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DEDICATION

"Psychology as the behaviorist views it is a purely 
objective natural science. Its theoretical goal is the 
prediction and control of behavior. Introspection forms 
no essential part of its methods, nor is the scientific 
value of its data dependent upon the readiness with which 
they lend themselves to interpretation in terms of 
consciousness. The behaviorist, in his attempts to get 
a unitary scheme of animal response, recognizes no 
dividing line between man and brute. The behavior of 
man, with all of its refinement and complexity, forms 
only a part of the behaviorist's total scheme of 
investigation."

John B. Watson, 1913

"You know what? A squirrel is nothing but a rat 
with a bushy tail."

Robert A. Vietrogoski, 1994

This thesis is dedicated to those who recognize no 
dividing line between the species.
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Abstract
The intake of an ethanol solution following different 
levels of access to sodium saccharin and glucose 
solutions was examined in a sample of 50 genetically 
normal male and female Sprague Dawley rats. The subjects 
were given restricted or free levels of access to sodium 
saccharin or glucose solutions for 2 0 days and were then 
given free exposure to an ethanol solution for 31 days. 
The rats were also given free access to food and water 
throughout the entire experiment. Intake levels of the 
water, sodium saccharin, glucose, and ethanol solutions 
were measured. Results indicated a significant
interaction on ethanol intake. Under conditions of free 
access to a solution during the first phase of the 
experiment, those animals exposed to the sodium saccharin 
solution drank more than those exposed to the glucose 
solution. Under conditions of restricted access to a 
solution during the first phase of the experiment, those 
animals exposed to the glucose solution drank more than 
those exposed to the sodium saccharin solution. Results 
also indicated that the group given free access to the 
sodium saccharin solution consumed significantly more of 
the ethanol solution than the other three groups and a 
control group, which had only been given exposure to 
water during the first phase of the experiment. A 
significant correlation was also found between the total 
amounts of solution consumed during the first phase of 
the experiment and of ethanol consumption during the 
second phase of the experiment for rats given free access 
to the sodium saccharin and glucose solutions. The 
results indicate that when allowed to drink freely, those 
animals which consumed high amounts of sodium saccharin 
also consumed high amounts of ethanol. Discussion 
focuses on the implications of these findings on genetic 
and sociocultural or environmental models of the 
development of alcoholism in humans.



RATES OF ETHANOL INTAKE RESULTING FROM RESTRICTED AND 
FREE ACCESS TO SODIUM SACCHARIN AND GLUCOSE IN 

SPRAGUE DAWLEY RATS



Ethanol Intake
2

Attempts to reveal the factors influencing the 
development of alcoholism have been quite varied and 
mixed in their results. Some researchers have focused 
on revealing a genetic basis (Gill, Amit, & Koe, 1988; 
McBride, Murphy, Lumeng, & Li, 1990) while others have 
focused on the environmental effects (Falk & Tang,
1977) .

Research attempts to determine the biological 
basis for alcoholism have been done using both humans 
and animals as subjects. From twin studies, it has 
been reported that the rate of alcohol abuse in 
identical twins is more than twice the rate for 
fraternal twins (Restak, 1988). High positive 
correlations for patterns of alcohol consumption among 
identical twins were also obtained (Restak, 1988) . 
Goodwin, Schulsinger, and Molter (1974) found that 
regardless of whether the children in their study were 
raised by their alcoholic parents or not, biological 
sons of Danish alcoholics were four times more likely 
to become alcoholic than the biological sons of 
nonalcoholics. An additional study, which reported 
that adopted and nonadopted daughters of Danish
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alcoholics did not have higher rates of alcoholism than 
adopted controls, suggested that although alcoholism 
may have a genetic component, its extent and influence 
within and between the sexes is largely undetermined 
(Goodwin, Schulsinger, Knop, Mednick, & Guze, 1977).

Research using animals as subjects has been done 
using various strains of rats that were selectively 
bred for high and low rates of alcohol consumption 
(Gatto, Murphy, Waller, McBride, Lumeng, & Li, 1987; 
McBride, Murphy, Lumeng, & Li, 199 0; Murphy, McBride, 
Gatto, Lumeng, & Li, 1988). The groups of rats which 
have had high rates of alcohol consumption have been 
referred to as P (Alcohol Preferring), HAD (High 
Alcohol Drinking), and AA (Alcohol Accepting) rats. 
Groups of rats with low rates of alcohol consumption 
have been referred to as NP (Alcohol Nonpreferring),
LAD (Low Alcohol Drinking), and ANA (Alcohol 
Nonaccepting) rats. The researchers reasoned that in 
order to determine a genetic basis for alcoholism, it 
was necessary to first develop animals with low and 
high rates of drinking and then look at the genetic 
differences between the groups.
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One recent development that has emerged from using 
these groups of rats has been an attempt to link 
alcohol consumption with consumption of sugar and 
artificially-sweetened products or sugar substitutes 
(Kampov-Polevoy, Kasheffskaya, & Sinclair, 1990; 
Sinclair, Kampov-Polevoy, Stewart, & Li, 1992). The 
majority of studies have used sodium saccharin as a 
testing solution because it has the sweet taste of 
sugar but yet has a different chemical makeup. In 
these reports, the rats were preselected on the basis 
of prior ethanol consumption and rates of sodium 
saccharin consumption were measured. The significant 
results indicated that the animals that were previously 
reported to be low, medium, and high drinkers of 
ethanol drank a corresponding amount of a sodium 
saccharin solution.

To determine the possible reciprocity of the 
relationship, Gosnell and Krahn (1992) selected rats 
with low, intermediate, and high voluntary intakes of 
sodium saccharin and looked at the subsequent ethanol 
intake. Corresponding amounts of intake were again 
found to exist for each group of rats. Most recently
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Overstreet, Kampov-Polevoy, Rezvani, Murrelle, Halikas, 
and Janowsky (1993) found a high positive correlation 
(r=+0.61) between sodium saccharin and ethanol intake 
across a variety of strains and breeds of rats with 
different preferences for ethanol. The results 
suggested that a similar genetic basis may account for 
the association between sodium saccharin and ethanol 
intake. The results have indicated that the genetic 
basis may not be a gene presumed to exist only for 
abuse of ethanol and sodium saccharin, but rather may 
actually be a gene for general or overall substance 
abuse, such as abuse for other drugs like cocaine or 
heroin.

Although previous findings have indicated an 
association between the two substances, various 
methodological flaws have been noted and as such, 
prohibit any generalization beyond mere correlation.
One problem has been that the length of exposure to the 
sodium saccharin solutions has been relatively short, 
usually only four days, while the length of exposure to 
the ethanol solutions has been relatively longer, 
usually three weeks (Gosnell & Krahn, 1992;
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Kampov-Polevoy, Kasheffskaya, & Sinclair, 1990; 
Overstreet, Kampov-Polevoy, Rezvani, Murrelle, Halikas, 
& Janowsky, 1993; Sinclair, Kampov-Polevoy, Stewart, & 
Li, 1992). An extended period of exposure to the 
sodium saccharin solutions might have decreased the 
differences between the means of sodium saccharin 
intake between the various groups of rats. The rates 
of intake for each of the groups of rats may have 
leveled off after an extended period of time and the 
mean intakes for each of the groups may have converged 
upon each other. Therefore, no differences in sodium 
saccharin intake would have been found. The smaller 
differences may not have had any effect on subsequent 
ethanol intake, but they would have not led the 
researchers to reach the conclusion that sodium 
saccharin consumption was an indicator of ethanol 
consumption. Differences in ethanol intake despite no 
significant differences in sodium saccharin intake 
would point to the possibility of the involvement of 
other factors responsible for the differences in 
ethanol intake. A comparable period of exposure 
between the sodium saccharin and ethanol solutions
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would have been a more methodologically precise design.
A second problem has been the preselection of the 

groups of rats utilized. Previous researchers divided 
the rats into groups based on their prior consumption 
of saccharin or ethanol solutions. However, the 
differences in prior consumption have not been created. 
None of the researchers made any attempts to first 
randomly assign the rats to groups and then to 
administer different amounts of sodium saccharin and 
ethanol or allow different rates of access to the 
solutions. The rats' rates of sodium saccharin and 
ethanol intake have first been measured and then groups 
of rats with similar levels of intake have been formed. 
Other researchers have used rats that were known to 
have specific genetic deficits, such as the Fawn Hooded 
rats with a genetic serotonin deficiency (Overstreet, 
Kampov-Polevoy, Rezvani, Murrelle, Halikas, & Janowsky, 
1993). While this preselection of rats was done on the 
assumption of a similar genetic basis for ethanol and 
for sodium saccharin consumption, the experiments did 
not include any genetically normal rats as a control 
group. If the control groups had been used and the
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results were the same across all of the groups, the 
conclusions would have indicated that the similar 
intake was due to some other factor than a genetic 
abnorma1ity.

A third problem has been the lack of inclusion of
an alternative source of fluid. It may have been that
the rats would have preferred any other solution over
the water. The similar intakes observed for the rats
would have then been a function of the available
solution being "not water" and would have had nothing
to do with an association between sodium saccharin and
ethanol. A different design still using only two
fluids would have been to include a group of rats that
received an alternative fluid source in addition to
water rather than the sodium saccharin solution and
observed the rats' subsequent ethanol consumption.
However, a three bottle design in which another
solution was available along with the sodium saccharin
or ethanol solutions would have been a better design
because it would have allowed one to test whether the
intakes were due to a preference for any fluid that was

*

"not water" or whether the differences in intake were
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due to an actual association between sodium saccharin 
and ethanol.

The purpose of the current experiment was to test 
the hypothesis that different rates of access to a 
sodium saccharin solution would lead to differences in 
ethanol consumption. It was hypothesized that higher 
rates of access to a sodium saccharin solution would 
lead to higher rates of ethanol intake.

The addition of two groups who received access to 
a glucose solution during the first phase of the 
experiment permitted analysis of whether a possible 
association between the chemical makeup of glucose and 
ethanol exists or if increased rates of ethanol 
consumption are broader and strictly implicate sweet 
tasting substances in general. The glucose and sodium 
saccharin solutions are similar in taste but have 
different chemical designs. If a relationship were 
found only between the glucose and the ethanol, then 
the results would suggest that ethanol intake was 
caused in some manner by the specific chemical makeup 
of glucose. If a relationship were found only between 
the sodium saccharin and the ethanol, then the results
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would suggest that ethanol intake was caused by the 
specific chemical makeup of sodium saccharin. However, 
if a relationship was found between glucose and ethanol 
and between sodium saccharin and ethanol, then the 
results would suggest that the ethanol intake was 
caused by sweet tasting products in general. The 
implications of an association between the sweet 
tasting substances and ethanol for humans will be 
discussed using a developmental context. It was 
hypothesized that an association between the chemical 
makeup of glucose and ethanol would exist, in addition 
to the association between the sodium saccharin and 
ethanol, and that higher rates of access to a glucose 
solution would lead to higher rates of ethanol intake. 
It is therefore suggested that consumption of ethanol 
can be predicted based on prior exposure to sweet 
tasting products, in general, at an earlier age rather 
than predicted strictly by consumption of pure sugar 
products or strictly by consumption of artificially 
sweetened products.

The design of the experiment reflected several of 
the modifications regarded as necessary in order to
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permit better generalization. The experiment allowed 
for relatively equal access to the sodium saccharin, 
glucose, and ethanol solutions.

Furthermore, the rats that were used did not have 
any genetic abnormalities and were randomly assigned to 
groups during the first phase of the experiment and 
received different rates of access to a solution rather 
than being placed in different groups based on their 
previous rates of solution consumption. The rates of 
access were established in advance.

The experiment did not allow for the availability 
of a third solution along with the sodium saccharin, 
glucose, and ethanol solutions. Although a three 
bottle design would have been a better design as it 
might have shown whether the obtained results were 
specific to the solutions themselves or were more 
general and were a function of any one of the solutions 
being "not water", as previously described, time 
factors, limited resources, and the small total space 
on the front of the rats' cages did not permit the 
addition of more than two solutions.
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Method
Subjects

Fifteen male and thirty-five female Sprague-Dawley 
rats were used and divided equally among the five 
groups. The rats were from the Bl, II, 12, H2, and H3 
litters which had been bred and housed in the College 
of William and Mary animal colony. The original rat 
adults had been purchased from Charles River 
Laboratories. The rats were of weaning age, 
approximately 21 to 50 days old, at the beginning of 
the experiment. The young age of the rats was 
necessary so that parallels in age could be drawn from 
the obtained results using rats to a five year old 
human child. All of the animals were experimentally 
naive and had no prior exposure to the saccharin, 
glucose, and alcohol solutions.
Materials

The rats were housed in individual hanging metal 
cages with measurements of 18 x 2 5 x 2 0 cm. The rats 
were on a 12-12 light/dark cycle with the lights coming 
on at 0700 hours. The temperature was at a constant 20 
- 25 C. The rats were fed Agway Rat, Mouse, Hamster
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3 000 chow and water ad libitum. Sodium saccharin 
powder distributed by Merck and Co., Inc., glucose in a 
granular form distributed by the J. T. Baker Chemical 
Co., and 2 00 proof dehydrated ethyl alcohol distributed 
by Quantum Chemical Corporation were used to make the 
various solutions. All three were diluted with water 
and given in separate bottles, according to the rat's 
group membership status, in addition to plain water.
The water and solutions were given in glass bottles 
with a single ball bearing tip to minimize leakage. 
Glass bottles were used instead of plastic bottles in 
order to ensure that the rats could not chew any holes 
through the bottles. The bottles were placed at on the 
rats' cages with an appropriate distance between them 
and were arranged randomly each day so that the 
development of a bottle preference was avoided. After 
preparation, the water and solutions were stored in 
plastic buckets. One 50 mL graduated plastic syringe 
and two 50 mL graduated glass beakers were used to 
measure the water and solutions for each individual 
rat.
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Procedure
The experiment ran for 61 days. The first phase, 

or baseline period, of the experiment lasted a total of 
3 0 days and the second phase, or experimental period, 
lasted a total of 31 days. The experimental period 
immediately followed the baseline period, so the first 
day of the experimental period was on day 21 overall. 
Throughout the course of the experiment, each of the 
rats was given continuous access to one of three 
experimental solutions and to 100 milliliters (mL) of 
water each day. The rats were randomly divided into 
five groups with ten rats in each group.

During the baseline period, the first group was 
given access to a 100 mL 0.25% (w/v) sodium saccharin 
solution and was referred to as the HIGH-SAC/(HS) 
group. The second group was given access to a 20 mL 
0.25% (w/v) sodium saccharin solution and was referred 
to as the LOW-SAC/(LS) group. The third group was 
given access to a 100 mL 5.0% (w/v) glucose solution 
and was referred to as the HIGH-GLU/(HG) group. The 
fourth group was given access to a 20 mL 5.0% (w/v) 
glucose solution and was referred to as the
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LOW-GLU/(LG) group. None of the rats in the HIGH-SAC 
and HIGH-GLU groups ingested all 100 mL of their 
solutions on any of the 2 0 days, therefore the 
solutions were given ad libitum. The fifth group was 
not given access to a solution but did have an empty 
bottle hanging on the cage to represent the solution. 
This was done to minimize the novelty that the bottle 
may have had when filled with the ethanol solution 
during the second phase of the experiment. The fifth 
group was the control group and was referred to as the 
NONE group. During the first phase of the experiment, 
measurements of how many milliliters the rats consumed 
of water and each of the sodium saccharin and glucose 
solutions were recorded. The concentration of the 
solutions remained identical for each group in order to 
avoid differences in taste preferences among the rats. 
The sodium saccharin and glucose solutions and the 
water were changed and recorded daily. The bottles 
were washed every three days to prevent any buildup of 
residue from the solutions. The data recording 
sessions occurred in the morning and food was given ad 
libitum.
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In the second phase of the experiment, all of the 
rats in each group received continuous access to 100 mL 
of water and to a 50 mL 5.0% (v/v) ethanol solution. 
Therefore, the water and ethanol solution were given ad 
libitum. During the second phase of the experiment, 
measurements of how many milliliters the rats consumed 
of water and of the ethanol solution were recorded.
The ethanol solution and the water were recorded and 
changed daily. These bottles were also washed every 
three days to prevent any buildup of residue. In an 
identical manner, the recording sessions occurred 
during the morning and food was given ad libitum.

The two variables distinguishing amongst the 
groups were therefore the type of solution the rats 
received in the first phase of the experiment, either 
sodium saccharin or glucose, and the schedule of access 
to the solution received, either restricted access (20 
mL) or free access (100 mL). The dependent variable 
was the amount of the ethanol solution consumed in the 
second phase of the experiment. The NONE group was 
treated as a control group because it did not receive a 
solution during the first phase of the experiment.



Ethanol Intake 
17

Although it has been demonstrated that Sprague- 
Dawley rats have preferred up to a 30% ethanol solution 
and a 1.75% sodium saccharin solution over water, these 
tests and experiments have operated under conditions of 
food deprivation and intermittent access schedules to 
the solutions in which the concentrations were 
originally low but were increased gradually during 
necessary periods of acclimation (Falk, Samson, & 
Winger, 1972; Pinel & Huang, 1975; Pinel, Mucha, & 
Rovner, 1976; Samson & Falk, 1975; Sinclair & Senter, 
1968; Tang & Falk, 1988; Wise, 1973). However, the 
literature has also indicated that under conditions of 
normal body weight and continuous access, rats have 
preferred a 0.25% sodium saccharin solution, a 1-5% 
glucose solution, and a 1-6% ethanol solution over 
water (Falk & Tang, 1977; Myers & Veale, 1972; Samson & 
Falk, 1974; Sinclair, Kampov-Polevoy, Stewart, & Li, 
1992; Tang & Falk, 1977; Tang, Brown, & Falk, 1982; 
Veale & Myers, 1969; Wayner & Greenberg, 1972). The 
levels of the solution concentrations used in the 
present experiment (0.25% (w/v) sodium saccharin 
solution, 5.0% (w/v) glucose solution, and the 5% (v/v)
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ethanol solution) were selected based on these reports.
Results

A 2 (solution) x 2 (schedule of access) analysis 
of variance (ANOVA) was run using the rats' overall 
solution intake means from the first phase of the 
experiment as the dependent variables. The overall 
solution intake means for each group were calculated by 
first finding the solution intake means for each group 
across the 2 0 days. The 2 0 solution intake means were 
then averaged together for each group to obtain the 
overall solution intake mean. The overall solution 
intake means are listed in Table 1. The largest 
overall solution intake mean was for the HIGH-SAC

Insert Table 1 about here

group, followed in decreasing order by the HIGH-GLU 
group, the LOW-SAC group, and the LOW-GLU group.

The two factors used in the ANOVA were solution 
(sodium saccharin vs glucose) and access (restricted/2 0 
mL vs free/100 mL). The control group was excluded 
from the ANOVA because the rats in the control group
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did not receive access to a solution during the first 
phase of the experiment. The results from the 2 x 2  
ANOVA are given in Table 2. The results indicated a

Insert Table 2 about here

main effect for solution existed, F(l, 76) = 78.4325, p 
< 0.0001. The two groups which had received access to 
a sodium saccharin solution (HIGH-SAC and LOW-SAC X - 
31.63) consumed significantly more of their solution 
during the first phase of the experiment than the two 
groups which had received access to a glucose solution 
(HIGH-GLU and LOW-GLU X = 20.24). The ANOVA revealed a 
main effect for schedule of access, F(l, 76) =
196.3 618, p < 0.0001. The two groups which had 
received free access to a solution (HIGH-SAC and HIGH- 
GLU X = 34.94) consumed significantly more of their 
solution during the first phase of the experiment than 
the two groups which had received restricted access to 
a solution (LOW-SAC and LOW-GLU X = 16.93).

The ANOVA also revealed a solution x access 
interaction, F(l, 76) = 24.6797, p < 0.0001. Under
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conditions of high access to a solution, the group 
which received high access to the sodium saccharin 
solution (HIGH-SAC X = 4 3.83) drank significantly more 
of their solution during the first phase of the 
experiment than the group which received high access to 
the glucose solution (HIGH-GLU X = 26.05). Under 
conditions of low access to a solution, the group which 
received low access to the sodium saccharin solution 
(LOW-SAC X = 19.43) drank significantly more of their 
solution during the first phase of the experiment than 
the group which received low access to the glucose 
solution (LOW-GLU X = 14.32). The ANOVA results 
indicated that the manipulations of schedule access and 
of solution type were successful and that significant 
differences in intake existed between the groups.

Two separate analyses were conducted with the data 
from the second phase of the experiment. One analyzed 
the differences in ethanol intake between the groups 
during the second phase of the experiment while the 
second analysis analyzed the differences in water 
intake between the groups during the second phase of 
the experiment. The analyses were similar in nature
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and the results of each analysis will be discussed.
An overall ethanol intake mean was computed for 

each of the five groups. The overall ethanol intake 
mean for each group was calculated by first finding 
each group's ethanol intake mean for each of the 31 
days. Each group's ethanol intake means plotted 
against the control group's ethanol intake means across 
the 31 days are illustrated in Figures 1 - 4 .  The

Insert Figures 1 - 4  about here

reason for the inclusion of the control group's ethanol 
intake means against each of the other four groups 
individually will shortly become apparent. Figure 1 
shows the ethanol intake means across the 31 days for 
the HIGH-SAC/(HS) group and the control/NONE group. 
Figure 2 shows the ethanol intake means across the 31 
days for the LOW-SAC/(LS) group and the control/NONE 
group. Figure 3 shows the means for the HIGH-GLU/(HG) 
group and the control/NONE group while Figure 4 shows 
the ethanol intake means across the 31 days for the 
LOW-GLU/(LG) group and the control/NONE group. Due to
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the fact that the ethanol intake means across the 31 
days for the control/NONE group have been illustrated 
in Figures 1 - 4  with the other groups, no separate 
figure appears with the control/NONE group's data only. 
Figures 1 - 4  illustrate that the patterns of ethanol 
consumption for each of the five groups were relatively 
constant across the 31 days.

The 31 ethanol intake means for each of the five 
groups were then averaged together to determine the 
overall ethanol intake means. The overall ethanol 
intake means are listed in Table 3. The overall

Insert Table 3 about here

ethanol intake means are also represented in graphical 
form in Figure 5. The largest overall ethanol intake

Insert Figure 5 about here

mean found was for the HIGH-SAC group, followed in 
decreasing order by the LOW-GLU group, the HIGH-GLU 
group, and the LOW-SAC group.



Ethanol Intake
23

The overall ethanol intake means of the groups 
which received access to the sodium saccharin and 
glucose solutions during the first phase of the 
experiment were then used to conduct a 2 x 2 analysis 
of variance (ANOVA). The results of the ANOVA 
manipulation can be found in Table 4. The two factors

Insert Table 4 about here

used in the analysis were solution (sodium saccharin vs 
glucose) and access (restricted/20 mL vs free/100 mL).
A main effect for solution was not found, F(l, 120) = 
0.2160, p > 0.05. A main effect for access was not 
found, F(l, 120) = 0.1342, p > 0.05. However, a 
significant solution x access interaction was found, 
F(l, 120) = 6.1033, p < 0.05. Under conditions of free 
access to a solution during the first phase of the 
experiment, higher rates of ethanol intake during the 
second phase of the experiment were found for those 
rats which had been previously exposed to the sodium 
saccharin solution (HIGH-SAC X = 16.53) rather than the 
glucose solution (HIGH-GLU X = 14.01). Under
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conditions of restricted access to a solution during 
the first phase of the experiment, the opposite results 
were found; higher rates of ethanol intake during the 
second phase of the experiment were found for those 
rats which had been previously exposed to the glucose 
solution (LOW-GLU X = 14.67) rather than the sodium 
saccharin solution (LOW-SAC X = 13.83).

In addition, four t-tests were run comparing the 
overall ethanol intake means during the second phase of 
the experiment for each of the groups which had 
received access to a solution during the first phase of 
the experiment against the overall ethanol intake mean 
of the control group. The patterns of ethanol 
consumption for each of the solution groups against the 
control group can be found in Figures 1 - 4 .
Significant differences were found between the HIGH-SAC 
and the NONE group, t(60) = 4.7492, p < 0.0000, and 
between the LOW-GLU and the NONE group, t(60) = 2.5619, 
p < 0.0129. The t-test comparing the LOW-SAC and the 
NONE group approached significance, t(60) = 1.8292, p < 
0.072 3, as did the comparison between the HIGH-GLU and 
the NONE group, t(60) = 1.9189, p < 0.0598. For each
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of the four groups which had received access to a 
solution during the first phase of the experiment, the 
overall ethanol intake means during the second phase of 
the experiment were significantly higher than or nearly 
significantly higher than the control group (see Table 
3)  •

Three additional t-tests were run in order to 
analyze the differences in overall ethanol intake means 
during the second phase of the experiment between the 
HIGH-SAC group and the three other groups which had 
received access to a solution during the first phase of 
the experiment. The t-test comparing the HIGH-SAC 
group and the LOW-SAC group was significant, t(60) = 
3.0527, p < 0.0034. The second t-test comparing the 
HIGH-SAC group and the HIGH-GLU group was significant, 
t(60) = 2.6907, p < 0.0092. The third t-test comparing 
the HIGH-SAC group and the LOW-GLU group was also 
significant, t(60) = 2.0222, p < 0.0476. In comparison 
to the other three groups which had received a solution 
during the first phase of the experiment, the HIGH-SAC 
group drank significantly more ethanol during the 
second phase of the experiment than the other groups
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(see Table 3). None of the t-tests comparing the 
differences in overall ethanol intake means between the 
LOW-SAC, HIGH-GLU, and LOW-GLU groups were significant.

Finally, a Pearson correlation between the total 
amount of solution consumed by each of the rats in the 
HIGH-SAC and the HIGH-GLU groups during the first phase 
of the experiment and the total amount of ethanol 
consumed in the second phase of the experiment was 
computed. The 2 0 sets of data points for the rats in 
the two groups are plotted in Figure 6. The Pearson

Insert Figure 6 about here

correlation was significant, r = + 0.44 5, p < 0.05. 
Within each group of rats, there were a variety of 
intake levels for both the solutions during the first 
phase of the experiment and for the ethanol during the 
second phase of the experiment. The significant 
Pearson correlation suggests that those individual rats 
which consumed high amounts of their solution during 
the first phase of the experiment also drank 
correspondingly high amounts of ethanol during the
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second phase of the experiment.
The second analysis focused on differences in 

overall water intake means between the groups during 
the second phase of the experiment. The computations 
required to obtain the overall water intake means were 
identical to the ones used in finding the overall 
ethanol intake means. First, each group's water intake 
mean across the 31 days was found. Each group's water 
intake means plotted against the control group's water 
intake means across the 31 days are illustrated in 
Figures 7 - 1 0 .  The reason for the inclusion of the 
control group's water intake means against each of the 
other four groups individually will shortly become 
apparent. Figure 7 shows the water intake means across

Insert Figures 7 - 1 0  about here

the 31 days for the HIGH-SAC/(HS) group and the 
control/NONE group. Figure 8 shows the water intake 
means across the 31 days for the LOW-SAC group and the 
control/NONE group. Figure 9 shows the means for the 
HIGH-GLU/(HG) group and the control/NONE group while
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Figures 10 shows the water intake means across the 31 
days for the LOW-GLU/(LG) group and the control/NONE 
group. Due to the fact that the water intake means 
across the 31 days for the control/NONE group have been 
illustrated in Figures 7 - 1 0  with the other groups, no 
separate figure appears with the control/NONE group's 
data only. Figures 7 - 1 0  illustrate that the patterns 
of water consumption for each of the five groups were 
relatively constant across the 31 days.

The 31 water intake means for each of the five 
groups were then averaged together to determine the 
overall water intake means. The overall water intake 
means are listed in Table 5. The largest overall

Insert Table 5 about here

water intake mean was found for the HIGH-GLU group, 
followed in decreasing order by the LOW-SAC group, the 
HIGH-SAC group, and the LOW-GLU group.

The overall water intake means of the groups which 
had received access to the sodium saccharin and glucose 
solutions during the first phase of the experiment were
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then used to conduct a 2 x 2 ANOVA. The results of the 
ANOVA manipulation can be found in Table 6. In an 
identical manner to the ANOVA run using ethanol intake 
means, the two factors used in the analysis were

Insert Table 6 about here

solution (sodium saccharin vs glucose) and schedule of 
access (restricted/20 mL vs free/100 mL). A main 
effect for solution was not found, F(l, 120) = 0.6182, 
p > 0.05. A main effect for schedule of access was 
found, F (1, 120) = 17.0227, p < 0.0001. The two groups 
which had received free access to a solution (HIGH-SAC 
and HIGH-GLU X = 29.63) during the first phase of the 
experiment consumed significantly more water during the 
second phase of the experiment than the two groups 
which had received restricted access to a solution 
(LOW-SAC and LOW-GLU X — 25.95) during the first phase 
of the experiment. A significant solution x access 
interaction was also found, F(l, 120) = 89.9993, p < 
0.0001. Under conditions of free access to a solution 
during the first phase of the experiment, higher rates
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of water intake during the second phase of the 
experiment were found for those rats which had been 
previously exposed to the glucose solution (X = 33.50) 
rather than the sodium saccharin solution (X = 25.75). 
Under conditions of restricted access to a solution 
during the first phase of the experiment, the opposite 
results were found; higher rates of water intake were 
found for those rats which had been previously exposed 
to the sodium saccharin solution (X = 3 0.52) rather 
than the glucose solution (X = 21.37).

In addition, four t-tests were run comparing the 
overall water intake means during the second phase of 
the experiment for each of the groups which had 
received access to a solution during the first phase of 
the experiment against the overall water intake mean of 
the control group. The patterns of water consumption 
for each of the solution groups against the control 
group can be found in Figures 7 - 1 0 .  Significant 
differences were found between the HIGH-SAC and the 
NONE group, t(60) = 2.3561, p < 0.0218. Significant 
differences were also found between the LOW-SAC and the 
NONE group, t(60) = 6.4840, p < 0.0001. Significant
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differences were found between the HIGH-GLU and the 
NONE group, t(60) = 8.1736, p < 0.0001. For all three 
groups which had received access to a solution during 
the first phase of the experiment, the control group 
drank significantly less water during the second phase 
of the experiment (see Table 5). However, the 
differences in overall water intake means between the 
LOW-GLU and the NONE group were not significant, t(60)
= -1.2421, p > 0.05. The control group consumed more 
water than the LOW-GLU group.

Three additional t-tests were run in order to 
analyze the differences in overall water intake means 
during the second phase of the experiment between the 
HIGH-SAC group and the three other groups which had 
received access to a solution during the first phase of 
the experiment. The t-test comparing the HIGH-SAC 
group and the LOW-SAC group was significant, t(60) = - 
3.8396, p < 0.0003. The second t-test comparing the 
HIGH-SAC group and the HIGH-GLU group was significant, 
t(60) = -5.7110, p < 0.0001. The third t-test 
comparing the HIGH-SAC group and the LOW-GLU group was 
also significant, t(60) = 3.6065, p < 0.0006. In
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comparison to the other three groups which had received 
access to a solution during the first phase of the 
experiment, the HIGH-SAC group drank significantly less 
water than the HIGH-GLU and LOW-SAC groups during the 
second phase of the experiment but drank significantly 
more water than the LOW-GLU group.

Based strictly on these results, one could be led 
to the conclusion that the overall fluid intake means 
(ethanol and water measures for the second phase of the 
experiment combined) between the groups would not be 
significantly different. One could presume that 
because the two groups which consumed the most amount 
of ethanol (HIGH-SAC and LOW-GLU) consumed the least 
amount of water and conversely because the two groups 
which consumed the least amount of ethanol (LOW-SAC and 
HIGH-GLU) consumed the most amount of water, that 
overall fluid intake would level out and would be 
similar between groups. However, the obtained overall 
fluid intake means listed in Table 7 provided only

Insert Table 7 about here
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partial support for this proposition. The obtained 
overall fluid intake means indicate that the two groups 
which consumed the least amount of ethanol and the most 
amount of water (HIGH-GLU and LOW-SAC) drank the 
highest total overall amount of fluids. The two groups 
which consumed the most amount of ethanol and the least 
amount of water (HIGH-SAC and LOW-GLU) drank the least 
total overall amount of fluids.

A 2'(solution) x 2 (schedule of access) ANOVA was 
run using the overall total fluid intake means. Again, 
the control group was left out of the analysis because 
it did not receive access to a solution during the 
first phase of the experiment. The results from the 
ANOVA are given in Table 8. The results do not

Insert Table 8 about here

indicate a main effect for solution, F(l, 244) =
0.5342, p > 0.05. A main effect for schedule of access 
was found, F(l, 244) = 4.9436, p < 0.05. The two 
groups which had received high access to a solution 
during the first phase of the experiment (HIGH-SAC and
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HIGH-GLU X = 22.45) consumed significantly more total 
fluids throughout the second phase of the experiment 
than the two groups which had received low access to a 
solution during the first phase of the experiment (LOW- 
SAC and LOW-GLU X = 20.10).

The ANOVA also revealed a solution x access 
interaction, F(l, 244) = 10.2810, p < 0.001. Under 
conditions of high access to a solution during the 
first phase of the experiment, the group which had high 
access to the glucose solution (HIGH-GLU X = 23.75) 
consumed significantly more total fluids throughout the 
second phase of the experiment than the group which had 
received high access to the sodium saccharin solution 
(HIGH-SAC X = 21.14). Under conditions of low access 
to a solution during the first phase of the solution, 
the group which had received low access to the sodium 
saccharin solution (LOW-SAC X = 2 2.18) consumed 
significantly more total fluid throughout the second 
phase of the experiment than the group which had 
received low access to the glucose solution (LOW-GLU X 
= 18.02).

In addition, four t-tests were run comparing the
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overall total fluid intake means during the second 
phase of the experiment for each of the groups which 
had received access to a solution during the first 
phase of the experiment against the overall total fluid 
intake mean of the control group. Significant 
difference were found between the HIGH-SAC and the NONE 
group, t(122) = 3.1240, p < 0.01. Significant 
differences were also found between the LOW-SAC and the 
NONE group, t(12 2) = 3.2 079, p < 0.01, and between the 
HIGH-GLU and the NONE group, t(122) = 3.8466, p < 0.01. 
Significant differences were not found between the LOW- 
GLU group and the NONE group, t(122) = 0.5560, p >
0.05. Therefore, for three of the groups which had 
received access to a solution during the first phase of 
the experiment, the overall total fluid intake means 
during the second phase of the experiment were 
significantly higher than the control group (see Table 
8) .

Three additional t-test were run in order to 
analyze the differences in overall total fluid intake 
means during the second phase of the experiment between 
the LOW-GLU group and the three other groups which had
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received access to a solution during the first phase of 
the experiment. The t-test comparing the HIGH-SAC 
group and the LOW-GLU group was significant, t(122) = 
2.97, p < 0.01. The second t-test comparing the LOW- 
SAC group and the LOW-GLU group was significant, t(122) 
= 3.02, p < 0.01. The third t-test comparing the HIGH- 
GLU group and the LOW-GLU group was significant, t(122) 
=3.70, p <  0.01. In comparison to the other three 
groups which had received a solution during the first 
phase of the experiment, the LOW-GLU group drank 
significantly less total fluids during the second phase 
of the experiment than the other groups (see Table 8). 
None of the t-tests comparing the differences in 
overall total fluid intake means between the HIGH-SAC, 
LOW-SAC, and HIGH-GLU groups were significant.

Discussion
The purpose of the current experiment was to test 

the hypothesis that different levels of access to 
sodium saccharin and glucose solutions would lead to 
different levels of ethanol intake. Specifically, it 
was hypothesized that higher levels of access and 
intake of the sodium saccharin and glucose solutions
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would lead to higher levels of ethanol intake.
In the first phase of the experiment, four of the 

five groups of rats received different levels of access 
to a 0.25% sodium saccharin solution and to a 5.0% 
glucose solution. The rats either received free access 
or restricted access. Access was operationally defined 
as the amount of the solution given. Rats receiving 
free access were given 100 mL of the solution while 
rats receiving restricted access were only given 2 0 mL 
of the solution. The rats operating under a free 
schedule consumed quantities greater than 2 0 mL. A 2 x 
2 ANOVA on the overall solution intake means revealed a 
main effect for solution, a main effect for schedule, 
and a solution x schedule interaction (see Table 1).
The results indicated that the manipulations worked 
properly and that those rats operating under a free 
schedule consumed quantities greater than those rats 
drinking under a restricted schedule. The fifth group 
served as a control group and was not given access of 
any kind to a solution during the first phase of the 
experiment.

During the second phase of the experiment, all
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five of the groups received free access to a 5.0% 
ethanol solution and to water. The levels of ethanol 
and water consumption were recorded. The levels of 
ethanol and water consumption were averaged across the 
31 days of the second phase of the experiment for each 
group. A 2 x 2 ANOVA on ethanol consumption revealed a 
solution x schedule interaction (see Table 4).
Multiple t-tests were performed analyzing the 
differences between the HIGH-SAC and the control/NONE 
group against the other three groups which had received 
access to a solution during the first phase of the 
experiment. A Pearson correlation between the total 
amounts of solution consumed during the first phase of 
the experiment and of ethanol consumed during the 
second phase of the experiment for the 2 0 rats in the 
HIGH-SAC and the HIGH-GLU groups was calculated (see 
Figure 6).

A 2 x 2 ANOVA on water consumption revealed a main 
effect for schedule and a solution x schedule 
interaction (see Table 6). In an identical manner to 
the analyses performed on ethanol consumption, multiple 
t-tests were performed analyzing the differences
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between the HIGH-SAC and the control/NONE group against 
the other three groups which had received access to a 
solution during the first phase of the experiment.

Thus, the results provided partial support for the 
predicted hypotheses. Higher rates of access and 
consumption of the sodium saccharin solution did lead 
to higher levels of ethanol intake. The HIGH-SAC group 
consumed significantly more levels of the ethanol 
solution than any of the other groups. However, the 
hypothesis that higher rates of access and consumption 
of the glucose solution would lead to higher levels of 
ethanol intake was only partially supported. The 
significant Pearson correlation (see Figure 6) suggests 
that when the rats were given free access to a solution 
during the first phase of the experiment (HIGH-SAC and 
HIGH-GLU), those rats which consumed high amounts of 
the solution also consumed high amounts of ethanol 
during the second phase of the experiment. When the 
overall ethanol intake means were computed and compared 
for each of the groups, however, the high levels of 
intake for some of the individual rats were somewhat 
buried in calculating the mean by those rats which had
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consumed lower levels of intake. In addition, some of 
the rats in the LOW-GLU condition also consumed high 
levels of ethanol during the second phase of the 
experiment and inflated the overall ethanol intake mean 
of the LOW-GLU group. Therefore, when the overall 
ethanol intake means were compared between the groups, 
the difference between the HIGH-GLU and the LOW-GLU 
groups was not significant.

One of the most important findings from the 
experiment was the presence of the solution x schedule 
interactions for ethanol and water consumption during 
the second phase of the experiment. Under conditions 
of free access, the group which had received exposure 
to the sodium saccharin solution (HIGH-SAC) during the 
first phase of the experiment consumed more of the 
ethanol solution in the second phase of the experiment. 
Under conditions of restricted access, the group which 
had received exposure to the glucose solution (LOW-GLU) 
during the first phase of the experiment consumed more 
of the ethanol in the second phase of the experiment. 
For water consumption however, the opposite results 
were found. The HIGH-GLU and LOW-SAC groups consumed
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significantly more water than the HIGH-SAC and the LOW- 
GLU groups. Although it would be tempting to presume 
that the total fluid intake means would even out across 
groups and that similar total fluid intake means would 
be found across groups, the results only provided 
partial support for this proposition. Only the LOW-GLU 
group consumed less total fluids than the HIGH-GLU and 
the LOW-SAC groups. The HIGH-SAC group consumed an 
amount of total fluids relatively equal to, and not 
significantly different from, the HIGH-GLU and LOW-SAC 
groups.

The implications of these findings can be 
discussed within a developmental context. It has been 
demonstrated that an association between glucose, 
sodium saccharin, and ethanol exists for several 
varieties of animals (Gosnell & Krahn, 1992;
Overstreet, Kampov-Polevoy, Rezvani, Murrelle, Halikas, 
& Janowsky, 1993). Although the direction of the 
relationships between the three substances is not known 
with certainty, if it could be shown that glucose and 
sodium saccharin predict ethanol and not the converse, 
then knowledge of these relationships could have a
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profound effect upon the way alcoholism in humans is 
thought to develop. If such a relationship were to 
exist, researchers could begin to investigate the 
patterns of consumption of sugar and artificially 
sweetened products in children and their ensuing rates 
of alcohol consumption as adults.

The present experiment was an attempt to frame the 
question within a developmental and causal framework. 
The design incorporated some of the modifications 
necessary in order to permit better generalization.
In addition to using two groups which received access 
to a glucose solution in order to test whether the 
obtained results were substance specific or were 
broader and implicated sweet-tasting substances in 
general, the extended exposure to the ethanol, sodium 
saccharin and glucose solutions was more equivalent 
than was previously provided in other experiments 
(Gosnell & Krahn, 1992; Kampov-Polevoy, Kasheffskaya, & 
Sinclair, 1990; Overstreet, Kampov-Polevoy, Rezvani, 
Murrelle, Halikas, & Janowsky, 1993; Sinclair, Kampov- 
Polevoy, Stewart, & Li, 1992).

The design used in the present experiment also
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permits for better generalization because the subjects 
used were genetically normal Sprague-Dawley rats and 
were not preselected for group membership based on 
their previous levels of sodium saccharin and glucose 
consumption. The rats were randomly assigned to groups 
and were given access to the solutions based on 
different predetermined levels.

The rats were of weaning age and were 
approximately equivalent to the age of a 5 year old 
human child. Time demands did not permit the 
measurement of the sodium saccharin and glucose 
solutions until the rats were switched over to ethanol 
when their ages were equivalent to the age of a 21 year 
old adult. However, the results did provide striking 
information and suggested a relationship between sweet- 
tasting substances in general, rather than specific to 
either glucose or sodium saccharin, and ethanol.

If the existence of a relationship in which sodium 
saccharin and glucose consumption can be presumed to 
cause ethanol consumption, then the results would 
suggest that high alcohol consumption in humans will 
occur when children are given free access to
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artificially sweetened products or when they are given 
restricted access to pure sugar products. The obtained 
solution x schedule interaction for ethanol consumption 
is the basis for this conclusion. However, the 
significant Pearson correlation would also suggest that 
high alcohol consumption in humans will occur when 
children are given free access to either artificially 
sweetened or pure sugar products. Those children which 
consume higher levels of artificially sweetened 
products or pure sugar products when allowed to consume 
these products freely might have the tendency to drink 
more alcohol. The rates of alcohol consumption may not 
be significantly different from those children which 
were only given restricted access to pure sugar 
products, but the rates may indeed still be very high.

Based on the findings that the control group/NONE, 
which had not received access of any kind to the sodium 
saccharin and glucose solutions in the first phase of 
the experiment, consumed significantly lower levels of 
ethanol than any of the other groups (see Table 3), 
recommendations could be made to parents to completely 
prohibit their children to consume any pure sugar or
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artificially sweetened products. These children might 
possibly then consume lower amounts of alcohol as 
adults. By consuming lower amounts of alcohol, the 
possibility of developing alcoholism might decrease.

The results provided even more valuable 
information. Based on the finding that the LOW-GLU 
groups, which had consumed one of the higher amounts of 
ethanol, consumed the least amount of water but still 
consumed lower total fluid intakes than the HIGH-GLU 
and LOW-SAC groups, it is suggested that the rats were 
substituting the ethanol solution for some of the 
needed water in their diets. The addition of a 
significant amount of ethanol in the rats' diets 
stunted or inhibited their water consumption and thus 
their overall total fluid intake. While ethanol can 
have nutritive value for the body, if it is consumed 
for lengthy periods of time the destructive qualities 
of the substance could appear. The finding of 
inhibited water consumption for the LOW-GLU groups 
appears to be mysterious since it was suspected that 
increased ethanol consumption would also lead to 
increased water consumption based on the dehydrating
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effects of ethanol.
Based on the finding that the HIGH-SAC group, 

which also consumed the most amount of ethanol and the 
least amount of water, but still did not consume a 
significantly different level of total fluids than the 
HIGH-GLU group and the LOW-SAC group, suggests that the 
HIGH-SAC group was not substituting the ethanol 
solution for some of the needed water in their diets. 
Even though the HIGH-SAC group consumed significantly 
lower amounts of water than the other groups, their 
water consumption was significantly higher than the 
control/NONE group. Their high ethanol intake was 
balanced out, or evened out, due to their low water 
consumption and thus the overall total fluid intake for 
the rats in the HIGH-SAC group was not significantly 
different from the HIGH-GLU and the LOW-SAC groups.

The results suggest that any adult persons 
consuming alcohol after previously being exposed to 
pure sugar or artificially sweetened products as 
children will drink greater amounts of fluids in 
general. The finding that the control/NONE group drank 
less total fluids overall than the other four groups
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supports this position (see Table 7). However, the 
results would indicate that those individuals consuming 
higher amounts of alcohol after previously being 
exposed to sugar and artificially sweetened products as 
children could be replacing more nutritious substances 
in their diets with the alcohol. As noted above, 
although alcohol could have some nutritive value for 
the body, its destructive effects can develop after 
prolonged exposure and consumption.

The obtained results are indicative that further 
research on the relationship between sugar, 
artificially sweetened products, and alcohol is needed. 
The results were not fully supportive of the predicted 
hypotheses. The relationship between the three 
substances may be genetically based on some level. 
Perhaps sugar, artificially sweetened products, and 
alcohol all activate similar rewarding pathways in the 
brain. Possible similar brain pathways that have been 
implicated in previous research on the relationship 
between the three substances include the role of 
dopamine, serotonin, and the opioidergic system (Gill, 
Amit, & Koe, 1988; Hubbell, Marglin, Spitalnic,
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Abelson, Wild, & Reid, 1991; Koob & Weiss, 1990; 
McBride, Murphy, Lumeng, & Li, 199 0).

Further research may indicate that pure sugar and 
artificially sweetened products activate the same 
pathways as alcohol, but different levels of each 
substance are required for activation and increased 
consumption of alcohol. The neural mechanism may only 
require a small amount of stimulation from pure sugar 
products and may shut down if it receives 
overstimulation from an excessive amount of pure sugar. 
However, it may require high levels of stimulation from 
artificially sweetened products due to the 
discrepancies between the chemical makeups between 
glucose and artificial sweeteners. The high levels of 
stimulation from the artificially sweetened products 
may initiate action within the neural mechanism and 
result in a predisposition to increased alcohol 
consumption later in life. However, low levels of 
stimulation resulting from low levels of sodium 
saccharin consumption may be too weak for the neural 
mechanism to detect and activation of the neural 
mechanism may not occur as readily.



Ethanol Intake
49

Regardless of any genetic component for sodium 
saccharin, glucose, and ethanol consumption, the 
significant Pearson correlation indicates that animals 
with a natural predisposition to ingest sweet things 
also have a predisposition to ingest alcohol. 
Overstreet, Kampov-Polevoy, Rezvani, Murrelle, Halikas, 
& Janowsky (199 3) found high correlations (+ 0.66) 
between alcohol consumption and sodium saccharin 
consumption. Those animals which consumed high amounts 
of alcohol also consumed high amounts of sodium 
saccharin. The researchers invoked a genetic 
explanation because they had used rats which had been 
bred to consume copious amounts of alcohol. Similar 
results were obtained in the current experiment except 
that genetically normal Sprague Dawley rats were used, 
thus decreasing the chances of a genetic component 
between consumption rates.

An environmental manipulation, varying the levels 
of access to the sodium saccharin and glucose solutions 
during the first phase of the experiment, produced a 
significantly high correlation between consumption of 
the solutions and ethanol in the current experiment.
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Overall, the results indicate that when allowed to 
drink of a solution freely, those animals which consume 
high levels of the solution will proceed to drink high 
levels of alcohol. Specifically, in a similar manner 
to the work of Overstreet et als (1993), those animals 
which consumed high levels of sodium saccharin consumed 
high levels of ethanol. In an extension of the work of 
Overstreet et als (1993), those animals which consumed 
high levels of glucose also consumed high levels of 
ethanol. Since the animals in the current experiment 
all had a similar genetically normal background, the 
results suggest that it is possible to socially induce 
alcoholism, even though the predisposition to ingest 
high levels of alcohol seems to be correlated with the 
predisposition to ingest high levels of sweet tasting 
solutions. If a genetic component is involved, then 
the genetic component is shared by the Sprague Dawley 
rats and the rats used by Overstreet et als (1993) 
which had been bred specifically for their high rates 
of alcohol consumption.

The results of this experiment must be interpreted 
with caution nevertheless. It is clear that a
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relationship does exist between sodium saccharin, 
glucose, and ethanol. However, the nature of the 
relationship is ambiguous and the results of previous 
research are not definitive. The relationship between 
the solutions might be reciprocal and that priming with 
any of these solutions under different conditions of 
access will lead to identical results as the current 
experiment. If the relationship is reciprocal, then 
other factors are responsible for the enhanced levels 
of intake. The results of the current experiment 
suggest that an interaction between the solutions and 
the schedule of access the animals had to the solutions 
existed and that the amount of ethanol consumed varied 
as a function of this interaction. Further research 
focusing on these issues and on the relationship of 
ethanol to other substances will prove fruitful.
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Table 1 
Overall Solution Intake Means Durincr The First Phase

Grouo N X S.D

HIGH-SAC 10 43 . 83 9.3387

LOW-SAC 10 19.43 0.8162

HIGH-GLU 10 26 . 05 5.8020

LOW-GLU 10 14.43 3.2655
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Table 2

the First Phase

Source df SS MS F P

Solution 1 2592.25 2592.25 78.43 0.0001**

Access 1 6489.90 6489.90 196.36 0.0001**

Solution x 
Access

1 815.68 815.68 24.68 0.0001**

Within 76 2511.86 33 . 05

Total 79 12409.69
** - denotes p < 0.0001 significance level
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Table 3
Overall Ethanol Intake Means During The Second Phase

Group N X S.D

HIGH-SAC 10 16.53 3.2209

LOW-SAC 10 13 . 83 3.7188

HIGH-GLU 10 14 . 01 4.0965

LOW-GLU 10 14 . 67 4.0020

NONE 10 11.98 4.2596
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Table 4
Analysis of Variance for Overall Ethanol Intake During
the Second Phase

Source df SS MS F P

Solution 1 22.05 22 . 05 1. 55 0.2160

Access 1 32.41 32.41 2 . 27 0.1342

Solution x 
Access

1 86. 97 86.97 6 . 10 0.0149*

Within 120 1710.05 14.25

Total 123 1851.48
* - denotes p < 0.01 significance level
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Table 5 
Overall Water Intake Means Durincr The Second Phase

Group N X S.D

HIGH-SAC 10 25.75 5.1111

LOW-SAC 10 30. 52 4.6687

HIGH-GLU 10 33 .50 5.5615

LOW-GLU 10 21.37 4.4134

NONE 10 22.81 4.6948
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Table 6
Analysis of Variance for Overall Water Intake During 
the Second Phase

Source df SS MS F P

Solution 1 15.20 15 .20 0.6182 0.4333

Access 1 418.45 418.45 17.0227 0.0001**

Solution x 
Access

1 2212.38 2212.38 89.9993 0.0001**

Within’ 120 2949.89 24.58

Total 123 5595.89
** - denotes p < 0.0001 significance level
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Table 7 
Overall Total Fluid Intake Means Durincr The Second
Phase

Group N X S.D.

HIGH-SAC 10 21.14 6.2882

LOW-SAC 10 22.18 9.3966

HIGH-GLU 10 23.75 10.9512

LOW-GLU 10 18 . 02 5.3754

NONE 10 17.39 7.0428
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Table 8

Durincr the Second Phase

Source df SS MS F P

Solution 1 36.94 36.94 0.5342 0. 465

Access 1 341.93 341.93 4.9436 0.027***

Solution x 1 2212.38 2212.38 89.9993 0.001**
Access
Within 120 2949.89 24.58

Total 123 5595.89
** - denotes p < 0.001 significance level
*** - denotes p < 0.05 significance level
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Figure Caption
Figure 1. Ethanol intake means across 31 days for the
HIGH-SAC and the control/NONE groups.



Et
ha

no
l 

Co
ns

um
pt

io
n 

(in 
m

L)

29
27

25

23

19

15

Days

I--------------:----- :----------
— High Saccharin —»— None



Ethanol Intake
67

Figure Caption
Figure 2. Ethanol intake means across 31 days for the
LOW-SAC and the control/NONE groups.
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Figure Caption
Figure 3. Ethanol intake means across 31 days for the
HIGH-GLU and the control/NONE groups.
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Figure Caption
Figure 4. Ethanol intake means across 31 days for the
LOW-GLU and the control/NONE groups.
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Figure Caption 
Overall ethanol intake means for each group.
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Figure Caption 
Figure 6. Pearson correlation between the total amounts 
of solution consumed during the first phase of the 
experiment and of ethanol consumed during the second 
phase of the experiment for the 2 0 rats in the HIGH-SAC 
and the HIGH-GLU groups.
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Figure Caption
Figure 7. Water intake means across 31 days for the
HIGH-SAC and the control/NONE groups.
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Figure Caption
Figure 8. Water intake means across 31 days for the
LOW-SAC and the control/NONE groups.
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Figure Caption
Figure 9. Water intake means across 31 days for the
HIGH-GLU and the control/NONE groups.
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Figure Caption
Figure 10. Water intake means across 31 days for the
LOW-GLU and the control/NONE groups.
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