
term PCP psychosis develops in immu- 
nodepressed and genetically predisposed 
individuals who encounter a neuro- 
tropic virus during the immunodepressed 
phase. 
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Intragastric Self-Infusion of Ethanol by 
Ethanol-Preferring and -Nonpreferring Lines of Rats 

Abstract. An ethanol-preferring line of rats, developed by selective breeding, 
consumed as much as 9.4 t 1.7 grams of ethanol per kilogram of body weight per 
day through intrasgastric self-infusions, yielding blood ethanol concentrations of 92 
to 415 milligrams per 100 milliliters. By contrast, the ethanol-nonpreferring line self- 
administered only 0.7 * 0.2 gram per kilogram per day. These findings indicate that 
the reinforcing effect of ethanol is postabsorptive and is not mediated by the drug's 
smell or taste. Hence the ethanol-preferring line of rats may be a suitable animal 
model of alcoholism. 

Whereas most rats do not ingest signif- 
icant quantities o f  ethanol when ethanol 
(10 percent by volume in water), water, 
and food are concurrently available, 1 to 
3 percent o f  the population in some colo- 
nies o f  Wistar rats voluntarily consume 6 
to 8 g o f  ethanol per kilogram of  body 
weight per day or more ( 1 ) .  By selective- 
ly breeding individuals from such colo- 
nies, we developed ethanol-preferring 
(P) and ethanol-nonpreferring (NP) lines 
o f  rats in our laboratory (2, 3).  Studies of  
P rats have shown that this line meets 
almost all the perceived requirements o f  
an animal model o f  alcoholism (4). First, 
P rats voluntarily drink large quantities 
o f  10 percent ethanol to produce pharma- 
cologically significant blood ethanol con- 
centrations; values as high as 105 mg per 
100 ml have been measured (1, 5).  Sec- 
ond, P rats work through operant re- 
sponding to obtain ethanol, even when 
food and water are freely available (6).  
Third, when given the opportunity to 
drink ethanol over long periods, P rats 
develop physical dependence (7) .  Stud- 
ies have also shown that P rats develop 
tolerance to ethanol's depressant effect 
more rapidly than do NP rats (8,  9),  that 
P but not NP rats exhibit an excitatory 
response to low doses o f  ethanol ( lo ) ,  
and that P rats differ from NP animals in 
the steady-state concentration of  certain 
monoamines in several brain regions 
( 1 1 ) .  

A critical requirement o f  an animal 

I Ethanol D HoO - 
10% 20% 30% 40% 

- ethanol ethanol ethanol ethanol 

Fig. 1. Volumes of fluids infused by P and NP 
rats with free-choice drinking of two flavored 
water solutions paired with intragastric deliv- 
ery of equal volumes of ethanol o r  water. 
Total daily fluid intake is twice that infused. 

model o f  alcoholism (4) is that the posi- 
tive reinforcing feature o f  ethanol should 
stem from the postabsorptive, pharma- 
cological actions o f  ethanol rather than 
from its taste or smell. W e  reported 
earlier (2 )  that some P rats, trained to 
bar-press for 10 percent ethanol in a 
dipper, self-administered ethanol intra- 
venously when the ethanol in the dipper 
was replaced with water. Because the 
total amount o f  ethanol self-administered 
was small and the phenomenon could not 
be observed in every P rat, involvement 
o f  the taste or smell o f  ethanol as a 
positive reinforcer could not be ruled 
out. W e  now report the results o f  studies 
o f  intragastric self-administration of  eth- 
anol by the P and NP lines. It appears 
that the positive reinforcing effect o f  
ethanol in P rats and its absence in NP 
rats is mediated principally, i f  not entire- 
ly,  by ethanol's postabsorptive effects. 

Male P and N P  rats o f  the S-21 genera- 
tion, weighing 310 to 475 g ,  were individ- 
ually housed in a temperature- and hu- 
midity-controlled environment with a 12- 
hour light-dark cycle. All animals had 
been tested for ethanol preference at 
puberty (12) and had been ethanol-free 
for at least 1 month before surgery. The 
oral intakes o f  ethanol by the P and NP 
rats were 6.5 t 0.4 and 0.4 ? 0.6 gikg 
per day, respectively. Standard lab- 
oratory feed (Wayne Lab-Blox; Allied 
Mills) was freely available before and 
during the experiment. Access to water 
and ethanol during training and the ex- 
periment is described below. 

The animals were surgically implanted 
with a transesophageal catheter (13) for 
the intragastric delivery of  fluids. The 
catheter was held in place with a harness 
and swivel assembly that allowed the rat 
to move freely in the cage (14). During 
the 5- to 7-day postoperative period wa- 
ter was freely available. The rats were 
then trained in an apparatus (15, 16) to 
associate drinking of  an aqueous solution 
o f  one o f  two neutral flavors (almond or 
banana, 0.5 percent by volume; Durkee 
Foods) from a U-shaped tube with intra- 
gastric infusion o f  an equal volume o f  
water and ethanol (20 percent by vol- 
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* P < 0.001 (P versus NP) 
+ P < 0.05 (intragastric 

versus oral) *+ 

10 0 10 20 30 40 

Ethanol (percent by  volume) 

Fig. 2. Amount of ethanol self-infused intra- 
gastrically by P and N P  rats. Free-choice oral 
consumption of ethanol by P and N P  rats is 
shown on the left for comparison. Statistical 
significance was determined with the New- 
man-Keuls method for multiple comparisons. 

ume), and to associate drinking of the 
other flavor with intragastric infusion of 
an equal volume of water alone. Both P 
and N P  rats readily learned this discrimi- 
nation task. During training and the ex- 
periment the banana flavor was paired 
with intragastric infusion of ethanol and 
the almond flavor with intragastric infu- 
sion of water in half of the animals. 
Pairing was reversed in the other half. In 
both P and N P  animals the volume of 
ethanol infused with the ethanol-banana 
pairing was similar to that infused with 
the ethanol-almond pairing. Similar re- 
sults were observed with respect to  the 
intragastric infusion of water. Earlier 
tests had not shown any preference for 
either flavor. 

After being trained, the P and N P  rats 
were given free access to both flavored 
solutions in the U-tubes 24 hours per 
day. Every 5 days the concentration of 
ethanol in the solution for infusion was 
increased. Since the infusions were 
yoked to the drinking of an equal volume 
of flavored water, the intragastric con- 
centration of ethanol self-administered 
was half that of the infused solution. P 
rats consistently self-infused greater vol- 
umes of ethanol than did N P  rats (Fig. 1). 
As expected, the volume of ethanol in- 
fused decreased in both P (25 percent) 
and N P  (55 percent) rats as its concentra- 
tion increased from 10 to 40 percent. The 
volume of water infused did not change 
significantly in either group. 

Figure 2 shows that the amount of 
ethanol self-administered each day by P 
rats increased from 3.0 & 0.3 gikg with 
10 percent ethanol to 9.4 t 1.7 g/kg with 
40 percent. In contrast, N P  rats consis- 
tently infused less than 1.0 gikg, the 
maximum mean value being 0.7 g/kg at 
40 percent. The difference between P 
and NP rats was evident a t  all concentra- 
tions of ethanol. With the 20 and 30 

percent solutions, the amount of ethanol 
self-administered intragastrically by P 
rats was similar to that consumed orally 
by the same animals in free-choice drink- 
ing of 10 percent ethanol and water (Fig. 
2). That with 40 percent ethanol was 
higher. It took 15 days to advance from 
10 to 40 percent ethanol-infused; toler- 
ance may have developed in this period. 

T o  determine what blood ethanol con- 
centrations can be produced in P rats by 
intragastric self-administration, we made 
measurements 30 to 40 minutes after 
observing individual drinking episodes in 
randomly selected animals. With unlim- 
ited access (24 hours per day) to the 
infusion solution of 20 percent ethanol, 
blood ethanol ranged from 116 to 303 mg 
per 100 ml (mean, 199 mg per 100 ml; 
n = 4). Under similar conditions, self- 
infusion of 40 percent ethanol induced 
blood ethanol concentrations of 92 to 415 
mg per 100 ml (mean, 23 1 mg per 100 ml; 
n = 6). These blood ethanol levels at- 
tained with intragastric self-infusion are 
considerably higher than those found in 
P rats with free-choice drinking (5). The 
results suggest that the taste of ethanol 
may be slightly aversive even in P ani- 
mals and thereby limit oral consumption. 

Behavior supported by a putative posi- 
tive reinforcer should be extinguished 
when the reinforcer is discontinued. This 
phenomenon was demonstrated in P rats 
when the flavor originally yoked to the 
intragastric infusion of 20 percent etha- 
nol was paired with the infusion of water 
(Fig. 3). The volume of ethanol self- 
administered decreased drastically over 
a 5-day period. Concurrently, the infu- 
sion of water increased. Restoration 
of the original flavor-ethanol pairing 
evoked recovery of ethanol self-adminis- 
tration behavior within 4 days, and the 
amount of water self-infused returned to 
preextinction levels. 

Although a preference for the drinking 
of alcoholic solutions over water is well 
documented in some rats and in other 
animal species, the possibility that the 
preference might stem from the gustato- 
ry o r  caloric value of ethanol has not 
been ruled out. Consequently, the valid- 
ity of animal models of alcoholism in- 
volving oral self-administration of etha- 
nol has been questioned (1 7). Our results 
implicate a postabsorptive, pharmaco- 
logical mechanism (presumably mediat- 
ed by the central nervous system) as the 
major factor underlying ethanol prefer- 
ence in P rats and nonpreference in N P  
rats. This finding and the other features 
of these animals indicate that the P and 
N P  lines provide a suitable animal model 
for alcoholism research. The fact that 
these lines were developed by selecting 

Oral  lntragastric 
Flavor A Ethanol - , 20- 0 Flavor A Water 
Flavor B Water 

C .- 
P 
2 5 -  
U. 
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I I I 

1 3 5 7 9 1 1  
Days 

Fig. 3. Extinction and recovery of ethanol 
self-administration by P rats (n = 5) during 
free-choice drinking of one of two flavored 
water solutions (flavors A and B) paired with 
intragastric delivery of 20 percent ethanol o r  
water. The arrows indicate when the pairing 
of the intragastrically infused fluid to flavor A 
was switched. 

for ethanol preference and nonprefer- 
ence underscores their usefulness, since 
there now is evidence that genetic fac- 
tors contribute to  the development of 
alcoholism in humans (18). 

Past studies (19) have shown that rats 
can be induced to self-administer ethanol 
intravenously or  intragastrically; howev- 
er,  not all animals self-administered eth- 
anol by a nonoral route even after exten- 
sive training, and the amounts adminis- 
tered were small. The present study in- 
dicates that choice of experimental 
subjects is an important if not crucial 
variable. The design used here is similar 
to that reported by Deutsch and co- 
workers (15, 20). Using unselected rats 
(with respect to ethanol preference), 
they demonstrated self-administration of 
ethanol in large amounts only if the rats 
were first made physically dependent on 
ethanol by being forcibly administered 
the drug in large quantities. Ethanol self- 
administration behavior was quickly ex- 
tinguished in unselected animals not 
made ethanol-dependent (21). In con- 
trast, P animals do not require a period 
of forced ethanol administration and, in- 
deed, had been alcohol-free for at least a 
month before these experiments. 
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