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CARLTON, P. L. AND C. ADVOKAT. Attenuated habituation due to parachlorophenylalanine. PHARMAC. BIOCHEM. 
BEHAV. l(6) 657-663, 1973. -The effect of parachlorophenylalanine (PCPA), and the presumed depletion of serotonin 
due to it, was studied for its effect on the habituation of a startle response in rats. Parachlorophenylalanine was found to 
increase overall levels of startle amplitude. Detailed examination of the data from individual animals indicated that this 
effect was entirely due to an attenuation of the rate of habituation. 
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THE phenomenon of habituation has attracted considerable 
interest because it reflects a simple kind of nervous system 
plasticity that may be more amenable to analysis than more 
complex kinds of plasticity. One kind of habituation that 
ha:s previously been investigated is the waning of a startle 
response elicited by the presentation of a stimulus. 

Although the phenomenon of habituation has received 
co.nsiderable interest, it has been rarely analyzed from a 
pharmacological point of view. One exception to this gen- 
era.lity is an early study [ 181 in which it was found that 
scopolamine had no effect on the course of habituation of 
startle. This result has recently been replicated and extend- 
ed [ 191 in a study in which it was found that, although 
scopolamine did not alter the habituation of startle, it did 
profoundly retard the course of habituation of exploratory 
behavior. This result indicates that, at a pharmacological 
level at least, these two classes of habituation cannot be 
simply equated. 

A second compound that has been studied for its effect 
on habituation of startle is parachlorophenylalanine 
(PCPA). It has been reported 141 that PCPA, and the de- 
pletion of endogenous serotonin (5-HT) that this com- 
pound produces, retards the course of habituation of star- 
tle. Similar data were reported in an independent, but only 
preliminary, study of the relationship between evoked cor- 
tical responses and the startle response [ 151. In contrast to 
these reports, it has also been found [ 1 I that PCPA does 
not alter the course of habituation itself, although it does 
reverse the dishabitutory effect of direct stimulation of the 
RaphC system. 

‘The conflicting results of these studies on the course of 
habituation itself may lie in the fact that the first studies 
involved very intense stimuli which were almost certainly 
aversive to the rat (c.f., [2] ), whereas the third experiment 
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involved stimuli that were presumably weaker (auditory 
clicks of unspecified intensity). Thus, the difference in 
these studies may inhere in the relative aversiveness of the 
stimuli used. This possibility is made more likely by the 
fact that PCPA has been found to attenuate the suppressive 
effects of punishment [7, 13, 14, 17,201. 

Another problem in the consideration of these reports 
on the effects of PCPA is that in the experiment in which 
PCPA retarded the course of habituation [4], neither the 
course of habituation in individual animals nor the rate of 
habituation were analyzed. Accordingly, we undertook a 
study of the effects of PCPA on the habituation of startle 
using a relatively weak stimulus (the click of a relay clos- 
ure) and a technique that in preliminary experiments we 
had found to provide data of sufficient reliability to allow 
for analysis of the rate of habituation in individual animals. 

METHOD 

The animals were 12 naive, male albino rats obtained 
from Sprague-Dawley, Madison, Wisconsin, that weighed 
approximately 175-200 g at the start of the experiment. 
All animals were housed individually with continuous 
access to food and water; they were maintained in 
continuous room illumination. 

The apparatus is shown in Fig. 1 and is a modified Ger- 
brands student demonstration box. The basic modification 
involved mounting the chamber itself on a Plexiglas plate 
which was then drilled to accommodate bolts that had been 
secured to the wooden board on which the chamber had 
been originally mounted. 

The Plexiglas sheet holding the chamber rested on 
springs and was held in place by nuts loosely threaded on to 
the bolts and held in position by Epoxy cement. Although 
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FIG. I. Starlle apparatus. 

the tens ion of  the springs is not  crit ical,  we have found  tha t  
best results  are ob ta ined  when  they  are of a rigidity such 
that  s tar t le  of  the animal  does not  result in an observable  
m o v e m e n t  of  the  chamber .  

The s tar t le  s t imulus  was provided by closure ( f rom a 
Grason-S tad le r  E783 F pulse fo rmer )  of  the  relay m o u n t e d  
on one wall of  the chamber .  The star t le  response  of  the 
animal  was registered by an Astat ic  N4-2 (Model  16) 
p h o n o g r a p h  cartr idge m o u n t e d  on the  Plexiglas plate:  a 
piece of  heavey gauge wire was inser ted in to  the  socket  of  
t h e  p h o n o g r a p h  car t r idge tha t  would normal ly  have 
a c c o m m o d a t e d  the  p h o n o g r a p h  needle.  The o t h e r  end of 
this c o n n e c t o r  was held immovab le  by a Genera l  Radio plug 
rigidly m o u n t e d  to the wooden  base plate.  

The o u t p u t  of this cartr idge was fed in to  a digital volt-  
me te r  which,  in tu rn ,  was connec ted  to a Beckman Pr in ter  
(CMMP-3).  Not all o u t p u t  f rom the car t r idge was fed in to  
the vo l tme te r :  ra lher ,  voltage was recorded for only  a br ief  
per iod thal  was in i t ia ted co inc iden t  with  the ope ra t ion  of  
the relay so as to provide a sainpl ing " w i n d o w "  of 0.5 sec. 
F u r t h e r m o r e ,  only  the  peak voltage that  occurred  dur ing  

this interval  was recorded by the vo l tmete r .  Tile p r in te r  was 
triggered at the end of this sample period so as to provide a 
p e r m a n e n t  record of s tar t le  ampl i tude .  

White noise f rom a Grason-Stad le r  Type  ~)01B White 
Noise G e n e r a t o r  (wi th  the  me te r  set at 15 dB) was deliv- 
ered th rough  the speaker  m o u n t e d  on tile wall opposi te  to 
tha t  ho ld ing  the relay. This p roduced  an amb ien t  noise level 
o f  0 4 . 0  dB m e a s u r e d  w i t h  a s o u n d  level me te r  
(Type  1558-BP) in the  geomet r ic  cen te r  of  the chamber .  

The ent i re  appara lus  was housed in a larger ref r igera tor  
shell vent i la ted  by a fan,  this shell as well as lhe  cables 
necess i ta ted  by its use are no t  shown  in Fig. 1. 

On D a y l ,  all animals  were r andomly  assigned to one of  
two groups.  G r o u p  1 received a single in jec t ion  of  PCPA, 
100mg/kg,  ip, on each of four  successive days. PCPA was 
prepared  by suspens ion  in saline con ta in ing  2 3 d rops  of 
Tween.  G r o u p  2 received a singly con t ro l  in jec t ion  on each 
of  the four  days.  

On Day 5, 2 4 h r  af ter  the  lasl in jec t ion ,  each rat was 
weighed and placed in a s tar t le  appara tus ,  wi th  the  whi te  
noise on,  for a 5 rain foreper iod.  This was fol lowed by 30 
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presentat ions of  the startle s t imulus at a fixed intertrial 
interval of  10 sec. These sessions were conducted  be tween  
l : 0 0  and 4 :00  p.m. Because of  an apparatus failure, the 
data from one animal given PCPA were lost. 

RESU L'rs 

The effect  of  repeated PCPA t rea tment  on body  weight 
is summarized in Table 1. On Day 5, there was no overlap 
of  the individual body weights;  i.e., the highest body  weight 
in the PCPA group was below that of  the lowest in the 
control  group. 

TABLE 1 

DAILY BODY WEIGHTS (G) 

Group Day 

1 2 3 4 5 

pCPA 

1 194 201 199 205 204 

2 174 182 179 180 188 

3 189 197 195 204 202 

4 192 197 199 208 216 

5 185 188 177 178 177 

~ 188 191 190 197 200 

Mean 187.0 192.7 189.8 195.3 197.8 

Control 

7 200 206 212 225 234 

201 206 206 210 217 

9 183 189 205 216 221 

10 194 201 205 21(1 217 

11 194 202 207 212 224 

12 188 193 201 212 217 

Mean 193.3 199.5 206.0 214.2 221.7 

Figure 2 summarizes the data for each of  the animals in 
the two groups. Each bar represents a single rat and denotes  
the ampl i tude  of  startle accumulated over all 30 st imulus 
presentations.  As is indicated by the horizontal  dashed line, 
there is only one instance of  overlap be tween the two 
g r o u p s  (p<0.02  by two-tailed Mann-Whitney U-test). 
Figure 3 shows the ampl i tude  of  startle for two individual 
animals cumula ted  over each of  the 30 st imulus presenta- 
tions; the records of  these two rats were selected because 
their total ampli tudes  were closest to the mean ampli tudes 
for lheir respective groups. As the figure indicates, the con- 
trol animal showed a reasonably orderly decline in startle 
ampl i tude,  whereas the PCPA animal showed much more 
variable ampli tudes  over  the course of  the st imulus 
presentat ions and little, if any,  waning of  startle. 

In order  to provide a simple index of  rate differences 
like those shown in Fig. 3, the ampl i tude  accumulated in 
successive thirds of  the session were calculated for each 
animal. Thus, for example,  if an animal accumulated a total 
startle ampl i tude  of  100 in the first 10 presentat ions,  200 
by the 20th and 250 by the 30th,  its scores would be I00,  
100 and 50. Because stimuli were presented on a fixed 
interval, these successive differences can be read as reflect- 
ing rate in successive thirds of  the session; i.e., ampli- 
tude /100  sec. Therefore ,  for each animal,  the sum of these 
three ampli tudes (obtained from Fig. 4), when mult ipl ied 
by 100, will equal the total  ampli tude for the session (pr- 
esented in Fig. 2). 

These rate values are shown for individual animals in 
Fig. 4. As the figure indicates, there was no difference be- 
tween the groups over the first ten trials. On the o ther  
hand, there was only minimal overlap be tween  the groups 
in subsequent  port ions of  the session (p<0.02 in both 
cases). Thus, the data in Fig. 3 and 4 clearly indicate that 
PCPA retards the rate of  habi tua t ion  but that this effect  is 
reliable only in the later part of  the session. 

Figure 3 also suggests that the variability of  PCPA ani- 
mals was greater than that o f  the controls.  However ,  be- 
cause of  the non-lineari ty of  the recording system, this 
effect  may be partly,  if not entirely,  art ifactual.  That is, the 
nature of  the system was such that the voltage readout  
would necessarily be less variable at low startle ampli tudes  
than at high. Because of  this apparatus fault,  response vari- 
ability due to PCPA, if any,  cannot  be systematical ly 
analyzed. 

DISCUSSION 

Our results replicate and extend the generality of  the 
effects of  PCPA [4,15] to a si tuation involving a less in- 
tense startle st imulus;  precisely why the earlier s tudy [ 1 ] 
failed to obtain an effect  of  PCPA itself remains unclear. 
Fur thermore ,  the effect of  PCPA reported here may repre- 
sent an underes t imate  of  the magnitude of  the phenomenon  
in that control  rats were uni formly  heavier than those re- 
ceiving PCPA (see Table 1). That is, the heavier animal 
would,  if anything,  be expected to generate larger voltages 
because of  the larger mass moved.  Thus, the side-effect of  
weight loss, like that on food intake reported elsewhere 
112], may have a t tenuated  the differences between experi- 
mental  and control  animals. 

A second factor,  in addi t ion to that of  body weight,  that 
could have affected our  data is the activity o f  the animal in 
the exper imental  chamber.  There are four  reasons why this 
factor  is unlikely to have been a contaminant .  

First, unsystemic prel iminary observations indicated that 
movemen t  in the response chamber  was minimal.  Second, 
gross locomot ion  had marginal effects on the phono  cart- 
ridge because, with the relatively rigid mount ing  employed ,  
the system was primarily responsive only to ballistic move-  
ments of  the animal. Third,  in o ther  preliminary experi- 
ments we found that blank presentat ions (i.e., triggering of  
the apparatus wi thout  relay opera t ion)  uniformly failed to 
produce voltages equal to the minimal voltage produced by 
an animal given the startle stimulus. Four th ,  and most ger- 
mane, the effects  of activity would bear on our  data only if 
there were differential  levels of  such activity due to treat- 
ment ;  rats given PCPA are less active than controls  [17] 
and this would have, if anything,  a t tenuated the differences 
observed here. On balance it seems most reasonable to con- 
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elude that  act ivi ty played no signif icant  role in de t e rmin ing  
these data.  

More i m p o r t a n t  than  the possible c o n t a m i n a n t s  of  body  
weight and act ivi ty is tha t  our  data  provide single-subject  
reliabil i ty suff ic ient  to permi t  analysis of  rates of  hab i tua-  
t ion in the  individual  rat.  This analysis indicates  tha t  the  
effect  of  PCPA is not  evident  in the  initial trials bu t  only 
develops dur ing  the course of s t imulus  presen ta t ions .  This 
f inding is i m p o r t a n t  because it bears on  various in te rpre ta -  
t ions of  the effect  of PCPA. 

There  are two basic i n t e rp re t a t i ons  of  the effects  of 
PCPA that  have been  offered.  The first of  these [10,  11, 
171 is tha t  5-1ff  a t t enua te s  react ivi ty to s t imuli  and that  
PCPA therefore  increases such react ivi ty (i.e., decreases 
j ump  thresholds  to electric shock) .  A simple app l ica t ion  of  
this i n t e rp re t a t i on  to our  data  would imply tha t  PCPA, by 
increasing general react ivi ty ,  would effect ively add a con-  
s tant  to s tar t le  ampl i tudes  i n d e p e n d e n t  of n u m b e r  of  s t imu-  
lus presen ta t ions .  The tact tha t  PCPA in te rac ted  wi th  num- 
ber  of  p resen ta t ions  to p roduce  a divergence of  rates thus  
argues against this i n t e rp re t a t i on ,  at least in its direct  
appl ica t ion  to our  data.  This lack of  initial d i f ference  can- 
not  be ar t i factual  because the ampl i tudes  genera ted  by b o t h  
groups  were well below the m a x i m u m  imposed by the 
record ing  system. 

The second in t e rp re t a t i on  [7, 13, 14, 17, 20] is tha t  

5-HT modu la t e s  the suppress ion  of behav io r  and tha t  PCPA 
t h e r e f o r e  an tagonizes  p u n i s h m e n t - i n d u c e d  suppress ion.  
Appl ica t ion  of  this i n t e rp r e t a t i on  to our  data  implies tha t  
suppress ion  due to the aversiveness of  the  s t imulus  develops  
with repeated  p re sen ta t ions  of  the star t le  s t imulus  and that  
PCPA would be expec ted  to a t t e n u a t e  this deve lopmen t .  
The ob ta ined  divergence of  rates would therefore  be ex- 
pected.  We will r e tu rn  to the  possible s ignif icance of  this 
result  in a later  paragraph:  first, a cons ide ra t ion  of more  
general p rob lems  is in order .  

These two in t e rp re t a t i ons  of  the  general ef fects  of  PCPA 
are mutua l ly  c o n t r a d i c t o r y  in one sense: How can the  drug 
increase react ivi ty  to an aversive s t imulus  like shock and 
also decrease  react ivi ty  to a cond i t i oned  aversive stimulus'? 
It is our  view tha t  the  c o n t r a d i c t i o n  is inore appa ren t  than  
real, tha t  5-11T modula tes  the inh ib i t ion  of  behavior .  PCPA 
is the re fore  d i s inh ib i to ry  in effect ,  an tagonizes  the  condi-  

t ioned suppress ion  due to p u n i s h m e n t  and,  not  unexpec t ed -  
ly, increases react ivi ty  to a s t imulus  tha t  elicits a par t icular  
response  (e.g., j u m p  in the earlier exper iments ) .  

In this view. the  effect  of PCPA on start le  is to be ex- 
pected.  Tha t  is, repeated s t imulus  p re sen ta t ions  even tua te  
in response d e c r e m e n t ,  p resumably  an ins tance  of  accumu-  
lated inh ib i t ion .  Thus,  P( 'PA should act as a d i s inh ib i to r ,  
which it does;  it should  also in teract  wi th  the  accumula t i on  
of  inh ib i t ion  by an tagoniz ing  its deve lopmen t  and the re fore  
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FIG. 3. Cumulative amplitude of startle for one experimental (PCPA) and one control animal over each of the 30 stimulus presentations. 

p r educe  divergent  rates,  which  it also does.  U n f o r t u n a t e l y ,  
one  c a n n o t  d e t e r m i n e  w h e t h e r  a s imilar  divergence in j u m p  
t h r e s h o l d s  w a s  o b t a i n e d  b e c a u s e  in the  re levant  
e x p e r i m e n t s  [10,  11, 17] on ly  data  poo led  over  to ta l  trials 
were presented .  

'/ 'his view, similar to tha t  favored by o thers  [ 4 ] ,  sup- 
poses tha t  PCPA c a n n o t  act on  i nh ib i t i on  unt i l  it has 
accumula t ed  and tha t ,  the re fore ,  rate d ivergence should  
occur.  This suppos i t i on  does not ,  however ,  rule out  the  
possible invo lvemen t  of  suppress ion  due  to the  aversiveness 
of  lhe  s t imulus .  

If an in t e rac t ion  wi th  such suppress ion  is to be invoked 
as an accoun t  of  the effects  of  PCPA, then  it must  be 
assumed tha t  suppress ion  and rate  of  h a b i t u a t i o n  are posi- 
t ively corre la ted .  Tha t  is, PCPA could reduce  suppress ion  
and the reby  reduce  rate of  hab i t ua t i on .  If this were the  
case, then  o the r  m a n i p u l a t i o n s  a f fec t ing  the  aversiveness o f  

the  s t imulus  should  have c o n g r u e n t  effects .  One such mani-  
pu la t ion  is s t imulus  in tens i ty ;  increased in tens i ty  should  
increase aversiveness,  t he re fo re  increase suppress ion  and 
the reby  increase rate of  hab i tua t i on .  Just  the  oppos i te  has, 
however ,  general ly  been  found  [ 5,6 ]. 

O t h e r  pharmacolog ica l  da ta  bear  on  the  poin t .  The  drug  
scopo lamine  has general ly  been  found  to an tagon ize  sup- 
pression due to cond i t i oned  aversion [3]  bu t  has no  effect  
on h a b i t u a t i o n  of  s tar t le  [ 1 8 , 1 9 ] .  ( 'onverse ly ,  a m p h e t -  
amine  has been found  to increase suppress ion  [8] bu t ,  in a 
comparab le  dose range, to  have no  effect  on  star t le  [ 9 ] .  

It would seem, the r fo re ,  tha t  an in t e rac t ion  of  PCPA 
wi th  aversion can, at best ,  accoun t  for  on ly  a f rac t ion  of  
the effect  of  tha t  drug on  h a b i t u a t i o n  of  s tar t le .  This is no t  
to  say, however ,  t ha t  PCPA does not  affect  avers ion;  it is to 
say that  cond i t i oned  suppress ion  and the  h a b i t u a t i o n  of  
s tar t le  are largely i n d e p e n d e n t  ins tances  of  behaviora l  
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inh ib i t ion ,  b o t h  of which are af fected by the  d i s inh ib i to ry  
effect  of  PCPA. 

This conc lus ion  suggests, hy inference ,  tha t  5-HT is in- 
volved in the m o d u l a t i o n  of  behavioral  inh ib i t ion ,  a view in 

agreement  wi th  thal  recent ly  advanced [ 10] on the  basis of  
d e t a i l e d  a n a l y s i s  o f  t h e  e f fec t s  of  a var iety of  
p h a r m a c o l o g i c a l  m a n i p u l a t i o n s  on  h a b i t u a t i o n  of  
exp lo ra to ry  behavior .  
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