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Abstract 

 According to the self-medication hypothesis, individuals may consume drugs or alcohol, 

or engage in other behaviors in order to reduce a negative emotional state (Khantzian, 1985; 

Gross, 2013; Crum et al., 2013).  Rats experiencing a negative state induced by various stressors 

(Bertholomey et al., 2010), or a decrease or loss in reward value of a sucrose solution (Manzo et 

al., 2015; Manzo et al., 2014) demonstrate increased consumption of alcohol.  I used successive 

(SNC) and anticipatory negative contrast (ANC) procedures to further examine this hypothesis 

and the previous findings (Manzo et al., 2015), that rats increase consumption and preference for 

ethanol in post-shift sessions of a SNC procedure.  The results of the present study confirm these 

findings, and in addition, demonstrate that an ANC procedure does not affect ethanol 

consumption.   

 

Keywords: Successive negative contrast, anticipatory negative contrast, self-medication 

hypothesis, ethanol 
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Introduction 

Emotion regulation involves an effort to decrease negative emotional states or increase 

positive emotional states (Gross, 2013).  Individuals, for example, may try to change their 

negative emotional state by changing their behavior, which could include using drugs and 

drinking alcohol (Butler, 2011).  In anxiety disorders the emotion system is dysregulated and 

negative emotional states are more extreme than in normally functioning individuals.  Anxious 

individuals that self-medicate by drinking are attempting to reduce their negative emotion, but 

this emotional regulation is more likely to develop into alcohol dependence and preventing this 

self-medicating behavior could reduce the potential for dependence (Crum et al., 2013).  Also 

chronic or cyclic alcohol use may go counter to an individual’s goal of reducing negative 

emotional states in the long-term by increasing anxiety in humans.  Nevertheless, alcohol 

consumption is an effective emotion regulator in the short term similar to pharmacological 

treatments for anxiety like the benzodiazepines (Crum et al., 2013).  

Self-Medication Hypothesis 

The self-medication hypothesis states some individuals use alcohol and drugs to relieve 

symptoms of anxiety, depression, and other disorders (Khantzian, 1985).  The hypothesis was 

later revised by Khantzian to state that people self-medicate to improve a dysphoric state instead 

of in response to their condition, and that the drug of choice corresponds with their current state 

(Khantzian, 1999).  This later revision may not be supported (Lembke, 2012), but nevertheless 

the self-medication hypothesis is supported by the literature (Markou, Kosten, and Koob, 1998), 

and Khantzian’s own more recent research (Khantzian, 2013).   

Stress produces a state of tension which is hypothesized to be reduced by the anxiolytic 

effect of alcohol consumption (Noori et al., 2014).  According to the tension reduction 
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hypothesis (Becker et al., 2011), individuals consume alcohol to alleviate common symptoms of 

a psychological disorder such as dysphoria, anxiety and stress.  This hypothesis shows similarity 

to the self-medication hypothesis.   

Animal Models 

In order to test the self-medication hypothesis in animal models, which are used to 

generate findings that can be translated to human research, it is first necessary to demonstrate 

that laboratory animals experience negative emotions such as anxiety and that pharmacological 

treatments can reduce the negative emotions.  There is substantial evidence that this is the case 

(Andrews et al., 2014; Kumar et al., 2013; Xiaobai et al., 2012).  For example, the elevated plus 

maze is a well validated model of anxiety in rats (Kumar et al., 2013).  Anxiety is measured by 

time spent in and entries into the open arms of the maze (Arabo et al., 2014).  Anxious animals 

spend more time in the closed arms of the maze while anxiolytic substances increase open arm 

activity (Acevedo et al., 2014).  Stressed rats show anxiety-like behavior in this maze while rats 

given an anxiolytic substance like ethanol or the benzodiazepine chlordiazepoxide (CDP) exhibit 

less anxious behavior (Acevedo et al., 2014).   

To create an animal model of self-medication the next step is for researchers to expose 

rodents to stressors (or inject them with anxiogenic substances), and provide opportunities for the 

rodents to self-administer an anxiolytic substance.  To be consistent with a self-medication 

interpretation the measured behavior needs to result from negative reinforcement (Acevedo et al., 

2014).  Negative reinforcement increases behavior to ameliorate a negative emotion while 

positive reinforcement increases behavior to increase a pleasurable state (Ameringer et al., 

2015).  Negative reinforcement has been used to explain self-medicating behavior in animals as 

early as Conger (1956).  Stressors such as foot-shock, the forced swim test, social defeat stress, 
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and yohimbine injection, for example,  induce alcohol seeking and consumption in rodents 

(Bertholomey et al., 2010; Caldwell & Riccio, 2010; Bertholomey et al., 2013), presumably 

through negative reinforcement.  However, it is also possible that ethanol seeking behavior and 

increased consumption is due to positive reinforcement, especially when rats selectively bred to 

prefer ethanol are used as subjects (Knapp et al., 2011).   

There is some evidence that in a post-session choice test ethanol can serve as a negative 

reinforcer, consumed to reduce an aversive emotional state.  Manzo and colleagues (2014) tested 

this hypothesis by exposing rats to a 22% sucrose solution for 10 trials (acquisition of sucrose 

consumption phase) and then removed the sucrose solution for several days (extinction phase).  

The rats increased consumption of a 2% ethanol solution in a two hour ethanol choice test 

following the extinction sessions compared to when sucrose was available during daily sessions.  

This increased consumption of ethanol during the extinction phase was interpreted as self-

medication to relieve the negative emotional reaction caused by the loss of sucrose availability 

(Manzo et al., 2014).  

Contrast Procedures.  Decreasing the value of a sucrose solution can also induce an 

anxious state similar to removal of the solution (Manzo et al., 2015; Kamenetzky et al., 2008).  

In a successive negative contrast (SNC) procedure a group of rats receives access to a highly 

preferred sucrose solution for several days in succession (pre-shift sessions) and then a less 

rewarding solution (either a lower sucrose concentration or saccharin) replaces the highly 

preferred solution for several days (post-shift sessions) (Rowan & Flaherty, 1991).  The 

downshift marks the transition from pre-shift to post-shift solution, which is a reduction in value 

to the animals (Manzo et al., 2015).  The rats experiencing a downshift in the solution show 

reduced consumption of the less preferred solution compared to a control group that received 
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only the less preferred solution throughout all sessions without a downshift.  This reduced 

consumption in the downshifted group relative to the control group is called negative contrast.  

This downshift produces an anxious state similar to the total removal of the sucrose solution in 

the extinction phase as reported by Manzo et al (2014).   

What is the evidence that SNC is mediated by a negative emotional reaction to the 

downshifted solution?  The contrast effect produced in a SNC procedure can be prevented by 

administering alcohol (Kamenetzky et al., 2008) or CDP (Flaherty & Rowan, 1986) before the 

downshift sessions.  Interestingly CDP and alcohol ameliorate the contrast effect on the second 

post-shift day, but not the first (Flaherty & Rowan, 1991).  This is expected since the rats must 

first experience the downshift in sucrose reward before an emotional response can be elicited 

(Bentosela et al., 2006).  That is, only on the second post-shift day can the animals anticipate the 

presentation of the less preferred solution.   Additionally, ethanol administered during the 

extinction phase of a sucrose consumption task accelerates extinction of sucrose-seeking in rats 

(Kamenetzky et al., 2009), indicating ethanol may also reduce a negative reaction induced by 

reward loss.  Since ethanol can change consumption before SNC downshift or extinction 

sessions, a rat may seek and consume this anxiolytic substance after a session that produces a 

negative emotional state (Kamenetzky et al., 2008; Manzo et al., 2015).  The negative contrast 

effect produces a well characterized negative emotional state, as compared to the different 

stressors used to produce alcohol seeking discussed previously (Manzo et al., 2015).  Since SNC 

produces an aversive emotional state, post-session ethanol availability provides an opportunity 

for negative reinforcement.  That is, consumption of ethanol can reduce this negative state.  

Additional evidence of a negative emotional reaction caused by reward reduction comes 

from concomitant hormonal measures. The stress hormone corticosterone is elevated in 
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extinction and negative contrast post-shift sessions (Bentosela et al., 2006).  Corticosterone has 

been found elevated before and after the second post-shift session, and administration of 

corticosterone enhances the consummatory SNC effect (Flaherty et al., 1985; Ruetti et al., 2009).  

This stress hormone is released in response to stressors like reward loss (Bentosela et al., 2006).  

Though rats do not show increased anxiety on the elevated plus maze after post-shift days the 

incentive downshift produces an aversive state characterized by frustration as the rats expect a 

greater reinforcement (Cuenya et al., 2012; Genn et al., 2004).  A variety of drugs that activate 

GABAergic neurons are effective in eliminating the negative contrast on the second post-shift 

day (Genn et al., 2004).  Alcohol and GABA have similar ameliorating effects on negative 

contrast because alcohol’s anxiolytic property is due in part to activation of GABA receptors 

(Meyer & Quenzer, 2013).  The emotional component of consummatory SNC allows anxiolytic 

substances like ethanol to influence sucrose consumption during post-shift sessions (Ruetti et al., 

2009).  CDP prevents the negative contrast due to its anxiolytic properties (Genn et al., 2004).   

To test the self-medication hypothesis Manzo et al (2015) used SNC to induce an anxious 

state in rats, again followed by access to a substance with antianxiety properties.  These included 

either a 2% ethanol solution or 1 mg/kg CDP solution.  The experimental group of rats had 

access to a 32% sucrose solution during pre-shift trials and 4% solution in post-shift trials.  In 

post-shift trials the rats exhibited a contrast effect by decreasing consumption of the sucrose 

solution to levels below unshifted controls.  In addition, only the rats experiencing a contrast 

effect increased consumption of both ethanol and CDP while preference for either anxiolytic 

substance was not observed during the pre-shift sessions.  These findings support the hypothesis 

that animals regulate an anxious state (i.e., self-medicate) by consuming anxiolytic substances 

like alcohol or CDP (Manzo et al., 2014; Manzo et al., 2015).   
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Types of Incentive Contrast Effects 

 The goal of the present experiment is to build on the work of Manzo et al (2015) to 

evaluate anti-anxiety self-medication in the initial consumption of ethanol.  To better evaluate 

the self-medication hypothesis using a negative contrast procedure to elicit a negative emotion it 

is necessary to distinguish between different types of incentive contrast procedures and their 

effects.  

Incentive Contrast.  Incentive contrast is defined as a change in behavior in response to a 

change in the magnitude or incentive of a reinforcer (Zentall, 2007).  As mentioned previously 

the contrast effect occurs when a group of rats experiencing the sudden change in a reward 

shows significantly different responding than a group exposed to the lesser reward since the 

beginning of the experiment.  For example in the seminal study by Crespi (1942), rats shifted 

from a larger number of food pellets to a smaller number ran slower in a runway than rats 

reinforced with the smaller number of pellets from the start.  This demonstrates a negative 

incentive contrast effect.  By comparison in a positive incentive contrast effect rats run faster 

when shifted from a smaller to larger number of pellets than rats reinforced with the larger 

number the entire time (Crespi, 1942).  Crespi used a discrete trial instrumental procedure to 

study contrast effects.  Another approach to study contrast effects is the behavioral contrast 

procedures where animals are tested in concurrent schedules of reinforcement in operant 

chambers.  In behavioral contrast procedures an animal will change its rate of responding to one 

schedule of reinforcement due to a change in reinforcement on a different, but concurrent, 

schedule of reinforcement (Zentall, 2007).  The reduction in reinforcement in one schedule leads 

to an increase in responding in the other schedule of reinforcement, which has remained 

unchanged.   
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Yet another procedure to study incentive contrast effects is the consummatory contrast 

procedure whereby animals do not run to obtain the reward (discrete-trial instrumental 

procedure) nor respond on schedules of reinforcement (behavioral contrast procedures), but are 

simply provided the opportunity to consume the reward usually as a solution (Flaherty, 1982).  

Although there are commonalities among these various procedures, there are also some 

substantial differences in the contrast effects that emerge from these procedures (Zentall, 2007).  

This thesis will investigate consummatory incentive contrast procedures rather than discrete-trial 

instrumental procedures or behavioral contrast procedures.  I will now review two types of 

consummatory incentive contrast procedures: SNC and ANC.  

Successive Negative Contrast (SNC).  As described previously in a SNC procedure a 

group of rats has access to a rewarding sucrose solution for a number of sessions.  The sucrose 

solution is then lessened for a number of downshift sessions.  The consistent finding is that the 

rats decrease consumption of this second solution compared to a control group that was exposed 

to that same sucrose solution for the duration of the experiment (Flaherty & Rowan, 1991).  As 

reviewed previously, pharmacological and behavioral studies support the hypothesis that the 

contrast effect in this procedure is mediated by the elicitation of a negative emotion.  

Anticipatory Negative Contrast.  In anticipatory negative contrast (ANC), rats are 

provided access to two bottles presented in succession during daily sessions (Flaherty & Rowan, 

1986).  For the contrast group a less rewarding saccharin solution is followed by a more 

rewarding sucrose solution (Saccharin-Sucrose).  The control group, however, is given access to 

the less rewarding saccharin solution in both bottles (Saccharin-Saccharin).  Thus, both groups 

receive the same saccharin solution in the first bottle, but only the contrast group receives the 

more preferred sucrose solution in the second bottle.  After several days of training the contrast 
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group consumes less of the saccharin solution in the first bottle compared to the control group.  

This reduced consumption of saccharin in the first bottle relative to the control group is a 

negative contrast effect and occurs because only the contrast group reduces intake as a result of 

anticipating the more preferred sucrose in the upcoming second bottle (Flaherty et al., 1989).  

Researchers propose this type of contrast effect is due to expectation of the sucrose solution 

(Flaherty et al., 1995). 

ANC can also be investigated as a within-subjects procedure rather than as a between-

subjects procedure by giving one group of rats Saccharin-Saccharin sessions and Saccharin-

Sucrose sessions on alternate days for the duration of the experiment.  ANC research shows that 

on control days (Saccharin-Saccharin), rats consume more of the saccharin in the first bottle 

compared to contrast days (Saccharin-Sucrose) when they consume less of the saccharin in the 

first bottle (Wright, Gilmour, & Dwyer, 2013).  Within-subjects ANC (WS-ANC) is a Pavlovian 

conditioning procedure because discriminative context cues are introduced to signal the second 

solution for each session, allowing the rats to predict the second of the solutions (Binkley et al., 

2014).  For example, the presence of white noise and dim light on contrast days signals that 

sucrose is available in the second bottle and the absence of these cues on alternate days signals 

the availability of the less preferred saccharin on control days (Wright et al., 2013).  In ANC the 

rats gradually learn which cues are associated with which type of session and their consumption 

behavior changes as they learn to anticipate which sessions will be followed by sucrose 

(Timberlake & Engle, 1995).  

Comparison between ANC and SNC.  A SNC procedure produces an anxious state when 

the animal directly experiences a downshift in the rewarding solution.  ANC, however, is not 

accompanied by an emotional component as evidenced by the lack of a CDP effect in 
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ameliorating the contrast effect (Flaherty & Rowan, 1986).  That is, while ANC is not affected 

by benzodiazepines, the SNC effect is reduced by anxiolytic substances and the downshift 

produces significant increases in corticosterone (Rowan & Flaherty, 1991).  Since corticosterone 

administration and anxiolytic substances do not affect the ANC effect; it is likely that this 

procedure does not induce an emotional state (Ruetti et al., 2009).  The differential effects of 

anxiolytic drugs on SNC  and ANC indicates that two procedures result in negative contrast 

effects that are mediated by different processes and only SNC appears to be mediated by an 

emotional reaction to a reduction in reward (Flaherty & Rowan, 1986). Since there is no negative 

emotional state induced by ANC, there is no opportunity for negative reinforcement.   

Hypotheses.  The present experiment will examine the anti-anxiety self-medication 

hypothesis using a SNC (SNC) procedure and an ANC procedure (ANC).  Although both 

procedures are expected to produce a negative contrast effect, only the SNC procedure is 

expected to be accompanied by a negative emotional reaction.  Therefore an anti-anxiety self-

medication effect should be observed in the rats experiencing SNC, but not ANC.  Both groups 

will be given access to ethanol (and water) after the contrast procedures in an ethanol choice test.  

It is hypothesized that downshifted rats will consume less saccharin solution than control rats 

(i.e., will show a SNC effect; (Flaherty & Rowan, 1986).  And, due to the anxiolytic effect of 

ethanol, it is hypothesized that these rats will consume more ethanol in the ethanol choice test 

after the downshift than a control group that did not experience the shift.  

It is also hypothesized that there will be no differences in ethanol consumption in rats 

exposed to a within-subjects ANC procedure since the reduced consumption of saccharin on 

days it is followed by a highly preferred sucrose solution  is not accompanied by a negative 

emotional reaction (Flaherty & Rowan, 1986).  Although the proposed experiment aims to 
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replicate the work of Manzo et al (2015) it is also novel because it proposes to use different 

negative contrast procedures to better isolate the importance of negative emotional distress in 

tests of the self-medication hypothesis.  The finding that ethanol consumption increases in SNC 

but not in ANC rats would support the anti-anxiety self-medication hypothesis.  However, the 

finding that ethanol consumption increases following SNC and ANC would suggest that the 

experience of reward contrast itself leads to enhanced ethanol consumption. This latter result 

would suggest that the consummatory contrast procedures may not be an appropriate procedure 

for testing the self-medication hypothesis.  
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Experiment 1 

Method 

Subjects.  Twenty-four experimentally-naive male Long Evans rats were purchased from 

Harlan (Indianapolis, IN) and pair-housed in standard clear plastic cages with corncob bedding 

on a 12 hour light/dark schedule.  One week prior to the start of the experiment the rats’ daily 

food intake was restricted to maintain about 85% of their free-feeding body weight.  The rats 

were approximately 70 days old at the beginning of the procedure.  The rats received their daily 

food ration approximately 30 minutes after completing all daily test procedures.  All rats were 

handled and weighed daily starting the week before the experiment.  This procedure was 

approved by the Seton Hall Institutional Animal Care and Use Committee prior to initiation of 

the experimental procedures. 

Apparatus.  The contrast procedures were performed in a small room with 6 stainless 

steel cages measuring 17.8 X 24.4 X 17.9 cm (W X L X H) mounted in a row on a wooden 

frame.  The two-hour ethanol test took place in the same type of cage mounted on a large steel 

rack in a different room in the laboratory, which can house all 24 rats at one time.  These cages 

had a wire mesh front, sides and floor, and the back was a solid stainless steel wall with a 

circular opening that measured 2.5 cm in diameter.  Solutions were mounted in the front on the 

wood rack and through the back opening in the ethanol choice test cages.  Solutions were 

delivered by modified 100 mL graduated cylinders.  Home cages were clear plastic standard 

paired-housing chambers measuring 23.6 X 45.3 X 20.3 cm (W X L X H) with corncob bedding.   

Procedure.  All rats were first adapted to the two sets of test cages.  On days 1-4 all rats 

were placed in the ethanol choice test cages for 30 minutes with access to water at the front and 

back of the cages.  On the fifth day they were habituated to the contrast test cages for a 5 minute 
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session without water or sucrose bottles prior to adaptation in the ethanol choice test cages, to 

familiarize the rats with the testing chambers.  The rats were then matched by weight and 

randomly assigned to 3 groups of 8.  These three groups included SNC experimental and control 

groups and a within-subjects ANC (WS-ANC) group (see below for details).  Since there were 8 

rats in each group, each group was separated into 2 squads of 4 rats which were transported to 

the contrast chambers for the 5 minute sessions at a time.  All solution intakes were determined 

by weighing the bottles before and after the sessions.   

Ethanol choice tests.  After each session in the contrast chambers (see below), the rats 

were transported to the ethanol choice test cages in the larger laboratory room where they 

received 2 hours of access to water and ethanol bottles side by side at the front of the cage.  

Bottles were alternated each day to prevent the rats from developing a side preference.  After 2 

hours the rats were transported back to their home cages.  Ethanol consumption by weight (g) 

was measured, and ethanol preference was calculated based on the ratio between ethanol and 

water consumption. 

Successive negative contrast procedure.  The SNC procedure was a between subjects 

design, with experimental and control groups.  The procedure was divided into pre-shift and 

post-shift sessions.  There were 14 pre-shift sessions, followed by 4 post-shift sessions.  The rats 

were placed in testing chambers with 5 minutes access to a sipper tube bottle at the front of the 

cage containing 32% sucrose solution (commercial sugar dissolved in tap water) for the contrast 

group, and 0.15% saccharin solution for the control group.  Each session began with the rats 

placed in the chamber.  Then the contrast bottle holder rack was moved forward to begin the 5 

minute session at the same time for each rat.  After 5 minutes the rats were transported to the 

other testing room for the 2 hour ethanol choice test.  For the post-shift sessions, the 
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experimental group’s solution was replaced with the same 0.15% saccharin as the control group 

to induce a contrast effect.  The transition from sucrose to saccharin solution marked the 

downshift, separating the 14 pre-shift sessions and 4 post-shift sessions.  The 2 hour ethanol 

choice test was the same in these SNC experimental and control sessions.  The amount of 

sucrose and saccharin solutions consumed was measured, the amount of ethanol and water 

solutions consumed was measured, and ratios were calculated between ethanol and water 

consumption to determine ethanol preference.    

Intermittent ethanol exposure procedure.  After 11 pre-shift sessions, all groups were 

consuming very low amounts of ethanol, so the procedure was suspended temporarily to increase 

the rat’s ethanol consumption. The self-medication hypothesis requires that rats are willing to 

consume some ethanol in order to experience a pharmacological effect. Because the rats were not 

drinking much alcohol at all there was a concern that there would be no opportunity for the rats 

to experience a pharmacological effect.  Increasing the rats’ ethanol consumption was achieved 

with an intermittent ethanol exposure procedure, known to enhance consumption of ethanol in 

rodents (Rosenwasser, Fixaris, Crabbe, Brookes, & Ascheid, 2013).  The rats received an ethanol 

solution in a bottle in their home cages for 24 hours, which was removed for the following 24 

hours, and repeated.  Consumption was measured by weighing the ethanol bottle before and after 

each session.  Once the 3 groups were consuming a higher amount of ethanol in their home cages 

(5 ethanol exposure sessions; 10 total days) they returned to the procedure with 3 additional pre-

shift sessions to regain stable consumption prior to the downshift in the SNC contrast group.   

Anticipatory negative contrast procedure.  The within-subjects version of the ANC 

procedure was used (Flaherty & Rowan, 1986).  The rats were placed in a test chamber with 5 

minutes of access to a 0.15% saccharin solution in the front of the cage.  The first bottle was then 
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removed from the front of the cage and the second bottle was immediately presented through the 

opening at the back of the cage.  The second bottle contained the same 0.15% saccharin solution 

for 3 minutes on control days (Monday, Wednesdays, and Thursdays), and 32% sucrose on the 

contrast days (Tuesdays, Thursdays, and Saturdays).  To help the rats distinguish contrast days 

from control days, discriminatory context cues were provided.  The context was background 

white noise and dim light for the control days and normal conditions for the contrast days 

(overhead florescent lights on, no added noise).  This procedure was repeated for 30 days with 15 

negative contrast test sessions and 15 control sessions, for a total of 15 two-day blocks.  After the 

contrast procedure the rats were placed in the ethanol choice cages for the 2 hour ethanol choice 

test.  Saccharin and sucrose solution consumption was measured by weighing the bottles before 

and after consumption, as well as water and ethanol consumption in the two hour ethanol choice 

test after each session, and the ratio calculated between ethanol and water in order to determine 

ethanol preference.   

 

Table 1.  Experiment 1 Procedure.  This table indicates the solutions available during each 

contrast session for the three groups throughout Experiment 1.  The SNC Contrast group had 

daily access to a 32% sucrose (SUCR) solution, followed by 0.15% saccharin (SACC) for the 

four post-shift days.  The SNC Control group experienced the SACC solution for every session 

of the experiment.  The 2nd bottle for the WS-ANC group alternated daily between SUCR and 

SACC.     

 

Statistical Analyses.  SPSS statistical software was used for all statistical analyses.  In 

the contrast sessions the dependent variable was the amount of solution consumed in the 5 

minute sessions.  In the ethanol choice test the dependent variables were ethanol consumed and 

the ethanol preference ratio (ethanol consumption divided by total consumption of ethanol 

Experiment 1 Procedure

Group 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

SNC Contrast SUCR SUCR SUCR SUCR SUCR SUCR SUCR SUCR SUCR SUCR SUCR SUCR SUCR SUCR SUCR SACC SACC SACC SACC

SNC Control SACC SACC SACC SACC SACC SACC SACC SACC SACC SACC SACC SACC SACC SACC SACC SACC SACC SACC SACC

WS-ANC (2nd Bottle) SUCR SACC SUCR SACC SUCR SACC SUCR SACC SUCR SACC SUCR SACC SUCR SACC SUCR SACC SUCR SACC SUCR

Contrast Session
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solution and water).  The independent variables were contrast procedure and daily sessions.  

Partial eta-squared (η2
p) was used as the measure of effect size for all analyses of variance 

(ANOVAs), with small (η2
p = 0.009), medium (η2

p = 0.09), and large (η2
p = 0.25) effect sizes 

(Field, 2013; Levine & Hullett, 2013).  ANOVAs were calculated for each dependent variable 

and statistical significance considered at p < 0.05.  Any marginally significant results were 

followed up when the effect sizes were considered large.   

Results 

Pre-shift Successive Negative Contrast Group Consumption.  The SNC procedure 

divides into pre-shift and post-shift phases, separated by the downshift for the SNC Contrast 

group.  Figure 1 shows the intakes during pre-shift and post-shift days.  While the SNC pre-shift 

phase lasted 14 days, only the final 6 are included for analysis to demonstrate the steady, 

significantly higher intake in the SNC Contrast group prior to the downshift.  Separate mixed 

ANOVAs were calculated between the two SNC groups for the 6 pre-shift days and 4 post-shift 

days.  A 2 x 6 (Group [contrast, control] x Days) mixed ANOVA with group as the between-

subject’s factor and days as the repeated measure was calculated for the 6 pre-shift sessions 

before the downshift.  Intakes during the last 6 pre-shift days before the downshift in the SNC 

contrast group (Figure 1, left side) were stable as indicated by a non-significant main effect of 

day on consumption, F(5, 70) = 0.385, p = 0.858, η2
p = 0.03.  The main effect of group on 

sucrose/saccharin consumption was significant, F(1, 14) = 79.79, p < 0.001, η2
p  = 0.851, 

indicating the groups differed in solution consumption in pre-shift sessions.  The SNC contrast 

group consumed more of the 32% sucrose solution in the pre-shift days than 0.15% saccharin 

solution consumed by the control group (Mean Difference = 6.1, SE = 0.7, 95% CI: 4.597, 

7.503).  The interaction between days and groups was not significant, F(5, 70) = 1.77, p = 0.13, 
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η2
p = 0.112, indicating consumption was consistently higher for the SNC Contrast group in the 6 

pre-shift days.   

 

Figure 1.  SNC Consumption.  Intake (g) of 32% sucrose (SNC Contrast group) and 0.15% 

saccharin (SNC Control) consumed across the last 6 pre-shift days preceding the downshift, and 

saccharin intake (g) for both SNC groups across the 4 post-shift days.  The vertical line marks 

the downshift.  Error bars are standard error of the mean.   

 

Post-shift Successive Negative Contrast Groups Consumption.  Figure 1 (right side) 

shows the intakes during the four post-shift days.  The change from 32% sucrose (pre-shift days) 

to a saccharin solution (post-shift days) substantially reduced solution intake in the SNC Contrast 

group.  This substantial drop in intake can be explained by the replacement of a highly preferred 

solution (32% sucrose) with a much less preferred solution (0.15% saccharin).  A SNC effect, 

however, requires a comparison of saccharin intake in groups with different prior experiences 

with the solutions.  Thus a SNC effect would be indicated in the post-shift data as a significant 
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interaction with significantly lower saccharin intake in the shifted group relative to the control 

group at least on day 1.   

The 4 post-shift days were analyzed as a 2 (Groups) x 4 (Days) mixed factorial design, to 

determine the effects of group and day on post-shift 0.15% saccharin intake.  However, the 

interaction of days and groups was not significant, F(3, 42) = 2.028, p = 0.125, η2
p = 0.125.  The 

main effect of groups on saccharin consumption was also not significant, F(1, 14) = 0.120, p = 

0.734, η2
p = 0.008, indicating that both groups consumed similar amounts of saccharin in post-

shift days.  The main effect of days on saccharin consumption was significant, F(3, 42) = 12.715, 

p < 0.001, η2
p = 0.476, as both groups showed increasing saccharin intake over the 4 post-shift 

saccharin days.  Taken together, the SNC Contrast and SNC Control groups consumed a similar 

amount of 0.15% saccharin in each of the 4 post-shift days, indicating a lack of an SNC effect. 

The absence of a group difference in saccharin intake on the first post-shift day may be 

partly due to the slight reduction in saccharin intake in the non-shifted control group (SNC-

SACC).  This is surprising since the SNC Control group demonstrated stable saccharin 

consumption over the last 5 pre-shift days, and, since the solution was unchanged, should not 

have experienced a decline in saccharin intake on the first post-shift day.  A dependent t-test 

comparing the mean pre-shift intake with the first post-shift intake yielded a marginally 

significant decline in the SNC Control group, p = 0.08, suggesting that there was a small but 

unexpected drop in performance in the control animals that may have obscured the measure of 

SNC.  A similar t-test with the SNC Contrast group yielded a statistically significant drop in 

solution intake, p < 0.001.   

Because of this unexpected performance in the control animals I evaluated the post-shift 

data in the two groups with separate one-way ANOVAs.  These ANOVAs revealed significantly 
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increased consumption across the 4 post-shift sessions in both groups.  There was a significant 

main effect of post-shift day on SNC-control group intake, F(3, 21) = 5.815, p = 0.005, η2
p = 

0.454, indicating consumption of the saccharin solution depended on post-shift day.  The SNC 

control group consumed significantly less saccharin on the first day than the second (Mean 

Difference = 1.7, SE = 0.4, p = 0.026) and fourth (Mean Difference = 2.6, SE = 0.6, p = 0.02) 

post-shift days, indicating post-shift consumption was not stable.  There was also a significant 

main effect of post-shift day on SNC Contrast group intake, F(1, 10) = 8.409, p = 0.010, η2
p = 

0.546, indicating consumption of the saccharin solution depended on post-shift day.  The SNC 

Contrast group consumed significantly more saccharin on the fourth post-shift day than the first 

(Mean Difference = 3.7, SE = 0.4, p < 0.001) and second day (Mean Difference = 2.7, SE = 0.7, 

p = 0.031).  Taken together, both SNC groups demonstrated increased consumption across the 4 

post-shift days, which was expected in only the SNC Contrast group as they recovered from the 

experience of negative contrast.   

WS-ANC Contrast Group.  A within-subjects ANC group of rats received access to a 

0.15% saccharin solution daily, followed by access to the same solution (SACC/SACC) or a 32% 

sucrose solution (SACC/SUCR) on alternating days, with context cues used for each type of day 

to indicate the solution in the second bottle.  Figure 2 plots the saccharin intakes of the ANC 

group during ANC training.  A control day (SACC/SACC) and a contrast day (SACC/SUCR) is 

defined as a block of training.  Therefore there were 15 2-day blocks of training.  A 2 (second 

bottle) X 15 (block) repeated measures ANOVA was calculated to determine the effect of the 

second bottle on consumption of the first bottle across the 15 blocks.  The main effect of day was 

significant, F(14, 98) = 3.751, p < 0.001, η2
p = 0.349 indicating that in general intakes were 

lower very early in training compared to later in training.  More importantly, the main effect of 
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second bottle on first bottle consumption was also significant, F(1, 7) = 42.868, p < 0.001, η2
p = 

0.860.  On SACC/SACC days the WS-ANC group (Mean = 5.3, SE = 0.4) consumed 

significantly more saccharin from the first bottle than on SACC/SUCR days (Mean = 4.5, SE = 

0.4) supporting the presence of an ANC effect.  The interaction between training block and 

second bottle was also significant, F(14, 98) = 2.412, p = 0.006, η2
p = 0.256, indicating that 

saccharin consumption from the first bottle depended on both second bottle content and block of 

training. 

 

Figure 2.  WS-ANC Group 1st Bottle Consumption.  Amount (g) of the first bottle consumed in 

the WS-ANC group in the 15 2-day blocks (SACC/SUCR; SACC/SACC).  Error bars are 

standard error of the mean.  (*) indicates a significant difference between groups.   

 

The nature of this interaction can be clearly seen in Figure 2.  During the first 6 blocks of 

training the intakes during the two treatment conditions (SACC/SUCR or SACC/SACC) were 

inconsistent, with neither condition consistently producing greater intake over the other.  

Although intake on SAC-SUCR intake was substantially lower than on the SACC-SACC day in 
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Block 1, (Mean Difference = 4.4, SE = 0.6, p = 0.017), this difference cannot be an anticipatory 

contrast effect because ANC is acquired over several days of training (Flaherty & Rowan, 1986).  

The difference in block 1 is most likely due to unfamiliarity with the procedure since the bottles 

were presented for the first time on the SACC-SUCR day of block 1.  Beginning in the 7th 2-day 

block, however, the WS-ANC group consistently consumed more saccharin from the first bottle 

on SACC/SACC days than on SACC/SUCR days, suggesting that by Block 7 ANC was 

acquired.  

WS-ANC First Bottle Consumption in the Final 5 blocks.  The final 5 blocks were 

examined separately to confirm the presence of an ANC effect.  In the last 5 blocks of 2 days, 

consumption of the first bottle in the WS-ANC group was consistently lower by about 1 gram 

when the second bottle was sucrose (Figure 2).  To confirm that a consistent ANC effect was 

acquired by the end of training the last 5 blocks were analyzed as a 2 (second bottle) x 5 (blocks) 

repeated measures ANOVA.  The main effect of block was not significant, F(4, 28) = 2.231, p = 

0.091, η2
p = 0.242, indicating consumption did not vary across the final 5 blocks in the WS-ANC 

group.  The main effect of second bottle was significant, F(1, 7) = 13.932, p = 0.007, η2
p = 0.666, 

indicating the second bottle influenced consumption of the first in the WS-ANC group.  In the 

final 5 blocks, the WS-ANC group consumed on average about 1 gram less of the first bottle on 

days it was followed by sucrose (Mean Difference = 1.0, SE = 0.3, p = 0.007).  The interaction 

between second bottle and block was not significant, F(4, 28) = 1.261, p = 0.308, η2
p = 0.153, 

indicating the effect of second bottle on consumption of the first bottle was stable and did not 

vary by block. 

Intermittent Ethanol Exposure Sessions.  Prior to the post-shift manipulation the 

ethanol intake in all groups was very low.  To address this problem all rats were given 



 

21 
 

intermittent exposure to ethanol in their home cages overnight.  Figure 3 displays the pattern of 

home cage intermittent ethanol consumption across the 5 sessions.  All groups appeared to 

steadily increase ethanol intake across these 5 sessions.   

 

Figure 3.  Home Cage Intermittent Ethanol Consumption.  Ethanol (g) consumption by the SNC 

Contrast, SNC Control, and WS-ANC groups in 5 home cage intermittent ethanol exposure 

sessions across 10 days.  Intake (g) is for combined total of the pair-housed rats in each 24 hour 

session.  The pairs of rats increased ethanol intake over the 5 intermittent sessions.  Error bars 

are standard error of the mean.   

  

 To determine if there were any group differences in ethanol intake during this experience 

the daily intake data were analyzed with a 3 (Group [SNC Contrast, SNC Control, WS-ANC]) x 

5 (intermittent sessions) mixed ANOVA.  The main effect of day on intermittent ethanol 

consumption was significant, F(4, 36) = 3.57, p = 0.015, η2
p = 0.284, indicating the overall 

ethanol intakes increased over days.  On day 5 of the intermittent ethanol exposure procedure, 

the groups consumed significantly more ethanol than on days 1 and 2 (Day 1: Mean Difference = 
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12.5, SE = 4.4, p = 0.018; Day 2: Mean Difference = 13.0, SE = 3.2, p = 0.003).  Thus the 

intermittent ethanol exposure procedure successfully increased ethanol intake.  Although the 

interaction of day and group was not significant, F(8, 36) = 1.172, p = 0.342, η2
p = 0.207, the 

main effect of group was statistically significant, F(2, 9) = 10.323, p = 0.005, η2
p = 0.696.  The 

SNC contrast group consumed significantly more ethanol during the intermittent exposure days 

than the SNC control group (Mean Difference = 16.5, SE = 5.3, p = 0.037), and WS-ANC group 

(Mean Difference = 23.4, SE = 5.3, p = 0.005).  The groups were returned to their respective 

procedures for 3 days before the downshift, and consumption of all solutions returned to similar 

levels as before the intermittent sessions.   

Absolute Ethanol Intake Measure.  Ethanol intake was examined separately from 

ethanol preference, to determine if the groups would change absolute ethanol intake in the 

experiment.   

Post-shift Successive Negative Contrast Ethanol Consumption.  Figure 4 shows the 

absolute ethanol intake of the SNC groups during the post-shift days.  Intakes on the last 6 pre-

shift days are also included for comparison. A 2 (Group [contrast, control] X 4 (Days) mixed 

ANOVA with group as the between-subjects factor and days as the repeated measure was 

calculated for ethanol intake in post-shift sessions.  Mauchly’s test of sphericity was significant 

for days, χ2(5) = 24.610, p < 0.001, therefore the Greenhouse-Geisser estimate (ɛ = 0.436) was 

used to correct for degrees of freedom.  The main effect of days was significant, F(1, 14) = 

7.281, p = 0.012, η2
p = 0.398, indicating ethanol intake varied across the four post-shift days.  

The main effect of group was not significant, F(1, 11) = 1.198, p = 0.297, η2
p = 0.098, but the 

interaction between day and group was significant, F(3, 33) = 4.766, p = 0.037, η2
p = 0.302, 

indicating ethanol intake varied between groups across post-shift days.  As can be seen in Figure 
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4 the largest group differences occurred on the first 2 post-shift days with the SNC-Contrast 

groups showing the greatest intakes.  Additional one-way ANOVAs revealed a non-significant 

difference between groups on the first post-shift day, F(1, 13) = 2.271, p = 0.156, but a 

significant difference on the second post-shift day, F(1, 14) = 5.386, p = 0.036.  This result 

supports the central hypothesis, as the SNC Contrast group increased ethanol intake in post-shift 

sessions compared to the SNC Control group.   

 

Figure 4.  SNC Water and Ethanol Consumption.  Consumption by weight (g) of water and 

ethanol by the SNC Contrast and Control groups in the 6 pre-shift ethanol choice test sessions 

and 4 post-shift sessions.  The vertical line marks the downshift.  Error bars are standard error of 

the mean.  (*) indicates a significant difference between groups.   

 

Ethanol Preference.  Absolute intake is based on the weight of solution (water or 

ethanol) consumed by each rat in the post-session ethanol choice tests.  However, a related yet 

distinct measure to further examine ethanol drinking behavior is ethanol preference, which is the 
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ratio of ethanol consumed to total consumption of both solutions during the post-session 2 hour 

period of access.  

Successive negative contrast groups.  The main hypothesis of this experiment is that the 

SNC Contrast group would increase ethanol preference in a 2 hour ethanol choice test following 

its daily access to a saccharin solution which was downshifted from a more rewarding sucrose 

solution.  An increase in ethanol preference would be interpreted as self-medication due to the 

negative reaction induced by the decrease in reward (Manzo et al., 2015).   

 

Figure 5.  SNC Ethanol Preference.  Ethanol Preference in the SNC Groups during the 

last 6 pre-shift sessions and 4 post-shift sessions in the SNC Contrast and Control groups.  The 

vertical line marks the downshift.  Error bars are standard error.  (*) indicates a significant 

difference between groups.   

 

Figure 5 shows the preference for Ethanol (ethanol intake relative to water intake) during 

the pre-shift days when the SNC groups were receiving their respective solutions.  Preference 

appears stable for both groups during the pre-shift phase.  To confirm that ethanol preference did 
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not change significantly during the pre-shift phase, a 2 x 6 (Group [contrast, control] x Days) 

mixed ANOVA was calculated, with group as the between-subjects factor and days as the 

repeated measure.  Mauchly’s test of sphericity was significant for days, χ2(14) = 70.607, p < 

0.001, therefore, the Greenhouse-Geisser estimate was reported (ɛ = 0.302).  The main effect of 

days on pre-shift ethanol preference was not significant, F(5, 70) = 0.982, p = 0.369, η2
p = 0.066, 

indicating no difference in ethanol preference for the 6 pre-shift days.  The main effect of group, 

F(1, 14) = 0.875, p = 0.366, η2
p = 0.059, and the interaction between groups and days was not 

significant, F(5, 70) = 1.191, p = 0.322, η2
p = 0.078, indicating no difference in ethanol 

preference between contrast and control groups across the 6 pre-shift days.  Taken together, 

ethanol preference was stable across pre-shift days and did not differ between the SNC groups.   

Successive negative contrast groups on post-shift days.  To determine if ethanol 

preference changed during the post-shift phase of the experiment a 2 x 4 (Group [contrast, 

control] x Days) mixed ANOVA with group as the between-subjects factor and days as the 

repeated measure was calculated.  The main effect of day on ethanol preference was significant, 

F(3, 33) = 23.309, p < 0.001, η2
p = 0.679, indicating ethanol preference varied by post-shift day. 

Although the main effect of group was not significant, F(1, 11) = 1.615, p = 0.230, η2
p = 0.128, 

the interaction between days and groups was significant, F(3, 33) = 4.234, p = 0.012, η2
p = 

0.278, indicating ethanol preference across days differed between SNC groups in the post-shift 

sessions, which can be seen in Figure 5.  While the groups did not differ in preference in the first 

post-shift day, an independent-samples t-test indicated increased preference in the SNC Contrast 

group compared to the SNC control group on the second post-shift day, t (14) = 2.682, p = 0.018.   

SNC Ethanol Preference compared with the ANC group.  I also compared ethanol 

preference between the SNC groups and the WS-ANC group to determine if preference would be 
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similar between groups on pre-shift days, and if preference during down-shift days would be 

higher in the SNC Contrast group compared to the WS-ANC group, as hypothesized. 

The WS-ANC group did not experience a pre-shift phase followed by a post-shift phase 

since they experienced a within-subject procedure.  To compare ethanol preference in this group 

to the SNC groups, the last 4 SACC-SUCR days for the WS-ANC group was compared with the 

4 post-shift days of the SNC Contrast and Control groups (Figure 6)  using a 3 (Groups) x 4 

(Days) mixed factorial ANOVA.  Mauchly’s test of sphericity was significant for day, (χ2(5) = 

21.312, p = 0.001), therefore the Greenhouse-Geisser estimate (ɛ = 0.645) was used to adjust 

degrees of freedom.  There was a significant main effect of day on ethanol preference, F(1, 40) = 

6.333, p = 0.004, η2
p = 0.232.  The main effect of group on ethanol preference was also 

significant, F(2, 21) = 5.835, p = 0.010, η2
p = 0.357.  More importantly, there was a significant 

interaction between day and group, F(3, 40) = 4.057, p = 0.008, η2
p = 0.279.  On the first post-

shift day the SNC contrast group increased ethanol preference compared to the WS-ANC group 

(Mean Difference = 21.2, SE = 5.0, p = 0.001).  On the second post-shift day the SNC contrast 

group increased ethanol preference compared to the SNC control (Mean Difference = 14.1, SE = 

4.5, p = 0.016) and WS-ANC group (Mean Difference = 22.4, SE = 4.5, p < 0.001).  Taken 

together, ethanol preference in post-shift sessions was increased in the SNC Contrast group 

compared to the SNC Control and WS-ANC groups (Figure 6), supporting the hypothesis that 

the downshift induces a negative reaction which leads to self-medicating behavior, as indicated 

by increased preference for ethanol.  There was hypothesized to be no negative reaction in the 

SNC Control or WS-ANC groups, and ethanol preference was similar between these groups and 

stable across days.   
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Figure 6.  Post-shift Ethanol Preference.  Ethanol preference for the SNC Contrast, SNC 

Control, and WS-ANC groups in the 4 post-shift sessions.  Also included is the average ethanol 

preference for these groups in pre-shift sessions.  Data for WS-ANC group is from contrast 

(SACC-SUCR) days.  The vertical line marks the downshift.  Error bars are standard error of the 

mean.  (*) indicates significant difference between SNC groups.  (**) indicates significant 

difference between the SNC Contrast and both the SNC Control and WS-ANC groups.   

 

WS-ANC ethanol preference. Because the WS-ANC group experienced contrast and 

control conditions on alternating days it is of interest to determine if ethanol preference changed 

depending on their experience in the contrast chambers.  The self-medication hypothesis predicts 

increased ethanol preference only when there is an emotional response that can provide an 

opportunity for negative reinforcement.  Because the ANC effect is due to the anticipation of a 

highly desired reward rather than due to the elicitation of an aversive emotional state an increase 

in ethanol preference on a SACC-SUCR day relative to a SACC-SACC day is not predicted.  As 

displayed in Figure 7 (below), ethanol preference did not differ between these 2 days in the WS-

ANC group.   
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Figure 7.  WS-ANC Ethanol Preference.  Ethanol preference for the within-subjects ANC 

procedure across 15 two day blocks of Contrast (SACC/SUCR), and Control (SACC/SACC) 

days.  Error bars are standard error of the mean.   

 

To determine the effect of second bottle and blocks on WS-ANC ethanol preference a 2 

(second bottle) X 7 (2 day block) repeated measures ANOVA was calculated.  Mauchly’s test of 

sphericity was violated for the effect of 2 day blocks, χ2(20) = 39.618, p = 0.007, therefore the 

Greenhouse-Geisser estimate (ɛ = 0.429) was used to correct for degrees of freedom.  The main 

effects of 2 day block, F(2, 35) = 0.761, p = 0.505, η2
p = 0.052 and second bottle, F(1, 14) = 

0.031, p = 0.863, η2
p = 0.002, were not significant.  Neither was the interaction between second 

bottle and 2 day block was not significant, F(2, 35) = 1.847, p = 0.163, η2
p = 0.117.  Taken 

together, there were no differences in ethanol preference across 2 day blocks in the WS-ANC 

group, and no effect of alternating the solution in the second bottle (sucrose or saccharin) on 

ethanol preference. 
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Discussion 

Successive Negative Contrast Groups.  On pre-shift days the SNC Contrast group 

consistently consumed more sucrose than saccharin consumed by the SNC Control group, as 

sucrose is move rewarding and preferred by rats (Flaherty et al., 1989).  However, the SNC 

Contrast group did not decrease saccharin consumption to levels below the SNC Control group 

in the post-shift days, which is necessary to unequivocally demonstrate an SNC effect.  The SNC 

Contrast group did consume more saccharin on the fourth day than on the first and second days, 

demonstrating the rapid recovery of intake typical in post-shift sessions (Rowan & Flaherty, 

1991).  However, the SNC Control group also consumed more on the second and fourth days 

than the first.  The low intake on the first day and the gradual increase over post-shift days was 

unexpected (Figure 1), as this group displayed stable consumption on pre-shift days.  Perhaps 

because of this changing baseline in consumption in the control group there was not a significant 

difference between groups on this important first post-shift day.  This may not have a 

consequential impact on the overall hypothesis however, as the SNC Contrast group did 

experience a very large drop in intake despite the absence of a stable control group needed to 

detect the emotion-mediated contrast in consummatory behavior.   

Ethanol consumption and preference were stable and did not differ between groups in the 

6 pre-shift sessions.  The SNC contrast group consumed more ethanol during the initial post-shift 

days than the SNC Control group.  Ethanol preference was also higher in the SNC Contrast 

group.  These results support the central hypothesis of the current study and confirm previous 

research (Manzo et al., 2015).  The SNC downshift induced a negative reaction which caused the 

rats to self-medicate, increasing intake of ethanol for its anxiolytic effect.  This pattern of 

consumption may be interpreted as negative reinforcement (Ameringer et al., 2015), as the rats 
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increased ethanol intake on the post-shift second day when the negative reaction is the greatest 

(Flaherty & Rowan, 1991).     

Within-subjects Anticipatory Negative Contrast Group.  Consumption of the first 

bottle (saccharin) in the WS-ANC group in the final 5 blocks was examined separately from the 

first 10 blocks in order to characterize the ANC effect when it became present in the last third of 

the procedure.  Consumption of the initial saccharin bottle during the final 5 blocks was 

consistently lower on SACC-SUCR days (Figure 2) which does demonstrate this ANC effect, 

which is important because the WS-ANC group was used as a second control group.  The 

assumption is that an unpleasant emotional response causes negative contrast behavior in the 

SNC procedure and it is the presence of the emotion that provides the opportunity for self-

medication with ethanol.  However, it is possible that there are other characteristics of negative 

contrast procedures that contribute to subsequent changes in ethanol intake independent of an 

emotional reaction.  For example, experiencing variety among tasty solutions or engaging in the 

contrast behavior may in general increase exploratory behavior and therefore greater sampling of 

any available resources.  The WS-ANC procedure as a control includes these other possible 

characteristics but not the emotional component.  I predicted the WS-ANC group would show 

similar preference for and intake of ethanol after both types of sessions (SACC-SACC; SACC-

SUCR), as this type of contrast procedure is not thought to induce a negative emotion (Flaherty 

& Rowan, 1986; Ruetti et al., 2009).  As shown in Figure 7, ethanol preference remained stable 

in the WS-ANC group for both types of sessions, supporting the hypothesis that ethanol 

preference would not be different for the two types of sessions experienced in the WS-ANC 

group.   
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These results validate the use of the WS-ANC group as a second control group for a test 

of the self-medication hypothesis.  The SNC contrast group consumed more ethanol on the first 

and second post-shift days than the WS-ANC group.  The self-medicating behavior in the SNC 

contrast group is further supported by the increase in ethanol intake compared to the WS-ANC 

group.  The SNC contrast group also increased ethanol preference on the first and second post-

shift days compared the WS-ANC group.   

Taken together, rats increased ethanol intake in post-shift sessions due to the negative 

reaction induced by the downshift in an SNC procedure.  This self-medicating behavior is 

present only in the SNC Contrast group, as ethanol intake did not vary for the SNC Control or 

WS-ANC groups.  While the SNC Contrast group did not demonstrate the decrease in saccharin 

intake relative to the SNC Control group, consumption dropped significantly compared to pre-

shift days. Increased ethanol intake is also observed when a highly palatable solution is simply 

removed (e.g., extinction of a consummatory task, Manzo et al 2014).  The WS-ANC group 

demonstrated an ANC effect on the final five blocks, as consumption of the initial saccharin was 

significantly decreased on contrast days when the more rewarding sucrose was in the second 

bottle.  Further, this group did not consume different amounts of ethanol or change ethanol 

preference on SACC-SUCR and SACC-SUCR days, which allowed this group to be a second 

control group to further characterize the self-medicating behavior in the SNC Contrast group.   
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Experiment 2 

The results from Experiment 1 support the central hypothesis that rats increase ethanol 

consumption and preference on post-shift days after experiencing a decrease in reward in a SNC 

procedure.  This was supported by comparison to the WS-ANC group which served as a second 

control group and further confirmed the hypothesis.  However, possibly because of unstable 

baseline in the SNC-control group I was not able to confirm a SNC effect. In Experiment 2 the 

procedures for the 3 groups (SNC Contrast, SNC Control, and WS-ANC) were extended and 

modified in order to further characterize the hypothesized self-medicating behavior, and to 

support the results from Experiment 1.  The SNC Contrast and Control groups were switched for 

7 additional pre-shift days, followed by two post-shift days. Thus, the previous control group 

now served as the contrast group which was possible because they had not previously consumed 

sucrose.  The previous contrast group now served as the control group.  SNC would be 

demonstrated as less saccharin consumption in the new contrast group relative to the new control 

group on the post-shift day.  Moreover the new contrast group should now drink more ethanol on 

the post-shift day.  The WS-ANC procedure was also continued but an SNC downshift to the 

second bottle on contrast days (from sucrose to saccharin) was introduced to examine if this 

group would demonstrate an SNC effect.   

Method 

Subjects.  The same twenty-four male Long Evans rats from Experiment 1 were used in 

Experiment 2.  All rats were pair-housed in standard clear plastic cages with corncob bedding on 

a 12 hour light/dark schedule, and maintained at about 85% of their free-feeding body weight, 

receiving their daily food ration approximately 30 minutes after completing all daily test 

procedures. 
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Apparatus.  The contrast and two-hour ethanol choice test procedures were performed in 

the same rooms as discussed previously for Experiment 1.   

Procedure.  Two new lab assistants conducted the procedures in Experiment 2.  The 

assistants weighed and handled the rats for a week in order for the rats to become familiar with 

these individuals.  The general procedure was the same as Experiment 1.  For each group 2 

squads of 4 rats were transported to the contrast chambers for the SNC and ANC sessions.  Then 

the squads were transported to the choice test chambers for 2 hours access to water and 2% 

ethanol solutions.  All intakes were determined by weighing the bottles before and after the 

sessions.   

Successive negative contrast procedure.  The SNC procedure was a between-subjects 

design, with 7 pre-shift and 2 post-shift sessions.  The previous SNC Contrast group became the 

new control group, and the previous SNC Control group became the new contrast group.  The 

groups received access to sucrose or saccharin for a 5 minute session, followed by the 2 hour 

ethanol choice test.    

Anticipatory negative contrast procedure.  The within-subjects version of the ANC 

procedure was continued with the WS-ANC group from Experiment 1.  However, a SNC 

procedure was superimposed on the standard within-subjects ANC procedure. As in experiment 

1 the rats received 5 minutes of access to saccharin, followed by 3 minutes access to a bottle 

alternating between sucrose and saccharin on contrast and control days, respectively.  Unlike in 

Experiment 1, the second bottle on contrast days (sucrose) was replaced with saccharin to 

implement a SNC downshift within an ANC procedure.  The context was background white 

noise and dim light for the control days and normal conditions for the contrast days.  This 

procedure was repeated for 10 days with 5 contrast sessions (SACC-SUCR) and 5 control 
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sessions (SACC-SUCR), followed by 2 post-shift blocks with 2 contrast sessions (SUCR 

downshifted to SACC in the second bottle) and 2 control sessions.  After the WS-ANC 

procedure, the rats were placed in the ethanol choice cages for the 2 hour ethanol choice test.   

 

 Table 2.  WS-ANC Group Procedure.  The second bottle on contrast days (Sucrose) was 

downshifted to Saccharin for the final 2 blocks (Days 11 and 13).   

 

Ethanol choice tests.  After each SNC or ANC session in the contrast chambers, the rats 

were moved to the ethanol choice test cages for the 2 hour ethanol choice test, and then 

transported back to their home cages.  Ethanol intake was measured by weight (g), and ethanol 

preference was calculated as the ratio between ethanol and total consumption of both bottles in 

the choice test. 

Statistical Analyses.  All statistical analyses were similar to Experiment 1, and SPSS 

statistical software was used for all statistical analyses.  Analysis of variance (ANOVA) was 

calculated for each dependent variable with significance considered at p < 0.05.   

Results 

The SNC Contrast and Control groups were reversed for Experiment 2.  Therefore, the 

SNC Contrast group became the Control group and the SNC Control group became the Contrast 

group.   

Day Bottle 1 Bottle 2

Day 1 (Contrast) Saccharin Sucrose

Day 2 (Control) Saccharin Saccharin

Day 3 (Contrast) Saccharin Sucrose

Day 4 (Control) Saccharin Saccharin

Day 11 (Contrast) Saccharin Saccharin

Day 12 (Control) Saccharin Saccharin

Day 13 (Contrast) Saccharin Saccharin

Day 14 (Control) Saccharin Saccharin

WS-ANC Group Procedure
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Successive Negative Contrast Groups.  Figure 8 shows the intakes for both groups 

during the 7 days of SNC training, followed by the downshift from sucrose to saccharin, which 

lasted two additional days.  The new SNC Contrast group steadily increased consumption of 

sucrose during these 7 pre-shift days (Figure 8, below), consuming consistently more than the 

new SNC Control group consuming saccharin.   

 

Figure 8.  SNC Consumption.  The SNC Contrast group steadily increased consumption of 

sucrose, while the SNC Control group maintained consistent, low consumption of saccharin.  On 

the post-shift days, consumption of saccharin was similar for both groups.   

 

  A 2 (group) X 7 (day) mixed ANOVA was calculated for SNC pre-shift sessions to 

examine consumption before the downshift.  Mauchly’s test of sphericity was violated for days, 

χ2(20) = 42.411, p = 0.003, therefore the Greenhouse-Geisser estimate (ε = 0.441) was used to 

correct for degrees of freedom.  The main effect of group was significant, F(1, 14) = 31.065, p < 

0.001, η2
p = 0.689, indicating pre-shift consumption of sucrose was significantly higher than 

consumption of saccharin in the respective groups.  Although the main effect of day was not 
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significant, F(2, 37) = 2.788, p = 0.060, η2
p = 0.166, a statistically significant interaction between 

day and group, F(2, 37) = 6.705, p = 0.001, η2
p = 0.324, indicated that the group differences in 

pre-shift consumption depended on day.  Pre-shift sucrose consumption increased steadily over 

the 7 days for the SNC Contrast group.  This pattern may be due to learning the caloric value of 

sucrose.   

As Figure 8 displays, the SNC Contrast group decreases post-shift saccharin intake to 

levels below the SNC Control group.  A 2 (group) X 2 (day) mixed factorial ANOVA was 

calculated for post-shift consumption to determine of the downshifted SNC Contrast group 

displayed an SNC contrast effect, consuming less saccharin on post-shift days than the SNC 

Control group.  Both the main effects of group (F(1, 13) = 0.242, p = 0.631, η2
p = 0.018), and 

day (F(1, 13) = 2.503, p = 0.138, η2
p = 0.161), as well as the interaction between day and group 

(F(1, 13) = 4.091, p = 0.064, η2
p = 0.239) were not significant, indicating no difference in post-

shift saccharin consumption.  However, this interaction was marginally significant, and the effect 

size was large, indicating a significant interaction may be present with a larger sample size, and 

suggesting a marginally significant SNC effect.  In addition, saccharin consumption was very 

low in the new control group suggesting that a floor effect precluded the confirmation of a SNC 

effect (see discussion).   

SNC Absolute Ethanol Intake.  Figure 9 shows the absolute intake of the two SNC 

groups during the pre-shift and the post-shift days.  The SNC Contrast and SNC Control groups 

received 2 hours of access to water and ethanol bottles in the post-session tests.  Separate 

ANOVAs were calculated for pre-shift and post-shift ethanol consumption and preference to 

determine if the downshift increased intake of ethanol in the SNC Contrast group compared to 

the SNC Control group.   
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Figure 9.  Absolute Ethanol Intake.  Absolute ethanol intake in pre-shift and post-shift sessions 

by the SNC groups.  Intake increased significantly in the SNC Contrast group in post-shift 

sessions compared to the SNC Control group.  (*) Indicates a significant difference between 

groups.   

 

A 2 (groups) X 7 (days) mixed ANOVA was calculated for pre-shift ethanol 

consumption.  Mauchly’s test of sphericity was significant for day, χ2(20) = 39.447, p = 0.008, 

therefore the Greenhouse-Geisser estimate (ε = 0.430) was used to correct for degrees of freedom 

for days.  The main effect of day was significant, F(2, 30) = 5.902, p = 0.004, η2
p = 0.330, 

indicating consumption decreased over the pre-shift days.  The main effect of group was not 

significant, F(1, 12) = 0.779, p = 0.395, η2
p = 0.061, indicating ethanol intake did not differ 

between the groups in pre-shift sessions.  The interaction between group and day was not 

significant, F(2, 30) = 0.503, p = 0.656, η2
p = 0.040, indicating the difference in ethanol intake 

by day did not depend on group.  Taken together, the SNC Contrast and Control groups 

consumed similar amounts of ethanol on pre-shift days.   
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A 2 (group) X 2 (day) mixed ANOVA was calculated for post-shift ethanol intake.  There 

was a non-significant main effect of day, F(1, 14) = 0.036, p = 0.851, η2
p = 0.003, indicating 

ethanol intake was not different between the post-shift days.  The main effect of group was 

significant, F(1, 14) = 11.674, p = 0.004, η2
p = 0.455, indicating intake was higher for the SNC 

Contrast group on post-shift days.  The interaction between day and group was not significant, 

F(1, 14) = 0.054, p = 0.819, η2
p = 0.004.  This finding confirms the results from Experiment 1 

and the central hypothesis, that the downshift induces a negative emotional reaction which may 

be ameliorated by post-session increases in ethanol intake.   

SNC Ethanol Preference.  Pre-shift ethanol preference was examined separately to 

further determine ethanol consumption behavior in the SNC groups  

 

Figure 10.  SNC Ethanol Preference.  Ethanol preference for the SNC groups in the 7 pre-shift 

and 2 post-shift sessions.  Preference increased in the SNC contrast group after the downshift 

from sucrose to saccharin.   
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A 2 (groups) X 7 (days) mixed ANOVA was calculated for ethanol preference in pre-

shift sessions.  As can be seen in Figure 10 both groups preferred ethanol, drinking reliably 

above 50%.  Although the SNC Control  group appears to show a generally stronger preference 

for ethanol than the SNC Contrast group, neither the main effect of group,  F(1, 12) = 3.339, p = 

0.093, η2
p = 0.218,  nor the interaction, F(6, 72) = 0.396, p = 0.773, η2

p = 0.032, were statistically 

significant.  Some day-to-day fluctuation during pre-shift days may explain the statistically 

significant main effect of days, F(6, 72) = 3.594, p = 0.004, η2
p = 0.230.  Preference on pre-shift 

day 3 was significantly lower than on day 1 (Mean Difference = 12.8, SE = 3.3, p = 0.046).   

Post-shift ethanol preference was examined as well, to further determine the pattern of 

ethanol intake in the SNC groups.  A 2 (group) X 2 (day) mixed ANOVA yielded only a 

statistically significant main effect of group, F(1, 12) = 5.449, p = 0.038, η2
p = 0.312, during the 

post-shift days again supporting the result from Experiment 1, as well as the self-medication 

hypothesis.   

WS-ANC Group.  In the WS-ANC group, the sucrose bottle was replaced with saccharin 

on the final two SACC-SUCR days to implement a SNC procedure within the ANC procedure.  

Therefore the SACC-SUCR sessions were replaced with SACC-SACC in these final two blocks.  

Downshifting the sucrose in the second bottle to saccharin should disrupt ANC because the rats 

should no longer reduce their intake in anticipation of the sucrose.   

First Bottle Intake.  To examine if ANC was disrupted after a post-shift reduction in 

sucrose reward the intakes of saccharin on the two post-shift blocks were plotted in Figure 11 

with the intakes from the last pre-shift block included for comparison.  A downshift would not 

alter ANC on the first post-shift block because the rats would not have yet experienced the 

decrease in reward in the second bottle (from sucrose to saccharin).  Therefore, ANC should not 
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be disrupted until after the first post-shift experience.  This pattern of consummatory behavior is 

clearly seen in Figure 11.  The differences in saccharin intake in the first bottle seen during the 

ANC procedure was still present during the first post-shift block but was no longer observed in 

the second post-shift bloc. A 2 (post-shift block; 1 or 2) X 2 (day; SACC-SACC or SACC-

SUCR) mixed ANOVA was calculated for first bottle intakes to confirm this interpretation of the 

post-shift intakes.  As expected, the interaction between post-shift block and original contrast 

condition was statistically significant, F(2, 14) = 7.98, p = 0.020, η2
p = 0.418, confirming ANC 

on the first post-shift block, but not the second post-shift block.  This disruption of ANC contrast 

by removing the anticipated sucrose solution is consistent with the assumption that the within-

subjects ANC effect is due to the rats’ anticipation of the preferred sucrose solution.   

 

Figure 11.  WS-ANC First Bottle.  The ANC effect was present in the first post-shift block, but 

not the second block. 

 

Second Bottle Intake.  The first bottle intakes confirmed that the anticipation of a sucrose 

reward was no longer influencing the rats’ consummatory behavior after the post-shift.  The 
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intake of the second bottle was examined in Experiment 2 because of the SNC downshift 

implemented in this procedure.  The next question is whether the rats would show a SNC effect, 

and the associated negative emotional reaction, when the second bottle was downshifted from 

SUCR to SACC during the last to session blocks? 

  

Figure 12.  WS-ANC Second Bottle.  Intake (g) of the second bottle by the WS-ANC group in 

the final pre-shift block, and the 2 post-shift blocks.   

 

 Intakes on the last pre-shift block and the two post-shift blocks are shown in Figure 12.  

A 1 (block) X 2 (day [SACC-SACC; SACC-SUCR]) mixed ANOVA was calculated to 

determine differences in pre-shift second bottle consumption in the WS-ANC group.  The main 

effect of day was significant, F(1, 7) = 14.945, p = 0.006, η2
p = 0.681, indicating higher 

consumption on the pre-shift SACC-SUCR day, which is expected, as sucrose is more preferable 

and rewarding to the rats than saccharin.  This pre-shift block was analyzed separately from the 

two post-shift blocks.  A 2 (block [post-shift block 1; post-shift block 2) X 2 (day [SACC-

SACC; SACC-SUCR]) mixed ANOVA was calculated to determine if there was an SNC effect 
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within the ANC procedure.  The main effects of block, F(1, 7) = 0.785, p = 0.405, η2
p = 0.101, 

and day, F(1, 7) = 1.904, p = 0.210, η2
p = 0.214, were not significant, nor was the interaction 

between block and day, F(1, 7) = 1.411, p = 0.274, η2
p = 0.168.  This indicates no difference in 

second bottle consumption between SACC-SACC and SACC-SUCR days in the post-shift 

blocks, which means the SNC downshift did not elicit an SNC effect in the WS-ANC group. 

Absolute Ethanol Intake.  Ethanol consumption (Figure 13) and preference (Figure 14) 

was also measured after all ANC sessions to characterize the effect of the SNC downshift within 

the ANC procedure on post-session ethanol intake in the WS-ANC group.  Ethanol consumption 

data shows a drop in ethanol intake after experiencing a post-shift decline in the reward rather 

than the expected increase.  However, ethanol preference, which compares ethanol intake 

relative to water intake, suggests an increase in preference on the post-shift contrast days.   

 

Figure 13.  WS-ANC Ethanol Intake.  Absolute ethanol intake varied across the blocks in the 

WS-ANC group by type of session (SACC-SACC; SACC-SUCR).   

Consumption of ethanol did not differ between control (SACC-SACC) and contrast 

(SACC-SUCR) days in the pre-shift block.  A 2 (block) X 2 (second bottle) repeated measures 

ANOVA was calculated to determine differences in ethanol consumption in the WS-ANC group 
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in the 2 post-shift blocks.  The main effects of block (F(1, 7) = 6.453, p = 0.039, η2
p = 0.480), 

day (F(1, 7) = 16.093, p = 0.005, η2
p = 0.697) and the interaction between block and day (F(1, 7) 

= 23.827, p = 0.002, η2
p = 0.773) were significant.  While consumption actually increased on the 

first post-shift control day there was no difference by the WS-ANC group in ethanol intake 

between days in the second post-shift block.   

Ethanol Preference.  Ethanol preference was examined separately in the final pre-shift 

block and two post-shift blocks to characterize the pattern of ethanol preference in the WS-ANC 

group between SACC-SACC and SACC-SUCR days, and the change in preference induced by 

the downshift from SUCR to SACC on contrast days.   

 

Figure 14.  WS-ANC Ethanol preference.  Ethanol preference increased in the WS-ANC group 

on the first post-shift contrast day (SACC-SUCR).    

 

A 2 (block) X 2 (second bottle) repeated measures ANOVA was calculated for ethanol 

preference in the two post-shift blocks.  While the main effect of block was significant (F(1, 7) = 

5.802, p = 0.047, η2
p = 0.453), the main effect of day (F(1, 7) = 3.319, p = 0.111, η2

p = 0.322) 

and the interaction between block and day (F(1, 7) = 0.847, p = 0.388, η2
p = 0.108) were not 



 

44 
 

significant.  Ethanol preference was increased in the WS-ANC group on the first post-shift day 

when the rats experienced saccharin instead of sucrose in the second bottle, suggesting that the 

rats may self-medicate for this decrease in reward by increasing preference for ethanol.   

Discussion 

 The SNC procedure in Experiment 1 was continued in Experiment 2, but the two groups 

were switched.  The SNC Contrast group became the new control group, and the SNC Control 

group became the new contrast group.  I hypothesized these two groups would rapidly change 

their consumption of the sucrose or saccharin, and that the downshift would similarly induce a 

negative reaction in the new contrast group, indicated by both decreased saccharin consumption, 

but also increased ethanol consumption.  These results would confirm the results from 

Experiment 1 and further support the central hypothesis of the current study: that rats self-

medicate by increasing ethanol consumption after experiencing a negative reaction from a 

decrease in reward in a SNC procedure.   

 The SNC contrast group increased consumption and preference for ethanol in the post-

shift sessions, which supports Experiment 1 and Manzo et al (2015).  This indicates the negative 

reaction induced by the downshift in an SNC procedure may cause self-medicating behavior in 

order to reduce the negative state from decrease in reward, as the rats increased ethanol intake.  

As in Experiment 1, however, a SNC effect, which would be indicated by significantly reduced 

consumption of the post-shift saccharin compared to the SNC control group was not observed.  

This failure to demonstrate a SNC effect again appears to be due to the control group.  Intake of 

saccharin declined to a very low level resulting in a possible floor effect as consumption for both 

groups was very low.   
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The WS-ANC procedure was continued from Experiment 1 with the addition of an SNC 

downshift in the second bottle on contrast days.  I hypothesized the WS-ANC group would 

demonstrate a SNC effect, consuming less saccharin on contrast days than control days in post-

shift sessions.  If a SNC effect is observed I also hypothesized this group would increase ethanol 

consumption on post-shift contrast days.  While the WS-ANC group displayed an ANC effect, 

reducing consumption of saccharin on the first post-shift contrast day, consumption of the second 

bottle did not differ between days in post-shift blocks.  The effect on intake was equivocal 

however.  Absolute intake of ethanol decreased following the post-shift, but there was an 

increased preference for ethanol on one post-shift block.  
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General Discussion 

The purpose of the current study was to determine if rats increase ethanol intake after 

experiencing a negative reaction induced by the downshift in a SNC procedure.  This was 

examined with SNC procedures in Experiments 1 and 2.  The over-arching concept behind this 

experimental procedure is that rats may be capable of self-medication, consuming ethanol for its 

anxiolytic effect to reduce the negative current state (Manzo et al., 2015).  I hypothesized that 

after experiencing access to a rewarding sucrose solution, the SNC Contrast group would 

decrease intake of the less-rewarding saccharin on post-shift days, and that this effect would not 

be observed in the SNC Control group which was exposed only to saccharin on all days.  I also 

hypothesized the negative reaction induced by this downshift would cause a significant increase 

in consumption of ethanol in the 2 hour post-session ethanol choice test.   

The WS-ANC group was also included to demonstrate an ANC effect, but was not 

predicted to show a difference in ethanol intake, as this procedure is not associated with a 

negative emotional reaction.  In Experiment 2 another manipulation was introduced to seek a 

further test of the self-medication hypothesis.  A SNC downshift was superimposed on the ANC 

procedure by downshifting the second bottle on contrast days, to determine if this group would 

reduce consumption of saccharin on these downshifted days, and if the group would increase 

ethanol intake.   

Successive Negative Contrast Groups 

In an SNC procedure groups of rats receive access to sucrose (SNC Contrast) or 

saccharin (SNC Control) for a number of days, and then only saccharin for 4 additional days.  In 

pre-shift trials the SNC Contrast group will typically demonstrate stable consumption of sucrose 

while the SNC Control group will demonstrate stable consumption of saccharin (Crespi, 1942; 
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Flaherty, 1996).  When the SNC Contrast group experiences the downshift (sucrose replaced by 

saccharin), the rats significantly reduce consumption in post-shift days compared to the control 

group, which received access to the same saccharin during the pre-shift sessions.  This is the 

SNC effect and the reduction in intake during post-shift days by the SNC Contrast group is 

evidence of a negative reaction to the decrease in reward with the downshift.  However, 

consumption quickly recovers to levels of the SNC control group by the third or fourth post-shift 

day (Phelps, Mitchell, Robinson, Nutt, & Marston, 2015; Rowan & Flaherty, 1991).  While the 

SNC Contrast group did not demonstrate this significant reduction in consumption on post-shift 

days compared to the SNC Control group, consumption did decrease substantially, and may have 

caused a negative reaction due to the decrease in reward from sucrose to saccharin.  This 

negative reaction is important in interpreting the increased ethanol intake and preference in post-

shift sessions by the SNC Contrast group in both experiments as self-medicating behavior by 

negative reinforcement, due to the negative reaction caused by the decrease in reward from the 

downshift in the SNC procedure.   

Within-Subjects Anticipatory Negative Contrast Group 

In a WS-ANC procedure a group of rats receives access to a saccharin solution daily 

followed by access to the same saccharin or sucrose on alternate, context-cued days.  An ANC 

effect is the decrease in consumption of the initial saccharin on the days it is followed by the 

more rewarding sucrose.  Supporting previous research (Rowan & Flaherty, 1991; Flaherty et al., 

1995), the WS-ANC group in the current study consumed consistently less saccharin on contrast 

days, when the rewarding and preferred sucrose solution followed saccharin (see Figure 2).   

The current study demonstrated that rats increase ethanol consumption and preference 

after experiencing a downshift in a SNC procedure, replicating Manzo et al (2015), while adding 
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a WS-ANC group as a second control group to further determine that this response is due to the 

negative reaction induced by the downshift rather than to some other characteristic of a contrast 

procedure such as increasing the consumption of any available resource through the activation of 

exploratory behavior.  The increase of ethanol consumption in SNC procedure but not the ANC 

procedure may be interpreted as self-medication due to the negative reaction from the decrease in 

reward in the SNC Contrast group.  Experiment 2 confirmed this pattern of ethanol consumption 

and provides evidence of self-medication in rats due to a decrease in reward in an SNC 

experiment.   

While the current study examined the effect of the downshift in a SNC procedure on 

subsequent ethanol intake in rats, previous researchers (Kamenetzky, Mustaca, & Papini, 2008; 

Becker & Flaherty, 1982), switched these variables to determine the effect of anxiolytic 

substances on post-shift saccharin consumption.  In both experiments (Becker & Flahety, 1983; 

Flaherty, Clarke, Coppotelli, 1996), 1 g/kg of 15% ethanol and CDP before the post-shift 

sessions prevented the SNC contrast effect.  This demonstrates that the downshift induces an 

anxiogenic, negative reaction which is ameliorated by acute administration of substances with 

anxiolytic properties like ethanol.   

Similar to the current study, Manzo et al (2015) demonstrated that the downshift from 

sucrose to saccharin induces increases ethanol consumption during a post-session ethanol choice 

test in rats experiencing this reward devaluation.  These authors used 32% sucrose in pre-shift 

sessions and 4% sucrose in post-shift sessions, while the current study used 0.15% saccharin in 

post-shift sessions; however, the effect is similar (Mitchell & Flaherty, 2005).  Manzo et al 

(2015) further demonstrated that rats increased consumption of a CDP solution in post-shift 
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sessions as well, which supports the hypothesis that rats may self-medicate for this negative state 

by consuming anxiolytic substances.   

Manzo et al (2014) found increased post-session ethanol consumption by rats as well.  

This experiment implemented food pellet and 22% sucrose consummatory reward loss 

procedures.  Like reward devaluation, this reward loss induced similar self-medicating behavior, 

as ethanol intake increased during the extinction sessions.  This incentive loss produced by the 

loss of reward induces an aversive, anxiogenic state which leads to increased consumption of 

ethanol (Manzo et al., 2014).  Taken together, the current study confirms that rats increase 

ethanol consumption after experiencing a downshift in reward, which supports the self-

medication hypothesis (Manzo et al., 2014; Manzo et al., 2015). 

Limitations 

There were two major limitations to this experiment.  First, there was not a robust, 

significant SNC effect between the SNC contrast and SNC control groups in either experiment.  

One possibility is that the downshift from sucrose to saccharin may not have produced a 

significant negative reaction in the SNC contrast group.  Without this negative reaction, 

interpreting the increase in ethanol consumption and preference in post-shift ethanol choice test 

sessions as being due to self-medication of this induced negative reaction becomes tenuous.  

However, intake of the solutions was significantly and substantially reduced in post-shift 

sessions in both Experiment 1 and Experiment 2, to still induce the negative reaction. The other 

more likely explanation is that the control group takes were not effective in revealing the contrast 

effects because of a shifting baseline (Experiment 1) or a very low intake resulting in a possible 

floor effect (Experiment 2).  Although saccharin has been used previously as the downshifted 
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solution in the SNC procedure (Mitchell & Flaherty, 2005) perhaps a reduced sucrose value (e.g., 

4%) may produce higher and more consistent intakes in the control condition.  

Second, all 3 groups were slow to consume ethanol on pre-shift days in Experiment 1.  

This was unexpected, as Long-Evans rats are more likely to drink ethanol than the more common 

Sprague Dawley rat (Khanna, Kalant, Shah, & Sharma 1990).  Therefore, I implemented an 

intermittent ethanol exposure procedure, which increases voluntary ethanol consumption in 

rodents (Rosenwasser et al., 2013).  This may be important in order to test the self-medication 

hypothesis.  That is, if the rats do not experience the anxiolytic effect of ethanol, due to too low 

of an intake, they may not learn this association.  The rats were exposed to ethanol for 24 hours 

in their home cages followed by another 24 hours without ethanol access, for a total of 5 sessions 

lasting 10 days.  The rats consumed more home cage ethanol on the fifth exposure session than 

on the first two intermittent exposure sessions.  I then returned the rats to their respective 

procedures for 3 days, until consumption of all solutions stabilized, and proceeded with the 

downshift from sucrose to saccharin for the SNC Contrast group.  Because all rats were given 

this intermittent exposure to ethanol at the same time, this manipulation was not confounded 

with the contrast manipulations.  Nevertheless, a strain of rats that more readily accepts ethanol 

would eliminate the need for this intermittent exposure to ethanol.  

Conclusions 

 The results of the current study support the hypothesis that when experiencing a negative 

reaction from a decrease in reward, rats self-medicate by increasing consumption and preference 

for an ethanol solution.  This is confirmed by the results from both Experiments 1 and 2, as well 

as by comparison to a second control group, as the WS-ANC group displayed no changes in 

ethanol consumption.  By further characterizing ethanol consumption in rats experiencing SNC 
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and ANC procedures, this study provides additional evidence the negative reaction induced by 

the SNC downshift is the cause of the change in ethanol intake.  This suggests reward contrast in 

an SNC procedure causes rats to self-medicate, consuming more ethanol and increasing ethanol 

preference.   
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