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Purpose

Early-life stress can cause brain inflammation and affect social behavior in adulthood. In humans, maltreated (abused or neglected) children of-
ten exhibit antisocial behavior, including violent and sadistic behavior, in adulthood. However, it is unknown whether maltreatment behavior oc-
curs in rodents. Here, we developed an assay system to evaluate conspecific maltreatment behavior in the mouse.

Methods

To assess maltreatment behavior, we devised a two-chamber apparatus separated by a transparent partition, in which one chamber was provid-
ed with a nose-poking hole that would trigger foot shocks onto the other. Lidocaine was used to inhibit neural activity in vivo. Brain oscillations
were investigated by electroencephalograph. Enzyme-linked immunosorbent assay was used for protein assay. The mouse model was sequen-
tially subjected to maternal separation (MS), social defeat (SD), and social isolation (Sl) in that order (MS/SD/SI model).

Results

Inactivation of the anterior cingulate cortex and medial prefrontal cortex increased the level of nose-poking. Maltreatment behavior provoked
changes in oxytocin, corticosterone, and brain-derived neurotrophic factor levels. MS/SD/SI mice exhibited more sustained nose-poking behav-
ior during the experiment, resulting in increased foot shocks to the mouse in the opposite chamber. Abnormal brain oscillations were observed
in the MS/SD/SI mice.

Conclusion
The MS/SD/SI model and maltreatment-behavior assay may be useful not only to study the relationship between social stress in childhood and

antisocial behavior in adulthood, but also for study of etiology, pathology, or treatment for brain disorders, such as psychopathy.

Keywords: Mice, Social stress, Antisocial, Maltreatment behavior, Electroencephalography

Received: May 18,2022  Revised: July 4,2022  Accepted: July 7, 2022

Correspondence: Daejong Jeon

Advanced Neural Technologies, Co., 214 Yulgok-ro, Jongno-gu, Seoul 03122, Korea

E-mail: clark.jeon@gmail.com

ORCID: https://orcid.org/0000-0002-6998-7603

Sang Kun Lee

Department of Neurology, Seoul National University Hospital, 101 Daehak-ro, Jongno-gu, Seoul 03080, Korea
E-mail: sangkun2923@gmail.com

ORCID: https://orcid.org/0000-0003-1908-0699

Kon Chu

Department of Neurology, Seoul National University Hospital, 101 Daehak-ro, Jongno-gu, Seoul 03080, Korea
E-mail: stemcell.snu@gmail.com

ORCID: https://orcid.org/0000-0001-5863-0302

*These authors contributed equally to this study as co-corresponding authors.
Copyright © 2022 by The Korean Encephalitis and Neuroinflammation Society

This is an open access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licens-
es/by-nc/4.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

98 Encephalitis |Vol. 2, No. 4| September 21, 2022 encephalitisjournal.org


http://crossmark.crossref.org/dialog/?doi=10.47936/encephalitis.2022.00038&domain=pdf&date_stamp=2022-10-10

€ncephalitis

Daejong Jeon et al. Antisocial maltreatment behavior in mice

Introduction

Chronic environmental stress is known to induce inflamma-
tion in the brain, which is closely related to psychiatric or psy-
chosocial behaviors shown in brain disorders such as schizo-
phrenia, dementia, encephalitis, autism, and psychopathy [1-
27]. In humans, repeatedly abused or maltreated children of-
ten fail to develop good social relationships and display anti-
social behaviors, such as aggressive or violent behaviors, as
adults. Furthermore, child maltreatment is associated with
increased risks for many disorders including conduct disor-
der, personality disorder, major depression, posttraumatic
stress disorder, schizophrenia, and anxiety disorder [28-30].
Empathy deficit is closely related to antisocial and maltreat-
ment behaviors [31-36], and recent animal studies revealed
that emotion contagion or empathy and prosocial behavior
occur in rodents [37-40]. However, maltreatment behavior in-
duced by empathy deficit has never been examined in ro-
dents.

Studies in animals and humans have revealed that early-life
stress affects brain development and social behavior in adult-
hood [7,28,30,41-43]. In fact, early-life stress (child and ado-
lescent abuse and neglect) can induce structural or functional
alterations in the brain [44-52]. In a previous study, we char-
acterized behavioral phenotypes of a mouse model generated
by a sequential process of early-life social stress imitating
child abuse or maltreatment composed of maternal separa-
tion (MS), social defeat (SD), and social isolation (SI). The
MS/SD/SI mice exhibited hyper-phenotypes of social interac-
tion and offensive aggressiveness and hypo-phenotypes of
predator fear and empathy-related behavior.

In this study, we developed an assay system to evaluate mal-
treatment behavior using a perpetrator-victim paradigm. The
system consists of a two-chamber apparatus separated by a
transparent partition, in which one chamber was provided
with a nose-poking hole that triggered foot shocks to a con-
specific in the other chamber (Figure 1A). In order to study
the relationship between early-life social stresses and antiso-
cial maltreatment behavior, we subjected MS/SD/SI model
mice to this assay system and investigated rhythmic brain ac-
tivities during maltreatment behavior by electrophysiological
assessment in vivo.

Methods
Animals

Animals were maintained with free access to food and water
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Figure 1 Maltreatment-behavior task
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(A) Schematic drawing of the maltreatment-behavior task. (B, C) Number
of nose-pokes by normal male C57BL/6 mice (perpetrator) in the pres-
ence (with, n = 17) or absence (without, n = 16) of foot shocks or in the
condition of random (random, n = 10) foot shocks to victim mice every
10 minutes for 120 minutes. (B) Average number of nose-pokes for a to-
tal of 120 minutes. (C) C57BL/6 perpetrator mice showed a low number
of nose-pokes in the condition with foot shocks compared to other con-
ditions. **p < 0.01, one-way analysis of variance (ANOVA). (D, E) In the
condition with foot shocks, administration of lidocaine into the medial
prefrontal cortex (mMPFC, n = 11) and anterior cingulate cortex (ACC, n =
11) increased the number of nose-pokes by the perpetrator mice com-
pared to those receiving saline injections (n = 16). **p < 0.01, one-way
ANOVA.

under a 12-hour light/dark cycle. All experiments were ap-
proved by the Institutional Animal Care and Use Committee
at Seoul National University Hospital (No. 14-0253-S1A1), and
all animals were maintained in a facility accredited by Associ-
ation for Assessment and Accreditation of Laboratory Animal
Care International (No. 001169) in accordance with Guide for
the Care and Use of Laboratory Animals, 8th edition (National
Research Council 2011). All efforts were made to minimize
suffering. C57BL/6, BALB/c, and 129S4/Sv mice were used in
the present study.
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The apparatus and behavioral task for maltreatment

behavior
The apparatus for maltreatment behavior was constructed by

modifying a shuttle box used for an avoidance test (Med Asso-
ciates, Fairfax, VT, USA). The modified apparatus consisted of
two chambers partitioned by a transparent polymethyl meth-
acrylate divider and a stainless-steel grid rod floor (5-mm di-
ameter rods, spaced 0.7 cm apart): one chamber was desig-
nated as the victim compartment (10 x 6 x 21 cm), and the
other chamber as the perpetrator compartment (20 x 10 x 21
cm). The grid floor in the victim compartment was exposed,
whereas an opaque acrylic plate (20 x 10x 0.3 cm) was
placed on the grid floor in the perpetrator compartment in or-
der to prevent electric shocks. The perpetrator compartment
contained a nose-poke hole near the transparent divider,
comprised of an infrared control, source, and detector. When-
ever the beam of the nose-poke was broken by entry of the
mouse’s (perpetrator’s) nose from the perpetrator compart-
ment, a 2-second foot shock (1 mA) was delivered to the
mouse (victim) in the victim compartment through a grid
floor via a computer-controlled animal shocker. We chose 1
mA foot-shock intensity because it resulted in a homogeneous
response by victim mice including running, vocalization, and
jumping. Thus, perpetrator mice received similar inputs from
all victim mice during the maltreatment behaviors. The num-
ber of nose-pokes (equal to the number of beam breaks and
the number of electric shocks delivered) was recorded in real
time, analyzed every 10 minutes, and used for assessing levels
of maltreatment behavior. All modules and paradigms were
programmed by the MED-SYST-8 interface and software
package (Med Associates).

To assess maltreating behavior, mice (perpetrator and victim)
were initially individually placed in their apparatus chambers
for 10 minutes. During the 10-minute habituation, the nose-
poke hole was covered with a panel the same as that used for
walls in the chamber. When the panel was removed after the
10-minute habituation, the perpetrator mouse could easily
find the nose-poke hole. Each experiment was conducted for
120 minutes. Electric shocks were only delivered to a victim
mouse at the moment when the perpetrator mouse put its
nose into the hole (triggering foot shocks). To optimize the
maltreatment behavior, we performed control experiments
and obtained a behavior profile of perpetrator mice: (1) the
victim mice were given no foot shocks (without foot shocks)
or (2) the victim mice were given random foot shocks regard-
less of nose-poking (random foot shocks). In the random
shock condition, the total number of electrical shocks was the
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same as the average number of nose-pokes in the foot-shock
condition. Unless otherwise stated, we used male C57BL/6
mice in all experiments.

Generation of the maternal separation/social

defeat/social isolation model
The MS/SD/SI model was generated as described previously

[53]. Male offspring of a C57BL/6 female mouse mated to a
C57BL/6 male mouse were used in this study. To mimic ear-
ly-life social stresses, pups sequentially underwent MS, SD,
and SI procedures. Pregnant females were checked for litters
daily. If litters were found, the day of birth was defined as
postnatal day (P) 0 for that litter. The MS procedure was im-
plemented from P4 to P18. During this period, litters were first
separated from their dams and placed in a new cage for 3
hours per day and then were returned to their home cages.
The SD, a second social stress paradigm, proceeded for the
same mice from P21 to P34. During this period, the mice were
singly placed as intruders into the cages of singly housed ag-
gressor C57BL/6 mice (territorial residents) for 10 minutes
per day for 10 days between P21 and P34. Adult 8- to 15-week-
old male mice that show high level of intermale aggression in
a resident-intruder paradigm were selected and used as ag-
gressor mice. As male mice defend their territory against in-
truding males, the aggressor residents usually initiated a fight.
At the beginning of the SD procedure (P21), the mice were
separated from their littermates and housed singly (SI) until
all experiments were complete. All experiments were started
at the age of 9 weeks. The MS/SD model was generated only
by MS and SD without SI, and the SI model was generated
only by SI, without MS and SD.

Cannula implantation and microinjection
In vivo microinjection and surgery were performed as previ-

ously described [39]. For microinjection, a plastic cannula
(Virginia Plastics Co., Roanoke, VA, USA) was implanted in
the right hemisphere at anteroposterior (AP) +1.5 mm, lateral
(L) 0.2 mm, and dorsoventral (DV) 1.25 mm from bregma in
the anterior cingulate cortex (ACC) and at AP +2.0 mm, L 0.2
mm, and DV 2.0 mm from bregma in the medial prefrontal
cortex (mPFC) using a stereotaxic apparatus (Kopf Instru-
ments, Tujunga, CA, USA). Experiments began 7 days after
surgery. Lidocaine (4%, vol/vol, 0.5 pL) or saline (0.9% NaCl,
vol/vol, 0.5 pL) was infused into each brain area via an inner
cannula (33 gauge) connected to a 25-pL Hamilton syringe.
The flow rate (0.1 pL/min) was regulated by a syringe pump
(SP100i, WPI). After finishing all experiments, the position of
the cannula was histologically verified.
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Invivo electrophysiology for electroencephalography
In vivo electroencephalography (EEG) and surgery were per-

formed as previously described [39,54]. To monitor brain os-
cillations, the mice were subjected to EEG surgery 2 weeks
before the maltreatment behavior experiment. For surgery,
the animals were anesthetized by intraperitoneal injection of
ketamine (90 mg/kg) and xylazine hydrochloride (40 mg/kg).
Electrode implantation was performed using a stereotaxic ap-
paratus (Kopf Instruments). EEG recordings were obtained
using skull screws (stainless steel, 1.0 mm in diameter), which
were positioned —-1.94 to 1.70 mm AP and 0.4 to 0.5 mm ML
from bregma with grounding over the cerebellum. The elec-
trodes were fixed to the skull with cyanoacrylate adhesive and
dental acrylic cement. EEG recordings combined with video
monitoring were performed simultaneously during the be-
havioral task of maltreatment behavior by the perpetrator
mouse. A 6-second signal immediately before and after the
second nose-poke of a perpetrator mouse was selected and
used for analysis. Five EEG frequency-bands—delta (1.5-4
Hz), theta (4-8 Hz), alpha (8-12 Hz), beta (12-30 Hz), and
gamma (30-70 Hz)—were analyzed for EEG power. The rela-
tive normalized power at each individual frequency is pre-
sented as a fraction of the sum of powers at all frequencies.
The electrical activities were recorded after amplification
(x1,200), bandpass filtering from 0.1 to 100 Hz and digitiza-
tion at a 400 Hz sampling rate (AS 40) with a digital EEG sys-
tem (Comet XL; Astro-Med, Inc., Warwick, RI, USA). EEG-vid-
eo data were analyzed offline using PSG Twin (Astro-Med,
Inc.) and Clampfit (Axon Instruments, Foster City, CA, USA).

Blood and tissue sampling
Anesthesia was induced by intraperitoneal injection of ket-

amine hydrochloride (100 mg/kg) and xylazine (10 mg/kg).
Within 1 hour after maltreatment behavior tests, all mice were
sacrificed and blood samples were obtained by heart punc-
ture with heparin used as an anticoagulant. Samples were
centrifuged for 3,000x g at 4C for 20 minutes, and plasma
was stored at -70 C until enzyme-linked immunosorbent as-
say (ELISA) tests. Brain tissues were also rapidly extracted
within 1 hour after maltreatment behavior test and immedi-
ately frozen in liquid nitrogen.

Protein sample preparation
Total protein extracts were obtained from the whole brain.

The frozen brains were weighed and suspended in 2 mL of ly-
sis buffer, based on ice-cold phosphate-buffered saline (PBS)
solution, pH 7.2 supplemented with a protease inhibitor cock-
tail, 1-mmol phenylmethylsulfonylfluoride, 0.5% Triton
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X-100, per gram of tissue. Tissue was disrupted using sonica-
tion and centrifuged at 13,000 x g for 30 minutes at 4°C. The
total protein concentrations in supernatants were quantified
using bicinchoninic acid (BCA) colorimetric assay kit (Pierce
BCA protein assay kit, cat.23225; Thermo Fisher Scientific,
Waltham, MA, USA). The prepared protein samples were used
for ELISA.

Enzyme-linked immunosorbent assay
Plasma corticosterone was measured using a competitive

ELISA kit (ab108821; Abcam, Cambridge, UK) according to
the manufacturer’s instructions. Briefly, plasma samples were
diluted at 1:50 with assay buffer. A 25-uL sample and standard
were added into the well, immediately followed by biotin cor-
ticosterone antigen and incubation at room temperature for 2
hours. After washing the well 5 times, streptavidin-peroxidase
conjugate was added to each well and incubated for 30 min-
utes. After washing, substrate and stop solution were added. A
VERSAmax microplate reader (Molecular Devices, San Jose,
CA, USA) was used to measure signal intensity from the wells
at 450 nm.

Oxytocin level in extracted blood plasma was measured using
a competitive ELISA kit (ADI-900-153A; Enzo Life Sciences,
New York, NY, USA). Briefly, plasma samples were diluted 1:4
with assay buffer and loaded in duplicate into wells with seri-
ally diluted oxytocin standards. After storage overnight at4C,
the excess reagents were washed away, and the bound oxyto-
cin phosphatase was incubated with substrate. After 1-hour
incubation time, the enzyme reaction was stopped and the
optical density read at 405 nm using A VERSAmax microplate
reader.

For brain-derived neurotrophic factor (BDNF) assays, brain
tissue was lysed, homogenized, and diluted to 5 pg/pL in or-
der to quantify the concentration of BDNF using a commer-
cial ELISA kit according to the manufacturer’s instructions
(KA0331; Abnorva, Taipei, Taiwan). Briefly, brain homoge-
nates and serial BDNF standards were loaded in duplicate
into a microplate coated with rat-specific BDNF monoclonal
antibodies and incubated at 37 C for 90 minutes. A biotinylat-
ed detection polyclonal antibody from goat-specific BDNF
was added at 37C for 60 minutes. After washing with PBS
buffer, avidin-biotin-peroxidase complex was added. After
unbound conjugates were washed away with PBS buffer,
horseradish peroxidase (HRP) substrate 3,3'5,5'-tetramethyl-
benzidine (TMB) was added to visualize HRP enzyme reac-
tions and incubated at 37C in the dark for 25 to 30 minutes.
TMB was catalyzed by HRP to produce a blue product that
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changed to yellow after adding acidic stop solution. The ab-
sorbance at 450 nm was measured with a microplate reader,
and BDNF concentration in brain tissue was assessed by com-
paring values to the BDNF standard curve.

Statistical analysis
All data are shown as mean + standard error of mean. Analy-

sis of variance (ANOVA) was used to conduct multiple com-
parisons of means. Student t-test was performed in order to
determine significant differences between two means. The
p-values of <0.05 were considered significant.

Results

Maltreatment behavior in the mouse
We developed a behavioral system that measures maltreat-

ment or abusive behavior toward a conspecific to study anti-
social behavior in the mouse. We used the perpetrator-victim
paradigm and a modified two-compartment operant condi-
tioning chamber with a single nose-poke hole (Figure 1A).

Normal male C57BL/6 perpetrator mice would put their noses
into the hole several times but clearly stopped nose-poking
behavior within 30 minutes after seeing the mouse in the vic-
tim compartment suffering from foot shocks (Figure 1B).
However, normal male C57BL/6 mice exhibited high numbers
of nose-pokes in the random and without foot-shock condi-
tions (Figure 1B). There was a significant difference in total
number of nose-pokes among the three foot-shock conditions
for 120 minutes (with: n = 17, 5.35 + 0.90; without: n = 16,
38.25 + 6.75; random: n = 10, 28.40 + 2.84) (F,,, = 15.65,p <
0.01, one-way ANOVA) (Figure 1C). These results indicate that
perpetrators can become conditioned to associate their ac-
tions with their conspecific’s distress.

To examine whether mPFC and ACC, which are considered to
be important in affective and emotional responses for per-
ceiving others’ pain or fear (i.e., empathic behavior), are in-
volved in this behavior, we locally injected lidocaine (4%)
through a cannula into mPFC or ACC. With foot shocks, per-
petrators injected with lidocaine into the mPFC exhibited in-
creased nose-poking compared with control mice that were
similarly treated with saline (Figure 1D). Such increased levels
were also observed in perpetrators injected with lidocaine
into the ACC (Figure 1D). There was a significant difference in
the total number of nose-pokes among the three groups for
120 minutes (saline: n = 16, 7.13 + 1.52; mPFC-lidocaine: n =
11, 16.10 + 2.62; ACC-lidocaine: n = 11, 19.73 + 3.36) (F, 4 =
7.87, p < 0.01, one-way ANOVA) (Figure 1E). These results
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demonstrate that neural functions in mPFC and ACC are in-
volved in maltreatment behavior.

Taken together, these results suggest that perpetrators may, at
their own will, empathically stop nose-poking behaviors in
order not to cause distress to conspecific victims.

Strain difference in maltreating behavior
We additionally tested BALB/c and 129S4/Sv mouse strains

and found that BALB/c mice showed a similar number of
nose-pokes (Figure 2A and B), but 129S4/Sv mice (n = 11)
displayed a low number of nose-pokes compared with
C57BL/6 (n = 17) and BALB/c mice (n = 11) (F, ;; = 3.78, p <
0.05, one-way ANOVA) (Figure 2D), suggesting variations in
maltreatment behavior among different inbred mice strains.

Molecular changes after maltreating behavior
Oxytocin, corticosterone, and BDNF levels are known to

change with social stress and during prosocial or empathic
behavior in human and animals. To determine whether those
proteins are involved in maltreatment behavior, oxytocin, cor-
ticosterone, and BDNF levels in the perpetrators’ blood and
brain were measured after maltreatment behavior. We found
that perpetrator mice subjected to maltreatment behavior
(maltreated group: n = 14, 139.88% * 11.71%) had higher lev-
els of oxytocin compared with the non-subjected mice (not
maltreated group: n = 8, 100% + 9.72%; p < 0.05, Student
t-test) (Figure 3A). Corticosterone level also increased in the
maltreated group (n = 15, 221.27% + 18.22%) compared with
the not maltreated group (n = 14, 100 %+ 8.56 %; p < 0.01,
Student t-test) (Figure 3B). However, the maltreated group (n
=15, 63.28% + 1.94%) showed reduced BDNF level com-
pared to the not maltreated group (n = 9, 100% + 3.31%; p <

Figure 2 Maltreatment behavior of inbred mouse strains
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(A, B) Number of nose-pokes by male C57BL/6 (n = 17), BALB/c (n =
11), and 129S4/Sv (n = 11) mouse strains every 10 minutes. (A) Av-
erage number of nose-pokes for a total of 120 minutes. (B) Among the
strains, 129S4/Sv mice exhibited reduced numbers of nose-pokes com-
pared to the others. *p < 0.05, one-way analysis of variance.
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Figure 3 Alterations in oxytocin, corticosterone, and BDNF levels
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BDNF, brain-derived neurotrophic factor.

0.01, Student t-test) (Figure 3C). These results indicate the in-
volvement of oxytocin, corticosterone, and BDNF signaling in
maltreatment behavior.

Maltreatment behavior in the maternal separation/

social defeat/social isolation model
Next, we used MS/SD/SI model mice as perpetrators in the

maltreatment behavior task [53]. MS/SD/SI mice (n = 46)
continued nose-poking behavior for the entire 120-minute
experimental period and exhibited a higher number of nose-
pokes compared to the control mice (n = 17) (F, = 16.44, p
< 0.01, two-way ANOVA) (Figure 4A). To compare nose-pok-
ing behavior according to social stress paradigm, the MD/SD
or SI mice were also used in the maltreatment-behavior task.
MS/SD (n = 11) and SI model mice (n = 15) showed similar
numbers of nose-pokes to the control mice (Figure 4A). MS/
SD/SI model mice (29.80 + 5.43) exhibited much higher total
number of nose-pokes among the models (control, 5.35 +
0.90; MS/SD, 9.00 + 2.53; SI, 8.33 + 1.80) (F,q = 5.13, p <
0.01, one-way ANOVA) (Figure 4B). These results indicate that
MS/SD/SI mice exhibit unique behavior in maltreatment-be-
havior tasks and suggest a cumulative effect of social stress on
antisocial behavior in the mouse.

Differences in brain oscillations during maltreatment
behavior
Many neuropsychiatric or personality disorders with deficits

in empathy and social behavior, such as schizophrenia, au-
tism, dementia, and psychopathy, show abnormal neural ac-
tivities [38,39,55-62]. Thus, we investigated brain oscillations
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Figure 4 Maltreatment behavior in the MS/SD/SI model
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or MS/SD/SI mouse (n = 46) every 10 minutes (A) and for 120 minutes
(B). Among the social stress models, only the MS/SD/SI model mice
displayed high numbers of nose-pokes. **p < 0.01, two-way analysis of
variance.

MS, maternal separation; SD, social defeat; Sl, social isolation.

in MS/SD/SI model mice during maltreatment behavior. The
control mice showed increased theta- (p < 0.01, Student
t-test) and decreased alpha-rhythms (p < 0.05, Student t-test)
after the nose-poking behavior compared to before the
nose-poking (Figure 5A). However, the MS/SD/SI model mice
exhibited a decrease in theta rhythm (p < 0.05, Student t-test)
and an increase in alpha rhythm (p < 0.01, Student t-test) af-
ter the nose-poking behavior, opposite that of the control
(Figure 5B). In addition, MS/SD/SI mice displayed decreased
gamma-rhythm compared to control mice (p < 0.05, Student
t-test) (Figure 5B).
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Figure 5 Brain oscillations during maltreatment behavior
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Discussion

In this study, we developed an assay for studying antisocial
maltreatment behavior in mice. We found that MS/SD/SI
model mice generated by early-life chronic social stress para-
digms (MS plus SD plus SI) are a suitable candidate mouse
model of child abuse or maltreatment.

In the maltreatment-behavior task, maltreatment behaviors of
perpetrators in the condition with foot shocks were clearly
different from their behaviors in the condition without foot
shocks or the condition with random foot shocks. However,
there was no difference in the number of nose-pokes between
the condition without foot shocks and the condition with ran-
dom foot shocks. These imply that the reduced number of
nose-pokes of the perpetrators in the condition with foot
shocks is due to reduced locomotion or motor activity of per-
petrators by observational fear.

In our pilot experiment, lower current intensities (0.2-0.6 mA)
tended to elicit a high number of nose-pokes compared with
1-mA intensity (data not shown), implying that the behavioral
response of the victim mouse affects nose-poking behavior of
the perpetrator mouse. The perpetrator mouse becomes con-
ditioned to, or learns, fear by observing the behavior of a con-
specific victim and perceives the situation in which they may
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elicit noxious or aversive stimuli to the conspecific. In addi-
tion, inactivation of mPFC or ACC, which are considered to be
engaged in affective and emotional responses for perceiving
others’ pain or fear in animals and humans [39,63-69], wors-
ened the maltreatment behavior of perpetrators. The differ-
ence only during the first 20 minutes of the session is probably
due to the acute single injection of lidocaine. Taken together,
these results suggest that mice can understand, or learn, the
principle of the relationship between nose-poking behavior
and foot shocks in the perpetrator-victim paradigm, and they
may perceive the conspecific victim’s pain or fear in the oppo-
site chamber, and thus they, by their own will, might stop
nose-poking in order not to give an aversive stimulus, or dam-
age, to a conspecific victim.

We observed differences between mouse strains in the mal-
treatment-behavior task. First, 129Sv mice exhibited a low
number of nose-pokes compared with C57BL/6 and BALB/c
mice. Previous animal studies have suggested strain differenc-
es in empathic behavior and aggressiveness [70-73]. In a pre-
vious study, we observed that MS/SD/SI mice showed in-
creased offensive aggressiveness, reduced predator fear, and
impairment in empathy-related behavior [53]. These behav-
ioral traits may be involved in the antisocial maltreatment be-
havior of the MS/SD/SI mice. In this context, the maltreat-
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ment-behavior task may be a good behavioral task to measure
antisocial behavior related to empathy deficit.

In conclusion, we developed a maltreatment-behavior task as
an assay for antisocial behavior related to empathy deficit.
The MS/SD/SI mouse model may be used to better under-
stand personality disorders such as psychopathy showing an-
tisocial behavior, impaired empathy, and excessive boldness.
Cumulative social stress in early life may make mice suscepti-
ble to antisocial abusive behaviors. Further studies of mal-
treatment behavior following treatment with drugs acting on
mental disorders would help to characterize the phenotypes
of MS/SD/SI model mice as well as the maltreating assay in

more detail.
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