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FILE, S. E. Effects of parachlorophenylalanine and amphetamine on habituation of exploration. PHARMAC. BIOCHEM. 
BEHAV. 6(2) 151-156,  1977. - Parachlorophenylalanine (PCPA, 400 mg/kg) retarded the habituation of exploration in 
the rat recorded over 3 successive days. A more detailed analysis showed that this was not due to any retention deficit, but 
was secondary to an impairment of habituation within each session. PCPA also disrupted the response of rats to a change 
of stimuli. (+)amphetamine (4 mg/kg) prevented exploration in the rat and a 2 mg/kg dose reduced exploration and 
impaired within-session habituation. (+)amphetamine (1 mg/kg) in mice impaired within-session habituation, without 
significantly reducing exploration. The nature of the deficits produced by these 2 drugs is discussed. 
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H A B I T U A T I O N  is the  d e c r e m e n t  of  an u n c o n d i t i o n e d  
response  to  r epea ted  s t imulus  p resen ta t ions .  In s tudies  of  
behav ioura l  h a b i t u a t i o n  th ree  types  of  responses  have been  
used - s tar t le ,  d i s t r ac t ion  and  exp lo ra t ion .  It has been  
suggested [20]  t ha t  d i f f e ren t  n e u r o p h a r m a c o l o g i c a l  mecha-  
nisms may  be involved in the  h a b i t u a t i o n  of  d i f fe ren t  
response  systems.  However ,  it is possible  t ha t  any  differ- 
ences t h a t  are f o u n d  can be a t t r i b u t e d  to d i f fe rences  in 
s t imulus  analysis.  Bo th  d i s t r ac t ion  and  e x p l o r a t i o n  have 
been  cons ide red  as measures  of o r i en t ing  [1, 9, 13] bu t  
these two  s i tua t ions  differ  b o t h  in the  responses  involved 
and in the  e x t e n t  to  which  s t imulus  p r e sen t a t i ons  are u n d e r  
the  e x p e r i m e n t e r ' s  cont ro l .  I t  is t he re fo re  possible  t ha t  
drugs will a f fec t  h a b i t u a t i o n  d i f fe ren t ly  in the  two situa- 
t ions ,  even t h o u g h  b o t h  are cons ide red  to be measures  of a 
single process  - or ient ing.  

Williams et al. [20]  suggested t h a t  cen t ra l  muscar in ic  
chol inergic  m e c h a n i s m s  are involved in the  h a b i t u a t i o n  of  
exp lo ra t ion .  However ,  r ecen t  s tudies  have t h r o w n  d o u b t  on  
the  role of  a chol inerg ic  sys tem in the  h a b i t u a t i o n  of  
exp lo ra t i on  [ 9 ] ,  and  one  purpose  of this  e x p e r i m e n t  was to 
re -examine  the  role of  s e ro ton in  in h a b i t u a t i o n  of  explora-  
t ion.  Its i nvo lvemen t  might  be ind ica ted  by s tudies  showing  
h a b i t u a t i o n  of  exp l o r a t o r y  responses  in p rewean l ing  rats  
f rom Day 15 [2 ,18]  a t ime  at wh ich  the  se ro tonerg ic  
sys tem is f u n c t i o n a l  [ 16] bu t  before  the  chol inergic  sys tem 
has fully m a t u r e d  [3 ] .  

P a r a c h l o r o p h e n y l a l a n i n e  (PCPA),  a dep le to r  of  s e ro ton in  
[14] has been  r epo r t ed  to  reduce  the  d i s t rac t ion  response  
to the  first s t imulus  p re sen ta t ion ,  bu t  no t  to  af fec t  
d i s t rac t ion  to s u b s e q u e n t  p r e s e n t a t i o n s  nor  the  ra te  of  
h a b i t u a t i o n ;  PCPA also d i s rup ted  the  d i s t rac t ion  to a 
change  in aud i to ry  s t imul i  [ 8 ] .  Similarly PCPA causes an 
increase in s tar t le  response  to p r e sen t a t i ons  of  the  star t le  
s t imulus  immed ia t e ly  fo l lowing the  i n t r o d u c t i o n  of  a novel  
s t imulus  [5 ] .  ( + ) A m p h e t a m i n e  was found  to s ignif icant ly  
re ta rd  h a b i t u a t i o n  of  or ient ing ,  measured  by d i s t rac t ion  
responses  [8 ] .  In the  p resen t  s tudy  the  effects  of  these two 
drugs on  h a b i t u a t i o n  of  exp lo r a t i on  were invest igated using 
a h o l e b o a r d  appa ra tus  [ 1 2 ] .  Two ext ra  days wi th  new 
s t imulus  objec ts  were inc luded  in the  test  for  PCPA rats  to  
d e t e r m i n e  the i r  response  to s t imulus  change.  

METHOD 

Animals 

Male h o o d e d  rats  (suppl ied  by Olac Ltd,  Bicester)  
3 0 0 - 3 5 0  g were housed  in groups  of six and male  mice of 
Tuck No. I s train,  30 g in weight ,  were housed  in groups  
of ten.  All animals  were kep t  in an 11-hr l i g h t - 1 3 - h r  dark 
cycle ( l ights on at 08 .00  hr) ,  in rooms  m a i n t a i n e d  at a 
cons t an t  t e m p e r a t u r e  of  25 ° C. They  were al lowed food and 
wate r  ad lib. 

1 This work was supported by a Science Research Council grant to Dr. M. J. Neal. 
2 The PCPA injected rats displayed no increased aggression, which may have been because all the animals were thoroughly handled and 

were very tame before any injections were given. 
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Drugs 

Twenty- f ive  ra ts  to  be t es ted  in the  h o l e b o a r d  were 
p re t r ea t ed  wi th  p -ch lo ro -DL-pheny la l an ine  ( m e t h y l  es ter  
HCL, f rom Koch-Light  Labora to r i e s  L td)  by in jec t ing 200 
mg/kg  PCPA IP on  two successive days. An add i t iona l  six 
animals,  to  be used in the  b i ochem i ca l  assay, were similarly 
p re t r ea t ed  . The drug was dissolved in saline to a concen t r a -  
t ion  of 100 mg/ml .  T w e n t y - f o u r  con t ro l  ra ts  received equal  
vo lume  in jec t ions  of  saline. Two clear days were left  a f te r  
the second PCPA in jec t ion  before  tes t ing  began,  in order  to  
ob ta in  whole  brain  se ro ton in  levels dep le ted  to a b o u t  35!,~, 
of normal ,  bu t  n o r e p i n e p h r i n e  levels recovered  to a b o u t  
80% of rmrmal  [ 1 7 ] .  Levels of  5HT were assayed on the 
first, th i rd  and  f i f th  day of tes t ing  to provide  a measure  of 
dep le t ion  in this  expe r i m en t .  

( + ) A m p h e t a m i n e  su lpha te  (Sigma Chemical  Co.) was 
dissolved in saline to a c o n c e n t r a t i o n  of 1 m g / m l  for  the rat  
in jec t ions  and a c o n c e n t r a t i o n  of 0.05 m g / m l  for the  mice. 

Apparatus 

Rats  were t es ted  in a h o l e b o a r d  [ 121 which  was a w o o d e n  
box  wi th  walls 45 cm high and  a f loor  55 x 55 cm. 
In the  f loor  were four  equal ly  spaced holes,  3.8 cm in 
d iameter .  The f loor  of  the  h o l e b o a r d  was 12 cm above the 
base of the  box  and  when  ob jec t s  were p laced u n d e r  the  
holes  they  came to 2 cm below the  top  of  the  holes.  Mice 
were tes ted  in a h o l e b o a r d  27 cm high and a f loor  40 x 40  cm. 
The holes  were 3 cm in d iameter .  All the objec ts  were 
s u p p o r t e d  be low the  f loor  by glass funne l s  and were 
designed to smell  and  feel d i f fe ren t  f rom each other .  The 
objec ts  used were a brass rod,  a rol led piece of suede,  a 
r u b b e r  bung  and  a cork.  When the  ob jec t s  were changed  in 
the PCPA e x p e r i m e n t  the  second  set of objec ts  were 
matches ,  p las t icene,  an e y e b r o w  brush  and a coppe r  fork. 

The  i l luminance  on  the  f loor  of the  h o l e b o a r d  was 25 
sco topic  lux, measu red  wi th  a pho toce l l  ca l ibra ted  wi th  
respect  to  the  C.I.E. sco topic  curve and to the  C.I.E. 
s t andard  radia tor .  

Procedure 

Since the  t ime  of  day affects  the level of  head-d ipp ing  
{ 111 rats  were t es ted  on ly  b e t w e e n  10.00 and 1 2 . 0 0 h r  wi th  
the o rder  of  tes t ing  r a n d o m i s e d  b e t w e e n  the drug and con t ro l  
animals ,  and  the  mice were t es ted  on ly  b e t w e e n  14.00 and  
16 .00hr .  

Twelve PCPA-t rea ted  and 12 con t ro l  ra ts  received three  
t e n - m i n u t e  trials in the  ho l eboa rd ,  in the  absence  of 
objects ,  each trial  separa ted  by 24 hr. Similarly,  a f u r t he r  
12 PCPA and 12 con t ro l  rats  received three  trials in the 
presence  of objects ,  and  t h e n  an add i t iona l  two trials wi th  a 
new set of  objects .  An add i t iona l  PCPA rat  was tes ted  in 
the  h o l e b o a r d  on  Day 1 and  t h e n  sacrif iced for  5-HT 
d e t e r m i n a t i o n ,  and  one  of the  rats  tes ted  for  5 days was 
killed af te r  t es t ing  on  Day 5. The  o t h e r  6 PCPA- t rea ted  rats  
were no t  tes ted  in the  h o l e b o a r d  bu t  3 were killed on the 
equiva lent  of Day 1 of tes t ing  and 3 on Day 3. 

Th i r ty  rats were r a n d o m l y  a l located  ten each to saline, 
( + ) a m p h e t a m i n e  (2 mg/kg)  and  ( + ) a m p h e t a m i n e  (4 mg/kg)  
groups.  They  received four  10-rain trials in the ho leboa rd ,  
in the  presence  of objects ,  separa ted  by  24 hr. Similar ly 30 
mice were r a n d o m l y  a l located  ten each to saline, (+)am- 
p h e t a m i n e  (0.5 mg/kg)  and ( + ) a m p h e t a m i n e  (1 mg/kg)  
groups and received two l 0-rain trials in the ho leboa rd ,  in the  

presence  of objects ,  separa ted  by 24 hr. All in jec t ions  
were given IP 30 min  before  test ing.  

Each an imal  was p laced in the  cent re  of the  h o l e b o a r d  
and its behav iour  was observed on a m o n i t o r  in an adjacent  
room.  A head-dip  was def ined  as when  the animal  reached  
in to  the  hole  at least as far as its ears. The f r equency  of 
head-dips  ( n u m b e r / 1 0  rain)  and the  dura t ion  of each dip 
( to  the  neares t  sec) were scored. The n u m b e r  of  rears made  
was also coun ted .  The scoring was divided in to  four  2.5 min  
periods to give a measure  of  wi thin-sess ion hab i tua t i on .  At 
the end  of  each trial any boluses  were r emoved  and the 
f loor  was wiped with water  and dried, to minimise  any 
traces of  the  pa th  taken.  
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5HT Assay 

On the first, third and f i f th  day of  testing,  5HT 
de te rmina t ions  were made. A cont ro l  brain was assayed on 
each day. The rats were s tunned  with a blow to the head,  
their  necks broken  and the brains quickly dissected out .  
The ex t rac t ion  and es t imat ion  of  5HT fol lowed the m e t h o d  
of Curzon and Green [6] .  Known  amoun t s  of  5-HT were 
added to the h o m o g e n a t e  and these internal  s tandards  were 
run to correct  for recovery.  

RESULTS;  

Statistics 

The results were subjec ted  to a 3-way spli t-plot  analysis 
of variance. The be tween  subjects  factor  (drug) was at two 
levels (PCPA and contro l ) ,  and there were two  within-  
animals factors,  days (at 3 levels) and trial per iods  (at 4 
levels). A significant  drug × days in te rac t ion  would indicate  
a drug- induced impa i rmen t  of  be tween-sess ion hab i tua t ion ;  
and a significant drug × trial per iods  in terac t ion  would  
indicate  an impa i rmen t  of  within-session hab i tua t ion .  

Effects o f  PCPA 

Figure 1 shows the pa t te rn  of  between-sess ion habitu-  
at ion for the PCPA and contro l  rats. When rats were tes ted 
in the absence of  objec ts  both  the f requency  and the 
dura t ion  of  head-dipping was increased by PCPA (F (1,22) 
= 4.01 and 4.77 respectively,  p<0 .05 ) ,  but  PCPA did not  
significantly retard the rate of  between-sess ion habi tua t ion  
(F(2 ,44)  = 2.60 and 2.40 for f requency  and durat ion,  
p>0 .05) .  All rats showed significant hab i tua t ion  of  head- 
dipping (F(2 ,44)  = 17.08 and 22.98 for f requency  and 
durat ion,  p<0 .001) .  When rats were tes ted in the presence 
of objec ts  the PCPA animals showed a significantly slower 
decline in head-dipping over days, shown by the days × 
drug in teract ion (F (2,44) = 19.58 and F = 5.57 for 
f requency and dura t ion ,  p<0 .001  and p<0 .01  respectively).  
PCPA did no t  significantly alter the n u mb er  of  rears made.  
On Day 1 the cont ro l  rats made a mean of 30.0 + 2.8 rears 
in the absence of  objects  and 22.0 +- 3.7 rears in the 
presence of  objects ,  the scores for the PCPA rats were 28.0 
+ 2.9 and 17.0 +- 2.1 respectively.  

Figure 2 shows the pa t te rn  of  within-session habi tua t ion  
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for  the  PCPA and con t ro l  ra ts  t e s ted  in the presence  of  
objects .  On Day 1 the  con t r o l  an imals  showed  a s ignif icant  
l inear  t r end  over  the  four  trial  per iods  in b o t h  the  
f r equency  and  the  du ra t i on  of  head -d ipp ing  (F (1 ,36)  = 
15.6 & 18.38 respect ively ,  p < 0.001 ), bu t  the  PCPA animals  
showed  no  s ignif icant  l inear  or quadra t i c  t rend .  Similarly,  
on Days 2 and  3 the  con t ro l s  showed  a wi th in-sess ion l inear  
t r end  in the  f r e q u e n c y  and  d u r a t i o n  of  head-d ipp ing  (F 
(1 ,36)  = 11.66 and  7.5 on Day 2, p < 0 . 0 1 ;  F = 5.10 and  
5.01, p < 0 . 0 5  on  Day 3) whereas  the  PCPA rats  showed  no 
s ignif icant  t r ends  un t i l  Day 3 when  the  f r e q u e n c y  and  
du ra t ion  of  head-d ips  showed  l inear  decreases  (F  (1 ,36)  ; 
5.04 and  5.18, p < 0 . 0 5 ) .  Thus  the  typ ica l  pa t t e r n  in the  
con t ro l  an imals  was a wi th in-sess ion decrease  in head  
dipping,  fo l lowed  by some,  bu t  no t  comple t e ,  s p o n t a n e o u s  
recovery  overn ight .  The PCPA rats  showed  a d i f fe ren t  
p a t t e r n  wi th  less wi th in-sess ion  decrease  in head-d ipp ing ,  
and for  the  d u r a t i o n  of  head-d ipp ing  less s p o n t a n e o u s  
recovery  overnight .  Thus  the  s lower  be tween-sess ion  hab i tu -  
a t ion  shown  by the  group of PCPA rats  c a n n o t  be due to an 
impai red  abi l i ty  to  re ta in  the  i n f o r m a t i o n  over  a 24 hr  
per iod,  bu t  is more  a re f l ec t ion  of an impai red  wi th in-  
session h a b i t u a t i o n .  When  the  ob jec t s  were changed  on Day 
4 the  con t ro l  ra ts  showed  a s ignif icant  rise in the  du ra t i on  
of head-d ipp ing  f rom the i r  Day 3 level ( t ( l l )  = 2 .08 
p < 0 . 0 5 ) ,  bu t  the  PCPA animals  did no t  show an increase 
( t (11)  = 0.92,  p > 0 . 0 5 ) .  The con t r o l  animals  again showed  
l inear  decreased in head-d ipp ing  wi th in  trials on Days 4 and 
5, bu t  the  PCPA rats  showed  no s ignif icant  t rends .  

5HT levels 

The PCPA rat  t e s ted  in the  h o l e b o a r d  on  the  first day of 
tes t ing  and  t hen  sacr if iced had  a m e a n  whole  bra in  5HT 
level of  0 .204  ~g/g, giving a dep le t ion  to 27% of  the  con t ro l  
bra in  level. The  o t h e r  PCPA animals  sacrif iced at the  same 
t ime  af te r  in j ec t ion  had  a m e a n  whole  brain  level of  0 .222 + 
0 .004  ~g/g, c o m p a r e d  wi th  a con t r o l  level of  0 .760  ~g/g, 
giving a dep le t ion  to 29% of  the  con t r o l  level. The  PCPA 
rats  kil led 5 days af te r  in j ec t ion  (i.e. Day 3 of  tes t ing)  had  a 
m e a n  5-HT level of  0 .250  + 0 .005 ~g/g, the  con t ro l  level 
was 0 .756 ug/g, thus  the  dep le t ion  was down  to 33% of . the  
con t ro l  level. The  PCPA rat  tes ted  for  5 days & then  
sacrif iced had  a 5-HT level of  0.381 g/g c o m p a r e d  wi th  a 
con t ro l  level of  0 .760,  a 50% dep le t ion .  The  recover ies  of 
5-HT averaged 59%. Recover ies  of 5-HT are typica l ly  lower  
than  those  of  c a t e cho l am i nes  and  in the  rou t ine  assays 
c o n d u c t e d  in our  l a b o r a t o r y  the  range of  recover ies  is 
5 5 - 6 9 % .  

Effects o f  (+)amphetamine 

Figure 3 shows the  means  of the  to ta l  t ime  spent  
head-d ipp ing  on  4 successive days, and a more  deta i led  
b r e a k d o w n  in to  the  m e a n  t ime  spen t  head-d ipp ing  dur ing  
each 2.5 min  pe r iod  of each  10 rain trial  for  saline and  
( + ) a m p h e t a m i n e  (2 mg/kg) .  The  4 mg /kg  dose of (+)am- 
p h e t a m i n e  resul ted  in zero head-dips  and  these  data  have 
no t  been  p lo t t ed .  These  ra ts  showed  c o n s t a n t  walking 
a round  the  edge of  the  holes  ( r a the r  t h a n  keep ing  to the  
sides of  the  box) ,  bu t  never  head-d ipped .  F r o m  Fig. 3 it can 
be seen t ha t  ( + ) a m p h e t a m i n e  (2 mg/kg)  great ly  reduced  the  
level of head-d ipp ing  on  Day 1 ( t ( 1 8 ) =  2.75, p < 0 . 0 2 ) ,  and 
also impai red  be tween-sess ion  hab i t ua t i on .  Thus  there  was 
no  s ignif icant  e f fec t  of  the  drug on the  level of  head-  
d ipping on all 4 days, bu t  the  p o o r  h a b i t u a t i o n  is re f lec ted  
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in a s ignif icant  drug x days in te rac t ion ,  F ( 3 , 5 4 ) =  8.04, 
p < 0 . 0 0 1 .  Once more  the  more  deta i led b r e a k d o w n  shows 
t ha t  the  be tween-sess ion  i m p a i r m e n t  is no t  due to a 
r e t e n t i o n  defici t  bu t  is secondary  to an impai red  pa t t e rn  of 
wi thin-sess ion h a b i t u a t i o n ,  re f lec ted  in a s ignif icant  drug × 
trial per iod in te rac t ion ,  F (3 ,216)  = 6.30,  p < 0 . 0 0 1 .  Because 
of the  zero scores made  in some trial per iods by a m p h e t -  
amine  an imals  the data  were subjec ted  to a x , , ~ l  
t r a n s f o r m  before  analysis  of  var iance  was conduc ted .  

The impai red  wi thin-sess ion h a b i t u a t i o n  might  have been 
a direct  ef fec t  of  a m p h e t a m i n e ,  or it might  mere ly  have 
been  secondary  to the  reduced  level of  exp lo r a t i on  pro- 
duced by this  drug. The effects  of  lower  doses of  
( + ) a m p h e t a m i n e  were the re fo re  s tudied  and  mice were used 
since these  animals  have a h igher  level of head-d ipp ing  than  
rats [ 1 2 ] .  Thus  the chances  of ge t t ing  too  low a level of  
r e spond ing  to be able to s tudy  s u b s e q u e n t  h a b i t u a t i o n  were 
reduced.  

Figure 4 shows the  means  of  the  to ta l  t ime  spent  
head-d ipp ing  on each of  two days, and the  b r e a k d o w n  in to  
the  m e a n  t ime  spen t  head-d ipp ing  in the  four  2.5 min  
periods,  for  mice in jec ted  wi th  saline, 0.5 and  1.0 mg/kg  
( + ) a m p h e t a m i n e .  F rom this  it can be seen t ha t  the lower  
dose a f fec ted  ne i t he r  the level of  head-d ipp ing  nor  the  
pa t t e rn  of hab i t ua t i on .  The  higher  dose reduced  head-  
d ipping  on  trial  1 bu t  no t  s ignif icant ly  (t (18)  = 1.56, 
p >  0.05).  The  be tween-sess ion  h a b i t u a t i o n  was no t  impai red  
by ( + ) a m p h e t a m i n e  (drug × day in t e rac t ion  F (2 ,27)  = 
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FIG. 4. The upper figure shows the mean of the total time spent 
head-dipping by mice tested for 10 min in the presence of objects 
on two successive days. The lower figure shows the mean time spent 
head-dipping during each 2.5 min period of each trial. All points are 
the mean from 10 scores, o . . . . .  o saline, • • (+)amphet- 

amine (0.5 mg/kg), • . . . . .  • (+)amphetamine (1 mg/kg). 

0 .16)  bu t  the  wi thin-sess ion h a b i t u a t i o n  was impai red  (drug 
x trial pe r iod  i n t e r ac t i on  F (6 ,162 )  = 3.0, p < 0 . 0 1 ) .  

A m p h e t a m i n e  did no t  s ignif icant ly  increase the  n u m b e r  
of rears made  by  mice on  Trial  1. The saline con t ro l s  made  
a mean  of  46 .6  -+ 5.4 rears and  ( + ) a m p h e t a m i n e  (1 mg/kg)  
p roduced  a m e a n  of  57 .62  _+ 9.0 (t (18)  = 1.10, p > 0 . 0 5 ) .  
However  the  h igher  doses of  a m p h e t a m i n e  s ignif icant ly  
increased rear ing  on  Trial  1 in rats  f rom a con t ro l  level of  
25.0 + 3.76 to 53.0 + 3.13 for  a m p h e t a m i n e  (2 mg/kg)  (t 
(18)  = 2.91, p < 0 . 0 1 )  and  to 121.0 -+ 2.99 for  a m p h e t a m i n e  
(4 mg/kg)  (t  (18)  = 4.71,  p < 0 . 0 0 1 ) .  In this  s tudy  rear ing is 
no t  used as a measure  of exp lo ra t ion .  Whilst  it is n o t  denied  
tha t  there  is an e x p l o r a t o r y  c o m p o n e n t  to  rearing,  this  

response  may  also ref lect  the  level of  general  m o t o r  ac t iv i ty  
a n d / o r  a t t e m p t s  to  escape. The s i tua t ion  is f u r t he r  compli -  
ca ted w h e n  a m p h e t a m i n e  is used since, ce r ta in ly  at  the  
h igher  dose, this  can p roduce  s t e r eo typed  rearing. Thus  the  
drug as well as increasing this  response  may  also be 
changing  its na ture .  

DISCUSSION 

The i m p a i r m e n t  in h a b i t u a t i o n  p r o d u c e d  by PCPA was 
mos t  a p p a r e n t  when  an imals  were tes ted  in the  presence  of  
objects ,  a resul t  wh ich  has been  found  wi th  o t h e r  drugs 
[9 ] .  The  deta i led  analysis  of  head-d ipp ing  showed  t h a t  the  
i m p a i r m e n t  of  be tween-sess ion  h a b i t u a t i o n  was no t  due to 
any failure of  24 hr  r e t en t ion ,  bu t  was secondary  to an 
impai red  p a t t e r n  of  wi thin-sess ion h a b i t u a t i o n  on  Days 1 
and  2. It is un l ike ly  t ha t  the  l inear  decrease on Day 3 can 
be a t t r i b u t e d  to a recovery  of  s e ro ton in  levels since these 
were still dep le ted  to 33% of  the con t ro l  level, and the  
within-sess ion decrease  was again d i s rup ted  on Days 4 and 
5. 

The PCPA rats  showed  a reduced  f r equency  and  dura- 
t ion  of  head-d ipp ing  to the  objec ts  dur ing  the first trial 
per iod  on Day 1. This parallels resul ts  f rom d is t rac t ion  [8] 
and star t le  responses  [4 ,5 ] .  The impai red  response  to 
s t imulus  chnage also parallels resul ts  in o the r  s i tua t ions  
[7 ,8 ] .  Thus  PCPA has very similar effects  on  exp lo ra t i on  
and d i s t rac t ion  and tak ing  the  two resul ts  t oge the r  the  
i m p a i r m e n t  seems pr imar i ly  to  be in the  an imals '  responses  
to  s t imulus  change.  Whe the r  this  defici t  is best  descr ibed in 
te rms of d i s h a b i t u a t i o n  or sens i t i sa t ion  ra the r  t han  hab i t -  
ua t ion  [7] requires  f u r t he r  invest igat ion.  It should  be 
r e m e m b e r e d  t ha t  these  ef fec ts  of PCPA migh t  be secondary  
to o the r  PCPA induced  changes,  e.g. in arousal ,  sleep 
pa t t e rns  or b lood  pressure.  

( + ) A m p h e t a m i n e  also had its p r imary  ef fec t  on  the 
within-sess ion h a b i t u a t i o n  of  exp lo ra t ion .  For  rats  this  
i m p a i r m e n t  was a c c o m p a n i e d  by , and possibly secondary  
to, a r educed  level of  exp lora t ion .  In mice,  a l t hough  1 
mg/kg  reduced  head-d ipp ing  this  r educ t i on  was no t  signifi- 
cant  whereas  the impai red  wi thin-sess ion h a b i t u a t i o n  was. 
In general  where measures  of  exp lo ra t i on  are no t  heavily 
d e p e n d e n t  on the  level of  m o t o r  act ivi ty  ( + ) a m p h e t a m i n e  
has been  f o u n d  to reduce  exp lo ra t ion  [15, 19, 21 ] .  The  
results  of this  e x p e r i m e n t  are cons i s ten t  wi th  this  and also 
show an h a b i t u a t i o n  deficit .  This may  be secondary  to 
changes  in s t imulus  analysis  and once  more  the results  are 
similar to those  found  in a d i s t rac t ion  task where  a m p h e t -  
amine  impai red  hab i t ua t i on ,  bu t  where  this  was possibly  
secondary  to a response  change [8 ] .  Thus,  a l t h o u g h  
a m p h e t a m i n e  p roduces  increased m o t o r  act ivi ty,  and in 
h igher  doses (4 mg/kg)  s t e r eo typed  walking a r o u n d  the 
holes it impairs  the  an imal ' s  exp lo ra t i on  of its e n v i r o n m e n t  
and the h a b i t u a t i o n  defici t  may well be the resul t  of  poor  
s t imulus  sampling.  

A m p h e t a m i n e  appears  to  increase the  release of  dopa-  
mine,  main ly  by b lock ing  its re -uptake ;  many  modes  of 
ac t ion have been  suggested for  the  effects  of a m p h e t a m i n e  
on n o r e p i n e p h r i n e ,  bu t  these  all seem to resul t  in increased 
n o r e p i n e p h r i n e  at  the  receptor .  Since it is possible for drugs 
to in t e rac t  wi th  h a b i t u a t i o n  in several ways [10]  it is no t  
surpris ing t ha t  b o t h  increases in ca t echo l amines  and  a 
r educ t i on  in 5HT can impai r  p e r f o r m a n c e  in an h a b i t u a t i o n  
task. The fo rmer  is pe rhaps  due to changes  in the na tu re  of 
the  response  (d i s t rac t ion  to s tar t le  or exp lo ra t i on  to 
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hyperac t iv i ty)  and hence  an impa i rmen t  in st imulus sam- 
pling and the la t ter  to a direct  or indi rec t  r educ t ion  in 
channel  capaci ty.  Al though  hab i tua t ion  may be a process  

part icularly sensitive to d is turbances  in st imulus sampling 
the impa i rments  p roduced  by PCPA and amphe t amine  
should be ref lected in o ther  learning si tuations.  
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