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Abstract

Whereas human pro-social behavior is often driven by empathic concern for another, it is unclear
whether non-primate mammals experience a similar motivational state. To test for empathically
motivated pro-social behavior in rodents, a free rat was placed in an arena with a cagemate trapped
in a restrainer. Within days, the free rat acted deliberately and quickly to open the restrainer and
free the cagemate. Rats did not open an empty or object-containing restrainer. Rats freed
cagemates even when rewarding social contact was prevented. When liberating a cagemate was
pitted against chocolate contained within a second restrainer, rats opened both restrainers and in
most trials, shared the chocolate. Thus, rats behave pro-socially in response to a conspecific’s
distress, providing strong evidence for biological roots of empathy.

Pro-social behavior refers to actions that are intended to benefit another. One common
motivator of pro-social behavior in humans is empathic concern, an other-oriented
emotional response elicited by and congruent with the perceived welfare of an individual in
need. The separation of one’s own affective state from another’s is crucial for the pro-social
manifestation of empathic concern (1, 2). For example, an individual who simply shares
another’s state of distress via emotional contagion may become stuck within a state of
immobility that prevents him or her from moving to action. In contrast, appreciation of
another’s distress without experiencing overwhelming emotional distress is conducive to
pro-social behavior (3). To determine whether rodents are capable of helping behavior
motivated by empathic concern, we tested whether the presence of a trapped cagemate
induces a pro-social motivational state in rats, leading them to open the restrainer door and
liberate a trapped cagemate.

During each test session, the free rat was allowed to roam freely in an arena with a centrally
located restrainer. Inside the restrainer was a cagemate (trapped cagemate condition, fig.
S1A), a plush toy rat (object condition), or nothing (empty condition). To test whether the
actions of the free rat were due to the trapped condition of the cagemate rather than the mere
presence or inaccessibility of the cagemate, an additional group of rats (2+empty condition)
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was tested. Two free cagemates were placed in the arena and separated by a perforated
screen; the restrainer was on one side of the screen with the “free” rat (fig. S1B).

To open the restrainer door, rats had to apply enough force to tip the door over to the side
(fig. S1C). Door-opening by the free rat allowed the trapped cagemate to leave the
restrainer. In preliminary experiments, some rats developed learned helplessness if they
failed to open the door within the first few test days. To avoid this, the experimenter opened
the door halfway in trials when the rat failed to open the door by a set time point. After this
experimental manipulation, either rat fully opened the door and the trapped rat escaped from
the restrainer; rats then remained in the arena for half the initial period. Door-opening was
only counted as such if the free rat opened the door prior to the half-way opening. Sessions
were repeated for 12 days, once daily (4).

Rats in the trapped cagemate condition showed restrainer-centered activity (Fig. 1A; Movie
S1) and learned to open the door and liberate the trapped cagemate within a few days. Rats
circled the restrainer, digging at and biting it, and initiated contact with the trapped rat
through holes in the restrainer. They spent more time near the restrainer in the arena center
(Fig. 1B), and showed greater movement speed (hereafter termed activity, Fig. 1C) than rats
in the control conditions. Prior to learning to open the restrainer door and liberate the
trapped rat (mean: day 6.9 £ 2.9), free rats in the trapped cagemate condition stayed
significantly more active in the second half relative to the first half of sessions than did rats
in the control conditions (Fig. 1D). These results suggest that rats are motivated to move and
act specifically when in the presence of a trapped cagemate.

The proportion of rats in the trapped cagemate condition that opened the door increased
across the 12 days of the experiment (Fig. 2A). No such increase was observed for rats in
any of the control conditions. The time to door-opening decreased for rats in the trapped
condition but not for those in control conditions (Fig. 2B; Movie S2). In the final days of
testing, most rats (23/30) in the trapped condition opened the door within several minutes of
the start of the session, and were classified as “openers” (see Supplementary Methods for
definition), whereas the rats in control conditions either never opened the door or did so only
after it was opened halfway. Only 5 of 40 in the control conditions (1/8, object; 2/20, empty;
2/12, 2+empty) became openers (P<0.001, chi-square). Rats who failed to consistently open
the door were termed “non-openers”. When activity was aligned to the opening of the door,
there was a sharp increase in activity just before and extending for more than 10 minutes
afterward (Fig. 2C). These data suggest that the liberation of a trapped cagemate is a salient
event for the free rat.

On the first days of testing, rats in the trapped condition opened the door in any of three
ways: from the side, from the top, or straight on by pushing it up with their head. On later
days, (days 6-12) they consistently opened the door with their heads (Fig. 2D). Furthermore,
rats initially froze after the door fell over, suggesting that door-opening (which made a
sound) was an unexpected event. But in later days of testing (days 6-12), they did not freeze
(Fig. 2E), demonstrating that door-opening was the expected result of a deliberate action.
Hence, door-opening by the free rat in the trapped condition showed the characteristics of
goal-directed behavior.

Ultrasonic (22-23 kHz) vocalizations collected from multiple testing arenas were analyzed
to determine whether rats emitted alarm calls during testing. Rats in the trapped cagemate
condition made significantly more alarm calls (15%) than rats in the empty and object
conditions (3-5%, Fig. 2F) in randomly sampled files from all 12 days of testing. The
greater frequency of alarm calls in the trapped cagemate condition than in control conditions
suggests that the former paradigm was stressful. Further analysis showed that days 1-3
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contained 20-27% alarm calls for male rats in the trapped cagemate condition. In 90% of
files containing spontaneous alarm calls on day 1, the trapped rat was identified as the
source of the calls, and in the remaining samples, we were not able to unambiguously
identify the caller. Since alarm calls were relatively infrequent, it is unlikely that the free rat
was acting to terminate alarm calls.

Females were tested in the trapped cagemate (n=6) and empty (n=6) conditions. Consistent
with previous findings that human and non-human females are more empathic than males
(5-7), all female rats in the trapped condition became door-openers whereas a third of the
male rats were non-openers. Further, female rats in the trapped condition opened the
restrainer door at a shorter latency than did males (Fig. 3A). Females in the empty condition
never opened the restrainer door. Female rats were also more active than males in the
trapped cagemate condition but there was no sex difference in the empty condition (Fig.
3B).

To examine whether individual differences in boldness influence door-opening behavior, we
tested the latency for approach to the ledge of an opened cage (see Supplementary Methods).
Interestingly, animals who eventually proved to be openers showed significantly lower
latencies for approach than non-openers, suggesting that openers were bolder (fig. S2). This
demonstrates that individual trait differences factor into the individual expression of pro-
social behavior.

To determine whether the anticipation of social interaction is necessary to motivate door-
opening, we tested an additional cohort of rats in a modified setup in which the trapped rat
could only exit into a separate arena (separated condition, fig. S1D). Rats (12 pairs) were
first exposed to the trapped cagemate condition (12 days); three rats did not open the door
on any of the last 3 days in the trapped cagemate condition (days 10-12) and were not tested
further. In a second stage, rats were placed in the separated setup with a restrainer that was
either empty (separated empty) or contained a cagemate (separated cagemate) for 29 days of
testing (Fig. 4A). In a third stage (27 days), conditions were reversed so that rats in the
separated cagemate condition during stage 2 were then tested in the separated empty
condition and vice versa. Thus, all 9 free rats were tested in counter-balanced order with
both an empty and full restrainer. Rats placed in the separated cagemate condition either
continued to or returned to opening the door at short latency as they had in the trapped
cagemate condition (Fig. 4A). In contrast, when rats were placed in the separated empty
condition, they eventually stopped opening the door of the empty restrainer. Thus, individual
rats opened the door of a restrainer containing a cagemate but not that of an empty
restrainer, indicating that expectation of immediate social contact is not necessary for pro-
social behavior in rats.

In order to examine the relative value of liberating a trapped cagemate, we tested a cohort of
rats in a cagemate vs. chocolate paradigm. The free rat was placed in an arena with two
restrainers, one containing the trapped cagemate and the other containing five chocolate
chips (chocolate cagemate condition, fig. S1E). In the control condition, one restrainer was
empty while the other contained chocolate (chocolate empty condition). For rats in the
chocolate cagemate condition, there was no difference in the door-opening latencies for the
two restrainers during days 6-12 (Fig. 4B). In contrast, rats in the chocolate empty condition
opened the chocolate-containing restrainer significantly more quickly than they opened the
empty one (Fig. 4C). These results show that the value of freeing a trapped cagemate is on a
par with accessing chocolate chips. It is interesting to note that the average day on which
rats learned to open the chocolate restrainer was 5.8 = 2.1, similar to that for rats in the
trapped cagemate condition (6.9 £ 2.9). Thus, even when motivated by access to highly
palatable food, door-opening was neither easy nor instinctual.
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Free rats in the chocolate cagemate condition could potentially eat all 5 chocolate chips
themselves. This was expected since prior to testing, these rats ate on average >7 chocolate
chips in one meal. Remarkably, we found that free rats shared the chocolate chips with their
freed cagemate in half of all trials (52%) and 61% of all trials on days 6-12. Rats in the
chocolate empty condition ate on average 4.8 + 0.7 chips out of the five available. In
contrast, free rats in the trapped condition ate fewer chips, 3.5 + 1.5 on average (P<0.01),
with trapped rats eating the remainder (1.5 + 1.4).

Our study shows that rodents behave pro-socially when they perceive a conspecific
experiencing non-painful psychological restraint stress (8, 9), acting to end that distress
through deliberate action. In contrast to previous work (10-13), the present study shows pro-
social behavior which is accomplished by the deliberate action of a rat. Pro-social behavior
occurred in the absence of training or social reward, and even when in competition with
highly palatable food. While empathy appears to be the motivation for the pro-social
behavior observed in the present study, it is clearly impossible to unambiguously and
definitively prove the interior motivation of a non-verbal animal (14). For example, it is
possible that rats acted in order to stop the alarm calls of the trapped rats (15). Since the
overall occurrence of alarm calls in randomly selected samples was low (~15%), this
explanation is unlikely. Alternatively, rats could have been attracted to the trapped cagemate
by curiosity. This is also unlikely, as door-opening behavior in the separated cagemate
condition persisted for over a month, a time period over which curiosity habituates (16).
Finally, door-opening could be coincidental, brought about by the high activity levels of rats
in the trapped cagemate condition. This is unlikely since once rats learned to open the door,
they did so almost immediately after being placed in the arena, by using a consistent style,
and were unsurprised by the door-opening. We also know that door-opening is not an easy
task, since rats needed several days in order to master opening the restrainer even when
chocolate chips were the motivating reward. Thus, the most parsimonious explanation for
the observed helping behavior is that rats free their cagemate in order to end distress, either
their own or that of the trapped rat, that is associated with the circumstances of the trapped
cagemate.

Previous research has provided clear evidence that rodents experience emotional contagion
(5, 10, 11, 17-19), a response resulting in a similar emotion being aroused in the observer as
a direct result of perceiving the expressed emotion of another (20, 21). Emotional contagion
and the accompanying affective arousal is necessary for empathically motivated helping
behavior, but the motivation to help and protect another is separate from the ability to
experience the same type of emotion that another is experiencing. The manifestation of pro-
social behavior in humans requires down-regulation to prevent an individual from becoming
overwhelmed by the negative emotion aroused by another’s distress (22). In the current
study, the free rat did not simply mimic another rat’s distress, i.e., express emotional
contagion, but also acted with intention to liberate a trapped rat, suggestive that rats can
down-regulate emotional distress to act upon empathic concern and thus improve the well-
being of a conspecific.

Although the existence of empathy in non-humans continues to gather support in the
scientific community, the idea remains highly controversial (14, 23-27). In mammals,
empathic concern and helping behavior have evolved in the context of parental care (21, 28—
30); females must understand the emotions and needs of their offspring, and respond
appropriately to ensure their survival (31). Nurturing has evolved beyond the mother-child
bond, especially in social animals where the ability to understand and respond to the
affective state of another conspecific is crucial for successful navigation in the social arena.
In fact, the autonomic and endocrine reactions that accompany empathy in humans derive
from neural and hormonal systems, involving subcortical pathways, that are well developed
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in other social mammals (28). Considerable overlap exists in the phylogenetically conserved
neural circuits that support social behavior and physiological homeostasis, two adaptive
traits that are equally critical to survival. The simple model established here opens new
avenues to better understand the biological underpinnings of empathy and pro-social
behavior as well as the failure or dysfunction of empathy evident in individuals with anti-
social personality disorders.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.

Rats showed activity focused on the restrainer (red box in A) only if it contained a trapped
cagemate. Rats were placed in an arena with a trapped cagemate (n=30, 6 females), an
empty restrainer (n = 20, 6 females) a restrainer containing an object (n=8 males) or with an
empty restrainer and a free cagemate located across a perforated screen (n=12 males). (A)
The locations, plotted at 0.5 Hz, of a representative free rat from each of the 4 groups on the
first day of testing are illustrated. (B) The mean (+SEM) amount of time that a rat was >5
cm away from the arena wall is shown for each of the 12 days of testing. Rats in the trapped
cagemate condition spent more time in the arena center than did rats in the control
conditions (P<0.001, mixed model analysis, post-hoc PLSD). (C) The mean (xSEM) activity
across the testing session (averaged across all days) for each group of rats is shown. Rats in
the trapped cagemate condition moved significantly faster than rats in all other conditions
(P<0.001, mixed model analysis, post-hoc PLSD). (D) The mean ratio (+SEM) of the
average activity during the second half of sessions relative to the average activity during the
first half is shown for each day of testing. On days 1-6, rats in the trapped cagemate
condition stayed significantly more active in the second half relative to the first half of
sessions than did rats in the control conditions (P<0.001 mixed model analysis, PLSD).
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Fig. 2.

Rats placed with a trapped cagemate learned to open the restrainer door in a goal-directed
fashion. (A) The proportion of rats in the trapped cagemate condition that opened the door
increased across the days of testing. (B) The median time to door-opening is shown across
all days of testing. Only rats in the trapped cagemate condition opened the door at
decreasing latencies. The dashed line indicates the time point when the door was opened half
way by the experimenter. (C) Rats in the trapped cagemate condition showed a sharp
increase in activity at the moment that the restrainer door was opened (time 0). Activity
from all trials, regardless of whether the door was opened before or after the experimenter
opened the door halfway, was averaged. (D) The count of opening type (with head, from
side, from top) is shown across days of testing. As free rats learned to open the door, they
developed a consistent style, suggesting goal-directed behavior. (E) Initially, rats showed
freezing behavior immediately after the door fell over, but as they learned to open the door,
they were no longer startled by the door-opening and no longer froze. (F) More alarm calls
were recorded in the trapped cagemate condition (n=67 sample files) than in the empty
(n=64) and object (n= 67) conditions (p<0.05 ANOVA, PLSD<0.05).
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(A) Females in the trapped cagemate condition (n=6) opened the door at consistently shorter
latencies than did males (n=24) on days 7-12 (P<0.01, Mixed model analysis). When
median door-opening latencies on days 7-12 were averaged, there was no difference
between males (n=14) and females (n=6) in the empty condition. (B) The mean (zSEM)
activity was greater for females than males in the trapped cagemate condition (P<0.001,
ANOVA) but there was no gender-related difference in the empty condition.
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Fig. 4.

(A) In the separated experiment, rats (n=9) opened the door for a trapped cagemate even
when no contact was possible between the two animals after door-opening. The latencies to
door-opening are plotted across all the days of the study. Rats extinguished door-opening
when the restrainer was empty, but opened the door when the restrainer contained a
cagemate. This pattern was observed regardless of whether rats were tested first with an
empty restrainer (n=4; top) or with a trapped cagemate (n=>5; bottom; P<0.001, mixed model
analysis, PLSD). (B) In the chocolate experiment, rats (n=9) opened the door for a trapped
cagemate as well as for a restrainer containing 5 chocolate chips. The median time to door-
opening is shown across all days of testing. On days 6-12, rats opened both restrainers at
similarly short latencies. (C) Rats in the chocolate empty condition (n=6) opened the empty
restrainer at significantly longer latencies than the chocolate restrainer (P<0.01). The dashed
lines in B—C indicate the time point when the door was opened half way by the
experimenter.
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