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Prosocial behavior, social reward
and affective state discrimination
in adult male and female mice
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Karolina Przyborowicz?, Jan Rodriguez Parkitna'* & Zofia Harda**

Prosocial behavior, defined as voluntary behavior intended to benefit another, has long been regarded
as a primarily human characteristic. In recent years, it was reported that laboratory animals also favor
prosocial choices in various experimental paradigms, thus demonstrating that prosocial behaviors

are evolutionarily conserved. Here, we investigated prosocial choices in adult male and female
C57BL/6 laboratory mice in a task where a subject mouse was equally rewarded for entering any of
the two compartments of the experimental cage, but only entering of the compartment designated
as “prosocial” rewarded an interaction partner. In parallel we have also assessed two traits that are
regarded as closely related to prosociality: sensitivity to social reward and the ability to recognize the
affective state of another individual. We found that female, but not male, mice increased frequency of
prosocial choices from pretest to test. However, both sexes showed similar rewarding effects of social
contact in the conditioned place preference test, and similarly, there was no effect of sex on affective
state discrimination measured as the preference for interaction with a hungry or relieved mouse over
a neutral animal. These observations bring interesting parallels to differences between sexes observed
in humans, and are in line with reported higher propensity for prosocial behavior in human females,
but differ with regard to sensitivity to social stimuli in males.

Prosocial behavior, defined as acting willfully to meet the perceived need of another individual, is regarded as the
highest form of empathy!2. In humans, a major factor affecting the propensity for prosocial behaviors is gender?.
Accumulated evidence indicates that females have superior emotion discrimination abilities*, are more concerned
about the well-being of others®, and utilize more resources to support others in need®. Some previous reports
have argued that altruistic, prosocial behavior is a uniquely human characteristic (e.g.,”®); however, a growing
number of reports show that targeted helping is also observed in other species. Laboratory rodents (rats:*-!,
mice:'>"3, but see'*) and some bird species'® prefer actions that reward another conspecific in choice tasks or free
another animal from a restraint, with whom they share a food reward afterward. Unlike in humans, there are
limited data on the effect of sex on prosocial behaviors in laboratory animals. Most rodent studies on affective
state discrimination have focused on only one sex, usually males (for reviews, see rats and mice:'®'7), although
some studies have investigated females (e.g., rats:'8-2%). Several studies examined both females and males, but the
results considering sex-differences appear inconclusive (rats and mice:*, rats:>?>** mice:**-*¢). Some of the reports
suggest that females are more susceptible to emotional contagion (mice:**), show enhanced emotion discrimina-
tion abilities in double approach paradigms (mice:**, rats:*”) are more likely to perform prosocial actions (rats:>?%).
However, other studies provide evidence for equal susceptibility of male and female rodents to emotional conta-
gion (rat and mice:*, mice:*»**7!), equal affective state discrimination skills (mice:**), and comparable levels of
prosocial behaviors (rats and mice:?!, rats:*?, prairie voles:*). Interestingly, some authors observed even higher
levels of empathy-motivated behaviors in male rodents (rats and mice:?!, rats:***, mice:'>*®). Thus, previous
reports appear inconsistent with regard to superior empathic and prosocial abilities in female mice.

Recently, it was proposed that prosocial behavior is promoted by the positive affective state of the recipient
and witnesses of the interaction, and is motivated by the rewarding effects of social interactions and empathy
termed together as the “camaraderie effect”*. The “camaraderie effect” theory offers a plausible explanation for
the reported differences in prosocial behaviors in mice'?"1*%, pointing at the differences in levels of social reward
and empathy under different experimental setups. Moreover, based on the “camaraderie effect” we hypothesized
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that sex differences in prosocial behavior should be reflected in the rewarding effects of social interactions and
affective state discrimination. Thus, we first investigated prosocial choices in adult male and female C57BL/6
laboratory mice, towards a familiar partner (sibling). We used a model based on the general outline of the rat task
described by Hernandez-Lallement and collaborators'. In our task, mice were provided with a choice between
delivering food to themselves or to both themselves and a partner. Social reward was tested in the social condi-
tioned place preference task® (sCPP) and affective state discrimination was tested in a paradigm modified from
Scheggia et al. in 2020, where sensitivity to the emotional state of interaction partners was assayed®®. We found
that, similar to humans, sex had a significant effect on the propensity for prosocial choices in mice. However,
female and male mice were not different in sensitivity to social reward or the affective state of a conspecific.

Results

Prosocial choices in adult male and female mice. To assess prosocial choices in adult mice, we used a
custom-made maze, as shown in Fig. 1a. In the task, a focal animal, the actor, chose to enter one of two compart-
ments and would be rewarded with chocolate chips for either choice. A second animal, the partner, also received
a reward, but only if the actor entered the compartment designated “prosocial”. The wall separating the actor’s
and partner’s compartments was transparent and perforated, allowing for visual, auditory and olfactory com-
munication. The schedule of the experiment is summarized in Fig. 1b. First, the actor animals underwent up to 4
pretest sessions, one session per day, without partner animal (Fig. 1c). The number of chocolate chips consumed
was checked after each trial, and only animals that consumed at least 85% of the chips over two consecutive days
were subjected to the actual test (Fig. 1d). The average number of sessions required to reach this criterion was
2.4 and 2.63 in male (n=10) and female (n=_8) mice, respectively (t-test, t;;=0.76, p=0.46, Fig. Sla-d, Table S1).
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Figure 1. Prosocial choices in male and female mice. (a) A schematic representation of the testing apparatus.
(b) Experimental schedule. (C-D) A diagram summarizing the pretest and test phases of the experiment,
respectively. (e-f) The change in preference for the ‘prosocial’ compartment between the pretest and test phases
in female and male mice, respectively. The results shown are the mean values from all sessions in the pretest and
test phases. A significant difference between the phases is marked with a “*” (paired t-test p <0.05). Respective
group sizes are indicated below the graphs. (g) The difference between females and males prosociality score,
calculated as test preference for the prosocial compartment minus pretest preference for the same compartment
(%). The bar and whiskers represent the mean and s.e.m. values. A significant difference between means is
marked with a “*” (t-test p <0.05), and a significant difference vs. 0 is indicated by a “}” (one-sample t test
p<0.05). The group sizes are indicated below the graph.
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The pretest was intended to train actors and to assess their inherent preference between the left and right com-
partments in the absence of a partner animal. No inherent preference for cage side was detected in males or
females (Fig. Sle, Table S2).

Then, the partners were introduced, and one of the compartments was designated “prosocial” (Fig. 1d).
Four test sessions were performed. The frequency of entries to the prosocial compartment during the test was
compared to the frequency of entries to the same compartment (“prosocial to be”) during the pretest. In female
mice, the preference for the prosocial compartment increased significantly (Fig. le, Table S2), while male animals
appeared to show no change from their initial choices (Fig. 1f, Table S2). In the case of females, the preference
for prosocial behavior changed from 44.14% initially to 54.30% (average from the 4 trials, paired t-test, t,=4.33,
p=0.003), while in males, these values were 47.52% and 47.83%, respectively. The difference in the prosociality
score (defined as the percentage of prosocial choices during the test minus the percentage of prosocial choices
during the pretest) between males and females was significant (Fig. 1g, Table S3, t test, t;,=2.47, p=0.025).
Additionally, we examined correlations between the absolute and relative weights of the actor and partner and
the prosociality score. We have assumed that heavier mice were more likely to be dominant, and thus the weight
difference was a proxy of the social hierarchy. Relative weight was defined as the difference in weight between
actor and partner calculated as a percentage of actor’s weight. The analysis revealed no significant association
for absolute weights in any of the sexes and no significant correlation of relative weight in the case of females
(Table S4). However, a negative correlation between relative weight and prosociality score was observed in male
mice (Table $4, r=-0.73, p=0.014). These results could indicate that in the case of males the greater the weight
difference between partner and actor, the fewer prosocial choices were made. Together, these results show that
female mice favored prosocial choices in the task, while males have shown no preference for either choice.

Social reward. An increase in the frequency of prosocial choices observed in females is evidence of rein-
forcing effects of their consequences and, thus, of a rewarding effect of the choice. No preference for the prosocial
choices in male mice could potentially be attributed to a generally lower sensitivity to the rewarding effects of
social interaction. To assess this possibility, we tested a separate cohort of adult mice of both sexes in the SCPP,
with a 6 days conditioning protocol®. In this test, experience of social contact during conditioning causes an
increase in time spent in the previously neutral context from pretest to posttest. Both female (n=16) and male
(n=12) mice significantly increased the time spent in the context associated with group housing (Fig. 2a, paired
t-test, t;5=2.825, p=0.012, Fig. 2b, t-test, t;; =4.202, p=0.002, Table S5). Likewise, the preference score (i.e., the
difference in time spent in the social minus isolate context during the posttest) was significantly higher than
chance value in both female (one sample t-test, t;;=3.282, p=0.005) and male (t-test, t;; =2.446, p=0.033) mice
(Fig. 2c, Table S6). Moreover, there was no difference between males and females in preference score (t-test,
t)6=0.5, p=0.62). These results indicate that social interactions with siblings were rewarding for male and
female mice to similar extent. The finding that sCPP can be elicited in adult mice using contact with age and sex
matched conspecifics as a reward appears contradictory to the previous findings by Nardou and collaborators in
2019, who have shown that sCPP was no longer observed at the age of 8 weeks in male, and at 11 weeks in female
mice®®. However, in the study the short (2 days) conditioning protocol was used®, and we have recently shown
that SCPP can be observed in adult (> 11 weeks) female mice, when the longer, 6 days, conditioning protocol is
used?’. Here, to assess if the effect of conditioning length is similar in males, we performed additional experi-
ment on male mice (n=8) using a 2 day conditioning protocol (Fig. 2d—e, Tables S5-S6). We found no effect
of social conditioning, which is in agreement with the results reported in 2019 by Nardou and collaborators®.
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Figure 2. Social conditioned place preference. (a-b) The change in preference for the social context after 6 days
of conditioning in female and male mice, respectively. Each pair of points represents an individual animal, and
the group sizes are indicated below the graphs. A significant difference between the pre- and posttests (30 min)
is marked with a “*” (paired t-test, p <0.05). (c) No difference between females and males preference score [s],
calculated as time spent in social context posttest [s] minus time spent in in isolate context posttest [s]. Each
point represents an individual female or male mouse, with the mean and s.e.m. shown in black and the group
sizes indicated below. A significant preference (greater than 0) is indicated by a “+” (one-sample t-test p <0.05).
(d) No significant change in preference for the social context after 2 days of conditioning in male mice. (e) The
preference score for social context during the posttest after 2 days of conditioning. The group sizes are indicated
below the graph.
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Sensitivity to the affective state of the interaction partner. A plausible explanation for the observed
effect of sex on prosocial choices would be a difference in sensitivity to the affective state of the interaction part-
ner. To test this possibility, a separate cohort of mice was assayed for their preference for interaction with a
“neutral” vs. altered affective state demonstrator (positive-“relieved” or negative-“hungry”) in a affective state
discrimination procedure based on the task described in 2020 by Scheggia et al.*® and summarized in Fig. 3a.
During the main phase of the test, the animal tested (observer) was placed in the cage where demonstrators were
present, both confined under wire cups. One of the demonstrators was food deprived: for 24 h (hungry) or for
23 h and then offered ad libitum food access (standard laboratory chow) for 1 h preceding the test (relieved). The
second demonstrator (neutral) as well as the observer had constant ad libitum food access. Both female (n=12)
and male (n=13) observer mice spent significantly more time sniffing the relieved demonstrator during the
first minute of the test (Fig. 3b—c, Table S7; Fig. 3b, repeated measures ANOVA, effect of time, F, 4 6442 =3.69,
p=0.017, SidaK’s test, sniffing relieved vs. neutral demonstrator during first minute, p=0.019; Fig. 3c, effect of
demonstrator’s state, F; ,4=6.233, p=0.012, Sidak’s test, sniffing relieved vs. neutral demonstrator during first
minute, p=0.02), and there was no effect of sex on the fraction of time spent sniffing the relieved demonstra-
tor (Fig. 3d, Tables S8-S9). The preference for relieved demonstrator was most evident during the first minute
of the observation, which corroborates the results obtained earlier?. Thus, only the behavior during this time
period was considered an indication of affective state discrimination. Similarly, both female (n=8) and male
(n=10) observer mice spent significantly more time sniffing the hungry demonstrator during the first minute
of the test (Fig. 3e-f, Table S7; Fig. 3e, repeated measures ANOVA, effect of interaction of time x demonstra-
tor’s state, F(3 4,=5.157, p=0.004, Siddks test, sniffing hungry vs. neutral demonstrator during first minute,
p=0.008; Fig. 3f, effect of interaction of time x demonstrator’s state, F 3 54 =5.391, p=0,003, Sidak’s test, sniffing
hungry versus neutral demonstrator during first minute, p=0.026), and there was also no effect of sex (Fig. 3g,
Tables S8-59). The position of the altered affective state demonstrator (east vs. west side of the testing apparatus)
was selected randomly, and no effect of the relieved or hungry demonstrator’s position on the percentage of time
spent sniffing this demonstrator was found (Figs. S2a-b, S2f-g, Table S10). Additionally, to control for inherent
preference of the position of the cups (east vs. west), we also analyzed the time spent sniffing the cup in which
the relieved/hungry demonstrator would be placed during the last day of adaptation. The time spent sniffing the
empty cup did not differ from chance level (Figs. S2e, S2h, Table S11) except for females paired later with relieved
demonstrators. In this case time spent sniffing the empty cup was significantly shorter than the chance level
(Fig. S2e, t-test, t;=2.495, p=0.037). Finally, we also analyzed the correlations between the fraction of time spent
sniffing the relieved/hungry demonstrator and the weight of the animals, both observers and demonstrators
(as well as the weight difference between them as an indicator of their hierarchy). This analysis revealed a sig-
nificant negative correlation for both relieved demonstrator (r=-0.7, p=0.001) and observer weight (r=-0.62,
p=0.028), as well as a trend towards observer-relieved demonstrator weight difference (r=0.53, p=0.073), in
females (Table S4). These results could indicate greater preference of the partner in “relief” state among smaller
females. No significant correlations were found in the case of hungry demonstrators (Table S4). In general, the
correlations between weight differences and prosocial choices or affective stated discrimination do not indicate a
consistent effect of hierarchy on the observed behaviors. Taken together, these results show that both female and
male mice discriminate between affective states of familiar conspecifics. Thus, there is no evidence of an effect of
sex on sensitivity to affective states of conspecifics.

Discussion
We found that female, but not male, C57BL/6 mice showed significant preference for prosocial behavior toward a
familiar partner. Recently, Scheggia and colleagues showed that altruistic, prosocial behaviors in mice are depend-
ent on sex, familiarity, social hierarchy, and also internal and affective state'2. They observed that male mice were
more likely to share food with same sex conspecific than females in the operant two-choice social decision-
making task, which is at odds with our results. This discrepancy may emerge from differences in methodology.
In the report cited, testing was performed in an automated operant chamber, whereas we have used a manually
operated cage. This could have affected animal’s stress levels and thus bias choices. Furthermore, Scheggia and
collaborators found that tactile social contact is necessary for prosocial choice preference development in male
mice'?. When partition dividing actor and partner lacked perforations, the focal animals made fewer prosocial
decisions. In our experiment transparent and perforated partition between actor’s and partner’s compartments
was used, to allow access of visual, auditory and olfactory cues. However, due to the small size of the perforations,
direct contact between mice was restricted, which speculatively could influence preference of prosocial choice in
males. Our findings, together with the results reported by Scheggia and colleagues'?, suggest that lower level of
tactile contact might decrease prosocial behavior in male, but increase in female mice. Indeed, there is evidence
for an effect of sex on processing of tactile contact. Experiments performed on rats showed that regular-spiking
neurons in the barrel cortex exhibited stronger responses to facial touch (nose-to-nose) in males compared to
females®. Future studies should directly test the relationships between sex, social touch and prosocial behavior.

It should be noted that the observation that female mice are more prosocial than males in a food-motivated
prosocial choice task is in accordance with other findings in rats using different measures of prosociality. In
2011 Ben-Ami Bartal and colleagues found that females are more likely to learn how to free a trapped cagemate,
and, when the task is learned, females perform it faster than males®. Furthermore, in 2020 Heinla and colleagues
found that female, but not male, rats show consolation-like behavior directed toward cagemates that were recently
attacked by another individual®®.

Based on the “camaraderie effect” theory’, we hypothesized that a female advantage in prosocial behavior
may stem from higher emotion discrimination abilities or higher rewarding effects of female-female, compared
with male-male, social interactions. However, no sex difference in these behaviors was observed. The finding that
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Figure 3. Affective state discrimination. (a) A schematic representation of the task. (b-c) The time spent by
the demonstrator sniffing the relieved (darker points) and neutral (lighter points) demonstrators, female and
male mice, respectively. Each point represents the mean time spent sniffing respective partners during a 1 min
interval (bin). The whiskers represent s.e.m. values, and significant differences between the mean time spent
sniffing in the first 1 min interval are shown with a “*” (ANOVA with repeated measures; post hoc Sidak’s
multiple comparisons test, p <0.05). (d) No difference between female and male mice in preference for sniffing
the relieved demonstrator over the neutral demonstrator. The points represent mean values over 1 min intervals,
whiskers represent the s.e.m. Significant differences vs. 50% during the first 1 min interval in both female and
male mice are indicated by a “+” (one-sample t-test p <0.05). (e-f) The time spent by the demonstrator sniffing

the hungry (darker points) and neutral (lighter points) female and male demonstrators, respectively. Each point
represents the mean time spent sniffing respective partners during a 1 min interval (bin). The whiskers represent
s.e.m. values, and significant differences between the mean time spent sniffing in the first 1 min interval are
shown with a “*” (ANOVA with repeated measures; post hoc Sid4k’s multiple comparisons test, p < 0.05). (g) No
difference between female and male mice in preference for sniffing the hungry demonstrator over the neutral
demonstrator. The points represent mean values over 1 min intervals, whiskers represent the s.e.m. Significant
differences versus 50% during the first 1 min interval in both female and male mice are indicated by a “}” (one-
sample t-test p <0.05). The group sizes are indicated below the graph.
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emotion discrimination abilities, independently from valence, are similar in male and female mice corroborates
previous observations Scheggia and colleagues®, nevertheless, some of the previous reports showed higher emo-
tion discrimination abilities in female rodents (mice:**, rats:*’). These discrepancies may stem from the differ-
ences in the severity of the emotion-eliciting stimulus and/or emotion valence. In our study, a positive state was
induced by deprivation and subsequent provision of food and the negative state was induced by food deprivation
for 24 h before the test, which could be considered as a relatively mild stress. Scheggia and collaborators used a
test where a positive state was induced by deprivation and subsequent provision of water and the negative state
was induced by 15 min of restraint before the test, which also is arguably a mild stressor. Conversely, studies
that have demonstrated higher emotion discrimination abilities in female rodents used severe stimuli, i.e. pain
or footshock (mice:**, rats:*”). A conjecture that sex differences in affective state discrimination are evident only
in the test involving highly stressful stimuli would be in agreement with “fitness threat hypothesis”, which states
that female advantage in emotion recognition may be limited to negative emotional expressions, as they signal
a potential threat to the offspring*.

The finding that rewarding effects of social interactions are similar in adult male and female mice is especially
surprising, as males of the Mus musculus species studied in natural or seminatural conditions usually have been
found to form territories and aggressively defend them from other males*'. Female mice, in contrast, are capable
of communal nesting and nursing*?. Both male and female mice disperse from their natal groups, but males do
this more frequently and at younger ages*. Taken together, these literature data suggest that the motivation for
the social context preference observed here may differ between males and females. In females, amicable social
interactions are the most likely cause of the increase in the preference for social context. In males, however, the
opportunity for aggressive encounters may have caused the same effects. Earlier studies support this interpreta-
tion, as rewarding effects of aggression were repeatedly documented in male mice and rats (for a review, see*),
but were absent in female mice®.

A potential limitation of our study is that in the affective state discrimination test the food deprivation was
used instead of water deprivation, as previously described®. This leads to a question if observer mice indeed
have shown preference for the emotionally aroused conspecific or rather the one that emitted more intense food
odor. However, this issue is mostly resolved by the comparison of “relieved” and “hungry” conditions. If, in the
“relieved” condition, relieved demonstrators emitted more smell of the food than neutral demonstrators, then,
consequently, in the “hungry” condition, neutral demonstrators would have emitted more intense food odor than
hungry demonstrators. If observer mice were attracted to the smell of food rather than the emotional arousal of
the demonstrators, in the “hungry” condition they would have explored the neutral demonstrator more than a
hungry one, which was not the case. Hence, we believe that in our version of the task mice indeed show recogni-
tion of emotional states of others, not interest in food odor.

Taken together, our results show that, similar to humans, female mice tend to be more prosocial than males,
but this difference may not stem from sensitivity to affective state of the interaction partner or stronger rewarding
effects of social interactions. Thus, the relationships among prosociality, affective state discrimination and social
reward should be reconsidered, and correlations between these traits are not indicative of causation.

Materials and methods

Animals. Experiments were performed on C57BL/6 mice bred at the Maj Institute of Pharmacology Animal
Facility. Mice were housed in a 12-h light-dark cycle (lights on at 7 AM CET/CEST) under the controlled condi-
tions of 22 +2 °C temperature and 40-60% humidity. In the prosocial choice test, mice were housed as sibling
pairs. For affective state discrimination and sCPP mice were housed with littermates of all the same sex or alone,
depending on the phase of the experiment. Water was available ad libitum. Home cages contained nesting mate-
rial and aspen gnawing blocks. Behavioral tests were conducted during the light phase under dim illumination
(5-10 Ix). Affective state discrimination and sCPP tests were video recorded with additional infrared LED illu-
mination. The age and weight of all experimental groups are summarized in Table S12.

All behavioral procedures were approved by the II Local Bioethics Committee in Krakow (permit num-
bers 224/2016, 34/2019, 35/2019, 32/2021) and performed in accordance with the Directive 2010/63/EU of the
European Parliament and of the Council of 22 September 2010 on the protection of animals used for scientific
purposes. The reporting in the manuscript follows the ARRIVE guidelines.

Prosocial choice test. The method was partly based on the prosocial test for rats described in 2014 by
Hernandez-Lallement and colleagues'®. The custom cage (main compartment: 30 x36x 30 cm; start-choice
compartment: 12 x 14 x 30 cm) used in the procedure is shown in Fig. 1a. The walls between reward and partner
compartments were transparent and perforated so animals could see, hear, and smell each other during the
experiment. Two pairs of doors were used for each arm of the apparatus to prevent the animal from going back
to the starting compartment. Animals were given limited time to enter the choice compartment (5 s) and reward
compartments (5 s). In case mice didn’t make a choice in time, animals were gently touched by hand of the
experimenter to encourage them to enter either of the reward compartments. Entering one of two reward com-
partments resulted in food delivery after 5 s. The time to consume the reward was also limited (60 s). Animals
were moved to starting compartment if they consumed both rewards or 60 s had passed. Time between each trial
lasted 10 s. The primary difference from the previously described apparatus is the single compartment for the
interaction partner. The experimental schedule is summarized in Fig. 1b and consisted of 4 phases: food restric-
tion (5-7 days), habituation (2 days), pretest (2-4 days, depending on completion criterion; see Table S1), and
main test (4 days). Mice had restricted access to food throughout the experiment. Habituation was performed
when animals reached 85-90% of their initial body weight. On the last day of food restriction, the heavier mouse
from each cage was selected as the actor, and the lighter mouse was used as the partner. The rationale was to
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increase the chance of observing prosocial behavior in actors, as it was shown that the number of reward por-
tions provided to the hungry partner is negatively correlated with the partner’s weight in rats'®*® Habituation
took place on the two days preceding the pretest. Actors and partners were placed in the assigned compartments
for 10 min to freely explore all compartments. Reward was available ad libitum. During the pretest, only actors
were present in the cage. The pretest session consisted of 6 forced choice trials and 16 free choice trials. The
sequence of forced trials was always an alternation of right and left choices, starting with right.

At the beginning of each trial, the actor was placed in the starting compartment. Then, the doors were lifted,
and the actor could access one of the reward compartments (during forced trials) or was offered a choice between
the two compartments (during free choice trials). The actor received a food reward irrespective of choice (two
chocolate chips, BioServ, 20 mg, #F05301). After the actor consumed the reward, it was placed back in the start-
ing compartment. The time mice could spend in each of the compartments was limited (Fig. 1a). In case the
mouse did not move to the desired compartment before the time limit, the experimenter gently pushed it. The
completion criterion for the pretest was 37 out of 44 food pellets consumed in two consecutive sessions (for
the number of animals excluded based on this criterion, see Fig. S1 and Table S1). Additionally, an exclusion
criterion was a>70% average preference for one of the compartments (the ‘70% criterion’). Number of animals
that passed the predefined criteria is n =8 for females and n =10 for males.

During the main test phase, both the actor and partner were introduced to the cage, and testing sessions were
performed daily over 4 days. Each actor’s entry to the “prosocial” compartment resulted in reward delivery for
both mice. Conversely, upon entrance to the “asocial” compartment, only the actor was rewarded. The prosocial
compartment was assigned as follows: in the case of mice with less than a 60% preference, the compartment was
selected randomly. For the mice with an initial preference between 60 and 70%, the less preferred compartment
was chosen as prosocial.

We considered the possibility that the prosocial behavior in female mice could be affected by estrous cycle
phase. The estrous cycle in mice lasts for approximately four days. To minimize the possible effect of estrous
cycle phase on the differences between males and females, the 4 days average of the test phase results was used
for pretest—posttest comparison and for comparison between sexes. The 4 days average was used for both sexes,
to enable male-female comparison.

Social conditioned place preference (sCPP). sCPP was performed as previously described**. The
procedure consisted of three phases: pretest, conditioning phase, and posttest.

During pretest each cage compartment contained one type of context (context A and context B) that differed
in bedding type and gnawing block size and shape (Table S13). Both conditioning contexts were different from
the home cage context, which consisted of aspen bedding (Table S13) and a distinct gnawing block. Mice were
allowed to freely explore the cage for 30 min. Two animals were tested in parallel in adjacent cages. The exclu-
sion criterion for pretest was initial preference to any of the context exceeding 70% (for the number of animals
excluded based on this criterion, see Table S14). Number of animals that passed the predefined criteriaisn=16
for females, n =12 for males tested in the 6 days protocol and n =8 for males tested in 2 days protocol.

After the pretest, animals were returned to their home cages for approximately 24 h. Then, mice were subjected
to social conditioning (housing with cage mates) for 24 h in one of the contexts used in the pretest followed by
24 h of isolated conditioning (single housing) in the other context. To preserve an unbiased design, the social
context was randomly assigned in such a way that approximately half of the cages received social conditioning on
context A and half on context B. The conditioning phase lasted 6 days (3 days in each context, alternating every
24 h). After conditioning, the post-test was performed identically as pretest. Two sets of conditioning contexts
were used (Table S13), and the results from both sets were pooled. When the number of animals conditioned on
different bedding types (contexts) were not equal, the number of animals for each type of bedding was equalized
by randomly removing the appropriate number of cases from the larger group using an R script as described in®’.

Affective state discrimination. The test was based on the protocol developed in 2020 by Scheg-
gia and colleagues®. The behavior was assessed in a rectangular cage with opaque walls (see Fig. 3A;
53 cm %32 cm x 15 cm). Demonstrators were placed on plastic platforms and confined under wire cups (diam-
eter 9.5 cm x height 9 cm, Warmet, #B-0197). The procedure comprised two phases: habituation (3 days) and
testing (1 day). The largest animal in the cage at the start of habituation was always assigned the “observer” role,
the second largest was assigned the “relieved” or "hungry” demonstrator role, and the smallest was assigned the
“neutral” demonstrator. This was done to match the role assignment in the prosocial choice task and to ensure
that the relieved/hungry and neutral demonstrators had a similar weight such that the only characteristic that
distinguished them was the affective state. The relieved/hungry demonstrator and observer were always naive,
while the neutral demonstrators were tested twice with different observers in 9 cases, always a week apart.

On the first day of habituation, the observers were placed in the experimental cage for 12 min. In the experi-
ment with relieved demonstrators the cage was empty for half of the animals, and it contained empty wire cups
for the other half. No effect of cup presence during habituation was observed (Fig. S3c-d, Table S15). In the
experiment with hungry demonstrators the cage always contained empty wire cups on the first day of habitua-
tion. On habituation days 2 and 3, observers were placed in the experimental cage for 6 min, and the wire cups
were introduced for the next 6 min to habituate the observer to their placement during the test.

A glass jar was always placed on the top of the wired cups to prevent the observers from climbing the cups.
Demonstrators were placed every day for 10 min in the experimental cage under the wired cups without an
observer present. After the last habituation session, animals were placed in separate home cages for 24 h, i.e.,
until the main test. The relieved/hungry demonstrators were deprived of food immediately after being put in a
separate cage, while neutral demonstrators and observers had access to food ad libitum. One hour before the
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test, the relieved demonstrators were provided ad libitum access to food. Ten minutes before the test, observers
were placed in the testing arena for habituation, and demonstrators were placed under wire cups on the table
in the experimental room. Additionally, hungry demonstrators were presented with two chow pellets placed
in unreachable distance to the wired cage to induce stress. After habituation, two demonstrators (neutral and
relieved or hungry) were placed in the arena for 4 min (under wire cups). Observers who investigated both
partners for less than 30 s were excluded from the analysis (for the number of animals excluded based on this
criterion, see Table S16). The “relieved” and “hungry” conditions were tested in two consecutive experiments,
on separate groups of animals. Number of animals that passed the predefined criteria for “relieved” experiment
was n =12 for females and n =13 for males, and for “hungry” experiment: n= 8 for females and n =10 for males.

Data analysis

Distance moved and presence in separate cage compartments in the sCPP test were automatically analyzed using
EthoVision XT 15 software (Noldus, The Netherlands). Time spent sniffing relieved/hungry and neutral demon-
strators and time spent in the respective zones were scored manually using Boris software*” by the experimenter,
who was blinded to the demonstrators’ state. The significance level was set at p <0.05. Comparisons of sample
means were performed using analysis of variance (ANOVA) with Geisser-Greenhouse correction followed by
Sid4K’s multiple comparisons test or Student’s t-test for cases with only two samples.

Data availability
All data are available at https://zenodo.org/record/6988393. Raw video recordings of the tests will be made avail-
able by the corresponding author JRP on request.

Received: 13 December 2022; Accepted: 31 March 2023
Published online: 05 April 2023

References
1. de Waal, E. B. M. Putting the altruism back into altruism: The evolution of empathy. Annu. Rev. Psychol. 59, 279-300 (2008).
2. Decety, J., Bartal, 1.B.-A., Uzefovsky, F. & Knafo-Noam, A. Empathy as a driver of prosocial behaviour: Highly conserved neurobe-
havioural mechanisms across species. Philos. Trans. R. Soc. Lond. B Biol. Sci. 371, 20150077 (2016).
3. Christov-Moore, L. et al. Empathy: Gender effects in brain and behavior. Neurosci. Biobehav. Rev. 46(Pt 4), 604-627 (2014).
4. Thompson, A. E. & Voyer, D. Sex differences in the ability to recognise non-verbal displays of emotion: A meta-analysis. Cogn.
Emot. 28, 1164-1195 (2014).
5. O’Brien, E., Konrath, S. H., Grithn, D. & Hagen, A. L. Empathic concern and perspective taking: Linear and quadratic effects of
age across the adult life span. J. Gerontol. B Psychol. Sci. Soc. Sci. 68, 168-175 (2013).
6. Willer, R., Wimer, C. & Owens, L. A. What drives the gender gap in charitable giving? Lower empathy leads men to give less to
poverty relief. Soc. Sci. Res. 52, 83-98 (2015).
7. Fehr, E. & Fischbacher, U. The nature of human altruism. Nature 425, 785-791 (2003).
8. de Waal, F. B. M. & Suchak, M. Prosocial primates: Selfish and unselfish motivations. Philos. Trans. R. Soc. Lond. B Biol. Sci. 365,
2711-2722 (2010).
9. Ben-Ami Bartal, I, Decety, ]. & Mason, P. Empathy and pro-social behavior in rats. Science 334, 1427-1430 (2011).
10. Hernandez-Lallement, J., van Wingerden, M., Marx, C., Srejic, M. & Kalenscher, T. M Front. Neurosci. 8, 443 (2014).
11. Marquez, C., Rennie, S. M., Costa, D. F. & Moita, M. A. Prosocial choice in rats depends on food-seeking behavior displayed by
recipients. Curr. Biol. 25, 1736-1745 (2015).
12. Scheggia, D. et al. Reciprocal cortico-amygdala connections regulate prosocial and selfish choices in mice. Nat. Neurosci. 25,
1505-1518 (2022).
13. Ueno, H. et al. Helping-like behaviour in mice towards conspecifics constrained inside tubes. Sci. Rep. 9, 5817 (2019).
14. Ueno, H. et al. Rescue-like behaviour in mice is mediated by their interest in the restraint tool. Sci. Rep. 9, 10648 (2019).
15. Brucks, D. & von Bayern, A. M. P. Parrots voluntarily help each other to obtain food rewards. Curr. Biol. 30, 292-297.e5 (2020).
16. Hernandez-Lallement, J., Gomez-Sotres, P. & Carrillo, M. Towards a unified theory of emotional contagion in rodents-A meta-
analysis. Neurosci. Biobehav. Rev. 132, 1229-1248 (2022).
17. Puscian, A. et al. Ability to share emotions of others as a foundation of social learning. Neurosci. Biobehav. Rev. 132, 23-36 (2022).
18. Atsak, P. et al. Experience modulates vicarious freezing in rats: a model for empathy. PLoS ONE 6, 21855 (2011).
19. Jones, C. E., Riha, P. D., Gore, A. C. & Monfils, M.-H. Social transmission of Pavlovian fear: Fear-conditioning by-proxy in related
female rats. Anim. Cogn. 17, 827-834 (2014).
20. Schneeberger, K., Dietz, M. & Taborsky, M. Reciprocal cooperation between unrelated rats depends on cost to donor and benefit
to recipient. BMC Evol. Biol. 12, 41 (2012).
21. Du, R. et al. Empathic contagious pain and consolation in laboratory rodents: Species and sex comparisons. Neurosci. Bull. 36,
649-653 (2020).
22. Han, Y, Sichterman, B., Carrillo, M., Gazzola, V. & Keysers, C. Similar levels of emotional contagion in male and female rats. Sci.
Rep. 10, 2763 (2020).
23. Mikosz, M., Nowak, A., Werka, T. & Knapska, E. Sex differences in social modulation of learning in rats. Sci. Rep. 5, 18114 (2015).
24. Langford, D.]. et al. Social approach to pain in laboratory mice. Soc. Neurosci. 5, 163-170 (2010).
25. Pisansky, M. T., Hanson, L. R., Gottesman, I. I. & Gewirtz, . C. Oxytocin enhances observational fear in mice. Nat. Commun. 8,
2102 (2017).
26. Scheggia, D. et al. Somatostatin interneurons in the prefrontal cortex control affective state discrimination in mice. Nat. Neurosci.
23, 47-60 (2020).
27. Rogers-Carter, M. M., Djerdjaj, A., Culp, A. R, Elbaz, ]. A. & Christianson, J. P. Familiarity modulates social approach toward
stressed conspecifics in female rats. PLoS ONE 13, 0200971 (2018).
28. Heinla, L, Heijkoop, R., Houwing, D. J., Olivier, J. D. A. & Snoeren, E. M. S. Third-party prosocial behavior in adult female rats is
impaired after perinatal fluoxetine exposure. Physiol. Behav. 222, 112899 (2020).
29. Keum, S. et al. Variability in empathic fear response among 11 inbred strains of mice. Genes Brain Behav. 15, 231-242 (2016).
30. Langford, D.]. et al. Social modulation of pain as evidence for empathy in mice. Science 312, 1967-1970 (2006).
31. Smith, M. L., Hostetler, C. M., Heinricher, M. M. & Ryabinin, A. E. Social transfer of pain in mice. Sci. Adv. 2, 1600855 (2016).
32. Gachomba, M. J. M. et al. Multimodal cues displayed by submissive rats promote prosocial choices by dominants. Curr. Biol. 32,
3288-3301.¢8 (2022).
33. Burkett, J. P. et al. Oxytocin-dependent consolation behavior in rodents. Science 351, 375-378 (2016).

Scientific Reports |

(2023) 13:5583 | https://doi.org/10.1038/s41598-023-32682-6 nature portfolio


https://zenodo.org/record/6988393

www.nature.com/scientificreports/

34. Kentrop, J. et al. Pro-social preference in an automated operant two-choice reward task under different housing conditions:
Exploratory studies on pro-social decision making. Dev. Cogn. Neurosci. 45, 100827 (2020).

35. Wu, Y. E. et al. Neural control of affiliative touch in prosocial interaction. Nature 599, 262-267 (2021).

36. Lahvis, G. P. Social reward and empathy as proximal contributions to altruism: The camaraderie effect. Curr. Top. Behav. Neurosci.
30, 127-157 (2017).

37. Harda, Z. et al. Establishment of a social conditioned place preference paradigm for the study of social reward in female mice. Sci.
Rep. 12, 11271 (2022).

38. Nardou, R. et al. Oxytocin-dependent reopening of a social reward learning critical period with MDMA. Nature 569, 116-120
(2019).

39. Bobrov, E., Wolfe, J., Rao, R. P. & Brecht, M. The representation of social facial touch in rat barrel cortex. Curr. Biol. 24, 109-115
(2014).

40. Hampson, E., van Anders, S. M. & Mullin, L. I. A female advantage in the recognition of emotional facial expressions: Test of an
evolutionary hypothesis. Evol. Hum. Behav. https://doi.org/10.1016/].EVOLHUMBEHAV.2006.05.002 (2006).

41. Kondrakiewicz, K., Kostecki, M., Szadziniska, W. & Knapska, E. Ecological validity of social interaction tests in rats and mice. Genes
Brain Behav. 18, €12525 (2019).

42. Hayes, L. D. To nest communally or not to nest communally: A review of rodent communal nesting and nursing. Anim. Behav.
59, 677-688 (2000).

43. Groo, Z., Szenczi, P, Banszegi, O. & Altbacker, V. Natal dispersal in two mice species with contrasting social systems. Behav. Ecol.
Sociobiol. https://doi.org/10.1007/s00265-012-1443-z (2012).

44. Golden, S. A,, Jin, M. & Shaham, Y. Animal models of (or for) aggression reward, addiction, and relapse: Behavior and circuits. J.
Neurosci. 39, 3996-4008 (2019).

45. Aubry, A. V. et al. Sex differences in appetitive and reactive aggression. Neuropsychopharmacology https://doi.org/10.1038/541386-
022-01375-5 (2022).

46. Harda, Z. et al. Loss of mu and delta opioid receptors on neurons expressing dopamine receptor D1 has no effect on reward sen-
sitivity. Neuropharmacology 180, 108307 (2020).

47. Friard, O. & Gamba, M. BORIS: A free, versatile open-source event-logging software for video/audio coding and live observations.
Methods Ecol. Evol. 7, 1325-1330 (2016).

Acknowledgements

This work was supported by grant OPUS UMO-2016/21/B/NZ4/00198 from the National Science Centre Poland
and the statutory funds of the Maj Institute of Pharmacology of the Polish Academy of Sciences. Special thanks
to Katarzyna Kubik for help in analysis of the recordings from affective state discrimination experiment.

Author contributions

K.M.,, J.R.P. and Z.H. designed the study. KM., Z.H., M.K,, M.C,, L.S., A.B. performed experiments. K.M., K.P.
and Z.H. analyzed the data. JR.P. and Z.H. supervised the study. J.R.P.,, Z.H. and K.M. wrote the paper with
contributions from all of the authors.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/
10.1038/541598-023-32682-6.

Correspondence and requests for materials should be addressed to J.R.P. or Z.H.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2023

Scientific Reports |

(2023) 13:5583 | https://doi.org/10.1038/s41598-023-32682-6 nature portfolio


https://doi.org/10.1016/J.EVOLHUMBEHAV.2006.05.002
https://doi.org/10.1007/s00265-012-1443-z
https://doi.org/10.1038/s41386-022-01375-5
https://doi.org/10.1038/s41386-022-01375-5
https://doi.org/10.1038/s41598-023-32682-6
https://doi.org/10.1038/s41598-023-32682-6
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Prosocial behavior, social reward and affective state discrimination in adult male and female mice
	Results
	Prosocial choices in adult male and female mice. 
	Social reward. 
	Sensitivity to the affective state of the interaction partner. 

	Discussion
	Materials and methods
	Animals. 
	Prosocial choice test. 
	Social conditioned place preference (sCPP). 
	Affective state discrimination. 

	Data analysis
	References
	Acknowledgements


