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Responses of Male C57BL/6N Mice to Observing
the Euthanasia of Other Mice

Gregory P Boivin,"*" Michael A Bottomley,® and Nadja Grobe*

The AVMA Panel on Euthanasia recommends that sensitive animals should not be present during the euthanasia of others,
especially of their own species, but does not provide guidelines on how to identify a sensitive species. To determine if mice
are a sensitive species we reviewed literature on empathy in mice, and measured the cardiovascular and activity response of
mice observing euthanasia of conspecifics. We studied male 16-wk-old C57BL/6N mice and found no increase in cardiovascular
parameters or activity in the response of the mice to observing CO, euthanasia. Mice observing decapitation had an increase
in all values, but this was paralleled by a similar increase during mock decapitations in which no animals were handled or
euthanized. We conclude that CO, euthanasia of mice does not have an impact on other mice in the room, and that euthanasia
by decapitation likely only has an effect due to the noise of the guillotine. We support the conceptual idea that mice are both
a sensitive species and display empathy, but under the controlled circumstances of the euthanasia procedures used in this
study there was no signaling of stress to witnessing inhabitants in the room.

Because animals respond to the pheromones, odors, and vo-
calizations of other animals,’ those that are exposed to animals
experiencing stress may react differently in test situations. For
example, subsequent groups of animals may have altered test
values due to increases in corticosterone, glucose, or cardiovas-
cular parameters associated with stress induced by exposure to
the odors or vocalizations of the initial group. This effect might
then influence the interpretation of the experimental results. In
addition, exposing animals to unnecessary stress is discouraged.
One situation in which animals may express stress pheromones,
odors or vocalizations is during euthanasia. The AVMA Panel
on Euthanasia provides the following guidance on this subject:
“distress vocalizations, fearful behavior, and release of certain
odors or pheromones by a frightened animal may cause anxi-
ety and apprehension in other animals. Therefore, for sensitive
species, it is desirable that other animals not be present when
individual animal euthanasia is performed.”!” This opinion
is echoed in the Working Party Report in Europe: “The need
to minimize fear and apprehension must be considered in
determining the method of euthanasia. Distress vocalizations,
fearful behavior, and release of certain odours or pheromones
by a frightened animal may cause anxiety and apprehension in
others. It must be remembered that many vocalizations are at
high frequencies and out of the human hearing range. There-
fore, whenever possible, animals should not be present during
euthanasia of others, especially of their own species. This is par-
ticularly important when vocalizations or release of pheromones
may occur during induction of unconsciousness.”® The primary
difference in the 2 recommendations is the AVMA specifies that
only ‘sensitive species” should not witness euthanasia.

The characteristics that define a sensitive species have not
been established. One might assume that the observing animal
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would have a response that indicates that the animal is at
least aware of the procedure. Beyond awareness, the sensitive
observer might have a negative response to the event, such
as altered behavior or disruption of physiologic homeostasis.
Evidence of sensitivity to euthanasia of other animals has been
shown in rats.?>?¢ In those studies, telemeterized rats were
monitored as they observed the anesthesia of other rats or their
euthanasia by CO, or decapitation; heart rate increased moder-
ately in singly and group housed female Sprague-Dawley rats
exposed to decapitation.?® In comparison, singly housed (but
not group housed) male Sprague-Dawley rats had significant
increases in heart rate and mean arterial pressure while observ-
ing euthanasia.?® These responses were similar in magnitude
to those occurring when a caretaker entered the room and
performed husbandry activities.?>?° This finding suggests that
the cardiovascular response and potentially the stress that is
associated with this response were comparable to those that
accompany routine husbandry activities.

In contrast, one study reported no adverse reactions among
mice viewing the euthanasia of other mice.” Specifically, the
authors found no alterations in corticosterone levels, spleen
weight, or adrenal gland weight in BALB/c/O1la male mice
that were in the same room as mice being euthanized by cervi-
cal dislocation. Given the lack of response from the observing
mice, the authors concluded that the euthanized mice must not
be vocalizing or omitting odors.?” Despite the lack of changes
in measured parameters in mice, we speculated that because
rats demonstrated cardiovascular alterations, similar findings
would be obtained from mice. Therefore, in the present study, we
examined the cardiovascular and activity responses of mice in
the same room as mice euthanized by either CO, or decapitation.
We hypothesized that mice are a “sensitive species” and would
demonstrate significant increases in cardiovascular parameters
and activity in response to euthanasia of other mice.

Materials and Methods
Mice. Male C57BL/6N mice (age, 16 wk; Taconic, Hudson,
NY) were used for all procedures. Mice were individually
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housed in rodent cages (28 cm x 17.5 cm x12 cm; Allentown
Caging, Allentown, NJ) positioned on top of telemetry receiver
plates. The room temperature was maintained at 23.3° C, with
humidity maintained between 30% to 70%. Mice were fed Teklad
8640 rodent diet (Harlan, Indianapolis, IN) and water ad lib
and were housed on Teklad Sani-chips bedding (Harlan) with
cotton nesting squares (Ancare, Bellmore, NY) provided. Cage
changes were performed weekly, and were not done on the day
of testing. Vendor surveillance and colony sentinel monitoring
results showed mice were free from pathogenic agents includ-
ing ectromelia virus, epizootic diarrhea of infant mice virus,
lymphocytic choriomeningitis virus, Mycoplasma pulmonis,
mouse adenovirus strains 1 and 2, mouse hepatitis virus, mouse
parvovirus, minute virus of mice, polyoma virus, pneumonia
virus of mice, reovirus type 3, Theiler murine encephalomy-
elitis virus, Sendai virus, endoparasites, and ectoparasites. All
experimental procedures were approved by the Wright State
University IACUC.

Surgery. All surgeries were performed in a rodent-dedicated
surgery suite. After acclimating to the facility for 7 to 8 d, mice
were anesthetized with isoflurane (1% to 4%) in 100% oxygen
(induced in a chamber and maintained by mask). The neck was
shaved and prepped 3 times with alternating povidone-iodine
and alcohol scrubs followed by a final swab of povidone-io-
dine solution. The mice were monitored continually for depth
of anesthesia by response to pain, observation for movement,
and respiratory rate. A 1-cm incision was made in the ventral
neck and the muscle bluntly dissected to expose the carotid
artery. A telemetry pressure-transmitter probe (TA11PA-C10,
Data Sciences International, St Paul, MN) was inserted in the
carotid artery and ligated in place. The body of the transmitter
was inserted subcutaneously on the right flank and the incision
closed by using 5-0 nonabsorbable black nylon monofilament
sutures (Arosurgical, Newport Beach, CA). Pain and discomfort
were alleviated by an initial dose of carprofen (5 mg/kg SC;
Penn Vet, Lancaster, PA) at the time of surgery and an additional
dose at 24 h postoperatively.

Telemetry measurement. Mice were allowed to recover for
7 to 8 d after surgery. Cages were individually placed on data
acquisition receiver boards (RPC1, Data Sciences International).
Radiotelemetric measurements were collected by using Pone-
mah software (Data Sciences International). Heart rate, systolic
blood pressure, diastolic blood pressure, mean blood pressure,
and activity data were collected continuously (sample rate, 1000
Hz) during both baseline and testing measurements. For data
collection, the transmitters were turned on, and all personnel
left the room. After at least 30 min for readings to stabilize,
baseline data were collected for at least 1 h (starting at approxi-
mately 1000; lights on, 0700; lights off, 1900). On subsequent
days, mice were euthanized after a similar 30-min stabilization
period. This time was determined as sufficient on the basis of
previous telemetry measurements to minimize the effect of the
activity in the room associated with setting up the euthanasia
chamber. The cages of observing mice were not manipulated
at all, so the effects on these mice were limited to personnel
entering the room and the noise created during the set up for
the euthanasia procedure.

CO, euthanasia. All mice had implanted telemetry units. To
minimize effects of manipulation and cage movement, all mice
were euthanized in their home cage and room. The telemetry
pads were placed 2 on each shelf, with 5 shelves on the rack.
Therefore, observing mice were either on the same shelf or a
different shelf as the euthanized mice. A total of 39 mice were
euthanized in the presence of a total of 43 mice. Between 1 and 4
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mice observed the euthanasia of each mouse. The mice that were
observers then became euthanized mice. Each day 1 to 3 mice
were euthanized between the hours of 1000 and 1300 to elimi-
nate the effect of circadian rhythms. All mice were euthanized
within 2 wks of the original telemetry implantation surgery.

To set up for euthanasia, the mouse home cage was placed
in a 22-L transparent polycarbonate euthanasia chamber (44
cm X 23.5 cm X 21 cm) in the same location as the home cage
had been positioned previously. The euthanasia chamber was
covered with an acrylic lid with ports for gas inlet and outlet.
Compressed CO, gas was provided from a cylinder (Weiler
Welding, Moraine, OH) and controlled by a CO,-specific regula-
tor (Western Medica, Westlake, OH). Chamber air was replaced
with CO, at 4 different rates: 15%, 30%, 50%, or 100% of the
chamber volume in 1 min (n = 10, 11, 9, and 9 mice euthanized
in each group, respectively). Death was determined to have
occurred when the blood pressure and heart rate had reached
0 according to telemetry.

Decapitation. A total of 9 C57BL/6 adult mice were decapi-
tated, 4 on one day and 5 on another day, with different mice
observing each day. The euthanized mice were from a different
room and were being culled from the colony. A total of 8 mice
observed decapitations (4 on each day). The mouse decapitator
(Harvard Apparatus, Holliston, MA) was placed in the line of
sight on the counter next to the shelf rack (between 100 and 170
cm from the observing mice). An individual mouse was taken
from its cage, restrained, and rapidly decapitated. The body was
placed adjacent to the head. The procedure was repeated until
all the mice were euthanized. The mice were all euthanized in
less than 4 min. To eliminate the potential for noise confound-
ing this study, a mock decapitation cohort was studied also. For
this control, no mice were involved; the guillotine was placed
in the same location as for actual decapitations and the blade
was raised and lowered, creating a loud noise similar to the
real event. Mock decapitations took the same amount of time
to perform as did actual decapitations.

Observing mice. A total of 43 mice observed the euthanasia
of other mice by CO, or decapitation. The observing mice
were left in their home cages on the shelf rack and were either
on the same shelf (57 to 70 cm between cages) or an adjacent
shelf (41 cm vertical distance) as the mouse being euthanized.
Only mice on the same shelf could see the euthanasia. All
mice were singly housed to maintain signal generation on the
telemetry pads. Multiple mice observed the same euthanasia
event, and some mice viewed multiple euthanasia events
(total of 123 observations were recorded for CO, euthanasia).
Four mice that observed a decapitation also observed the
mock decapitation.

Statistics. SAS version 9.4 was used for all statistical analy-
sis (Cary, NC). One-way ANOVA was conducted on data for
systolic blood pressure, diastolic blood pressure, mean blood
pressure, and heart rate to determine whether any of these mean
values differed according to the CO, level (15%, 30%, 50%, and
100%). Because activity is ordinal, these data were analyzed by
using the Kruskal-Wallis test. Significance was determined as an
olevel of 0.01 for all inferences, given that 5 different outcomes
were analyzed simultaneously. Because none of the values dif-
fered according to the CO, level, the data were pooled. A t test
was conducted to determine whether mean differences in the
cardiovascular data were, on average, significantly different
from baseline values. Activity data were evaluated by using the
Wilcoxon signed-rank test. In addition, ¢ tests were performed
on the decapitation data so that all data from observing mice
could be included.
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Table 1. Cardiovascular and activity (mean + 1 SD) of mice watching the euthanasia of other mice

CO, concentration used for euthanasia

Baseline 15% 30% 50% 100% p
Systolic blood pressure (mm Hg) 107.2+5.9 102.7 +6.8 109.0+9.6 107.0+7.4 105.8 +12.8 0.11
Diastolic blood pressure (mm Hg) 81.9+£69 769+7.1 81.5+9.9 80.6 £8.0 80.0+£13.0 0.37
Mean blood pressure (mm Hg) 94.8+5.6 90.2+6.4 95.7+£9.0 941+7.0 93.3+£12.6 0.18
Heart rate (bpm) 484.7 +30.8 465.5 +44.7 467.5+49.4 467.8+59.4 470.1+66.1 0.99
Activity (arbitrary units) 1.64 £ 1.61 0.35+1.35 1.03 £2.80 1.00 +3.42 1.99 +6.66 0.30

Responses did not differ between CO, concentrations.

Results

Observation of CO, euthanasia. There were a total of 75 re-
cordings from mice that observed euthanasia by CO, (15% CO,
chamber replacement rate, 11 = 23; 30%, n = 27; 50%, n = 19; and
100%, n = 16). The mean cardiovascular and activity values of
observing mice did not differ between baseline and observation
of euthanasia at any CO, chamber-replacement rate (Table 1).
Therefore, data from all CO, euthanasia-observation groups
were combined. The mean heart rate and activity of mice observ-
ing CO, euthanasia were significantly (P = 0.005 and P < 0.001,
respectively) lower than the mean baseline readings (Table 2,
Figure 1 A through C). None of the other response variables
differed significantly between observation and baseline values.

Observation of decapitation. Mice were decapitated on a coun-
tertop next to the housing rack. The average mean, systolic, and
diastolic blood pressures of decapitation-observing mice were
all higher during euthanasia than at baseline (P < 0.004 for all
comparisons; Table 3, Figure 2 A through C). Similar increases
(P < 0.008) occurred in mice observing mock decapitation,
during which the guillotine was opened and closed only, with
no mice handled or euthanized. Values did not differ between
observation of actual and mock decapitation (Table 3). However,
during the minute immediately prior to observing decapita-
tion, 2 of the 8 mice were active, whereas all 4 mice were at rest
(inactive) prior to viewing mock decapitation. This difference
in activity led to differences in the heart rate and mean blood
pressure (Figure 2) at the initiation of the mock and actual de-
capitation procedures.

Discussion

Several studies provide evidence that rodents respond to
alterations in their environment through pheromones, odors,
vocalization, and sight.>%81821.2428-30 Pheromones and odors
affect reproduction and sexual behavior???%30 and can trigger
aversion.>3182428 Mice that observed other mice experience
painful injections,? restraint,? transport,” shocks,>!? or surgi-
cal procedures?® demonstrated responses including increased
freezing behavior, corticosterone elevation, increased sniffing
frequency, and movement away from the source of odors com-
ing into the cage. In one study, surgically anosmic mice did
not show aversion in response to stressed C57BL/6] mice.? In
contrast, mice in chambers adjacent to CD1 mice undergoing
an abdominal injection of acetic acid or formalin footpad injec-
tion had greater pain responses when a cage mate was injected
simultaneously and only when the response of the other mouse
was visible to the bystander mouse—vocalization or odors did
not contribute to the increased response. In another study, pain
hyperalgesia was present despite a clear absence of imitation.'®

Compared with mice, rats appear to respond to vocalizations
more readily.?? Rats produce 22-kHz ultrasonic vocalizations
when exposed to aversive situations, whereas mice do not
produce similar vocalization under similar conditions.!>?3

Table 2. Responses of mice observing CO, euthanasia relative to base-
line values

Difference from

baseline value p
Systolic blood pressure (mm Hg) -1.10+£9.4 0.29
Diastolic blood pressure (mm Hg) -221+9.6 0.04
Mean blood pressure (mm Hg) -1.57+£9.0 0.11
Heart rate (bpm) -17.03+£53.5 0.005
Activity (arbitrary units) -0.57 £3.7 <0.001

Heart rate and activity were decreased significantly compared with
baseline levels.

These ultrasonic calls elicit freezing and defensive behaviors
in other rats in the room.!*?! The response of the bystander rat
depends on activation of the medial geniculate nucleus of the
thalamus, thus demonstrating that vocalizations are the main
factor that stimulates the fear response in bystanders.'* These
previous mouse and rat studies clearly demonstrate the ability
to communicate stressful events among rodents in the absence
of physical contact but do leave in question the respective
contributions of olfaction, vision, and hearing to the responses.

Housing condition has been shown to modify the stress
response in rodents. In one study, mice were exposed to rats
to determine the effect of housing different species in the same
room.® BALB/c male mice were housed either singly or in
groups at 30 to 100 cm from rats for 7 to 14 d; the mice were
housed in opaque cages so that only auditory and olfactory cues
were present. Whereas group-housed mice had no increase in
excitatory junction currents (a relative measure of neurotrans-
mitter release) from the vas deferens, single-housed mice had
a significant increase in both the amplitude and success rate of
the excitatory junction currents.® These findings are similar to
those of a study in which rats displayed increased stress-like
responses when housed singly than in a group.?® These findings
demonstrate that cohousing of rodents can ameliorate the stress
induced by external cues in the room.

In addition to the reactions of mice to various activities in-
volving other mice, awareness of the possibility that rodents
experience and display empathy is increasing. Empathy refers to
an animal’s ability to respond to the feelings of another animal.
Originally thought to be unique to higher primates, considerable
accumulating evidence suggests that empathy extends to other
mammalian species, including rodents.*1113161920 For example,
evidence supporting empathy and emotional contagion in mice
was obtained on the basis of their familiarity with the mouse
that experienced a stressor. Specifically, observing mice had
increased responses when they had been cohoused for 14 or 21
d with the subject mouse, yet the observer mice did not respond
when the subject mouse was a stranger.!® Similar results were
obtained in another study in which the shocking of cage mates
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Figure 1. (A) Mean blood pressure, (B) heart rate, and (C) activity in
mice observing the euthanasia of other mice by using 15%, 30%, 50%,
or 100% CO,. Baseline data are presented as the average of a 30-min pe-
riod; data for the last minute prior to decapitation or mock decapitation
are included also. The arrow identifies the time when CO, euthanasia
was initiated. The heart rate and activity of the mice that observed CO,
euthanasia were decreased compared with baseline values.

elicited freezing behavior in observer mice, but unfamiliar mice
did not elicit this behavior.!? These studies establish a firm basis
that mice exhibit empathy.

The current study examined the cardiovascular and activity
reactions of C57BL/6N male mice to 2 different euthanasia
methods. For both methods, we attempted to eliminate extrane-
ous effectors that might directly affect the responses of the mice.
Given the generally poor vision of mice, they likely were unable
to see the euthanasia procedure.1 Contributing to the inability
to see were the long distance between the euthanasia setup and
the cages containing observing mice, the cage walls (although
not opaque), and in some cases the stainless steel shelf between
cages. Therefore, observing mice likely did not obtain any visual
signals regarding euthanasia. The CO, euthanasia method took
as long as 3 min to complete and was amenable to the release
of pheromones, odors, and vocalizations. Nevertheless, the
cardiovascular and activity parameters measured in the mice
in the adjacent cages remained at background levels. In fact,
the observer mice primarily rested or slept in a nest during the
euthanasia events. In contrast, the mice that underwent rapid

Physiologic response of mice to observing euthanasia

decapitation vocalized in response to restraint, and odors in-
cluding those of urine, feces, and blood likely were detectable by
the observer mice. In a previous study, mice in chambers with a
connecting tube for odor transmission but no visibility of other
mice had no aversive responses to the urination or defecation of
amouse in the opposite cage.?* We therefore concluded that any
response of the observer mice was attributable to the release of
pheromones, blood, or vocalizations by the decapitated mice.
The observing mice responded to the decapitation with in-
creases in all cardiovascular parameters and activity. However,
decapitation was associated with considerable noise during the
operation of the guillotine and, albeit to a lesser extent, raising
the lid of the cage to pick up a mouse. The noise from the guil-
lotine might also have included ultrasonic sounds from the
metal-on-metal movement. To test whether the response of the
observing mice was related to the noise of the procedure, we
also measured responses to mock decapitations. The observing
mice had a similar response to the mock decapitation event as
they did to decapitation euthanasia, with elevations in both
cardiovascular parameters and activity. These findings suggest
that the response to the guillotine-operation noise may be driv-
ing the euthanasia-associated differences in the cardiovascular
values and activity or that the noise is masking any response
by the observing mice.

The absence of any clear evidence of stress-like responses to
either euthanasia techniques is counter to our hypothesis. The
strong historical evidence of a response in rodents to stressed
cohorts led us to expect that mice observing euthanasia would
display similar responses.3712222428 The results of the current
study agree with previous findings that similarly showed no
significant effect of euthanasia in the housing room.?” The mice
in our study responded differently from rats, which showed
a mild response to euthanasia.?® A previous study found a
significant response to a mock decapitation in one experi-
mental group, but in general the heart rate elevation to mock
decapitation was lower than that during actual decapitation.?
Although we found a significant decrease in heart rate and ac-
tivity in mice observing CO, euthanasia, we believe that these
decreases were artefactual, given that the baseline data were
contaminated by short periods of activity in some mice. That
is, during activity, the heart rate and blood pressure of mice
increase, thus increasing the ‘resting” baseline cardiovascular
values. In addition, we do not consider that the reduction in
activity was due to freezing behavior, because a fear-induced
increase in cardiovascular values likely would accompany this
absence of activity. Observer mice typically rested in the nest
while other mice were euthanized. We believe that including
the complete baseline values was more important than selecting
specific times when the mice were still to adequately capture
any alterations associated with observing a euthanasia event.

Speculating on the possible causes for the absence of a re-
sponse in our experiments yielded a few important variables
that need further investigation. First, the observing mice likely
were unable to visualize the euthanasia procedure due to dis-
tance and the visual obstruction of the cage walls and shelf
rack. Second, all of the mice studied were strangers to each
other; none had been housed together previously. As previ-
ously demonstrated, ' both of these conditions were necessary
for alterations in behavior to occur in mice that observed other
mice that were in pain. Finally, it is likely that during the brief
time needed to perform each euthanasia, signals from the eu-
thanized mice might not have been transmitted, or did not elicit
a stress response to the euthanasia by ultrasonic vocalization
(not typical in mice), audible vocalization, emission of an odor,

409



Vol 55, No 4
Journal of the American Association for Laboratory Animal Science
July 2016

Table 3. Responses of mice observing euthanasia by decapitation or mock decapitation

Decapitation Mock decapitation
Baseline (mean) Mean P (baseline) Mean P (baseline) P (decapitation)
Systolic blood pressure (mm Hg) 106.6 125.22 <0.001 120.82 <0.001 0.051
Diastolic blood pressure (mm Hg) 81.6 94.37 0.004 90.5° 0.008 0.073
Mean blood pressure (mm Hg) 94.2 110.0° 0.001 105.92 0.003 0.063
Heart rate (bpm) 4754 497.2 0.159 516.7 0.012 0.932
Activity (arbitrary units) 0.9 1.8 0.148 2.0 0.625 0.999

Responses of observing mice did not differ between actual and mock decapitation.

aSignificantly different from baseline value.
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Figure 2. (A) Mean blood pressure, (B) heart rate, and (C) activity in
mice to observing actual and mock decapitation. Baseline data are pre-
sented as the average of a 30-min period; data for the last minute prior
to decapitations or mock decapitation are included also. The arrow
identifies the time when the first decapitation or mock decapitation
was conducted. The responses of observing mice did not differ be-
tween decapitation and mock decapitation.

or pheromone. This final possibility seems unlikely because the
mice audibly vocalized during scruffing for the decapitation,
and we interpreted this vocalization as a response to a stress-
ful situation.

We conclude that CO, euthanasia of mice does not affect other
mice in the room as long as the euthanized mice are not visible
to the bystander mice and that euthanasia by decapitation likely

only has an effect due to the noise of the guillotine. Acousti-
cally shielding the guillotine may diminish the cardiovascular
alterations that occur in mice in response to observing this type
of euthanasia. We support the conceptual ideas that mice are
both a sensitive species and display empathy, but under the
controlled conditions of the euthanasia procedures used in the
current study, there was no signaling of the stressful condition
to the mice that witnessed these procedures.
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