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Introduction

Alcohol use disorder is one of the most common psychiatric 
disorders, and it is a leading cause of mortality worldwide, 
contributing to 3 million deaths each year, and to disabil
ities and comorbidities.1 It is a chronic, complex, relapsing 
disease, characterized by progressive escalation from moder
ate to excessive alcohol consumption and accompanied by 
cognitive, social and occupational impairments. According to 
the Diagnostic and Statistical Manual for Mental Disorders,2 al
cohol use disorder is a pattern of alcohol consumption with 
cooccurring symptoms such as high alcohol intake, uncon
trollable seeking of alcohol and drinking despite adverse 
consequences. The latter symptom, a hallmark phenotypic 
characteristic of alcohol use disorder, is thought to be asso
ciated with deficient processing of negative feedback. In
deed, accumulating experimental evidence supports this 

idea. Several studies have demonstrated that people af
fected by chronic alcoholism recurrently make decisions 
that favour drinking, even in the face of mounting adverse 
consequences.3–5 

It has been hypothesized that people with alcohol use dis
order are less sensitive to the negative outcomes of their ac
tions6 and less able to use negative feedback to guide and ad
just their ongoing behaviour,6 suggesting a deficient feedback 
processing system.7 However, despite an abundance of data 
linking alcohol use disorder to impaired decisionmaking, far 
less is known about the aberrant processing of negative feed
back before the onset of alcohol use disorder. In fact, no 
study thus far has directly shown that biased sensitivity to 
feedback affects the transition from recreational to compul
sive alcohol abuse, largely because it is difficult to obtain in
formation about people’s sensitivity to feedback before they 
develop an addiction.
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Background: Alcohol use disorder is one of the most common psychiatric disorders, and it is a leading cause of mortality worldwide. It 
has been demonstrated previously that people with alcohol use disorder are less sensitive to the negative outcomes of their actions and 
less able to use negative feedback to guide and adjust their ongoing behaviour. However, far less is known about the aberrant processing 
of negative feedback before the onset of alcohol use disorder. In this study, we investigated the theoretical claim that sensitivity to nega-
tive feedback — as a stable and enduring behavioural trait — can predict vulnerability to the development of compulsive alcohol consump-
tion in rats. Methods: We trained and tested rats in a series of probabilistic reversal learning tests, and based on this “negative feedback 
sensitivity screening,” we classified each rat as more or less sensitive to negative feedback. Then, in the intermittent-access 2-bottle 
choice paradigm, we measured alcohol consumption in the animals classified above. In the next step, using the instrumental second-order 
chained schedule of alcohol reinforcement task, we examined the influence of sensitivity to negative feedback on the development of com-
pulsive alcohol seeking behaviour. Finally, we measured how trait sensitivity to negative feedback affected the extinction and reinstate-
ment of alcohol seeking after a period of abstinence. Results: Trait sensitivity to negative feedback predicted the vulnerability of rats to 
the development of compulsive alcohol seeking and consumption. We also found significant differences between the more sensitive and 
less sensitive groups in their propensity to extinguish alcohol seeking behaviours when the alcohol was no longer available. Limitations: 
The findings from our study did not answer the question of whether individual differences in sensitivity to negative feedback have a genetic 
basis or develop in response to postnatal experiences. Conclusion: The results of our study suggest that negative feedback sensitivity 
screening could be used to evaluate individual vulnerability to the development and maintenance of alcohol use disorder.
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In humans, sensitivity to feedback can be investigated 
 using a framework of neurophysiological8–10 and neuropsy
chological measures.11–15 One measure that offers an effective 
and fully translational way of assessing an individual’s sensi
tivity to feedback is the probabilistic reversal learning test.16 
In this behavioural paradigm, participants are presented with 
2 (and sometimes more) stimuli in each trial; using trialand
error feedback after each response, they learn to select the 
stimulus that is usually correct (i.e., rewarded in more trials 
or unrewarded in fewer trials) and to avoid the stimulus that 
is usually incorrect (i.e., unrewarded in more trials or re
warded in fewer trials). This rule reverses intermittently, so 
that the stimulus that was usually rewarded becomes unre
warded, and vice versa, and responses must be adjusted to 
make favourable choices. Loseshifts (i.e., unrewarded out
comes followed by a decision to change the choice) constitute 
a measure of sensitivity to negative feedback. Winstay ratios 
(number of rewarded outcomes after which the subject re
peated the choice divided by the total number of rewarded 
trials on a given stimulus) represent a measure of sensitivity 
to positive feedback. The use of probabilistic reinforcement 
increases the complexity of the task so that the information 
from any given choice is insufficient to guide future behav
iour; participants must engage their cognitive function to 
track the outcome history for both types of stimuli to deter
mine the stimulus that is more beneficial overall.16

The probabilistic reversal learning paradigm has been ap
plied successfully in a number of studies that investigated the 
neuroanatomical and neurochemical correlates of reinforce
ment sensitivity in humans and animals.11,16,17 It has also been 
used to demonstrate that sensitivity to feedback can be meas
ured in animals as a stable and enduring cognitive trait.18–21 
These studies have opened a new and fascinating avenue of 
preclinical research that provides an opportunity to investi
gate the interplay between sensitivity to feedback and other 
cognitive processes and mental disorders. However, none of 
these studies has investigated sensitivity to feedback in the 
context of vulnerability to alcohol use disorder.

One of the main challenges in modern studies of alcohol 
addiction is the development of animal models that can be 
characterized by high ethanol intake and mimic the transition 
from controlled alcohol use to excessive alcohol abuse that 
occurs in human alcohol use disorder. A common method of 
achieving voluntary alcohol consumption in rats involves in
termittent access to alcohol in the intermittentaccess 2bottle 
choice paradigm. Exposure to repeated cycles of free choice 
between 2 bottles (ethanol solution and water) and subse
quent withdrawal causes a gradual increase in preference 
and voluntary alcohol consumption, reaching levels of 
3–9 g/kg body weight per 24 hours, depending on the strain 
used (reviewed by Carnicella and colleagues22). 

However, this procedure does not reflect all of the motiva
tional and reinforcement processes responsible for alcohol 
seeking and consumption in humans. Therefore, animal mod
els of high ethanol intake achieved through repeated cycles of  
alcohol intake and withdrawal must be complemented by 
procedures that involve instrumental training, such as the re
cently developed instrumental secondorder chained schedule 

of alcohol reinforcement (ISOCSAR) task described by Giuliano 
and colleagues.23 This model allows for measurement of the 
hallmark symptoms of alcohol use disorder, such as compul
sive preparatory and consummatory behaviours, motivation 
for alcohol and persistence of alcohol intake in the face of 
aversive consequences.23 

Because relapse is one of the important components of al
cohol use disorder, it is also important to address an indi
vidual’s predisposition to reinstating alcohol seeking be
haviour after a period of forced abstinence. Although 
current animal models do not mimic selfimposed absti
nence, the use of periods of forced abstinence followed by 
restoration of the alcoholrelated environment has been 
shown to reflect the relapse observed in humans.

In the present study, we investigated the theoretical claim 
that sensitivity to negative feedback — as a stable and endur
ing behavioural trait — can predict subsequent vulnerability 
to the development of compulsive alcohol consumption in 
rats. For this purpose, we initially trained and tested the ani
mals in a series of probabilistic reversal learning tests. Based 
on this “feedback sensitivity screening,” we classified each 
rat as more or less sensitive to negative feedback. Then, using 
the 2bottle choice paradigm, we measured alcohol consump
tion in the animals classified above. In the next step, using 
the ISOCSAR task,23 we examined the influence of sensitivity 
to negative feedback on the development of compulsive alco
hol seeking behaviour. Finally, we measured how trait sensi
tivity to negative feedback affects the extinction and re
instatement of alcohol seeking after a period of abstinence.

Methods

Animals and housing

We used 20 male Sprague Dawley rats (Charles River) 
weighing 176–200 g upon arrival at our facility. The rats were 
grouphoused (4 animals per cage) in an enriched environ
ment with controlled temperature (21 ± 1°C) and humidity 
(40%–50%) and using a 12hour light–dark cycle (lights on at 
7:00 am). Throughout the experiment, rats were mildly food
restricted to 85% of their freefeeding weight (according to 
the normal growth curve recommended by the laboratory ro
dent supplier) by providing 15 g of food pellets per rat per 
day (standard laboratory chow). Water was available ad libi
tum. All behavioural procedures and tests were performed 
during the light phase of the light–dark cycle.

Apparatus

The probabilistic reversal learning tests were conducted in 
 operant conditioning chambers (Med Associates) enclosed 
in soundattenuating boxes. Each chamber was equipped with 
a fan (which also served to eliminate extraneous noise), a 
house light, a speaker, a food dispenser set to deliver a sucrose 
pellet (Dustless Precision Pellets, 45 mg; BioServ), a fluid re
ceptacle and 2 retractable levers at the sides of the feeder.

Tests examining alcohol seeking behaviour in the seeking
taking task were conducted in the same operant chambers, 
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except that the levers were on the wall opposite to the liquid 
dispenser to create a new experimental setup that would not 
interfere with any habits the animals had acquired in the 
probabilistic reversal learning paradigm.

Measuring sensitivity to negative feedback with the 
 probabilistic reversal learning test

After the initial instrumental training described in detail else
where,19 and upon reaching the initial training criterion of 
fewer than 7.5% omissions on each lever (i.e., fewer than 15% 
total omissions but equally distributed between the 2 levers) 
for 3 consecutive training days, the rats were trained in the 
probabilistic reversal learning paradigm. 

Briefly, each probabilistic reversal learning training session 
lasted until the completion of 200 trials, and each trial lasted 
for a maximum of 22 seconds. The start of a trial was sig
nalled by the house light, which remained on until the end of 
the trial. Two seconds after the trial had started, both levers 
were presented; 1 lever was randomly assigned as the 
 “correct” one, which delivered a reward (1 sucrose pellet) 
80% of the times it was pressed. A press on the other lever 
(the “incorrect” lever) would result in a rewarding outcome 
only 20% of the times it was pressed. If the rat made no re
sponse in 10 seconds, the intertrial interval was triggered and 
the trial was counted as an omission. During the intertrial 
 interval, both levers remained retracted and the house light 
was turned off. The same intertrial interval directly followed 
an unrewarded outcome (i.e., no reward on 20% of the “cor
rect” and 80% of the “incorrect” lever presses). After every 
8 consecutive “correct” lever presses (regardless of outcome), 
the criterion for the reversal of the outcome probabilities was 
reached; at that point, the previously “correct” lever became 
the “incorrect” lever, and vice versa. This pattern was fol
lowed until the end of the session. The probabilistic reversal 
learning training phase was repeated daily until the rats 
achieved sufficient performance levels (i.e., a minimum of 
3 reversals in 3 consecutive training sessions, with fewer than 
15% omissions per session).

Parameters measured in the probabilistic reversal learning test

To measure rats’ sensitivity to negative feedback (as their 
ability to ignore an infrequent and misleading lack of 
 reward), we monitored their decisions trial by trial. Un
rewarded outcomes for the “correct” lever that were fol
lowed by the animal’s decision to switch levers (probabilistic 
loseshifts) were scored and expressed as a ratio of all un
rewarded outcomes for that lever. 

To measure rats’ sensitivity to positive feedback, all rewarded 
outcomes (true and misleading) followed by a decision to stay 
with the lever that delivered them (winstays) were counted 
jointly for the “correct” and “incorrect” levers and expressed as 
a ratio of all rewarded outcomes for that lever. This means of 
analyzing sensitivity to positive feedback follows the method 
described by Bari and colleagues17 and was dictated by the fact 
that winstay behaviours after misleading rewards on the incor
rect lever were too uncommon to undergo robust analysis. 

We used the number of reversals completed during the test 
as a measure of the animal’s performance.

Feedback sensitivity screening

After the rats had achieved stable performance in the prob
abilistic reversal learning test (a minimum of 3 reversals in 
3 consecutive sessions, with fewer than 15% omissions per 
session), they were then tested in 10 consecutive probabilis
tic reversal learning tests over 10 days. Based on this “sen
sitivity screening,” the rats were classified (using the 
medi an as a cutoff) as more or less sensitive to negative 
feedback. We made the classification based on each ani
mal’s average ratio of lever changes after misleading un
rewarded outcomes (probabilistic loseshifts) across all 
10 screening tests. The results of our previous studies 
clearly indicated that a dichotomous categorization based 
on median split was well suited for investigating negative 
feedback sensitivity as a stable and enduring cognitive trait 
in rats;18–21 therefore, we extended this means of data analy
sis to the present study. 

Intermittent-access 2-bottle choice paradigm

To induce drinking behaviour and determine the level of al
cohol consumption in the rats, we conducted 18 sessions of 
the intermittentaccess 2bottle choice test every second day. 
During the 2bottle choice test, rats were separated into indi
vidual cages for 24 hours, where they were presented with 
1  bottle of 10% ethanol (wt/wt) and 1 bottle of water. We 
chose the percentage of the ethanol solution based on the 
findings of Giuliano and colleagues.23 To avoid the potential 
effects of a side preference, we changed the position of the 
bottles after 12 hours. We weighed the bottles before and 
 after each session to determine alcohol consumption (g etha
nol per kg body weight). We calculated the volume of liquids 
consumed as the difference in bottle weights from the begin
ning and end of each session, subtracting volume lost as a re
sult of dripping from bottles in empty cages.

Characterization of compulsive alcohol seeking behaviour

Taking task
Initially, the rats were trained to associate the pressing of the 
taking lever with alcohol delivery under a fixedratio1 
schedule of reinforcement. Each trial began with insertion of 
the randomly assigned taking lever and the house light on. 
Pressing on the lever resulted in presentation of the dipper 
on the opposite side of the box, delivery of 0.1 mL of 15% 
ethanol (wt/wt) and retraction of the taking lever. We chose 
the percentage of the ethanol solution based on the findings 
of Giuliano and colleagues.23 Failure to respond to the lever 
within 10 seconds was considered an omission. Regardless 
of the result, each trial was followed by a 10second inter
trial interval, during which the taking lever was retracted 
and alcohol was not available. Rats were limited to a maxi
mum of 60 rewards for a 30minute training session. After 
they had achieved the performance criterion of at least 
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20 taking responses in 3 consecutive sessions, the animals were 
shifted to the seekingtaking phase of the training. The posi
tion of the taking lever was counterbalanced across animals.

Seeking-taking task
During this task, each trial began with insertion of the seeking 
lever next to the previously assigned taking lever (which re
mained retracted). Pressing on the seeking lever led to the ex
tension of the taking lever after a random interval of 
1–15 seconds. Pressing on the taking lever resulted in presenta
tion of the dipper on the opposite side of the box, delivery of 
0.1 mL of 15% ethanol (wt/wt) and retraction of both levers. 
Each trial was followed by a 10second intertrial interval, dur
ing which both levers were retracted and alcohol was not avail
able. Rats were limited to a maximum of 100 rewards for a 
45minute session. After they had achieved the performance cri
terion of at least 20 taking responses in 3 consecutive sessions, 
the animals were ready for the seekingtakingpunishment task.

Seeing-taking-punishment task
To measure the persistence of seeking behaviour in the face of 
aversive consequences, we used the seekingtakingpunishment 
task. In this paradigm, each trial began as described for the 
seekingtaking task — with the insertion of the seeking lever. 
The seeking lever response resulted in the extension of the 
taking lever after a random interval of 1–15 seconds, or in a 
1 second electric shock (0.10–0.50 mA) administered through a 
grid floor. Each session consisted of 25 trials, of which 8 (30%) 
were punished with foot shock and 17 (70%) were reinforced 
by the delivery of 0.1 mL 15% ethanol after the taking lever re
sponse. When animals were punished after a seeking lever 
response, the taking lever and dipper were not presented, and 
no alcohol was available. The intensity of the shock increased 
gradually over consecutive test sessions according to the fol
lowing pattern: 0.10, 0.20, 0.30, 0.30, 0.40, 0.40, 0.50 and 
0.50 mA. Although punishment occurred randomly in each 
session, never more than 2 consecutive trials resulted in a foot 
shock, and the first trial of the session was always reinforced.

Extinction of alcohol seeking and taking behaviours

After the rats completed seekingtakingpunishment testing, 
they underwent 5 additional seekingtaking tests (baseline). 
They then underwent daily extinction sessions (lasting 
15  minutes), during which the seeking lever response re
sulted in the extension of the taking lever (random interval of 
1–15  seconds), but pressing the taking lever had no pro
grammed consequences, and alcohol was not available. After 
10 seconds of exposure, the lever was retracted and a 10second 
intertrial interval began. After reaching the extinction cri
terion (fewer than 5 seeking responses in 3 consecutive ses
sions), the rats underwent 30 days of alcohol abstinence, dur
ing which they were not tested.

Reinstatement of alcohol seeking and taking

The reinstatement of alcohol seeking after extinction is one of 
the most common animal models for studying relapse and its 

underlying neural mechanisms.24 The rate of operant re
sponding (i.e., reinstatement) on the lever that was associated 
with alcohol delivery is taken as a measure of the animal’s 
urge to obtain alcohol — a model of craving in patients.25 Af
ter the extinction phase and 30 days of abstinence, the rats 
underwent a series of seekingtaking tests to measure how 
quickly they reinstated their alcohol seeking behaviour and 
brought their performance up to the preextinction baseline 
levels. The animals were not alcoholprimed, and apart from 
the context, no specific cue induced the seeking behaviour. 
The animals received responsecontingent alcohol during the 
reinstatement sessions, and they were tested until they 
reached an average number of seeking responses from 5 tests 
that was equal to or higher than the average number of seek
ing responses from their 5 baseline seekingtaking tests.

Experimental schedule

The experimental schedule is summarized in Figure 1. 

Statistical analysis

We analyzed the data using SPSS (version 25.0; SPSS Inc.). 
We verified the normality of the sensitivity to feedback data 
using the Kolmogorov–Smirnov test. We analyzed the data 
for the negative feedback sensitivity screening, 2bottle 
choice, seekingtaking, seekingtakingpunishment and re
instatement tasks using 2way repeatedmeasures analyses of 
variance; the withinsubject factor was test day or session, 
and the betweensubjects factor was feedback sensitivity. 

To analyze the differences between the less sensitive and 
more sensitive groups in terms of average quantity of alcohol 
consumed and number of tests needed to achieve extinction 
and reinstatement criteria, we used t tests or, for nonpara
metric data, Mann–Whitney U tests. For pairwise compari
sons, we adjusted the values using Sidak correction for multi
ple comparisons.26 We also computed a Pearson correlation 
coefficient to assess the relationship between negative feed
back sensitivity and investigated measures of alcohol seeking 
and taking in rats. 

All tests of significance were performed at α = 0.05. We 
tested homogeneity of variance using a Levene test, and for 
repeatedmeasures analyses, we confirmed sphericity using a 
Mauchly test. Data are presented as mean ± standard error of 
the mean.

Results

Probabilistic reversal learning training and testing

All animals fulfilled the probabilistic reversal learning 
training criteria and qualified for the probabilistic reversal 
learning screening. On average, they reached the criteria 
 after 6.8  ± 0.58 probabilistic reversal learning tests. The 
groups that were more or less sensitive to negative feed
back did not differ significantly in terms of the number of 
probabilistic reversal learning tests needed to reach the cri
terion (t18 = 0.338, p = 0.74).
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Negative feedback sensitivity screening

For the animals classified as less sensitive to negative 
feedback, the average proportion of probabilistic lose
shift behaviours after misleading negative feedback 

ranged from 0.358 to 0.532, with an average of 0.453 ± 
0.018. For the animals classified as more sensitive to nega
tive feedback, the average proportion of probabilistic lose
shift behaviours ranged from 0.537 to 0.698, with an aver
age of 0.583 ± 0.015.

Figure 1: The experimental schedule. Initially, we trained and tested the animals in a series of probabilistic reversal learning tests. Based on 
this “negative feedback sensitivity screening,” we classified each rat as more or less sensitive to negative feedback. Then, in the 2-bottle 
choice paradigm, we measured the consumption of alcohol in the animals classified above. In the next step, using the alcohol seeking-taking-
punishment task, we examined the influence of sensitivity to negative feedback on the development of compulsive alcohol seeking behaviour. 
We then measured how trait sensitivity to negative feedback affected the extinction of alcohol seeking and the reinstatement of this behaviour 
after a period of abstinence.

Negative feedback
sensitivity screening

(10 probabilistic reversal 
learning tests)

2-bottle choice

Taking task

Seeking-taking task

Seeking-taking-
punishment task

Seeking-taking
baseline 

Extinction phase

30 days of alcohol
abstinence

Reinstatement of
alcohol seeking and
taking behaviours
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The betweengroup difference in sensitivity to negative 
feedback was stable across the screening period (i.e., no sig
nificant interaction between screening day and sensitivity to 
negative feedback; F9,162 = 0.566, p = 0.82) — a significant 
sensi tivity effect (F1,18 = 31.19, p < 0.001; Figure 2A). The more 
and less sensitive groups did not differ significantly in terms 
of average sensitivity to positive feedback (F1,18 = 1.149, p = 
0.30; Figure 2B) or average number of reversals made during 
the screening tests (F1,18 = 1.984, p = 0.18; Figure 2C).

Induction and assessment of drinking behaviour

During the 18 intermittentaccess 2bottle choice sessions, 
the rats significantly (p < 0.05) increased their alcohol in
take (Figure 3). Average intake in the first session was 3.49 
± 0.58 g/kg per 24 hours, increasing to an average of 4.95 
± 0.41 g/kg per 24 hours in the last session (significant 
main effect of session; F17,221 = 2.774, p < 0.001). We ob
served no significant differences in alcohol consumption 
between the less and more sensitive groups (nonsignifi
cant effect of sensitivity; F1,13 = 0.1661, p = 0.69) and found a 
nonsignificant session × sensitivity interaction (F17,221 = 
1.016, p = 0.44). 

Because only 15 of the 20 rats achieved the criteria for the tak
ing and seekingtaking tasks, we analyzed alcohol consump
tion during the 2bottle choice sessions in only these animals.

Characterization of compulsive alcohol seeking behaviour

In the next step, the animals were trained to associate the 
pressing of the taking lever with alcohol delivery under a 
fixedratio1 schedule of reinforcement.

The number of sessions needed to achieve the taking task 
criterion ranged from 4 to 39, with an average of 16.3 ± 3.9. 
The animals from the less sensitive group reached the taking 
task criterion after 11.9 ± 4.6 sessions; animals from the more 
sensitive group needed 22.8 ± 6.3 sessions. 

The number of sessions needed to achieve the seekingtaking 
task criterion ranged from 4 to 31, with an average of 17.5 ± 1.7. 
To achieve the seekingtaking task criterion, animals from the 
less sensitive group needed 17.6 ± 2.9 sessions, and animals 
from the more sensitive group needed 17.3 ± 0.8 sessions. 

We observed no significant differences between the 
2 groups in terms of number of sessions needed to achieve 
the taking test criterion (U = 17.50, p = 0.24) or the seeking
taking test criteria (t13 = 0.061, p = 0.95).

After the taking and seekingtaking training, the rats 
were tested in the seekingtakingpunishment task. Com
pletion of trials during the seekingtakingpunishment task 
was an indicator of the animals’ persistence in seeking alco
hol in the face of aversive consequences. Twoway repeated
measures analysis of variance revealed a significant sensi
tivity × shock intensity interaction (F7,77 = 3.427, p = 0.003, 

Figure 2: Results of negative feedback sensitivity screening. (A) Average proportion of lose-shift behaviours after misleading unrewarded out-
comes; (B) average proportion of win-stay behaviours after a reward; and (C) average number of reversals in animals classified as less sensi-
tive (open circles, n = 10) and more sensitive (filled circles, n = 10) to negative feedback during the 10 screening probabilistic reversal learning 
tests. Data are presented as the mean ± standard error of the mean.
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and F7,77 = 2.494, p  = 0.023 for seeking responses and com
pleted trials, respectively). 

Two rats (1 less sensitive to negative feedback and 1 more 
sensitive) that showed a significantly different pattern of be
haviour on the seekingtakingpunishment task were ex
cluded from the analysis based on the Grubbs test for out
liers. Because the behaviour of these 2 rats differed only 
during the seekingtakingpunishment tests, their data were 
excluded for those tests only, and included in the analyses for 
other parts of the study. 

As the shock intensity increased from 0.10 to 0.50 mA 
during consecutive sessions, the rats classified as more sen
sitive to negative feedback significantly decreased their 
number of seeking responses (Figure 4A) compared to their 
initial performance (p = 0.012 at 0.4 mA and p < 0.001 at 
0.50 mA) and compared to their less sensitive counterparts 
(p = 0.045 and p = 0.002 at 0.5 mA). We observed similar 
differences between the less and more sensitive groups in 
the number of completed trials (Figure 4B). As the shock 
intensity increased from 0.10 to 0.50 mA over consecutive 
sessions, the rats classified as more sensitive to negative 
feedback significantly lowered their number of completed 
trials compared to their initial performance (p < 0.001 at 
0.5 mA) and compared to their less sensitive counterparts 
(p = 0.035 at 0.5 mA).

Figure 3: Alcohol intake during the intermittent-access 2-bottle choice 
sessions. Average daily alcohol intake (g/kg of body weight) in groups 
of rats classified as less sensitive (open circles, n = 9) and more sen-
sitive (filled circles, n = 6) to negative feedback. Data are presented 
as mean ± standard error of the mean. *Significant (p < 0.05) differ-
ence in average alcohol consumption (for the entire cohort) between 
a given 2-bottle choice session and the first 2-bottle choice session.
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After seekingtakingpunishment testing, all animals 
under went 5 baseline seekingtaking tests before the start of 
the extinction phase. We found no significant differences be
tween groups in the average number of seeking and taking 
responses during the baseline seekingtaking tests (t13 = 0.695, 
p = 0.49, and U = 25, p = 0.84, respectively).

Extinction and reinstatement of alcohol seeking behaviour

The number of sessions needed to achieve the extinction 
criterion ranged from 4 to 20, with an average of 11 ± 1.32. 
All rats extinguished their seeking lever responses, but 
those more sensitive to negative feedback needed signifi
cantly fewer sessions than their less sensitive counterparts 
to cease their seeking behaviour (7.67 ± 1.17  sessions v. 
13.22 ± 1.71 sessions; t13 = 2.39, p = 0.033; Figure 5A and 
i nset).

We assessed the effect of sensitivity to negative feedback 
on the reinstatement of alcohol seeking after a 30day absti
nence interval. Over the course of 10 seekingtaking tests, 
most of the animals (apart from 2 less sensitive rats and 
1 more sensitive rat) reinstated their preextinction baseline 
level of seeking responses. We observed no significant dif
ferences in the number of seeking responses across the re
instatement phase between those less and more sensitive to 
negative feedback (nonsignificant effect of sensitivity; F1,13 = 
0.1928, p = 0.67), and we found a nonsignificant session × 

sensitivity interaction (F9,117 = 0.6824, p = 0.72; Figure 5B). The 
average number of sessions needed to achieve the reinstate
ment criterion was 6.1670 ± 0.5752. The rats from the less 
and more sensitive groups did not differ significantly in the 
number of sessions needed to reinstate the baseline levels of 
seeking responses (U = 13, p = 0.39).

Correlation between negative feedback sensitivity and 
measures of alcohol seeking and taking

We computed a Pearson correlation coefficient to assess 
the relationship between negative feedback sensitivity 
and measures of alcohol seeking and taking in rats. We 
found a negative correlation between negative feedback 
sensitivity and the log number of seeking responses dur
ing the seekingtakingpunishment task at 0.30 mA (r13 = 
−0.6576, p = 0.015) and in both 0.50 mA trials (r13 = 
−0.6701, p = 0.012; r13 = −0.7043, p = 0.007). We also found 
a trend toward statistical significance for the negative cor
relation between negative feedback sensitivity and num
ber of seeking responses during the trial of the extinction 
criterion (r13 = −0.4878, p = 0.06). The analysis revealed no 
significant correlations between sensitivity to negative 
feedback and other investigated measures of alcohol seek
ing and taking. Findings are presented in Appendix 1, 
 Table S1, available at www.jpn.ca/lookup/doi/10.1503/
jpn.210220/tabrelatedcontent.

Figure 5: The effects of trait sensitivity to negative feedback on the length of extinction and reinstatement of compulsive alcohol seeking in rats. 
(A) After the punishment tests, the rats underwent 5 baseline seeking-taking tests and then underwent the extinction phase, during which seek-
ing responses did not result in alcohol delivery. All rats extinguished their seeking lever responses, but animals more sensitive to negative feed-
back (filled circles, n = 6) needed significantly fewer sessions to cease their seeking behaviour than their less sensitive counterparts (open cir-
cles, n = 9; inset). *Significant (p < 0.05) difference between the more sensitive and less sensitive groups. (B) After a 30-day abstinence interval, 
rats from the less sensitive (open circles, n = 9) and more sensitive (filled circles, n = 6) groups underwent 10 seeking-taking tests to measure 
how quickly they reinstated their baseline level of alcohol seeking responses. Data are presented as mean ± standard error of the mean.
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Discussion

The results of the present study demonstrated that trait sensi
tivity to negative feedback predicts the vulnerability of rats to 
the development of compulsive alcohol seeking and consump
tion in a situation when these behaviours are punished. Our 
findings also showed significant differences between animals 
classified as less and more sensitive to negative feedback in 
their propensity to extinguish alcohol seeking behaviours after 
the termination of alcohol availability. Finally, our findings 
complement the existing literature, proving that the develop
ment of compulsive alcohol seeking and taking behaviours in 
Sprague Dawley rats can be achieved with intermittent free 
access and instrumental alcohol drinking paradigms.

Apart from excessive drinking to the point of intoxication, 
people addicted to alcohol also devote much time and effort 
to compulsively seeking alcohol, in spite of the consequences. 
Although several preclinical studies have reported on pro
cedures mimicking the persistence of alcohol consumption in 
the face of aversive consequences,27–29 none of them directly 
addressed the compulsive nature of alcohol seeking, which 
occurs before drinking and is mechanistically dissociable 
from the acute intoxicating effects of the drug. 

A breakthrough occurred in 2015, together with the devel
opment of a behavioural procedure allowing for the temporal 
separation of seeking and taking instrumental responses for 
alcohol. In their study, Giuliano and colleagues30 introduced 
a new behavioural paradigm allowing for the abovementioned 
separation and demonstrated for the first time that in rats, a 
propensity to consume and spontaneously prefer alcohol is 
dissociable from the propensity to compulsively seek it. This 
observation suggested that in rats, individual vulnerability to 
compulsive seeking of alcohol may depend on cognitive 
mechanisms other than a simple preference. 

The experiments in the present study have confirmed the 
above assumption. Although all rats displayed similar in
itial alcohol consumption, those with lower sensitivity to 
negative feedback were more vulnerable to compulsive al
cohol seeking than their more sensitive counterparts. This 
increased vulnerability was demonstrated by their weaker 
reaction to the unpredictable punishment of seeking re
sponses (i.e., foot shock intensity increasing from 0.1 to 
0.5 mA over repeated sessions) and their prolonged extinc
tion of instrumental alcohol seeking responses when alcohol 
was no longer available. 

In contrast, rats classified as being more sensitive to nega
tive feedback progressively decreased their alcohol seeking, 
significantly reducing it at shock intensities of 0.4 to 0.5 mA, 
and they needed significantly fewer alcoholfree instrumental 
sessions to extinguish their alcohol seeking behaviours. These 
intuitive results were in line with studies in humans showing 
that individuals with a high sensitivity to adverse outcomes 
tend to use less alcohol than those who are less sensitive.31 
Our results were also consistent with those of studies in stu
dents; among those who drank heavily and received an in
fraction for their alcohol use, those with a higher sensitivity 
to punishment were more likely to reduce their drinking.32 To 
the best of our knowledge, this is the first direct evidence that 

in an animal model of alcohol dependence, sensitivity to neg
ative feedback interacts with the development of compulsive 
intake of alcohol.

Although further studies are needed to directly pinpoint 
the neurobiological correlates of the interaction we observed, 
our results may be at least partially explained using the 
framework of psychobiological models of motivation, re
inforcement sensitivity theory being one of the most influen
tial.33,34 According to these models, input from the basal gan
glia, mesolimbic dopamine projections from the ventral 
tegmental area to the ventral striatum, the nucleus accum
bens, and mesocortical dopamine projections to the prefron
tal cortex (constituting the neural circuit of the behavioural 
activation system) mediate the rewarding effects of alcohol 
and the reactions associated with seeking it. In turn, differ
ences in sensitivity to negative feedback, which interacts with 
compulsive alcohol seeking, could account for differences in 
the activity of the behavioural inhibition and fightflight
freeze systems, which are neuroanatomically bound to the 
septohippocampal system, periaqueductal grey matter, me
dial hypothalamus, amygdala, cingulate cortex, and dorsal 
and ventral prefrontal cortices.35

Limitations

Based on the data from the present study, we could not un
equivocally infer whether the differences in the length of ex
tinction of alcohol seeking were parallel or secondary to the 
differences in persistent drinking despite negative conse
quences, but this secondlevel validation confirms the role 
of trait sensitivity to negative feedback in the development 
of compulsive alcohol consumption. Because the extinction 
was based on a lack of reward, the results from this phase 
also exclude the unlikely possibility that the differences we 
observed in the seekingtakingpunishment task could have 
resulted from the various sensitivities to electric foot shocks.

In contrast to previous studies,23,30 the present study used 
an outbred Sprague Dawley strain rather than inbred, alcohol
preferring rats. This strain has been reported to demonstrate 
moderate alcohol consumption in the intermittentaccess 
2bottle choice paradigm (reviewed by Carnicella and col
leagues22), and to our knowledge, it has never been tested 
with the ISOCSAR task. The use of a strain without a genetic 
predisposition to alcohol preference demonstrated naturally 
occurring differences in alcohol consumption, but also ac
counted for the fact that almost a quarter of the tested ani
mals failed to meet task criteria. The fact that most of the ex
cluded rats came from the more sensitive group lent strength 
to the results of our experiments, suggesting that a high sen
sitivity to negative feedback could be associated with a gen
erally weaker vulnerability to the effects of alcohol. However, 
this concept calls for further investigation.

Several other issues should be investigated further. The find
ings from our study did not answer the question of whether in
dividual differences in sensitivity to negative feedback have a 
genetic basis, develop in response to postnatal experiences, or 
both. We also do not know whether a similar difference in 
sensi tivity to negative feedback could be observed in females, 
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or the relationship between sensitivity to negative feedback and 
social hierarchy. Finally, considering the caloric value of alco
hol, we do not know if food restriction affected alcohol con
sumption in rats. Although alcohol has a fairly high caloric 
value, these are socalled “empty calories” with no hunger
quenching potential, and the literature suggests mixed effects: a 
2001 study found that alcohol decreases the level of leptin, a 
hormone involved in the regulation of energy balance by inhib
iting hunger,36 but in 2005, Calissendorff and colleagues37 found 
that alcohol inhibits appetitestimulating ghrelin secretion.

Conclusion

Using multiple, consecutive probabilistic reversal learning 
tests, we confirmed our previous observation that sensitivity 
to negative feedback in rats is a stable and enduring behav
ioural trait. We also showed that this trait may determine the 
rats’ vulnerability to the development of compulsive alcohol 
seeking, maintained despite the risk of punishment. Trait 
sensitivity to negative feedback was also associated with a 
better ability to cease alcohol seeking behaviour when it was 
no longer available. Our results call for further investigation 
of the neurobiological mechanisms involved. Future studies 
should also determine whether trait sensitivity to negative 
feedback interacts with molecular and physiologic correlates 
of compulsive alcohol intake. Finally, it is possible that nega
tive feedback sensitivity screening could be used to evaluate 
individual differences in response to the therapeutic effects of 
drugs used in alcohol use disorder.
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