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Summary statement

We designed an original model enabling to assess behavior in mice that had previously been trained
to use some tokens, with the aim of rewarding them not with food, but with other tokens. Further

on, our research investigated the effect of stress on their operant decision-making.

Abstract

Several studies have succeeded in teaching animals (primates, pigeons, rats, but not mice) the value
of tokens by having them executing a task using a vending-machine apparatus, where in order to
receive the primary reinforcement (food), the animals had to perform a specific action that allowed
them to obtain the secondary reinforcement (tokens: metal balls ). We tried to assess this kind of
behavior in mice that had previously been trained to use some tokens, with the aim of rewarding
them not with food, but with other tokens, as a result of a token economy task. We found that mice
exhibit economic behavior. Further on, our research tried to investigate the effect of stress on their
operant decision-making. Therefore, the mice were divided into two groups: a Control group (n=10)
and a group subjected to an Unpredictable Chronic Mild Stress (UCMS) treatment (n=8). We found

that chronic stress increases some aspects of sub-optimal economic activity.
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Behavior in mice subjected to a Token Slot-machine: effect of Unpredictable Chronic Mild

Stress

Introduction

Gambling is the action of betting money (or an object of value) on an unpredictable event
with the aim of obtaining an outcome, like money (Arthur et al, 2016). Nowadays gambling is a
rather huge industry of global impact, often legalized by governments. It is a growing sector
comprising commercial products such as slot-machines, bingo, lotteries, scratch cards, online poker
and so on (European Commission, 2011; H2 gambling capital, 2016; STATISTA 2020). Under the
pretext of creating an instrument of leisure, gambling companies, by using advanced technologies
and sophisticated marketing tools, knowingly or unknowingly, risk creating a dependency that can
also lead to addiction. Indeed, addiction to gambling can become an important public health issue

(Shaffer, & Korn, 2002, Bastiani, 2013), that cannot simply be ignored on economic grounds.

Classified as a “Non-Substance-Related Disorders” (American Psychiatric Association,
2013; Potenza, 2014a) the Gambling Disorder (DG) has a high rate of comorbidity with substance
use and mood disorders, such as Major Depression (Blaszczynski & McConaghy, 1989; Petry et al.,
2005). Epidemiological studies have investigated the role of depression and/or stress in relation
with gambling and gambling addiction. Cunningham-Williams and colleagues (1998) claimed that
depression might precede gambling (Cunningham-Williams et al., 1998; Dixon et al., 2019). Other
epidemiological studies confirm the presence of mood disorders in subjects that gamble
(Blaszczynski & McConaghy, 1989, Becofia et al., 1996, Petry et al., 2005, Hodgins et al., 2005;
Morasco et al., 2006; Bristow et al., 2018); and the comorbidity between stress —related disorders
and gambling (Elman et al., 2010; Bischof et al., 2013; Berrault et al., 2017; Edgerton et al., 2018):

in 2017, 71.7% of those with gambling reported high stress (Ronzitti et al., 2018). Rumination and
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failure of analytic thinking (Belzung et al., 2015) are typical traits of major depression (MDD) and
are associated to gambling disorder (Berrault et al., 2017; Potenza, 2014b) in human beings.
However, unfortunately the etiology of this comorbidity is not yet clear (Buchanan et al., 2020).
While animal models of stress and major depression have already been validated (see for example
the Unpredictable Chronic Mild Stress (UCMS) paradigm) (Willner et al., 1987; Surget, 2009,
Nollet et al., 2013; Planchez et al., 2019), further investigations require operational animal models

of gambling.

The literature reports some accurate experiments with rodent gamblers. Among several
operant animal models to investigate the decision-making process, the «rodent lowa Gambling
Task» (r-1GT) (Bechara et al., 1994; Van den Bos et al., 2014) exercised an important role in the
latest ten years: on the one hand there are experiments with manipulation of rats (Dellu-Hagedorn et
al., 2018; Spruijt et al. 2000; de Visser et al. 2011; Van den Bos et al. 2014 for a review), on the
other with the use of mice (Pittaras et al., 2013; Pittaras et al., 2016;).In that paradigm, some
experiments used the «Mice Gambling Task (MGT) » (Pittaras et al., 2013; Pittaras et al., 2016;
Pittaras et al., 2018), in which mice receive food pellets as rewards and quinine pellets as penality.
However other rodent models are utilized to investigate the risk proneness and/or the tolerance of
uncertain reward. Mobini and colleagues (Mobini et al., 2000) presented an experiment to analyze
the rodent impulse control: rats, initially trained in operant conditioning chambers, have to press a
lever to obtain food as reward. The Probabilistic-delivery Task (PDT) (Adriani & Laviola, 2006) is
a rodent paradigm that allows to investigate gambling proneness: rats had to decide between
small/sure versus large/luck-linked rewards. Others (Setlow et al., 2009; Simonet al., 2007) measure
the levels of impulsive choice, characterized by preference for small immediate over larger but
delayed rewards. With the “Rodent Slot Machine Task” (Winstanley et al., 2011; Cocker et al.,
2016) Catharine Winstanley and her colleagues investigated the so-called «Near-misses» effect in
rats. The literature reports that rats and humans are sensitive to the effect of the expectancy to near

winning. « Near misses» encouraging the gambler to pay-in and restart the gambling session all
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over again. Normally the vulnerable individuals is stimulated by a salient stimulus such as light,
sounds and combination of slot-machine symbols. The illusion of “near-misses” contribute to

activate the brain regions related to the reward system.

All the experiments cited below showed the possibility to translate the gambling-like
behavior in rodents by the use of food as positive reinforcer. Instead, there are some examples of
tests in which rats receive non food rewards as intracranial self-stimulation (Tedford et al., 2014).
Timothy D. Hackenberg (Hackenberg, 2009; Hackenberg, 2018) was able through the use of tokens
to model economic human behavior in animals, following the rules of primary and secondary
reinforcements in the context of operant conditioning (Skinner, 1953; Kelleher, 1956; Malagodi,
1967; Bullock & Hackenberg, 2006). For the purpose of our study we will focus on these. Several
studies have succeeded in teaching animals (primates, pigeons, rats) the value of tokens by having
them execute a task using a vending-machine apparatus (Hackenberg, 2009), where in order to
receive the primary reinforcement (food), the animals had to perform a specific action that allowed

them to obtain the secondary reinforcement (tokens).

The aim of our project is 1) to assess whether mice are able to develop an association
between primary and secondary reinforcement (classical operant conditioning); 2) to investigate
whether the secondary reinforcement can be rewarding per se (Gambling-like task); 3) to
investigate the impact of UCMS on the behaviour in a gambling task. We hypothesize: 1. the
secondary reward will induce an economic behaviour in the mice; 2. this will be modified by
UCMS. For this purpose, we have created the “Token Slot-machine for Mice” from an instrumented
observation cage based on a PhenoTyper® (©Noldus) - a traditional experimental arena for

laboratory research with rodents.

Methods

Animals
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Eighteen male C57BL/6J mice (Centre d'Elevage Janvier, France), aged 30-45 weeks, were
included in the experiment. The mice were single-housed in standard laboratory cages
(42cmx28cmx18cm) (to avoid aggressiveness related to food restriction) and subjected to standard
laboratory conditions (12h light: 12h dark cycle, lights on at 08:30 pm, T = 21+£1°C). Water was
freely available. For Gambling-like task, we divided the animals into two groups in a random way:

non-stressed (control) mice (n=10) or UCMS (n=8).

Device

The Token Slot-Machine is a system composed of many connected devices (see Figure 1):
1. “Phenotyper®” produced by Noldus© with a floor arena of 30 cm x 30 cm x 43.5 cm, with an
infra-red-sensitive video camera on the top. The arena settings were modified phase by phase,
according to our experimental design. In total, following elements were present in the arena: a nose-
poke hole, two dispensers (a food dispenser A and a token dispenser B), a small box and a token
receptacle situated inside the apparatus which allowed it to assume different functions depending on
mice’s behavioral responses; 2. Ethovision software (able to do noise-tail tracking of mice,
calculate and interpret the raw data); 3. Noldus© remote (useful for the learning, habituation phase
and gambling session); 4. Picolo Diligent© frame grabber and encoder board (able to create MPEG-
4 video files); 5. Computer; 6. Black cloth to cover the Phenotyper© during the experimental
session; 7. Two dispensers produced by Noldus© with height 20.0 cm (7.9”), base diameter 10.0
cm (3.9””) and silo diameter 7.5 cm (3.0”) useful to dispense the food granules with weight 20 mg,
3.2 mm x 2.5 mm (0.13" x 0.10") as primary reinforcements, or token metal balls (with the same

measures of pellet foods) as secondary reinforcements.

Unpredictable Chronic Mild Stress (UCMS Treatment)

During UCMS, mice were placed in small individual cages (24cmx1lcmx12cm) and

exposed to a variable randomized schedule of “mild psychosocial stressors” during 10 weeks (see
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Table 1): baths (125 ml of water at 20°C in a cage without litter for 15 minutes), restraint stress
(each mouse was kept in closed and ventilated tube of dimensions 6.5 cm length x 3.7 cm diameter),
damp litter (125 ml water in each cage for a range of period of 1 or 2 hours), without litter (the litter
was removed during 1 to 4 hours), social stress (each mouse was moved from its cage to one
previously occupied by other individual), litter change (the litter was changed 3 times per 24 hours;
the volume of each litter is 250 ml), inclined cage (45 degrees of inclinations for a duration of 1 to 2
hours) and the day-night cycle disturbances (change of the day/night cycle in four periods of 6
hours, or one to several illumination periods from 30 minutes to 2 hours during dark phase and vice-
versa) (Nollet et al., 2013 ; Planchez et al., 2019). During the last five weeks behavioral tests were

applied.

Classical operant conditioning

Classical operant conditioning was undertaken in mice before the beginning of the UCMS protocol.
The aim of this step was to enable mice to adopt a conditioned behavior by associating tokens with
food delivery. Throughout the whole duration of this step (5 weeks in total) mice (n=18) were
subjected to alimentary restriction, controlling daily that their weight did not fall under the 84% of
the initial one. This step was divided into three phases and for each of them the settings of the
machine were modified (see Figure 1). The variables measured in order to assess whether the mice
were ready to pass from one phase to the next one were “frequency of task completion” and
"latency to first performance of completion of the task™: for that the results are expressed as the
time (in sec) taken by mice for the complete processing of the task. The duration of each test

session for a given mouse was one hour daily for two consecutive days.

Phase 1: Mice learn to obtain food through step-by-step operant conditioning. Each mouse has to

insert its nose in the nose-poke hole in order to obtain food from the food dispenser A.

Phase 2. Mice learn the association between food and token via following sequence:
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a) Mice learn to insert their nose in the nose-poke hole in order to activate the token dispenser

B (Token production schedule).

b) Mice learn to manipulate the token which has been expelled from a little tube into a box to
induce activation of the food dispenser A (Production-value schedule). Gradually mice are
exploring the token (a metal ball), and start manipulating it. The experimenter is reinforcing

these behaviors with food delivery in real time.

c) Mice obtain the food from the food dispenser A (Token exchange schedule).

Phase 3. Mice are learning the value of tokens as secondary reinforcement in order to obtain food

by completing following tasks:

a) Inserting their nose in hole-poke hole in order to activate the token dispenser B. (Token

production schedule)

b) Pulling out the token using either its mouth or paw; the token is then rolling away on an
inclined floor (Figure 1, Phase 3: the dashed line indicates the inclination of the plane) and
fells into the token receptacle. This activates release of food from dispenser A (Exchange

production schedule)

c) Obtaining the food from dispenser A after successfully having completed its previous

behavioral response. (Token exchange schedule)

Gambling-like task

This step had two main objectives: on the one hand, to enable mice to perform slot machine
gambling; on the other, to check whether we find evidence of an effect of chronic stress on
gambling in mice. This step was divided into 2 phases. The settings of the machine were identical
for both of them, the sole difference being that we modified the ratio and schedule (with creation of

pseudo-random algorithm) for receiving the token reward in Phase 2. During the phases, each
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reward was preceded by the alternation of a red and white light with a standard duration that
modelled the roulette mechanism (see Fig.1), as a signal cue of predicted reward (Robinson,
Anselme, Fischer, & Berridge, 2014). Each mouse was in the machine for one hour daily for two
consecutive days. Moreover, to control the effects of UCMS that are traditionally reported in this
strain, the mice were subjected to the Novelty Suppressed Feeding (NSF test) at the end of the

second week (the end of “habituation”) over Phase 1. A timeline is presented in Figure 2.

Phase 1 (Habituation and economic phase): In this phase, the machine was changed to an
Economic -machine for mice. We considered the first 4 trials (over two weeks) as a preliminary
phase, called ‘“habituation” for the mice to use tokens to obtain just tokens. At the end of
habituation, we assessed the behavior of the mice in the Novelty Suppressed Feeding Test. After
that we continued the sessions inside the machine over 1 week. During this phase, each mouse has
to insert its nose in the Nose-poke hole in order to activate the Token dispenser B; once the token
has arrived automatically in dispenser B, it has to be pulled out (“pay-in”) by the mouse S0 that it
falls into the Token receptacle in order to activate the roulette; a reward token is then expelled

(“pay-out”) from the dispenser.

Phase 2 (Gambling-like phase). The arena settings of the machine as well as the task the mice have
to perform to obtain the token reward was the same as in Phase 1 of the Gambling task, with an
important addition: the win/loss patterns through which the mice receive the tokens (pay-out) have
been modified, according a particular algorithm (see Table 2). Our aim was to transform the

Phenotyper from an Economic-machine to a Slot-machine for mice.

In both Phases we measured the mice performance through the variable “Frequency of task

completion”.

Novelty Suppression of Feeding Test. Food was removed from the cages 12h before the test. The

experimental arena consisted of a PVC box (30x30x20cm) illuminated by a red light (10 lux) and a
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clean sawdust as floor. At the time of testing (individual session), a single pellet of regular food was
placed at the center of the box on a little white paper. The mouse was placed in a corner and
confronted to a conflict between two actions: exploring the new environment and the driving to eat
the pellet food within 3 minutes. We measured: latency to first smelling, frequency of smelling,
latency to crunch. After the performance in the box, the mouse had to stay in its cage with the

croquette for 5 minutes. In the end of the stage the quantity of food eaten was weighted.

Statistical analysis

During classical operant conditioning, in order to assess learning of the mice, we used as an
indicator the Pearson product moment correlation between the following variables: "frequency of
task completion™ and "latency to first performance of completion of the task”. In particular, we set
as a sufficient condition and threshold of passing from one phase to the other, the registration
during the last performed trial of a negative correlation between these two indicators of at least -
0.30 showing a decreasing time of “latency to first performance of completion of the task” and
increasing “frequency to task completion”. For the gambling-like task, we first analyzed the
performance and treatment effect in each group by applying the non-parametric Mann-Whitney test.
The results are expressed as the Mean +/- SEM (Standard error of the mean). We then tested the
impact of the different treatments over time on the performance of the control and UCMS group by
applying the repeated-measure ANOVA test. We then conducted three different conservative F-tests
for the results of Gambling-like task, Phase 2: 1) Huynh-Feldt, 2) Greenhouse-Geisser and 3) Box’s

conservative F.

Results

Classical operant conditioning

As Phase 1 and 2 of this phase correspond to classical operant conditioning, results are not

displayed here. The Pearson product moment correlation between variables: "frequency of task


https://doi.org/10.1101/2021.09.12.459992

bioRxiv preprint doi: https://doi.org/10.1101/2021.09.12.459992; this version posted September 15, 2021. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

11

completion™ and "latency to first performance of completion of the task " moved from statistically
insignificant and slightly positive to statistically significant and strongly negative with values in the
last trials of phase 1, 2 and 3 respectively: -0.56, -0.31 and -0.37 respectively. This trend confirmed
that mice had gained enough comprehension and ability to handle the task before moving on to the

next stage of the experiment.

We also took into consideration the last phase of classical operant conditioning (Phase 3) in order to
assess whether, before starting the gambling-like step, the performance of the mice of the future
groups did not differ regarding the variable “frequency of task completion”. We did not find any
significant difference between the performance of the two groups of mice (control and UCMS) in

trial 1 (P=0.3954) and in trial 2 (P=0.4222) (results not shown).

Gambling-like task

Phase 1 (Habituation and economic phase, see Figure 3) We confirmed that both groups (control
and UCMS) understood the task before concluding this first phase (trial 6): all mice achieved a
minimal score of 2 for “frequency of task completion”. By applying the Mann-Whitney test we do
not find any significant difference between the performance of the control and UCMS group (trial
1: P=0.4702); trial 2: P=0.2042; trial 3: P= 0.4166; trial 4: P= 0.2964; trial 5: P= 0.1866; trial 6:

P=0.2225).

We verified also the progression over time (repeated trials) using repeated-measure ANOVA test:
again, we did not find, for both of the two groups, statistically significant difference between the

frequency of the task completion in the subsequent trials with respect to the first one (P= 0.4674).

Novelty Suppressed Feeding (NSF) test (Figure 4). At the end of the habituation phase, we tested
the mice’s anxiety behavior by applying the Novelty Suppressed Feeding test. We found a
statistically significant difference between the two groups with regard to the Frequency of smelling,

the performance of the UCMS mice being lower than the one of the control group (P= 0.009). Other
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variables were not different among groups (Latency to eat: P=0.960; Latency to smell: P=0.213;
Food consumption: P=0.563). Such result allowed us to confirm that the UCMS treatment had

significant impact on mice performance.

Phase 2 (Gambling-like phase, see Figure 5 and 6) We found a significant difference between the
performance of the two groups in the first trial (control and UCMS) with a P = 0.0066 (Means+/-
SEM). No statistically significant difference between the two groups was found in the subsequent

trials.

By applying the ANOVA for repeated measures test, we detected that the treatment-by-time
interaction was significant: F (3, 48) = 3.42 P =0.0244, a result confirmed also by the additional two

different conservative F-tests: 1) Huynh-Feldt (P= 0.0330), 2) Greenhouse-Geisser (P= 0.0436).

We have decided to measure the mean frequency of movement from Nose-poke hole to Token
dispenser B that the two groups made for each trial over the time, in order to examine the gambling
proneness of the mice. We found a significant difference between the initial performance of the two
groups (control and UCMS) with a P = 0.0099. No statistically significant difference between the

two groups was found in the subsequent trials.

By applying the ANOVA for repeated measures test we detected that the treatment-by-time

interaction was significant: F (3, 48) = 6.20 and P=0.0012.

Discussion

We designed a mouse model enabling to assess gambling-like behavior in a context of
operant conditioning under a pseudo-random algorithm (see Table 2). Over time we obtained
response acquisition and maintenance of the gambling-like behavior by the use of the token as

secondary reinforcement (Skinner, 1956, Malagodi, 1967; Hackenberg, 2009).

A chained economic- system of reinforcement


https://doi.org/10.1101/2021.09.12.459992

bioRxiv preprint doi: https://doi.org/10.1101/2021.09.12.459992; this version posted September 15, 2021. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

13

Starting from this point, we can examine our setup as a chained system composed of
different schedules of reinforcement (Kelleher, 1956; Jwaideh, 1973; Hackenberg, 2009): (i) start:
the mouse response produce the fall of the token corresponding to the motivation of the mice to
activate an economic process performed by the machine; (ii) pay-in: the possibility to exchange the
token is made available in order to spin later on; (iii) pay-out: the token is being expelled as a
reward. Regarding the latter, it should be noticed that once the token has been delivered (pay-out), it
vanishes inside the token receptacle in order to activate again the chained economic system of
reinforcement. In this sense, the reward pay-out is not just a “cold” reward, but assumes the
function of an incentive salience event (Berridge & Robinson, 1998), because it can induce in mice
a further reward-seeking behavior to trigger again the economic cycle. The disappearance of the

final reward becomes attractive as a ‘motivational magnet’ (Olney et al., 2018) for mice.

Sub-optimal tokens economy for mice: Gambling-like task, phase 1

According to the results for the gambling-like task phase 1, there is no difference between
the performance of the Control and UCMS group in this stage of the experiment: both groups went
through the learning phase of habituation, after which we observe the decline in their interest to
activate the machine. In any case, mice have learned that to obtain a final reward it is necessary to

perform an economic action (an effort) which finally allows them to pay-in and receive the token.

Our experiment is a pilot study regarding the possibility that the mice use the token as a secondary
reinforcement. Furthermore, such economic transaction is a sub-optimal option for mice, where the
effort (pay-in) equals the reward (pay-out) against to every natural action of interest (Paglieri et al.,
2014; Kalenscher, & van Wingerden, 2011). Such a finding opens the searching towards
comparative perspective between humans and animals, in which the behavioral psychologist can
analyze the economic behavior by using an adapted animal lab vending machine (Skinner, 1956).
What Skinner referred to as an example of economic control when analyzing the power of the

market (and its products) for humans, goes for rodents, too.
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The effect of Unpredictable Chronic Mild Stress treatment

According to the results obtained from the Novelty Suppression of Feeding test, the UCMS
mice displayed significantly lower frequency to smell the pellet food in the center of the open-field
compared to the control group. The finding reveals that UCMS influenced the behavior of mice
under three ways, that highlight the response to an uncertain environment : (i) greater risk-
proneness (as eating a food-pellet with less precautions reflected in the reduced frequency of
smelling the pellet) (Barfield et al., 2013) (ii) the repetition of schemata learned during classical
conditioning, in which the animals associated the exploration of a new environment with obtaining
food as primary reward (Hamilton & Brigman, 2015; Bessa et al., 2009) (iii) as a way of countering
the adverse effects of uncertainty, with the motivation of a “need to know” and extract exploitable

information from an unpredictable environment (Robinson, 2019).

Slot-machine for mice as a multiple-schedule arrangement of reinforcement: Gambling-like

task, Phase 2

As already noted, during Gambling-like task, Phase 2 the mice activated the multiplied-
schedules of reinforcement referred to as a “slot-machine for mice” through their behavioral
responses, with an important additional element: the rewarding by an algorithm based on win/loss
patterns perceived as pseudo-random by mice. Before examining the presence or absence of
significant effects of stress over time, we want to focus on the win/loss patterns arranged for the
slot-machine project and their effects in the first and second trial of the gambling-like phase. We
observed a difference between the two groups in the first trial which is in accordance with our
expectation: on the market the most attractive slot-machines are the ones composed by a particular
distribution of wins of reinforcement (the effect of early wins and the unforced trials is considered
attractive) (Haw, 2008). Our control mice continued to play in this manner for the second trial as

well, but not afterwards: in our case the novelty of the game was attractive only at the beginning.
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The UCMS group responded with lower mean frequency at the first trial, before changing their

behavioral responses in the second trial. In the second trial, the two groups performed equally.

Performance and the motivation of the UCMS and control mice over time in a gambling-like

task, Phase 2: for what kind of reward?

There is no difference between the two groups over time in regard to the mean frequency of
the complete gambling-like task, Phase 2. Nevertheless, UCMS mice exhibited increased behavioral
responses trial by trial. This finding could reveal a possible attraction to a system of reinforcement
under chronic stress condition, in which they are not sure about the future wins. This is known as
the phenomenon of “the attractiveness of reward uncertainty”, as explained by the compensatory
hypothesis (Anselme & Robinson, 2013). This hypothesis states that when animals are in a situation
of uncertainty as physiological deprivations, psychosocial deprivations, their motivational resources
are brought out in order to respond to this kind of situation by doing something rather than nothing,

even if this behavior is sub-optimal.

We have also checked the proneness of mice to activate the start schedule, and observed that the
Control mice lost their preference to gamble over time while the UCMS mice only decreased their
movements from Nose-poke hole to Token dispenser B during the last week, probably because they

became more able to pay-in order to gamble.

Conclusion

Gambling can be viewed as the uncertain and pseudo-random schedule of reward that the
animals, in depressive-like state, are able to activate over time. We do not, however, know whether
this sub-optimal economic behavior is simply a compensative response or whether they do it for
pleasure as well. As we asserted above, in accordance with the incentive salience hypothesis,
probably the pay-out is not a neutral reward but is related instead to the motivational components

and the role of dopamine as an incentive salience event, especially when the ratio of reinforcement
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is subjected under the pseudo-random algorithm (Winstanley et al., 2011; Robinson et al., 2015). In
order to confirm such hypothesis, we should investigate the neurobiological underpinnings of mice

behavior.
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TIME Monday Tuesday Wednesday Thursday Friday  Saturday Sunday
CONDITION Litter Damp Litter change  Restraint Without Light Light (24:00-
change litter (9:00-11:00) stress litter (24:00-6:00) 6:00) + No
(9:00- (8:30- + Social (10:00- (9:00to  + No light light (6:00-
11:30)  11:30) + Stress 10:30) +  11:00) +  (6:00-7:00)  7:00) + Light
Social (10:00) Social Social + Light (7:00-9:00)+
stress Stress Stress (7:00- No light
(10:00) (11:00) (10:00)  9:00)+Light  (11:00-13:00)
(11:00-
13:00)
Without Bath Without litter ~ Without Inclined  Light 30 mn Light 30 mn
litter (13:30- + Inclined litter cage (15:00- (15:00-16:00-
(13:30- 13:45) +  cage (15:00- (14:30- (14:30-  16:00-17:00-  17:00-18:00-
15:00) + Without 16:30) 15:30) + 16:00) + 18:00- 19:00)+ No
Social litter Light Damp 19:00)+ No light (23:00-
Stress (16:00- (17:00- litter light (23:00- 24:00)
(14:00- 18:30) 18:00 et (16:30- 24:00)
14:30) 19:00- 18:30)
20:00)

Table 1: Schedule of the “Unpredictable Chronic Mild Stress”. Example of stressors schedule

during the fifth week from Monday to Sunday


https://doi.org/10.1101/2021.09.12.459992

bioRxiv preprint doi: https://doi.org/10.1101/2021.09.12.459992; this version posted September 15, 2021. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

27

3 valences of wins with different magnitude:

1st level of win, the mouse commands one token, puts it into the hole for payment and receives one light stimulation followed by one

Token reward (pay-out)

2nd level of win, the mouse commands one token, puts it into the hole for payment and receives one light stimulation followed by 2

Tokens reward (pay-out)

3rd level of win, the mouse commands one token, puts it into the hole for payment and receives one light stimulation followed by 4

Tokens reward (pay-out)

1 level of loss situation:

the mouse commands one token, puts it into the hole for payment and receives one light stimulation and no token reward (no pay-out

magnitude)

Sequential schedules (Block A-Block B) with win/loss patterns and different magnitude:

Block A:

1. Light + 1 Token  1st level of win
2. Light+ 1 Token  1st level of win
3. Light loss

4. Light loss

5. Light + 2 Tokens  2nd level of win
6. Light loss

7. Light loss

8. Light + 1 Token 1st level of win

Block B:
1. Light loss
2. Light + 1 Token 1st level of win
3. Light loss
4. Light loss
5. Light + 4 Tokens  3rd level of win

Table 2: Step 2 Phase 2. Schedule of win/loss pseudo-random algorithm
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Figure 1: Arena settings during classical operant conditioning and gambling-like
task. The numbers on the figures indicate the sequence of the different actions (1:

first action of the sequence, 2: second action on the sequence, etc.)

Upper panels (A): Operant conditioning: Phase 1 (left panel): mice poke their nose in the
nose-poke hole in order to obtain food from Dispenser A; Phase 2 (middle panel): mice
need to poke their nose in nose-poke hole in order to induce token delivery; If mice
perform an action inside the small box, the food arrives in Token receptacle; Phase 3 (right
panel): mice need to poke their nose in the nose-poke hole in order to induce token
delivery from dispenser B (token dispenser) to token receptacle, the food arrives from food
dispenser (A). Lower panels (B): Gambling-like task: Phase 1 and 2 (left panel): mice need

to poke their nose in nose-poke hole in order to induce the token delivery from token
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dispenser B, the token falls down and enters in token receptacle; other tokens arrive in

token dispenser after a roulette light; Right panel: a picture of the device
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Figure 2: Experimental Timeline of Gambling-like task. UCMS: Unpredictable Chronic Mild

Stress, NSF: Novelty Suppression of Feeding
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GAMBLING TASK- Habituation session

10

[
i CONTROL

T @
UCMS

MEAN FREQUENCY

Figure 3: Gambling-like task, Habituation and Economic Phase. Frequency of task
completion of control and UCMS groups: no significant differences are found. Mice from
both groups continued to use secondary reinforcement to obtain the tokens as reward.

Data represent Mean+/-SEM.
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Figure 4: Effect of Unpredictable Chronic Mild Stress (UCMS) in the Novelty suppression

CTL AXMS

of Feeding test. (A) Latency to smell and to eat). (B) Frequency to smell food before eating
(C) Food consumption within 5 minutes. Results are Mean +/-SEM **P=0.009 (Mann-

Whitney).
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GAMBLING TASK- Gambing-like phase
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Figure 5: Frequency of gambling (Gambling-like task, Gambling-like phase) Significant
difference was registered during the first trial (**P = 0.0066, Mann-Whitney test). Results

are Means+/- SEM; UCMS: Unpredictable Chronic Mild Stress
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[GAMBLING TASK- Gambling-like phase: from Nose-poke hole to Dispenser B |
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Figure 6: Frequency of movement from Nose-poke hole to Token dispenser B, proneness
to gamble (gambling-like step, gambling phase). Initial performance **P= 0.0099.
Treatment-by-time interaction: **P=0.0012. Results represent Mean+/-SEM. UCMS:

Unpredictable Chronic Mild Stress)
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