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FILE, S. E. Effects of parachlorophenylalanine and amphetamine on habituation of orienting. PHARMAC. BIOCHEM. 
BEHAV. 3(6) 979-983, 1975. - Parachlorophenylalanine significantly reduced the orienting response to the first 
presentation of a tone but did not alter the size of responses to subsequent tone presentations nor the rate of habituation. 
In contrast amphetamine did not alter the orienting response but significantly impaired habituation. It was concluded that 
there was little evidence for a serotonergic involvement in behavioral habituation, although a role for the catecholamine 
system could not be excluded. 

Habituation Orienting PCPA Amphetamine 

S E V E R A L  studies [4,15] have indicated that  a reduct ion 
in brain levels of  5 -hydroxyt ryp tamine  (serotonin:  5-HT) is 
accompanied  by a sensitivity to sensory st imulat ion.  It has 
also been suggested that  5-HT is involved in the modula t ion  
of  behavioral  habi tuat ion [2] .  However,  the evidence to 
support  this is not  convincing and should be subject to 
further  examinat ion .  

Rats t reated with parachlorophenylalanine  (PCPA), a 
depletor  of  brain serotonin [12] ,  had a lower startle 
response to the first st imulus presented each day, fol lowed 
by a period o f  increased startle ampli tude,  but habi tuat ion 
of  this response was not  prevented [3] .  Carlton and 
Advokat  [2] also found a lower startle ampli tude for the 
first few stimulus presentat ions,  fol lowed by a period of  
enhanced responsivity. No habi tuat ion was found in the 
PCPA treated rats af ter  30 trials, but this is too few trials to 
conclude that  habi tuat ion o f  startle was prevented.  A third 
study [5] found that PCPA did no t  affect  startle ampli tude 
or the rate o f  habituat ion.  

Results f rom lesion studies do not  support  a serotonergic 
role in startle habi tuat ion.  No difference was found in 
startle ampli tude or the rate of  habi tuat ion between medial 
forebrain lesioned rats (with a 58 percent  deplet ion of  
5-HT) and control  animals [20] .  Similarly the size of  startle 
to the first st imulus was unaffected by lesions of  the raphe 
nucleus (resulting in about  50 percent  deplet ion of  5-HT) 
and the rate of  habi tuat ion was normal  [4] .  However,  the 
lesioned group did show an enhanced sensitization effect  to 
the st imulus repet i t ion and Davis and Sheard [4] suggested 
that independent  neural systems underly habi tuat ion and 
sensit ization and that  5-HT is only involved in the latter. 

These exper iments  have all investigated habi tuat ion of  
startle responses and it is possible that the effects of  PCPA 
were inf luenced by the aversive nature o f  the stimulus. 
Certainly the only s tudy finding an impai rment  in habitua- 
t ion fol lowing PCPA used a relatively low intensi ty  stimu- 
lus, a l though the dB level was not  reported.  Exper iment  1 
was designed to extend investigations of  PCPA to the 
orient ing response and its habituat ion.  A distraction mea- 
sure o f  or ient ing was used as in previous studies [7 ] ,  
distraction being measured by the in terrupt ion in base-line 
activity,  the just i f icat ion for this being that  one of  the 
characteristics of  the orienting response is that it involves 
cessation o f  o ther  activities [ 17 ]. 

It has been suggested [11] that the catecholamine 
system is involved in the explora t ion of  novel objects but  
this suggestion has been based on changes in arousal and 
spontaneous  activity produced,  for example,  by ampheta-  
mine. While there may be an in te rdependence  be tween 
orient ing and explora t ion and states of  arousal this does not  
mean that  the lat ter  can be treated as synonymous  with the 
former.  Support ing this dist inction is the result that  while 
amphe tamine  (1 mg/kg) and amylobarb i tone  (20 mg/kg) 
increased and decreased general activity respectively they 
did not  alter the ampli tude of  the startle response. 
However,  there was some evidence of  an augmented startle 
response at 3 mg/kg (+) -amphetamine [10] .  Also in 
support  o f  a dist inction between activity and explora t ion 
are Kumar ' s  results [ 13,14] that  whereas both (+) -amphe t -  
amine (0.25, 2.0 mg/kg) and amylobarb i tone  (7.5 mg/kg) 
increased l o c o m o t o r  activity, t rough explora t ion  was de- 
creased by the former  and unchanged by the lat ter  drug. 

I These experiments were conducted in the Pharmacology Department, Roche Products Ltd., Hertfordshire, while in receipt of a Roche 
Research Fellowship and on leave of absence from the City of London Polytechnic. 
2Send reprint requests to Sandra E. File, Pharmacology Department, School of Pharmacy, University of London, Brunswick Square, London 
WC1N tAX, England. 
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The  decrease in m o t o r  act ivi ty over trials was also impai red  
by  a m p h e t a m i n e  [ 14] .  This may suggest tha t  a m p h e t a m i n e  
would  also impai r  h a b i t u a t i o n  of  o r ien t ing  responses,  if 
Ber lyne ' s  [ 1 ] classif icat ion of  or ient ing,  l o c o m o t o r  act ivi ty 
and  inves t igat ion responses  as all being categories of  
exp lo ra to ry  behav ior  is accepted.  E x p e r i m e n t  2 e x t e n d e d  
inves t igat ion of  the  effects  of  a m p h e t a m i n e  to the  or ien t ing  
response  and  its hab i t ua t i on ,  since d i f fe rent  m e c h a n i s m s  
may  be involved in the  p r o d u c t i o n  of  o r ien t ing  and  s tar t le  
a n d / o r  the i r  s u b s e q u e n t  h a b i t u a t i o n  [ 7 ] .  

E X P E R I M E N T  1 

M E T H O D  

A n i m a l s  

Thi r ty  female h o o d e d  Lister rats, supplied by the 
Medical  Research Counci l ,  Mill Hill, and 24 male h o o d e d  
Lister  rats, suppl ied by Olac ( S o u t h e r n )  Limi ted ,  Bicester,  
were used. All rats weighed 3 0 0 - 3 5 0  g at the  s tar t  of  the  
expe r imen t .  They  were housed  in groups of  6 per  cage in an 
11 hr  light,  13 hr  dark  cycle at 25°C. Food  was available ad 
lib bu t  wate r  was available only  in the test  c h a m b e r  or 
immed ia t e ly  fol lowing an expe r i m en t a l  session, in suff ic ient  
quan t i t y  to  ma in ta in  a cons t an t  body  weight  t h r o u g h o u t  
the  expe r imen t .  

A p p a r a t u s  

The test  c h a m b e r  was 19 cm high wi th  a grid f loor  19 x 
26.5 cm and  was enclosed in an acoust ica l ly  insu la ted  box.  
A slit in the  end  wall gave access to a water  spou t  and a 
d r i n k o m e t e r  recorded  the  rat ' s  licking. E xpe r i m en t a l  events  
were au tomat i ca l ly  p r o g r a m m e d  using s t andard  t rans is tor-  
- t rans is tor  logic. The source of  tones  was a Weinbridge 
osci l la tor  which  fed in to  an RS c o m p o n e n t s  5 W audio  
ampli f ier  and then  to a loudspeaker ,  (RS c o m p o n e n t s  8 
o h m  Tweeter )  pos i t ioned  in the  lid of  the  c h a m b e r  at the  
water  spou t  end.  The  tones  used were 9 and 7 KHz, 75 dB 
(re 0 .0002  d y n e s / c m  2) for 9 sec. 

A s tandard  b lack  plastic cage 129 cm square  and 12 cm 
high, was adap ted  for measur ing  s p o n t a n e o u s  act ivi ty  by  
placing 9 t o u c h  sensitive plates, 5.5 cm square,  in the  floor. 
The o u t p u t  f rom the  ampli f ier  on each plate  was connec t ed  
to an individual  counter .  

Pro ce du  re 

On Day 1 of  the  e x p e r i m e n t  16 females and  12 males 
received 200 mg/kg  IP in jec t ion  of PCPA ( m e t h y l  ester).  
The con t ro l  animals,  14 females and 12 males received 
equal  vo lume  in jec t ions  of  saline. On Day 2 the in jec t ions  
were repeated ,  br inging the  to ta l  dose to 400  mg/kg  PCPA. 
On Day 3 all animals  were water  depr ived for  a per iod of  48 
hr. On Day 5 onwards  all animals  received wate r  in the  
expe r imen ta l  c h a m b e r  and immed ia t e ly  af terwards ,  in 
suff ic ient  quan t i t y  to  ma in ta in  a cons t an t  body  weight.  On 
Day 5 all animals  were given 10 min  in the  c h a m b e r  or unt i l  
they  had made  at least 1,000 licks. Test ing t ook  place 4 and 
5 days af ter  the  final in jec t ion  because at this  t ime  it was 
expec ted  tha t  the  whole brain 5-HT levels were deple ted  to 
a b o u t  35 percent  of  no rma l  whereas  the  no rad rena l ine  
levels had recovered to abou t  80 percent  of no rma l  levels 
[ 1 6 t .  

On Day 6 each animal  was placed in the  act ivi ty  cage 
and its act ivi ty recorded  for 10 min  prior  to  being placed in 

the  test  chamber .  When each animal  was placed in the test  
chamber ,  its 100th  lick swi tched on a con t ro l  per iod  of  9 
sec in which  the  n u m b e r  of  licks made  (A)  was coun ted .  
Af te r  this  per iod  the  next  100th  lick swi tched  on a tone  
s t imulus  for 9 sec and  the  n u m b e r  of  licks made  dur ing this  

tone  p r e sen t a t i on  (B) was recorded.  A rat io of - -  ~ _ B  was 

calculated and  if this  was ~<0.10, i.e. if the  animal  did no t  
dis tract  to the  tone,  then  the an imal ' s  nex t  100 th  lick 
res ta r ted  the  previous  circuit.  In this  case the n u m b e r  of 
licks occurr ing  dur ing  a con t ro l  and a tone  per iod was again 
scored. The animal  was cons idered  to have reached  habi tua-  
t ion  cr i ter ion when  two successive tone  p resen ta t ions  
p roduced  ra t ios  of  <0 .10 ,  a cr i ter ion es tabl ished in previous  

expe r imen t s  [5 ] .  if  the  rat io  of  A~B-- was > 0 . 1 0  the  

animal ' s  t 0 0 t h  lick swi tched on a second circuit  which  
p resen ted  a 9 sec tone  s t imulus  at 1 rain intervals.  Af ter  3 
a u t o m a t i c  p re sen ta t ions  the first circuit  was ac t ivated  and 
again the  n u m b e r  of  licks made in a cont ro l  per iod was 
recorded  and then  the n u m b e r  made dur ing the tone  
p resen ta t ion .  In this  way if the  rat io  did not  reach cr i ter ion 
level the  d is t rac t ion  to every fou r th  s t imulus  p resen ta t ion  
was recorded.  The session was t e r m i n a t e d  when  h a b i t u a t i o n  
cr i ter ion was reached or if no  records  of  l icking could be 
ob ta ined  over a period of  I min. Animals  no t  reaching  
cr i ter ion on Day 6 con t inued  with tone p resen ta t ions  in the  
same way on Day 7. Test ing was t e rmina ted  af ter  30 
p re sen ta t ions  if h a b i t u a t i o n  cr i ter ion had not  been  reached.  

In order  to assess the  specifici ty of h a b i t u a t i o n  under  
PCPA and to compare  this  wi th  the  specif ici ty  found  in 
previous  expe r imen t s  [8]  the male rats received a second 
phase in the  expe r imen t .  When they had reached habi tua-  
t ion  cr i ter ion to the  first t one  presented (9 KHz) the 
f requency  of  the tone  was changed.  Thus  the PCPA and 
saline in jected males all received 3 p resen ta t ions  of  a 7 KHz 
tone ,  and  the  n u m b e r  of  licks made in cont ro l  periods and 
dur ing  the  tone  p resen ta t ions  were recorded.  

R E S U L T S  

Table  1 shows the  mean  d is t rac t ion  rat ios ( A ~ )  to the  

first tone  p resen ta t ion ,  for  each of  the 4 groups  tested.  The 
saline male rats showed  a s ignif icant ly  higher  d is t rac t ion to 
this tone  than  did the  PCPA t rea ted  males (t  = 2.2, d.¢i = 
22, p < 0 . 0 2 5 ) .  Similarly the mean  d is t rac t ion  for saline 
female rats was s ignif icant ly  greater  than  tha t  for the PCPA 
t rea ted  females (t = 1.88, d.£ = 28, p < 0 . 0 5 )  and  thus  
cer ta in ly  PCPA lowered the  init ial  o r i en t ing  response.  Table 
1 also shows the  mean  n u m b e r  of  trials to  reach h a b i t u a t i o n  
cr i ter ion to the  tone ,  for  all 4 groups tes ted.  

However,  ne i the r  the  male nor  the female rats di f fered 
s ignif icant ly  f rom the  cont ro l s  in the i r  rate of h a b i t u a t i o n  
(Mann-Whi tney  U, p > 0 . 0 5 ) .  So. a l t hough  PCPA reduced  
the  init ial  o r ien t ing  response,  it did not  impai r  the 
s u b s e q u e n t  hab i tua t i on .  Fur the r ,  the reduc t ion  in the  size 
of  the  init ial  d is t rac t ion  was not  fol lowed by a general ly 
lowered o r i en t ing  response from the  PCPA t rea ted  animals.  
Two of  the  PCPA t rea ted  males and 3 of  the females tha t  
failed to d is t rac t  to  the first tone ,  p roduced  a sizeable 
d i s t rac t ion  to the  second st imulus.  Thus,  it seems tha t  
PCPA has only  a shor t - t e rm effect  on lowering the very first 
o r i en t ing  response  but ,  the reaf te r ,  does not  affect  o r ien t ing  
or its s u b s e q u e n t  hab i t ua t i on .  
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T A B L E  1 

E F F E C T S  O F  PCPA O N  I N I T I A L  D I S T R A C T I O N  
H A B I T U A T I O N  

A N D  

Initial Distraction Trials to Habituate 

Males PCPA 0.25 ± 0.07 11.75 

Saline 0.51 ± 0.08 14.67 

Females PCPA 0.36 _+ 0.09 15.06 

Saline 0.60 _+ 0.08 12.64 
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FIG. l. Dishabituation to stimulus change. 

It is possible tha t  while the  PCPA t r ea t ed  animals  were 
able to hab i t ua t e  to the  tone  the  specif ic i ty  of  the i r  
h a b i t u a t i o n  would  be poore r  t h a n  t ha t  of  the  controls .  I t  
has been  f o u n d  [8]  tha t  8 /12  undrugged  rats  d i s t rac ted  to  a 
change in t one  f r equency  f rom 9 to  7 KHz, the  m e a n  
d i s t rac t ion  be ing  0.21 and  the  rats requi r ing  a m e a n  of  2.8 
trials to  h a b i t u a t e  to  the  new f requency .  Figure 1 shows the  
mean  d i s t rac t ion  ra t io  for  the  saline males,  to  each of  the  3 
p r e sen t a t i ons  of  the  7 KHz tone.  F r o m  this  i t  can be seen 
tha t  the  mean  d i s t rac t ion  to the  s t imulus  change was close 
to tha t  f ound  previously ,  and  7/11 rats  d i s t rac ted  (i.e. had  
rat ios  > 0.1 0). Thus  the  results  f rom the  saline rats  are very 
similar  to  those  f rom previous expe r imen t s .  The m e a n  
d i s t rac t ion  to  the  changed  s t imulus  was 0.15 for  the  PCPA 
animals ,  bu t  this  value was heavi ly  in f luenced  by  one rat  

wi th  a d i s t rac t ion  ra t io  of  0.90. Wi thou t  this  an imal  the  
group mean  would have been  0.08. However ,  this  lower  
response  to the  s t imulus  change was fol lowed by a 
s ignif icant  increase in or ien t ing  to the  7 KHz tone  on  its 
two  s u b s e q u e n t  p re sen ta t ions  (Z = 1.87, p = 0.03,  
non -pa rame t r i c  t r end  tes t  [ 6 ] ) .  In con t ras t  the  saline 
animals  showed  a s ignif icant  decrease in d i s t rac t ion  to the  
new tone  (Wi lcoxon T = 2.5, N = 8, p < 0 . 0 5 ) .  Thus  once  
more  the  ini t ial  o r i en t ing  of  the  PCPA animals  was reduced  
bu t  this  ef fec t  did n o t  persist  t h r o u g h  s u b s e q u e n t  t one  
p re sen ta t ions  and  the  PCPA animals  showed  a greater  
d i shab i tua t i on  to the  change in tone.  

Final ly ,  the  m e a s u r e m e n t s  of  s p o n t a n e o u s  act ivi ty ,  pr ior  
to exposure  to tones ,  revealed no  di f ferences  due to PCPA 
t r e a t m e n t .  The PCPA males had  a mean  coun t  of  112.8 and  
the  saline males a mean  of  128; the  PCPA females a mean  
of  I03.1 and  the  saline females a mean  of  112. Thus  any  
d i f ferences  in ini t ial  d i s t rac t ion  to the  tone  c a n n o t  be 
a t t r i b u t e d  to d i f fe ren t  levels of  s p o n t a n e o u s  act ivi ty,  and  
hence  p robab i l i t y  of  paus ing f rom licking, be tween  the  
drugged and  undrugged  animals.  

E X P E R I M E N T  2 

M E T H O D  

Animals 

Thi r ty  male h o o d e d  Lister  rats, suppl ied by Olac 
( S o u t h e r n )  L imi ted ,  and  housed  as in E x p e r i m e n t  1. 

Apparatus 

B o t h  the  tes t  c h a m b e r  and  the  act ivi ty  cage were those  
used in E x p e r i m e n t  1. 

Procedure 

All animals  received a per iod o f  48 hr  wate r  depr iva t ion  
and  t hen  on  Day 1 of  the  e x p e r i m e n t  were placed in the  
tes t  c h a m b e r  for  10 min  or un t i l  t hey  had made  1,000 licks. 
On Day 2 the  rats  were r a n d o m l y  assigned to 3 groups,  wi th  
10 in each  group.  One group received IP saline in jec t ions  25 
rain before  be ing  placed in the  tes t  chamber ,  the  second  
group  received 2 mg/kg  (-+)-amphetamine and the  th i rd  4 
mg/kg  (-+)-amphetamine.  F i f t een  min  af te r  in jec t ion  each  
rat was p laced in the  act ivi ty  cage and its act ivi ty  r ecorded  
for  10 rain. The  rat  was t hen  placed in the  tes t  c h a m b e r  and  
given a series o f  tone  p re sen ta t ions  as in E x p e r i m e n t  1. 
However ,  th is  pa t t e rn  of  tone  p re sen ta t ions  had to  be 
a b a n d o n e d  for  several of  the  4 mg/kg  group which  e i the r  
failed to lick at all, or failed to start  l icking again a f te r  the  
first tone  p resen ta t ion .  When it was necessary  animals  in 
this  group were given 30 tone  p re sen ta t ions  at intervals  of  1 
rain. Animals  t ha t  had no t  reached  cr i ter ion on Day 2 were 
replaced in the  c h a m b e r  and tone  p re sen ta t ions  c o n t i n u e d  
on Day 3. 

When h a b i t u a t i o n  cr i ter ion had been reached,  or  t h i r t y  
s t imulus  p re sen ta t ions  had  been  given, the rats  en t e red  the  
second  phase  o f  the  test. The fol lowing day they  were 
placed in the  tes t  c h a m b e r  and tone  p resen ta t ions  given as 
in E x p e r i m e n t  1, bu t  they  were now tes ted  in a d i f fe ren t  
drug s tate  f rom the  first phase of  the  expe r imen t .  Animals  
first h a b i t u a t e d  undrugged  were now tes ted  af te r  in jec t ion  
wi th  2 mg/kg  a m p h e t a m i n e  and  animals  h a b i t u a t e d  u n d e r  
e i the r  o f  the  a m p h e t a m i n e  doses were n o w  tes ted  undrug-  
ged. Tone  p re sen ta t ions  c o n t i n u e d  unt i l  h a b i t u a t i o n  criteri- 
on  was again reached.  
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TABLE 2 

EFFECTS OF AMPHETAMINE ON INITIAL DISTRACTION AND HABITUATION 

No. at Criterion 
N Initial Distraction After 30 Trials 

Saline 10 0.52 ± 0.09 10 

Amphetamine 

2 mg/kg 9 0.44 ± 0.12 4 

4 mg/kg 6 0.42 ± 0.15 3 

State change to saline 

(after 2 mg/kg) 10 0.46 ± 0.09 10 

(after 4 mg/kg) 10 0.43 + 0 . l l  10 

State change to amphetamine 

2 mg/kg 10 0.24 + 0.06 7 

RESULTS 

Since the  a m p h e t a m i n e  caused suff ic ient  adipsia com- 
pletely to  s top  some of  the  rats f rom dr inking  it could  have 
also caused a l te ra t ions  in the  baseline l icking rate. A l though  
this  is to  some e x t e n t  a ccoun ted  for in the  use of a rat io  to 
assess d is t rac t ion ,  never the less  i n t e r p r e t a t i ons  of  the  ef fec t  
of  a m p h e t a m i n e  would be a l tered if the  basel ine were 
affected.  The mean  n u m b e r  of  licks made  in the  con t ro l  
pe r iod  (A)  was 45.5 for  the  saline con t ro l  animals,  45 .0  for  
the  4 mg/kg a m p h e t a m i n e  animals  and 41.2 for the  2 mg/kg  
a m p h e t a m i n e  animals.  Thus,  a l t hough  a m p h e t a m i n e  to ta l ly  
p reven ted  l icking in some animals,  those  tha t  c o n t i n u e d  did 
so at the  same rate as the  con t ro l  animals.  

Table  2 shows the  mean  d is t rac t ion  rat ios  to  the  first 
s t imulus  p re sen ta t ion  for all 3 groups,  and  also the n u m b e r  
of  animals  c o n t r i b u t i n g  to tha t  score in each group.  There  
was no  s ignif icant  di f ference be t w een  the  rat ios for  the  
saline and  the  2 mg/kg  a m p h e t a m i n e  groups  (t  = 0.55,  d. f .  = 
17, p > 0 . 0 5 ) .  Table  2 also shows the  n u m b e r  of  animals  at  
c r i ter ion a f te r  30 trials, because of  the  large n u m b e r  no t  
h a b i t u a t i n g  by  this  t ime a value for the  mean  trials to  
hab i t ua t e  for the  drug groups  could no t  be computed .  
Signif icant ly  fewer  of  the  2 mg/kg  a m p h e t a m i n e  group had 
reached  h a b i t u a t i o n  t han  the  saline group (Fisher-Yates ,  p = 
0.01).  The mean  trials to  hab i t ua t e  for the  saline group was 
14.1 which  is very similar to the  rate of  h a b i t u a t i o n  of  the  
male rats in E x p e r i m e n t  1. 

Table  2 also gives the  ini t ial  d is t rac t ion  to the  first t one  
p re sen ta t ion  af ter  the  rats had changed state.  For  the  rats  
previously h a b i t u a t e d  u n d e r  a m p h e t a m i n e ,  bu t  n o w  tes ted  
undrugged,  the  ini t ial  d i s t rac t ion  rat ios  were lower  t han  for 
the rats tes ted  undrugged  in the  first h a b i t u a t i o n  series, bu t  
this  failed to reach  significance (t  = 0.65,  d.f. = 18, p > 0 . 0 5  
compar ing  saline wi th  saline af ter  4 mg/kg  a m p h e t a m i n e ) .  

It is no t  possible to in te rp re t  these results  in t e rms  of  
t ransfe r  be tween  s ta tes  because of  the small  n u m b e r  of  rats 
reaching  h a b i t u a t i o n  cr i ter ion u n d e r  a m p h e t a m i n e .  The 
n u m b e r  of  rats  failing to lick under  4 mg/kg  a m p h e t a m i n e  
also p reven ted  any tes t ing  of  a s t a te -cons tan t  group i.e. 
animals  h a b i t u a t e d  u n d e r  4 mg/kg and  then  re tes ted  in the 
same state.  More marked  was the  t ransfer  of  h a b i t u a t i o n  
f rom the  saline cond i t i on  to the  drugged state of  2 mg/kg 
a m p h e t a m i n e ,  a l t hough  this  just  failed to reach  signif icance 
(t -- 1.53, d . f  = 17, p < 0 . 1 0 ,  compar ing  2 mg/kg  amphe ta -  
mine  wi th  this  dose fol lowing saline). A saline-saline s ta te  
cons t an t  group was not  run  in this  expe r imen t ,  bu t  f rom 
previous  studies [5] it is k n o w n  tha t  once  two successive 
c r i te r ion  trials are reached  undrugged  rats remain  at 
c r i ter ion on subsequen t  test  trials. The results  of this  
e x p e r i m e n t  the re fo re  suggest tha t  a cer ta in  a m o u n t  of  
d issocia t ion t o o k  place be tween  the undrugged  and drugged 
state.  

The results  of  th is  e x p e r i m e n t  suggest tha t  a m p h e t a m i n e  
does no t  al ter  the  size of  the  or ien t ing  response  bu t  does 
s ignif icant ly  re tard the  rate of  hab i tua t ion .  A m p h e t a m i n e  
also s ignif icant ly  increased the  a m o u n t  of s p o n t a n e o u s  
act ivi ty f rom a saline level of  123.4 to 162.4 wi th  2 mg/kg 
and 150.3 wi th  4 mg/kg (U = 26 and 27 respect ively p = 
0.05),  

DISCUSSION 

Bo th  male and female rats were tes ted  in Expe r imen t  1 
because of  observa t ions  of  the di f ference in the i r  general 
behav io r  fo l lowing t r e a t m e n t  wi th  PCPA. Male rats become  
typical ly  j u m p y ,  aggressive and hypersexua l  [ 2 0 ] ,  whereas  
females b e c o m e  ex t remely  docile, and  these di f ferences  in 
general  behav ior  were also no t iced  in this  expe r imen t .  In 
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spite o f  these d i f fe rences  the  resul ts  show tha t  in the  tes t  
s i tua t ion  the i r  behav io r  was ident ica l  wi th  a r educ t i on  in 
o r i en t ing  to the  first s t imulus  p re sen ta t ion ,  bu t  t he rea f t e r  
n o  s ignif icant  d i f ferences  f rom saline in jec ted  cont ro ls .  
These  resul ts  suppor t  Davis '  conc lus ions  [41 tha t  s e ro ton in  
is no t  involved in h a b i t u a t i o n ,  and e x t e n d  the  evidence to  
the  o r i en t ing  response.  Davis found  t ha t  PCPA led to an 
increased sens i t i za t ion ,  this  be ing  a process  i n d e p e n d e n t  of  
h a b i t u a t i o n ,  leading to an increase  in respons iv i ty  to  the  
2nd  and  a few s u b s e q u e n t  p r e sen t a t i ons  of  high in t ens i ty  
st imuli .  In E x p e r i m e n t  1 the  d i s t rac t ion  rat ios  showed  
gradual  d e c r e m e n t  t h r o u g h o u t  the  tes t  session and  the re  
was n o  evidence  of  sens i t i za t ion  occurr ing  in this  tes t  
s l tua t ion .  The PCPA t rea ted  animals  were more  d i shab i tua t -  
ed by  the  s t imulus  change (a f te r  its first p r e s e n t a t i o n )  and  
this  is in ag reemen t  wi th  the  effects  of  PCPA on d ishabi tu-  
a t ion  o f  s tar t le  [ 9 ] .  If  it is accep ted  tha t  d i s hab i t ua t i on  is a 
form of  sens i t i za t ion  [91 then  the  resul ts  of  E x p e r i m e n t  1 
migh t  suppo r t  a role of  s e ro ton in  in sens i t iza t ion .  

A m p h e t a m i n e  increased the  level of  s p o n t a n e o u s  ac t iv i ty  
and  this  may have been  a n o t h e r  reason  for failing to ob ta in  
s t eady  l icking in the  4 mg/kg  group.  The results  of  
E x p e r i m e n t  2 showed  tha t  a m p h e t a m i n e  did no t  a l ter  the  
size of  the  ini t ia l  d i s t rac t ion  rat io,  bu t  it is no t  cer ta in  t ha t  
this can be i n t e r p r e t e d  as a re f lec t ion  of  o r i en t ing  in the  
drugged animals .  Several o f  the  4 mg/kg  group  moved  back  
sudden ly  to the  tone  and  this  response  m ay  have been  
indicat ive  of  s tart le .  If  this  was so it would  be in te res t ing  to 
explore  the  m e c h a n i s m s  t h r o u g h  which  a s t imulus  n o r m a l l y  
el ici t ing on ly  o r i en t ing  could come to elicit  a s tar t le  
response  in a m p h e t a m i n e  in jec ted  animals.  Animals  wi th  
the  2 mg/kg  dose did no t  seem to p roduce  this  exaggera ted  

response  and  it is more  l ikely t h a t  the i r  response  re f lec ted  
or ient ing.  The  main  ef fec t  of  a m p h e t a m i n e  was to  re ta rd  
the  rate of  h a b i t u a t i o n  so t h a t  few animals  had  reached  
cr i te r ion  af te r  30 trials. However ,  if  it was really hab i tu -  
a t ion  of  s tar t le  t ha t  was being m o n i t o r e d  in the drugged 
animals  30 is too  few trials to  conc lude  t ha t  s tar t le  
h a b i t u a t i o n  is impaired .  The  pe r fo rmance  of  the  saline 
con t ro l s  in E x p e r i m e n t  2 was very similar,  b o t h  in ini t ial  
d i s t rac t ion  and  trials to  hab i tua t e ,  to  the  saline con t ro l s  in 
E x p e r i m e n t  1 and  the re fo re  the  results  f rom a m p h e t a m i n e  
can in no  way be a t t r i b u t e d  to d i f ferences  in the ba tches  of  
rats. 

In conc lus ion  there  is no  evidence f rom the  results  o f  
these  e x p e r i m e n t s  and  l i t t le  f rom those  on the  s tar t le  
response  to suppor t  the  suggest ion [2]  t ha t  the sero tonerg-  
ic sys tem is involved in behaviora l  hab i t ua t i on ,  a l t hough  the  
i nvo lvemen t  of  the  ca t echo lamine  sys tem c a n n o t  be ex- 
c luded.  

It has been suggested [ 19] t ha t  the  chol inergic  sys tem is 
involved in h a b i t u a t i o n  o f  exp lo r a to ry  responses  bu t  no t  in 
h a b i t u a t i o n  of  s tar t le  responses.  The role of  the chol inergic  
sys tem has yet  to  be assessed in h a b i t u a t i o n  of  d i s t rac t ion  
responses,  as used in these expe r imen t s ,  and  the re fo re  at 
this  stage its i nvo lvemen t  c a n n o t  be exc luded.  

In view of  the  c o m p l e x i t y  of  the  CNS, suggest ions t ha t  
one  par t icu lar  t r a n s m i t t e r  is involved in h a b i t u a t i o n  are 
unl ike ly  to be suppor ted .  It is unl ikely  t ha t  on ly  one  
t r a n s m i t t e r  will be involved and  even less l ikely t ha t  
changes  in whole  brain  levels will be crucial.  At  the  very 
least the  crit ical n e u r o a n a t o m i c a l  site or sites shou ld  be  
specified,  bu t  even then  dep le t ion  of, say, s e ro ton in  at all 
synapses  is unl ike ly  to have a u n i f o r m  effect.  
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