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WALTERS, J. K. k'tl~'cts o.f t'('P,I on the consumption o f  al(ohc~l, wat('r and other ~olutions. PIIARMA(. BIO('IIt.M. 
BHtAV. 6141 377 383, 1977. -- The influence of t~ara-chloropl'mnylalarfirlc IP('PA) on the preference for alcohol, 
~ccharin. glucose, and sodium chloride solutions and on water intake was studied in rats. "Fen daily intraga,;tric doses of 
10(1 mg/kg PCPA were found to reduce alcohol preference both during and after P('PA treatment. Administration of daily 
20 mg/kg IP doses of 5-hydroxytryptophan (5-11TP), plus a peripheral decarboxylase inhibitor, failed 1o reverse the 
PCPA-induced suppression in the post-PCPA test. Alcohol preference was not reduced below baseline fl)llov, ing PCPA it 
this drug was administered between preference tests rather than coincident with alcohol drinking. Preferences for 
saccharin, glucose, and sodium chloride solutions were all affected by PCPA. l.arge increases in water intake were produced 
by 50, 10t), or 200 mg/kg P('PA given orally for 10 days. These experiments suggest that alcohol preference, in studies 
where PCPA treatment and alcohol drinking occur concurrently, may be considerably influenced by learned aversions to 
alcohol. Also, P('PA may, under some circumstances, produce an increased consumption of water by rats. 
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THE V() I ,UNTARY selection of alcohol solut ions by rats 
has been found to be inf luenced by adminis t ra t ion  of  the 
t r yp tophan  hydroxylase  inhibi tor ,  l )k-para-chlorophenyla-  
Ianine ( P ( P A ) .  Most studies have found that P( 'PA. which 
deple tes  the brain of serotonin  ( 5 - h y d r o x y t r y p t a m i n e :  
5 - t i I ) ,  reduces the selection of alcohol solut ions  [7, 11, 12, 
14. 15. 20, 211. a l though a few have repor ted  P('PA to 
increase alcohol preference  18,91 or leave it unaf fec ted  
[4.101.  Myers and Ills co l labora tors  observed very long 
lasting reduct ions  in alcohol preference  which increased 
afler  drug adminis t ra t ion  ceased and could con t inue  for up 
to 3 mon ths  [211. I lowever,  tile reduct ion  in alcohol 
preference  was not simply associated with lowered brain 
5-HT levels, for brain 5 - l i t  re turned to normal long before 
alcohol selection did. 

An alternative explana t ion  for the P( 'PA-induced sup- 
prcssion of alcohol selection was p roposed  by Nachman,  
l .ester and LeMagnen I17]. They showed that P( 'PA could 
induce learned aversions to saccharin solut ions  and pro- 
posed thal the pairing of  alcohol drinking with the noxious  
effecls  of P('PA might result in the es tab l i shment  of  a 
cond i t ioned  aversion to alcohol.  Two recent  s tudies lend 
some suppor t  for this cond i t ioned  aversion hypothes is .  
I lolman.  Hoyhmd.  and Shillito {1(11 adminis tered  316 
mg/kg P('PA intraper i loneal ly  to rats on an in le rmi l len l  
schedule during alcohol preference  testing. This drug 

regimen produced  a brain 5-1tT deple t ion  similar to the 
daily oral adminis t ra t ion of 31(~ mg;'kg PCPA used by 
Myers el al. No reduct ion  in voluntary alcohol consumpt ion  
was observed,  however .  Using a somewhal  d i f ferent  design, 
Parker and Radow [201 gave daily 300 mg!kg IP injections 
of  P( 'PA to rats not having access to alcohol.  Testing 
occurred 16 days later when brain 5 - l i t  should have been 
restored.  Their rals mainta ined the same preference for  
alcohol solut ions 16 days post-P(IL~, as they had during a 
pre-P( 'PA preference  test. 

In order  to fur ther  invesligate lhe con l r ibu t ion  of  
condi t ion ing  in producing aversion to alcohol solut ions 
after P( 'PA I rea tmenl ,  the tolh)w, ing Isvo exper iments  were 
conduc ted .  

I . : X I ' I , : R I M I . : N I  I 

"Fo allow a direct compar ison  of this exper iment  with 
those of the Myers group,  a design quite similar to lheirs 
was employed .  It consisted of  a series of preference tests in 
which animals received a sequence ~)t ascending concent ra-  
t ions of solution.  Dissociation of alcohol drinking from 
P("PA t rea tment  was accompl ished by adminis ter ing lhe 
drug be tween preference  Icsls rather  than concur ren t  with 
alcohol drinking. The effects  on alcohol preference  of  
5 - h y d r o x y t r y p t o p h a n  (5-HTP). se ro lon in ' s  intmediate pre- 
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NIN(TDS (;rant No. 0 9 1 4 0  to G. I. Hatton. PCPA was generously supplied by Pfizer, Inc. and MK-486 by Merck, Sharp and Dohme ('o. 
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cursor,  were also tested.  Nance and Kilby found that a 
single daily dose (50 mg/kg) of  5-HTP el iminated P( 'PA's  
influence on sucrose preference  [18] .  The same might be 
expec ted  to occur with alcohol preference  if brain sero- 
tonin level, rather  than aversive condi t ioning ,  is truly a 
critical variable in de te rmin ing  the aversion to alcohol 
following P( 'PA. Finally,  the inf luence of  P( 'PA on prefer-  
ences for saccharin,  glucose and sodium chlor ide solut ions  
was evaluated using the same mult iple concen t ra t ion ,  
multiple preference  test paradigm. 

Method 

Animals. One hundred- twelve  male Hol tzman albino rats 
were used. They were 120 days old when expe r imen ta t i on  
began and were housed individually in a room mainta ined 
at 2 2  25°(: on a 14:10 light-dark cycle. All had Wayne 
Mouse Breeder Blox and tap water  freely available. 

l'rocedure. After  a 2 week adapta t ion  period,  and before 
preference  testing began, the animals were randomly 
divided into 14 groups of 8 rats each. All groups were 
tested in the absence of drugs to establish individual 
preference  baselines. A second and then a third preference  
test fol lowed the first; 4 days separated each of  the 3 tests. 
Table 1 provides a summary  of the exper imenta l  design. 
f i gh t  groups of  rats were used in testing preferences  for 
alcohol:  4 received a drug t rea tment  and 4 served as vehicle 
controls .  The exper imenta l  groups were adminis tered ei thcr  
P( 'PA or 5-HTP during the second preference  test. ] o  
de te rmine  whe the r  5 - H I P  could counterac l  or reverse the 
effects  of  PCPA on alcohol preference ,  one group received 
P('PA during Test 2 and 5-HTP during Test 3. All animals 

who received 5-HTP were pre l rea ted  45- 60 minutes  earlier 
with the peripheral  decarboxylase  inhibi tor  MK-486 to 
reduce the peripheral  side effects  of 5-1tTP. An impor tant  
excep t ion  to the s tandard 3 preference test procedure  was 
Tnade in order  to test the hypothes i s  that the format ion  of a 
cond i t ioned  aversion might be responsible for P( 'PA's  
effects  on alcohol preference.  Two groups received ortly 2 
tests: P( 'PA or CM(" vehicle was adminis tered to these 
animals be tween preference tests, but :.it the same time lhal 
the o the r  P( 'PA groups ,,,,'ere being Ireated. 

The remaining 6 groups of rats were used to de le rmine  
PCPA's effects  on preferences  for solut ions o ther  than 
alcohol.  Two were tested with saccharin.  2 with glucose. 
and 2 with sodiunl chloride solulio,as: (me group of each 
pair received P ( P A  and lhc o ther  lhe ( M (  vehicle. 

A preference test lasted for 8 days and consisted <1t 
offer ing each ra! a choice between tap waler and a different  
concen t ra t ion  of  solut ion on each consecul ive day. In order  
I¢1 induce consumpl ion  of the unpalatable  concen t ra t ions ,  
an ascending series was always used. ( o n c e n t r a l i o n s  were 
the following: 2, 4, (~, g, 10, 12, 1(7. and 207, a l coho l :0 .2 .  
0.4, 0.0, 0.8, 1.2, 1.6, 2.0, and 2.4 ~, sodium saccharin:  15, 
20, 25, 30, 35, 40, 45 and 50'; gluc~se: 0.3. ().(~. 0.% 1.2, 
1.5, 1.8, 2.1, and 2.4'; sodJtun chloride.  All solut ions were 
prepared fresh daily on a weight /weight  basis with alcohol 
solut ions  being diluted from 95' :  alcohol.  l-he 3 bot l le .  
24 hr preference me thod  of  Myers and Holman 1131 was 
used to help el iminate bot l le  posi t ion and drinking spoul 
preferences.  

Drug preparation and administration, l) l ,-Para-chloro- 
phenyla lanine  (Charles Pfizer ( 'o .)  was prepared as a 
suspension in 0.5%: carhoxyn' le lhylcel lulose (( 'M( ' )  and 

T A BI .E  1 

SUMMARY Ol: THE EXPERIMENTAl. DESIGN INCI.UDING IHF- SOLUTION PRESENTED TO EACH 
GROUP AND THE TREATMENTS RECEIVEI) DURING PREFERENCt- TESTS 

Solution Group N Test No. I Test No. 2 Test No. 3 

Ethanol drug 8 
Ethanol vehicle g 

Ethanol drug 8 

Ethanol vehicle 8 

Ethanol drug 8 

Ethanol vehicle 8 

Ethanol drug g 

Ethanol vehicle 8 

Saccharin drug 8 
Saccharin vehicle 8 

Glucose drt,g 8 
Glucose vehicle 8 

Sodium drug 8 
Chloride 

Sodium vehicle 8 
Chloride 

m 

i 

m 

m 

m 

m 

m 

m 

m 

m 

100 mg/kg pCPA 
CMC ','chicle 

60 mg/kg MK-486 + 
20 mg/kg 5-HTP 
60 mg/kg MK-486 . 
NaCI vehicle 

100 mg/kg PCPA 

10(I mg/kg pCPA 

I00 mg/kg pCPA 
**NO TEST** 
CMC vehicle 
**NO TEST*" 

100 mg/kg pCPA 
CMC vehicle 

100 mg/kg pCPA 
CMC vehicle 

100 mg/kg pCPA 

CMC vehicle 

m 

m 

60 mg/kg MK-486 - 
20 mg/kg 5 HTP 
60 mg/kg MK-486 + 
NaCI vehicle 

m 

i 

h 

m 

m 
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PREFERENCE TESTS 
FIG. 1. Mean {, S.E.) daily preference ratios of alcohol drinking groups for each preference sequence. 
On the bottom are experimental groups which received drug treatment and above each is its 
corresponding vehicle control group. See Table 1 fi)r an explanation of drug treatments. Symbols 
represent probability levels in Dtmcan's tests of significant differences from ba~line preference: 

~,p <0.05 ; ep<0.01, Ap<0.001. 

m a i n t a i n e d  unde r  c o n s t a n t  s t i r r ing pr ior  to each adminis-  
t ra t ion .  Con t ro l  an imals  received the CMC vehicle alone.  
PCPA and CMC were given int ragastr ical ly  in 5 ml volumes .  
D L - 5 - H y d r o x y t r y p t o p h a n  (Sigma Chemical  Co.) was dis- 
solved in 0.9~;4. saline wi th  gent le  w a r m i n g  The  per iphera l  
deca rboxy lase  inh ib i to r  L-2-hydraz ino-2-methyl -B-3 ,  4 
d i h y d r o x y p h e n y l  p rop ion ic  acid (MK--486; Merck, Sharp ,  
and D o h m e  ("o.l was prepared  as a suspens ion  in 0.q% 
saline and ma in t a ined  with c o n s t a n t  st irr ing,  l n t r ape r i t onca l  
(IP) in jec t ion  volumes  for 5-HTP animals  and thei r  saline 
con t ro l s  were 3 ml:  MK-486 or saline vehicle IP in jec t ions  
were 2 ml. Thus ,  all rats received a total  of  5 ml of  fluid on 
each day of  drug t r e a t m e n t .  

Drug t r e a t m e n t  always s tar ted  two days  before  a 
preference  test  began and c o n t i n u e d  t h r o u g h o u t  it. All 
drugs were p repared  fresh daily and admin i s t e red  unde r  
very light e the r  anesthesia .  

R e s u l t s  

The measures  of self-select ion behav ior  were mean  
p r o p o r t i o n  a lcohol  to total  fluid in take  per  day (mean  daily 
p re fe rence  ra t io)  and mean  g/kg c o n s u m e d  as abso lu te  
a lcohol  or solute per  day. Both  measures  were ca lcula ted  
for each group for each pre fe rence  sequence ,  as was mean  
g/kg total  f luids consumed .  Repea ted  measures  analyses  of  
variance were then  c o n d u c t e d  on  each of these 3 d e p e n d e n t  
variables to de t e rmine  if d i f fe rences  exis ted a m o n g  the 
preference  tests  for  a group.  If d i f ferences  were found ,  

individual  compar i sons  were made  using D u n c a n ' s  mul t ip le  
range tests  [ 3 ] .  Probabi l i ty  levels are given in figures and 
tables. 

Figure 1 shows the mean  daily preference  rat ios of  
a lcohol  d r ink ing  groups  for each preference  test. The 
alcohol  preferences  of those  groups  which received e i the r  
PCPA or MK-486 + 5 - t N P  were reduced  from baseline 
during drug t r ea tmen t .  The i r  p references  remained  sup- 
pressed in the pos t -drug  period.  Admin i s t r a t i on  of  MK-486 
+ 5-HI 'P dur ing  the third test was ineffect ive at reversing 
the P( 'PA- induccd  reduc t ion  in mean  daily preference  ratio. 
On the con t r a ry ,  however ,  a lcohol  p re fe rence  was not  
reduced below baseline in the pos t -drug per iod when  PCPA 
was given be tween  two preference  tests. 

Table 2 reveals a slightly d i f fe rent  p ic ture  regarding g/kg 
absolu te  alcohol  consumed  by the same animals  shown  in 
Fig. I. Groups  receiving P( 'PA or MK-486 + 5-1|TP dur ing  
Test  2 did not  s ignif icant ly  decrease thei r  a lcohol  intake in 
g/kg unti l  the pos t -drug  preference  test:  there was a 
t endency  toward reduced alcohol  in take  dur ing  drug 
t r e a t m e n t ,  however .  Admin i s t r a t i on  of MK-486 + 5-HTP 
dur ing  the third test did not  prevent  the PCPA-induced 
decline.  The  g/kg alcohol  in take  of  animals  receiving PCPA 
be tween  tests  did not  decrease pos t -drug  as it did for 
an imals  receiving PCPA dur ing  Test  2. However ,  ne i the r  did 
it increase s ignif icant ly  pos t -P( 'PA as it did for the con t ro l s  
receiving CM(" vehicle be tween  tests,  a l t hough  there  
appeared  to be a s imilar  t endency  in bo th  groups  toward 
grea ter  a lcohol  c o n s u m p t i o n  in the pos t -drug  period.  
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Tota l  fluid in take ,  also s h o w n  in Table  2, increased 
s igni f icant ly  du r ing  the s econd  p r e f e r e n c e  lest fo r  every 
g r o u p  which  received e i the r  P( 'PA or  MK--486 + 5 - | t T P  
c o n c u r r e n t  wi th  the test .  

Resu l t s  for  g r o u p s  d r ink ing  sacchar in ,  g lucose  or  s o d i u m  
chlor ide  s o l u t i o n s  are given in Table  3. The  sacchar in  and 
g lucose  g r o u p s  s h o w e d  s igni f icant  decreases  f rom basel ine 
in mean  daily p r e f e r e n c e  ra t io  du r ing  P( 'PA t r e a t m e n t ,  
while  p r e f e r ence  o f  the s o d i u m  ch lor ide  g r o u p  decreased  
s igni f icant ly  du r ing  the pos l -P ( 'PA  test. No s ignif icant  
d i f f e rences  in p r e f e r e n c e  were  f o u n d  a m o n g  the 3 tests  for  
any  c o n t r o l  g r o u p .  So lu te  c o n s u m p t i o n  m g /kg  increased 
s ign i f ican t ly  above  basel ine  dur ing  PCPA a d m i n i s t r a t i o n  for  
the g lucose  and Na( ' l  g roups .  It decreased  s igni f icant ly  
be low basel ine du r ing  the p o s t - P ( ' P A  s e q u e n c e ,  h o w e v e r ,  
for  the sacchar in  g r o u p .  Vehicle  c o n t r o l s  d r ink ing  s o d i u m  
ch lor ide  and sacchar in  s o l u t i o n s  s h o w e d  no change s  in 
so lu te  intake a m o n g  the 3 tests.  G lucose  vehicle c o n t r o l s  
s igni f icant ly  decreased  so lu te  re take  bo th  du r ing  and af te r  
( 'M(" t r e a t m e n t .  The  total  fluid in takes  of  sacchar in .  
g lucose ,  and s o d i u m  chlor ide  g r o u p s  all increased signi- 
f icant ly  above  basel ine du r ing  P( 'PA t r e a t m e n t ,  while  
c o n t r o l s  s h o w e d  no  increases  du r ing  or  a f te r  CM( '  t reat-  
m e n t .  

T A B L E 2  

MEAN <+_ SI )  DALLY G,'KG CONSUMEI) AS ETHYL, AI,COHOI, AND 
MEAN (-_ SEt DAll,Y G;KG TOTAL FLUIDS INGESTED DURING 
EACH PRI.,'FERENCE TEST FOR GROUPS DRINKING EIHANOI. 

SOI,I;I IONS 

Treatment G/KG Alcohol G/KG Total Fluids 

Baseline 2.05 : 0.42 100 _+ 5.3 
pCPA 1.51 -_ 0.40 13(I -_ 11.4 b 
I'ost-drug (I.73 : 11.22 b 104 _+ 5.2 w 

Baseline 1.86 - 0.29 96 _+ 7.7 
CMC vehicle 2.15 ~ 0.44 79 _~ 5.0d 
F'ost-drug 2.3g : 0.45 94 ± 9.0 y 

Baseline 1.91 -_ 0.35 g2 ..+_ 4.2 
pCPA 1.35 *_ 0.44 150 :_ 10.1 d 
MK.-4g6 - 5- HTP 1.01 : 0.51 a 80 • 4.3 z, 

Baseline 1 . 8 0  : 0.21 93 -_ 7.1 
pCPA 1.39 _+ 0.44 139 _" 14.2 c 
M K - 4 8 6  + 

NaCI vehicle 0.77 ._ 0.24 it 85 + 7.5 y 

Baseline 1.75 z 0.18 75 t 3.2 
MK-4g6 • 5 - I I T P  1.18 = 0.23 119 *- 11.3 c 
Post-drug 0.94 +_ 0.34 a 75 +_ 3.9 y 

Basel ine 2.08 + 0.45 74 *_- 4. I 

M K-486 -+ 
NaCI ~ehicle 2.44 _+ 0.50 92 ± 9.2 a 

Post-drug 2.42 + 0.46 78 ". 6.g w 

Pre-p(_'PA 1.27 _+ 0.21 93 +_ 5.1 

Pos t -pCPA 1.75 _+ 0.35 92 +- 4.5 

I're-CMC vehicle 1.51 ± 0.35 96 _' 6.5 
Post-( 'MC vehicle 2.69 t 0.57 it 98 "_ 6.7 

[,etterx represent levels of significance in statistical tests made 
among the preference texts for a given group. 

Differences from baseline: a -.05. b--.01, c-.0(}5, d .(R)I. 
Differences from drug/veh: w--.05, x- .01 y-.(R)5 z--.(R)l. 

T A B L E  3 

MEAN t*- SE) DAII,Y PREFERENCE RATIO, GIKG SOI,UTE CON- 
SUMED AND TOTAL FLUIDS INGESTED FOR GROUPS DRINKING 

SACCHARIN, GLUCOSE, ()R SODIUM CHI.OR/DE SOI.UTIONS 

Treatment Pret'. Ratio (i/KG G,'KG Total Fhnids 

Saccharin 

Baseline 45 ± 3.4 0.34 = 0.02 137 _+ 9.6 
pCPA 32 ~ 2.7 a I).3(I _' 0.04 169 _+ 13.0d 
Post-drug 36 _: 4.1 I).24 = (.0~; a 121 er 8.g a, / 

Baseline 39 ~ 4.6 ) . 12  • I).06 136 _+ 12.0 
CMC',.ehicle 42 • 3.7 0.31 -'- 0.06 114 + 12.6c 
Post-drug 38 -. 4.6 0.27 , 1).(15 117 +_ 10.7 b 

(;lucose 

Basel ine 63 .+_ 4.6 22 .+ 2.5 124 -'- I t) . l  

pCPA 52 + 5 . 4 a  2g = 3.3 a 2IX) _+ 17.5d 

Post-drug 63 _+ 1.7 w 18 , 0.8 ~. I tH _+ 6.g / 

Baseline 78 ± 3.4 30 +_ 1.9 133 + 7.5 
CMC vehicle 73 ± 3.3 25 + 2 .3c  121 • 9 .0a  
Post-drug 76 ~ 2.5 26 _+ 2.1 c 120 - 8.1 a 

Sodium ('hloride 

Baseline 30 _+ 3.5 0.39 - 0.06 106 _+ g.2 
pCPA 36 .t 6.2 0.76 #-0 .20a  161 _+ 16.0 c 
Post-drug 15 • 4.2 b. y 0.20 _+_ 0.08 y 95 +_ 7.0 z 

Basel ine 27 +_ 1.2 0.31 +- 0.05 105 _+ 7.8 

CMC vehicle 27 _+. 2.9 0.31 + 0.06 98 *_ 8.9 
Post-drug 22 -+- 2.0 0.23 _+_ 0.04 103 :. 7.3 

[,etters represent levels of significance in statistical tests made 
among the preference tests fin at given group. 

Differences from baseline: a=.05, b .01, c-.-.(R)I, d--.00]. 
Differences from drug/veh: ,a--.05, x~.01, y .005, z=.00l .  

A l t h o u g h  the c o n s u m p t i o n  data  are not  p rov ided  for 
individual  c o n c e n t r a t i o n s  of  the 4 s o l u t i o n s  o l f e r ed ,  in 
general ,  P( 'PA reduced  p r e f e r e n c e s  p r o p o r t i o n a l l y  for  all 
c o n c e n t r a t i o n s .  The  only  e x c e p t i o n  was  seen wittl s o d i u m  
chlor ide .  P re fe rences  for this so lu t i on  were  reduced  at 
l ower  c o n c e n t r a t i o n s  early in l r e a l m e n l ,  but  ele~,alcd for  
h igher  I h y p e r t o n i c )  ones  later  in t r e a t m e n l .  

I~X PERIMI ' IN I 2 

T h e  e l e v a t e d  t o t a l  f l u i d  i n t a k e s  e v i d e n t  f o r  each P ( ' I ' A  

g r o u p  dur ing  the p r e f e r ence  tes t ing of  Experm3en t  1 sug- 
gested that  this drug  may  have a s ignif icant  effect  tm wa te r  
c o n s u m p t i o n .  1"o date,  only  two  s tud ies  have directl~ 
addressed  this q u e s t i o n ,  one  f o u n d  P( 'PA to increase wa te r  
c o n s u m p t i o n  [ I ] ,  while lhe o t h e r  f o u n d  a decrease  [ I t ) ] .  
F x p e r i m e n t  2 was in t ended  to d e t e r m i n e  the in f luence  of  3 
doses  of  P ( T A  (50.  100. and 200 m g / k g i  on the wate r  
intake and hody  weight  t)f rats. 

M e t h o d  

.,Inimals. T w e n t y  male t l o l t z m a n  a lb ino  rats  were used.  
Eight were 118 days  old anti 12 were 137 d a y s a t  the start  
of  e x p e r i m e n t a t i o n .  I lous ing  and l ight ing c o n d i t i o n s  were  
the same  as those  in I=xper iment  1. 

Procedure.  At least t w o  weeks  o t  a d a p t a t i o n  to the lab 
p receded  the c o m m e n c e n l e n t  o f  24 hr  m e a s u r e s  o f  wa te r  
intake (g) and body  weight .  F o l l o w i n g  8 days  ot baseline 
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weight on the last day of baseline (bottom) as a function of days during basefine, drug and post-drug 
periods lbr animals receiving 50, 100, or 200 mg/kg PCPA or CMC vehicle alone during the 10-day 

drug period. 

measures, animals were matched for water  intake and 
divided into 4 groups of  5 rats which each included 3 older  
and 2 younger  animals. Beginning on the eighth day,  and 
cont inuing for 10 consecut ive days, groups received ei ther 
50, 100, or 200 mg/kg PCPA or 0.5% CMC vehicle. Water 
intakes and body weights cont inued  to be recorded for 19 
days post-drug. Preparation and adminis t ra t ion of  PCPA 
were the same as that for Exper iment  1. 

Resu l t s  

The top of  Fig. 2 shows the mean water  intake in grams 
during baseline, drug and post-drug periods. Significant 
differences were found among the groups during the 10 day 
drug period, F(3,36)  = 17.52, p<0 .001 .  All 3 PCPA groups 
drank significantly more during drug t rea tment  than the 
vehicle controls  (Duncan 's  test:  p<0 .01  for PCPA-50, 
p<0.001 for PCPA-100 and PCPA-200 groups).  The 

PCPA-50 animals drank significantly less than the 
PCPA-100 (p<0 .01)  and PCPA-200 {p<0.001)  groups 
which did not  differ in mean water intake. No differences 
in mean water consumpt ion  were found among any of the 
groups during the first week or the last 12 days post-drug. 

The bo t tom of Fig. 2 shows the mean body weight of  
each group plot ted as a percentage of  its weight on the last 
baseline day. This measure was used because the groups had 
not been matched for body weight and did differ  signifi- 
cantly during baseline in body weight as measured in grams, 
F(3,28)  -- 31.82, p<0 .001 .  In comparison to vehicle 
controls ,  /he mean percent  body weight of  all 3 PCPA 
groups was significantly lower (p<0.01 for PCPA-50, 
p<0.001  for PCPA-100 and PCPA-200 groups). A signifi- 
cant difference was also found between the PCPA-50 and 
P( 'PA-200 groups (p<0 .05) .  The PCPA animals cont inued 
to have lower mean percent  body weights than the controls  
during both the first week, F ( 3 , 2 4 ) =  65.54,  p<0 .001 ,  and 
the last 12 days post-drug, F(3,44)  = 23.28, p<0 .001 .  
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GENERAL DISCUSSION 

The results of Experiment 1 provide additional support 
for the hypothesis that learned aversions to alcohol, rather 
than brain serotonin depletion, may bc the significant 
factor in determining alcohol self- selection in studies where 
PCPA treatment and alcohol drinking coincide. The basic 
finding of Myerse ta l .  [12, 14, 15, 211 and others [7, 11, 
20] that alcohol preference is reduced both during and 
after PCPA treatment was confirmed, despite the use of a 
lower dose (100 mg/kg vs 300 mg/kg) of PCPA. The 
interpretation of this result as being caused by depletion of 
brain 5-HT was not confirmed. 

Although not actually measured in Experiment 1, brain 
serotonin level should have been on the rise, but still 
depleted, at 4 days post-PCPA when the post-drug pref- 
erence sequence began. Nevertheless, animals which re- 
ceived PCPA concurrently with alcohol drinking reduced 
their alcohol consumption during the post-PCPA test, while 
those which received PCPA between preference tests did 
not reduce their alcohol selection at this time. These data 
corroborate those of Parker and Radow 120] who gave 300 
mg/kg PCPA between preference tests. They found no 
suppression of alcohol selection 16 days later when brain 
serotonin should have been replete and at a time when 
Veale and Myers [21] were still finding decreased prefer- 
ence. Together, the results of Experiment 1 and those of 
Parker and Radow show that no simple association exists 
between alcohol preference and lowered brain serotonin. 

Some evidence supporting the interpretation of PCPA's 
suppressing effect as resulting from aversive conditioning is 
revealed by the results with 5-HTP. One might expect the 
elevation of brain 5-HT with 5-HTP to eliminate or reverse 
PCPA's effect on alcohol preference if brain serotonin level 
is a critical variable. Nance and Kilby [181 successfully 
reversed the PCPA-induced elevation of sucrose consump- 
tion by administering 50 mg/kg 5-HTP to rats which had 
been treated with 100 mg/kg PCPA on the three previous 
days. On the other hand, if a learned aversion to alcohol is 
responsible for PCPA's effects, 5-HTP would not be 
expected to reverse a previously learned response. In 
Experiment 1, 20 mg/kg 5-HTP injections were totally 
ineffective at reversing the suppression in alcohol drinking 
caused by PCPA. In fact, 5-HTP itself produced a decreased 
preference for alcohol both during and after drug treatment 
in a fashion quite similar to PCPA and suggestive of aversive 
conditioning also. This agrees with the data of Myers, 
Evans, and Yaksh [161. Unfortunately, 5-HTP may be 
taken up and converted to 5-HT in neurons other than 
serotonergic ones [5].  Care was taken in the present study 
to use a low dose of 5-HTP and pretreat the animals with a 
peripheral decarboxylase inhibitor (MK-486) which reduces 
the peripheral side effects and potentiates the cerebral dose 
of 5-HTP [22].  Additional doses of 5-HTP and/or multiple 
injections remain to be attempted. 

in explaining their preference data in terms of aversive 
conditioning, Parker and Radow [20] have suggested that 
PCPA and alcohol may somehow interact to either make 
the post-ingestional effects of alcohol more aversive, or 
alternatively, to make the effects of PCPA more noxious. 
Thus, simultaneous exposure to both alcohol and PCPA 
produces a more robust aversive conditioning than normal. 
The data of Experiment 1 appear to support the Parker and 
Radow interpretation, but suggest that the interaction may 
not be specific to PCPA. An interaction of alcohol with 

other drugs, either peripherally or centrally, might explain 
why long-term reductions in preference after PCPA or 
5-H'FP have so far only been discovered for alcohol 
solutions. 

The data concerning PCPA's effects on preferences for 
solutions other than alcohol are not clearcut. This is the 
only study to date, however, which allows a direct 
comparison of PCPA's influence on preferences for several 
solutions, because the same methodology was used in 
testing all solutions. Somewhat different pictures of the 
data emerge if one t, ses g/kg solute consumed rather than 
preference ratio as the dependent variable of choice. The 
two measures did not correlate well. This may have 
occurred because PCPA produced an increase in the total 
fluid consumption of the animals. Therefore, the propor- 
tion, not the absolute amount, of a substance consumed 
seems to be the better index of preference. 

Unlike alcohol selection, the mean daily preference ratio 
for saccharin was decreased significantly only during PCPA 
treatment itself. This substantiates the results of Parker and 
Radow [20] who found saccharin preference to return to 
baseline levels on the sixth day of an II day post-PCPA 
test. Their finding may explain why mean daily saccharin 
preference in Experiment 1 had not quite returned to 
baseline during the post-drug sequence. Parker and Radow 
used a similar multiple test method, but their animals drank 
only 0.23°~ saccharin and received 300 mg/kg PCPA IP. Thc 
results for glucose preference parallel those for saccharin in 
that the only significant effect was a decrease during PCPA 
treatment. Although no other investigator has published 
results of PCPA's effects on glucose consumption, Nance 
and Kilby [ 18] did find 100 mg/kg PCPA (IP) toelevate the 
preference for several sucrose solutions (0.05 to 165;} 
during 12hr tests. An explanation for this discrepancy is 
not obvious, although procedural differences such as the 
shorter preference test period or the use of only low, highl'y 
preferred sucrose concentrations may account for it. 

Sodium chloride solution self-selection increased some- 
what overall during PCPA treatment and then decreased 
significantly post-P('PA. Again, no other sodium chloride 
data are available for comparison. The increase during drug 
administration is interesting, for it is the only hint of a 
positive effect of PCPA on preference, and the post-PCPA 
decrease could then represent a rebound to counteract 
higher than normal body sodium levels. The effects of 
PCPA on sodium chloride preference definitely deserve 
further study. 

Experiments 1 and 2 clearly demonstrated that daily 
intragastric PCPA treatment (100 mg/kg) can produce large 
increases in water intake alone and in total fluid consump- 
tion during preference testing. Holman, Hoyland and 
Shillito [10] and Kiianmaa {11] have also reported PCPA 
to increase total fluid intake during alcohol preference 
testing. Both used doses in the 300 mg/kg range, but one 
administered the drug IP on an intermittent schedule [ 10], 
while the other gave it daily by stomach tube [ 11 ]. Others 
have found the 300 mg/kg oral dose of PCPA to decrease 
total fluids consumed [151 or leave it unaffected [4,16]. 
Similar contradictions exist in those studies which have 
investigated PCPA's effects on water intake itself, apart 
from preference testing procedures. Brody [ 1,2] found that 
a single 300 mg/kg, but not 100 mg/kg, IP injection of 
PCPA could dramatically increase water consumption. 
Nance and Kilby [181 found no effect of 3 daily IP 
injections of 100 mg/kg PCPA. Finally, Panksepp and 
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Nance  [ 19] r epo r t ed  t r e a t m e n t  wi th  200  mg /kg  PCPA on  
Day 1 and 100 mg/kg  PCPA for 19 consecu t ive  days  to 
p roduce  a b o u t  a 28% decrease  in wate r  in take .  

A s imple p rocedura l  e x p l a n a t i o n  for  these d iscrepancies  
is no t  appa ren t .  A var ie ty  of  ef fec ts  has  been  p roduced  by 
PCPA at b o t h  h igh and low doses  and wi th  in t ragast r ic  or  IP 
admin i s t r a t i on .  The  rapid onse t  and  decay over t ime of  
PCPA's  ef fec ts  at the 100 and 200 mg/kg  doses in 
E x p e r i m e n t  2 suggests tha t  falling, r a the r  than  s teady state ,  
brain se ro ton in  levels may  be the crucial  factor .  This  
h y p o t h e s i s  has been pu t  fo rward  by Davis and Sheard  [6] 
to expla in  some ef fec ts  of  p - c h l o r o a m p h e t a m i n e  on  the  
acoust ic  s tar t le  reflex in rats. On the  o t h e r  hand ,  since the  

q u a n t i t y  of  wate r  d runk  increased soon  af ter  PCPA 
i n t u b a t i o n  began and  r e tu rned  to no rma l  soon  af te r  it 
ended ,  it is possible t ha t  a per iphera l  side ef fec t  of  PCPA is 
respons ib le  for  its fac i l i ta t ion  of  dr inking.  

In conc lus ion ,  these e x p e r i m e n t s  suggest tha t  the deter -  
m i n a t i o n  of  a lcohol  p re fe rence  in s tudies  where  PCPA or 
5-HTP t r e a t m e n t  and a lcohol  d r ink ing  occur  concu r r en t l y  is 
p robab ly  more  in f luenced  by learned aversions than  brain 
se ro ton in  level. Alcohol  may  in te rac t  wi th  these drugs to 
make  t hem more  aversive than  normal .  In add i t ion ,  PCPA 
may,  u n d e r  some c i r cums tances  p roduce  large increases in 
wa te r  in take  which could  inf luence  the i n t e rp r e t a t i on  of  
p re fe rence  expe r imen t s .  
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