
Pharmacology Biochemistry & Behavior, Vol. 15, pp. 673-676, 1981. Printed in the U.S.A. 

Short-Term Memory: 
The Role of d-Amphetamine ' 

R A Y M O N D  P. K E S N E R / R E X  A. B I E R L E Y  A N D  P A T  P E B B L E S  

University o f  Utah, Salt Lake City, UT 84112 

Rece ived  17 June  1980 

KESNER, R. P., R. A. BIERLEY AND P. PEBBLES. Short-term memory: 1"he role old-amphetamine. PHARMAC. 
B1OCHEM. BEHAV. 15(5) 673-676, 1981.--d-Amphetamine injections produce a dose-dependent disruption of perform- 
ance within a discrete delayed alternation and a spatial delayed matching-to-sample task. Since d-amphetamine in the doses 
used had no deleterious effects on discrimination performance (no delay condition), it is suggested that d-amphetamine 
disrupts neuronal activity representing short-term memory. The data provide support for an independence model of short- 
and long-term memory. 

d-Amphetamine Short-term memory Arousal 

THE recent expansion of research and theory in human 
short-term memory (STM) has led to the development of 
interest in animal models of STM. This has resulted in a 
revival of tasks such as delayed response, delayed alterna- 
tion, and delayed matching-to-sample. It is often assumed 
that performance on these tasks reflects the operation of 
processes associated with STM [6, 11, 19, 20, 22, 25]. With cur- 
rent theories of animal memory a distinction is often made 
between STM, working, or active memory and LTM or 
reference memory [10, 16, 28]. 

There are differences among theories as to the hypoth- 
esized relationship of STM to LTM. Certain theories pro- 
pose that the amount of information stored in LTM is a direct 
function of the duration of processing of information within 
STM [16,28]. One prediction from this sequential model is 
that any treatment that is capable of altering STM should 
also alter LTM. 

Other theories propose that STM and LTM can operate in 
parallel and that information can be processed independently 
in each system even though some form of sequential process- 
ing might also occur [13]. One prediction from this independ- 
ent model is that treatments could alter STM without produc- 
ing comparable changes in LTM and vice versa. Support for 
this latter model has come from studies in humans, which 
show that manipulations, that presumably enhance arousal, 
disrupt retention at short time delays, but facilitate retention 
at long time delays [4, 14, 27]. Also, diethyldicarbamate 
(DDC) injected in rats prior to passive avoidance training 
results in facilitation of short-term and complete disruption 
of long-term retention for the aversive experience [ 18]. DDC 
blocks norepinephrine biosynthesis and presumably de- 
creases the level of arousal. Based on the above mentioned 
observations, Kesner I13] has suggested that for STM 
arousal acts to accelerate the rate of decay of activated 
neural traces and for LTM arousal facilitates consolidation. 

Based on the observation that amphetamine (an arousal 
inducing agent) injected in rats facilitates long-term memory 
[15], the sequential model would predict that this LTM 
facilitation is a function of an enhancement of STM [16]. In 
contrast, the independence model would predict that this 
LTM facilitation could also emerge as a function of a disrup- 
tion of STM [13]. There is no previous work that has directly 
investigated the effects of amphetamine on STM in rats, but 
in monkeys amphetamine disrupts performance in delayed 
matching-to-sample tasks [1,7], thus presumably am- 
phetamine has a disruptive effect on STM. Because of the 
difficulty in comparing dose levels between monkeys and 
rats, it would be of interest to examine the effects of am- 
phetamine in rats within tasks that measure STM and test the 
differential predictions of the two above mentioned models, 
namely that low doses of amphetamine either disrupts STM 
(independence model) or facilitates STM (sequential model). 

EXPERIMENT 1 

In the first experiment animals were tested in a discrete 
delayed alternation task. Bierley and Kesner [2] have shown 
that correct performance in this task is directly related to the 
length of the delay interval (seconds) reflecting a function 
characteristic of STM. 

METHOD 

Subjects 

Three male Long-Evans rats (weight 325-400 g) served as 
subjects. Animals were maintained at 7 0 - 8 ~  of their ad lib 
body weight but allowed continuous access to water. 

Apparatus 

The experimental chamber contained two retractable bars 
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placed symmetrically on either side of a liquid reinforcement 
device. The entire assembly was housed in a sound attenuat- 
ing chamber with an exhaust fan for cooling and masking 
external noises. Correct responses were reinforced with a 
30% w/v sucrose solution. Each reinforcement contained 
0.01 ml of the solution. The operation of the bars and dipper 
was accomplished with standard relay circuitry. 

Pl'o('ddlllCy 

Rats were trained to barpress and then advanced to pro- 
gressively more difficult schedules over a period of 5-6 
months. Training was considered complete when animals 
displayed stable performance on the discrete trial-delayed 
alternation (DA) task. Briefly, the task was as follows. On a 
given trial either the right or left bar was extended (study 
phase). Pressing the bar initiated both the retraction of the 
bar and the start of one of five randomly presented delay 
conditions (0, 5, 15, 30, and 40 sec). At the end of the delay, 
both bars were extended (test phase) and the rat had to press 
the bar opposite the one it pressed last in order to receive 
reinforcement. Since no correction procedure for incorrect 
responses was used, responding to either bar during the test 
phase initiated retraction of the bars and began a 20 sec 
intertrial interval (ITI), This task differs from most delayed 
alternation tasks [8] in that the bar extended to start a trial is 
programmed independently of the bar pressed during the test 
phase of the preceding trial. Each daily session lasted ap- 
proximately 30 rain and consisted of four 0-sec warm-up 
trials plus six trials at each of the five randomly presented 
delay conditions. 

Animals received one of three dosages of d-amphetamine 
sulfate (0.33, 1.0, or 2.0 mg/kg) or saline injected IP 30 min 
prior to testing. Each animal received a total of five sessions 
for each drug dosage. The order of injections was counter- 
balanced across animals with the stipulation that a single 
dose was used consecutively for five drug sessions. At least 
three saline injection sessions separated d-amphetamine 
sessions. Performance on the previous saline injected day 
was used as a baseline. There were 30 observations for each 
experimental condition. The number of correct or incorrect 
responses was measured for each delay and each treatment. 
Percentage of correct responses was used as an index of 
retention. The data were analyzed using analysis of variance 
techniques. 

RESULTS 

Observation of the animals in the home cages during the 
30 min following injection of d-amphetamine revealed some 
signs of hyperactivity in rats at the higher drug doses ( 1.0 and 
2.0 mg/kg) but not at the low doses (0.33 mg/kg). However, ob- 
servation of the rats during testing in the DA apparatus indi- 
cated little remaining behavioral effects of the drug. That is, 
no measurable differences in latency to respond or time to 
complete sessions were detectable between saline and drug 
conditions. 

Baseline responding (saline injections) was typified by 
near perfect performance at the short delays with a gradual 
decline to slightly less than 9(F~ correct at the longest delay. 
The relatively accurate performance even at the longest 
delay reflects considerable overtraining of the subjects on 
the DA task. No differences between saline and any of the 
three drug doses were observed at the 0 sec delay indicating 
the absence of any drug effect on performance per se. No 
differences between saline and the 0.33 mg/kg dose of 
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FIG. 1. Effects of  0.33, 1.0 or 2.0 mg/kg of d -amphetamine  upon 
percentage correct performance in the discrete-nial  delayed alter- 
nation task as a function of  time of  retention test delay. (Fifty per- 
cent  correct responding reflects chance  performance.)  

d-amphetamine were observed at any delay, but a significant 
reduction in performance, relative to the saline condition, 
was observed at the 1.0 and 2.0 mg/kg doses. As can be seen 
by examining Fig. 1, these reductions in performance oc- 
curred at progressively earlier delays at higher doses. 

The data were subjected to an analysis of variance for two 
repeated measures (4 drug levels × 5 delays) [12]. Analyses 
for differences in baseline performance (saline injections) 
for each of the three drug levels failed to reach significance, 
F(2,4)-3.28, p>0.10, so that these data were combined in 
the main analysis. Differences between drug levels at each of 
the five delays were tested using a Newman-Keuls analysis. 

Results of the main analysis indicated significant effects 
due to drug level, F(3,6)=28.86, p<0.001, and delay, 
F(4,8)=57.10, p<0.001. The drug level x delay interaction 
was marginally significant, F(12,24)-1.99, p-0.073.  
Newman-Keuls analysis indicated (a) no differences be- 
tween any drug dose at the 0 sec delay, (b) significant differ- 
ences between saline and the 1.0 mg/kg dose at the 30 and 40 
sec delays (both p<0.05) and (c) significant differences be- 
tween saline and the 2.0 mg/kg dose at all delays 5 sec and 
longer (all p<0.05). 

EXPERIMENT 2 

Often the time course for decay of active traces within 
STM has been assumed to be in the order of minutes rather 
than seconds. Thus, a different task was selected in which 
retention can be measured at longer delays (30 min). 
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METHOD 

Subjects 

Five male Long-Evans rats (weight 325--400 g) served as 
subjects. Animals were maintained at 80% of their ad lib 
body weight but allowed continuous access to water. 

Apparatus 

The apparatus consisted of an eight arm maze similar to 
that described by Olton and Samuelson [17]. The central 
platform was 27 cm in diameter. Eight arms radiated from 
the center platform at equidistant points. Each arm was 10 
cm wide and 86 cm long. The entire apparatus was con- 
structed of wood painted white and was elevated 47 cm 
above the floor. The testing room was well lighted with 
fluorescent lights and with many pictures on the surrounding 
walls. 

Procedure 

Animals were initially trained using the standard eight 
arm procedure with all arms reinforced. Reinforcement con- 
sisted of small pieces of Froot Loops cereal. Once the 
animals were familiar with the apparatus and rapidly re- 
trieved the food from each of the reinforced arms they were 
switched to a spatial matching-to-sample task. A single arm 
was randomly chosen for reinforcement each day and the 
animal was allowed to explore the maze until that arm was 
chosen. The animal was then momentarily restrained on the 
center platform inside a translucent cover while the correct 
arm was rebaited. The restraining cover was immediately 
removed and the animal was allowed to remain on the maze 
until the correct arm was traversed and the Froot Loops 
reinforcement was consumed. The animal was allowed 10 
sec on the reinforced arm before being returned to the home 
cage and fed the daily maintenance ration of standard labora- 
tory chow. The number of incorrect arms entered was used 
as measure of retention. 

Once the task was learned with few errors, progressively 
longer retention intervals were imposed on the animal. At 
this stage of  training, and throughout the testing, animals 
were allowed 10 sec exposure on the baited arm and then 
were removed from the end of the arm and returned to a 
holding cage during the retention period (out of sight of the 
maze). Errors were determined as in previous training by 
requiring all four legs to cross an imaginary line between 
center platform and the chosen arm before scoring the re- 
sponse as incorrect [17]. Care was taken never to place the 
animal on the center platform from the same location or with 
the same orientation. Final performance for data collection 
consisted of delays of 1 and 30 rain. 

Animals then received either one of two doses of am- 
phetamine (2.0 or 3.0 mg/kg) or saline injected IP 30 min 
prior to testing. Higher doses of amphetamine were used 
because pilot data had indicated that !.0 mg/kg amphetamine 
had no effect on retention measured at 1 or 30 min delays. 
Each animal received four sessions for each drug condition 
for each retention delay. The order of amphetamine and 
saline injections was counterbalanced across animals with 
the stipulation that each drug dose was used for a total of 
four sessions. 

RESULTS 

The effects of 2.0 or 3.0 mg/kg amphetamine or saline 
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FIG. 2. Effects of 2 or 3 mg/kg of d-amphetamine upon mean total 
number of errors in the spatial delayed matching-to-sample task as a 
function of time of retention test delay. *Amphetamine is signifi- 
cantly different from saline p<0.05 using Newman-Keuls tests. 

upon total number of errors as a function of retention test 
delay are shown in Fig. 2. 

As can be seen both 2 and 3 mg/kg of amphetamine had a 
disruptive effect at the 1 rain retention test, but only the 
higher dose resulted in a disruptive effect at 30 min. 

A one-way analysis of variance on all eight conditions 
revealed that there was a significant treatment effect, 
F(7,28)=5.43, p<0.05. Further analyses using Newman- 
Keuls indicated that 2 mg/kg amphetamine injections re- 
sulted in significantly more errors than saline injections at 
both 1 and 30 min delays (p<0.05). At a dose of 3 mg/kg 
amphetamine injections resulted in significantly more errors 
than saline injections at only the 30 min delay (p<0.05). No 
other comparisons were significant. 

G E N E R A L  DISCUSSION 

The results of both experiments indicate that am- 
phetamine produces a disruption of delayed alternation and 
spatial delayed-matching-to-sample performance. 

In both the delayed alternation task and delayed 
matching-to-sample task it appears that a 2 mg/kg dose of 
amphetamine had a large disruptive effect at all retention 
delays (5-30 sec, 1-30 rain, respectively), whereas 1 mg/kg 
dose of d-amphetamine either had no effect or a disruptive 
effect only at long delays. At the 3 mg/kg d-amphetamine 
dose there appeared to be a disruption only at a 30 rain but 
not a 1 min delay. However ,  this apparent lack of effect at 1 
min might have been due primarily to an unexplained in- 
crease in errors in the control group. Amphetamine injec- 
tions still resulted in a large number of errors at the 1 min 
delay. 

These data are consistent with the findings of Bauer and 
Fuster [1] and Glick and Jarvick [7], who demonstrated that 
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d - a m p h e t a m i n e  in jec t ions  in m o n k e y s  d i s rup ted  per form-  
ance  in a de l ayed -ma tch ing - to - sample  task.  

Thus ,  g iven  that  p e r f o r m a n c e  in these  tasks  is a ref lec t ion 
of  the  ef f ic iency of  STM,  the  data  suggest  tha t  
d - a m p h e t a m i n e  d i s rup t s  STM,  pe rhaps  via an arousal  
med ia t ed  e n h a n c e m e n t  in the  rate of  inac t iva t ion  o f  neura l  
t r aces  r ep re sen t ing  STM.  Al t e rna t ive  exp lana t ions  implicat-  
ing changes  in m o t o r  ac t iv i ty  can  be ruled out ,  becaus e  in the  
de layed  a l t e rna t ion  task  a m p h e t a m i n e  had  no de le te r ious  ef- 
fect  on  pe r fo rmance  at ze ro  sec delay,  (i .e. ,  d i sc r imina t ion  
pe r fo rmance ) .  Cons i s t en t  wi th  the sugges t ion  tha t  e n h a n c e d  
arousa l  might  lead to the d i s rup t ion  of  STM are the  f indings 
in bo th  h u m a n s  and rats  tha t  man ipu l a t i ons  tha t  e n h a n c e  
arousal  d i s rupt  m e m o r y ,  while  man ipu la t ions  tha t  reduce  
arousal  facil i tate m e m o r y  at shor t  r e t en t ion  de lays  14, 14, 18, 
26, 27]. F u r t h e r m o r e ,  a m p h e t a m i n e  d i s rup ts  FI and  D R L  
pe r fo rmance  and  in te r fe res  wi th  the d e v e l o p m e n t  of  shor t -  
t e rm hab i tua t ion  ( tasks  tha t  also involve  the  opera t ion  of  a 
STM sys tem)  [3, 5, 9, 21, 22, 23]. 

The  obse rva t i on  in the  p resen t  s tudy that  a m p h e t a m i n e  
d i s rup ts  pe r fo rmance  on  tasks  using re t en t ion  de lays  that  
p r e sumab ly  involve  the opera t ion  of  STM in con junc t ion  
with f indings  tha t  c o m p a r a b l e  doses  of  a m p h e t a m i n e  
faci l i ta te  pe r fo rmance  on tasks  us ing re ten t ion  de lays  that  
p r e s u m a b l y  require  the opera t ion  of  LTM [ 13,15] suppor t  the 
i n d e p e n d e n c e  model  113]. F u r t h e r m o r e ,  if one  a s sumes  that  
d - a m p h e t a m i n e  e n h a n c e s  arousa l ,  the data  are cons i s t en t  
with  the effects  of  man ipu la t ions  tha t  p r e sumab ly  e n h a n c e  
arousal  on short-  and long- te rm m e m o r y  in h u m a n s  14, 14, 
271. 

In s u m m a r y ,  low doses  of  a m p h e t a m i n e  d is rupt  per form-  
ance  in a d i sc re te  de layed  a l te rna t ion  and  a de layed  
spa t i a l -ma tch ing- to - sample  task,  suggest ing tha t  am- 
p h e t a m i n e  might  a l ter  p roces se s  (e.g., a rousa l )  assoc ia ted  
with eff icient  ope ra t ion  of  shor t - t e rm memory .  The  data  
suppor t  the i n d e p e n d e n c e  ra ther  than  the sequent ia l  STM- 
LTM model .  
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