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ABSTRArT 

Ethanol intake and responding of six male albino rats 

were measured at concentrations of 0 (water control), 2, 4, 8, 

16, and 32% {W/V) during daily 1-hr sessions in operant 

conditioning chambers. The rats were run first food deprived 

(80% of free-feeding weight) and then food satiated (free access 

to food in home cages}. Following intake of 8, 16 and 32% (W/V), 

when food deprived the rats were ataxic and their motor behavior 

was impaired. Ethanol intake was greater when the rats were 

food deprived, but under both food conditions: (1) ethanol 

intake exceeded that of water at all concentrations, (2) quantity 

(mg} consumed increased with the concentration, and (3) the 

highest rate of responding occurred at the beginning of the 

session. In a second experiment, fixed-ratio responding main

tained by contingent presentation of 32% (W/V) ethanol exceeded 

water control responding. This finding strengthened the 

conclusion that this concentration can serve as a reinforcer 

for the food-satiated rat. 



Richter and Campbell (1940} reported that rats would 

drink greater volumes of an ethanol solution than water if 

the concentration was between 1.8 and 6% (W/V}. This 

occurred when rats were given concurrent access in their 

home cages to two drinking bottles: one containing water 

and the other containing an ethanol solution. Subsequent 

studies have confirmed these results (Cicero & Myers, 1969; 

Kahn & Stellar, 1960; Martin & Myers, 1972; Mendelson & Mello, 

1964; Myers, 1962; Myers & Carey, 1961; Myers & Holman, 1967; 

Rick and Wilson, 1966}. 

Recently, two procedures have been reported which 

resulted in rats' consuming concentrations of ethanol above 6% 

(W/V} in greater volumes than water (Eriksson, 1969; Veale & 

Myers, 1969}. One procedure involved repeatedly presenting an 

ascending series of ethanol concentrations (Veale & Myers, 1969}, 

and the other, genetically selecting rats for predisposition 

to drink ethanol (Eriksson, 1969}. Male rats exposed to 

these procedures drank concentrations as high as 9.6% (W/V) 

(Veale & Myers, 1969) or 12% (W/V) (Eriksson, 1969} in volumes in 

excess of water. In none of the above studies was intoxication 

observed. 

In other studies, in which rats were deprived. of food, con

centrations as high as 32% (W/V} were consumed in volumes far 

exceeding water control volumes (Meisch & Thompson, 1971, 1972). 
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In another study, employing only 8% (W/V) ethanol, food

satiating the food-deprived rats resulted in an immediate 

decrease in ethanol intake to 30% of the food-deprivation 

levels (Meisch & Thompson, 1973). However, intake rose to 70% 

of food-deprivation values when these rats were repeatedly 

exposed to ethanol while food satiated. 

The present study compared ethanol intake during food 

deprivation with ethanol intake during food satiation over a 

range of concentrations from 2 to 32% (W/V). In addition, the 

time course of intake and the quantity (mg) of ethanol 

consumed were studied as a function of concentration. 

Experiment 1: Ethanol Intake as a Function of Concen

tration During Food Deprivation and Satiation. 

The rats were presented twice with an ascending series of 

ethanol concentrations when food deprived. Subsequently the 

rats were food satiated and again presented twice with the 

ascending series of ethanol concentrations. The repetition of 

the series during food satiation was done to determine whether 

ethanol intake would increase within the food-satiation 

phase, as it had with 8% (W/V) ethanol in a previous study 

(Meisch & Thompson, 1973). 

METHOD 

Subjects. Six male albino Sprague-Dawley rats, about 210 days old 

at the beginning of the experiment, were individually housed in 



3 

a constantly illuminated room with the temperature controlled 

at 24°C. The rats were initially maintained at 80% of their 

free-feeding weights with water always available in the home 

cages, except for several days during the acquisition of the 

lever-press operant. 

Apparatus. Six identical Gerbrands rat operant conditioninq 

chambers were used, each equipped with two levers, a food pellet 

dispenser and a dipper for presenting liquid. The levers were 

separated by the food magazine,which was directly above the 

dipper. Each operation of the food dispenser produced a single 

45 mg Noyes pellet, and each operation of the dipper made 

available 0.25 ml of liquid for 4 sec. The lin11id wns 

contained in a reservoir which was partially covered to 

minimize evaporation. 

The operant conditioninq chambers were housed in ventilated, 

sound-attenuating enclosures. Masking white noise was constantly 

present. Programming and data recording were automatically 

controlled by commercial electromechanical equipment in an 

adjacent room. 

Procedure. (1} Training phase: The rats were placed 

daily at 5:00P.M. in the operant conditioning chambers for 6 hr. 

Initially the rats were deprived of water for 24 hr. and then were 

t r a i ned to press the r i g h t 1 ever for water . ~' o cons eo u en c e 

was programmed for pressing the left lever. After the rats 

acquired the water-reinforced lever-press response, they were 

were again given free access to water in their home cages. 
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For 25 consecutive sessions, each 6 hr in duration, 

4% (W/V) ethanol was present in the liquid reservoir. Three 

rats (R-12, R-13, and R-14} learned to press the lever for 

ethanol with stabilized pressing rate reaching a level oreater 

than five times the rate observed when water was present. 

With three other rats (R-10, R-11, and R-15) two additional 

procedures were necessary to obtain lever pressinq for ethanol. 

The concentration was increased to 6% (W/V) and for R-11 

was subsequently increased to 8% (W/V). In addition, since in 

the rat eating is frequently followed by drinkino, one 45 mq 

Noyes food pellet was noncontingently presented once every 

10 min. during the third, fourth, and fifth hours of the session. 

This inter-pellet interval was chosen since it has been found to 

exceed values which typically result in schedule-induced 

polydipsia (Falk, 1971}. Pressinq the lever leadinq to ethanol 

presentation gradually increased from session to session, and 

after responding stabilized, noncontingent presentation of food 

was discontinued. 

{2) Experimental phase: After at least 10 days of stable 

ethanol-reinforced lever pressing, the sessions were shortened from 

6 hr. to 1 hr., and the ethanol concentrations were presented 

in the following order: 0 (water control), 2, 4, 8, 16, 32 and 

0 percent {W/V}. The series of increasing ethanol concentrations 

was presented four times, twice when the rats were maintained 

at 80% of their free-feeding weights {Food Deprived: Series I and 

II) and twice when they had free access to food in their home 
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cages (Food Satiated: Series III and IV). Table 1 gives 

the number of sessions run under each condition for each rat. 

Between the completion of Series II and the beginninq of 

ethanol presentations during Series III, the rats had free 

access to food in their home cages for 18 to 23 days. Changes 

from one concentration to the next were made after five 

sessions if the lever pressing was stable; when it was not, 

additional sessions were conducted until the rate stabilized. 

After each session during the food-deprivation phase, the rats 

were given sufficient Purina Laboratory Chow to maintain their 

weights at 80% of their free-feeding values. 

At least 20 hr. nrior tn 11se nbsolute ethanol was 

diluted in tap water to the desired concentration; all 

concentrations are expressed in grams percent (W/V). Solutions 

were kept in capped flasks. 

The volume of liquid consumed was measured at the end of 

each session by subtracting the volume remaining from the 

volume added to the reservoir, corrected for evaporation. The 

temporal pattern of the responses and reinforcements was 

continuously recorded by cumulative recorders, and every 2 

min. a counter printed out the number of responses and reinforce

ments. 

RESULTS 

The number of ethanol reinforcements bore an inverted U-shaped 

relation to ethanol concentration under both the food-deorived 

and food-satiated conditions (Figure 1; Table 2). Since the volume of 
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TABLE 1 

NUMBER OF SESSIONS RUN UNDER EACH EXPERIMENTAL CONDITION 

SERIES Ethanol Rat Number 
Concentration 

W/V ZOlO 2011 2012 2013 Z014 Z015 

0 6 6 12 14 9 10 
2 5 5 9 6 6 9 

4 8 6 6 5 13 12 
I 8 6 10 7 7 5 7 

16 13 8 5 5 7 5 

32 6 8 6 7 5 6 I 
0 5 8 6 10 6 5 

0 5 5 5 5 5 18 
2 5 6 7 10 6 6 

4 6 5 6 7 6 6 

II 8 5 8 5 5 6 6 

16 5 8 9 7 6 9 

32 8 6 5 5 9 5 

0 5 5 5 5 6 5 
r--· 

0 12 12 12 12 7 7 

2 6 5 6 5 5 6 

4 7 5 5 11 5 9 

III 8 5 9 5 11 5 6 

16 6 5 8 7 6 8 

32 7 5 6 6 11 6 

0 6 5 9 5 9 5 

0 13 5 5 5 5 5 

2 5 7 7 5 9 5 

4 10 10 7 10 10 9 

IV 8 12 8 5 6 12 7 

16 6 9 6 6 5 5 

32 5 6 5 6 8 5 
0 5 5 5 5 5 5 
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liquid consumed was directly related to the number of re-

inforcements, a similar function was found between volume 

consumed and ethanol concentration, At all concentrations 

ethanol reinforcements exceeded water control values (Figure 1, 

Table 2). Comparisons between the water values and the ethanol 

values at each concentration for Series II and IV, using 

the paired t statistic and the mean values for each rat, 

revealed a significance level of at least .05 (df = 5), 

except for the comparison at 2% (W/V) during food deprivation 

(!_ = 2:13, df = 5, E. < .1). Even at 32~~ (W/V), five of the 

six rats when food satiated obtained significantly more ethanol 

than water reinforcements (! ~ 2.68, if_: 8, E. at least < .05) 

(Figure 2). Only rat R-ll's ethanol reinforcements did not 

significantly exceed its water reinforcements (! = 1.71, df = 8, 

E.< 0.1). These results support the previous findino that 

ethanol, like certain other drugs, can serve as a reinforcer 

(Meisch & Thompson, 1971, 1973). 

Food-satiating the rats by giving them unlimited access to 

food in their home cages resulted in a marked decrease in ethanol 

reinforcements (Series II vs. Series IV: ! = 4.51, df = 4, p_ <.02), 

but little change in water reinforcements (Series II vs. 

Series IV:!= 0.55, df = 5, .e_ < .5) (Figure 1, Table 2). The 

decrease in ethanol reinforcements was evaluated usino the 

paired t statistic and the group means for each of the five - ' 

concentrations and the difference in water reinforcements was 

evaluated using the paired t statistic and the means for each 
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Figure 1. Number of reinforcements as a function of ethanol concen
tration durinq food deprivation and satiation. "II" indicates the 
s e co n d s e ,. i e s o f e t h a n o 1 p r e s e n t a t i o n s d u r i n 'l f o o d d e p r i v a t i o n , (i n rl " I 'J " 
indicates the second series of ethanol presentations durino food satiat·iur. 
Each point is the mean of 30 one-hour sessions (6 animals x 5 sessions). 
Brackets indicate the standard error of the mean. 



TABLE 2 

MEAN LIQUID REINFORCEMENTS PER ONE HOUR SESSION FOR ALL SIX RATS AS A ruNCTION OF 

ETHANOL CONCENTRATION CURING FOOD DEPRIVATION AND SATIATION 

FOOD DEPRIVATION FOOD SATIATION G ~ol Concentration 
W/V 

Series I Series II Series III 
I x + (S.E.) x + (S .E.) x + (S.E.) - - --

0 2.700* (0.362) 4.033 (0.394) 7.667 (0.731) 

2 32.933 (5.105) 27.267 (4.797) 14.033 (l. 484) 

4 I 36.567 (3.415) 34.033 (3.192) 16.100 (l. 793) 

8 I 30.200 ( l. 616) 30.200 (l. 815) 16.567 (l. 378) 

16 19.600 (1.117) 22.467 (1.450) 11.867 (0.988) 

32 12.233 (0.602) 14.667 (1. 393) 7.733 (0.788) 

0 5.367 (0.602) 17.733 (2.588) 7.867 (0.873) 

-·-· 

i~n = 30 

.. .. -

1.0 

Series IV 

x + (S.E.) I -

3.567 (~ 
9.833 (1.107) 

18.100 (1.695) 

20.133 (2.393) 

15.333 (0.977) 

9.900 
(Q.~~ 

6.233 (0.876) 
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Figure 2. Number of reinforcements for individual rats at 0~ 
(water control) and 32~ (W/V). Results are for the second series of 
ethanol presentations during food satiation (Series IV). Zero 
percent results are represented by the light-shaded bars and 
thirty-two percent results are represented by the dark-shaded bars. 
For each bar, N = 5. Brackets indicate the standard error of the mean. 
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of the six rats. The absolute difference in ethanol re

inforcements between the food-deprivation and satiation values 

decreased with increasing concentration (Fiqure 1). Other 

studies similarly have found that ethanol intake is greater 

when rats are food deprived (Aschkenasy-Lelu, 1960; 1962a, l962b, 

l962c; Marf~ng-Jallat, 1963; Meisch & Thompson, 1973; Purdy & 

Lee, 1962; Satinder, 1972; Westerfeld & Lawrow, 1953; Zarrow & 

Rosenberg, 1953). 

Within the food deprivation phase results did not differ 

between Series I and II (! = .23, £!f_ = 35, £. < .5; Table 2). In 

contrast, within the food satiation phase results for Series III 

differed from Series IV in that more reinforcements were obtained 

in Series III at concentrations 4 through 32% (W/V) (! = 3.44, 

df = 23, E. <,01) and fewer reinforcements at 2 and 0~& (! =3. 33, 

df = 11, E. <,01) {Figure 3, Table 2). These differences were 

analyzed using the paired ! test and the means for each of the 

six rats. Since water reinforcements decreased from Series III 

to Series IV, the increase in ethanol reinforcements cannot be 

attributed to a nonspecific increase in liquid intake. 

At concentrations above 4% (W/V), ethanol reinforcements 

decreased to a value not below one-half the number obtained at 

the adjacent lower concentration (Figure 1), so that quantity 

of ethanol consumed increased with increases in the con

centration (Figure 4). In most cases the rate of intake 

substantially exceeded the rat's rate of ethanol metabolism of 

30 mg per 100 g of body weight per hr. (Wallgren & Barry, 1970). 
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Figure 3. Number of reinforcements as a function of ethanol con-
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Figure 4. Ethanol intake (mq/100 g body weight/hr) as a function 
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When the rats were food deprived their motor behavior was 

impaired following intake of concentrations above 4% (W/V). 

for example, the rats frequently fell backwards or to one 

side after rearing up on their hind legs, and they also 

occasionally fell off the weighing scale. These behaviors never 

occurred after control sessions or after the rats received low 

concentrations of ethanol. 

The time course of ethanol-reinforced lever pressino under 

both food conditions was characterized by a hiqh rate at the 

beginning of the session, followed by periods of no responding 

which were occasionally interrupted by responses. A typical 

time course of lever pressing by each rat is illustrated in 

Figure 5. 

Figure 6 shows that when the rats were food deprived the 

percent of reinforcements received early in the session increased 

as a function of the concentration. The probability of 

obtaining the sequence shown in Figure 6 at any single time 

point is 1/n! or l/120 resulting in a significance level of 

.008. When the rats were food satiated the percent of re

inforcements received early in the session did not vary with 

the concentration: At all concentrations at least 80% of the 

reinforcements were received in the first six minutes. 

DISCUSSION 

These results indicate that rats with a past history of 

ethanol drinking when food deprived will, when food satiated, 

rapidly consume ethanol in concentrations as high as 32% (W/V) 
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in volumes substantially in excess of water. We are not aware 

of any previous reports of food-satiated rats' consumino con

centrations as high as 32% (W/V) at levels exceeding water 

control values. 

The pattern of responding was characterized by a hiqh 

rate at the beginning of the session followed by prolonged 

pauses. This pattern has been noted in previous studies with 

food-deprived rats (Meisch & Thompson, 1971, 1972, 1973); 

the present study indicates that it also occurs with food

satiated rats. Since each response was reinforced and the 

volume consumed was directly proportional to the number of 

reinforcements, the time course of intake paralleled the 

pattern of responding. The behavioral effects of a given 

quantity of ethanol depend in part upon how rapidly it is 

consumed, and the time course of intake observed in this 

investigation was that which should produce maximum behavioral 

effects. 

An additional finding was that the quantity (mg) of 

ethanol consumed increased as a function of concentration 

during both food deprivation and food satiation (Figure 4). 

This function has been previously found with food-deprived 

rats (Meisch & Thompson, 1971). 

The persistence of ethanol drinking during food satiation 

might be attributed to ethanol-related stimuli which have become 

conditioned reinforcers by association with a reduction in 

hunger during food deprivation. If this explanation were 
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correct, ethanol intake during food satiation should decrease 

over time. However, ethanol drinking actually increased within 

the food-satiation phase. This increase in ethanol intake 

from the first to the second series during food satiation 

confirms similar findings made in another study with 8% (W/V) 

ethanol (Meisch & Thompson, 1973), and extends these findinqs 

to include other concentrations. 

Lester and Freed (1972) have argued that ethanol's 

caloric value is a major factor in its consumption by food

deprived rats. The present findings are consistent with this 

argument, in that food-satiating the rats resulted in an 

immediate and marked decrease in ethanol intake. However, 

since substantial intake still occurred when rats had un

limited access to food in their home cages, the present data 

strongly suggest that there are factors in addition to ethanol's 

caloric value which act to determine its consumption. That 

ethanol intake under food-deprivation conditions, likewise, 

cannot be accounted for entirely on a caloric basis is suggested 

by the finding that rats' intake of a morphine solution--which 

has no caloric value-- was approximately doubled by food 

deprivation (Nichols, 1972). 

Following ethanol drinking during schedule-induced 

polydipsia, ethanol functioned as a reinforcer (Meisch & 

Thompson, 1971, 1972, 1973}. In the present study, ethanol was 

established as a reinforcer simply by giving food-deprived 

rats prolonged access to ethanol. Thus, it is not necessary for 
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ethanol to be consumed during schedule-induced polydipsia in 

order for rats to learn of its reinforcing properties. 

Moreover, the present data are not qualitatively different from 

the data obtained in earlier studies (Meisch & Thompson, 1971, 

1972, 1973). These data suggest that once ethanol is serving 

as a reinforcer the pattern of intake is independent of the way 

ethanol drinking initially occurred. 
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Experiment 2: Intake of 32% {W/V) Ethanol as a Function 

of Fixed-Ratio Size. 

In Experiment 1 it was found that food-satiated rats 

would drink ethanol concentrations as high as 32% {W/V) at 

values significantly exceeding water control intake. This 

result is contrary to findings of other investiqators (for 

reviews see Myers & Veale, 1971; Wallgren & Barry, 1970). 

Consequently, a second experiment was performed in which the rats 

were required to respond on a fixed-ratio (FR) schedule for the 

opportunity to drink 32% (W/V) ethanol. On such a schedule, 

presentation of the reinforcer is contingent upon the emission 

of a specified fixed number of responses. If this concentration 

of ethanol does serve as a reinforcer for the food-satiated 

rat, then it should maintain intermittently reinforced lever 

pressing. 

METHOD 

Animals. The same rats used in the previous experiment 

served as subjects. Water and food were always available in 

the animals' home cages. 

Apparatus. The apparatus was the same as that used in the 

previous experiment. Again, each operation of the dipper made 

available 0.25 ml of liquid for 4 sec. 

Procedure. In general, the procedure was similar to that in the 

first experiment. Following completion of Experiment 1, 

session duration remained at 1 hr • and on alternate days 
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the rats were presented with either 32% (W/V) ethanol or water. 

Fixed-ratio sizes of 1, 2, 4, and 8 were studied, in that order. 

Rats were switched from one fixed-ratio value to the next 

after five ethanol and five water sessions, if rate of 

responding was stable. If respondinq was not stable, more 

sessions were run until the rate stabilized. Table 3 lists the 

number of sessions at 32% (W/V) for each rat at each fixed-ratio 

value. 

RESULTS 

Responding for 32% (W/V) ethanol exceeded responding 

for water at all fixed-ratio values for four of the six rats 

(Figure 7). In general, differences between ethanol and water 

values increased with increases in the size of the fixed 

ratio. Table 4 indicates that at FR 4 and 8, with one 

exception, ethanol-maintained responding was siqnificantly 

greater than water-maintained responding. Of the two rats 

whose ethanol responding was not systematically greater than 

water responding, one rat (R-13) had high variable rates for 

both water and ethanol, and the other rat (R-11) had low 

variables rates for ethanol and almost no responding for water. 

In Figure 8 sample cumulative records illustrate typical 

patterns and time course of ethanol-reinforced responding. As 

in the first experiment, the highest rate of responding was at 

the beginning of the session. When responding occurred, the 

pattern was similar to that observed when responding on fixed-



TABLE 3 

NUHBER OF SESSIONS AT EACH FIXI:D-RATIO VALUE AT 32% (W/V) 

Fixed-Ratio 
Size Z010 Z012 Z014 Z015 

1 s 6 7 1 6 

I 2 5 8 I 10 . 6 

4 5 6 I 6 5 

8 7 12 5 6 Jl 
'---~---~ ~ - ---------- --- ----- -------- - -- -- ----- - --- __ I __ -- -----

N 
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Figure 7. Number of responses for 32% (W/V) ethanol (filled circles) or water 
(empty circles) as a function of fixed-ratio size. Sere~2te results are shown 
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for each rat. Each point is the mean of 5 sessions. Cr~ckets indicate the standard error 
of the me2~. 
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8 

TABLE 4 

SIGNIFICANCE LEVELS (E) and ! VAWES OF ETHANOL COMPARED WITH 

WATER-HAINTAINED RESPONDING(df = 8) 

Rat R-10 Rat R-12 Rat R-14 Rat 

E. t :e. t E. t E. - -

ns 0.50 ns 0.50 ns 1. 55 ns 

ns 1. 32 ns 1.41 .01 4.53 .05 

.001 5.09 .01 3.7 .01 3. 77 .001 

.001 6.76 .001 8.01 ns 2.21 .001 

R-15 

t 

2.14 

2.74 

5.17 

5.64 

------- -------- - - -- --- -- - -- - ---- --- - - - L_ --- --~ - -----

I 

i 

:'>) 

....... 
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Figure 8. Representative cumulative records for rats R-10, R-12, 
and R-14 showing patterns of responding as a function of fixed-ratio 
size. Numbers alonq the left side indicate the fixed-ratio size. 
E a c h r e c 0 r d \•1 a s s e 1 e c t e d 0 n t h e b a s i s 0 f b e i IHJ t h e c 1 0 s e s t t 0 t h e 
mean performance measured over the last 5 sessions at each value. 
Time is indicated along the abscissa, and responses are cumulated 
along the ordinate. 
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-ratio schedules is maintained by 8% (W/V) ethanol (Meisch & 

Thompson, 1973) or by other drugs (Pickens & Thompson, 1972) 

as well as by food or water. 

DISCUSSION 

Maintenance of more fixed-ratio responding by 32% (W/V) 

ethanol then by water demonstrated that this hiqh ethanol con

centration served as a reinforcer for food-satiated rats. 

Differences between ethanol and water maintained responding 

tended to increase with increases in the fixed ratio. This 

indicates that use of fixed-ratio schedules may permit 

demonstration of differences in reinforcin9 efficacy--differences 

which may not be apparent when each response is reinforced. 

Acquisition of ethanol responding, like acquisition of 

responding for other reinforcers, may occur under restricted 

circumstances relative to the conditions under which responding 

may later be maintained. For example, when an animal is 

trained to press a lever for food, initially every lever press 

is reinforced. After acquisition of lever-pressing behavior, 

responding may be maintained when lever presses are only 

intermittently reinforced. Similarly, it is possible to 

obtain ethanol drinking in rats by initially presenting them 

with concentrations between 4 and 8% (W/V) when they are food 

deprived. After ethanol has been established as reinforcer 

during food deprivation, ethanol drinkinq persists when high 

concentrations are used and the rats are food satiated. 
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TABLE 1 

MEAN LIQUID VOWME CONSUMLl) (ml/100 g BODY WEIGHT) PER ONE HOUR SESSION BY ALL SIX RATS AS A FUNCTION 

OF ETHANOL CONCENTRATION DURING FOOD DEPRIVATIQrJ AND SATIATION 

Ethanol FOOD DEPRIVATION FOOD SATIATION 
Concentration 

W/V Series I Series II Series III Series IV 

x + (S.E.) x + (S .E.) x + (S.I:.) x + (S.E.) - - - -

0 0.137{: (0.014) 0.150 (0.001) 0.369 (0.007) 0.166 (0.023) 

2 1.655 (0.224) 1.364 (0.232) 0.674 (0.071) 0.455 (0.048) 

4 1. 934 (0.170) 1. 723 (0.160) 0.754 (0.079) 0.751 (0.068) 

8 1.670 (0.095) 1. 396 (0.065) 0.779 (0.062) 0.865 (0.099) 

16 0.984 (0.059) 0.978 (0.056) 0.517 (0.040) 0.644 (0.041) 

32 0.605 (0.025) 0.640 (0.031) 0.325 (0.032) 0.403 (0.032) 

0 0.209 (0.003) 0.255 (0.002) 0.334 (0.038) 0.258 co.o36) I 
'-- ----~- --------- -- -----

1:n = 30 

w 
co 
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CONCENTRATION 
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16 
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TABLE 2 

MEAN LIQUID REINFORCEMENTS PER ONE HOUR SESSION FOR RAT Z010 AS A FUNCTION 

OF E'I11ANOL CONCENTRATION WRING FOOD DEPRIVATION AND SATIATION 

FOOD DEPRIVATION FOOD SATIATION 

i 

Series I I Series II Series III Series IV 

x + (S.E.) x + (S.E.) x + (S.E.) x + (S.E.) - - - -
2. 41; (1.03) 2.0 (0.32) 9.8 (1. 74) 5.6 (1.12) 

11.2 (0.92) 6.4 (0.81) 14.2 (2.44) 13.6 (0.93) 

22.6 (0.68) 16.2 (2.37) 20.2 (1.60) 22.4 (2. 9l~) 
i 

28.4 (1. 29) I 23.4 (2.42) 20.6 (0.98) 18.8 (1. 46) 
I 

18.8 (2.03) I 18.0 (1.10) 15.8 (1. 39) 18.0 (0.84) 

I 
12.8 (1.24) (0.89) (1. 05) 12.4 (1. 75) I 12.0 10.0 

2.6 (0.98) 
! 

24.4 (3.84) 7.0 (1.14) 8.2 (2.71) 

;';n = 5 

w 
-.o 



LTIWlOL 
CONCDITRATION 

W/V 

0 

2 

\ 4 
! 

TABLE 3 

HEAN LIQUID VOWME CONSUMED (ml/100 g BODY V.IEIGHI') PER ONE HOUR SESSION BY RAT Z010 AS A 

FUNCTION OF ETHANOL CONCENTRATION DURING FOOD DEPRIVATION AND SATIATION 

FOOD DEPRIVATION FOOD SATIATION 

Series I Series II Series III Series IV 

x + (S.E.) x + (S.E.) x + (S.E.) x + (S.E.) - - - -

0 .118~'; (0.048) 0.091 (0.026) 0.501 (0.083) 0.275 (0.056) 

0.668 (0.068) 0.418 (0.053) 0.716 (0.115) 0.648 (0.040) 

1.149 (0.052) 0.903 (0.075) 0.980 (0.066) 1.050 (0.135) 

8 : l. 344 (0.066) l. 309 (0.115) 0.992 (0.042) 0.845 (0.073) 
I 

16 0.884 (0.092) 0.962 (0.053) 0.686 (0.072) 0.817 (0.058) 

32 0.600 (0.067) 0.705 (0.034) 0.397 (0.000) 0.540 (0.054) 

0 0.091 (0.026) 0.170 (0.026) 0.274 (0.052) 0.340 (0.108) 
- - - --------

~~n = 5 

I 

~ 
:=> 
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~ONCENTRATION 
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32 
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TABLE 4 

MEAN LIQUID REINFORClliENTS PER ONE HOUR SESSION FOR RAT Z011 AS A FUNCTION 

OF ETHANOL CONCENTRATION DURING FOOD DEPRIVATION AND SATIATION 

FOOD DEPRIVATION FOOD SATIATION 

Series I Series II Series III Series IV 

x + (S.E.) X + (S.E.) x + (S .E.) x + - - - -

2. O"' (0.45) 2.0 (0.63) 9.6 (1.17) 0.6 

5.0 (0.84) 6.8 (1. 85) 6.2 (1.46) 2.0 

12.8 (1.16) 11.2 (1.93) 4.4 (1. 75) 4.0 

14.4 (1.44) 16.8 (1.59) 6.2 (1. 2) 2.4 

10.8 (0.86) 17.2 (1. 85) 3.2 (0.2) 5.2 

8.6 (1.03) 9.0 (0.45) 1.4 (0.6) 3.0 

3.2 (1.02) 5.0 (1. 30) 4.8 (2.03) 2.8 
~- ---- -~-------

'''n = 5 

~ 
I _, 
I 

(S.E.) 

(0.4) I 

(0.55) I 

(0.89) 
j 

i 

I 

(0.51) I 

' 
' 

(1. 2) 

(1.34) 
I 

(1.62) 
I 
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TABLE 5 

MEAN LIQUID VOWME CONSUMED (ml/100 g BODY WEIGHT) PER ONE HOUR SESSION BY RAT Z011 AS A 

FUNCTION OF ETIIANOL CONCENTRATION WRING FOOD DEPRIVATION AND SATIATION 

FOOD DEPRIVATION FOOD SATIATION 

Series I Series II Series III Series IV 

x + (S.E.) x + (S.E.) x + (S.E.) x + (S.E.) - - - -

0 .128~': (0.029) 0.063 (0.020) 0.487 (0.059) 0.029 (0.019) 

0.316 (0.054) 0.340 (0.081) 0.312 (0.074) 0.096 (0.026) 

0.806 (0.074) 0.624 (0.088) 0.219 (0.089) 0.189 (0.042) 

0.792 (0.087) 0.950 (0.070) 0.305 (0.059) 0.110 (0.023) 

0.581 (0.048) 0.731 (0.056) 0.154 (0.009) 0.244 (0.056) 

0.441 (0.039) 0.453 (0.031) 0.067 (0.028) 0.141 (0.063) 

0.102 (0.025) 0.227 (0.026) 0.228 (0.096) 0.130 (0.076) 
I 

r:n = 5 

I 

..r:::.. 
N 
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TABLE 6 

MEAN LIQUID REINFORCEMilrrS PER ONE HOUR SESSION FOR RAT Z012 AS A FUNCTION 

OF ETHANOL CONCENTRATION DURING FOOD DEPRIVATION AND SATIATION 

FOOD DEPRIVATION FOOD SATIATION 

I 
Series I Series II Series III I Series IV 

I -
X + (S.E.) 

l x + (S.E.) x + (S.E.) x + (S.E.) - - - I -
i 

2. a:·: (0.73) 4.6 (0.93) 9.6 (1. 44) 3.2 (0.86) 

82.4 (3.28) 74.8 (4.04) 25.2 (4.91) 15.4 (3. 83) 
i 

62.0 (2.77) 50.4 (3.50) 29.2 (3.86) 27.4 (3.01) 

31.8 (1. 77) 34.4 (1.36) 26.0 (1. 76) 38.4 (2.42) 

24.0 (1.22) 19.4 (1. 99) 15.6 (2.11) 19.4 (1.08) 

12.8 (0.97) 11.0 (1. 34) 8.2 (0.86) 13.6 (2.62) 

4.2 (0.80) 12.0 (5.00) 11.8 (2.46) 7.4 (2.09) 

~·:n = 5 

' 

I 

! 

I 

i 

I 

I 

' I 

.Po 
w 
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TABLE 7 

MEAN LIQUID VOLUME CONSUMED (ml/100 g BODY WEIGHT) PER ONE HOUR SESSION BY RAT Z012 AS A 

FUNCTION OF ETHANOL CONCDITRATION OORING FOOD DEPRIVATION AND SATIATION 

FOOD DEPRIVATION FOOD SATIATION 
~ONCENTRATION 

W/V Series I Series II Series III Series IV 

x + (S.E.) x + (S .E.) v + (S.E.) x + (S .E.) n - - - -

0 0.166* (0.043) 0.103 (0.026) 0.421 (0.076) 0.141 (0.044) 

2 3.376 (0.136) 3.610 (0.047) l. 250 (0.239) 0.736 (0.140) 

4 2.783 (0.093) 2.985 (0.179) l. 333 (0.150) 1.041 (0.120) 

8 2.022 (0.113) l. 736 (0.031) 1.187 (0.082) 1.599 ( 0. 07 3) ' 

16 1.117 (0.120) 1.208 (0.065) 0.562 (0.082) 0.736 (0.035)' 

32 0.617 (0.048) 0.655 (0.059) 0.286 (0.042) 0.482 (0.095) 

0 0.194 (0.001) 0.269 (0.032) 0.508 (0.125) 0.238 (0.055) 

'---· 
! -

:':n = 5 

c.. 
~ 
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TABLE 8 

MEAN LIQUID REI~TORCEMENTS PER ONE HOUR SESSION FOR RAT ZOl3 AS A FUNCTION 

OF LIQUID CONCDfrRATION DURING FOOD DEPRIVATION AJID SATIATION 

FOOD DEPRIVATION FOOD SATIATION 

Series I I Series II Series III I Series IV 
1. 

x + (S .E.) I x + (S.E.) x + (S.E.) I x + (S .E.) I I - - - I -
l 
I 

4. 2:'' (1.46) 5.0 (0.71) 9.8 (0.86) 3.4 ( 1. 53) 

54.2 (3.54) 42.8 (4.22) 9.0 (1. 34) 12.6 (1.72) 

58.4 (1.63) i 49.6 (6.11) 8.0 (0.84) 14.0 (1. 58) 

40.0 (2.30) 44.6 (1. 21) 10.8 (1.59) 14.8 (2.29) 

26.4 (2.23) 37.2 (2.89) 14.6 (0.98) 17.0 ( 1. 05) 

16.2 (1. 46) 29.6 ( 1. 89) 11.4 (1.60) l 10.4 (0.40) 

8.4 (2.11) 39.6 (6.65) 10.8 (1.74) 
I 

5.0 (1.82) 

---------- - ----------------- --------------------- ------

~·:n = 5 

.;:::. 
(j"J 
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TABLE 9 

MEN~ LIQUID VOLUME CONSUMED (ml/100 g BODY WEIGHT) PER ONE HOUR SESSION BY RAT Z013 AS A 

FUNCTION OF ETHANOL CONCENTRATION WRING FOOD DEPRIVATION AND SATIATION 

FOOD DEPRIVATION FOOD SATIATION 

Series I Series II Series III Series IV 

x + (S.E.) x + (S.E.) x + (S.E.) x + (S.E.) - - - -

0 .134;': (0.030) 0.182 (0.001) 0.450 (0.040) 0.150 (0.069) 

3.152 (0.248) 2.393 (0.190) 0.411 (0.061) 0.537 (0.072) 

3.396 (0.098) 2.383 (0.114) 0. 371 (0.038) 0.596 (0.071) 

2.283 (0.061) 1.668 (0.161) 0.486 (0.072) 0.635 (0.099) 

1.297 (0.184) l. 395 (0.094) 0.651 (0.041+) 0.709 (0.056) 

0.614 (0.039) 0.883 (0.073) 0.477 (0.048) 0.439 (0.016) 

0.184 (0.000) 0.283 (0.024) 0.472 (0.077) 0.120 (0.077) 

;fn = 5 

I 
I 

I 
I 

I 

~ 

-n 
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TABLE 10 

MEAN LIQUID REINFORCEMENTS PER ONE HOUR SESSION FOR RAT Z014 AS A FUNCTION 

OF LIQUID CONCENTRATION DURING FOOD DEPRIVATION AND SATIATION 

FOOD DEPRIVATION 
I FOOD SATIATION 

Series I Series II Series III I Series IV 

x + (S.E.) x + (S.E.) x + (S.E.) x + (S.E.) - - - -

l. 61: (0.51) 4.6 (0.68) 4.2 (1.24) 4.4 (0.51) 

24.8 (3.34) 6.6 (1.21) 17.6 (2.01) 9.6 (1.08) 

30.0 (2.79) 45.2 (1. 32) 22.0 (2.39) 25.6 (2.68) 

33.2 (2.56) 34.2 (1.02) 21.2 (2.15) 33.4 (2.80) 

16.8 (0.49) 21.0 ( l. 64) 11.4 (0.93) 18.6 (0.93) 

12.6 (0.60) 10.4 (0.40) 11.0 (1.10) 10.8 (0.58) 

5.8 (0.80) 13.2 (2.92) 7.4 (2.38) 8.2 (2.46) 

1'n = 5 
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j 

I 
i 
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TABLE 11 

MEAN LIQUID VOWME CONSUMED (ml/100 g BODY WEIGffi') PER ONE HOUR SESSION BY MT Z014 AS A 

FUNCTION OF ETHANOL CONCENTRATION DURING FOOD DEPRIVATION AND SATIATION 

FOOD DEPRIVATION FOOD SATIATION 

Series I Series II Series III Series IV 

x + (S.E.) x + (S.E.) x + (S.E.) x + (S.E.) - - - -

0. 0951: (0.030) 0.262 (0.036) 0.120 (0.058) 0.188 (0.017) 

1.202 (0.079) 0.394 (0.072) 0.736 (0.047) 0.431 (0.048) 

1.622 (0.130) 2.070 (0.086) 0.962 (0.085) 1.028 (0.089) 

1.824 (0.093) 1.560 (0.077) 0.928 
I 

(0.090) I 1.412 (0.138) 

0.978 (0.030) 0.921 (0.084) 0.538 (0.044) 0.803 (0.044) 

0.748 (0.037) 0.593 (0.041) 0.502 (0.049) 0.466 (0.026) 

0.297 (0.032) 0.250 (0.048) 0.261 (0.066) 0.347 (0.105) 

-~------------------

:':n = 5 
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TABLE 12 

MEAN LIQUID REINFORCEMENTS PER ONE HOUR SESSION FOR RAT Z015 AS A fUNCTION 

OF LIQUID CONCDITRATION DURING FOOD DEPRIVATION AND SATIATION 

FOOD DEPRIVATION FOOD SATIATION 

Series I Series II Series III Series IV 
I 

x + (S.E.) 
( 

x + (S.E.) x + (S.E.) x + (S.E.) - - - -

3. 2:': (0.66) i 6.0 (1.00) 3.0 (1.38) 4.2 ( 1.16) 

20.0 (1.14) 26.2 (3.93) 12.0 (0.84) 5.8 (0.86) 
I 

33.6 ( 1. 89) 31.6 (3.54) 12.8 (1.93) 15.2 (0.66) 

33.4 (1.50) 27.8 (3.51) 14.6 (1.44) 13.0 (1.22) 

20.8 (2.11) 22.0 (1. 64) 10.6 (2.40) 13.8 (0.86) 

32 I 10.4 (1. 21) 16.0 (2.00) 4.4 (0.93) 9.2 (1.46) I 

I 
I I 

0 I 8.0 (0.71) 12.2 (2.20) 5.4 (1.69) 5.8 (2.01) 
I I i I 
I ~ ~-~ --- ---- __j ~·- ·--- ------·---- - --- -

:':n = 5 

~ 

.0 
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TABLE 13 

MEAN LIQUID VOLUME CONSUMED (ml/100 g BODY vJEIGHT) PER ONE HOUR SESSION DY RAT Z015 AS A 

FUNCTION OF ETHANOL CONCENTRATION DURING FOOD DEPRIVATION AND SATIATION 

FOOD DEPRIVATION FOOD SATIATION 
~ONCENTAATION 

W!V 
I Series I Series II Series III Series IV 

x + (S .E.) x + (S.E.) x + (S.I:.) x + (S.E.) - - - -

0 0 .183;( (0.032) 

l 
0.195 (0.000) 0.154 (0.066) 0.216 (0.060) 

2 1.216 (0.049) (0.123) (0.041) ! (0.039) 1.032 0.622 0.283 
I 

4 1. 849 (0.079) 1.372 (0.118) 0.658 (0.088) 0.603 (0.025) 

8 1. 756 (0.085) 1.151 (0.106) 0.775 (0.071) 0.588 (0.048) 
I 

16 1.046 (0.129) 0.652 (0.097) 0.512 (0.095) 0.549 (0.048) 

32 0.610 (0.057) 0.552 (0.050) 
I 

0.222 (0.046) 0.352 (0.049) 
I 

I 0 0.385 (0.054) I 0.331 (0.060) 
I 

0.264 (0.075) 0.293 (0.102) 
! 
i 

~------ ~-- ---- - -- -

,·~n = 5 

()1 

:=1 



TABLE 14 

MEAN LIQUID (ETHANOL 32% W/V OR WATER) PESPONSES, REINFORCEMENTS AND 

VOWME CONSUMED PER ONE HOUR SESSION BY RAT ZOlO AS A FUNCTION OF FIXED -RATIO SIZE 

l.T'1 _, 

Fixed-Ratio Ethanol ~vater 

Size Responses Reinforcements Volume Consumed Responses Reinforcements Volume Consumed 
(rnl) (rnl) 

x + (S.E~ x ±. (S.E.) x + (S.E~ x + (S.E~ x + (S.E~ x + (S.E~ 

1 13. 6;'; (1. 78) 13.4 (1.81) 3.5 (0.22) 11.8 (3.10) 9.8 (1. 91) 1.9 (0.29) 

2 16.0 (2.07) 7.8 ( 1. 02) 2.9 (0.29) 11.2 (2.97) 5.2 (1.46) 2.0 (0.27) 

4 38.0 (3.00) 9.0 (0.84) 3.0 (0.16) 17.0 (2.83) 4.0 (0.71) 1.3 (0.12) 
I 
! 

8 59.8 (4.08) 7.0 (0.45) 2.7 (0.20) 13.6 (5.48) 1.4 (0.75) 1.2 (0.20) I 
I 

J - - - - -- - - --- ---- ---- - -~----- -

*n = 5 



TABLE 15 

MEAN UQUID (E'IBANOL 32% W/V OR \.JATER) RESPONSES, REINFORCEMENTS AND 

VOLUME CONSUMED PER ONE HOUR SESSION BY RAT Z012 AS A FUNCTION OF FIXED-RATIO SIZE 

Fixed-Ratio Ethanol Water 

Size Responses Reinforcements Volume Consumed Responses Reinforcements 
(ml) 

x + S.E. x + S.E. x + S.E. x + S.E. x + S.E. - - - - -

1 15. 6~'; (2.50) 14.0 (1.87) 3.9 (0.24) 9.8 (2.82) 8.6 (2.52) 

2 22.0 (4.35) 10.0 (2.02) 3.6 (0.37) 14.2 (3.43) 6.2 (l. 46) 

4 46.2 (6.54) 11.2 (1.53) 3.9 (0.24) 17.4 (4.08) 4.0 (1.05) 

8 74.4 (3.26) 8.6 (0.40) 2.8 (0.12) 28.4 (4.73) 3.0 (0.55) 
-------- --- - "------~------- L._ _____ ~ 

1:n = 5 

Vol~~ 
(ml) 

I 

x + S.E. -

2.6 ( 0. 51) 

2.4 (0.43) 

1.8 (0.12) 

1.6 (0.19) 

ln 
N 



TABLE 16 

MEAN LIQUID (EHTANOL 32% W/V OR WATER) RESPONSES, REINFORCEt1ENTS AlJD 

VOLUME CONSUMED PER mJE HOUR SESSION BY RAT Z014 AS A FUNCTION OF FIXED-AATIO SIZE 

ir'ixed-Ratio Ethanol 'i<Jater 

Size Responses Reinforcements Volume Consumed Responses Reinforcements 
(ml) 

x + (S.E.) x ~(S.E.) x ~(S.E.) x ~ (S.E.) x ~ (S.E.) -
'"---· ---·-------

1 10.2* (1. 02) 8.8 (0.73) 3.6 (0.19) 5.2 (3.07) 3.8 (2.01) 

2 39.4 (4.13) 17.8 (2.08) 5.7 (0.34) 15.4 (3.32) 7.0 ( l. 30) 

4 39.2 (1.62) 9.8 (0.49) l+, 7 (0.20) 17.2 (5.61) 4.2 ( l. 46) 

8 69.4 ClO. 47) 8.6 (1.29) 4.3 (0.20) 38.8 (9.06) 4.8 (1.11) 

*n = 5 

Volume Consumed 
(ml) 

x ~ (S.E.) 

1.7 (0.44) 

2.5 (0.22) 

2.6 (0.29) 

3.0 (0.39) 

lT1 
w 



TABLE 17 

MEAN LIQUID (ETHANOL 32% W/V OR \..JATER) RESPONSI:S, REINFORCEMENTS AND 

VOWME CONSUMED PER ONE HOUR SESSION BY RAT ZOlS AS A FUNCTION OF FIXED-RATIO SIZE 

I 

Fixed-Ratio Ethanol Water 

Size Responses Reinforcements Volume Consumed Responses Reinforcements 
(rnl) 

x + ( S.E.) x + ( S. E.) x _:: ( S.E.) x + ( S.E.) x _::(S.E.) - - -
~-

l 12. 8i: (0.97) 11.0 (0.71) 3.5 (0.16) 7.0 (2.53) 6.6 (2.46) 

2 13.2 (2.40) 6.2 (1.02) 2.8 (0.25) 5.6 (1.40) 2.2 (0.49) 

4 23.6 (3.63) 5.4 (0.93) 3 .l (0.19) 4.2 (0.97) 0.8 (0.20) 

8 24.0 (2.66) 2.6 (0.24) 2.2 (0.12) 5.4 (1.94) 0.2 (0.20) 
- -------

i:n = 5 

Volume Consumed 
(rnl) 

x _:: ( S.E.) 

2.7 (0.34) 

1.6 (0.10) 

1.6 (0.10) 

1.0 (0.00) 
---~-

(.}1 

-~='> 


