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BLAKELY, T. A. AND I.. t:. PARKER. The ef]ects of parachlorophenylalanine on experimentally induced conflict 
behavior. PHARMAC. BIOCItEM. BEHAV. 1(6) 609-613,  1973. Rats were subjected to an experimentally induced 
conflict procedure in which a metronome-signaled punishment period was superimposed upon a fixed ratio schedule of bar 
pressing for food; the punishment consisting of electric shock to the feet. Administration of parachlorophenylalanine three 
days before testing was found to have no effect upon the number of punishments accepted. This finding was interpreted as 
suggesting that, due to the large within-animal variability observed by these and other experimenters, the reported efficacy 
of parachlorophenylalanine in enhancing acceptance of punishment may be questionable. 
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THE D I S C O V E R Y  of Koe and Weissman [71 tha t  para- 
c h l o r o p h e n y l a l a n i n e  (pCPA)  p roduces  a select ive dep le t ion  
of  bra in  s e ro ton in  has led to the  widespread use of  this 
amino  acid in the s tudy  of  the  role of  s e ro ton in  in the 
centra l  nervous  system.  In a series of  e x p e r i m e n t s  by Tenen  
[9] se ro ton in  dep le t ion  by  pCPA was shown  in increase 
sensi t ivi ty to  pa inful  shock  in rats  and to  faci l i ta te  
avoidance  learning in an active avoidance  s i tua t ion .  This  
pCPA-induced  fac i l i ta t ion  of  avoidance  learning was shown  
to be due to increased shock sensi t iv i ty .  

Recent ly ,  R o b i c h a u d  and  Sledge [8] tes ted the  effects  
of' pCPA on rats in the  expe r imen ta l ly  induced  conf l ic t  
paradigm of  Geller  and Seif ter  [ 5 ] .  These  invest igators  
found  tha t  pCPA in jec t ions  enhanced  response  persever-  
a t ion  when  food re inforced  bar  pressing was s imu l t aneous ly  
pun ished  wi th  shock.  In a s imilar  e x p e r i m e n t ,  Geller  and 
Blum [4] likewise found  the pCPA in jec t ions  e n h a n c e d  
shock  accep tance  and,  in add i t ion ,  this ef fec t  o f  pCPA was 
reversed by admin i s t r a t i on  of  5 - h y d r o x y t r y p t a m i n e  (5-HTP),  
the biological  p recursor  of  s e ro ton in .  

Brody 12,31, however ,  failed to find any s ignif icant  
e n h a n c e m e n t  of  shock accep tance  af te r  p ( 'PA in jec t ions  
ur~less the drug was admin i s t e red  b o t h  th ree  days and one  
hou r  before  test ing.  Since se ro ton in  was effect ively  
deple ted  at the t ime of  the  second in jec t ion ,  the  effect  of  
pCPA on shock  to lerance  may have been i n d e p e n d e n t  of  its 
s e ro ton in -dep le t i ng  act ivi ty.  

These c o n t r a d i c t o r y  f indings,  a long wi th  the repor ted  
increases in shock sensi t iv i ty  p roduced  by s e ro ton in  deple-  
t ion [ 9 ] ,  make  it ques t i onab le  tha t  s e ro ton in  dep le t ion  via 
pCPA in jec t ions  should  e n h a n c e  shock accep tance .  Fu r the r -  

m o r e ,  t h e  g r e a t  wi th in -group  var iance r epor ted  by 
Rob ichaud  and Sledge [ 8 ] ,  and Geller and Blum [ 5 ] ,  
coupled  wi th  the i r  lack of  s tat is t ical  analysis,  suggests tha t  
the pCPA induced  e n h a n c e m e n t  of  shock  accep tance  they  
repor ted  may have not  been  s tat is t ical ly  reliable. 

Thus,  the present  s tudy  was designed to d e t e r m i n e  the 
effects  o f  pCPA and 5-HTP on shock accep tance  in an 
expe r imen ta l ly  induced  confl ic t  s i tua t ion .  The  p rocedure  
e m p l o y e d  differs f rom tha t  of  Geller  and Seif ter  [5] in two 
i m p o r t a n t  ways: (1)  a very high rate of  r esponding  was 
p roduced  in all an imals  by u s i n g a  fixed rat io  schedule  of  
r e i n f o r c e m e n t ;  (2) the e x p e r i m e n t  was designed to allow 
the  use of  inferent ia l  s tat ist ics.  The  high rate of  r esponding  
was used to accen tua te  suppress ion  and enhance  possible 
d i f ferences  in suppress ion  be tween  groups.  The employ-  
m e n t  of  s tat is t ical  analysis was i m p o r t a n t  in tha t  s tat is t ical  
measures  of  rel iabil i ty were not  used by any  of  the au tho r s  
ci ted above  excep t  Brody [ 2 , 3 ] ;  the only one to repor t  
negative findings.  

ME I'ItOD 

Animals 

Twenty-s ix  male I .ong-Evans rats were used. The  animals  
were ob t a ined  from the  co lony  m a i n t a i n e d  by the  Depart-  
m e n t  of  Psychology of the Universi ty  of  Washing ton ,  and 
were be tween  90 and 120 days old at the in i t i a t ion  of  the 
expe r imen t .  All an imals  were housed  individual l ly  in 
stainless steel cages and had access to  wate r  t h r o u g h o u t  the 
expe r imen t .  

~l'he authors thank Curtis Ilarris for valuable technical assistance. Reprint requests should be directed to l.orne Parker, Department of 
Psychology, University of Washington, Seat fie, Washington, 98105, U.S.A. 
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Drugs 

The drugs used in this  e x p e r i m e n t  ( the  pCPA was 
generous ly  suppl ied by Dr. Alber t  Weissman of  Chas. Pfizer 
and C o m p a n y )  were suspended  in a five per  cent  so lu t ion  of  
gum acacia and admin i s te red  via in t r ape r i tonea l  in jec t ions  
(IP). The dose of  pCPA was 340  mg/kg  and the  dose of  
5-HTP was 75 mg/kg. Where con t ro l  in jec t ions  of  vehicle 
were made,  the  volume was equiva lent  to  tha t  of  the drug 
inject ions.  

Behavioral  A ssessmen t 

Eighteen  rats, r andomly  assigned to one  of  th ree  groups  
(n = 6 per  group) ,  were used to d e t e r m i n e  the  behaviora l  
effects  of the drugs. The animals  were reduced to 75 to 80 
percent  of  the i r  ad lib body  weights  by  res t r ic ted  feedings 
and were then t ra ined to bar  press for  food pellets  on a 
FR-12 schedule  of  r e in fo rcemen t .  Tra in ing  was cons idered  
comple ted  when  the  animal  pressed cons i s ten t ly  at  a rate of  
at least 20 responses  per  rain.  Fo l lowing  c o m p l e t i o n  of bar  
press t ra in ing the animals  were given daily 19 min bar  press 
sessions on the  FR-12 schedule  for six days. At the  end of  
the e ighth  minu te  of each session a m e t r o n o m e  (30 pulses 
per  sec at 65 db)  was tu rned  on for three  rain. On Days 1, 
2, and 3 of  these sessions the animals  were given hab i tu -  
a t ion trials wi th  the m e t r o n o m e  and no shock.  On Days 4 
and 5 all the animals  had 0.5 mA of shock for all bar  
presses made dur ing  the  m e t r o n o m e ,  a c c o m p a n y i n g  food 
r e in fo rcemen t  on the  same FR-12  schedule .  On Day 6 the 
shock level was raised to 0.6 mA and,  since this level 
p roduced  a mode ra t e  to high degree of  response suppres-  
sion across animals ,  it was ma in ta ined  for the rest of  the 
expe r imen t .  On Day 7 the  animals  were injected wi th  e i the r  
pCPA or vehicle,  depend ing  upon  thei r  t r e a t m e n t  group,  
and tested in the bar  press appara tus  one day,  three  days, 
and nine days af ter  the inject ions.  The  animals  were also 
injected wi th  e i the r  5-11TP or an equiva len t  w)lume of 
vehicle one hou r  pr ior  to being tested.  

Group  1 animals  received pCPA in the init ial  in jec t ion ,  
and vehicle in all three  pretr ial  in ject ions.  G r o u p  2 animals  
received pCPA in the initial in jec t ion ,  vehicle in the first 
pretr ial  in jec t ion  (one  day af te r  pCPA),  5-HTP in the  
second pretr ial  in jec t ion  ( three  days a f te r  pCPA),  and 
vehicle in the  last pretr ial  in jec t ion  (nine days a f te r  pCPA).  
G r o u p  3 animals  received vehicle in all in ject ions.  

The ra t ionale  for these groups lies in the fact tha t  if 
there  was an effect  due to se ro ton in  dep le t ion  by  pCPA, 
this effect  would be reversed by  in jec t ion of  5-HTP at the  
t ime of  peak effect  of  the pCPA in jec t ion ,  i.e., th ree  days 
af te r  pCPA inject ion.  Thus,  G r o u p  1 animals  were se ro ton in  
deple ted  dur ing  all three  test  days,  Group  2 animals  were 
se ro ton in  deple ted  only  on the first test day,  and G r o u p  3 
animals  were not  se ro ton in  deple ted  dur ing  any of  the  test  
days. 

Bar presses, r e in fo rcemen t s ,  and p re sen t a t i on  of the  
aud i to ry  s t imulus  were recorded  on a Gerb rands  cumula t ive  
recorder .  (Fig. 1) The data  consis ted of  suppress ion  ratios 
c o m p u t e d  by the  fo rmula :  

S R -  A B 
A 

Where: 
SR = suppress ion  rat io  

A = presses three  rain before  the  p u n i s h m e n t  per iod 
B = presses dur ing  the  p u n i s h m e n t  per iod 

CONTROL 

/ 
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¢ 

FIG. 1. Representative cumulative record of bar pressing during 
FR-12 schedule of reinforcement and during punishment period 

(depression in abscissa). 
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FIG. 2. Total number of unpunished bar presses during each session. 
Each value represents the mean for six animals. 

Note  tha t  a rat io  of • 1 indicates  to ta l  suppress ion  and a 
ra t io  of  0 indica tes  no suppress ion.  

Biochemica l  A ssessmen t 

In order  to verify tha t  in jec t ions  of  p ( 'PA had the  
expec ted  b iochemica l  effects ,  an add i t iona l  eight  rats were 
r andomly  divided in to  four  groups  of  two rats each.  The  
rats received two in jec t ions :  one  three  days, and a second 
one hou r  before  they  were sacrif iced by  rapidly cu t t i ng  the  
carot id  vessels. The four  drug t r e a t m e n t s  for the  three  day 
and one hou r  in jec t ions  respect ively were:  (1)  pCPA and 
vehicle;  (2)  pCPA and 5-HTP; (3) vehicle and 5-HTP; and,  
(4)  vehicle and vehicle.  A l though  the  th i rd  t r e a t m e n t ,  
vehicle and 5-HTP, had no direct  re levance to the  behav-  
ioral expe r imen t ,  it was inc luded as an added check on the 
eff icacy of  the  5-HTP. The  brains  were f rozen in a dry 
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T A B L E  1 

ANALYSIS OF VARIANCE FOR REPEATED MEASURES FOR RATES OF LEVER PRESSING 
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Sum of Degrees of Mean 
Source Squares Freedom Square F Ratio 

Between Animals 3,598,834 17 

A (Groups) 191,432 2 95,716 

Subjects within groups 3,407,402 15 227,161 

Within Animals 2,049,845 54 

B (Days) 277,911 3 92,637 

AB (Groups × days) 770,785 6 128,464 

B × subjects within groups 1,001,150 45 22,248 

Simple Main Effects 

A at B~ 45,512 2 22,756 

A at B 2 317,960 2 158,980 

A at B 3 310,281 2 155,140 

A at B 4 288,464 2 144,232 

Within Cells 4,408,552 60 73,476 

B at AI 263,498 3 87,833 

B at A 2 675,369 3 225,123 

B at A 3 112,147 3 37,382 

0.421 

4.164" 

5.774~ 

0.310 

2.164 

2.111 

1.963 

3.948* 

10.119t 

1.680 

Days 3 4 2 1 

Means 468.7 549.8 554.2 724.8 

3 - 81.1 85,5 256.1~ 

4 - 4.4 175.04 

2 - 170.6t 

*p = 0.05 ~-p = 0.0 i 

i ce-e thanol  b a t h  and s tored  at --25 degrees cent igrade .  They  
were assayed 24 hr  la ter  for s e ro ton in  c o n t e n t  using the  
m e t h o d  of  Bogdanski ,  P le tcher ,  Brodie  and Udenf r i end  [ 1 ]. 

RESULTS 

Behavioral Findings 

In jec t ion  of  pCPA appeared  to m a k e  animals  sl ightly 
more  sensi t ive to be ing  handled .  Aside f rom this,  ne i t he r  
animals  receiving pCPA alone  no r  an imals  receiving 5-HTP 
in c o m b i n a t i o n  wi th  pCPA showed any  obvious  d i f ferences  
f rom con t ro l  animals .  All an imals  appeared  to eat  no rma l ly  
when  given free access to  food fo l lowing the  daily sessions.  

The mean  n u m b e r  of  to ta l  bar  presses for  each g roup  on  
each expe r imen t a l  day are s h o w n  in Fig. 2. As dep ic ted ,  
b o t h  drug in jec ted  g roups  showed  s o m e w h a t  lower  rates of  
lever pressing wi th  the  lowest  rates be ing  observed in the  
animals  in jected wi th  5-HTP one  h o u r  before  test ing.  Over- 
all be tween  group d i f fe rences  in bar  pressing rates were 
ana lyzed  using analysis of  variance for  repea ted  measures ,  

as descr ibed by  Winer  [ 1 0 ] .  This analysis  is shown  in 
Table  I. The s ignif icant  main  effect  of  fac to r  B (days)  was 
fu r t he r  ana lyzed  using the  Neuman-Keuls  p rocedure  for  the  
d i f ferences  be tween  all possible pairs of  t r e a t m e n t  means.  
The s ignif icant  d i f fe rences  be tween  Day 1 ( the  con t ro l  day)  
and all o t h e r  days  indica tes  tha t  the  s ignif icant  main  effect  
of  fac to r  B was due to a s ignif icant  t e n d e n c y  for  a reduc-  
t ion  in the  n u m b e r  of  lever presses on  drug  in jec t ion  days. 
The s ignif icant  s imple main  effects  B at A, and B at A~ 
ind ica te  tha t  the  s ignif icant  AB (groups  x days)  i n t e rac t ion  
was due to a s ignif icant  r educ t i on  in lever pressing by  the  
two  drug in jec ted  groups ,  which  was not  shown  by the  
vehicle in jected group.  

The mean  suppress ion  rat ios  for  each e x p e r i m e n t a l  test  
day are shown  in Fig. 3. Inspec t ion  of  this  figure reveals 
tha t  the  drug in jec t ions  had no  s ignif icant  effect  on  the  
suppress ion  ratios.  

Biochemical Findings 

Lack of  a s ignif icant  drug- induced  effect  on  suppress ion  
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rat ios  in this expe r imen t  could conce ivably  have been  due 
to failure of  the drugs to p roduce  the  expec ted  b iochemica l  
effects  as a result  of  imprope r  t echn iques  of  s torage,  prepa-  
ra t ion,  or in ject ion.  However.  the results of the  brain 
assays, shown in Fig. 4. indicate  that  this was not  the case. 
I ' a r ach lo ropheny la l an ine  was found to p roduce  marked  
dep le t ion  of  bra in  se ro ton in  and 5-HTP was found  to 
p roduce  marked  e levat ion of bra in  se ro lon in .  These data 
were ana lyzed  using analysis of variance with the  Neuman-  
Keuls p rocedure  for compar ing  all possible pairs of treat-  
men!  sums,  as descr ibed by Winer [ 1 0 ] .  As shown in 
Table  2, all d i f ferences  were found  1o be signif icant  at the 

0.01 level except  for tile d i f ference  in se ro ton in  con t en t  of 
the pCPA-5-HTP group and the vehicle-vehicle group i.e., 
in ject ions  of  5-HTP three  days af te r  in ject ions  of  p(?PA 
were found to br ing brain  se ro ton in  levels back to normal .  

The level of  se ro ton in  c o n t e n t  in the con t ro l  animals  and 
tile degree of  dep le t ion  p roduced  by pCPA are coInparable  
to those  repor ted  by Koe and Weissman [ 7 ] ,  and Jequier .  
Lovenberg,  and Sjoerdsma [6 ] .  Hence,  the  drug in jec t ions  
p roduced  thei r  expec ted  effects  on brain se ro ton in  con t en t .  

I)IF, C USSI()N 

In general, the findings of this experiment fail to suppor! 
the contention of Robichaud and Sledge 181, and Geller 
and Blum [4] that deplel ion of brain serotonin, via injec- 
tions of pCPA, enhances the rat's willingness to accept 
shock in an experimental ly induced confl ict situation. That 
is, the animals in Group 1 of this experiment, which 
received pCPA three days before testing, showed only a 
very slight increase in bar  press suppress ion  which was not 
s tat is t ical ly s ignif icant .  

There  are several d i f ferences  be tween  thei r  s tudies and 
the present  one which might  conce ivably  accoun t  for this 
d i sc repancy  in findings. First.  Rob ichaud  and Sledge [81,  
and Geller and Blum 141 used a 2 rain variable interval  
schedule  of r e in fo rcemen t ,  which was changed to cont in-  
u o u s  r e in fo rcemen t  dur ing  each of  four  p u n i s h m e n t  
sessions. This p rocedure  may have produced  a h igher  
mol iva t iona l  level dur ing  the p u n i s h m e n t  intervals  than  the 
fixed rat io schedule  employed  by the  present  au thors .  A 
second possibi l i ly is tha t  the reward they used. swee tened  
condensed  milk, may have had a d i f fe rent  incent ive  value 
than  the dry food pellets used in this expe r imen t .  

I lowever.  if dep le t ion  of  brain se ro ton in  via p( 'PA in.jet- 
!ions does in fact reduce lhe an imal ' s  inh ib i t ions  m ~, 
confl ict  s i tua t ion ,  as Roh ichaud  and Sledge [8] suggested.  
this p h e n o m e n o n  should  be d e m o n s t r a b l e  using varying 
schedules  and types of r e in fo rcemen t .  F u r t h e r m o r e .  the 
large wi th in-animal  variabil i ty repor ted  by Rob ichaud  and 
Sledge I g l ,  and (;el ler  and Blum I4l  make  it likely t h a l i f  
lheir  expe r imen t s  had been designed to allow slat ist ical  
analysis it would not have been possible to d e m o n s t r a t e  a 
reduc t ion  by pCPA of  shock- induced  suppress ion  in the 
expe r imen ta l ly  induced conf l ic t  s i lua t ion  to a stat is t ical ly 
s ignif icant  degree. 

One i m p o r h m t  di f f icul ty  with previous repor ts  of  the 
effects  of drugs on shock- induced  suppress ion  of  lever 
pressing is tha t  the data  have been presented  as the n u m b e r  
of  p u n i s h m e n t s  accepted  dur ing  the expe r imen ta l  session. 
with  no a ! t emp t  being made to evaluate  the effect  of  tile 
shock con t ingency  on the an imal ' s  on-going rate of  lever 
pressing. Geller  and Blum repor ted  that  pCPA injected rats 
were willing to tolerate  fewer shocks  af ter  an in jec t ion of  
5- t t ' IP.  l h e s e  au thors ,  however ,  failed to provide any refor- 
ma t ion  abou t  the  overall rates of  lever pressing, and since 
they repor ted  suppress ion  as the n u m b e r  of lever presses 
made  dur ing  the p u n i s h m e n t  intervals ra ther  than  as 
suppress ion ratios,  there is no way of knowing  w h e t h e r  the 
observa t ion  lhat  5-HTP injected rats accepted  fewer punish- 
men t s  was really due Io greater  response suppress ion  dur ing  
tile p u n i s h m e n t  intervals or if it was just  a ref lec t ion of an 
overall decrease in lhe rate of lever pressing. The significant 
reduc t ion  in the rate of  lever pressing fol lowing 5 - H I l '  
in ject ion found  in the present  e x p e r i m e n t  suggests !hal the 
rate of lever pressing dur ing  the p u n i s h m e n t  interval  should  
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TABLE 2 

ANALYSIS OF VARIANCE FOR SEROTONIN LEVELS 

Source 
Sum of Degrees of Mean 
Squares Freedom Square F Ratio 

Total 

Treatment 

Error 

Order 

Treatment 

Sum 

pCPA, Vehicle 

Vehicle, Vehicle 

pCPA, 5-HTP 

Vehicle. 5-HTP 

4.668 7 

4.583 3 1.528 71.217 

(I.0858 4 0.0215 

1 2 3 4 

pCPA Vehicle pCPA Vehicle 
Vehicle Vehicle 5-HTP 5-HTP 

0.266 1.89 2.45 4.50 

- 1.624t 2.184I 4.234~ 

- 1.624I 2.6101" 

- 2 .610+ 

*p = 0.05 tP = 0.01 

be evaluated in re la t ionship to the rate during the rest o f  
the exper imenta l  session. This can easly be done  by 
repor t ing the data as suppress ion ratios and by analyzing 
the effects  o f  the drugs on the total number  of  lever 
presses. 

The present  findings show that  inject ions of  pCPA and 
of  5-11.TP in combina t ion  with pCPA, which had highly 

significant effects  on brain se ro ton in  levels, failed to have 
significant effects  on the rat 's willingness to accept  punish- 
ment  in an exper imenta l ly  induced confl ict  s i tuat ion.  
Al though there were no significant effects  on suppression 
ratios, the drug inject ions,  particularly the inject ion of  
5-HTP, were found to significantly reduce the total  number  
o f  lever presses during an exper imenta l  session. 
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