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One of the core symptoms of major depression in human is anhedonia. For that reason, one of the
main requirements towards experimental depression models is that they be able to demonstrate
anhedonia in animals, that have been exposed to stressful events, and other behavioral changes
attributable to a depression-like state. However, the results presented in the literature are
contradictory: sweet solution intake, which is considered as a parameter of hedonic/anhedonic
behavior in animals, responds quite differently to stressful situations in that it is either unaffected or
increased or decreased. Different experimental designs used for the study of anhedonia in male mice
exposed to chronic social defeat stress were tried to understand the reasons for so contradictory
responses. Anhedonia appears as an abrupt reduction in sweet solution consumption in stressed
animals and by failure to attain recovery after deprivation. However, it was also demonstrated that
sucrose solution intake and preference strongly depend on the experimental context; that the possible
critical factor may be prior acquaintance with the hedonic stimulus — or the lack whereof. Analysis of
literature data and ours allowed us to conclude that the lack of a significant decrease in sweet solution
intake in stressed animals is no evidence of lack of depression. This decrease is evidence of anhedonia
only provided other symptoms of depression are present. Hedonic consumable intake can be decreased
over various motivations, conditions or diseases, in particular, a high level of anxiety or pathological
aggression.

Key words: ahnedonia, social defeat stress, sensory contact model, mixed anxiety/depression state,
vanillin/sucrose solution, experimental design

Content
1.  Introduction
2. Analysis of the approaches for study of anhedonia in stressed animals
3. Chronic social defeat stress and its consequences
3.1. Mixed anxiety/depression state in mice
3.2. The control
4.  Experimental designs for the study of anhedonia developed in mice under social defeat
stress
4.1. Consumption of vanillin/sucrose solution by losers long familiar
with it before exposure to agonistic interactions;
4.2. Consumption of vanillin/sucrose solution by losers previously
unfamiliar with it;
4.3. Vanillin/sucrose solution intake by losers under an intermittent
supply scheme;
4.4. Vanillin/sucrose solution intake and deprivation effect in winners
and losers.
5. General discussion
6. Concluding remarks
References



Nature Precedings : hdl:10101/npre.2008.2682.1 : Posted 19 Dec 2008

1. Introduction

One of the core symptoms of major depression in human is anhedonia [1], which may be
broadly understood as an unwillingness to do anymore whatever used to bring pleasure and
satisfaction (communicate, eat, do sex, do sports) and, overall, a lack of interest in life. For
that reason, one of the main requirements towards experimental depression models is that they
be able to demonstrate the development of anhedonia in the animals that have been exposed
to stressful events and also exhibit other behavioral changes that are indicative of a
depression-like state. The normally used hedonic stimulus is an aqueous solution of sucrose or
saccharine, which the animals, after some time, begin to prefer over water. It has been
demonstrated that unpredictable physical stress, chronic mild stress, chronic social defeat
stress, various combined stresses are able to reduce sucrose or saccharine consumption in
animals [2-8]. It has been assumed that decreased sucrose consumption is an indication of
anhedonia and, therefore, depression in those animals.

However, poor repeatability of the measures (decrease of sucrose consumption during
exposure to chronic stress) even within a single model (in particular, a chronic mild stress
mode [8] and the sensitivity of sweet solution consumption to too many experimental options
(animal strain; preliminary deprivation of water or food; slight differences in experimental
design; the use of different types of control animals) raised doubt as to the specificity of
sucrose preference and whether decrease in sucrose consumption resulted from stress [9-12].
Therefore, it was questionable whether the animals really developed a depression-like state.

2. Analysis of the approaches for study of anhedonia in stressed animals

Analysis of the experimental designs presented in other works dealing with sweet
solution consumption (sucrose, saccharine) by stressed animals revealed some common
features: 1) stressed animals are in social isolation during the experiment [6, 7, 13]; 2) before
exposure to stressful stimuli, animals were offered sweet water on a time-limited basis: for 2
hours [14], for 48 hours [3, 15, 16], for three days [17], one hour [13]; 3) during exposure to
stressful stimuli, sweet solution consumption over various time periods, for example, one
hour [3, 13] or 24 hours [6, 7] was measured periodically. Different authors set different
intervals between measurements. In some experiments, animals were deprived of water and
food for 20-21 hours [13, 15, 16], one hour [18], three hours [3] or of only water for two hours
[17]. Some authors did not resort to water or food deprivation [19, 20, 21, 22]. Under stress,
sweet solution intake was either not changed [13, 15, 16] or increased [18] or decreased [3, 7,
14,19-28].

Many authors [9-12] argue that sucrose consumption and sucrose preference are no
reliable measures in chronic stress experiments. However, analysis of literature data strongly
suggests that this statement in fact originates from a correct inference made based on
traditional yet erroneous data interpretation. This misinterpretation, we believe, stems from
unawareness of the true relationship between hedonic behavior towards a preferred food
(solution of sucrose or saccharin) and anhedonia, which, the researchers believe, appears as a
decrease in the consumption of that food by stressed animals. A decrease in sweet water
consumption is commonly interpreted as evidence of anhedonia developed due to
experiencing chronic stress, and the animals that begin to drink it less than they have usually
done are considered depressed. There being no decrease or it being transient, there is no
depression-like state, they say.
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We have demonstrated earlier that C57BL/6J strain male mice exposed to or affected by
chronic social defeat stress develop a mixed anxiety/depression state or anxious depression,
many symptoms of which are similar to those in depressive patients [29-31]. Knowing in
advance that the mice were depressed, we examined their sucrose consumption in the two-
bottle free-choice paradigm, in various experimental situations [32-34] that in our opinion
could account for the variability of results obtained using other depression models.

3. Chronic social defeat stress and its consequences
3.1. Mixed anxiety/depression state in mice

Validity of mixed anxiety/depression state evoked by chronic social defeat stress in male mice
of the C57BL/6J strain under the sensory contact model [35, 36] was confirmed in numerous
experiments. Pairs of animals were placed in cages each bisected by a perforated transparent
partition allowing the animals to see, hear and smell each other, but preventing physical
contact. After two days of adaptation to the housing conditions and sensory contact, testing
commenced. Every day the partition was removed for 10 minutes to allow agonistic
interactions to start. The superiority of one of the mice was firmly established within three test
sessions. A superior mouse would be attacking, biting and chasing another, who would
display only defensive behavior (sideways postures, upright postures, withdrawal, lying on
the back or freezing). The mice were allowed to fight for no longer than three minutes, at
which point the encounter was discontinued by pulling down the partition. After the fight,
each defeated mouse was placed in an unfamiliar cage with an unfamiliar winner behind the
partition. The winners remained in their original cages. The procedure yielded equal numbers
of victorious mice (aggressive mice, winners) and defeated mice (submissive mice, losers).

As has been earlier shown [reviews, 29-31, 37], social defeat repeatedly experienced in
agonistic interactions leads to dramatic changes in social and individual behaviors, as well as
welfare. The losers developed a severe behavioral deficit: after experiencing social defeat for
20 days, they could only demonstrate a passive defense and immobile postures, whilst in the
beginning they preferred active defense and withdrawal. They displayed reduced ambulation
in the open-field, increased immobility time in the Porsolt’s test and demonstrated no
aggression in either, no matter how provoking the situation. Clear-cut anxiety was revealed in
the plus-maze test and disturbed social behavior was revealed in the partition test [38]. A loss
of weight, decreased plasma testosterone levels [37], decreased immune responsiveness [39],
and decreased stress reactivity [29] have been demonstrated, too. Repeated treatment with the
antidepressants imipramine [29] or tianeptine [37] decreased immobility in the Porsolt’s test.
Chronic ethanol consumption [40] and chronic treatment with ipsapirone [41] reduced
anxiety, but did not prevent depression. Chronic unavoidable social stress is believed to be a
pathogenic factor that leads to a mixed anxiety/depression state in mice [30]. Changes in brain
serotonergic activity were detected in mice losing fights [review, 31]. The data obtained were
interpreted as evidence of depression, because all the criteria proposed by McKinney and
Bunney [2] were met: The etiology, response to treatment, symptomatology and brain
neurochemical changes are analogous to those of human depression [30]. It has also been
demonstrated using a similar experimental design that symptoms of depression would appear
in response to social stress and that this state is sensitive to antidepressants [6, 43, 44]. If it
were found that mice would reduce sucrose consumption in response to chronic social stress,
anhedonia could be suspected.



Nature Precedings : hdl:10101/npre.2008.2682.1 : Posted 19 Dec 2008

3.2. The control

Since 1988 the controls both for winners and losers received under the sensory contact model
were the mice that had been housed individually for five days (a shorter-term individual
housing would not have eliminated the submissiveness of group-housed males, and, at longer
times, social isolation would have become a factor). They were thought to be the better
controls with native social and emotional responses. The rationale, correctness and advantage
of this control have been explained [35, 36]. Special investigations have demonstrated that
animals after five days of individual housing are less anxious, have larger exploratory and
motor activity as well as higher level of communicativeness in comparison with other
possible controls which could be used to chronically stressed animals — animals after long
social isolation, group-housed animals etc. [45].

The mean value of sucrose solution intake by the single-housed mice over four days
beginning from the second day were used as the control consumption. It was presumed [32]
that on the first day the animals are tasting sucrose solution and on the others they already
prefer it. In all the experiments described below, sucrose solution intake or/and preference
were higher in the controls than in any other group of animals: winners, losers, or group-
housed animals at least on one measurement occasion. Thus, we can think, that sucrose
solution intake by such controls reflects the hedonic preference of intact animals.

4. Experimental designs for the study of anhedonia developed in mice under
social defeat stress

Because sucrose preference takes about two months to develop using the two-bottle free-
choice paradigm [46], to boost the process, we used 1% aqueous sucrose solution
supplemented with vanillin to a concentration of 0.2% [33]. Preliminary experiments
demonstrated that group-housed mice given the two-bottle free-choice regimen with access to
water and either vanillin/sucrose or sucrose solution would willingly drink the sweet solution.
However, after the bottles containing the vanillin/sucrose solution were swapped with the
bottles containing the sucrose solution, mice would drink significantly more vanillin/sucrose
solution. Because vanillin/sucrose solution was more attractive to the mice, we chose to use it.

4.1. Consumption of vanillin/sucrose solution by losers long familiar with it before
exposure to agonistic interactions

Before proceeding to the main point of the experiment, it was necessary to be sure that
aqueous sucrose solution supplemented with vanillin would be liked by mice and to find out
whether this solution would be preferable over water when offered under a free-choice
regimen. In other words, we needed to know if the sweet solution possesses the properties of a
positive reinforcer or reward.

Group-housed mice were offered to choose between water and vanillin/sucrose solution
for 10 days under the two-bottle free-choice regimen. The position of each bottle was changed
once a day to prevent side preference. The consumption of vanillin/sucrose solution and water
by group-housed mice was expressed as a ratio to the total weight of animals in the cage.

The experiment demonstrated [32] (Figure 1, Design 1) that mice can develop hedonic
behavior towards vanillin/sucrose solution. As early as on day two following introduction to
vanillin/sucrose solution, the group-housed males consumed the solution at the highest rate
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Figure 2. Protocols of Design 1 - Vanillin/sucrose solution intake by losers long familiar with it
before exposure to agonistic interactions; Design 2 - Vanillin/sucrose solution intake by losers
previously unfamiliar with it; Design 3 - Vanillin/sucrose solution intake by losers under an
intermittent supply scheme. Detail explanations are in text. The animals and the bottles with
vanillin/sucrose solution and water were weighed once every 6 days to estimate 24 hours liquid
consumption: on Day 9 (the first measurement occasion), Day 15 (the second measurement
occasion), and Day 21 (the third measurement occasion). The position of each bottle was changed
once a day after agonistic interactions, to prevent side preference. Daily agonistic interactions
continued throughout the entire experimental period. Total liquid (water and sweet solution)
intake per body weight, g/g, water intake/body weight, g/g, sweet solution intake/body weight,
g/g, sweet solution preference (% of the consumed sweet solution relative to the total amount of
liquid intake) were analyzed as parameters of hedonic/anhedonic behavior in this and other
experiments. SS — vanillin/sucrose solution supply.

(about 70% of total liquid intake) and consistently preferred it over water for a total of nine
days (Figure 2). Undoubtedly, this preference is because vanillin/sucrose solution is more
palatable than water. It is possible that preference developed so rapidly due to the smell of
vanilla, which is attractive to mice. However, sweet solution consumption per gram total body
weight of the group-housed animals was considerably decreased as compared to that by the

single-housed controls, and therefore, so was the total liquid intake by group-housed animals
(Table 1).
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Figure 2. Voluntary vanillin/sucrose preference (%) and solution intake (g/g) by group-housed
mice. Group-housed mice were offered to choose between water and vanillin/sucrose solution for
10 days under the two-bottle free-choice regimen. The position of each bottle was changed once a
day to prevent side preference.
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Table. Voluntary vanillin/sucrose solution preference, solution and
water intake, total liquid intake by single-(control) and group-
housed male mice

Parameters Control Group-
housed mice

Vanillin/sucrose solution

preference, % 74.5+6.1 65.5+5.2

Vanillin/sucrose solution

%
intake per body weight, g/g | 016750013 | 0.11420.013

Water intake per body

. 0.051+0.012 | 0.060+0.010
weight, g/g

Total liquid intake per body

. 0.209+0.007 | 0.173+£0.011**
weight, g/g

* - p<0.05, ** - p<0.01 in comparison with control, t-test

This decreased vanillin/sucrose solution consumption may result from the hierarchical
relationships that exist within the groups, and so not all animals have equal access to the
solution, which is a source of pleasure. Furthermore, it is also possible that subordinate males,
which, in laboratory mouse populations, are all but one dominant male [47], have less interest
to a novel stimulus, vanillin/sucrose solution. If this is the case, then the observed decrease
may be regarded as a sign of anhedonia developed by group-housed subordinate males.After
that period, the animals were placed in experimental cages (Figure 1, Design 1). Losers were
given for 23 days a two-bottle free-choice regimen, under which they had to choose between
vanillin/sucrose solution and water. The bottles were weighed once every 6 days to estimate
24 hours liquid consumption. Daily agonistic interactions continued throughout the entire
experimental period. The mice long familiar with the taste of vanillin/sucrose solution will
prefer it even while being stressed by social defeat: on all fighting days the sweet preference
was about 70% (cf. 75% in the controls) relative to the total amount of liquid intake (Figure
3). However, sweet solution consumption per body weight was significantly decreased in
these mice compared to the controls, while water consumption was similar [32]. It may be
possible that the sweet solution consumption rates displayed by the losers may reflect their
preference developed in the groups. Social stress did not affect regular consumption rates.
However, the losers would still drink significantly less than the controls, which may suggest
that certain signs of anhedonia have appeared in the losers.

Similar data had previously been obtained on another food of choice, cheese [48]. Its
has been demonstrated that given a free-choice over whether to take regular food (pellets) or
cheese the losers, who had previously eaten cheese for two weeks in the groups, would prefer
it over pellets (80% relative to the total amount of food). This may indicate that cheese is
more palatable to mice than regular food, and so it could be used as a hedonic stimulus.
Noteworthy, group-housed mice consumed cheese at the same (or occasionally even lower)
rate for three weeks, while the losers consumed gradually more and more cheese and 18 days
later they even topped the group-housed mice. It is presumable that cheese as a positive
reinforcer can ease the effects of social stress by creating a positive background through
palatability. Stressed animals are in more need of positive reinforcement than the group-
housed mice, which soon will surfeit with a mono diet (basically protein foods).
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Figure 3. Voluntary vanillin/sucrose solution preference (%) and solution intake (g/g) by
male mice familiar with vanillin sucrose solution during 10 days. Then male mice were
placed in the condition of daily chronic social stress for 21 days under which they had to
choose between vanillin/sucrose solution and water. The bottles were weighed once every 6
days to estimate 24 hours liquid consumption. 1, 2, 3 - measurements on 9, 15, 21 day of
agonistic interactions, respectively. * - p< 0.05, ** - p<0.01, in comparison with control, t-

Thus, there is a common pattern of change in interest towards both consumables with
similar hedonic palatability (cheese and vanillin/sucrose). Sucrose consumption preference
was not decreased as compared to those in controls, and cheese consumption rates were even
increased as compared to those in group-housed animals. The losers consumed much as good
vanillin/sucrose solution as they had done while in the groups; however, these figures were
still significantly lower than those in the controls.

4.2. Consumption of vanillin/sucrose solution by losers previously unfamiliar with it

Because the first experiment did not reveal a significant decrease of vanillin/sucrose solution
preference by depressed mice previously familiar with this solution, we used another
experimental design [32], in which the mice were supposed to have no prior acquaintance
with it.

The protocol of this experiment is presented in Figure 1, Design 2. After seven
consecutive days of agonistic interactions, when the mice had ultimately reached opposite
social statuses [35, 36], the losers were once exposed to forced vanillin/sucrose solution
intake (bottles containing the sweet solution were supplied to the cages between 5.00 p.m. and
10.00 a.m). In the morning, a bottle with water was placed in each compartment to which a
bottle with the sweet solution had previously been placed.

As early as on the first day and onwards, the losers took significantly less
vanillin/sucrose solution than the controls and the preference was less than 25% relative to
the total amount of liquid consumed (Figure 4) [32]. Thus, when first introduced to
chronically stressed animals, sweet water did not appeal to them. This decrease fits in well
with the scenario of depression developed by mice exposed to chronic social stress [reviews,
29, 30, 31]: decreased vanillin/sucrose solution preference and intake by the losers may
reflect the development of anhedonia and aversion to hedonic stimulus. Possible mechanisms
of this decrease are speculated on in Discussion.
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Figure 4. Voluntary vanillin/sucrose solution preference (%) and solution intake (g/g) by male
mice placed in the conditions of daily chronic social stress and non-familiar with vanillin
sucrose solution. After seven consecutive days of agonistic interactions, the losers were once
exposed to forced vanillin/sucrose solution intake (bottles containing the sweet solution were
supplied to the cages between 5.00 and 10.00 a.m). In the morning, a bottle with water was
placed in each compartment to which a bottle with the sweet solution had previously been
placed. 1, 2, 3 - measurements on 9, 15, 21 day of agonistic interactions, respectively. * -
p<0.001 - in comparison with control, t-test.

4.3. Vanillin/sucrose solution intake by losers under an intermittent supply scheme

In many works [3, 6, 7, 13], sweet solution was given to stressed animals intermittently. In the
current experiment, we, too, used intermittent supply scheme (Figure 1, Design 3). Basically,
the procedures were as described in Design 2, except for slight modifications. However, the

losers were not exposed to forced vanillin/sucrose solution intake before the first

measurement occasion. When supplied intermittently, the losers drank less vanillin/sucrose
solution than the controls (preference was 45% vs 75%) (Figure 5).
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Figure 5. Voluntary vanillin/sucrose solution preference (%) and intake (g/g) by losers under an
intermittent supply scheme. The losers received vanillin/sucrose solution for six days beginning
from Day 7 of agonistic interactions under a two-bottle free-choice regimen. Vanillin/sucrose
solution and water intake was measured 24 hours after introduction. 1, 2, 3 - measurements on 9,
15. 21 dav of agonistic interactions. resnectivelv_ * - n<(.05 - Vs control. t-test.
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However, no significant difference in consumption was found between losers and controls
(the standard error was high on the losers). It may be expected that given intermittent supply
with liquid in two bottles (one with sweet solution and one with water), chances of either
being approached are equal and animals are drinking the whole day from the one they have
approached. Figure 6 demonstrates the individual data of vanillin/sucrose solution preference
and intake after the first day of solution supply and after exposure to socially stressful
conditions for 20 days. There were losers: one consuming vanillin/sucrose solution similarly
with the controls and one consuming significantly less vanillin/sucrose solution than the
controls. Some losers drank vanillin/sucrose solution at a lower level during first supply and
then increased consumption. On the contrary there were losers which drank vanillin/sucrose
solution at a higher level and then decreased consumption.
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Figure 6. Individual data of vanillin/sucrose solution preference (%) and intake (g/g) in the control
and losers after the first day of solution supply and after exposure to socially stressful conditions for
21 days.

There were losers which drank vanillin/sucrose solution without any changes during the entire
period of social stress action. However, the means of vanillin/sucrose solution preference and
intake were lower in relation to the control.

Similar results were reported by Strekalova with colleagues [7]: chronically stressed
animals supplied with sweet water intermittently divided into a high and a low intake faction.
It appears as though the changes in consumption observed in chronically stressed animals
supplied with sweet solution intermittently are uninterpretable, because the animals had no
prior acquaintance with that solution and, therefore, they cannot have developed hedonic
behavior towards this drink.

4.4. Vanillin/sucrose solution intake and deprivation effect in winners and losers

There were indications that hedonic processes may be disturbed in the animals who
consistently win daily fights — or the winners [33, 34, 49]. This experiment aimed to compare
the amount of influence of positive and negative fighting experience in male mice on their
voluntary consumption of a vanillin/sucrose solution.

The protocol of the experiment is presented in Figure 7 [34]. A two-bottle free-choice
regimen was given for 25 days. Then the animals were deprived of drinking the sweet
solution for three days, because a deprivation for three days is sufficient to significantly
increase post-deprivation saccharin consumption in animals [50]. During the deprivation
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Figure 7. Protocols of Experimental design - Vanillin/sucrose solution intake and deprivation
effect in winners and losers. After seven consecutive days of agonistic interactions a two-bottle
free-choice regimen was given for 25 days. Daily agonistic interactions continued throughout the
entire experimental period. 1, 2, 3, 4, 5 - measurements on 9, 15, 21, 27, 33 day of fighting,
respectively. Then the animals were deprived of drinking the sweet solution for three days. During
the deprivation period, no agonistic interactions were allowed. After this period, the two-bottle
free-choice regimen was given again, to estimate the daily sweet consumption (measurements 6).
VSS — vanillin/sucrose solution supply.

period, no agonistic interactions were allowed. After this period, the two-bottle free-choice
regimen was given again, to estimate the daily sweet consumption.

On the first day of exposure to the sweet solution, which was on Day 9 of agonistic
interactions, winners and losers preferred sweet water (70% of the total liquid intake)
similarly as the control mice did. Six days later and onwards, in the losers, sweet solution
preference and intake was decreased significantly on all measurement occasions (Figure 8). In
the winners, these parameters were significantly decreased on the fourth and fifth
measurement occasions, which was two weeks after the first exposure to the vanillin/sucrose
solution. Thus, vanillin/sucrose solution consumption was decreased in both the victorious
and defeated mice.

The finding that vanillin/sucrose solution consumption was decreased in the winners
was totally unexpected. It is possible that decreased sweet solution consumption in both
winners and losers might be the consequence of common processes associated with social
confrontations, for example, enhanced anxiety, which is exhibited by animals with opposite
social statuses [38, 51], or stress from agonistic interactions [52].

However, a careful analysis of the patterns of total liquid consumption and water intake
by the winners and losers (Figure 8) suggests that a different interpretation is possible. In the
losers, total liquid intake did not change throughout the experiment. However, from the
second measurement occasion on, sweet solution intake was abruptly decreased and water
intake was increased, as the animals began to develop depression. The depressed losers
preferred water to the sweet solution. In the victorious mice, water consumption did not
change over the entire experimental period. This implies that the decreased total liquid intake
observed in the winners is due to the decreased sweet solution intake. Two explanations are
possible here. One is that the winners at some point reached the satiety of a novel, even
though palatable liquid and finally lost interest in it. Another is that one source of positive
reinforcement (vanillin/sucrose) was replaced by another, that is, the experience of being
aggressive and victorious. The latter is a possibility because many [53-55] have reported that
aggression is rewarding in laboratory rodents and in humans and any positive reinforcement
may trigger a tendency to behave aggressively [54, 56]. The observation of the opposite
effects of deprivation on sweet solution intake by winners and losers confirms the
involvement of different motivational components of hedonic behavior towards this particular
reinforcer. After deprivation for three days without social confrontations, sweet solution intake in the
winners was recovered to the first-measurement level, which was similar to the control figure. In the

10
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losers, decreased vanillin/sucrose solution intake and preference did not change significantly after the
deprivation.
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Figure 8. Voluntary vanillin/sucrose solution preference (%), solution intake (g/g), water (g/g)

and total liquid (water and sweet solution) intake (g/g) by winners and losers during fighting days

and after deprivation. * p < 0.05; ** - p <0.01, *** - p <0.001 vs first-measurement figure, # - p
< 005 ve fifth-meacanrement fionre naired t-tect

5. General discussion

Analysis of our and literature data allows to suggest that the lack of tangible change in sweet
solution consumption by animals in stressful conditions shown in other works may simply
result from how comparison was done, i.e. what was compared with what and how. In most
works, change is acknowledged when there is as a difference between sweet solution
consumption by the same animals before and during exposure to stressful stimuli. In ours, we
have always been comparing consumption by animals exposed to social stress with
consumption by control animals, formerly group-housed males who were single-housed for
five days before used as controls. The correctness and adequacy of using such mice as the
control in relation to the sensory contact model was explained [35, 36] and experimentally
confirmed [45]. With reliance upon these controls in the current experiments, we assumed
that vanillin/sucrose solution intake by single-housed animals tells us about the gustatory and
olfactory preferences typical of intact, unaffected animals with native social and emotional
responses. Noteworthy, in whatever experimental settings we have placed the mice,
vanillin/sucrose solution intake or/and preference has at all times been higher in the control
than other experimental groups (winners and losers with shorter or longer fighting outcome
history, group-housed mice etc). It may well be that the use of these particular controls
allowed us to come across successful methodical tricks that the traditional experimental
designs are missing. Additionally, supplementation of vanillin, which has an attractive smell
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for mice, to the sucrose solution was found to be a successful trick, which allowed the time
required for sweet solution preference to develop to be kept to a minimum: as early as on day
two following introduction the control mice had the highest preference (about 70% of total
liquid intake) and this figure would stay as high for quite a long time onwards (at least 30
days under single housing).

Supportive to our understanding and our interpretation of the results are our many
years worth of research, which demonstrated that social defeat repeatedly experienced in
agonistic interactions leads to dramatic changes in social and individual behaviors as well as
welfare. The etiology, response to treatment, symptomatology and brain neurochemical
changes are analogous to those of human depression [30, 31]. And that is why the lack of
decreased vanillin/sucrose solution preference by mice exposed to stressful stimuli in the first
experiment just made us want to seek such experimental designs that could convincingly
identify disturbances in hedonic behavior in depressed mice.

We have demonstrated a strong influence of experimental context on sweet solution
intake by the losers. In the first experiment, the mice were familiar with the vanillin/sucrose
solution and had a nearly 65-70% sweet solution preference when experiencing defeat stress.
Thus, exposed to social stress, the mice still prefer vanillin/sucrose solution. Something
similar is true of another food, cheese, that the mice eat more willingly than standard pellets
[48]. Moreover, when stressed, mice would even eat some more cheese, which is something
that the group-housed mice long with an option to choose between pellets and cheese would
not do. We came to the conclusion [32] that if hedonic consumables become the regular and
favored food, chronic stress does not decrease but even increase its consumption.

In the second and fourth experiments, this solution was given to defeat-stressed animals
previously unfamiliar with it. After 5-10 days onward, there was a decrease in
vanillin/sucrose solution preference by these animals as compared to the controls (40-10% of
total liquid intake). It appears as though, unlike intact animals, the losers do not want
vanillin/sucrose solution — they want water. The pattern of decreased sweet solution intake in
response to chronic social defeat stress superbly correlates with the development of
depression in the losers as had previously been shown [29 30 31]. This implies that depression
that we evoked using our model definitely includes its core symptom, anhedonia. Admittedly,
it was not before decreased sweet solution intake had been observed that the mice developed
full-blown depression. This may imply that, as far as the losers are concerned, other
psychopathological states, too, are likely to be a factor.

As has previously been demonstrated, living in danger (which is in the presence of an
aggressive partner behind the partition of the experimental cage) causes anxiety and fear in
the losers. As early as on Day 3 of agonistic confrontations, the partition test revealed a
decrease in communicative behavior, which was interpreted as enhanced anxiety [31]. After
10 daily fighting sessions, anxiety was even more enhanced and was sensed by the plus-maze.
After 20 daily fighting sessions, anxiety became overwhelming and was sensed by all the
behavioral tests performed. That is why we were speaking of a mixed anxiety/depression state
in stressed mice. Thus it is possible that decreased vanillin/sucrose solution intake in mice
may equally be due to enhanced anxiety or depression.

Importantly, the cessation of agonistic interactions and placement of depressed animals
in the in comfortable housing conditions (for example, sharing a cage with a female) did not
help [57]. The plus-maze, open-field and Porsolt's test demonstrated that a comfortable
housing of depressed losers for two weeks did not reduce their anxiety or depression. As our
experiments demonstrated, decreased vanillin/sucrose solution intake and preference by the
losers did not change significantly after the deprivation period either. This implies that the
deprivation effect phenomenon, which appears as an increased free-choice consumption of
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drugs, alcohol, or sweet solution [51, 58-61] does not work in the depressed mice nor is
interest to the source of pleasure restored after deprivation.

A question arises as to the mechanisms underlying refusal by stressed males
previously unfamiliar with the taste of sweet water to take vanillin/sucrose solution. It has
been demonstrated that the senses of smell and taste in depressive patients may be affected,
but later restored after treatment with antidepressant drugs [62, 63]. Consequently, the fact
that the mice at certain point began to consume very little vanillin/sucrose solution may
suggest decreased sensitivity to the smell of vanillin or the taste of sucrose in the solution.
However, if it had been for decreased sensitivity, the mice would have been drinking as good
sweet solution as water. A very low consumption of sweet solution makes us suspect
escaping from an unfamiliar food with a strange smell and taste. This could equally be
evidence of anhedonia or fear of novel stimuli or lack of interest to them or indifference,
which depressed mice were noted for in our previous experimental situations [30, 48]. It
appears as if the animals developed aversion to this stimulus.

At the same time it is known that major depression in human patients with may not
necessarily involve a reduced sense of taste or smell [64-66]. Therefore, preference shifts may
not necessarily occur in such patients. Our experiments lend additional support to this logic:
interest to vanillin/sucrose solution by depressed animals may not necessarily be waning (for
example, it does not happen if animals have long been familiar with its taste). Moreover,
some stresses can make animals and humans increase preferred food consumption [18, 67].
For that reason, the sole lack of decrease in vanillin/sucrose solution intake by animals
exposed to stress should not be seen as sufficient evidence of a lack of the depression-like
state. Probably it is not so much decrease in preferred food consumption that is the main
evidence of anhedonia as the lack of the post-deprivation effect that we have experimentally
demonstrated [33].

In addition, not only depression but a whole list of neurological diseases [68],
Alzheimer's disease [69], and multiple sclerosis [70] causes taste and smell disturbances in
human patients. In our experiments, we could observe a decrease in vanillin/sucrose solution
intake by aggressive males who had won many fights and whose behavior was utterly devoid
of any sign of depression. Instead, the winners demonstrated enhanced aggression and
impulsivity, increased motor activity, hostility, malignancy etc. [review, 49]. Therefore, this
observation challenges the generally accepted paradigm that anhedonia measured by reduced
sucrose intake in rats and mice is a key symptom of depression — at least in animal models.

It seems to be most reasonable to come to an understanding of when sweet solution
intake decrease can be regarded as evidence of animal anhedonia and when it cannot. To
begin with, anhedonia is the coined term for the core symptom of major depression in
humans. Decreased sweet intake may be interpreted as anhedonia only in depressed animals
that exhibit many more signs of depression developed due to chronic social stress. Therefore,
we may not loosely apply this term to the winners who have decreased sweet solution intake.
It has been shown that, in the winners, aggressive motivation becomes dominated in various
different experimental situations [49]: experienced winners may vigorously attack a much
huger male or a fully submissive mice or even bite the experimenter's hand just because it was
put in the cage. No intact male would ever do that when first confronted with a conspecific.
At the same time, winners exposed to a receptive female showed a significantly weaker
behavioral response [71] and their testosterone level was not increased. When first confronted
with a female, they can even attack her. Recently, pathological aggression towards females in
similar settings has also been demonstrated [72]. Considering both decreased vanillin/sucrose
solution intake and disturbed sexual behavior toward receptive females, it may be concluded
that, in the winners, the hedonic reaction to rewards such as food and sex is decreased, while
aggression is increased. It may be presumed that, concerning the winners, the substitution of
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hedonic food motivation for aggression takes place. After deprivation, which was a time when
the winners were kept away from the arena and were not getting winning pleasure,
vanillin/sucrose solution intake will increase. It can therefore be claimed that decrease in
vanillin/sucrose solution intake may be the effect of pathological aggression that victorious
mice develop as they win more and more fights [49].

Another hypothesis, which is easy to come to, is that shifts in hedonic preferences may
occur in healthy individuals due to habituation to a source of pleasure or the substitution of
one food stimulus for another. It is easy to picture a situation when a new dominant
motivation abrogates all the others that were there before. And, yes, any individual possesses
their own selection of positive emotional stimuli, which depend on the past history, habits,

inherited neurophysiological features and whatever else that may have nothing to do with
foods.

6. Concluding remarks

It has been earlier shown that C57BL/6J strain male mice exposed to or affected by chronic
social defeat stress develop a mixed anxiety/depression state, many symptoms of which are
similar to those in patients with depression, in particular, anhedonia towards a positive
reinforcer which was 1% aqueous solution of sucrose supplemented with 0.2% vanillin.
Anhedonia appears as an abrupt reduction in sweet solution consumption and by failure to
attain recovery after deprivation. However, it was also demonstrated that vanillin/sucrose
solution intake and preference under the two-bottle free-choice regimen strongly depend on
the experimental context; that the possible critical factor may be prior acquaintance with the
hedonic stimulus — or the lack whereof. Analysis of our original and literature data strongly
suggests that the lack of a significant decrease in sweet solution intake in stressed animals is
no evidence of lack of depression. This decrease is evidence of anhedonia only provided other
symptoms of depression are present. Hedonic consumable intake can be decreased over
various conditions or diseases, in particular, a high level of anxiety or pathological aggression
Hedonic consumable intake can be decreased over habituation to a particular source of
pleasure or the substitution of the food motivation by another motivation, which brings more
pleasure than the sweet solution.
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