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WAYNER, M. J. AND S. FRALEY. Confounding effects of procaine hydrochloride and adequate baseline on conditioned 
drinking. PHARMAC. BIOCHEM. BEHAV. 1(5) 551-556,  1973.-Two experiments were carried out to asses the effects of 
subcutaneous administration of procaine hydrochloride on the acquisition and extinction of so-called conditioned drink- 
ing. The dose and general procedures were the same as that in previous studies on this phenomenon in which the procaine 
had been administered as a local anesthetic with the hypertonic saline to eliminate noxious stimulation associated with the 
injection. The data were clear and demonstrate that procaine hydrochloride decreases wheel turning behavior and that the 
injection procedure by itself decreases drinking and eating under these conditions. In addition drinking, and to a less 
extent, eating continued to increase under these test conditions for at least 50 days and indicate that baseline conditions 
must be determined more carefully in the future. Results indicate that procaine hydrochloride decreases motor activity and 
seems to be unrelated to conditioned drinking under these conditions. If increases in drinking occur following the injection 
phase of the experiment, such increases represent a return to a normal elevated baseline which appears to be enhanced 
because of the attenuation of drinking due to the injection procedure. 
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IN G E N E R A L ,  a t t e m p t s  to  c o n d i t i o n  d r ink ing  have no t  
been  successful  and  the  data  can be  i n t e rp re t ed  in a var ie ty  
of  d i f fe ren t  ways [ 1 ] .  Recent ly ,  the  resul ts  of  several 
repor t s  ind ica te  t ha t  d r ink ing  in the  ra t  wh ich  fol lows the  
s u b c u t a n e o u s  a d m i n i s t r a t i o n  of  h y p e r t o n i c  saline can be 
cond i t i oned  to c o m p l e x  ex te rna l  s t imul i  and  t h a t  the  condi-  
t ioned  dr ink ing  is relat ively res i s tan t  to e x t i n c t i o n  [4 ,5 ,6 , ] .  
These  da ta  seem to have been  c o n f o u n d e d  b y  the  use of  
p roca ine  h y d r o c h l o r i d e  wi th  the  s u b c u t a n e o u s  admin i s t ra -  
t ion  o f  h y p e r t o n i c  saline to  e l imina te  n o x i o u s  s t imu la t i on  
associated wi th  the  in jec t ion  [ 3 , 4 ] .  In add i t ion ,  condi-  
t ioned  dr ink ing  does no t  appea r  to  be  a specif ic  response  
and is only  one  of  several c o m p e t i n g  act ivi t ies  which  seem 
to be  elici ted u n d e r  these cond i t i ons  [ 2 ] .  These  results  
were i n t e rp r e t ed  as indica t ive  of  a general  s ta te  of  increased 
m o t o r  exc i tab i l i ty .  The  purpose  of  the  p resen t  s t udy  was to 
r eexamine  this  p h e n o m e n o n  u n d e r  s imilar  cond i t ions  and 
w i t h o u t  p roca ine  hyd roch lo r ide .  Results  ind ica te  t ha t  
p roca ine  h y d r o c h l o r i d e  decreases  wheel  tu rn ing  behav io r  
bu t  has n o  apprec iab le  ef fec t  on  wa te r  i m b i b i t i o n  or  food  
c o n s u m p t i o n .  In add i t ion ,  the  da ta  ind ica te  some i m p o r t a n t  
cons idera t ions  conce rn ing  the  adequacy  of  basel ines  in 
behaviora l  test ing.  

METHOD 

Animals 

Ten male  h o o d e d  rats  3 8 4 - 4 8 6  g in weight ,  were se- 
lected f rom our  co lony  and were placed in indiv idual  cages 
wi th  free access to  food  and  wa te r  for  th ree  weeks pr ior  to 
the  beg inn ing  of  the  expe r imen t .  

Procedure 

Animals  ate Pur ina  lab chow b locks  and  ob t a ined  wa te r  
by  l icking ball  po in t ed  stainless steel  spou ts  a t t ached  to 
g radua ted  plast ic  cyl inders  by  r u b b e r  s toppers .  G r a d u a t e d  
cyl inders  were rep len ished  daily wi th  wa te r  at  r oom 
t empera tu re .  At  the  same t ime  each day  wate r  tubes  were 
r emoved  f rom the  h o m e  cage for  one  h r  be fo re  the  an imal  
was p laced in the  tes t  chamber .  Weight ,  h o m e  cage food  
and 23 hr  wa te r  in takes  were r ecorded  daily t h r o u g h o u t  the  
expe r imen t .  

The  basel ine  per iod  consis ted  of  7 days.  At  the  end  of  
the  one  h o u r  dep r iva t i on  per iod  animals  were weighed and  
carr ied to the  tes t  r o o m  in an opaque  plast ic  box .  The  tes t  
r o o m  was i l l umina ted  b y  overhead  l ights and  t e m p e r a t u r e  
was m a i n t a i n e d  at 71 -+ 5 °F.  Background  whi t e  noise was 
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prov ided  t h r o u g h o u t  the  session. The  tes t  c h a m b e r  con-  
sisted of  an indiv idual  cage a t t a ched  to a W a h m a n n  Co. 
act ivi ty  whee l  and f i t ted  wi th  a wa te r  t u b e  iden t ica l  to  t h a t  
in the  h o m e  cage. Water  spou t s  p r o t r u d e d  one  cm in to  the  
cage. Each  an imal  r ema ined  in the  tes t  c h a m b e r  for  45 min  
wi th  free access to  the  act iv i ty  wheel ,  wa te r  and  Pur ina  lab 
chow blocks.  At  the  end  of  the  session animals  were re- 
t u rned  to the  h o m e  cage where  they  had  i m m e d i a t e  access 
to  food and water .  N u m b e r  of  wheel  revo lu t ions ,  wa te r  and  
food  in takes  in the  tes t  cage were recorded .  Food  was 
measu red  to the  neares t  t e n t h  of  a gram. 

The  in j ec t ion  per iod  consis ted  of  7 days. Animals  were 
r a n d o m l y  divided in to  two groups  of  five each. The  exper i -  
m e n t a l  g roup  was in jec ted  s u b c u t a n e o u s l y  wi th  2.5% 
procaine-HC1 in dist i l led wa te r  (w/v) .  Two 1.0 cc in jec t ions  
were admin i s t e r ed  u n d e r  the  loose skin of  the  dorsal  tho r -  
acic region.  The  dose and  p rocedures  are ident ica l  to those  
of  a previous  e x p e r i m e n t  [ 2 ] .  The  con t r o l  g roup  was 
in jec ted  s u b c u t a n e o u s l y  w i th  the  same vo lume  of  dist i l led 
water .  Immed ia t e ly  a f te r  i n j ec t ion  animals  were p laced in 
the  carrying b o x  where  they  r ema ined  for  one  min  and  
were t h e n  b r o u g h t  to  the  tes t  cage. All o the r  c o n d i t i o n s  
were the  same as dur ing  the  basel ine  per iod .  

The  pos t - in jec t ion  per iod  cons is ted  of  10 days. Animals  
received the  same t r e a t m e n t  as dur ing  the  base l ine  per iod .  

These  are the  p rocedure s  wh ich  were fo l lowed in Exper i -  
m e n t  1. In E x p e r i m e n t  2, the  p rocedures  were ident ica l  
excep t  t ha t  a n o t h e r  ten  male  h o o d e d  rats  were se lected,  
3 8 5 - 4 2 9  g in weight ,  and the  basel ine  and  pos t - in jec t ion  
per iod  was e x t e n d e d  to 28 and 21 days respect ively.  

RESULTS 

The resul ts  of  E x p e r i m e n t  1 ar~ s u m m a r i z e d  in Figs. 1 , 2  
and 3 where  the  m e a n  wa te r  in t ake  in ml,  m e a n  food  
c o n s u m p t i o n  in g, and  m e a n  n u m b e r  of  wheel  r evo lu t ions  
dur ing  the  45 rain  test  session for  the  two  groups  of  5 
animals  each are p resen ted  as a f u n c t i o n  of  days  dur ing  the  
course of  the  e x p e r i m e n t .  The  e x p e r i m e n t a l  g roup  means  
are r ep resen ted  by  solid circles c o n n e c t e d  b y  a solid l ine 
and  the  con t ro l  g roup  by  solid circles c o n n e c t e d  by  a 
b r o k e n  line. The  days  on  wh ich  in jec t ions  were adminis -  
tered are ind ica ted  by  d o w n w a r d  vert ical  arrows.  The  da ta  
are s o m e w h a t  perp lexing .  A p p a r e n t l y ,  five animals  are n o t  
an  adequa t e  r a n d o m  sample  of  our  rat  p o p u l a t i o n ,  as 
ind ica ted  by  t he  basel ine  data  of  Figs. 1 and  3, and  large 
d i f ferences  b e t w e e n  e x p e r i m e n t a l  and  con t ro l  animals  
occur red  in wa te r  in takes  and  act ivi ty .  Bo th  g roups  ate 
a p p r o x i m a t e l y  the  same a m o u n t  o f  food  u n d e r  these  condi-  
t ions ,  Fig. 2. The  d i f fe rences  are m o s t  obv ious  for  wa te r  
in takes  and  wheel  r evo lu t ions  on  the  seven days  fo l lowing  
in jec t ions  in Figs. 1 and  3. The  in jec t ions  of  b o t h  dist i l led 
wa te r  and p roca ine  h y d r o c h l o r i d e  seem to depress  wa te r  
c o n s u m p t i o n  dur ing  the  tes t  session wi th  i m m e d i a t e  
increases in b o t h  g roups  for  five days  fo l lowing  the  injec- 
t ion  per iod.  There  were no  apprec iab le  decreases  in food 
c o n s u m p t i o n  in Fi~g. 2 which  could  be  a t t r i b u t e d  clearly to  
the  in jec t ions .  A l t h o u g h  these  results  clearly ind ica te  t h a t  
p roca ine  h y d r o c h l o r i d e  in quan t i t i e s  wh ich  we e m p l o y e d  in 
previous  e x p e r i m e n t s  did no t  increase  d r ink ing  dur ing  the  
tes t  sessions,  the  in jec t ion  p r o c e d u r e  did seem to p reven t  
add i t iona l  increases in wa te r  c o n s u m p t i o n  as ind ica ted  by  
an increas ing basel ine  and  had  no  clear effects  on  food  
i n t a k e ; w h e r e a s ,  in jec t ions  wi th  p roca ine  h y d r o c h l o r i d e  def- 
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FIG. 1. Mean water intakes in ml for both groups during the 45 min 
test session plotted as a function of days. Experimental group, solid 
circles connected by a solid line. Control group, solid circles con- 
nected by a broken line. Downward vertical arrows indicate 

injection days. 
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FIG. 2. Same as Fig. 1, except, mean food consumption in g for 
both groups during the 45 rain test session plotted as a function of 

days. 
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FIG. 3. Same as Fig. 1, except, mean number of" revolutions for 
both groups during the 45 min test session plotted as a function of 

days. 
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initely decreased wheel turning behavior. Consequently, the 
experiment was repeated with the establishment of more 
adequate baselines for each measure before the injections 
were administered. 

The major results of  Experiment 2 are summarized in 
Figs. 4, 5 and 6 where the mean water intakes in ml, food 
consumption in g and wheel turns in revolutions for both 
groups in the 45 min test sessions are presented as a func- 
tion of  days during the course of  the experiment. The 
downward pointing arrows indicate the days on which 
animals were injected. The experimental group means are 
indicated by solid circles connected by a solid line and the 
control group by solid circles connected by a broken line. 
In this experiment the two groups appeared to be similar in 
terms of  all three variables. The injection procedure pro- 
duced an obvious decrease in water intakes and a slight but 
apparent decrease in food consumption. There was an 

obvious decrease in wheel turning behavior due to the 
injection procedure which was much greater and more 
dramatic in the experimental group. These data confirm the 
results of Experiment 1 and demonstrate that the injection 
procedure in the control group produces a clear decrease in 
water imbibition and smaller decreases in food consump- 
tion and wheel turning behavior. Procaine hydrochloride 
has a differential effect and reduces wheel turning behavior 
drastically under these conditions. 

There was no evidence of increased water imbibition due 
to the procaine hydrochloride. As a matter of fact, there 
might have been a differential decrease due to the procaine 
hydrochloride in Experiment 1, Fig. 1, and then a return to 
an elevated baseline comparable to the control group. The 
effect is not as great but similar in Experiment 2 as illus- 
trated by the intakes on Days 34, 35, 36 and 37 in Fig. 4. 

The increases in baseline during the course of Experi- 
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FIG. 4. Same as Fig. 1. 
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FIG. 6. Same as Fig. 3. 

ment  2 can be observed more readily in Figs. 7, 8 and 9 
where the data have been rendered less variable by aver- 
aging. Moving averages were calculated according to:  

k + u - -  1 

s/u)=l/k ~.a x~ 
j = u  

where x , ,  x~ • • • are the daily sequential  means and u = 1, 
2, • • • and k = 8 and the sequence S is formed on the basis 
ot  the sum of k consecut ive terms. These sequences are 
illustrated in Figs. 7, 8 and 9 where the downward  vert ical  
arrow indicates the change from pre to post  inject ion.  The 
data of  the 7 inject ion days were no t  included in the aver- 
aging procedure.  The increasing t rend in water  consumpt ion  
from about  2 ml to 5.5 ml over the 56 day period is clearly 
evident.  A similar t rend of  increasing food consumpt ion  to 
3 g can be observed in Fig. 8. An increasing trend in wheel  
turning behavior  occurred only over the first 10 days and 
initial differences be tween the two groups were maintained 
th roughout  the exper iment .  

There were no significant changes in 24 hour  water  
intakes or food consumpt ion  or body  weights which could 
be a t t r ibuted to the injections.  As the moving average data 
indicated a plateau effect ,  the exper iment  was terminated  
at the end of  56 days. 

D I S C U S S I O N  

These results indicate unequivocal ly  that  procaine hydro-  
chloride under  present exper imenta l  condi t ions ,  similar to 
those of a previous s tudy,  do not  produce  condi t ioned  
drinking. If anything,  the drug plus the in ject ion procedure  
reduces water  intake,  food consumpt ion ,  and a defini te  
decrease in wheel turning behavior  occurs. Therefore ,  these 
data on procaine hydrochlor ide  provide no special support  
for any o ther  a l ternate  explanat ion ,  including the poisoning 
hypothesis  [3 ] ,  for our previous results. However ,  the 
gradual but  significant increases in bo th  water  imbib i t ion  
and food consumpt ion  over a relatively long period under  

these condi t ions  and the decrease due to the inject ion pro-  
cedure are factors which must be accounted for in any 
in terpre ta t ion  of  the data. It is now obvious that  the base- 
line of our previous s tudy [2] was not  comple te ly  adequate  
and that  the increases in water  and food intakes fol lowing 
the decreases due to the in ject ion procedures  might 
represent  a return to a normal ly  elevated baseline as indi- 
cated in Fig. 7. 

Because of  the decrease in wheel turning behavior  due to 
the procaine hydrochlor ide ,  it seems reasonable to assume 
that the drug decreases mo to r  activity by some general 
depressant act ion on neural exci tabi l i ty.  Such an interpre-  
ta t ion agrees with the previous findings that  procaine 
hydrochlor ide  decreases the salt arousal of  drinking [7, 8] .  
As condi t ioned drinking and salt arousal of  drinking have 
been related to an increase in mo to r  exci tabi l i ty  {2],  pro- 
caine hydrochlor ide  would  be expected  to a t tenuate  
drinking under  both  sets of condit ions.  The procaine 
inject ions might suppress the increase in neural exci tabi l i ty 
which seems to be increasing from day to day in the experi-  
menta l  test si tuation.  In the control  group,  a similar effect  
might  be produced  by inhibi t ion of  the same mechanism 
due to the noxious  s t imulat ion associated with the injec- 
t ion.  

The so-called condi t ioned  drinking of  previous reports 
which appears to be resistant to ex t inc t ion  might  possibly 
be an art ifact  due to a normal  increase in baseline under  
these condit ions.  The drinking and eating might be attrib- 
uted to an increase in mo to r  act ivi ty which results f rom an 
increase in the eff ic iency of  the uncondi t ioned  environ- 
mental  st imuli  to produce  a nonspecif ic  increse in moto r  
exci tabi l i ty.  Such an in terpre ta t ion  also explains the  
nonspecif ic i ty  of  drinking under  these condi t ions  [2] .  
Hyper ton ic  saline when administered not  only increases 
drinking but also the readiness to respond to other  types of 
s t imulat ion.  Therefore ,  it seems unlikely that  specific 
condi t ioned  drinking in a classical sense or as some type of 
aversion to poisoning has been demons t ra ted  beyond  a 
reasonable doubt .  
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FIG. 7. Moving average sequences,  k = 8, calculated for the data in Fig. 4. 
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