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Abstract

The anxiogenic neuropeptide, corticotropin-releasing factor (CRF), has acomplex effect on intermale
aggression. CRF receptor 1 (CRFRL1) is the primary receptor for CRF and in this study, we examined
in detail isolation-induced intermale aggression in CRFR1 deficient mice. All mice contained a mixed
50:50 inbred/outbred background to improve aggressive performance. Mice were isolated for 4 weeks
prior to two consecutive days of aggression testing using the resident-intruder paradigm. Mice were
also tested for anxiety on the elevated plus maze. Relative to littermate wild-type (WT) controls,
CRFR1-mutant mice exhibited normal levels of intermale aggression over the two test days in terms
of percentage showing aggression, number of attacks, time aggressive, and latency to first attack. In
terms of sites of attacks on intruders, CRFR1-deficient mice attacked the ventral portion of the mid-
section (including belly) significantly less frequently than WT males on test day 1, but these
differences did not reach significance on test day 2. No other differences in sites of attacks were
observed. Tail rattling also did not differ between groups. Importantly, KO males showed decreased
anxiety relative to WT mice (consistent with previous reports) as evidenced by spending significantly
more time on the open arms and significantly less time on the closed arms of the elevated plus maze.
Plus maze performance did not correlate with any measure of levels of aggression, suggesting a
dissociation between altered levels of anxiety and aggressive performance. Taken together, the results
suggest that the activation CRFRL1 is not necessary for the normal production of isolation-induced
intermale aggression.
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1. Introduction

The anxiogenic neuropeptide, corticotropin-releasing factor (CRF), is thought to be a major
contributor to the behavioral responses to stress (fear and anxiety) by acting within the CNS
(for reviews, see [23,34]). How CRF modulates intermale aggression, which is adaptive in
rodents because it plays a role in establishing territories and increasing access to food and mates
[6,20,29,40], is complex. For example, intracerebroventricular (icv) injections of CRF inhibits
intermale aggression and increases defensive behavior in singly housed male mice that were
tested as residents in a resident-intruder paradigm [26]. However, icv injections of CRF have
no effect, but CRF injected into the amygdala elevates intermale aggression in singly housed
rats tested in a neutral arena [10]. Consistent with this latter finding, oral administration of a
CRFR1 antagonist impairs some aspects of intermale aggression and also decreases lateral
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attack frequency in hamsters using a resident-intruder paradigm [11]. Also, conditioned defeat
behavior, which involves decreased expression of aggression with repeated defeats [19] may
be controlled by central release of CRF. For example icv administration of a CRF antagonist
prevents this response in hamsters when applied 30 min prior to testing [21] and in mice when
the antagonist is injected into the amygdala immediately following a social defeat and ~24
hours prior to testing [32]. In some tests, acute stressors elevate aggression (termed stress or
shock-induced aggression) and icv CRF elevates this form of aggression [36]. The effect of
CRF on intermale aggression, then, can depend on context and site of CRF action.

In addition to its function within the CNS, CRF triggers peripheral increases in stress hormones
(glucocorticoids) [38]. Within the CNS and elsewhere, CRF acts primarily on CRFR1 [4,35,
41], but can activate with less efficacy CRF receptor 2 (CRFR2) [22,39]. CRF related peptides,
urocortin (Ucn) 1 and Ucn 3, can also elicit different aspects of fear and anxiety (behavioral
manifestations of stress) by acting within specific brain regions [3,18,23]. Ucn 1 and Ucn 3
may be the primary ligands for CRFR2, but Ucn 1 can also activate with lesser efficacy CRFR1
[24,25,31,39]. We recently showed that mice missing CRFR2 exhibit normal intermale
aggression in a resident-intruder test in all aspects measured [13]. Thus, the presence of CRFR2
is not necessary for the normal production of intermale aggression using the resident-intruder
paradigm. However, because some forms of aggression (e.g., stress-induced aggression) can
be positively modulated by CRF, it is unclear how CRFR2 mice would perform in other
paradigms of aggression testing.

A valuable approach for understanding the role of a gene in behavior is to examine behavioral
changes when that gene is removed. CRFR1-/— (hereafter referred to as knockout (KO)) mice
display decreased indices of fear and anxiety and elevated levels of CRF in the paraventricular
nucleus, but not in amygdala or other regions [35]. CRFR2 expression is not altered in these
mice. The KO mice also show normal growth and reproduction, but have lower than normal
levels of glucocorticoids and glucocorticoid increases in response to stress are greatly impaired
[35].

The aim of this study was to examine whether or how loss of CRFR1 affected intermale
aggression using a standard resident-intruder paradigm. Because certain inbred strains, such
as DBA and C57 (a common background for KO mice) show decreased intermale aggression
relative to outbred mice [30], we examined the loss of the CRFR1 gene in a mixed inbred/
outbred background that would be expected to heighten levels of intermale aggression. Given
the complex effects CRF can have on intermale aggression described above and that loss of
CRFR2 does not affect intermale aggression, our conservative prediction was that loss of the
gene would have no effect on behavior. If some level of CRF acting on CRFR1 is necessary
for intermale aggression, then it would be expected that intermale aggression would be
decreased by the loss of the CRFR1 gene. If, though, CRF is entirely inhibitory of intermale
aggression, then a possible elevation of aggression might be expected with loss of the primary
receptor. Because KO mice have previously been shown to exhibit decreased indices of fear
and anxiety as indicated on elevated plus maze performance, we also examined plus maze
performance in WT and KO mice and compared this to aggressive responding.

2. Materials and methods

2.1 Animals

CRFR1-deficient male mice in an inbred C57BL/6 background [35] were produced by
crossings of heterozygote CRFR1 (+/-) mice (The Jackson Laboratory, Bar Harbor, ME).
Mutant males were then crossed with females (outbred hsd:ICR strain) selectively bred to
exhibit high levels of maternal aggression. Heterozygote CRFR1 (+/-) mice (with mixed inbred
and outbred backgrounds) were then bred to produce WT and knockout KO male mice used
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in this study. Offspring were weaned at 21 days and male siblings were group housed until
pairing as adults. All genotyping occurred after 21 days. Thus, WT and KO males were siblings
and were exposed to the same maternal and post maternal environment. All WT and KO mice
were given ad lib access to regular rodent chow and tap water. For studying intermale
aggression, WT and KO males (beginning at ~50 days old) were housed individually for four
weeks prior to testing (described below). Intruder male mice (hsd:ICR strain; Harlan, Madison,
WI) were sexually naive and group-housed (4 animals/cage). Intruder males (~ 2 months old)
were given ad lib access to regular chow. Intruder males were never used more than once per
day and used for ~ 3 tests each. All animals were housed on a 14:10 light/dark cycle with lights
on at 0600 CST. The longer photoperiod (relative to 12:12 light/dark) allowed for greater
separation of diurnal testing from either lights on or lights off (times of physiological and
behavioral changes in mice). Daytime testing was performed because robust aggression can
be detected during this period in male mice [12,26,28].

2.2 Genotyping

Mice were genotyped by PCR using sense WT (5-TCT CAG GAT TGC TAA GTT CAG-3),
sense KO (5'-AAC TTC CTG ACT AGG GG -3'), and a common antisense primer (5-ACT
GCT AGT GTG ATG TCC TGC -3'). Reactions were run with purified DNA from ear snips
and analyzed according to vendor protocol (The Jackson Laboratory).

2.3 Intermale aggression testing

Following four weeks of isolation, each male (n = 19 for WT; n = 21 for KO) was tested for
intermale aggression for two consecutive days for 5 min each between 0900 and 1300 h. An
intruder (hsd:ICR strain) male mouse was placed in the resident’s (WT or KO’s) home cage
and each test session was recorded on videotape. WT and KO mice were always alternately
tested on the same day such that the intruder mice from the same cage were used equally to
test both genotypes. Thus, any previous fighting experience of intruders that may have affected
outcome was evenly divided among the two groups. Further, in this study the intruder mice
were not aggressive. Out of 80 total tests, no intruder mice initiated aggression and hence had
to be removed from testing (removing aggressive intruders immediately from testing is
standard procedure and is always noted if it occurs). Quantification was performed off-line
from videotapes using pen and paper. Aggression scoring was conducted by individuals blind
to experimental conditions and treatments. For quantification of intermale aggression the
following features were measured: latency to first attack, number of attacks, and total duration
of attacks [14,15]. The amount of time attacking different regions of the male (including head/
neck, flank/back, or the ventral portion of the midsection, including belly) and the amount of
time lunging or clawing (without physical contact) were recorded. Additionally, the number
of tail rattling events and the total duration of tail rattling was recorded.

2.4 Elevated plus maze

The plus-maze apparatus was made of black Plexiglas and had two open arms (35 x 5 cm) and
two enclosed arms of the same size with walls 15 cm high. The apparatus was elevated 70 cm
above the ground. The arms were connected by a central square (5 x 5 cm). Indirect lighting
in an otherwise dark room was adjusted to provide a standard of 6.0 lux for each test. All testing
was conducted on the day following the second aggression test between 0900 and 1300h. Mice
were tested individually in 5 min sessions. Each mouse was removed from the home cage and
was placed on the center platform facing an open arm to initiate the test session. Behaviors
scored were the number of entries to open or closed arms and the time spent in the middle
square or open or closed arms. Arm entries were defined as entry of all four paws into the arm.
All test sessions were videotaped and scored by individuals blind to experimental condition.
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2.5 Data analysis

Intermale aggression variables were analyzed using a one-way ANOVA. In the cases where
the distribution of the differences between WT and KO were not normally distributed, then a
nonparametric ANOVA on ranks (Dunn’s Method or Kruskal-Wallis) was used. For statistical
analysis Sigma Stat software was used (SPSS Inc., Chicago IL). Lunging and clawing is a mild
form of aggression that does not include contact and was not included in analysis of overall
levels of aggression. However, this measure was included in a separate analysis of total
breakdown of different forms of agonistic behaviors within WT and KO mice. In the case of
time to first attack, if an animal was not aggressive (no aggression shown during the test period),
a time of 300 sec was assigned (the maximum possible for the test). Pearson correlations were
run between all dependent aggressive and all plus maze measures to identify possible links
between these two traits.

3. Results

3.1 Intermale aggression

Intermale aggression did not differ between KO and WT mice on test day 1 in terms of
percentage showing aggression (H(1,39) = 0.00; p = 0.789; ANOVA on Ranks) (Fig. 1A),
number of attacks (H(1,39) = 3.03; p = 0.082; ANOVA on Ranks) (Fig. 1B), time in aggressive
encounters (H(1,39) = 1.96; p = 0.161; ANOVA on Ranks) (Fig. 1C), or time to first attack (H
(1,39) = 0.00; p = 0.978; ANOVA on Ranks) (Fig. 1D). Consistent with results of day 1, no
differences in aggression were found between WT and KO mice on day 2 in terms of percentage
showing aggression (H(1,39) = 2.26; p = 0.132; ANOVA on Ranks) (Fig. 1A), number of
attacks (H(1,39) =0.32; p = 0.569; ANOVA on Ranks) (Fig. 1B), time in aggressive encounters
(F(1,39) =0.43; p=0.513; one-way ANOVA) (Fig. 1C), or time to first attack (H(1,39) = 0.00;
p = 0.978; ANOVA on Ranks) (Fig. 1D).

In terms of the breakdown of total agonistic behavior on test day 1, WT and KO mice did not
differ in terms of percentage of attacks to the back or flank region (H(1,33) = 2.07; p = 0.149;
ANOVA on Ranks) (Fig. 2A), or to the head or neck region (H(1,33) =1.56; p=0.210; ANOVA
on Ranks) (Fig. 2B) although there was a trend towards increased attacks to the back or flank
region in KO mice. In contrast, on day 1 WT mice exhibited significantly greater percentage
attacks to the ventral portion of the mid-section (including belly) relative to KO mice (H(1,33)
=4.54; p=0.033; ANOVA on Ranks) (Fig. 1C). On test day 2 no differences existed between
groups in terms of percentage of attacks to the back or flank region (F(1,37) = 0.06; p = 0.803;
one-way ANOVA) (Fig. 2A), to the head or neck region (H(1,37) =0.08; p = 0.777; ANOVA
on Ranks (Fig. 2B), or the ventral portion of the mid-section (including belly) (H(1,37) = 0.06;
p = 0.799; ANOVA on Ranks) (Fig. 2C). Lunging or clawing was absent in most mice or
occurred at an extremely low level (< 2%) and was not included in analysis.

On day 1, both genotypes produced a similar number of tail rattling events (WT mean=1.3 £
0.5; KO mean = 1.4 £ 0.5;) (H(1,33) = 0.5; p = 0.444; ANOVA on ranks) and spent a similar
amount of time tail rattling (WT mean = 1.7 £ 0.7 sec; KO mean = 3.1 + 1.4 sec;) (H(1,33) =
0.7; p=0.379; ANOVA onranks). On day 2, no differences existed between genotype in terms
of either number of tail rattling events (WT mean = 3.1 + 0.8; KO mean = 2.8 + 0.8) (H(1,33)
=0.0; p = 0.887; ANOVA on ranks) or time tail rattling (WT mean = 6.8 £ 2.7 sec; KO mean
=5.0£1.7 sec) (H(1,33) = 0.1; p = 0.697; ANOVA on ranks).

3.2 Elevated plus maze test

In terms of elevated plus maze performance, relative to WT, KO mice showed a trend towards
more open arm entries (F(1,39) = 3.88; p = 0.056; one-way ANOVA) (Fig. 3A) and spent
significantly more time in open arms (F(1,39) = 4.14; p = 0.049; one-way ANOVA) (Fig. 3B).
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Further, KO mice showed a trend towards a shorter latency to first enter an open arm (in sec)
(WT median = 52.0; KO median = 30.0), but these differences did not reach significance (H

(1,39) = 2.97; p = 0.084; ANOVA on ranks). KO mice and WT mice had a similar number of
visits to closed arms (F(1,39) = 0.00; p = 0.939; one-way ANOVA) (Fig. 3C), but KO spent

significantly less time on closed arms (F(1,39) = 8.36; p = 0.006; one-way ANOVA) (Fig. 4D).
Additionally, KO mice spent significantly more time in the middle square relative to WT mice
(WT mean = 71.8 £ 6.6 sec; KO mean = 93.6 + 7.3 sec) (F(1,39) = 4.78; p = 0.035; one-way
ANOVA). Both mice made a similar number of entries to middle squares (WT mean = 14.5 +
0.9 sec; KO mean = 16.2 + 1.0 sec) (F(1,39) = 1.5; p = 0.227; one-way ANOVA).

Pearson correlations examinations of plus maze and aggressive performance using either all
mice combined or separate WT and KO groups revealed no significant correlations between
any of the two measures (data not shown).

4. Discussion

In the present study, we show that KO mice missing CRFR1 exhibit normal levels of isolation
induced intermale aggression. A significantly lower percentage of attacks to the ventral portion
of the mid-section (including belly) of intruders by KO mice on test day 1 (but not test day 2)
was the only difference noted between genotypes. The finding that KO mice show increased
time on open arms and decreased time on closed arms of the elevated plus maze (consistent
with previous published reports) suggest that whatever fear or anxiety pathways altered in KO
mice do not influence resident-intruder intermale aggression. Thus, a dissociation of plus maze
performance and this form of aggression is found. However, plus maze testing occurred
following aggression tests and differences in stress reactivity to aggression testing between
genotype could have affected anxiety performance. Use of other anxiety tests, especially those
that themselves produce less stress on the subjects (e.g., open field test), could be performed
prior to aggression testing as alternative approach to examining links between anxiety and
aggression.

The results from this study are consistent with previous work in which we found that isolation-
induced intermale aggression is not altered in CRFR2-deficient mice [13]. The simplest
explanation for the normal knockout phenotype in this or the previous study, is that isolation-
induced intermale aggression is not dependent upon CRFR1 or CRFR2. Earlier studies have
indicated CRF can inhibit this form of aggression with icv injections [26] or elevate it when
injected into the amygdala [10]. If CRFR1 activation is relatively low in these males, the lack
of behavioral change with loss of a gene may simply reflect a floor effect. Under this scenario,
other neuromodulators (besides those that activate CRFR1) would be involved in positively
regulating aggression. At higher levels of activation, CRFR1 activity could still be involved
in both positively and negatively regulating the behavior along an inverted U-shaped curve.
This would explain why CRF can both inhibit and activate aggression levels depending on
levels and sites of injection. Because CRF and its related peptides, Ucn 1 and 3, can activate
CRFR2 [24,25,31,39], it is possible that increased activation of CRFR2 compensates for the
loss of CRFR1. In the original examination of the KO mice, no differences in CRFR2 were
observed [35]. However, a dynamic alteration in CRFR1 transcription and translation can occur
following simple manipulations [1], so dynamic changes in expression of CRFR2 in lactating
KO mice could also be expected. An examination of intermale aggression in double knockouts
of both receptors would help examine how the receptors might work together to regulate
aggression.

Besides isolation induced aggression (tested here), CRF is thought to regulate both conditioned
defeat [21] and anxiety-induced aggression [36]. In the former case, a CRF receptor antagonist
ameliorates conditioned defeat, so it would be interesting to see whether or how this form of

Behav Brain Res. Author manuscript; available in PMC 2008 June 3.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Gammie and Stevenson Page 6

aggression is altered in KO mice. For anxiety-induced aggression, it would also be interesting
to see if this form of aggression was decreased in KO mice.

Previous work in squirrel monkeys found a CRF receptor antagonist decreased aggressive
behaviors exhibited at a mirror stimulus [42]. Recent work in male hamsters found a CRFR1
antagonist, SSR125543A, administered orally lengthened latency to attack and also decreased
lateral type attacks that can include a sideways approach to the intruder [11]. The only
difference between genotype in terms of aggression involved the sites of attack, with KO mice
attacking the ventral portion of the mid-section (including belly) less frequently on the first of
two test days. Attacks to this region and also to the back/flank regions, especially in rats, have
been termed offensive aggression, whereas attacks to the face/neck region have been termed
defensive attacks [5]. Our finding that intermale aggression levels are not altered by genotype,
but only shift in this one measure on one of two days, suggests that the loss of CRFR1 may
have a subtle, but interesting effect on the final output of aggression. When the sisters of the
males in this study were examined for maternal aggression, attacks to the ventral portion of
the mid-section (including belly) were also reduced in KO mice, but overall levels of aggression
did not differ (S.C. Gammie and S.A. Stevenson, unpublished observations). Hence, two
studies now suggest that decreased attacks to this region occur with loss of CRFR1. Why attacks
to the ventral portion of the mid-section (including belly) of the intruder would be specifically
altered in KO mice is not known, but differences in stress reactivity or glucocorticoid levels
in KO mice is one possibility (see below). Additional studies that employ site-directed
injections of CRFR1 antagonists and a careful ethological examination of aggressive sites of
attack would be one approach in determining whether or how CRFR1 may regulate final
aggressive output.

CRFR1-deficient mice have a normal pattern of growth, but exhibit lower than normal levels
of glucocorticoids relative to WT mice, although a significant increase in corticosterone in
response to a stressor still occurs in KO mice [35]. Given differences in corticosterone between
genotype, we cannot rule out a role for glucocorticoids in our findings. Interestingly, in
hamsters higher attacks to the belly region occur with transitions to adulthood from puberty
and exposure to stressors (or glucocorticoids) accelerates the production of attacks to the region
[9,43,44]. Thus, lower attacks to the ventral portion of the mid-section (including belly) of the
intruder by KO mice would be consistent with lower glucorticoid activity in these mice.
However, decreased [16] or increased [2,17] levels of glucocorticoids can heightened intermale
aggression in rats and mice, so it is not clear how altering glucocorticoids in the KO mice would
affect aggressive output. Glucocorticoid replacement was unable to rescue anxiety measure
differences between genotypes [35], so altering steroids in these mice may have little or no
impact on aggression as well. Given the interesting effects of glucocorticoids on aggression,
future studies that regulate corticosterone levels in these mice and then examine aggressive
output could help clarify some of these issues.

A drawback of knock-out studies is that the deletion of a gene may have developmental or
compensatory effects that are separable from the functional use of the protein product as adults
[27]. Further, inbred mice are used as a background for most knockouts in mice and although
these provide genetic consistency, some of these strains (e.g., C57) impart decreased
performance in certain behaviors, including in intermale aggression, relative to outbred mice
[30]. By crossing the deletion into an outbred stock, we were able to produce mice with hybrid
vigor (50 % inbred: 50% outbred background). Because the genome of inbred mice has been
reduced to single alleles, genetic interactions are decreased and it has been suggested that
examinations of missing genes on a more variable, outbred background may be more relevant
to understanding the role of genes in humans [37]. The outbred mice (hsd:ICR strain) used
here had been selected for high maternal aggression for over 7 generations, but to date no
evidence suggests alterations in isolation-induced intermale aggression due to selection (S.C.
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Gammie and S.A. Stevenson, unpublished observations). Because brothers (WT and KO) from
the same heterozygote dams were tested, environmental variability was minimized. Thus, we
were able to produce mice that exhibited high levels of intermale aggression which allowed
for better examination of how loss of the gene affected behavior. The levels of aggression were
robust in WT and KO mice and the finding of a jJump in aggression from test day 1 to day 2
(Fig. 1) is consistent with other studies in intermale aggression showing the same pattern [7,
8,33]. Given that genetic background can affect behavioral phenotype in knockout mice [37],
it will be valuable in future studies to examine aggressive responding in CRFR1 mutant mice
with different genetic backgrounds (including inbred and outbred strains).
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Fig. 1.

Analysis of intermale aggression in WT and KO mice. Using a resident-intruder paradigm,
WT and KO mice show similar profiles in terms of the percentage of males showing any
aggression (A), the average number of attacks (B), the average amount of time in aggressive
encounters (C), and the average latency to first attack (D) when examined on either test day 1
or 2. Bars represent means = SE. White bars indicate WT mice and black bars indicate KO
mice. Data that were non-normally distributed were examined via non-parametric tests (see
Methods and Results for more details).
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Fig. 2.

Analysis of intermale aggression in WT and KO mice in terms of proportion of attacks on
intruders. WT and KO mice show similar profiles in terms of proportion of attacks to the back
or flank (A) or the head or the neck (B) on either test day. In contrast, KO mice exhibit a
significantly lower proportion of attacks to the ventral portion of the mid-section (including
belly) on test day 1, but not on test day 2 (C). Bars represent means = SE. White bars indicate
WT mice and black bars indicate KO mice. Data that were non-normally distributed were
examined via non-parametric tests (see Methods and Results for more details). * = p<0.05;
one-way ANOVA on ranks for (C).
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Elevated plus maze performance in WT and KO mice. KO showed a trend towards more entries
to the open arm relative to WT mice, but the differences between groups did not reach
significance (A). KO mice spent significantly more time on open arms relative to WT mice
(B), made an equal number of visits to closed arms (C), but spent significantly less time on the
closed arms (D). Bars represent means = SE. White bars indicate WT mice and black bars
indicate KO mice. * = p<0.05; * = p<0.01; one-way ANOVA for (A), (B), and (D).
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