
Pharmacology Biochemistry & Behavior, Vol. 6, pp. 243-244 .  Copyright © 1977 by ANKHO International Inc. 
All rights of reproduction in any form reserved. Printed in the U.S.A. 

BRIEF COMMUNICATION 

Phenobarbital Drinking Curves After 

Varied Water Deprivation 

HANS SCHMIDT JR.  AND T H O M A S  B U T Z E R  

Department  o f  Psychology, Xavier University, Cincinnati, OH 45207 

(Rece ived  4 June  1976)  

SCHMIDT, H., JR. AND T. BUTZER. Phenobarbital drinking curves after varied water deprivation. PHARMAC. 
BIOCHEM. BEHAV. 6(2) 243-244,  1977. - The phenobarbital dose-drinking response curves were obtained for 111/2 and 
23% hr of water deprivation in rats. The results indicated that the same quadratic curve was found in both cases displaced 
as a function of degree of deprivation. These results are explicable by regarding phenobarbital as an adequate stimulus for 
drinking or by disinhibiting drinking if level of inhibition is not directly concerned with regulation of water ingestion per 
se. The response to phenobarbital upon the days following injection is similar for both degrees of deprivation investigated. 

Phenobarbital Water deprivation Thirst 

B A R B I T U R A T E  dr ink ing  curves have been  o b t a i n e d  which  
rel iably d e m o n s t r a t e  a quadra t i c  f u n c t i o n  of a p p r o x i m a t e l y  
the fo rm Y = A + B X - C X  ~ [5 ,6 ] .  However ,  these  f indings  
are f rom 231/2 hr  wate r  depr ived rats  exclusively.  The 
obvious  var iable  of  hou r s  of  depr iva t ion  has no t  been  
invest igated.  The on ly  data  re la ted  to the  magn i tude  of  
depr iva t ion  is the resul t  of Schmid t  [4] for  s t o m a c h  
loading wi th  water.  It was observed t ha t  40  mg/kg  
p h e n o b a r b i t a l  fac i l i ta ted  d r ink ing  to a s imilar  abso lu te  
vo lume  af te r  a 5% ( v o l u m e / b o d y  weight )  s t o m a c h  load of  
water  as c o m p a r e d  wi th  a 0% load. The  purpose  of  this  
s tudy  is to  examine  the  e f fec t  of  an e x t e n d e d  range of  
p h e n o b a r b i t a l  doses u p o n  dr ink ing  af te r  d i f fe ren t  degrees 
of  water  depr iva t ion .  

METHOD 

The an imals  for  this  e x p e r i m e n t  were 16 male  a lb ino  rats 
o b t a i n e d  f rom Maxfield Animal  Supply,  Cinc inna t i ,  OH. 
The rats  were 90 days of  age at the beg inn ing  of the  
expe r imen t .  The rats  were divided so t ha t  two rats  lived in a 
h o m e  cage. Bo th  ra ts  in each h o m e  cage were m a i n t a i n e d  
u n d e r  the  same depr iva t ion  cond i t ions .  

The  appa ra tu s  cons is ted  of 16 dr ink ing  boxes  10 cm × 
10 cm × 30 cm. The  f loor  and  roof  were made  of ha rdware  
c lo th ,  the  walls were made  of u n p a i n t e d  wood.  A dr ink ing  
spout ,  c o n n e c t e d  to a 50 ml gas measur ing  tube ,  e x t e n d e d  
in to  the  box  a b o u t  2.5 cm above the floor.  A mason i t e  
door,  a p p r o x i m a t e l y  4 cm f rom the wall, separa ted  the  
dr inking  spou t  f rom the  rest  of the  c o m p a r t m e n t .  

The rats  were p laced u p o n  sui table  wate r  depr iva t ion  
schedules.  One group of  8 animals  received a single hal f  

h o u r  d r ink ing  per iod  per  day af te r  23~A hr  water  depriva- 
t ion.  The o the r  group of  8 rats  ob t a ined  wate r  twice  a day 
in hal f  h o u r  dr ink ing  per iods  separa ted  by 111/2 hr  w i t h o u t  
water.  At  one dr ink ing  per iod  all rats  were r emoved  f rom 
the i r  h o m e  cages, weighed,  p laced in dr ink ing  boxes ,  and 
al lowed to dr ink  for  the  requis i te  t ime.  During the  o the r  
d r ink ing  period,  the  dr inking  per iod  for  the  111/2 hr  
depr ived rats  only,  a water  bo t t l e  placed on the  h o m e  cage 
served to m a i n t a i n  depr iva t ion  condi t ions .  These schedules  
were m a i n t a i n e d  w i t h o u t  fu r the r  t r e a t m e n t  for 15 days and  
c o n t i n u e d  t h r o u g h o u t  the course of the expe r imen t .  

On the  s i x t een th  day of  the  depr iva t ion  and every th i rd  
day thereaf te r ,  the e x p e r i m e n t a l  t r e a t m e n t s  were adminis-  
tered.  The t r e a t m e n t s  co r r e sponded  to a p r e d e t e r m i n e d  8 x 
8 Lat in Square sequence  in which  each rat  received each 
p h e n o b a r b i t a l  dosage once  and  each t r e a t m e n t  was adminis-  
tered equally o f t en  u p o n  each t r e a t m e n t  day. The pheno-  
barb i ta l  doses varied f rom 0 to 70 mg/kg  in 10 mg/kg  steps. 
The 0 mg/kg  so lu t ion  was 0.9% saline solut ion,  the solvent  
for  the  p h e n o b a r b i t a l  sodium.  Solu t ions  were adjus ted  in 
c o n c e n t r a t i o n  so t h a t  1 ml /kg  was admin i s t e red  u p o n  each 
in jec t ion  day. S u b c u t a n e o u s  in jec t ion  was the rou te  of  
admin i s t r a t i on  of  the drug. The animals  received thei r  
in jec t ions  45 min  pr ior  to  the t ime at which  they  were 
a l lowed to drink.  

RESULTS 

The results  of  the  e x p e r i m e n t  are summar ized  in Fig. 1. 
It is clear tha t  b o t h  curves ini t ial ly rise wi th  increasing 
p h e n o b a r b i t a l  dosage and fall wi th  still f u r the r  increases.  
The dose effect  is large and signif icant ,  F ( 7 , 8 1 ) =  8.44, 
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FIG. 1. Mean water intake as a function of hours of water 
deprivation and phenobarbital dosage. Circles symbolize water 
ingestion 45 min after injection, triangles symbolize water ingestion 
a day later, and squares symbolize water ingestion 2 days later. The 
open figures represent the findings for 231/2 hr water deprivation 
while the filled figures represent water intake for 111/2 hr water 

deprivation. The lines are the lines of best fit. 

p < 0 . 0 0 1 .  The best  f i t t ing  quadra t i c  e q u a t i o n  of the  form Y 
= A + B X - C X  2 a c c o u n t s  for  92% of  the dosage variance.  
Depr iva t ion  as expec t ed  gives a highly s ignif icant  results,  
F (1 ,14)  = 21.97,  p < 0 . 0 0 1 .  The 111/2 hr  water  depr ived rats  
dr ink  less t h a n  231/2 hr  wate r  depr ived rats  which  is scarcely 
surprising.  The  i n t e r ac t i on  of  dosage wi th  hou r s  of  depriva- 
t ion,  F (7 ,81 )  = 1.00, n.s., is negligible. This  would  suggest 
t ha t  the  p h e n o b a r b i t a l  dose-dr ink ing  response  curves are 
s imply  displaced as a f u n c t i o n  of  hours  of depr iva t ion  and  
only  the  i n t e r c e p t  varies. 

On the  day fo l lowing the  day of  in jec t ion  b o t h  groups  of  
animals  show a s ignif icant  l inear  increase of water  in take  as 
a f u n c t i o n  of p h e n o b a r b i t a l  dosage, F (1 ,91 )  = 9.60, 
p < 0 . 0 1 .  The i n t e r ac t i on  be tween  the  two curves is negligi- 
ble, F (1 ,91 )  = 1.00, p > 0 . 2 0 ,  indicat ive  of  similar func t ions  
differ ing on ly  in the i r  origin. Two days af te r  in jec t ion ,  
water  inges t ion  decl ines  as a l inear  f u n c t i o n  of p h e n o b a r b i -  
tal dose, F (1 ,89)  = 9.45, p < 0 . 0 1 .  Again the in t e rac t ion  of 
hou r s  of  depr iva t ion  wi th  the  ef fec t  of p h e n o b a r b i t a l  dose 
is negligible,  F (1 ,89 )  = 1.00, p > 0 . 2 0 ) .  Increased hou r s  of  
depr iva t ion  have the  expec t ed  dipsogenic  effect ,  F (1 ,14)  = 
14.74, p < 0 . 0 0 1 ) .  

DISCUSSION 

Quadra t i c  dose response  f u n c t i o n s  were f o u n d  for the 
p h e n o b a r b i t a l  e f fec t  u p o n  dr ink ing  at 111/2 and 231/2 hr  of  

water  depr iva t ion  on  the t r e a t m e n t  day. The curves differ  
f rom each o t h e r  negligibly excep t  in t e rms  of the varied 
ef fec t  of  magn i tude  of water  depr iva t ion ,  in shor t  the 
curves appear  to  differ  by a c o n s t a n t  d i sp lacement .  On the 
second day of  the 3 day cycle, the p h e n o b a r b i t a l  dose- 
d r ink ing  response  curves increase as a l inear  f unc t i on  of the 
dose in b o t h  111/2 and  23V2 hr water  depr iva t ion .  Again the 
in t e rac t ion  be tween  the  curves is negligible. Final ly,  two 
days a f te r  in jec t ion ,  b o t h  dose-response  curves fall as a 
l inear  f u n c t i o n  of the dose being displaced by a cons t an t  
d e t e r m i n e d  by the  d i f fe rence  in water  depr iva t ion .  

These  resul ts  are s imply cons i s ten t  wi th  the n o t i o n  tha t  
p h e n o b a r b i t a l  or ba rb i t u r a t e s  in general  serve to s t imula te  
dr ink ing  12]. In the  s implest  terms,  this  theory  proposes  
tha t  the  response  is s imply  p r o p o r t i o n a l  to p h e n o b a r b i t a l  
dosage, in con t r a s t  the p ropos i t i on  tha t  p h e n o b a r b i t a l  or 
ba rb i tu r a t e s  in general  faci l i ta te  d r ink ing  by d is inhib i t ing  
dr inking  is qual i f ied to some ex ten t .  If one proposes  tha t  
increasing dr ink ing  as a f unc t i on  of hours  of depr iva t ion  is 
due to d iminish ing  inh ib i t i on  of the dr inking  response,  an 
ex tens ion  of the t h ink ing  of  Anand  and Dua [1] f rom 
eat ing to dr inking,  the d i s inh ib i t ing  effects  of phenoba rb i -  
tal, if such they be, may be no t  upon  inhib i t ing  effects  
pe r ta in ing  to regula t ion  itself. One bit of evidence against  
such reason ing  is the  f inding tha t  p h e n o b a r b i t a l  reduces  the 
dr inking  la tency  of  rats  t r ea ted  with h y p e r t o n i c  saline [41. 
The decisiveness of tha t  evidence is c o n t i n g e n t  upon  the 
c o m m u n a l i t y  of mechan i sms  unde r ly ing  saline and depriva- 
t ion induced  dr inking.  A n o t h e r  theore t ica l  approach  impli-  
cat ing p h e n o b a r b i t a l  as a d i s inh ib i to r  of d r ink ing  but  based 
upon  var ia t ions  in exc i t a t ion  as the source of dr inking  
var ia t ions  as a func t ion  of hours  of  depr iva t ion  [31 would 
require  tha t  net  inh ib i t ion  of dr inking  is essential ly con- 
s tan t  be tween  1 lYz and  231/2 hr of water  depr iva t ion .  What  
would be fu r t he r  requi red  is tha t  a f te r  some shor t  per iod of 
i nh ib i t i on  of  dr inking  by water  in the s tomach  or by 
oroesophageal  cues, or bo th ,  there  be some per iod of 
quiescence  t e r m i n a t e d  by a sup ra th re sho ld  level of dysregu- 
la t ion giving rise to dr inking.  

On the  day fo l lowing in jec t ion  the changes  in dr inking  
response  as a f unc t i on  of p h e n o b a r b i t a l  dosage is similar 
b o t h  for  l lYz and 231/2 hr of  depr iva t ion .  On the day 
fo l lowing in jec t ion ,  dr inking  in this e x p e r i m e n t  increased as 
a f unc t i on  of  p h e n o b a r b i t a l  dosage. This is s o m e w h a t  in 
con t ras t  to the  f indings  of Schmid t  and  Dry who  find some 
rise in d r ink ing  at the higher  p h e n o b a r b i t a l  doses as did this 
e x p e r i m e n t  bu t  some decline at low to m o d e r a t e  doses [ 51 
when  dr ink ing  was ana lyzed  24 hr 45 min af ter  inject ion.  
The decl ining level of  d r ink ing  as a f unc t i on  of phenoba rb i -  
tal dose for 2 days af te r  in jec t ion  is similar to tha t  
descr ibed previously  [5 ] .  These data would suggest tha t  
recovery f rom p h e n o b a r b i t a l  fol lows a similar t ime course 
i n d e p e n d e n t  of  water  depr iva t ion  and water  me tabo l i sm 
over some e x t e n d e d  range of depr iva t ion .  
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