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RONDEAU, D. B., F. B. JOLICOEUR, R. KACHANOFF, P. SCHERZER AND M. J. WAYNER. Effects of phenobarbital 
on ethanol intake in fluid deprived rats. PHARMAC. BIOCHEM. BEHAV. 3(3) 493-497, 1975. - Rats were adapted to a 
23 hr fluid deprivation schedule. Every third day animals were offered either 3 or 7 percent ethanol in place of water 
during the 1 hr drinking session. Three doses of sodium phenobarbital were administered subcutaneously to 3 groups of 
animals - 20, 40, and 60 mg/kg. Results indicate that the drug increases ethanol consumption following the injection but 
decreases consumption of ethanol on subsequent postdrug days. There was an attenuation in these effects from the first to 
the third injection. Although a dose effect was not determined, changes in ethanol consumption were greater with the 
higher concentrations. 

Ethanol Sodium phenobarbital Fluid deprivation Alcohol intake 

THE barbiturates, especially sodium phenobarbital, injected 
subcutaneously in amounts below the hypnotic dose pro- 
duce an increase in water intake of  rats under ad lib condi- 
tions [6] ,  on a 23 hr fluid deprivation schedule [5, 7, 9, 14, 
19] and following injections of  hypertonic saline solutions 
[14,17].  Maximal increases are obtained with moderate 
doses, 2 5 - 4 0  mg/kg, with a reduction towards baseline 
with higher doses [4,18].  Phenobarbital also enhances con- 
sumption of  solutions that are considered aversive in taste. 
Increased intakes of  various saline solutions were noted in 
water deprived rats following administration of  sodium 
phenobarbital [ 5, 15, 16]. As the concentration of  a saline 
solution is increased above isotonicity, it becomes less pala- 
table to rats and although the magnitude of  facilitation of  
drinking by sodium phenobarbital is at a maximum in the 
vicinity of  optimal solution acceptability, i.e. around 0.9 
percent NaC1, increased intakes of  solutions up to 3 percent 
NaC1 have been reported [16].  Ethanol solutions above 5 
percent in concentration are less palatable than water for 
the rat since ethanol consumption in these animals declines 
rapidly in preference for water in the range of  5 - 7  percent 
[ 1 0 , 1 3 , 2 1 ] .  

Effects of various doses of  sodium phenobarbital on the 
consumption of  4, 6, and 8 percent ethanol solutions have 
been examined in some detail [7].  In this unpublished 

study 23 hr water deprived rats received a given dose of  
phenobarbital 15 min prior to a 1 hr drinking session in 
which an ethanol solution was presented. Drug-ethanol 
treatments were given four times. Each treatment was inter- 
spersed by two days when water alone was presented during 
the drinking session. Results demonstrated that sodium 
phenobarbital increased the intakes of  all ethanol solutions. 
Of special interest was the finding that postdrug intakes of  
the ethanol solutions were significantly lower than the pre- 
drug intakes. This decrease occurred after animals received 
four successive phenobarbital-ethanol treatments and drank 
different alcohol solutions. The purpose of the experiment 
was to determine the effects of three doses of  sodium phe- 
nobarbital - 20, 40, and 60 mg/kg - on fluid deprivation 
produced drinking of  3 or 7 percent ethanol. Results dem- 
onstrate a clear increase in the drinking of 3 or 7 percent 
ethanol solutions by sodium phenobarbital and a sub- 
sequent postdrug decrease in the 'consumption of  the same 
solutions. 

METHOD 

Animals 

Thirty-six male hooded rats from Ferme et Laboratoire 
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Canadien d'Elevage, St-Constant, Que., were used. Upon 
their arrival, animals were weighed and injected with 0.05 
cc Bicilin to prevent infections. For 4 days the animals were 
maintained on tap water and Purina Rat Chow ad lib. They 
were weighed and handled daily. At the beginning of the 
experiment their mean age was 44 days and their mean 
weight was 184.4 g, range 164-200  g. The rats were sepa- 
rated into 6 groups of 6 animals each. 

General Procedure 

The rats were kept in individual home cages, 7 × 7 x 10 
in, in a rack located in a constantly illuminated and temper- 
ature controlled room. Tap water or ethanol solutions, 3 
percent w/v or 7 percent w/v, were presented in a 100 ml 
calibrated Richter drinking tube clipped to the front of 
each cage. Food, which consisted of Purina Rat Chow pel- 
lets, was placed in a holder attached to each cage. Ethanol 
solutions were prepared every 2 or 3 days. Distilled water 
was added to the given weight of ethanol desired for a 
particular concentration. Tap water and the ethanol solu- 
tions were presented at room temperature. Sodium pheno- 
barbital was dissolved in physiological saline. Stock solu- 
tions of this drug were prepared the day prior to the injec- 
tions and were kept under refrigeration. Dosages studied 
were 20, 40, and 60 mg/kg and were administered by sub- 
cutaneous injections. For all injections the animals were 
partially immobilized in a constraining device, Restraining 
Cage, 3 x 2.5 x 8 in. Fisher Scientific. None of the injec- 
tion volumes exceeded 0.5 ml. 

iment. Two days of water presentation were interspersed 
between each presentation of the ethanol solutions. Ani- 
mals were forced to drink ethanol during the I hr session 
on Days 18, 21, 24, 27, 30, 33, 36, 39, and 42. Animals 
received injections of 0.9 percent NaC1 on Days 18, 21, 24, 
30, 36, 42 and injections of sodium phenobarbital on Days 
27, 33, and 39. 

On Days 18, 21, and 24, the animals were weighed and 
injected with 0.9 percent NaC1 15 min prior to the drinking 
session and fluid intake was measured. These data, express- 
ed in terms of milliliters of fluid imbibed during the 1 hr 
drinking session, provided a saline control baseline of etha- 
nol consumption for each group of animals. Drug adminis- 
tration took place on Days 27, 33, and 39. A dose of 20 
mg/kg sodium phenobarbital was assigned to one of the 
groups that was allowed to drink the 3 percent ethanol 
solution. The remaining two groups for that concentration 
of ethanol received respectively 40 and 60 mg/kg sodium 
phenobarbital injections. The same three doses of the drug 
were employed with the three groups of rats who drank the 
7 percent ethanol solution. Consequently, on each of the 
three drug days, a given group of animals was presented 
with the same ethanol solution and received the same dose 
of sodium phenobarbital. Otherwise the procedure was ex- 
actly the same as it was on saline injections days. On Days 
30, 36, and 42, treatments of each group of rats were iden- 
tical to those of predrug Days 18, 21, and 24 on which 0.9 
percent NaC1 injections were given. This procedure pro- 
vided postdrug fluid intake measures with which it was pos- 
sible to compare baseline and drug days alcohol intakes. 

Drinking Schedule and Drug Procedures 

The animals were adapted to a 23 hr fluid deprivation 
schedule. The volume of fluid consumed during a 1 hr 
drinking session was measured. During this time food was 
taken from the cage. For the remaining 23 hr food was 
present ad lib. Prior to the daily fluid consumption each rat 
was removed from the home cage and weighed. The specific 
times for weighing each of the 6 groups of animals and the 
hour of fluid intake for each of them were approximately 
the same every day. 

On Days 1-14 ,  the rats after being weighed were return- 
ed to their home cage. Fifteen min later the Richter tubes 
were filled with water and clipped to the cages and the 
animals were allowed to drink for 1 hr. On Days 9 and 12, 
the rats were injected subcutaneously with 0.9 percent 
NaC1 after being weighed and before being returned to their 
cages. Fifteen min later tubes were replaced and animals 
allowed to drink as above. The volumes of the saline injec- 
tions were approximately equivalent to those of the drug 
injections to be given later in the experiment. 

On Day 15, after a 0.9 percent NaC1 injection, 3 of the 6 
groups of rats were presented with 1.5 percent ethanol and 
3.5 percent ethanol was offered to the other three groups. 
These two solutions were one-half the concentration of the 
solutions to be used later in the experiment and were em- 
ployed to provide some limited prior experience with the 
taste and flavor of ethanol solutions. On Days 16 and 17 
tap water was the only fluid presented. 

Every three days, from Day 18 to 42, 3 groups of rats 
were provided with a 3 percent ethanol solution and the 3 
other groups with a 7 percent ethanol solution. Conse- 
quently a given group of animals was allowed to drink one 
of the two concentrations of ethanol throughout the exper- 

RESULTS 

The results are based on the consumption data during 
the 1 hr drinking sessions on days on which ethanol solu- 
tions were presented. Water intakes on all the interdays 
were found to be of small variance and are not included in 
the detailed analysis of the results. A 3 x 3 x 2 x 3 repeat- 
ed measures ANOVA [23] was carried out on the intakes 
for each dose, for all the treatments (predrug days, drug 
days and postdrug days), for each ethanol concentration 
and for the three different days of the same treatment. 

No significant differences were found between the ef- 
fects of the three doses of the drug on ethanol consump- 
tion. Mean intakes of the ethanol solutions, with the doses 
combined, under all the treatment days are illustrated in 
Fig. 1 for the 3 percent (Panel A) and 7 percent (Panel B) 
ethanol concentrations. Significant differences were found 
between ethanol intakes under the three treatments F(2,60) 
= 83.87, p<0.01. A Tukey Type A analysis revealed that 
there were significant differences in ethanol consumption 
between predrug days and drug days, between drug days 
and postdrug days, and between predrug days and postdrug 
days. This is illustrated in Fig. 2 in which mean intakes of 
the ethanol solutions, combined for the doses and the days 
of a same treatment, are plotted for each treatment. It can 
be seen that the significant differences between treatments 
are reflected by an increase in ethanol intakes of both con- 
centrations on drug days and a decrease in consumption on 
postdrug days when these two treatments are compared to 
the predrug measures. 

The analysis of variance also revealed a significant differ- 
ence in the consumption of the two concentrations of etha- 
nol through all the treatments, F(1,30) = 136.15, p<0.01. 
On the average rats drank about 6 ml more of the 3 percent 
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FIG. 1. Mean ethanol intake of both concentrations on combined predrug days (18, 21 and 24), 
on each of the drug days (27, 33 and 39), and on each of the postdrug days (30, 36 and 

42). A - 3 percent; B - 7 percent. ~ combined predrug; • drug; [] postdrug. 
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FIG. 2. Effects of sodium phenobarbital (combined doses) on 3 and 7 percent ethanol intake. Treat- 
ment 1: mean of the combined intakes for the predrug days. Treatment 2: mean of the combined 

intakes for the 3 drug days. Treatment 3: mean of the combined intakes for the 3 postdrug days. 
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ethanol solution than the 7 percent ethanol solution during 
the 1 hr drinking session. This is in accordance with numer- 
ous experiments dealing with the preference-aversion func- 
tion of ethanol concentrations in the rat. This difference in 
the consumption of the two ethanol solutions is clearly 
shown in Figs. 1 and 2. 

The treatments by ethanol concentrations interaction 
was significant, F(2,60) = 4.58, p<0.05. The facilitatory 
effect of sodium phenobarbital on drinking is much more 
dramatic for the animals who drank the 7 percent ethanol 
solution during the 1 hr session. For these rats there was a 
47 percent change in consumption while the animals who 
drank the 3 percent ethanol solution increased their con- 
sumption by 11 percent. Also, the depressing effect of sodi- 
um phenobarbital on postdrug ethanol consumption is 
greater for the animals who drank the 7 percent ethanol 
solution. These animals decreased their consumption by 27 
percent while the 3 percent ethanol rats decreased their 
intake by 16 percent. 

There were no significant differences between the three 
different days of the same treatment. However, the treat- 
ments by days of the same treatment interaction was signif- 
icant, F(4,120) = 5.56, p<0.01. As shown in Fig. 3, mean 
intakes on drug days are in the direction of a decrease from 
the first to the third injection of the drug indicating an 
attenuation of the facilitatory effect of sodium phenobarbi- 
tal. On the other hand, mean intakes on postdrug days are 
in the direction of an increase indicating an attenuation of 
the depressing effect of the drug from the first to the third 
day of that treatment. 
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FIG. 3. Mean of the combined intakes for both ethanol solutions 
plotted as a function of the 3 days of the same treatment. 

D I S C U S S I O N  

The results of the present experiment confirm the previ- 
ous observation of the effect of sodium phenobarbital on 
ethanol intake in 23 hr fluid deprived rats [7]. A significant 
increase in liquid consumption was found when injections 

of sodium phenobarbital were paired with either 3 or 7 
percent ethanol solutions intakes. The combination of phe- 
nobarbital and ethanol has some interesting implications. It 
has been reported that phenobarbital stimulates aldehyde 
dehydrogenase activity in rat liver [2]. ' Increased ethanol 
consumption could then be interpreted as being related to a 
facilitation of alcohol catabolism. However, since phenobar- 
bital produces an increased consumption of water and sa- 
line solutions, it seems unlikely that the enhanced ethanol 
ingestion observed in this experiment could be solely attrib- 
utable to this interaction of the drug with ethanol. An at- 
tenuation of the increasing effect of sodium phenobarbital 
on ethanol intake was observed from the first to the third 
injection. In terms of percentages of change over baseline, 
the facilitatory effect of the drug was approximately four 
times more effective for the 7 percent ethanol concentra- 
tion than for the 3 percent concentration. The large in- 
crease in the consumption of the 7 percent ethanol solution 
is another indication that sodium phenobarbital can pro- 
duce its dipsogenic action with aversive solutions. Punish- 
ment-attenuating properties of the drug have been proposed 
elsewhere as the behavioral explanation of this effect [5].  
According to this hypothesis, the drug would counteract 
the aversiveness of some solutions in such a way that ani- 
mals drink larger quantities of these solutions after adminis- 
tration of the drug than under baseline conditions. Con- 
trary to the results on water intake, where the 40 mg/kg 
dose of sodium phenobarbital has been shown to be the 
most effective [ 18], the present data do not indicate that 
the magnitude of increased ethanol consumption is related 
to the amount of the drug injected. The reasons for these 
differences concerning the dose effect of the drug on drink- 
ing are not clear at the present time. In addition to the 
increases in ethanol intake on drug days, results reveal sig- 
nificant decreases in ethanol intakes on postdrug days when 
compared to predrug days or baseline data. This depressing 
effect was observed after each sodium phenobarbital treat- 
ment. Apparently, only a single combination or pairing of 
phenobarbital and ethanol is sufficient to produce a de- 
crease in ethanol intake and that such an effect can be 
obtained in animals given only one ethanol solution to 
drink. The depressing effect of sodium phenobarbital was 
much greater for the 7 percent ethanol solution than for 
the 3 percent solution. No dose related decreases in ethanol 
consumption were observed. 

Several drugs have been found to reduce alcohol intake 
in the rat [22]. Among them are p-chlorophenylalanine, 
which depletes brain serotonin, and n-Butyraldoxime, an 
aldehyde dehydrogenase inhibitor. However, it has been 
demonstrated that the action of these two drugs is not 
specific to alcohol since they produce learned taste aver- 
sions to saccharin solutions [12]. Up to now, only mor- 
phine has been unequivocally shown to induce a specific 
reduction in ethanol consumption [20]. The decreases in 
ethanol intake observed in the present experiment might be 
interpreted as a learned taste aversion produced by the sodi- 
um phenobarbital. The report that another barbiturate, so- 
dium pentobarbital, causes a taste aversion to saccharin 
solutions [ 1] tends to indicate that barbiturates can pro- 
duce aversions to sapid fluids and that the observed depress- 
ing effect of sodium phenobarbital might not be specific to 
alcohol solutions. Sodium phenobarbital might have pro- 
duced a learned taste aversion to the 3 percent ethanol 
solution and could have reduced even more the consump- 
tion of the 7 percent ethanol solution which is already 
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aversive to  rats.  i t  shou ld  be  m e n t i o n e d  t h a t  in the  p resen t  
e x p e r i m e n t  t he  r e d u c t i o n  in in t ake  was n o t  f o u n d  to  be  
dose re la ted  whereas  the  degree of  avers ion to  a so lu t ion  is 
p r o p o r t i o n a l  to  t he  a m o u n t  of  the  tox ic  subs t ance  adminis -  
t e red  [ 1 1] .  Besides t he  possible  i n v o l v e m e n t  o f  a learned  
tas te  avers ion  c rea ted  by  sod ium p h e n o b a r b i t a l ,  a n o t h e r  
f ac to r  cou ld  c o n t r i b u t e  to  the  depress ing  ef fec t  o f  the  drug  
on  p o s t d r u g  days e t h a n o l  in takes .  S o d i u m  p h e n o b a r b i t a l  
p roduces  i n t akes  o f  e t h a n o l  so lu t ions  in  quan t i t i e s  grea te r  
t h a n  t h a t  wh ich  an an imal  accepts  u n d e r  base l ine  condi -  

t ions .  The  pos t abso rp t ive  ef fec ts  of  such  h igher  inges t ion  
would  have an  in f luence  o n  s u b s e q u e n t  in takes .  This  is 
p lausible  since e t h a n o l  has  a sys temic  avers ion p r o d u c i n g  
effect .  I n t r a p e r i t o n e a l  in jec t ions  of  e t hano l  in var ious  doses  
have been  f o u n d  to  be ef fec t ive  n o x i o u s  s t imul i  i nduc ing  
tas te  avers ion to  swee tened  so lu t ions  [ 3 , 8 ] .  I t  wou ld  be 
in te res t ing  to  d e t e r m i n e  if  increases in e t h a n o l  inges t ion  
p r o d u c e d  by  o t h e r  d ipsogenic  agents  wou ld  reduce  sub- 
s equen t  e t h a n o l  in take .  

R E F E R E N C E S  

1. Brown, D. L. and M. Glusman. Conditioned gustatory aversion 
produced with anesthetic and convulsive agents. Psychon. Sci. 
25: 49: 1971. 

2. Deitrich, R. A. Genetic basis of phenobarbital-induced increase 
in aldehyde dehydrogenase: implications for alcohol research. 
Ann. N. Y. Acad. Sc£ 197: 73-78 ,  1972. 

3. Eckardt, M. J., A. J. Skurdal and J. S. Brown. Conditioned 
taste aversion produced by low doses of alcohol. Physiol. 
Psychol. 2: 89-92 ,  1974. 

4. Falk, J. L. and G. K. Burnidge. Drug antagonism and water 
intake. Physiol. Behav. 5: 193-198,  1970. 

5. Falk, J. L. and G. K. Burnidge. Fluid intake and punishment- 
attenuating drugs. Physiol. Behav. 5: 199-202,  1970. 

6. Jones, M. R. The effect of phenobarbital on food and water 
intake, activity level and weight gain in the white rat. J. comp. 
physiol. Psychol. 35: 1-10 ,  1943. 

7. Kachanoff, R. The effect of phenobarbital and chlordiazep- 
oxide on water and alcohol intake. Doctoral dissertation, Ari- 
zona State University, 1969. 

8. Lester, D., M. Nachman and J. LeMagnen. Aversive conditiong 
by ethanol in the rat. Q. JlStud. Alcohol 31: 578-586 ,  1970. 

9. Maickel, R. P. and G. J. Maloney. Effects of various depressant 
drugs on deprivation-induced water consumption. Neurophar- 
macology 12: 777-782 ,  1973. 

10. Myers, R. D. Voluntary alcohol consumption in animals: pe- 
ripheral and intracerebral factors. Psychosom. Med. 28: 
484-497 ,  1966. 

11. Nachman, M. and J. H. Ashe. Learned taste aversion in rats as a 
function of  dosage, concentration, and route of administration 
of LiC1. Physiol. Behav. 10: 73-78 ,  1973. 

12. Nachman, M., D. l_ester and J. LeMagnen. Alcohol aversion in 
the rat: behavioral assessment of noxious drug effects. Science 
168: 1244-1246,  1970. 

13. Richter, C. P. and K. H. Campbell. Alcohol taste thresholds 
and concentrations of solutions preferred by rats. Science 91: 
507-508,  1940. 

14. Schmidt, H., Jr. Water intake as an index of drug action. In: 
Thirst in the Regulation o f  Body Water, edited by M. J. Way- 
ner. Oxford: Pergamon Press, 1964, pp. 185-209.  

15. Schmidt, H., Jr. Variations in water ingestion: the response of 
barbiturates. In: Progress in Brain Research, Vol. 16, Horizons 
in Neuropsychopharmacology, edited by W. A. Himwich and 
J. P. Schad& Amsterdam: Elsevier, 1965, pp. 263-284.  

16. Schmidt, H., Jr. Barbiturate effects on saline acceptance and 
post-ingestion variables. Physiol. Behav. 1: 183-189,  1966. 

17. Schmidt, H., Jr. Alterations of central thirst mechanisms by 
drugs. Ann. N. Y. Acad. Sci. 157: 962-976 ,  1969. 

18. Schmidt, H., Jr. and L. Dry. Dose and time as variables in 
barbiturate action upon water ingestion. Am. J. Physiol. 204: 
817-820,  1963. 

19. Schmidt, H., Jr. and S. J. Moak. Some drug effects in influ- 
encing barbiturate facilitation of water ingestion. Am. J. Physi- 
ol. 196: 307-310 ,  1959. 

20. Sinclair, J. D. Morphine suppresses alcohol drinking regardless 
of prior alcohol access duration. Pharmac. Biochem. Behav. 2: 
409-412 ,  1974. 

21. Wayner, M. J., I. Greenberg, R. Tartaglione, D. Nolley, S. Fra- 
ley and A. Cott. A new factor affecting the consumption of 
ethyl alcohol and other sapid fluids. Physiol. Behav. 8: 
345-362,  1972. 

22. Weissman, A. and B. K. Koe. Drugs and deterrence of alcohol 
consumption. In: Annual Reports in Medicinal Chemistry, 
edited by C. K. Cain. New York: Academic Press, 1969, pp. 
246-258.  

23. Winer, B. J. Statistical Principles in Experimental Design. New 
York: McGraw Hill, 1962. 


