AMPH effect in SIP.  Rats received one of the protocols
before each day’s SIP from day 1 to day 5 (saline + saline, saline + AMPH, SCH23390 + saline, SCH23390 + AMPH, N = 8
for each group).  For illustration, all values were presented as means ± SEM and converted to percentages of baseline level
based on the average of SIP performance of day 3 to day 5.  *P < 0.05.
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Main effect of AMPH was found significant for water
intake in both conditions, with F(1,28) = 7.98, P <
0.01 for short-term withdrawal and F(1,28) = 8.16,
P < 0.01 for long-term withdrawal.  Tukey method
revealed that the AMPH yielded reduction of water
intake manifested in both SCH23390 treated and
un-treated groups.

Figure 4 illustrates the influence of HAL on the
sensitization of AMPH effect in SIP.  Rats received
one of the protocols before each day’s SIP from day
1 to day 5.  They were saline + saline, saline + AMPH,
HAL + saline, HAL + AMPH (N = 8 for each group).
Effects of 5 days treatments were tested in day 9 (i.e.,
after short-term withdrawal) and day 20 (i.e., after
long-term withdrawal).  There were no effects of
AMPH or HAL or AMPH + HAL on nose pokes and
pellets in both short-term and long-term withdrawal
conditions.  For licks and water intake, the main
effect of AMPH was significant [F(1,28) = 8.28, P <
0.01 for licks and F(1,28) = 8.04, P < 0.01 for water
intake] but no effect of HAL or AMPH + HAL in
short-term withdrawal condition.  Tukey method
revealed that the AMPH yielded reduction of licks
and water intake manifested in both HAL-treated and

untreated groups.  In long-term withdrawal condi-
tion, there were significant effects of AMPH and
AMPH + HAL (in AMPH, F(1,28) = 5.56, P < 0.05 for
licks and F(1,28) = 5.80, P < 0.05 for water intake;
in AMPH + HAL, F(1,28) = 6.02, P < 0.05 for licks
and F(1,28) = 5.84, P < 0.05 for water intake].  Tukey
method revealed that the AMPH yielded reduction
of licks and water intake manifested only in HAL
un-treated group.

Discussion

The present study demonstrated that AMPH led
to a suppression of SIP, and when AMPH was ad-
ministrated repeatedly, the effect could be sensitized.
Furthermore, the sensitization could be influenced by
manipulations over dopaminergic receptors.  While
DAD1 antagonist SCH23390 caused little effect on
the sensitization, repeated pretreatment of DAD2

antagonist HAL effectively abolished the sensitization
after a longer withdrawal period.

Reduction in water intake can be recognized as
a disruption of SIP.  One of the possibilities accounted
for this disruption was behavioral competition in

Fig. 4. The effects of pretreatment of HAL (0.05 mg/kg) in SIP performance on day 9 (i.e., after short-term withdrawal) and day 20
(i.e., after long-term withdrawal) when challenged with AMPH at the dose of 1.0 mg/kg 10 min prior to the SIP test.  This would
help examine the influence of HAL on the sensitization of AMPH effect in SIP.  Rats received one of the protocol before
each day’s SIP from day 1 to day 5 (saline + saline, saline + AMPH, SCH23390 + saline, HAL + AMPH, N = 8 for each group).
For illustration, all values were presented as means ± SEM and converted to percent of baseline level based on the average of
SIP performance of day 3 to day 5.  *P < 0.05
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which a contest was among the activities inherited
dissimilar characteristics shared with the same space
and time (27, 40).  During the whole SIP process, non-
induced activities like grooming, locomotion and
stereotyped activities might occur near the middle of
the inter-reward interval.  This type of behaviors are
activities in a facultative state which are not facilitated
by the schedule and normally would compete with
interim activity (i.e., adjunctive drinking) and terminal
activity (i.e., nose-poking to retrieve food pellet, see
ref 32).  The suppression of adjunctive drinking found
in this article could possibly be due to animal spending
more time in a facultative state such as locomotor
hyperactivities or stereotyped movements.  In general,
AMPH-related behavioral changes depend largely
on dose range.  High dose of amphetamine (i.e., 5 to
10 mg/kg) relates to stereotyped behavior whereas
low to moderate dose range (i.e., 0.5 to 5 mg/kg)
augments locomotor activity.  Apparently, locomotor
hyperactivity rather than stereotyped behavior was
more plausible in competing with adjunctive excessive
drinking and contributed to the SIP disruption.

An important contribution of the present study
was to provide an example of behavioral sensitization
which was not based on locomotion nature.  Behavioral
sensitization refers to a progressive and enduring
enhancement in the effect of certain drugs (particularly
for stimulants) after repeatedly exposure to them.  In
the present study, behavioral sensitization to AMPH
could be shown in a FI 60-s schedule of a SIP paradigm
in rats. We demonstrated that via a sub-threshold
dose of AMPH (1.0 mg/kg/day) following repeatedly
exposure for 5 days, behavioral sensitization could be
developed two weeks later.  The finding could be
explained in several ways.  Firstly, the general con-
cept holds that behavioral sensitization might be
intensified with the passage of time (15, 23).  Secondly,
sensitization following longer withdrawal duration
was associated with the increased function of cen-
tral dopamine system (19) whereas sensitization
developed after a short withdrawal duration had less
to do with dopaminergic activities (39).  And finally,
stress and stimulant effects on sensitization were
interchangeable, with one sensitizing the animal to
the other and vice versa (1).  Therefore, 14 days (long-
term) rather than 3 days (short-term) withdrawal was
more likely to induce sensitization to the dopamine
system.  Moreover, presumably running SIP might
be stressful and during the withdrawal stage SIP was
still running as usual, long-term stress condition was
more responsible for the sensitization to AMPH.

Sensitization to stimulant following a period of
withdrawal might be important in drug craving and
subsequent relapses in which the incentive to seek
drugs following long-term withdrawal is highly
dependent on dopamine mechanisms.  A previous

study showed that DAD1 agonist failed to reinstate
sensitization whereas DAD2 agonist succeeded (11).
DAD2 involvement of the sensitization of DA-related
substances such as AMPH and cocaine can be mani-
fested in behavioral tasks with different behavioral/
psychological traits from motoric aspect, as indexed
by locomotor activity, to a more cognitively obsessive
and coping character as shown by polydipsia in this
study.  In terms of clinical interpretation, this can be
crucially important because craving and compulsive
drug seeking behaviors are often detrimental and
undesired in the post-withdrawal period since what
happened next is another relapse.  Thus, DAD2 an-
tagonism may have therapeutic significance in the
long-term management of AMPH dependence to
restrain ongoing sensitization.

SIP can be seen as a stress-coping behavior and
it might be associated with displacement defense
mechanism (2, 9, 16, 17, 35, 36).  During the SIP, rats
experienced progressive anxiety and heightened
arousal due to thwarting of on-going food-pellet
presentation.  Drinking during SIP has, therefore,
been used to serve as tension/stress relief (16).  This
type of over-drinking to a degree shared the underly-
ing mechanism with compulsion (20).  Other studies
revealed that the therapeutic agent in treating obsessive
compulsive disorder (OCD) effectively reduced poly-
dipsia of animals (33).  Previously, DAD1 antagonist
SCH23390 was found to reduce compulsive lever
pressing whereas DAD2 antagonist HAL exerted more
non-specifically and reduced both compulsive and
non-compulsive behaviors (21).  In the present study,
DAD1 antagonist SCH23390 did not exert major
influence on excessive drinking.  However, DAD2

antagonist HAL abolished the induction of AMPH
sensitization.  An explanation could be that the SIP
schedule applied in the present study reflected mainly
the nature of DA-associated sensitization.  DAD1 and
DAD2 receptors were both involved in the AMPH-
induced behavioral sensitization (37) yet the in-
volvement of DAD1 raised certain concerns.  Studies
us ing  DAD 1 antagonism to  prevent  AMPH
sensitization employed SCH23390 mostly to block
DAD1 receptors.  Nevertheless, in in vitro studies,
SCH23390 blocked both DAD1 and DAD2 receptors
(30, 31).  AMPH sensitization could evolve under a
DAD1-independent mechanism since it was success-
fully developed in DAD1 receptor knockout mice
(10).  On the other hand, although certain DAD2

antagonist, sulpiride for example, had produced
inconsistent results in some studies (3, 38), DAD2

antagonist like HAL effectively prevented AMPH
sensitization (12, 28).  Based on the fact that DAD2

antagonist provided therapeutic benefits in reducing
compulsive behaviors clinically (22), the present study
implies further that this benefit might be more no-
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ticeable when these behaviors were associated with
sensitized dopamine system.

In summary, the current study indicated SIP
might be a useful paradigm to study AMPH sensitiza-
tion in rats.  The involvement of DA receptors in SIP
was different in that DAD2 antagonist HAL, rather
than DAD1 antagonist SCH23390, prevented the
sensitization of AMPH effect on SIP.  Future studies
should be considered to substantiate the proposed
hypothesis by examining dose response of SCH23390
and HAL in the current paradigm and manipulating
dopaminergic receptors with different pharmaco-
logical agents.
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