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[bookmark: _Toc386111071]Summary
[bookmark: _Toc386111072]Alcohol addiction is a severe disease with many consequences for the addicted one as well as consequences for the society. Therapeutic options for alcoholism are limited in number and efficacy, but recent studies show that cognitive therapy, focused on the attentional bias for drug-related cues, may be beneficial for alcoholism as it is for other psychiatric disorders such as anxiety disorders. Attentional bias for drug-related cues is a phenomenon that is seen in addicted persons and it is thought to play an important role in the development and the maintenance of an alcohol addiction. Apart from the therapeutic benefits of attentional bias training, more understanding of the biological basis of attentional bias may also help to improve the treatment of an alcohol addiction. In this study, the main aim is to determine whether there is an attentional bias for alcohol-related cues in animals as well. For this purpose, we have used Lister Hooded rats that have previously shown to display marked individual differences in alcohol intake and allow the identification of high and low alcohol drinking phenotypes. In addition to this main aim, we also sought to determine whether high and low alcohol drinking phenotypes may correlate with anxiety-like behavior and the working memory capacity prior to exposure to alcohol as these factors are known to co-exist with human alcoholism. A so-called Intermittent-every-other-day two-bottle choice paradigm was used to allow the animals to consume and alcohol and determine which animals develop a low, medium or high alcohol drinking phenotype. Next to the alcohol animals, we trained a water group parallel as well and these rats received two bottles with water. After this paradigm, all the animals were trained in a Skinner Box for the attentional bias test. 
We found a significant relation between working memory and alcohol intake in our rats. The high drinking rats had a lower working memory compared to the low drinking group (p= 0,024) and the medium drinking group (p=0,002) prior to their first exposure to alcohol. No significant differences were observed for anxiety-like behavior and general activity between the alcohol drinking subgroups. The attentional bias training showed more difficult for the animals than expected. The animals did not discriminate between a tone and a no tone signal. After retraining the animals on a no tone condition, with inclusion of punishment time-outs upon an erroneous response and a 5 s interval prior to lever presentation and subsequent introduction of tone trials however the animals are now starting to acquire the task. The final results of this part of the study will however not be included in this report.
In conclusion, high drinking rats, in their alcohol-naïve state, have a lower working memory capacity compared to low drinking rats and medium drinking rats. Working memory capacity may therefore be considered a predictive factor for later alcohol consumption. Moreover, we have made important progress in the development of a rat attentional bias task. 







Samenvatting
Alcohol verslaving is een ernstige ziekte die veel negatieve consequenties met zich mee kan brengen voor zowel de verslaafde, als voor de maatschappij. Er zijn maar weinig effectieve therapieën voor alcoholisme, maar recente studies hebben laten zien dat cognitieve therapie, speciaal gericht op de aandachtsvoorkeur voor alcohol-gerelateerde stimuli, mogelijk een positief effect heeft bij alcoholisme, net zoals cognitieve therapie dit heeft bij andere psychische aandoeningen zoals angststoornissen. Een aandachtsvoorkeur voor druggerelateerde stimuli is een opmerkelijk fenomeen dat wordt gezien in personen met een verslaving en het lijkt een zeer belangrijke rol te spelen in het ontstaan en het onderhouden van de verslaving. Naast de therapeutische voordelen die de cognitieve therapie op kan leveren, kan het ook waardevol zijn om meer te weten over de neurobiologische basis van de aandachtsvoorkeur om de behandeling van een alcoholverslaving te verbeteren. Deze studie richt zich met name op de vraag of er een dergelijke aandachtsvoorkeur voor alcohol-gerelateerde stimuli zich ook bij dieren voordoet en om dit te bestuderen hebben wij gebruik gemaakt van Lister Hooded ratten. Deze ratten hebben in eerdere studies laten zien dat zij opmerkelijke individuele verschillen laten zien in hun alcohol inname, zodanig dat de identificatie van hoog en laag drinkende fenotypen te onderscheiden is in deze ratten. Aanvullend op deze studie, hebben wij onderzocht of hoog en laag drinkende fenotypen correleren met angst-gerelateerd gedrag en werkgeheugen, nog voordat de ratten blootgesteld zijn aan alcohol. Dit omdat humaan bekend is dat deze factoren samen met een alcohol verslaving kunnen voorkomen. Een zogenaamde Intermittent-every-other-day two-bottle choice paradigm is gebruikt om de dieren de gelegenheid te geven om alcohol te consumeren en zo hoog, medium en laag drinkende fenotypen te kunnen onderscheiden. Naast de alcohol dieren, trainden wij een watergroep parallel mee, alleen zij kregen twee waterflessen. Na het toepassen van dit paradigma werden alle dieren getraind voor de test voor de aandachtsvoorkeur in de Skinnerboxen. 
Een significante relatie is gevonden tussen werkgeheugen en alcohol inname in onze ratten. De hoog drinkende ratten hebben een lager werkgeheugen capaciteit vergeleken met de laag drinkende groep (p= 0,024) en de medium drinkende groep (p= 0,002) nog voordat de ratten ooit alcohol tot hun beschikking hebben gehad. Er zijn geen significante verschillen geobserveerd voor angst-gerelateerd gedrag en gemiddelde activiteit tussen de alcohol drinkende subgroepen. De training voor de aandachtsvoorkeur-test kostte de dieren meer moeite dan we van tevoren hadden verwacht. De dieren leerde niet discrimineren tussen een toon en geen-toon signaal. Na hertraining van de dieren op een geen-toon conditie, met als aanvulling een time-out straf bij een foute respons en een 5 seconde interval voordat de pedaaltjes werden gepresenteerd en waarbij de toon sessies langzaam weer werden geïntroduceerd, lijken de dieren het principe uiteindelijk toch te leren. De uiteindelijke resultaten van dit gedeelte van deze studie zal helaas niet in dit verslag worden vermeld. 
De conclusie van deze studie is, dat de hoog drinkende ratten een lager werkgeheugen capaciteit hebben vergeleken met laag drinkende ratten. Werkgeheugen capaciteit zou om deze reden wellicht gezien kunnen worden als een voorspellende factor voor latere alcohol consumptie. Tot slot hebben wij in deze studie een belangrijke progressie gemaakt in het ontwikkelen van een aandachtsvoorkeur-taak voor ratten. 
[bookmark: _Toc386111073]Introduction
Alcohol is a product that is accepted in many countries worldwide to be consumed from a certain age. The consumption of alcohol can be experienced as relaxing and positive for the state of mind by the consumer especially when the consumer is in a social environment when consuming the alcohol. In contrast to these well-known an characterized positive rewarding effects of alcohol, the use of alcohol also poses serious health risks and contributes to enormous amounts of deaths, injuries and diseases(1,2). Alcohol use poses a risk for the development of alcohol dependence, they have a higher risk to develop diseases such as liver cirrhosis and cancer and they can be a deathly danger for others, for example due to aggressive behavior or intoxicated driving. The World Health Organization estimated that there are approximately 2.5 million deaths each year because of alcohol abuse. This means that a close 4% of all deaths worldwide is attributable to alcohol abuse. This is, in contrast, a higher amount then deaths attributed to HIV, violence or tuberculosis (2). Disruption of the development of a foetus during a pregnancy is another example of harm that can be caused by alcohol abuse (2). 
Taken together, alcohol abuse can lead to alcohol dependency. The question that arises is, when do we speak about an alcohol addiction? The Diagnostic and Statistical Manual of Mental Disorders (DSM) is a well-known and widely used book, which present a standard list of criteria to classify mental disorders, including alcohol dependency(3). This classification method is used worldwide and the most recent list of standard criteria is the list of the fifth edition of the book, the DSM-5:
· Failure to fulfill major obligations at work, school, home
· Frequent use of substances in situations in which it is physically hazardous
· Continued use despite persistent social or interpersonal problems
· Tolerance
· Withdrawal symptoms or substance use to avoid withdrawal symptoms
· Use of a substance in larger amounts or over a longer period than intended
· Persistent desire or unsuccessful efforts to cut down or control substance use
· Large amount of time spent in obtaining, using or recovering from the substance
· Reduction of social, occupational or recreational activities due to substance use
· Use of substances despite physical or psychological consequences
· Craving for the substance
The classification creates three groups: mild (2 criteria), moderate (4 criteria) and severe (6 or more criteria). This list of criteria and classification can be used for multiple substances(3). 
Next to the DSM manual, the International Classification of Diseases (ICD) published by the World Health Organisation (WHO) is another manual that is used to classify diseases, but in this study, the focus is on the DSM-5 criteria.  
A report of the Trimbos-Institute of the Netherlands shows that in the Netherlands approximately 0,3-1,2 percent of the population, in the age of 18-64 years old, suffer from an alcohol addiction in the years of 2007-2009(1). In the year of 2010 a close 36.000 people were registered for addiction care in the Netherlands and unfortunately, this number is more than one and a have times bigger compared to 2001(1). Clearly, alcohol addiction poses a major financial burden to our society. 
One of the major challenges in treatment of alcohol addiction is the high rate of relapse, i.e. the propensity to resume alcohol consumption in protracted abstinence. And a more effective treatment for alcohol dependence has yet to be found, even though there is a lot of research ongoing about treatment and preventing of alcohol addiction. During the past 5-10 years researchers have started to consider more the cognitive aspects of alcohol addiction, including impulsivity but also attentional processes. Noteworthy, these studies have shown that alcoholics and heavy alcohol drinkers develop an attentional bias (AB) for alcohol-related cues in alcoholics. An AB is a selective and mostly involuntary attention for drug-related cues, and it is thought that the AB contributes to the development and the maintenance of the addiction(4-7). There are suggestions made about the neurobiological mechanisms underlying the development of an AB. Two mechanisms are thought to be involved in the development of an AB: classical conditioning, also known as Pavlovian conditioning or respondent conditioning, and incentive sensitization(7). The classical conditioning theory in substance use can be described as follow: the Unconditioned Stimulus (US) is the substance of use which trigger an Unconditioned Response (UR), for example drug craving or drug seeking behavior. After a certain time the US can become associated with an environmental cue (for example, a beer/wine glass, an bottle opener etc. ) which act as the Conditioned Stimulus (CS) and this CS triggers the Conditioned Response (CR) which is the same as the UR(7). As a result, the attention of an alcohol dependent person is more likely to focus on the CS, rather, then to redirect their attention from the CS(7). This could probably be a reason why it is so hard for an alcohol dependent person to stop drinking or prevent relapse. 
The incentive sensitization theory of addiction is based on the thought that neuro-adaptations are induced by repeated use of substances, especially changes in the dopamine neurotransmission. In response of the consumption of alcohol, dopaminergic responses occur and these responses become sensitized trough repeated administration, which means in the case of alcohol abuse that the dopamine responses become progressively larger (7). As a result of this sensitization, the alcohol acquire a greater value for the person who is using the substance, which leads to a higher attention towards alcohol-related stimuli and the motivation to give in to the alcohol-related stimuli is higher as well(7). Moreover, the prefrontal cortex seems to play a role in the development of an AB as well, which will be discussed later in this report.  
To study this paradigm of AB in humans, several methods are used, for example the alcohol Stroop task and the Visual Probe task(5). The alcohol Stroop task consists of a target stimulus, which is the color of a textual word, and a distracter stimulus, which is the meaning of a word. The participant is instructed to name the color of the textual word as fast as possible by pressing on a corresponding key on the keyboard. The thought behind this task is that whenever there is a word which has a great value for a person, for example the word ‘Whiskey’ for an alcohol addicted person, that the time that the person can name the color of the word is slower compared to a word that has a neutral meaning, which is termed the Stroop effect or interference(6). A variation on this task is the pictorial Stroop task in which the word is replaced for a picture that is surrounded by a color. Comparable to the textual task, the picture functions as the distracter stimulus, and the color surrounding the picture functions as the target stimulus. Again, the participant is told to press a key on the keyboard that is corresponding to the target stimulus, which is the color surrounding the picture. Alcoholics are expected to react slower whenever they are exposed to an alcohol-related picture, compared to the exposure to a non-alcoholic beverage, which is called the Stroop efffect. The Stroop effect is related to an AB for some words that are related to a certain topic which has a great value for that person and it appeared indeed that heavy social drinkers and alcoholics showed a greater Stroop effect, and therefore a stronger AB, compared to the lighter social drinkers(5,6). The Visual Probe task is another task which is used to study the AB in alcohol dependency as described in Van Deursen et al.(8) In the Visual Probe task, two pictures are presented next to each other on a screen for 500 ms. This will be an alcohol-related picture and a picture of a non-alcoholic beverage. When the pictures are presented for 500 ms, the pictures disappear and a small arrow will appear at a set location of one of the pictures pointing up or down. The participants are instructed to react in the direction of the arrow, by pressing on the matching arrow key on the keyboard. Alcoholics are expected to react faster whenever an arrow in the location of the alcohol-related picture and this is related to an AB for alcohol. AB for alcohol is calculated by subtracting the response time in alcohol trials compared to non-alcohol trials(8). Comparable to the alcohol Stroop task, heavy drinkers show a stronger AB compared to lighter drinkers. The neurobiological mechanisms of the development of an AB for drug cues are currently unknown and research to disentangle these mechanism is hampered by the complex nature of attentional processing. What has been shown is that AB contributes to the sustenance of alcohol addiction because, whenever subjects receive cognitive training to reduce the AB to alcohol related cues, the subjects show a decrease in relapse(4,9,10), suggesting that this cognitive therapy aimed at reducing the AB for alcohol-related cues can be very useful in the treatment of an alcohol addiction. Whether this cognitive therapy alone is sufficient to treat an alcohol addiction has yet to be determined, because all studies were done in addition to the normal basic treatment of an alcohol addiction, which consists of cognitive therapy, mainly focusing on the motivation to stop with the consumption of alcohol, group therapy and medication. 
Related to these findings, there are also indications that there is a relation between working memory (WM) or short term memory and the degree of development of an AB for alcohol-related cues as found in a study of Grenard, et al (11). The prefrontal cortex (PFC), especially the dorsolateral prefrontal cortex (DLPFC), seems to play the leading role in working memory (WM)(12). Subjects with a lower WM seem to be more likely to develop a strong AB for alcohol-related cues. It has been suggested that a lower working memory capacity (WMC) may serve as a predictor for alcohol use in humans(13,14). Nevertheless, in alcohol addicted persons it is hard to determine, whether the WMC was low already before the alcohol addiction started-,or whether it was affected as a result of (long-term) alcohol consumption.  
In addition, the hypothesis that alcohol can have an anxiolytic effect is well-established and many studies have taken place to prove this hypothesis(15). Alcohol has an effect on the glutaminergic, GABAergic and dopaminergic systems(15). GABA the main inhibitory neurotransmitters in the brain and alcohol has similar behavioral effects as benzodiazepines: it reduces anxiety, produces sedation, has anticonvulsant actions and produces tolerance or addiction(15). It is well known that alcohol dependence and anxiety disorders are co-morbid disorders, that is they often occur in the same person(16), however, it is not always clear whether the high level of anxiety is due to the excessive alcohol consumption or whether it already existed before the alcohol addiction started. In addition, animal models also show an association between alcohol intake and anxiety, for example in selectively bred alcohol-preferring (P) and alcohol-nonpreferring (NP) rat lines as described by Steward et al.(17). The P rats, who showed a higher preference for alcohol, showed higher levels of anxiety-like behavior when they were tested in three different tests (operant approach-avoidance conflict test, the elevated plus maze and the passive avoidance task) compared to the NP rats, suggesting that the P rats are chronically anxious when they are not under the influence of alcohol and that they are more sensitive to the anxiolytic effects of alcohol compared to the NP rats(17). The P rats show high seeking behavior towards alcohol as well and McBride et al. (18) suggested that abnormalities in serotonin, dopamine and GABA systems in the central nervous system of these rats may be the underlying mechanism responsible for the high seeking behavior towards alcohol(18). To determine the level of anxiety-like behavior our Lister Hooded rats, prior to exposure to alcohol, we used both the Open Field Test (OFT) and the Elevated Plus Maze (EPM). We compared the level of anxiety-like behavior with later individual alcohol consumption. Both the OFT and the EPM are well known and validated tests to determine anxiety-like behavior in rodents, which are based on the natural aversion for open spaces that rodents exhibit(19). 
[bookmark: _Toc386111074]Central in the project is the described attentional bias for alcohol, the underlying biological mechanisms of which are not fully understood yet. Many human studies have been done, but little is known about the consequences of alcohol use on the development of an attentional bias-like phenomenon in animals. An animal model for AB could help to gain more insight into the neurobiological mechanisms that underlie the development of AB. Therefore, to start to address this, the main aim of this study is to determine whether Lister Hooded rats develop an AB towards alcohol-associated cues after a period of alcohol consumption in the home cage. In addition, this study also addresses the relation between WM and alcohol consumption in rats as well as the relation between anxiety-like behavior and alcohol consumption. The overall hypothesis in this study is that high drinking rats have a stronger AB for alcohol related cues compared to low drinking rats and that the high drinking rats have a lower WMC and a higher level of anxiety-like behavior compared to low drinking rats. In this study, an outbred rat strain (Lister Hooded) is used because this strain in known for its high cognitive capacity level of individual variation. Recent studies in our group have shown that Lister Hooded rats display marked individual variation in alcohol intake in the so-called Intermittent-every-other-day two-bottle choice task (which will be described later) and that with this paradigm high, medium and low alcohol drinking rats can be identified confirming the suitability of this strain of rats to study individual differences in alcohol consumption(20,21,22). Therefore, this model of alcohol consumption can serve as a very important tool in alcohol research. 












Materials and Methods
[bookmark: _Toc386111075]Animals
[image: http://www.pbase.com/image/25430788/medium.jpg]The studies were performed with Lister Hooded male rats outbred strain purchased from Charles River Laboratories International Incorporations. The animals arrived in our facility at the age of 7 weeks when they had a weight between 201-225 gram. The animals were individually housed in standard cages with ad libitum access to water and food in a standard laboratory climate with a reversed day-night schedule (light 7pm-7am, dark 7am-7pm). After three weeks of acclimatization the first behavioral tests took place. The testing took place between 09.00am and 17.00pm. All experimental procedures received approval by the Animal Ethics Committee of Utrecht University and were conducted in agreement with the Dutch laws (Wet op de Dierproeven, 1996) and European regulations (Guideline 86/609/EEC).  www.thereeftank.com

[bookmark: _Toc386111076]Behavior tests
[bookmark: _Toc386111077]Open Field Test
To test the level of anxiety-like behavior we used the open field test (OFT). For the OFT a rectangular gray PVC box (gray plastic) is used (100cm x 50cm). On the surface area, squares (20cm x 20cm) were drawn to create the possibility to calculate the locomotor activity of the animal during the testing time. A camera was installed right above the OF and the behavior was videotaped for later analysis. The rats were not previously been placed into an environment like the open field before and therefore the task measured novelty-induced exploratory behavior. The rats were tested in a pseudo-random order and all the rats were tested in the OFT on the same day for ten minutes per rat. All animals were placed at the same starting point. The total time spent in the inner area of the OF (70cm X 30cm) and the total time spent in the outer area of the OF were measured with the help of the video tracking software Ethovision. 
[bookmark: _Toc386111078]Modified Hole Board
After the OFT the rats were tested in the modified Hole Board. The modified Hole Board (mHB) is used as spatial learning task for animals in many studies(23-25). In addition, the mHB may also be used to assess working memory and reference memory. The mHB consisted of the same grey PVC box (100cm x 50cm) that was used in the OFT, but was now equipped with in the middle of the box a setup where 20 cylinders were placed in three rows (fig. 1). Similar to the OFT, on the surface area, squares (20cm x 20cm) were drawn to create the possibility to calculate the locomotor activity of the animal during the testing time. A camera was installed right above the mHB and all behavior was recorded for further analysis later and a trained observer sat on the side of the setup to score the behavioral parameters live with the help of the computer program The Observer 5.0. A set of parameters was scored and these parameters were classified in different behavioral classes based on the studies of Ohl et al(26):
1. Indicators of directed exploration: the latency to the first hole visit and the total number of holes visited. 
2. Indicators for anxiety-like behavior: the latency to first board entry, the number of entries on the board, the percentage of time spent on the board. 
3. Indicator for risk assessment behavior: stretched attends.
4. Indicator for arousal: the latency to the first self-grooming, the total time spent self-grooming, the number of feces droppings, urinations and the total time of immobility. 
5. Indicator of general exploration: number of rearings.
6. Indicator of locomotor activity: number of lines crossed. 
7. Parameters for cognitive performance: the number of visits to baited holes, number of visits to non-baited holes, number of re-visits to baited holes and the latency to retrieve all three rewards. 
At first the floors of all the cylinders were flavored with a vanilla solution solved in water (0,02%) to attract the animals towards the cylinders. Pieces of almond (0,02-0,04 gram) were used as the reward in this test. For habituation, four days prior to the first trial of testing the animals received a piece of almond in the home cage. For the actual mHB test, only 3 cylinders were baited with a retrievable almond piece that was placed on top of a metal grid, these cylinders are called the baited holes and they were marked with a white ring. The rest of the cylinders contained a piece of almond covered with a metal grid so that it was non-retrievable and are called the non-baited holes.   
Three days after the open field test the first group of animals were tested in the mHB. The entire batch was divided in half for the mHB, because of time technical and feasibility issues. The two groups were tested one week apart. The animals were tested for 4 consecutive days between 9 am and 5 pm, during the active phase of the animal for a maximum of 5 minutes per trial. On the first day (D1) of testing the animals were tested in the mHB for 3 trials and the other days (D2-D4) the animals were exposed to 4 trials per day. On D1-D3 the baited holes remained the same (fig. 1). On D4 a cue switch was introduced (fig. 2b). After every trail the mHB was cleaned with a damp tissues and tap water. 
WM was calculated as followed: WM = visits baited / (visits + revisits baited). The higher the outtcome means relatively few revisits baited and so better working memory. Reference memory (RM) was calculated as followed: RM = visits baited  / total visits (baited + non-baited). The higher the outcome means relatively few revisits and non-baited visits and better reference memory.
[image: ]
Figure 2: a) The setup of the modified hole board D1-D3.  b) cue switch D4.
[bookmark: _Toc386111079]
Elevated Plus Maze
After the mHB the rats were tested in the EPM. The EPM is a rodent test that is used to investigate the level of anxiety-like beahvior in rodents(27). The EPM consists of two opposing open arms and two closed arms (50 cm each)(fig. 2). The maze was elevated to a height of 80 cm. All the trials were recorded for later analysis using a video camera. The total amount of open arm entries and closed arm entries were counted with the help of the computer program The observer 5.0. 
 [image: ]
Figure 3: The setup of the Elevated Plus Maze. Note that the maze is elevated to a height of 80 cm. 
[bookmark: _Toc386111080]Intermittent-every-other-day Paradigm
Following the behavior tests, the animals were divided in a water group (N=11) and an alcohol group (N=33), based on their working memory that had to be significantly comparable between the groups, and they were allowed to consume alcohol (or water) in a so-called Intermittent-every-other-day two-bottle choice paradigm(28,29). Using this paradigm, several groups including our own have shown that rats consume high levels of alcohol without any pretraining, sucrose fading and so on. Briefly, on Monday, Wednesday and Friday, the normal water bottles were removed and replaced by an alcohol bottle filled with 20% EtOH (v/v) diluted in tap water and a water bottle filled with tap water for 7 hours per session. The water group received two water bottles, but were otherwise treated similar as the alcohol group. Per rat the bottles were visually identical and the nipples were identical as well. Before the bottles were places on the cages, they were weighed and after the sessions they were weighed again to measure the alcohol and water intake per rat each session. The rats were weighted once a week and the bodyweight measurements were used to calculate the alcohol intake in gram per kilogram. Once a week the the bottles were cleaned and the solutions (alcohol and water) were refreshed. After four weeks the sessions continued for another four weeks, but then the sessions were extended to 24 hour sessions. After the 8 weeks of the intermittent-every-other-day access to alcohol the 33 rats of the alcohol group were divided into three subgroups: high drinkers, medium drinkers and low drinkers based on their alcohol consumption in gram per kilogram as is described in the results.  
[bookmark: _Toc386111081]Training schedule for Attentional Bias
Skinner boxes equipped with MedPC software were used to train the animals for the final Attentional Bias test. The operant chambers contained a house light, a fan, two levers, two lights, a tone generator and a food dispenser filled with sucrose pellets. The number of lever presses, rewards obtained and latencies to press either lever or retrieve the reward were recorded. An overview of what the animals had to learn and why they had to learn that is given first, followed by the detailed description of the training:
1. The animals had to learn to associate one lever with a tone and the other lever with no tone and each correct lever press was rewarded with a sucrose pellet.
2. Then the animals had to learn to associate a steady light with the availability of water and a flashy light with the availability of alcohol. 
3. Finally, these cues were combined in one session, for example, a flashy light went on above the right lever, but the tone cue says that the animal needs to respond on the left lever in order to gain a reward. The hypothesis is, that the flashy light (associated with alcohol) has a greater value for the high drinking animals, than it has for the low drinking animals and therefore, the high drinkers will be more confused by this combination of cues which can be measured in a longer latency to respond in the high drinking animals compared to a shorter latency to respond in the low drinking group.  
Detailed description of the training procedure: 
1. Food restriction was started one day before the first trainings session. The rats received 5 gram food per 100 gram rat per day. This in order to ensure that the rats gained the highest motivation in order to work for sucrose pellets.
2. The rats were shaped for 2 days to ensure they know about the availability of sucrose in 15 minute sessions. This included a Fixed Ratio (FR1) schedule with a variable interval. A maximum of 45 sucrose pellets were supplied during these sessions. The rats were exposed to one session a day. 
3. 2 days of operant conditioning the left lever was combined with a tone for rats trained in  boxes 1, 3, 5 and 7. For box 2, 4, 6 and 8 the right lever was combined with a tone to counterbalance for side bias. In this setting, a trial started when the house light turned on, the tone was presented and the lever came out. Whenever the rat pushed the correct lever, the lever pulled back, a sucrose pellet was provided and 5 seconds after retrieval of the pellet (measured by a nose poke into the food receptacle), the trial ended so the house light turned off for 10 seconds and after those 10 seconds a new trial started. During the whole attentional bias training, the tones were divided over the boxes as described above, no changes were made. 
4. After 1 or 2 days of operant conditioning with the tone condition, the opposite lever was now coupled with no tone trials (right lever combined with a no tone for boxes 1, 3, 5 and 7 and the left lever for boxes 2, 4, 6 and 8). The further settings were the same as in step number 3 for the tone trials. During the whole attentional bias training, the no tones were divided over the boxes as described above, no changes were made.  
5. After two days of operant conditioning with tone trials or no tone trials in the same session, the rats were now trained in sessions were tone and no tone trials were intermingled, based on Sederholm et al(34). In these sessions, the trial started as before, so with the house light that turned on, followed by both levers that appeared combined with a tone or no tone. After a good response, the levers pulled back, a sucrose pellet was supplied and whenever the rat made a head dip to gain the reward, the house light turned off for 10 seconds and after those 10 seconds a new trial started. The first 17 trials were tone trials, the other 33 trials were in 25% no tone trials and in 75% tone trials, so there were 50 trials in total. 
6. Subsequently, the rats were exposed to two days of operant conditioning with tone trials and no tone trials in the same session with the same setup used as in step 5, but the difference was that the 33 last trials were in 50% tone trials and in 50% no tone trials. 
7.  Thereafter (8-10 days of operant conditioning) the rats were trained in sessions where tone trials and no tone trials were provided in a randomized order (50% tone, 50% no tone).  
8. After this training period, there was not really a good progression, so we decided to introduce a punishment in the training in an attempt to accelerate the learning process. Whenever the animals pressed the wrong lever, the levers where retreated and no reward could be achieved during the trail and the animals had to wait for the next trial in order to gain rewards again.
9. Unfortunately, the rats still didn’t learn the task so well, so we decided to take a step back into the training and changed the training strategy. We gave the rats sessions with only no tone trials until the responding was at least 90% correct. There was a 5 seconds delay introduced before the levers came out and all the trials of all the boxed got a fixed trial time, so all the trials in the boxes started on the same time. Moreover, the trials were all synchronized across the eight boxes. These changes were introduced so that whenever we decided to introduce to tone trials again, the rats would hear the tone for 5 seconds prior the presentation of the levers. Moreover, all the boxes would then produce the tone at the same time, to prevent interference between the boxes during the tone trials. The punishment was maintained as well. 
10. We recently started to reintroduce the tone in the sessions described under 9. Initially the animals responded with 95-100% erroneous responding in the tone trials, but after a single reminder session for the tone (5 trials tone and single correct lever, followed by 10 trials with tone and two levers, followed again by 5 trials with a single lever and so on) the rats now appear to pick up on the dissociation between tone and no tone trials. 

[bookmark: _Toc386111082]Statistics
[bookmark: _Toc386111083]Statistical analysis was performed using IBM SPSS Predictive Analytics-software. To determine the relation between working memory and alcohol consumption and the relation between anxiety-like behavior and alcohol consumption, we used scatterplots followed by repeated measures one-way ANOVAs with group as a factor. Where appropriate, Tukey post hoc analyses were performed. The data are shown as average +/- SEM. Significance was accepted if p < 0,05.   


















Results
[bookmark: _Toc386111084]Low, medium and high drinkers
[bookmark: _Toc386111085]7 hour data
For a period of four weeks the rats received an alcohol bottle and a water bottle for 7 hours a day. The sessions started around 09.00 am and ended around 16.00 pm in the dark phase of the animals and both the alcohol bottle and the water bottle were weighted individually for every rat every session, a couple of minutes before starting the session. After four weeks of intermittent-every-other-day access to alcohol for 7 hours a day the rats already differ in their drinking behavior as can be seen in figure 3., based on their average alcohol consumption in gram/kilogram. An one-way ANOVA with Tukey HDS Post Hoc analysis was used to analyze the drinking behavior in the rats and this analysis confirmed that the groups significantly differed in their drinking behavior:
· High drinking group versus low drinking group: p= <0,001 (*)
· High drinking group versus medium drinking group: p= <0,001 (**)
· Low drinking group versus medium drinking group: p= 0,001 (***)

Figure 3: The division of low, medium and high drinking rats after intermittent every other day access to alcohol for 7 hours a day. The groups significantly differ in their drinking behavior:  high drinking group versus low drinking group: p= <0,001 (*), high drinking group versus medium drinking group: p= <0,001 (**), low drinking group versus medium drinking group: p= 0,001 (***). 
[bookmark: _Toc386111086]24 hour data
After the 7 hour sessions, the 24 hour session were started directly for another four weeks. The same methods were used as in the 7 hour sessions, only the duration differed. The sessions started between 09.00-10.00 am and ended the next morning on the same time as the session started. After four weeks of intermittent-every-other-day access to alcohol for 24 hours a day the rats differ even more in their average alcohol consumption based on gr/kg as can be seen in figure 4 and their intake escalated, especially in the high drinking group. Similar to the 7 hour data, an one-way ANOVA with Tukey HDS Post Hoc analysis was used to analyze the alcohol drinking behavior in the rats and it showed that the groups significantly differ in their alcohol drinking behavior in the 24 hour sessions:
· High drinking group versus low drinking group: p= <0,001 (*)
· High drinking group versus medium drinking group: p= <0,001 (**)
· Low drinking group versus medium drinking group: p= 0,005 (***)
 

Figure 4: The division of low, medium and high drinking rats after intermittent every other day access to alcohol for 24 hours a day. The groups significantly differ in their drinking behavior:  high drinking group versus low drinking group: p= <0,001 (*), high drinking group versus medium drinking group: p= <0,001 (**), low drinking group versus medium drinking group: p= 0,005 (***).   
[bookmark: _Toc386111087]7 and 24 hours together
To make the ultimate selection of the high, medium and low drinking group, we compared the group distribution for alcohol intake during the 7 hour, 24 hour phases as well as for the overall average alcohol intake across all phases. The purpose was to select 33% of the rats that consumed the most alcohol as the high drinking rats and select 33% of the rats that consumed the lowest amounts of alcohol as the low drinking rats. The rest of the rats would be selected as medium drinking group. Most animals showed a stable alcohol consumption pattern and extent and were consistently assigned to the same group. Just three animals varied in their alcohol drinking pattern over time and were assigned to the medium drinking group. Therefore, in the end, the groups consisted of 10 high drinking animals, 14 medium drinking animals and 9 low drinking animals.
[bookmark: _Toc386111088]Working memory and alcohol drinking behavior
Figure 5 shows the results of the WM capacity as tested in alcohol naïve rats. In this figure the WMC is plotted per subgroup of rats based on the alcohol drinking behavior of the rats, as just described. To determine the relation between WMC and drinking behavior we again used a one-way ANOVA, which revealed a significant group difference for working memory on day 2 of testing in the mHB. Day 2 of the mHB test shows that WM capacity between the low drinkers and the high drinkers (p= 0,024) and between the medium drinkers and the high drinkers (p=0,002) was significantly different. No significant differences were found on the other days of testing in the mHB. Figure 6 shows the scatterplot of the low drinkers and the high drinkers and their working memory. As can be seen, the most extreme animals seem to contribute the most to the differences found between the groups. 

Figure 5: WM (presented in days on the X-axis and in score on the Y-axis) compared to drinking behavior (presented as different bars). Day 2 of testing in the mHB shows significant differences between the low (p=0,024) or medium (p=0,002) drinking rats compared to the high drinking rats. The other days of testing in the mHB show no significant differences between the groups. 
[image: ]
Figure 6: Scatterplot of the low drinking and the high drinking group and their working memory on day 2. It appears to be that the most extreme animals contributes the most to the significant differences that are found.  

[bookmark: _Toc386111089]Reference memory and alcohol drinking behavior
Figure 7 shows the results of the RM capacity in alcohol naïve rats. As well as in figure 5, RMC is plotted per subgroup of rats based on their drinking behavior. To determine whether there was a relation between RMC and drinking behavior we used a one-way ANOVA. No significant differences were found between the groups in RM capacity and drinking behavior.  

Figure 7: RM (presented in days on the X-axis and in score on the Y-axis) compared to drinking behavior (presented as different bars). No significant differences between the groups.
[bookmark: _Toc386111090]Anxiety-like behavior and drinking behavior
[bookmark: _Toc386111091]Open Field Test
Figure 8 shows the results of the open field test. The time spent in the outer zone of the OF and the time spent in the inner zone of the OF are represented, as determined with the use of video tracking software Ethovision. The time that the animals spent in the inner zone can be considered as a measurement to determine anxiety-like behavior, i.e. the more time the animal spends in the inner zone, the less anxiety-like behavior the animal shows. In this figure the percentage of time spent in a zone of the OF is plotted per subgroup of rats based on their drinking behavior as was done as well in the former figures of working-and reference memory. To study the relation between anxiety-like behavior and drinking behavior we used a one-way ANOVA. No significant differences were found between the groups in anxiety-like behavior. Moreover, no significant differences between the groups were found based on the percentage time spent in the outer or the inner zone of the open field. Figure 9 shows the total distance moved in the OFT, which was not different between the groups either. 

Figure 8: The results of the Open Field Test. On the X-axis is represented the different zones that were used in the OFT. On the Y-axis the percentage of time spend in the particular zone is represented. The bars represent the different alcohol groups. No significant differences were found between the groups for neither the time spend in the outer zone nor the time spend in the inner zone of the OFT. 

Figure 9: The total distance moved in the Open Field Test in cm. On the Y-axis is represented the total distance moved in centimeters and the bars represent the different alcohol groups. No significant differences found between the groups.
[bookmark: _Toc386111092]Elevated Plus Maze
Figure 10 and 11 represent the results of the Elevated Plus Maze test. Figure 11 shows the percentage of time that the rats spent in the open arm of the EPM and figure 12 represents the percentage of the total amount of open arm entries that the rats made, which was determined with the help of computer software The Observer 5.0. It is supposes that, the more time the rats spend or the more open arm entries the rats made in the EPM, the less anxiety-like behavior the rats show. In both of these figures the percentage of time spent in the open arm of the EPM or the percentage of open arm entries is plotted per subgroup of rats based on their drinking behavior. To study the relation between the percentage time spend in the open arms of the percentage open arm entries and drinking behavior, we used once more an one-way ANOVA. No significant results were found between the groups based on percentage time spend in the open arm, or percentage open arm entries. 


Figure 10: The results of the Elevated Plus Maze Test. On the Y-axis is represent the percentage time spend in the open arm of the EPM, which is used as a measurement to determine anxiety-like behavior. The bars represent the different alcohol groups. No significant differences found between the groups. 

[bookmark: _Toc386111093]Figure 11: Results of the Elevated Plus Maze Test. The Y-axis represent the percentage open arm entries of the rats and the bars represent the different alcohol groups. As well as in figure 10, no significant differences are found between the groups. 

















Discussion and Conclusion
Alcohol addiction is a severe disease with many consequences for the addicted patient as well as for the society. Therefore, it is essential that there is a wide focus in the research field for this subject to understand more about alcohol addiction in order to help people and society to deal with this big issue. One aspect that has received increasing consideration in alcohol addiction, but also other addictions, is the development of an attentional bias for drug-related cues. As already is discussed in the introduction, an AB is a selective and mostly involuntary attention for drug-related cues, and it is thought that the AB contributes to the development and the maintenance of the addiction(4-7). Cognitive therapy aimed at reducing the AB for alcohol-related cues can be very useful in the treatment of an alcohol addiction and several studies, that used this type of cognitive therapy on top of the normal treatment of an alcohol addiction, have shown promising results (4,9,10). The purpose of this study was to determine whether there is an AB for alcohol-related cues in animals as well as there is an AB for alcohol-related cues in humans. This study is the first step in developing an animal model to study attentional bias in order to understand the underlying mechanism in this phenomenon that plays an important role in the development and the maintenance of the addiction. An animal model for attentional bias will create possibilities for more controlled neurobiological research (local infusions, histology, optic genetics), specific behavioral and neurological tests, but also the application of specific environmental manipulations, genetic homogenous or heterogeneous animals etc. In order to create an animal model for AB, we trained the animal in an operant chamber as can be read in the material and methods, after we used the Intermittent-every-other-day two-bottle choice paradigm and divided the group in three subgroups: high drinkers, medium drinkers and low drinkers. Recent studies in our group showed that the high alcohol drinking rats are less sensitive to negative stimuli, as the high drinking rats continue drinking alcohol with high amounts of quinine added or when they hear a tone associated with a food shock(22) and therefore are suitable as an animal model to study alcoholism. The first step in the training for the attentional bias task was to learn the animals to associate one lever with a tone and the other lever with no tone and each correct lever press was rewarded with a sucrose pellet. As described, we started with associating a tone with a certain lever, followed by associating the other lever with a no tone, based on studies of Sederholm et al.(34), but the rats didn’t performed well in this training method so we changed the method in order to improve the performance of the rats. We introduced for example a punishment, a 5 seconds delay and we synchronized all the boxes with a fixed trial time and in the retraining of the animals we started to train the animals first on the no tone, followed by the tone trials as described in the material and methods of this report. These changes worked and the animals now appear to respond on the task. The training is still in progress. The main goal of this training was, to see whether the high drinking animals reacted slower compared to the low drinking group, whenever they were exposed to a flashy light above, for example, the right lever and a tone that says that they have to press on the left lever. The hypothesis was, that the flashy light (associated with alcohol) has a greater value for the high drinking animals, then it has for the low drinking animals and therefore, the high drinkers will be more confused by this combination of cues which could be measured in a longer latency to respond in the high drinking animals compared to a shorter latency to respond in the low drinking group. The longer latency to respond can be interpreted as a similar finding as the Stroop effect in the human attentional bias task. As already mentioned before, an AB is a selective and mostly involuntary attention for drug-related cues, and it is thought that the AB contributes to the development and the maintenance of the addiction(4-7). Little is known about the underlying neurobiological pathways, but we do know that the prefrontal cortex plays an important role in the development of an AB. Working memory is a cognitive performance that is relatively easy to test and the dorsolateral prefrontal cortex plays a leading role in this cognitive performance, so whenever the prefrontal cortex is malfunctioning, the WMC will decrease(12), but we will discuss this later.
Additionally, one of the mean challenges of research in the alcohol field is to determine whether there are any ‘predictors’ for the development of an alcohol dependence in, for example, cognitive capacity. A lot of studies show evidence for an altered cognitive function in binge drinkers(30), but it is very difficult to understand whether the altered cognitive function of those people is a consequence of prolonged alcohol use and abuse or whether it was already there in an impaired form before the alcohol use started. The amygdala and the prefrontal cortex seem to play an important role in the behavioral impairments that are often observed in heavy drinkers(30). An example of a cognitive deficit that has been described to emerge in alcohol dependent people is impaired WM (11,13,14). Working memory is known to be mediated mainly by the prefrontal cortex (31). It has become clear from people with head trauma who often suffer from damage in prefrontal parts of their brain, that these people develop difficulties with their attention, planning, social behavior, working memory and so on(31). Further research confirmed these findings with the use of imaging techniques, for example MRI, which showed that the prefrontal cortex was active during tasks where subjects had to use their working memory in a certain task(32). It is suggested that a lower WMC and heavy alcohol drinking behavior are related to each other and indeed multiple studies support this association, both in adults and young adolescents (11,13,14). A higher WMC is thought to have a protective effect in the escalation of alcohol use in several ways as described in Grenard et al. People with a higher WMC show more inhibition in acting that follows after an associated response, they are more able to retrieve important and relevant memories out of the long-term memory and they are more able to apply one or more cognitive strategies to successfully resolve conflicts. This in contrast to subject with a lower WMC who seemed to be less capable in these cognitive tasks(11). Therefore, it is likely that cognitive functioning (such as working memory), mediated especially by the prefrontal cortex, plays an important role in the development of an alcohol addiction. 
Therefore, in this study we tested alcohol naïve Lister Hooded male rats for their working memory to see if their WMC was related to their later level of alcohol consumption. The hypothesis was that rats with a lower WMC would end up in the high drinking group and that rats with a higher WMC would end up in the low drinking group. This was indeed what we observed: high drinking rats performed worse on working memory (p=0,024) on the second day of testing in the mHB. The first day of testing, the whole situation was completely new for the animals and they had to learn the task. The animals explored the hole board a lot, did not finish the trials at all and made a lot of mistakes. Based on these observations, it appears that the behavioral repertoire of the animals on this first day in the mHB task  mainly involves exploration and not so much reflects working memory. The second day of training, however, we think that the animals learned the task because most of the animals did not spent much time exploring the setup as the first day and most animals finished the task within three minutes. Therefore, we think that the animals did use their WM the second day of testing. Unfortunately, there are no significant differences in latency to complete the task between the groups to confirm our hypothesis. On the third day of training, the animals finished the task so fast that they didn’t even made mistakes in their WM most of the time, but as can be seen in figure 7, the performance of the reference memory is very high compared to day one and two, suggesting that the rats used their reference memory the most on the third day. Notable, is that we only found significant group differences in WM and not in RM. This could be due to the fact that RM is processed by other neurobiological pathways than WM(35). Accordingly, we decided that the second day of training in the mHB is the most useful to determine the WMC of the rats. In this experiment we chose to use a single starting position that was the same for all animals and all trials. This may have fastened the acquisition process and therefore could have reduced the effect window for the working memory. In a subsequent experiment the differences in working memory between high and low alcohol drinking rats may become more clear upon changing the starting position of the animal in every trial. This way, the animals probably have to relay even more on their WM instead of their reference memory, which can give us an clearer view of their WMC. Noteworthy, the WMC of these rats was determined before they were ever exposed to alcohol (which is very hard to study in humans), suggesting that the presence of a lower WMC is not (only) a consequence of alcohol abuse. Rather, our findings indicate that at least for a subgroup of individuals, WMC is suitable as a predictor of later alcohol use in animal models for alcohol and perhaps also for alcoholism in humans. A lower WMC is related to the development of an AB for alcohol cues as well. An interaction is described between WMC and spontaneous memory associations (which can lead to an AB) among at-risk youth and it seems that drug relevant cues were stronger associated (a stronger AB) in those with a lower WMC compared to those with a higher WMC(11,33). It will be very interesting to see whether the high alcohol drinking rats with their lower performance in WM in this research prove to have a stronger AB for alcohol related cues compared to low alcohol drinking rats with their higher performance in WM, but this has yet to be determined.  
In addition, the anxiolytic effect of alcohol is well-established and many studies are done to prove this hypothesis(15). Several studies with alcohol-preferring rats and alcohol-nonpreferring rats suggested that the alcohol-preferring rats are chronically anxious when they are not under the influence of alcohol and that they are more sensitive to the anxiolytic effects of alcohol compared to the NP rats(17). In this study, no significant differences are observed in anxiety-like behavior and alcohol drinking behavior in the rats. Noteworthy is, that the alcohol-preferring and alcohol-nonpreferring rats as described in Steward et al.(17) are selectively bred rat strains for alcohol research. We used an outbred rat strain which is not selectively bred for alcohol research and this could be a reason why we didn’t found any differences between our alcohol drinking groups. Besides, in humans it is not always clear whether the high level of anxiety is due to the excessive alcohol consumption or whether it already existed before the alcohol addiction started. In this study, we tested alcohol naïve rats for their level of anxiety, but we didn’t tested the rats for their level of anxiety-like behavior after they were exposed to the Intermittent-every-other-day two-bottle choice paradigm, so it is has yet to be determined in this study whether anxiety-like behavior and alcohol drinking behavior are significantly related after exposure to alcohol. 
[bookmark: _Toc386111094]In conclusion, in this study we attempt to make the first steps in creating an animal model for attentional bias for alcohol. Although, we cannot say anything yet about the results of the attentional bias task, we do have found that high alcohol drinking rats performed worse on working memory (p=0,024) when tested in the modified hole board, similar as found in human studies. Working memory capacity may therefore be considered a predictive factor for later alcohol consumption. Moreover, we have made important progress in the development of a rat attentional bias task. 

List of abbreviations
· DSM= Diagnostic and Statistical Manual of Mental Disorders
· ICD= International Classification of Diseases
· WHO= World Health Organisation 
· AB= Attentional Bias
· US= Unconditioned Stimulus
· UR= Unconditioned Response
· CS= Conditioned Stimulus
· CR= Conditioned Response
· PFC= Prefrontal Cortex
· DLPFC= Dorsolateral Prefrontal Cortex
· WM= Working memory
· WMC= Working memory capacity
· RM= Reference memory
· OFT= Open Field Test
· OF= Open Field
· mHB= modified Hole Board
· EPM= Elevated Plus Maze
· [bookmark: _Toc386111095]FR= Fixed Ratio
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low	4.8096163456255163E-2	1	0.79741924478751869	medium	7.5375727568261039E-2	1	1.3445841089534372	high	8.6317814888805453E-2	1	2.1368770819625067	Intake (g/kg/7h)


Low	0.21595106492104443	1	1.9298244846817234	Medium	0.18739247497419756	1	3.6506320641973304	high	0.25558364410892143	1	5.4038369554589512	Intake g/kg/24h


Low drinkers	4.5632066299644954E-2	3.3862266580481373E-2	3.3187903178108449E-2	1	0.78765432098765431	0.73962301587301593	0.80375000000000019	Medium drinkers	4.9236621911114956E-2	2.07571465627166E-2	3.3052083323620675E-2	1	0.67310744810744805	0.77559523809523823	0.78210470085470085	High drinkers	5.5755397685768836E-2	2.7780580025465587E-2	3.4269395608036893E-2	1	0.71857142857142864	0.65178841991341985	0.85687499999999994	Day

Working Memory


Low drinkers	4.0900926990516791E-2	5.0143068661996547E-2	3.3300325653650528E-2	1	0.49261179957045265	0.71898976023976036	0.89160263347763347	Medium drinkers	2.9110530727963886E-2	6.4722753867486632E-2	5.2859271733506158E-2	1	0.44394646989907771	0.65201219720450487	0.82648606735145169	High drinkers	1.7164466211136799E-2	4.6208943595603423E-2	2.2362320953832518E-2	1	0.45665646215955807	0.7742269536019537	0.90397893772893778	Day

Reference memory


Low drinkers	1.8701677661849655E-2	1.8701677661849655E-2	1	% time outer zone	0.83394574046957093	0.16605425953042902	Medium drinkers	1.349444904388283E-2	1.3494449043882778E-2	1	% time outer zone	0.82065585770578542	0.17934414229421447	High drinkers	1.6253711946398519E-2	1.6253711946398543E-2	1	% time outer zone	0.83714537566513569	0.16285462433486425	Water group	1.7883356046274678E-2	1.7883356046274678E-2	1	0.81620354913399396	0.18379645086600602	
% time


Low drinkers	1149.5924414234312	1	Total distance moved (cm) OFT	10294.113000000001	Medium drinkers	983.38035474230242	1	Total distance moved (cm) OFT	10377.764615384616	High drinkers	1499.4947399118216	1	Total distance moved (cm) OFT	10623.388999999999	Water group	825.47745645447139	1	11647.57	Distance moved OFT (cm)


Low drinkers	3.041999269486359E-2	1	0.34911999999999999	Medium drinkers	3.3275692305180751E-2	1	0.3494403079314044	High drinkers	2.3578976014164459E-2	1	0.33840333333333333	Water group	3.3302726251128088E-2	1	0.31020000000000003	% time spend in open arm


Low drinkers	3.0210831895560897E-2	1	0.41667828413416641	Medium drinkers	2.9852041764794706E-2	1	0.46027113745649217	High drinkers	2.5192535681491223E-2	1	0.4193073593073593	Water group	2.8540627180995679E-2	1	0.40542154036567818	% open arm entries
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