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STEIN, J. M., M. J. WAYNER AND H. A. TILSON. The effect ofpara-chlorophenylalanine on the intake of ethanol and 
saccharin solutions. PHARMAC. BIOCHEM. BEHAV. 6(1) 117-122,  1 9 7 7 . -  The effects of para-chlorophenylalanine 
(PCPA) on the ingestive behavior of rats offered a choice between ethanol (3%) and water, saccharin (0.125%) and water, 
or water alone were examined. Following a baseline period three saline or PCPA injections, 80 mg/kg, were administered. 
Decreases in both ethanol and saccharin intakes were observed. Increases in water intake occurred in the ethanol group 
without a change in total fluid intake. Increases in water intake did not occur in the saccharin group and these animals 
displayed decreases in total fluid intake. Water intake in the nonchoice group was unaffected. There were no changes in 
food intake associated with any of these effects. The data demonstrate that decreases in intakes following PCPA are not 
specific to ethanol solutions. 
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THE POSSIBLE role of  var ious  pu ta t ive  n e u r o t r a n s m i t t e r s  
in the  se lec t ion  and  p re fe rence  of  e t hano l  has  been  s tud ied  
extensively .  Ca t echo l amines  (CA) have been  impl ica ted  in 
behaviora l  s tudies  which  e x a m i n e d  e t hano l  inges t ion  fol- 
lowing m o n o a m i n e  dep le t ion  [13,  14, 2 0 ] .  In n e u r o c h e m i -  
cal s tudies,  cen t ra l  CA t u r n o v e r  ra tes  bu t  n o t  bra in  
c o n c e n t r a t i o n s  seem to be a l te red  by  acute  or chron ic  
e t hano l  a d m i n i s t r a t i o n  [1, 11, 25 ] .  Recen t  data  have also 
impl ica ted  ace ty l cho l ine  b o t h  behaviora l ly  and neu rochemi -  
cally [8,  9, 26 ] .  Evidence  c o n c e r n i n g  the  role of  s e ro ton in  
(5-HT) has r ema ined  unclear .  

E t h a n o l  admin i s t e r ed  e i the r  acute ly  or chronica l ly  is 
r epo r t ed  to a l ter  the  ca tabo l i sm of  the  5-HT me tabo l i t e ,  
5 - h y d r o x y i n d o l e a c e t a l d e h y d e  in the  pe r iphe ry  [ 2 , 3 ] .  This  
shif t  howeve r  is n o t  a c c o m p a n i e d  by  similar changes  in the  
cent ra l  ne rvous  sys tem [2] or in e i the r  b ra in  5-HT 
c o n c e n t r a t i o n s  or t u rnove r  rates  [4, 12, 17, 26 ] .  In 
behaviora l  s tudies ,  a t t e m p t s  to  increase 5-HT or 5-hydroxy°  
t r y p t o p h a n  have p r o d u c e d  decreases  in e t hano l  p re fe rence  
[6, 7, 1 8] .  Cons i s t en t  wi th  these  data  are r epo r t ed  increases  
in e t h a n o l  p re fe rence  fo l lowing  5 , 6 - d i h y d r o x y - t r y p t a m i n e  
[ 8 , 2 0 ] .  O t h e r  s t u d i e s  h a v e  p r e s e n t e d  cont ra -  
d ic tory  evidence  conce rn ing  5-HT invo lvemen t .  Increases in 
die tary  t r y p t o p h a n  p r o d u c e d  s t ra in  d e p e n d e n t  increases in 
e thano l  c o n s u m p t i o n  in rats  [ 2 1 ] .  More i m p o r t a n t l y ,  
e lec t ro ly t ic  lesions of  the  dorsal  and  med ian  raphe  nucle i  

p roduced  no  discernable  changes  in the  se lect ion of a 10% 
e thano l  so lu t ion  [ 131. 

Pa ra -ch lo ropheny la l an ine  (PCPA),  a drug whose effects  
include t r y p t o p h a n  hyd roxy l a se  inh ib i t ion ,  has been  uti- 
lized to lower  5-HT levels wi th  s u b s e q u e n t  e x a m i n a t i o n  of 
e t hano l  ingest ion.  While the  resul ts  of  several s tudies  have 
d e m o n s t r a t e d  decreased e thano l  in takes  fol lowing PCPA 
[18, 22, 27] o the r  s tudies  have seen no  change in 
p re fe rence  [7 ,10]  and  at least one  s tudy  has r epor t ed  
decreases fo l lowed by increases in p re fe rence  [5 ] .  These 
con t r ad i c t i ons  might  be a t t r i bu t ab l e  to  several factors.  
First ,  PCPA has  been  shown  to be capable  of el ici t ing taste  
aversion c o m p a r a b l e  to l i t h ium chlor ide  when  associated 
wi th  novel  so lu t ions  [ 2 3 ] .  Recen t  ~tudies [24 ,28]  have 
d e m o n s t r a t e d  nonspec i f ic  decreased in take  of a var ie ty  of 
sapid so lu t ions  fo l lowing PCPA. Second,  s tudies  using 
PCPA have ut i l ized chronica l ly  admin i s t e red  high doses. 
The effects  of  such in jec t ion  regimens have been  repor ted  
to inc lude  inh ib i t i on  of t r y p t o p h a n  hyd roxy la se  and  
ty ros ine  hyd roxy l a se  and  t he r eby  reduce  b o t h  5-HT and  
CA levels [ 1 5 , 1 6 ] .  Final ly,  r epea ted  PCPA admin i s t r a t i ons  
can increase to ta l  fluid in take  in ra ts  [ 13 ,28 ] .  

The purpose  of  the  present  s tudy  was to examine  the 
ef fec t  of  PCPA, 80 mg/kg  admin i s t e red  in t r ape r i tonea l ly  on 
three  consecu t ive  days, on e thano l  c o n s u m p t i o n .  Similar 
regimens  have been r epo r t ed  to ini t ial ly decrease b o t h  CA 
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and 5-HT levels [ 1 5 ] ,  This is fo l lowed by a per iod  when  
only  5-HT levels r emain  deple ted .  In this m a n n e r  CA and 
5-HT dep le t ion  effects  migh t  be separable .  Sacchar in  
p re fe rence  was also e x a m i n e d  to d e t e r m i n e  if changes  seen 
af te r  PCPA were specific for  e t hano l  solut ions .  

M E T H O D  

Animals 

F o r t y - f o u r  female  h o o d e d  rats, 4 m o n t h s  old and  
2 3 0 - 2 8 5  g in weight,  were selected f rom our  co lony  and 
placed in indiv idual  cages, 10 x 11 x 12 in. A 12 h r  
l ight-dark  cycle began at 0600  h r  and was fo l lowed by a 12 
hr  dark phase.  The  r o o m  t e m p e r a t u r e  was m a i n t a i n e d  at 70 
_+2°F. 

Solutions and Drugs 

E t h a n o l  so lu t ions  (ETOH) ,  3% v/v, were p repa red  f rom 
95% e thy l  a lcohol  in disti l led water.  Sacchar in  so lu t ions  
(SAC), 0 .125%, were p repared  f rom pur i f ied ,  sod ium 
sacchar in  (F i sher  Scient if ic) .  Pa ra -ch lo ropheny la l an ine  in- 
j ec t ion  solu t ions ,  30 .9  mg/cc ,  were p repa red  f rom dl-para- 
c h l o r o p h e n y l a l a n i n e ,  m e t h y l  es ter  h y d r o c h l o r i d e  (Regis)  
dissolved in 0.9% NaC1 and  tr iple dist i l led water .  PCPA was 
admin i s t e red  in a dose of  80 mg of  the  base per  k i logram of  
body  weight.  All saline in jec t ions  were of 0.9% NaC1 and 
were admin i s t e r ed  in vo lumes  equiva len t  to  the  PCPA 
inject ions.  All in jec t ions  were admin i s t e r ed  in t r ape r i t one -  
ally be tween  1600 and 1800 hr. 

Procedure 

Animals  were divided in to  3 groups  wi th  14, 16 and 14 
rats compr i s ing  Groups  1, 2, and 3 respect ively.  Group  1 
had  water  available f rom a single ball bear ing spou t  
p r o t r u d i n g  t h r o u g h  the  f ron t  grid cage door  and  a t t a c h e d  to 
an inver ted  plast ic  g radua ted  cyl inder .  Groups  2 and  3 had  
water  available f rom 2 of  3 spou t s  and tubes .  The th i rd  

tube  r ema ined  empty .  Loca t ions  of tubes  were changed 
daily in a p r e d e t e r m i n e d  order  to e l imina te  per fe rences  due 
to pos i t ion  [ 1 9 ] .  Ad lib food  and  water  in takes  and body  
weights  were measured  daily for  10 days be tween  1200 and 
1500 hr. 

During the  nex t  12 days of  the  expe r imen t ,  Days 1 -- 12, 
Group  1 c o n t i n u e d  to have water  available in a n o n c h o i c e  
s i tuat ion.  Group  2 was exposed  to ETOH and water,  and 
Group  3 was exposed  to SAC and water.  On Days 13, 14 
and 15 all an imals  received an in jec t ion  of  saline. Fol lowing 
these in jec t ions ,  each group was fu r t he r  subdiv ided  and 
in jec ted  wi th  e i ther  PCPA or saline. In Group  1, the 
HOHPCPA animals  received PCPA and the H O H S A L  
animals  received saline on  Days 16, 17 and  18. In Group  2, 
ETOHPCPA animals  received PCPA and ETOHSAL animals  
received saline on  Days 16, 17 and 18. Ident ica l ly  in Group  
3, SACPCPA animals  received PCPA and SACSAL animals  
received saline on these days. Water,  ETOH and SAC 
intakes ,  food  in takes ,  and body  weights  were recorded  for 
the next  30 days. 

R E S U L T S  

Food  and  water  in take  data  for  all groups  were ana lyzed  
by means  of  2 x 13 A N O V A s  wi th  repea ted  measures  [29] . 
In add i t ion ,  2 x 13 A N O V A s  wi th  r epea ted  measures  for 
so lu t ion  in takes  and  to ta l  f luid in takes  were p e r f o r m e d  for  
Groups  2 and  3. The  fac tors  were groups,  PCPA or saline, 
and days on  the  solut ion.  Days represen ted  the mean  in take  
of all an imals  dur ing  Days 7 - 1 2 ,  the m e a n  in take  of  all 
an imals  dur ing Days 1 3 - 1 5 ,  the  individual  m e a n  in takes  on  
Days 1 6 - 2 5 ,  and  the  mean  in take  of all an imals  dur ing 
Days 2 6 - 3 1 .  Post  hoc  D u n n e t t  tests  [29]  were pe r fo rmed  
for all s ignif icant  days by group  in te rac t ions .  The  con t ro l  
mean  c o n s t i t u t e d  the  mean  in take  of all an imals  on  Days 
7 - 1 2 .  

In Group  1, analysis  of  water  in takes  ind ica ted  no 
s ignif icant  differences.  These effects  are shown in Fig. 1 
where  water  in takes  in the HOHPCPA group are repre- 
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FIG. 1. Water intakes in ml of Group 1 presented as daily group means, Water intakes of the HOHPCPA animals are 
represented as closed circles connected by solid lines. Water intakes of the HOHSAL animals are represented as open circles 
connected by solid lines. Vertical arrows with an S indicate when all animals received saline injections. Vertical arrows 
with a DIS indicate when the HOHPCPA animals received PCPA, 80 mg/kg, and when the HOHSAL animals received 

saline injections. 
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FIG. 2. ETOH and water intakes in ml of Group 2 presented as daily group means. ETOH intakes of the ETOHPCPA 
animals are represented as solid circles connected by solid lines. ETOH intakes of the ETOHSAL animals are represented as 
open circles connected by solid lines. Water intakes of the ETOHPCPA animals are represented as closed circles connected 
by broken lines. Water intakes of the ETOHSAL animals are represented as open circles connected by broken lines. 
Vertical arrows with an S indicate when all animals received saline injections. Vertical arrows with a D/S indicate when the 

ETOHPCPA animals received PCPA, 80 mg/kg, and when the ETOHSAL animals received saline injections. 

sen ted  by  closed circles wi th  solid l ines and  wate r  in takes  in 
the  H O H S A L  group are r ep re sen t ed  by open  circles wi th  
solid lines. Analysis  of  food  in takes  ind ica ted  no  s ignif icant  
differences.  

In G r o u p  2, analysis  of  so lu t ion  in takes  ind ica ted  
s ignif icant  d i f fe rences  b e t w e e n  days, F ( 1 2 , 1 6 8 ) =  3.53,  
p < 0 . 0 1 .  A days by group i n t e r ac t i on  was also s ignif icant ,  
F ( 1 2 , 1 6 8 )  = 3.90,  p < 0 . 0 1 .  F u r t h e r  analysis  wi th  D u n n e t t  
tests  revealed s ignif icant  decreases  in ETOH in takes  on  Days 
1 8 - 2 2  in the  E T O H P C P A  group,  p < 0 . 0 2 .  No signif icant  
decreases in ETOH in takes  were f o u n d  wi th in  the  
E T O H S A L  group.  These  ef fec ts  are s h o w n  in Fig. 2 where  
ETOH in takes  in the  ETOHPCPA group are r ep resen ted  by  
closed circles wi th  solid l ines and  ETOH in takes  in the  
E T O H S A L  group are r ep r e s en t ed  by  open  circles wi th  solid 
lines. Analysis  of  wate r  in takes  ind ica ted  s ignif icant  differ- 
ences  b e t w e e n  days, F ( 1 2 , 1 6 8 )  = 3.31, p < 0 . 0 1 .  A days by 
group i n t e r ac t i on  was s ignif icant ,  F ( 1 2 , 1 6 8 )  = 2.25, 
p < 0 . 0 2 .  F u r t h e r  analysis wi th  D u n n e t t  tests  revealed 
s ignif icant  increases  in wate r  in takes  in the  ETOHPCPA 
group on  Days 18, 19 and  20, p < 0 . 0 1 .  No s ignif icant  
d i f ferences  were f o u n d  wi th in  the  E T O H S A L  group.  These  
effects  are s h o w n  in Fig. 2 where  wate r  in takes  for the  
ETOHPCPA group are r ep resen ted  by  closed circles wi th  
b r o k e n  l ines and  wate r  in takes  for  the  E T O H S A L  group are 
r ep re sen t ed  by  o p e n  circles wi th  b r o k e n  lines. 

Analysis  for  to ta l  fluid in takes  ind ica ted  s ignif icant  
d i f ferences  b e t w e e n  days, F ( 1 2 , 1 6 8 )  = 2.10, p < 0 . 0 2 .  A 
days by  group in t e r ac t i on  was s ignif icant ,  F ( 1 2 , 1 6 8 )  = 
2.29, p < 0 . 0 2 .  F u r t h e r  analysis  wi th  D u n n e t t  tes ts  revealed 
no  s ignif icant  d i f ferences  wi th in  e i the r  group.  These effects  
are shown  in Fig. 3 where  to ta l  f luid in takes  for the  
ETOHPCPA group are r ep resened  by  closed circles wi th  
solid l ines and  to ta l  fluid in takes  for  the  E T O H S A L  group 
are r ep resen ted  by  open  circles wi th  solid lines. 

Analysis  of  food  in takes  indida ted  s ignif icant  d i f ferences  
be tween  days for  b o t h  groups,  F ( 1 2 , 1 6 8 )  = 2.77, p < 0 . 0 1 .  
The days by  group in t e r ac t i on  was no t  s ignif icant .  

In summary ,  in G r o u p  2, decreases were seen in the  
in take  of  ETOH fol lowing PCPA wi th  s imul t aneous  in- 
creases in wate r  in takes .  Increases  in water  in takes  on ly  
occur red  w h e n  the  decrease observed in ETOH in take  fell 
be low the  fluid in take  levels seen in G r o u p  1. These  changes  
were no t  associated wi th  e i the r  a change in food  in takes  or 
a change  in to ta l  f luid in takes .  

In G r o u p  3, analysis  for  so lu t ion  in takes  ind ica ted  
s ignif icant  d i f ferences  be tween  days, F ( 1 2 , 1 4 4 ) =  4.59,  
p < 0 . 0 1 .  A days by group i n t e r ac t i on  was s ignif icant ,  
F ( 1 2 , 1 4 4 )  = 8.36, p < 0 . 0 1 .  F u r t h e r  analysis  wi th  D u n n e t t  
tests  revealed s ignif icant  decreases  in SAC in takes  in the  
SACPCPA group on  Days 2 0 - 2 4 ,  p < 0 . 0 1 .  No signif icant  
d i f ferences  were f o u n d  wi th in  the  SACSAL group.  These  
effects  are s h o w n  in Fig. 4 where  SAC in takes  for  the  
SACPCPA group are r ep resen ted  by  closed circles wi th  solid 
l ines and  SAC in takes  for  the  SACSAL group are repre- 
sen ted  by open  circles wi th  solid lines. Analysis  for wate r  
in takes  ind ica ted  no  s ignif icant  differences.  These  effects  
are s h o w n  in Fig. 4 where  wate r  in takes  for the  SACPCPA 
group are r ep resen ted  by closed circles wi th  b r o k e n  lines 
and wate r  in takes  for  the  SACSAL group are r ep resen ted  
by open  circles wi th  b r o k e n  lines. 

Analysis  for  to ta l  fluid in takes  ind ica ted  s ignif icant  
d i f ferences  b e t w e e n  days, F ( 1 2 , 1 4 4 )  = 4.43,  p < 0 . 0 1 .  A 
days by  group in t e r ac t i on  was s ignif icant ,  F ( 1 2 , 1 4 4 )  = 
8.28, p <  0.01. F u r t h e r  analysis  wi th  D u n n e t t  tests  revealed 
s ignif icant  decreases  in to ta l  f luid in takes  wi th in  the  
SACPCPA group on  Days 2 0 - 2 4 ,  p < 0 . 0 1 .  No significant  
d i f ferences  were f o u n d  wi th in  the  SACSAL group.  These  
effects  are s h o w n  in Fig. 5 where  to ta l  f luid in takes  for  the  
SACPCPA group are r ep resen ted  by closed circles wi th  solid 
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FIG. 3. Total fluid intakes in ml of  Group 2 presented as daily group means. Total fluid intakes of the ETOHPCPA animals 
are represented as solid circles connected by solid lines. Total fluid intakes of the ETOHSAL animals are represented as 
open circles connected by solid lines. Vertical arrows with an S indicate when all animals received saline injections. Vertical 
arrows with a D/S indicate when the ETOHPCPA animals received PCPA, 80 mg/kg, and when the ETOHSAL animals 

received saline injections. 
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FIG. 4. SAC and water intakes in ml of Group 3 presented as daily group means. SAC intakes of the SACPCPA animals are 
represented as solid circles connected by solid lines. SAC intakes of the SACSAL animals are represented as open circles 
connected by solid lines. Water intakes of the SACPCPA animals are represented as closed circles connected by broken 
lines. Water intakes of the SACSAL animals are represented as open circles connected by broken lines. Vertical arrows with 
an S indicate when all animals received saline injections. Vertical arrows with a D/S indicate when the SACPCPA animals 

received PCPA, 80 mg/kg, and when the SACHOH animals received saline injections. 
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FIG. 5. Total fluid intakes in ml of Group 3 presented as daily group means. Total fluid intakes of the SACPCPA animals 
are represented as solid circles connected by solid lines. Total fluid intakes of the SACSAL animals are represented as open 
circles connected by solid lines. Vertical arrows with an S indicate when all animals received saline injections. Vertical 
arrows with a D/S indicate when the SACPCPA animals received PCPA, 80 mg/kg, and when the SACSAL animals received 

saline injections. 

lines and to ta l  fluid in takes  for the SACSAL group are 
represen ted  by open  circles with solid lines. Analysis of  
food intakes indica ted  no significant differences.  

In summary ,  in Group 3, decreases were seen in the 
intakes of  SAC fol lowing PCPA with no s imul taneous  
increase in water  intake.  Decreases observed in SAC and in 
total  fluid intakes never decreased below the fluid intake 
levels seen in Group 1. These changes were no t  associated 
with changes in food  intakes. 

DISCUSSION 

These results  indicate  tha t  changes in solut ion con- 
sum p t ion  fol lowing PCPA can occur  wi th  an e thanol  
solut ion or a n o n e t h a n o l  sweet  solut ion.  Decreases in 
e thanol  intake first occurred  immedia te ly  fol lowing the last 
drug inject ion.  Decreases in saccharin intake first occurred  
3 days after  the last inject ion.  Intakes of bo th  solut ions 
r e tu rned  to  baseline levels wi thin  5 days. Increases in water  
intake occurred  in Group 2 but  no t  in e i ther  Group 1 or 3. 
Such changes were only observed when  the physiological  

total  fluid intake requ i rements  of  the rats, based upon the 
data of  Group 1, would not  have o therwise  been at ta ined 
when e thanol  intake decreased.  In Group 3, no decreases in 
total  fluid intake below the Group 1 level occurred.  In none  
of  the groups were significant changes in food intake 
associated with changing fluid intake pat terns .  

In conclusion,  the decreases in e thanol  intake following 
PCPA appear  to be related to some form of mild taste 
aversion and nonspecif ic  for e thanol  solutions.  These 
decreases do no t  appear  to be associated with changes in 
food,  water  or total  fluid intake.  All these effects  are 
relatively t ransient  and might  be corre la ted with decreases 
in CA and 5-HT concent ra t ions .  During the period when 
only 5-HT levels remain deple ted ,  no behavioral effects  
occurred.  Recent  unpubl i shed  data in this labora tory  on the 
effect  o f  p - ch lo roamphe tamine  on e thanol  preference  seems 
to suppor t  these observat ions.  Finally, these PCPA effects  
were seen to occur  fol lowing a lower  dose adminis tered  less 
f requent ly  than in previous studies. 
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