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Abstract 

Ethanol was established as a positive reinforcer that maintained lever 

pressing by rats. Two methods were used, and a different rat strain was 

used with each method. During daily 6-hr sessions rats of both strains were 

exposed to progressively increasing ethanol concentrations (0, 2, 4, and 8% 

w/v). The methods differed in that for one rat strain food was available 

along with ethanol during the session, while for the other rat strain food 

was not available during the session and only ethanol was present. Ethanol 

came to serve as a reinforcer for rats of both strains. Subsequently, the 

session length was decreased to 1 hr, and the ethanol concentration was 

varied (0, 8, 16, and 32% w/v). Despite differences in strain and in methods 

of acquisition, rats of both strains show three basic similarities in their 

ethanol consumption: (1) At all ethanol concentrations, number of ethanol 

reinforcements exceeded number of water.reinforcements. (2) As the ethanol 

concentration was increased, the number of reinforcements obtained decreased. 

~3) Rate of ethanol-reinforced lever pressing was greatest at the beginning 

of each session, whereas the rate of water-reinforced lever pressing was more 

evenly distributed throughout the session. 
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The method of acquisition of drug self-administration can affect the 

steady state pattern of drug-reinforced responding. Hoffmeister and 

Schlichting (1972) established codeine (50 meg/kg/injection) or cocaine (50 

meg/kg/injection) as reinforcers via the intravenous route for rhesus mon

keys; subsequently different drugs were substituted for codeine or cocaine. 

The" ••• monkeys with a codeine self-administration history self-administered 

high numbers of injections and showed less intraindividual variability than 

monkeys with a cocaine self-administration history" (Hoffmeister & Schlich

ting, 1972, p. 55). However, when rhesus monkeys were trained to self

-administer ethanol by the intravenous route, the method of acquisition did 

not affect steady state patterns of responding (Winger & Woods, 1973). Four 

methods were used to establish ethanol as a positive reinforcer. Some mon

keys initiated ethanol self-administration when 0.1 g/kg infusions were made 

contingent upon a lever press. Those monkeys who did not acquire the lever 

pressing operant in this fashion were either switched to cocaine or metho

hexital or the ethanol dose was increased. After lever pressing was main

tained by infusions of ethanol (0.2 g/kg/injection) or methohexital (0.5 

mg/kg/injection) or cocaine (0.5 mg/kg/injection), the monkeys were returned 

to ethanol (0.1 g/kg/injection) and lever pressing was subsequently maintained 

by the ethanol infusions. The pattern and rate of ethanol-maintained lever 

pressing did not vary despite the different methods of acquisition. Thus, 

method of acquisition is a variable which in some, but not all, cases affects 

subsequent patterns of drug self-administration. 

In the present study two new methods were used to establish ethanol as 

a reinforcer for rats. Neither of these methods utilized schedule-induced. 

polydipsia (Freed, Carpenter & Hymowitz, 1970; Meisch & Thompson, 1971). 

Subsequently, comparison was made of the steady state patterns of ethanol 



3 

self-administration. 

Experiment 1. Establishment of Ethanol-Reinforced Lever Pressing by Pro

viding Concurrent Access to Food Along with Ethanol. 

In this experiment food was placed in the operant conditioning chamber 

to increase water and ethanol intake of naive rats exposed to an ascending 

series of ethanol concentrations. 

Method 

Subjects 

Four male albino rats~ approximately four months old at the beginning 

of the experiment~ were maintained at 75% of their free-feeding weights for 

the duration of the study. Under these conditions~ the rats weighed: 

H-1~ 302 g; H-2~ 331 g; H-3~ 317 g; and H-4~ 405 g. The rats~ specific 

pathogen-free Sprague-Dawley descendants (Hilltop Lab Animals~ Inc.~ Chats

worth~ CA)~ were housed individually in a continuously illuminated room with 

the temperature controlled at approximately 24°C. Water was always avail

able in the rats' home cages except during initial training, as explained 

below. 

Apparatus 

A sound-attenuated operant conditioning chamber (Lehigh Valley Electronics, 

Fogelsville, PA, #1417) was equipped with two levers and a solenoid-driven 

liquid dipper (Lehigh Valley Electronics~ Fogelsville, PA~ #1351). The dip

per cup was constantly available in the up position, except during the 0.8 

sec refilling operation when it was lowered into the reservoir. Lights 

located above the levers and a light above the food magazine provided general 

illumination. A 4.76 W clear light was located 3.2 em above the hole in 

the panel where the dipper was presented. Liquid was contained in a partially 
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covered reservoir to minimize evaporation. White masking noise was constantly 

present, and an exhaust fan provided ventilation. 

Programming and data recording were automatically controlled by commercial 

electromechanical equipment in an adjacent room. The temporal pattern of 

lever presses and reinforcements was continuously recorded by a cumulative 

recorder and by a counter which printed out every 2 min during 1-hr sessions. 

The ethanol concentrations, expressed in grams percent (w/v), were 

prepared using 95% (v/v) ethanol in tap water. For example, the 8% solution 

was made by adding 10.6 m1 of ethanol to a volumetric flask with sufficient 

tap water to made a total volume of 100 ml. The solutions were prepared 

at least 20 hrs before use and were kept in stoppered flasks at room temper

ature. The volume consumed was measured at the end of each session by sub

tracting the volume remaining from the volume added to the reservoir, cor

rected for evaporation. 

Procedure 

Each rat was placed in the operant conditioning chamber for 6 hr a day 

at a regular starting time. Initially rats were deprived of water in their 

home cages and, to further increase the probability of drinking, the daily 

feedings ~Purina Laboratory Chow were placed in a wire food hopper in the 

operant conditioning chamber. During the first daily session, water was 

automatically presented on the average once each min, with the time between 

water presentations varying randomly. After the rats reliably drank from 

the dipper, automatic water presentations were discontinued and the rats 

were trained to press a lever for water. Each press on the right-hand lever 

resulted in a refilling operation, during which a tone sounded (Sonalert, 

2900 Hz, Mallory & Co.) and the light above the dipper was extinguished. 

The volume delivered per reinforcement was 0.09 ml. After the rats initiated 
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lever pressing, three more sessions were conducted before water bottles were 

restored to their home cages. 

During the subsequent 14 sessions, the rats received their daily feed

ings of Purina Laboratory Chow in the operant conditioning chamber. During 

the first five sessions, water was the available liquid, then 2% ethanol for 

two sessions, 4% ethanol for three sessions, and 8% ethanol for four sessions. 

The in-session feedings were then discontinued, and the food was given to 

the rats only in their home cages immediately following each session. After 

in-session feedings were discontinued, five more 6-hr sessions were run with 

8% ethanol available. Session length was then decreased to 1 hr for 10 or 

more sessions with 8% ethanol available. 

Results 

Figure 1 shows the number of reinforcements occurring in each session 

at each step of the acquisition procedure. When Purina Laboratory Chow was 

available in the operant conditioning chamber, no consistent trend in the 

number of reinforcers obtained was observed when the concentration of eth

anol was increased from 0% to 8%. When Purina Laboratory Chow was no longer 

available in the operant conditioning chamber, the number of reinforcers 

obtained declined, but remained well above the number obtained at 0%. 

The number of reinforcers obtained at each concentration with food 

available and at 0% and 8% with food no longer available is listed in Table 

I. That ethanol was serving as a reinforcer can be seen by comparing the 

number of reinforcers obtained at 0% and at 8%. These numbers are presented 

in Table I and Table II. 



Table I 

Number of Reinforcers Obtained 

Condition Concentration Number of Observations X (SRs) 

Food available 0% 20 (4 rats x 5 days) 280 

Food available 2% 8 (4 rats x 2 days) 255 

Food available 4% 12 (4 rats x 3 days) 314 

Food available 8% 16 (4 rats x 4 days) 260 

No food 8% 20 (4 rats x 5 days) 122 

No food 0% 28 (4 rats x 7 days) 11 

0\ 
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Figure 1. Number of reinforcements for each 6-hr session for each rat 
during the acquisition procedure. Numbers at the top of each graph indicate 
the ethanol concentration. "F" indicates that the daily maintenance feeding 
of Purina Laboratory Chow was available in the operant conditioning chamber. 

The session length was decreased from 6 hr to 1 hr, and concentrations 

of 8, 16, 32, 8, 0 (water) and 8% ethanol were each presented in that order 

to each rat for at least 10 sessions. Table II shows the mean number of 

reinforcements during the three phases when 8% e~hanol was available and 

when 0% was available. The greater number of reinforcements when 8% was 

available than when water.was available indicate that ethanol was function-

ing as a positive reinforcer. 
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Table II 

Number of reinforcements obtained at 8 °/o and 0°/o (water) 

0% 8% 8% 0% 8% 

Rots Before 8% Before 16% After 32% Between 8% Retest 
7 sessions 10 sessions 10 sessions 10 sessions 10 sessions 
- + x- (S.E.) - + ( X - S.E.) -+ X- (S.E.) -+ X- (S.E.) -+ X- (S.E.) 

H 1 4.3 (1.5) 49.6 (2./) 37.7 (2.6) 5.6 (/./) 51.3 (2.8) 

H2 3.3 (/.1) 50.7 (3.2) 54.0 (4.4) 12.8 (3.8) 75.1 (3.9) 

H3 ----------* 56.1 (1.4) 53.0 (2.1) 7.1 (2.0) 48.1 (3.2) 

H4 34.4 (8.5) 64.7 (3.9) 102.8 (8.8) 25.5 (4.3) 127.8 (11.7) 

Group 10.5 55.3 61.9 12.8 75.6 Means 

*No 0% (womr) s1sslons wem run. 

Figure 2 shows the mean time course of ethanol presentations over 60-min 

sessions. The highest rate of ethanol-reinforced lever pressing was during 

the first 20 to 30 minutes of the session. The number of reinforcements 

obtained decreased as the concentration was increased. Lever pressing 

usually occurred in short bursts. 

Mean intake rates at 8, 16 and 32% were 94, 170 and 165 mg'per 100 g 

of body weight per hr, respectively (n • 20; 4 rats x 5 sessions each). 

Mean intake rates for each rat at each concentration are shown in Table III. 

Experiment 2. Establishment of Ethanol-Reinforced Lever Pressing by · 

Exposure to Ethanol. 

The purpose of this experiment was to determine if the concurrent pre-

sence of food was necessa~ to establish ethanol as a reinforcer. In this 

experiment food was not concurrently available in the operant conditioning 

chamber, and the rats were simply exposed to an ascending series of ethanol 



Table III 

Quantity of Ethanol Consumed (mg/100 g body wt/hr) 

Ethanol Concentration (w/v) 

Rat 8% 16% 32% 8% 8% 

H-1 86* 169 202 86 112 

H-2 96 218 202 120 158 

H-3 94 167 136 100 87 

H-4 99 126 118 110 109 

Group Mean 94 170 165 104 117 
--
*N = 5 

\D 
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Figure 2. Mean number of cumulative reinforcements over 1-hr sessions 
for each ethanol concentration for each rat. Each point is based on 10 
observations. Brackets indicate the standard error of the mean. 

concentrat~~~s~ 

Method 

Subjects 

Four male albino rats, approximately six months.old at the beginning 

of the experiment, were maintained at 80% of their free-feeding weights for 

the duration of the study. Under these conditions the rats weighed: R-1, 

406 g; R-2, 409 g; R-3, 384 g; and R-4, 393 g. The rats (Wistar descen-

dants, Bio-Lab Corp., St. Paul, MN) were housed individually in a continuously 
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illuminated room with the temperature controlled at 24°C. Water was always 

available in the rats' home cages except during initial training, as ex

plained below. 

Apparatus 

Two identical sound attenuated operant conditioning chambers (Foringer, 

Rockville, MD, #1107L) were used; each was equipped with two levers and a 

dipper for presenting liquid. Each press on the right-hand lever presented 

0.22 ml of liquid for 4 sec. Presses on the left-hand lever had no consequences. 

Lights located above the levers provided general illumination. White masking 

noise was constantly present, and an exhaust fan provided ventilation. 

Programming and data recording were automatically controlled by standard 

electromechanical equipment in an adjacent room. The temporal pattern of the 

lever presses and reinforcements was continuously recorded by a cumulative 

recorder and by a counter which printed out every 2 min during 1-hr sessions. 

The ethanol concentrations, expressed in grams percent (w/v), were 

prepared using absolute ethanol in tap water. The solutions were prepared 

at least 20 hrs before use and were kept in stoppered flasks at room temper

ature. The volume consumed was measured at the end of each session by sub

tracting the volume remaining from the volume added to the reservoir, cor

rected for evaporation. 

Procedure 

Each rat was placed in the operant conditioning chamber for 6 hr a day 

at a regular starting time. Initially rats were deprived of water in their 

home cages and, to further increase the probability of drinking, the daily 

feedings of Purina Laboratory Chow were placed in a wire food hopper in the 

operant conditioning chamber. During the first daily session, water was 
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automatically presented on the average once each min, with the time between 

water presentations varying randomly. After the rats reliably drank from 

the dipper, automatic water presentations were discontinued, and the rats 

were trained to press a lever for water. After the rats initiated lever 

press responding, three more sessions were conducted before water bottles 

were restored to the home cages. 

After water bottles were restored to the home cages, in-sessions feed-

ings of Purina Laboratory Chow continued for a series of five daily 6-hr 

sessions (i.e., sessions 4 to 8) with water available during the session. 

After the eighth session, the in-session feedings were discontinued and only 

water was available during the next five sessions. Subsequently, 2% ethanol 

was substituted for water for two sessions, followed by three sessions at 

4%, nine sessions at 8% and nine sessions at 0% (water). After in-session 

feedings were discontinued, sufficient food was placed in the rats' home 

cages to maintain them at 80% of their free-feeding weight. 

Results 

Figure 3 shows the number of reinforcements per session for each rat 

at each step of the acquisition procedure. The number of reinforcements 

at 2% (12~~ n = 8, 4 rats x 2 days) was approximately the same as the number 

at 0% (15.3; n • 36, 4 rats x 9 days) (Figure 3). However, the number at 

4% (23.0; n • 12, 4 rats x 3 days) was slightly elevated, and the number 

obtained at 8% (66.9; n • 36, 4 rats x 9 days) was clearly in excess of the 

number at 0%. It was shown that 8% ethanol was serving as a reinforcer by 

the decrease in the number of reinforcements obtained when water replaced 

8% ethanol (Figure 3). 
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Figure 3. Number of reinforcements for each 6-hr session for each rat 
during the acquisition procedure. Numbers at the top of each graph indicate 
the ethanol concentration. "F" indicates that 5 g of Purina Laboratory Chow 
was available in the operant conditioning chamber. 

After completion of the acquisition phase, the session length was 

decreased from 6 hr to 1 hr, and concentrations of 8, 16, and 32% were 

presented in that order to each rat. Each concentration was present for 

at least seven sessions and until responding showed no upward or downward 

trend. Figure 4 shows the negatively accelerated pattern of ethanol pre-

sentations over 60-min sessions. The rank order of reinforcements obtained 

was 8 > 16 > 32 > 0. When responding occurred, it was usually in bursts. 

These results are similar to those obtained in the first experiment. Since 



\. ___ --

1/) 
+-c: 
QJ 

E 
QJ 

~ 
c: 

& 
QJ 
> += 
0 

~ 
:::1 
u 

14 

Minutes 

Figure 4. Mean number of cumulative reinforcements over 1-hr sessions 
for each ethanol concentration for each rat. Each point is based on 10 
observations. Brackets indicate the standard error of the mean. · 

food was never-available when ethanol was present, these results indicate 

that concurrent access to food is not a necessary condition for establishing 

ethanol as a reinforcer. 

Mean intake rates at 8, 16, and 32% were 116, 171, and 197 mg per 100 

g of body weight per hour, respectively (4 rats x 5 sessions each). Mean 

intake rates for each rat at each concentration are shown in Table IV. 
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Table IV 

Quantity of Ethanol Consumed (mg/100 g body wt/hr) 

Ethanol Concentration (w/v) 

Rat 8% 16% 32% 

R-1 112* 181 170 

R-2 102 169 146 

R-3 138 160 280 

R-4 112 173 193 

Group Mean 116 171 197 

*n = 5 

Discussion 

The results of Experiments 1 and 2 plus the results of earlier studies 

(Meisch & Thompson, 1971, 1974) demonstrate that several procedures can be 

used to establish ethanol as a reinforcer. The results of the present 

experiments are similar to previous findings (Meisch & Thompson, 1971, 1974) 

in that: (1} At all ethanol concentrations studied, the number of ethanol 

reinforcements exceeded the number of water reinforcements; (2) As the eth

anol concentration was increased, the number of reinforcements obtained de

creased; and (3) Rate of ethanol-reinforced lever pressing was greatest at 

the beginning of each session, whereas the rate of water-reinforced lever 

pressing was more evenly distributed throughout the session. In the earlier 

· studies schedule-induced ethanol drinking was used in the acquisition phase 

to establish ethanol as a reinforcer (Meisch & Thompson, 1971, 1974). Since 

the maintenance patterns of ethanol-reinforced lever pressing are similar to 
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those occurring after other acquisition histories, schedule-induced poly

dipsia is no.t a unique procedure for engendering ethanol:-reinforced behavior. 

In the present experiments similar results in the temporal pattern of 

intake and in rank order of concentration (i.e., 8 > 16 > 32 > 0) were ob

tained despite the following differences: rat strain, session duration, 

type of ethanol (absolute vs. 95%), dipper cup position (i.e., in the up or 

down position between reinforcements), dipper cup size, commercia~ dipper 

type, and type of operant conditioning chamber. Thus, the generality of 

the present results does not seem sharply limited. However, it is possible 

that rat strain differences may account for the fact that the two strains 

acquired similar behaviors, i.e., ethanol-reinforced lever pressing, under 

different conditions. 

That different acquisition procedures with rats result in similar eth

anol-maintained patterns of responding is consistent with the findings with 

rhesus monkeys. Winger and Woods (1973, p. 169) note that " ••• regardless 

of the method used to initiate ethanol-reinforced responding, the final 

rate of responding became stable under 3-hr/day access conditions, and the 

ethanol intake was much the same for all animals." 
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