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Despite of the extensive development of psychological models of in the 
short-term timing (so called interval timing) has been lasting for decades, there has 
been relatively little investigation of the neurobiological mechanisms of interval 
timing.  This proposed study intends to investigate the effects of psychostimulant 
drugs on the timing operant tasks by the use of neuropharmacological methods.  This 
progress report covers two series of experiments as completed for this project so far.  
The first study initially evaluated the acute effects of amphetamine, and compared 
those effects with dopamine receptor antagonists and other two reference drugs.  The 
timing task employed an operant behavior maintained on differential reinforcement of 
low-rate (DRL) schedule.  In addition to examine the dose-response effects of 
psychostimulant and psychoactive drugs on a timing task, both quantitative and 
qualitative measures for DRL behavioral performance were also established in terms 
of software.  With neuropharmacological approach, the second study investigated 
how the dopamine receptors in the hippocampus would influence the behavioral 
alternation induced by systemic amphetamine treatment.  The summary of each 
study is briefly described in the following. 

In the first study, amphetamine and it analogs have been shown to affect operant 
behavior maintained on DRL schedule.  The aim of this study was to investigate 
what specific component of DRL responding being affected by d-amphetamine.  The 
acute effects of d-amphetamine on a DRL task were compared with those of selective 
dopamine D1 and D2 receptor antagonists, SCH23390 and raclopride, respectively.  
Pentylenetetrazole and ketamine were also recruited as two reference drugs for 
comparison with d-amphetamine as a psychostimulant.  Rats were trained to press 
lever for water reinforcement on a DRL 10 sec schedule.  Acute d-amphetamine (0, 
0.5, and 1.0 mg/kg) significantly increased the response rate and decreased the 
reinforcement in dose-related fashion.  It also caused a horizontal leftward shift of 
inter-response time (IRT) distribution at the doses tested.  Such a shifting effect was 
confirmed by a significant decrease on peak time, but the mean peak rate and burse 
response remained unaffected.  In contrast, either SCH23390 (0, 0.05, and 0.10 
mg/kg) or raclopride (0, 0.2, and 0.4 mg/kg) significantly decreased the total, 
non-reinforced, and burst responses.  The de-burst IRT distribution were flattened as 
shown by doses related decrease on mean peak rate for either dopamine antagonist, 
but no dramatic shift on peak time being detected.  Interestingly, neither 
pentylenetetrazole (0, 5, and 10 mg/kg) nor ketamine (0, 1, and 10 mg/kg) disrupted 
DRL behavioral performance.  It is then conceivable that d-amphetamine at doses 
tested affects the temporal regulation of DRL behavior.  The effectiveness of 
d-amphetamine is derived from its drug action of psychostimulant.  Taken together, 
these data suggest that different behavioral components of DRL task are differentially 



sensitive for pharmacological manipulation. 
    In the second study, amphetamine has been shown to produce a leftward shift of 
the inter-response interval (IRT) distribution curve when animals perform on an 
operant schedule maintained by DRL schdule.  The leftward shift could be due to a 
general tendency to increase responding which lead to a loss of behavioral inhibition 
control.  Also, this amphetamine-induced disruptive effect could be interpreted by an 
increase of the internal ‘clock’ speed on the temporal process.  Systemic injection of 
dopamine receptor antagonists (or antipsychotic drugs) is found to cause a decrease in 
the speed of the internal clock on several types of temporally controlled behavior 
including the DRL task.  However, little is known about whether the dopamine 
receptor antagonism could interact with amphetamine induced behavioral changes on 
DRL task, so is the neural substrates underlying this putative drug interaction.  While 
other brain sites are potential to be tested, the hippocampus was chosen because its 
behavioral functions are generally involved in working memory and inhibitory control.  
Thus, the present study investigated the possibility of dopamine D1 and D2 receptors 
in the hippocampus involved in modulating the alteration of behavioral performance 
on DRL task induced by d-amphetamine. 

Water-deprived rats were initially trained to press lever for a short drip of tab 
water as reinforcer.  The schedules of reinforcement contingency were gradually 
shifted from the continuous reinforcement to DRL 5-sec, and finally maintained on 
DRL 10-sec.  To obtain a reinforcer under DRL 10-sec schedule, the rat had to wait 
10 seconds or longer between lever presses.  Premature responses lead no 
reinforcement contingency and reset the 10-second interval delay.  The daily session 
lasted 15 min for behavioral training and/or testing.  After stable performance, 
stereotaxic surgery was conducted for microinjection cannula implantation aimed 
bilaterally at the dorsal part of the hippocampus.  Pharmacological manipulation was 
executed after the post-surgery recovery and a brief re-training of operant 
performance.  For drug administration, d-amphetamine (1 mg/kg) was injected via 
the intraperitoneal (IP) route, whereas the selective dopamine D1 and D2 receptor 
antagonists (SCH23390 and raclopride, respectively) were locally infused into the 
hippocampus at the doses of 3 and 10 nmole.  Histological verification of the 
microinjection sites was conducted after the completion of behavioral data collection. 

The subjects stabilized responding at the efficiency of 35-40 % (number of total 
responses / number of reinforced responses), which data generated a bi-mode 
frequency distribution of IRTs.  This baseline criterion was always maintained before 
each drug treatment conducted.  As expected, d-amphetamine given alone 
significantly disrupted the DRL performance by decreasing the reinforced responses.  
While d-amphetamine simultaneously increased the non-reinforced responses, such 



effect was not statistically confirmed.  The lack of statistical confirmation was also 
true for the increased number of total responses.  As revealed from analyses of IRTs, 
d-amphetamine tested in the present study did not affect the burst responses of IRT 
shorter than 3 sec.  The peak time of the de-burst IRTs was significantly decreased 
by d-amphetamine, which data represented a significant leftward shift of IRT 
distribution.  As conducted with the combined treatments of amphetamine and 
dopamine receptor antagonist, the disruptive effects of d-amphetamine on the present 
DRL behavior were reversed by intra-hippocampus infusion of SCH23390.  More 
specifically, the aforementioned decreases of reinforced responses and peak time were 
significantly reversed to the baseline control levels at 10 nmole, rather than 3 nmole, 
of SCH23390.  In contrast, both doses of raclopride infused into the hippocampus 
failed to reverse the disruptive performance of DRL behavior induced by 
d-amphetamine. 

Together with data collected from both studies, that systemic injection of 
d-amphetamine reliably produced the disruptive effects on DRL behavior is 
congruent with previous reports from this laboratory and others.  However, the 
influence on the burst responding of shorter IRT by amphetamine in the present 
study was relatively little as compared to those on other measures including the 
decreased peak time and the leftward shift of IRT distribution.  Thus, the 
disruptive effects of d-amphetamine given alone on the present DRL task may be 
attributed to impairment of the timing regulation during the DRL delay interval by 
increasing the clock speed.  The reversal effects of intra-hippocampus 
SCH23390 on amphetamine-induced disruptive performance of DRL behavior 
were significant but dose dependent.  Combing the counterpart data of raclopride 
in fail to produce such reversal effects, we concluded that dopamine D1 receptors 
in the hippocampus are involved in modulating behavioral changes on this timing 
task under amphetamine treatment. 

At last, data of the first studies had been submitted to an international 
journal for publication and currently under review, while data of the second study 
have been accepted to present in the 2004 conference of American Psychological 
Association on July 31 in Hawaii, USA.  Several other studies proposed for this 
grant project are currently either undergoing or ready to initialize.  The progress 
of this project is under well controlled. 


