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o  social  statuses  affect  the  startle  reflex  in  male  mice?
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 i  g  h  l  i g  h  t  s

Stable  dominance/subordination  relationships  are  obtained  in  pairs  of  male  NMRI  mice.
We  assess  startle  reflex  and  its  prepulse  inhibition  in  dominant  and  subordinate  male  mice.
No  significant  differences  were  found  in  the startle  response  or PPI.
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a  b  s  t  r  a  c  t

Usual  housing  conditions  lead  to dominance  hierarchy  forming  between  male  mice.  The situation  pro-
duces  physiological  and  behavioural  differences  between  dominants  and  subordinates.  The  goal of  the
present  study  was  to  assess  stress  responses,  and  possible  changes  in  prepulse  inhibition  (PPI)  of  the
startle  reflex  in dominant  and  subordinate  male  mice.  Three  weeks  of  daily social  interactions  led  to
stable  aggressive  dominance  in  11  pairs  of  male  NMRI  mice.  Stress  levels  were  assessed  by  measuring
faecal  corticosterone  metabolites  (FCM),  a non-invasive  technique  for monitoring  hormonal  changes  in
response  to  specific  situations,  with  repeated  sampling  of each  animal.  The  analysis  of  FCM  levels  showed
ypothalamic-pituitary-adrenocortical
ystem
aecal corticosterone metabolites
ominant male
ubordinate male
hronic psychosocial stress

greater  stress  in subordinate  males  at the beginning  of  the experiment,  as the  hierarchy  was  being  estab-
lished, but  by the  end  of the  experiment,  FCM  levels  were  reduced  and  similar  in  both  dominants  and
subordinates.  No  significant  differences  were  found  in the  startle  response  or  PPI.

© 2012 Elsevier B.V. All rights reserved.
repulse inhibition of the startle reflex

The startle reflex is a contraction of the skeletal musculature
n response to an intense sensory stimulus. The startle reflex can
e modulated by changes in the emotional state of the organism
13,14] and is enhanced in humans suffering from anxiety disor-
ers [10]. Sensorimotor gating of the startle reflex happens when
he reflex is inhibited by a weak ‘prepulse’ that occurs prior to
he startling stimulus. Prepulse inhibition (PPI) of the startle reflex
rovides a measure of sensorimotor gating, and deficient PPI has
een reported in several neuropsychiatric disorders [5].  In mice,
PI defects are investigated in neuropsychiatric disease models that
pply environmental stressors [22]. Persistent PPI deficits are found
n mice subjected to repeated social test when they were individ-
ally housed, while group housing prevented PPI deficits [1].  PPI

eficits were also induced by isolation rearing in mutant and inbred
ice [8,20,27]. In these studies, however, isolated animals were

ompared to grouped animals without considering a possible effect
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of social status on startle reflex and PPI in the grouped animals. In
laboratory conditions, male mice are often group-housed, that may
result in aggression problems, but a hierarchy of dominance is often
established in which subordinate postures can prevent aggres-
sion by the dominant mouse [15]. An ethologically oriented model
of chronic psychosocial stress was proposed [2,3] that offers the
opportunity to investigate whether social status (being dominant
or subordinate) is a factor affecting physiological and behavioural
responses in male mice. In the present study, we  used the same
paradigm to investigate the possible effect of stable social statuses
on the acoustic startle reflex and its prepulse inhibition. The out-
bred NMRI strain was chosen because of its proven responsiveness
to social defeat [12].

Twenty-eight male NMRI mice aged 9 weeks (supplied by IFFA
CREDO) were divided into 6 groups of 4 or 5 males. After 2 weeks,
males from different groups were paired and placed in 1 of 14 clear

plastic boxes (38 cm long, 30 cm wide and 15 cm high) divided
in half by a perforated transparent partition allowing visual and
olfactory contact but preventing any body contact. Each compart-
ment had its own supply of food and drink. The partition allowed

dx.doi.org/10.1016/j.bbr.2012.06.009
http://www.sciencedirect.com/science/journal/01664328
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mailto:michel.pratte@univ-amu.fr
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Fig. 1. Faecal corticosterone metabolites (FCM) concentrations and duration of
aggressive interactions between dominant and subordinate male NMRI mice in 10-
min  encounters (mean ± SEM) during 3 weeks. The baseline values of FCM level on
day 0 are the mean FCM level in the 24 h period before the first encounter. On days
1  (first encounter) and 3, the subordinate males had significantly higher FCM levels
than dominant males (*p < 0.05). The high rate of FCM on day 0, i.e. before the first
encounter, may  be attributed to the mice being placed in new experimental con-
ditions. FCM level increased significantly between day 0 and day 1 in subordinates
(p  = 0.01), indicating that stress increased immediately after the social defeat. There
18 J.-P. Coudereau et al. / Behavioura

s also to separately collect the faeces produced by each male of
he pair. Each compartment floor was covered with an absorbent

at  made of polypropylene (POLLUSORB, Haleco, France) that was
eplaced by a clean mat  24 h before each faeces collection. Animal
se procedures were carried out in conformity with the European
ommunity Council directive of 24 November 1986 (86/609/EEC).

Our procedure is a modified version of the chronic psychosocial
tress procedure [2],  and allows stable dominance/subordination
elationships to be established. The two males of each pair were
ept each in its own compartment with the partition in place for
4 h before the first physical contact. Faeces of day 0 were collected
o assess the level of stress before the first encounter and the first
robable fight. Five times a week (starting on day 1) the partition
all was removed for 10 min  to allow agonistic interactions. The

esting conditions were run for 3 weeks and each pair had a total of
5 encounters. Dominant and subordinate roles were observed and
ecorded on the basis of the postures displayed [26]. One member
f the pair was said to be dominant if it attacked, bit and chased the
ther male, which was ranked as subordinate, displaying defen-
ive behaviour (sideways and upright postures, withdrawal, lying
n the back and freezing). Encounters were video recorded and the
uration of aggressive behavioural interactions (i.e., interactions

nvolving attacks, bites, and chases) were computed. If any attack
asted longer than 3 min, the partition was lowered to put an end to
he encounter. For the remainder of the day, the transparent bar-
ier kept the animals apart; they could see and smell each other, but
ould have no physical interaction. After each daily encounter the
age floor was cleaned, and the 24 h faeces following the encounter
ere collected on days 1 (first encounter), 3, 7, 10, 14, and 17, in

rder to control the stress level during the establishment of the
ierarchical relationships. The most important glucocorticoid trig-
ered by stressful situations in mice is corticosterone [23], which
e assessed by measuring faecal corticosterone metabolites (FCM),
sing an enzyme-immunoassay. The assays were performed at the

nstitute of Biochemistry at the Veterinary University of Vienna,
ustria. Methodological details for the enzyme-immunoassay are
s described in Touma et al. [24,25].

The last encounter took place on day 21. At the end of the 3-week
eriod of daily encounters, a stable and clear pattern of dominance
merged with a clear dominance hierarchy in 11 of the 14 pairs
f males. In one pair, both males were aggressive throughout the
hree weeks, with no distinguishable dominant/subordinate hier-
rchy emerging. In two other pairs, one male spent much of the
ime grooming the other, and few aggressive behaviour patterns
ere recorded over the last week, preventing to reliably assign the

ocial statuses to the males. These three pairs were excluded from
he analysis, which focused on the remaining 11 pairs.

On day 22, acoustic startle reflex and PPI were assessed for
oth dominant and subordinate mice. The startle amplitude exhib-

ted in response to an acoustic stimulation was measured using
 MED  Associates Startle Reflex System (MED Associates, Inc., St.
lbans, VT). Assessment of PPI followed a modified version of pro-
edures described by Salinger et al. [21]. The mice were placed
n a mouse holder mounted on a linear load cell sensor plat-
orm located in a foam-lined sound-proof cubicle. After 5-min
cclimation, mice were tested with 50 trials over 10 successive
essions. Each session consisted of five types of trials presented
n pseudo-random order in 10 blocks; three of the five had a 20-ms
repulse stimulus (72-, 76-, 84-dB white noise) occurring 100 ms
efore the onset of the 40 ms,  120-dB white-noise startle stimu-

us. The fourth type of trial had the startle stimulus alone, while
he fifth, with background noise only (65 dB), provided the base-

ine measurement for movement in the test chamber. The average
nter-trial interval was 15 s (9–23 s range). The amplitude of the
tartle response was measured as the maximum startle amplitude
MSA) every 1 ms  for 65 ms  starting with the onset of the startle
was  no significant change in FCM after the first encounter in dominant mice. FCM
significantly decreases with time, both in dominants and subordinates. Duration of
aggressive interactions significantly decreased from day 1 to day 17.

stimulus. The reduction of MSA  following a prepulse, referred to
as PPI, was  calculated for the three prepulse intensities accord-
ing to the following formula: %PPI = ((startle-alone MSA − prepulse
trial MSA)/startle-alone MSA) × 100. The reduction in MSA  was
interpreted as startle-response habituation (SRH), assessed by the
change in responses to 10 startle stimuli (120 dB white noise, 40 ms)
in the trials with startle stimuli alone. SRH was  calculated as the
percentage change in the amplitude of the startle response, accord-
ing to the following formula: %SRH = ((MSA of last five trials − MSA
of first five trials)/MSA of first five trials) × 100.

Because durations of aggressive interactions did not meet nor-
mality criteria, repeated measures ANOVA on ranks (Friedman test,
followed by Newman–Keuls tests when appropriate) was used to
evaluate significant changes over time. Changes in faecal corticos-
terone metabolites were analysed by two-way repeated measures
ANOVA with “days” as the within-subject factor and “social status”
as the between-group factor. When appropriate, post hoc contrasts
by t-tests with a Bonferroni correction were performed. FCM levels
in dominant and subordinate mice at day 0 and day 1 were com-
pared by Student’s t-tests for paired samples, as the data passed
the normality test. Changes in PPI levels in relation to the pre-
pulse intensity were analysed using repeated measures ANOVA
with “prepulse intensities” as the within-subject factor and “social
status” as the between-group factor. Post hoc t-tests with a Bon-
ferroni correction were performed. Effects of social status on MSA,
SRH, and PPI were analysed by t-testing or Mann–Whitney testing
when normality or equal variance assumptions were not reached.

A significant effect of day (chi-square = 21.2, df = 5, p < 0.001)
on the duration of aggressive interactions was  found. On day 1
(first encounter), the level of aggressive interactions was  signifi-
cantly higher than for any of the subsequent encounters (p < 0.001)
(Fig. 1). On day 0, before the first encounter, the level of fae-
cal corticosterone metabolites did not differ between dominant

and subordinate mice (p = 0.51). There were no significant differ-
ences in the level of FCM between day 0 and day 1 in dominant
mice (p = 0.80), and hence no stress effects in dominants after the
first encounter. However, FCM level increased significantly after
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Table 1
Maximum startle amplitude (MSA), and startle-response habituation (SRH) in dom-
inant and subordinate male NMRI mice. Means ± S.E.M.
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MSA  1890.11 ± 228.74 2154.75 ± 279.44 0.47
SRH  (%) 19.87 ± 8.02 3.58 ± 7.59 0.16

he first encounter in subordinates (p = 0.01), indicating that stress
ncreased immediately after the social defeat. A repeated mea-
ures ANOVA showed significant effects of social status (F1,20 = 4.35,

 = 0.05), and day (F5,100 = 9.45, p < 0.0001) on FCM with an over-
ll decrease in FCM level from day 1 to day 17 (Fig. 1). One-way
NOVAs confirmed a significant overall decrease in FCM level in
ominants (F5,50 = 3.14, p = 0.015) and in subordinates (F5,50 = 8.11,

 < 0.0001). The subordinate males had higher FCM levels than
ominant males on day 1 (p = 0.01) and day 3 (p = 0.03). The lev-
ls of FCM were not different between dominant and subordinate
ice on days 7, 10, 14, and 17 (p = 0.94, p = 0.98, p = 0.24, and p = 0.33,

espectively).
There was no significant difference in the maximum startle

mplitude between dominant and subordinate males (Table 1).
tartle-response showed a 19.9% decrease in dominants over the
est period, while for subordinates the decrease was  only 3.6%,
ut the difference in startle reflex habituation was  not signif-

cant (Table 1). A repeated measures ANOVA showed that PPI
ignificantly increased when the prepulse intensity increased
F2,36 = 52.6; p < 0.01), and PPI was maximal at 84 dB prepulse
Fig. 2). Plappert et al. [19] already reported that PPI increased with
ncreasing prepulse intensity in inbred mouse strains. PPI signifi-
antly increased in subordinates from 72 to 84 dB (from 72 dB to
6 dB: p = 0.04; from 76 dB to 84 dB: p < 0.001). In dominant males,
PI significantly increased from 76 to 84 dB only (p < 0.01); from
2 dB to 76 dB, the PPI increase was not significant (p = 0.06). For
ach prepulse level, the PPI tended to be greater in subordinates
han in dominant males. However, there was no overall effect of
ocial status on the PPI (F1,20 = 1.16; p = 0.30) (Fig. 2).

Studies of inbred strains by unpredictable chronic mild stress

rocedures subjecting mice to various stressors such as cage
hanges induce alterations in the concentration of faecal corticos-
erone metabolites [11]. Unpredictable mild stressors such as tilting
he cage, changing the bedding, and reversing the light cycle have
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ig. 2. Prepulse inhibition in dominant (Dom) and subordinate (Sub) male NMRI
ice. Three 20-ms prepulse stimuli (72-, 76-, 84-dB white noise) were presented

00 ms  before the onset of the 40-ms, 120-dB white-noise startle stimulus. Prepulse
nhibition (PPI) is calculated as the percentage of the reduction of the maximum
tartle amplitude (MSA) for the prepulse trial over the MSA  for the startle-alone
rials: PPI = ((startle-alone MSA  − prepulse trial MSA)/startle-alone MSA) × 100.
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been used to induce anxiety and depressive-like behaviour in mice
[18,28]. In the present study, the analysis of faecal corticosterone
metabolites showed relatively high stress on day 0, i.e. before the
first encounter, perhaps because the mice were placed in new
experimental conditions (i.e., new cage and new social partner).
FCM analysis showed a significant increase in stress in subordinate
males after the first encounter, but the FCM level in subordinates
went down to a level close to that of dominant males after a few
days. Most models of chronic social stress have reported higher
basal plasma corticosterone in subordinate male animals than
in dominant and control animals [6,9,16]. However, experiments
on rat colonies have shown that both dominant and subordinate
males have higher basal plasma corticosterone levels than con-
trol non-socially housed males, suggesting that dominant animals
also experience stress in social hierarchy environments [4,7,17]. In
fact, an important factor affecting physiological and behavioural
responses in grouped animals is whether a compatible group rela-
tionship and stable hierarchy can be established [3].  Experiments
on male mice housed in groups of siblings showed that dominance
status did not affect their reactions in anxiety/exploration tests,
or change the hypothalamic-pituitary-adrenocortical (HPA) system
activity and immune responsiveness [2].  It has been shown that an
unpredictable chronic mild stress procedure decreases the ampli-
tude of the startle reflex in male mice [18], and individual housing
can also cause a deficit in PPI in mice [20,27]. Our data indicate
that the social status of non-sibling pairs of male NMRI mice had
no long-term effects on acoustic startle reflex or startle inhibition.

References

[1] Adamcio B, Havemann-Reinecke U, Ehrenreich H. Chronic psychosocial stress
in  the absence of social support induces pathological pre-pulse inhibition in
mice. Behavioural Brain Research 2009;204:246–9.

[2] Bartolomucci A, Palanza P, Gaspani L, Limiroli E, Panerai AE, Ceresini G, et al.
Social status in mice: behavioral, endocrine and immune changes are context
dependent. Physiology and Behavior 2001;73:401–10.

[3] Bartolomucci A, Palanza P, Sacerdote P, Panerai AE, Sgoifo A, Dantzer R, et al.
Social factors and individual vulnerability to chronic stress exposure. Neuro-
science and Biobehavioral Reviews 2005;29:67–81.

[4] Blanchard DC, Spencer RL, Weiss SM,  Blanchard RJ, McEwen B, Sakai RR. Visible
burrow system as a model of chronic social stress: behavioral and neuroen-
docrine correlates. Psychoneuroendocrinology 1995;20:117–34.

[5] Braff D, Geyer M,  Swerdlow N. Human studies of prepulse inhibition of startle:
normal subjects, patient groups, and pharmacological studies. Psychopharma-
cology 2001;156:234–58.

[6] De Goeij DC, Dijkstra H, Tilders FJ. Chronic psychosocial stress enhances vaso-
pressin, but not corticotropin-releasing factor, in the external zone of the
median eminence of male rats: relationship to subordinate status. Endocrinol-
ogy  1992;131:847–53.

[7] Dijkstra H, Tilders FJ, Hiehle MA,  Smelik PG. Hormonal reactions to fighting in
rat  colonies: prolactin rises during defence, not during offence. Physiology and
Behavior 1992;51:961–8.

[8] Eells JB, Misler JA, Nikodem VM.  Early postnatal isolation reduces dopamine
levels, elevates dopamine turnover and specifically disrupts prepulse inhibition
in  Nurr1-null heterozygous mice. Neuroscience 2006;140:1117–26.

[9] Ely D, Caplea A, Dunphy G, Smith D. Physiological and neuroendocrine cor-
relates of social position in normotensive and hypertensive rat colonies. Acta
Physiologica Scandinavica Supplementum 1997;640:92–5.

10] Grillon C, Ameli R, Charney DS, Krystal J, Braff D. Startle gating deficits occur
across prepulse intensities in schizophrenic patients. Biological Psychiatry
1992;32:939–43.

11] Ibarguen-Vargas Y, Surget A, Touma C, Palme R, Belzung C. Multifaceted strain-
specific effects in a mouse model of depression and of antidepressant reversal.
Psychoneuroendocrinology 2008;33:1357–68.

12] Keeney AJ, Hogg S, Marsden CA. Alterations in core body temperature, locomo-
tor  activity, and corticosterone following acute and repeated social defeat of
male NMRI mice. Physiology and Behavior 2001;74:177–84.

13] Koch M. The neurobiology of startle. Progress in Neurobiology 1999;59:107–28.
14] Lang PJ, Bradley MM,  Cuthbert BN. Emotion, attention, and the startle reflex.

Psychological Review 1990;97:377–95.
15] Latham N, Mason G. From house mouse to mouse house: the behavioural biol-
ogy of free-living Mus  musculus and its implications in the laboratory. Applied
Animal Behaviour Science 2004;86:261–89.

16] McKittrick CR, Blanchard DC, Blanchard RJ, McEwen BS, Sakai RR. Serotonin
receptor binding in a colony model of chronic social stress. Biological Psychiatry
1995;37:383–93.



1 l Brai

[

[

[

[

[

[

[

[

[

[

[
ing  of mice induces deficits in prepulse inhibition of the startle response.
20 J.-P. Coudereau et al. / Behavioura

17] McKittrick CR, Magarinos AM,  Blanchard DC, Blanchard RJ, McEwen BS, Sakai
RR. Chronic social stress reduces dendritic arbors in CA3 of hippocampus and
decreases binding to serotonin transporter sites. Synapse 2000;36:85–94.

18] Mineur YS, Belzung C, Crusio WE.  Effects of unpredictable chronic mild stress
on anxiety and depression-like behavior in mice. Behavioural Brain Research
2006;175:43–50.

19] Plappert CF, Pilz PKD, Schnitzler H-U. Factors governing prepulse inhibition and
prepulse facilitation of the acoustic startle response in mice. Behavioural Brain
Research 2004;152:403–12.

20] Sakaue M,  Ago Y, Baba A, Matsuda T. The 5-HT1A receptor agonist MKC-242
reverses isolation rearing-induced deficits of prepulse inhibition in mice. Psy-
chopharmacology 2003;170:73–9.

21] Salinger WL,  Ladrow P, Wheeler C. Behavioral phenotype of the reeler mutant

mouse: effects of RELN gene dosage and social isolation. Behavioral Neuro-
science 2003;117:1257–75.

22] Shi L, Fatemi SH, Sidwell RW,  Patterson PH. Maternal influenza infection causes
marked behavioral and pharmacological changes in the offspring. Journal of
Neuroscience 2003;23:297–302.

[

n Research 234 (2012) 117– 120

23] Spackman DH, Riley V. Corticosterone concentrations in the mouse. Science
1978;200:87.

24] Touma C, Palme R, Sachser N. Analyzing corticosterone metabolites in fecal
samples of mice: a noninvasive technique to monitor stress hormones. Hor-
mones and Behavior 2004;45:10–22.

25] Touma C, Sachser N, Mostl E, Palme R. Effects of sex and time of day on
metabolism and excretion of corticosterone in urine and feces of mice. General
and  Comparative Endocrinology 2003;130:267–78.

26] Van Oortmerssen GA. Biological significance, genetics and evolutionary origin
of  variability in behaviour within and between inbred strains of mice (Mus
musculus).  Behaviour 1971;38:1–92.

27] Varty GB, Powell SB, Lehmann-Masten V, Buell MR,  Geyer MA.  Isolation rear-
Behavioural Brain Research 2006;169:162–7.
28] Willner P. Validity, reliability and utility of the chronic mild stress model

of  depression: a 10-year review and evaluation. Psychopharmacology
1997;134:319–29.


	Do social statuses affect the startle reflex in male mice?
	References


