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VORHEES, C V Facdttatton o f  avoMance acqutsttmn m rats produced by p-chlorophenylalanme or 
p-chloroamphetamme PHARMAC BIOCHEM BEHAV 10(4) 569-576, 1979 - -The  effects of reducing brain serotomn 
using p-chlorophenylalanlne (PCPA) were examined as a follow up to our prewous report that reducing serotonin wtth 
p-chloroamphetamme (PCA) facdltated Y-maze avoidance acquisition and reduced open field acUwty In the current work, 
PCPA was also found to faclhtate Y-maze avoidance acqms~tmn, while open field actlwty, although reduced, was not 
reduced slgmficantly In a second expenment, we re-examined PCA, except that the apparatus was changed m order to test 
the generahty of the effect of PCA on avoidance performance m a task other than the Y-maze Testing was also run at 
varying shock intensities to determine if this was a s~gmficant determinant of the effect PCA rehably facilitated shuttle-box 
avoidance acqmsmon and did so at all shock intensities tested Finally, m a tlurd expenment, the time course of the onset of 
the PCA-mduced avmdance facd~tatlon was examined and found to develop 8-10 hours following drug treatment and not at 
a shorter drug to test interval of 4 hours The present data, m conjunctmn w~th our prevmus data support the concept that 
lowered brain serotomn content faclhtates avoidance acqmsmon regardless of the specific method used to reduce serotomn 
or to assess avoidance acqmsmon 

p-Chlorophenylalanlne p-Chloroamphetamlne 
Shuttle-box learmng Open field actlvtty 

Serotonln Y-maze avoidance learning 

IN a recent publlcatmn Kohler and Lorens [8] reported that 
rats w~th reduced brain serotonln (5-HT) produced by 
p-chlorophenylalanlne (PCPA) failed to show facihtated 
two-way shuttlebox avoidance acqmsttlon That a facdlta- 
tmn could have been detected in their test system was 
demonstrated by the fact that raphe lesmned rats with similar 
5-HT reductions were facd~tated In apparent contrast to 
their PCPA finding, we have prevtously reported data dem- 
onstrating that reducing brain 5-HT using a different drug, 
p-chloroamphetamme (PCA), produced a marked facdltatmn 
of Y-maze avoidance acquisitton [27] Unfortunately, it has 
been impossible to conclude whether the discrepancy be- 
tween these studies was due to differences m the drugs or the 
apparatus, even though it has been shown that shuttle-box 
and Y-maze avoidance procedures have some common fea- 
tures [5] As a first step towards reconcihng these differen- 
ces, we sought to test the generality of  the effect of  5-HT 
reductmn on avoidance acquisitmn by testmg to see whether 
PCPA would produce a Y-maze avoidance facilltatmn simi- 
lar to that which we had obtained previously with PCA [27]. 

Open field behavior was also examined since Kohler and 
Lorens [8] found no change in open field achvlty with PCPA, 
whereas we had found hypoacavlty with PCA [27]. 

EXPERIMENT 1 

Since the purpose of this experiment was to compare the 
behavioral effects of  PCPA to our previous PCA data we 
designed this experiment to be identical to our previous 
study [27] The central question was whether two drugs 
which act in different ways to reduce 5-HT both produce 
facihtated Y-maze avoidance acquisition and altered open 
field actwlty. As in our earher experiment the rats were 
tested at various times after treatment in an open field and/or 
Y-maze apparatus. 

METHOD 

Ammals 

Animals were forty 77 day old male Sprague-Dawley rats 
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TABLE 1 

PRE- AND POST-TREATMENT BODY WEIGHTS MEAN --- SE* 

Pre-Treatment Post-Treatment 

PCPA Control PCPA Control 

Period 1 3412± 5 1 3453 ± 4 9  3268 ± 437 3552 ± 6 1 

Period2 3 4 0 2 ± 4 0  3382 ± 4 3  3285 ± 55t 3487 ± 5 1 

*There were 10 ammais in each group 
Period 1 =rats that had begun testing 1-5 days following the last treatment 
Period 2=rats that had begun testing 10-15 days following the last treatment 
~'p<0 02 compared to Control 

(Holtzman C o ,  Madison, WI) housed singly and mmntmned 
on ad lib food and water on a 12 hr hght-dark cycle. 

Apparatus 

The open field was 122 cm 2, with sides 30 5 cm in height 
The floor was painted gray and divided into 16 equal 30 5 cm 2 
sections by black lines. Illumination was provided by a 60 W 
red light and wlute noise was used for background masking 

The Y-maze is an extension of traditional shuttle-box 
apparatus, except that the addition of  the third arm results 
in two important changes. First, an ammal must not only 
learn when to run, as in a shuttle-box, but also where to run 
to avoid shock, l e ,  he must learn a position brightness dis- 
cnmmation Second, because the animal must learn two re- 
sponses simultaneously, avoidance acquisition is more de- 
manding and hence more gradual than in a shuttle-box [5] 
Nevertheless,  the Y-maze contains the essential element of 
two-way shuttle-box avoidance tasks, namely, that on sub- 
sequent trials the animal must learn to re-enter an area where 
he was previously shocked The Y-mazes were constructed 
in triplicate and were automated, each arm was 28× 18× 15 
cm with an 18 cm triangular junction The grad floor was 
made of  0 6 cm bars spaced 2 0 cm apart The warning 
stimulus was a 7 W white light at the end of  each arm 
Scrambled foot shock (1 25 mA, 60 Hz AC) was delivered to 
the floor through a fixed resistance of 270 KO 

Procedure 

Rats were randomly assigned to either the drug or control 
groups Drug animals received 100 mg/kg of D,L-p- 
chlorophenylalanlne IP in distilled water on 3 consecutive 
days (PCPA group) Controls received equivalent volumes of 
distilled water (1 ml/kg) on the same consecutive three days 
(Control group) Beginning 1 day after the last injection, 5 
PCPA and 5 Controls were begun in the open field test and 
another 5 PCPA and 5 Controls were begun in the Y-mazes 
Animals tested in the open field on Days 1-5 post-treatment 
were begun in the Y-mazes on the afternoon of  the fifth day 
This procedure was repeated with separate groups begun in 
open field or Y-maze testing 10 days following their last 
treatment The groups tested beginning 1-5 days after their 
last treatment were termed Period 1 and those tested 10-15 
days after treatment were termed Period 2 Thus, 40 animals 
were used, 20 in Period 1 and 20 in Period 2 

Each animal tested in the open field was observed for 3 
mm/day on 5 consecutive days The number of squares 

entered and the number of fecal boluses was recorded each 
day 

All animals were tested for 6 consecutive days in a 
Y-maze brightness discrimination test for 25 trials/day 
The warning interval was 10 sec and the ITI was 30 sec The 
test was started by placing the rat in the lighted (safe) com- 
partment On subsequent trials arms were lighted in a ran- 
dom sequence If the rat entered the newly lighted arm 
within the warning interval an avoidance was recorded, if he 
did not enter within the warning mterval shock came on until 
an escape response occurred On each trial the rats initial 
arm choice was recorded as either correct (entry into the 
lighted arm) or incorrect (entry into the dark arm) Incorrect 
responses were further separated as incorrect voluntary re- 
sponses (those preceding shock onset) or incorrect forced 
responses (those following shock onset) Response latency, 
lntertnai safe arm activity and tntertnal crossings (safe arm 
exits) were also recorded 

All data were analyzed by analysis of variance with re- 
peated measures on days or in Experiment 3 on blocks of 
trials Individual a posterlon comparisons were made using 
Scheff~ tests [17] 

RESULTS 

The effect of PCPA administration on body weight is 
shown m Table 1 In Period 1 the PCPA group showed a 
4 2% loss in body weight and m Period 2 a 3 4% loss m body 
weight as a result of  the treatment, while their respective 
controls gained weight during that same interval (2 9% and 
3 1%) 

The results of open field testing of locomotor acUvlty are 
shown in Fig 1 The PCPA Period 1 group appeared to be 
somewhat less active, but the Treatment×Per iod×Days in- 
teraction was not significant, F(4,64)=2 46, 0 .05>p<0 10 
There were no activity differences for Period 2 There were 
no slgmficant differences m defecation rate for either period 
(Period 1 P C P A = 9 4 - +  24 ,  Con t ro l=92+-  26;  Period 2 
PCPA=6 4 +_ 3 1, Control=5 8 -+ 2 6) 

The Treatment × Period × Days interaction for avoidances 
was significant, F=(5,180)=3.60, p<0.01, whereas the main 
effect of treatments was not This resulted from the fact that 
PCPA produced a slgmficant avoidance facilitation among 
Period 1 animals (overall avoidance rate PCPA=8 8 --- 2 1, 
Con t ro l=49-+  1 6) but not among Period 2 ammals 
(PCPA=4.6 -+ 2 1, Control=5 2 --- 1.6) The facilitated 
avoidance performance of the Period 1 PCPA group may be 
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FIG 2 Y-Maze avmdance acquisition for rats m Period 1 There 
was a sigmficant avoidance faclhtatlon in the PCPA group compared 
to controls (n = I0 per group) There were no differences m Penod 2 

(not shown) 

seen in Fig. 2 Scheff6 tests revea led  that this faclhtat lon was 
significant on Days 3-6 of  testing 

Other  response  measures  recorded  dunng  Y-maze  testing 
were  consis tent  with the pat tern o f  avoidance  effects  seen 
among  the PCPA animals in Period 1, 1 e. ,  they had shor ter  
response  latencies (2356-+ 283 vs 3087-+ 412 see), in- 
c reased  safe arm act ivi ty  (292 + 43 vs 169 + 23) and more 
choice  errors  prior to shock onset  (since they were  avoiding 
better)  (1.60 -+ 0 72 vs 1 40 _+ 0.27) than Controls  The  
groups did not  defter in the number  o f  safe arm exits be tween  
trials 

DISCUSSION 

A compar ison  of  the Period 1 PCPA induced avoidance  
facihtat ion in the present  study with that obtained previous ly  
m an analogous exper iment  using PCA [27] shows that the 
degree  o f  faclhtation obtained was virtually identical m the 
two studies In the previous  PCA study,  the avoidance  
facili tation was not limited to Period 1, but ex tended  through 
Penod  2 The failure to find a comparable  avoidance  facihta- 
tlon in the P e n o d  2 PCPA group in the present  study is not 
surprising, however ,  since it has been well established that 
brain 5-HT levels  return to normal  within 10-14 days follow- 
lng P C P A  t rea tment  [10,12] This is in marked contrast  to the 
effects  o f  PCA which reduces  brain 5-HT for  at least 4 
months  [12,13] 

Thus,  the results o f  Exper iment  1 are at var iance  with 
those of  Kohle r  and Lorens  [8] with regard to P C P A  induced 
avoidance  facihtat lon but are m agreement  with regard to 
open field effects  The  reason for the difference in avoidance  
findings is not  clear,  but  might be related to testing sequence  
and/or  number  o f  trials Whereas  Kohle r  and Lorens  [8] used 
a single massed 50 trial session to assess avoidance  acquisi- 
tion, a distributed procedure  of  25 trials/day o v e r  6 consecu-  
t ive days was used here Accordingly ,  we found no group 
separat ion In the first two days (50 trials), the point  com- 
parable to that where  Kohler  and Lorens  ceased testing. It 
was not  until the third day of  testing that the enhanced  per- 
fo rmance  o f  the PCPA group became  evident  and statisti- 
cally rehable It is not possible based on our  current  results 
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to determine whether the differences we observed were m 
fact due to the larger number of tnals employed (150 vs 50 for 
Kohler and Lorens) or whether differences in trial distnbu- 
t~on, task or some other factor was most cntlcal  to the effect 

In contrast to avoidance acqmsltion, distributed tnals 
made no difference m open field performance, a findmg m 
accord with that of Kohler and Lorens [8] It is noteworthy, 
however,  that there was a trend toward departure of the 
PCPA group from Controls m Period 1 dunng the last 3 days 
of testing and the &rectlon of this trend was the same as that 
which we had previously reported from PCA [27], vlz.,  
hypoactiwty rather than hyperactivity as has been reported 
by others using PCPA [6] Note that this effect apparently 
does not generalize to stablhmeter actiwty, which has been 
reported to be increased by PCA treatment [9,25] 

EXPERIMENT 2 

The results of Experiment 1 and our previous PCA study 
support the hypothesis that it ts the reduction of bram 5-HT 
that mediates facilitated Y-maze avoidance acqmsitlon, 
since PCPA and PCA have httle m common other than that 
they both deplete 5-HT. The issue might be resolved except 
for the data of Kohler and Lorens [8] that PCPA produced no 
facilitation of shuttle-box avoidance acquisition under their 
experimental conditions. They interpret their data as md~cat- 
mg that 5-HT reduction per se is not sufficient to produce 
facihtated avoidance acqmsit]on [8]. Unfortunately, the 
situation is unclear because PCPA affects 5-HT generally 
and Is not CNS specific In contrast,  PCA is a specific de- 
pictor of  brain and only brain 5-HT [13, 14, 15] Therefore, 
for purposes of examming the role of 5-HT reduction m 
faclhtatmg shuttle-box avoidance acqmsition PCA repre- 
sents a cleaner drug than PCPA and was therefore used In 
this experiment We also examined the influence of shock 
intensity in this experiment because of the suggestion that 
the effects of PCPA on avoidance acqmsmon may be shock 
intensity specific [26] 

METHOD 

Ammals 

Ammals were 54 male Sprague-Dawley rats (Zlwc-Mdler 
Laboratories,  Glenshaw, PA) 69 days of  age at the Ume of  
treatment Housing, hghting and feeding were the same as in 
Expenment  1 

Apparatus 

Six ldenUcal shuttle-boxes were used. Each consisted of 
two identical compartments (23 × 20 x 17 cm) with gnd floors 
made of  0.6 cm bars spaced 2.0 cm apart A 7 5 W bulb 
mounted on each side on the hd served as the warning 
stimulus 

Procedure 

Ammals were randomly assigned to either drug or control 
groups. Drug group rats received a single IP rejection of 6.0 
mg/kg of  D,L-p-chloroamphetamlne HCI (5.0 mg/kg free 
base). This dose has been shown to produce a 60% reduction 
m brain 5-HT within 4 hr that remmns at least 40% reduced 
for 30 days without affecting peripheral 5-HT [13, 14, 15, 16, 
25, 27]. Controls received an equivalent dose of physiolog- 
ical sahne (1 ml/kg) Each group was then subdivided into 3 
subgroups for avoidance testing at one of three shock mten- 
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FIG 3 Shuttle-box avotdance acqmsmon at 3 different shock m- 
tensmes m rats treated w~th a single rejection of e~ther 6 mg/kg of 
PCA or saline 24 hr pnor to the first day of testing There was a 
s~gmficant avoidance faclhtatlon across all shock mtensmes (n=9 

per group per shock mtenstty) 

sitles One-third were tested using 0 50 mA, one-third using 
0 75 mA and one-third usmg 1.50 mA. All rats were tested 
for 9 consecutive days beginning 1 day following rejection 
Rats were tested for 25 trials/day, the warnmg interval was 
10 sec, the ITI interval 30 see and testing at each shock level 
was balanced for t~me of  day. Responses measured were 
avoidances, response latency, safe side activity and mtertnal 
crossings 



AVOIDANCE FACILITATION INDUCED BY PCPA OR PCA 573 

RESULTS 

The PCA group weighed 360.6 _+ 4 2 g and the Controls 
368.2 + 4 1 g prior to treatment.  PCA produced a transient 
weight reduction which was recovered within 72 hours 
(359.8 __ 3.7) Controls ginned weight during this same 72 hr 
interval (381.0 _+ 5.0) and hence were significantly heavier 
than PCA ammals (p<0.01). 

Avoidance acqmsmon curves at each foot shock intensity 
are shown in Fig. 3. The PCA groups avoided slgmfi- 
cantly better  than controls at all shock intensities as indt- 
cated by the Trea tment×Days  mteracUon, F(8,374)=9.96, 
p<0.001 Overall the PCA group performed slgmficantly bet- 
ter on Days 5-9 by Scheff~ comparisons.  The main effect of 
shock intensity was also a slgmficant factor, F(2,47)=5.48, 
p < 0  01, the htgher the shock intensity the poorer  the 
avoidance performance ~rrespective of drug treatment; how- 
ever,  somewhat surprisingly the Treatment × Shock intensity 
and the Trea tment×Shock intensi ty×Days interacUons 
were not sigmficant. Thus, although the largest PCA reduced 
avoidance facilitation was produced at the intermediate 
shock intensity (0.75 mA) this larger departure did not con- 
tribute slgmficantly more to the overall effect of  PCA than 
did the PCA groups at the other two shock intensities 

The effect of  PCA on avotdance was also reflected on the 
other dependent measures recorded in the shuttle-boxes, 
VlZ., response latencms were shorter in PCA groups than 
Controls (251 -+ 8 and 309 + 31 sec, respectively) and activ- 
ity (safe arm and mtertnal  crossings) of  PCA groups was 
greater than for Controls (safe arm activity 
PCA=36.0 -- 1 4 vs Control=28.4 _+ 1.4 and lntertrial cross- 
lngs PCA=3 1 - 0.4 vs Control 1.4 _ 0.2). 

DISCUSSION 

The results of  Experiment 2 clearly demonstrate the rep- 
hcability of  the PCA reduced facihtatlon of  avoidance effect 
[27] even when using a different avoidance task. These data 
do not resolve whether or not th~s facilitation is the result of 
an altered pain threshold as has been suggested, but these 
data differ with prewous findings that 5-HT depleUon with 
PCPA only facditates avoidance at low shock intensities 
[26]. It may be argued that PCA induced 5-HT depletion is 
different from that produced by PCPA and that such a differ- 
ence could explain the discrepancy in results, but it seems 
equally likely that the discrepancy is a funcUon of  the rater- 
action between 5-HT depletion reduced facilitory effects and 
the combined influence of  the shock intensity and task re- 
quirements.  It ~s clear from our data that the more difficult 
the task the higher the shock level needed to obtain adequate 
avoidance learning (el. Y-maze shock level with shuttle- 
box) Thus, it appears that there must be a compatabflity of  
factors before the facilitory effects of  5-HT reduction can be 
revealed. In our situation a shock intensity of  0.75 mA ap- 
peared to be optimal in relation to the difficulty of  the task 
and the amount of  drug induced change in behavioral re- 
sponse TMs conclusion must be tempered by the observa- 
tion that since the Trea tmentxShock  level and Treat- 
ment x Shock level x Days interactions were not s~gnificant, a 
detailed interpretation of the effect of shock intensity is not 
possible 

EXPERIMENT 3 

It has been suggested recently that even though PCPA, 
PCA and raphe lesions are all capable of  facditatmg 

avoidance performance m certain contexts,  that these effects 
may be due to factors unrelated to the 5-HT depleting influ- 
ence of these treatments. Kohler and Lorens [8] suggest that 
raphe lesions may damage other structures that me&ate the 
facilitation of avoidance m such lesioned rats. Others have 
suggested that catecholamme changes are responsible for 
avoidance facilitations seen shortly after PCA administration 
[24] If it is true that 5-HT is not involved in the avoidance 
facihtatlon produced by PCA, then there should be no satis- 
factory relationslup between the temporal effects of  PCA on 
5-HT and avoidance acqmsition. We sought to test this 
possibility by comparing the effects of  PCA on shuttle-box 
avoidance acquisition at either 4 or 8 hr follovang treatment.  
At 4 hr the effects of  PCA on catecholammes are waning 
[10], while the effects on 5-HT are waxing [25]. At 8 hr, the 
5-HT depleting effects are dominant [25]. We anticipated 
that avoidance facihtation from PCA would be time depend- 
ent and that a facilitaUon would begin to appear  at 4 hr and 
increase by 8 hr. 

METHOD 

Animals 

Ammals were 36 male Sprague-Dawley rats (Zivic-Miller 
Laboratories,  Glenshaw, PA) 70 days of age at the time of  
treatment Housing was the same as m Experiment 1. 

Apparatus 

The shuttle-boxes were those used in Experiment 2. The 
shock intensity used was 0 75 mA 

Procedure 

The rats were divided as m Experiment 2 and received the 
same IP dose of PCA (6.0 mg/kg) or sahne (1 ml/kg). Half  of 
each group began testing 4 hr following treatment and were 
tested for 3 hr and 20 rain, i.e., 10 blocks of 25 trials, each 
block lasting 20 min (including a 3 rain time-out interval to 
record data at the end of each block). The other half were 
tested in the same way beginning 8 hr after treatment 

RESULTS 

As in Experiment 1 the PCA treated groups showed an 
mmal weight loss At 24 hr the weight reduction in the PCA 
group was 3.4%. The PCA groups imttal weight was 
373.5 _+ 9.9 and the Control groups was 360.7 +_ 7.0 and at 
24 hr post-treatment they were 360.8 -+ 9.8 and 363.7 - 7 2 
g, respecUvely (neither difference was significant) This is 
comparable to that reported by others 24 hr after treatment 
[22], but it should be noted that weight reducuons of  up to 
6% have been reported using this same dose of  PCA 3 hr 
following injection [20,21]. 

The results of  PCA on avoidance acqmsmon Is depicted 
m Fig. 4. The only significant effect other than blocks was 
the Treatment xTes t  mterval× Blocks interaction, F(9,288) 
=3.48, p < 0  001. Individual Scheff~ comparisons revealed 
that the 8 hr PCA group was avoiding significantly better 
than Controls from the sixth block of trials onward, i.e., 
from 2 hr into the test session onward or 10 hr from the time 
of treatment. The 4 hr PCA group, on the other hand, actu- 
ally performed slightly worse than Controls, this being sig- 
mflcant, however,  only on Bocks 5 and 6 

DISCUSSION 

The results of Experiment 3 demonstrate that the effects 
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of PCA occur fairly early after treatment, but not qmte as 
early as we had anUc]pated, Le ,  not until 8--10 hr Others 
have found Sidman avoidance facilitation at shorter inter- 
vals, 2-3 hr, that disappeared by 4 hr [24]. These authors 
provide evidence that this early effect of PCA is adrenergl- 
cally medmted and the time course of the avoidance facd,ta- 
tlon they observe is consistent with that interpretation [24], ~t 
is also cons]stent with other evtdence that PCA produces an 
increase m catecholammes lasting about 4 hr [10]. But there 
may be a second phase of avoidance effects, with a longer 
time course that is serotonerglcally medmted The question 
that arises is why the prewous authors usmg Sldman 
avoidance found no facd]tat~on at longer intervals such as we 
have found m Expenment 3 if there is a second serotoner~- 
cally mediated avoidance phase 9 The answer may be related 
to the fact that the study using Sldman avoidance mvolved a 
non-acqulsmon paradigm The rats were pretralned and were 
not learning to avoid when the drug was admimstered. The 
effects of serotonin depletion may not be ewdent m non- 
learnmg situations, since 5-HT, if it acts by medmting stress 
induced response suppresston, may not be playing a promi- 
nent role m an ongoing behawor such as Sidman avoidance 
m which the ammals have already become fairly efficient at 
avoiding shock In contrast, m an acqmsitlon paradigm the 
ammals lnitmlly receive considerable shock and since shock 
generally tends to suppress actwe responding, this process 
slows avoidance acqmsmon, except in the situauon m which 
5-HT ,s depleted In this sltuat,on the inhibiting effect of 
5-HT ts reduced and hence freezing reactions to shock are 
reduced Since reduced freezing behawor ~s more compat~- 

ble with avoidance learning, faster acqmsmon occurs (see 
references [1, 2, 3, 5, 23, 27] for fuller discussions of this 
concept) 

GENERAL DISCUSSION 

The results of the current experiments suggest that 5-HT 
reduction produced by PCPA is capable of faclhtatmg 
avoidance acqmsltion, but the effect may be hmlted to in- 
stances in which distributed avoidance trmls are provided In 
any event, the facihtory effect of PCPA on avoidance ap- 
pears to dissipate by about 10-15 days after treatment, a 
finding consistent with the recovery interval for brain 5-HT 
[10,12] Finally, the faclhtory effect of PCPA on avoidance 
acqmsmon does not appear to generalize to hyperactwity m 
an open field, indeed the trend we observed m open field 
activity tended to be m the direction of hypoactwity 

Regarding the effects of PCA, the present data rephcate 
our previous findings showing a significant facdltation of 
two-way avoidance acqmsltlOn [27]. However, there is a 
contradictory report in the hterature m which PCA was 
found to produce an impairment m shuttle-box avoidance 
acquisition rather than a facditation [11] That study differed 
from ours m several important respects Rats were pre- 
trained to escape shock prior to drug administration and the 
test population was selected to eliminate rats that tended to 
freeze m response to shock during training. If 5-HT mediates 
a response suppression system, this selection procedure 
could be cnucal  since rats that may be most d~smh~bited by 
the drug would have been ehmlnated prior to testing 
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Perhaps of greater relevance to the present findings are 
the reports that a single dose of  PCA facilitates stabihmeter 
actiwty for up to 3 days [9] and decreases shock jump 
thresholds for up to 1 day following treatment [19] It seems 
probable that these changes, although transitory, initiate 
more rapid avoidance acquisition during the first few days of 
learning, days which are crucial in determining the ultimate 
shape of  the learmng curve. Moreover,  Sheard and Davis 
[19] also found that shock thresholds were increased 15 mln 
after treatment, which may explain in part why in Expen- 
ment 3 of  the current study, the 4 hr post-rejection group 
showed no avoidance facilitation, while the 8 hr group did 
show facditatmn Apparently PCA produces a bi-phaslc 
change in pam sensitivity that may substantially contribute 
to changes m avoidance performance 

The PCA data also showed that facilitated avoidance ac- 
quisition occurred over a fmrly broad range of  shock inten- 
sities, although as can be seen in Fig 3, the effect was not 
entirely uniform across all shock intensities tested Thus, it 
appeared that although avoidance rates in both groups de- 
creased as shock intensity mcreased, the largest facilitation 
seen among the PCA groups compared to their respective 
controls was at the intermedmte shock level even though the 
Treatment x Shock Intensity effect was not slgmficant Qual- 
itatively, however, ~t appeared that there was a larger de- 
crease m avoidance rate among controls than m PCA groups 

with increasing shock intensity. The major part of th~s de- 
crease in avoidance rate occurred between the lowest and 
middle shock levels for controls, whereas for the PCA 
groups the major decrease in avoidance rate occurred be- 
tween the middle and highest shock levels. This pattern of 
effects tends not to support previous data on PCPA that 
reducmg brain 5-HT increases avoidance responding only at 
low shock intensities [26] or that it mcreases activity only to 
high shock intensities [7] 

The present data, when viewed in the larger context of 
other mampulatlons that reduce brain 5-HT, appear consis- 
tent Thus, reducing brain 5-HT using 5,6-dihydroxy- 
tryptamine (5,6-DHT) produces facilitated shuttle-box 
avmdance acquisition [4], reducing 5-HT using PCPA pro- 
duces facilitated pole climbing [26], platform jumping [18] or 
Y-maze (present study) avoidance acquisition, reducing 
5-HT using PCA produces facilitated Y-maze [16,27] or 
shuttle-box (present study) avoidance acquisition and reduc- 
ing 5-HT using raphe lesmns produces facdltated Y-maze 
[23] or shuttle-box [8] avoidance acquisition. 
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