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Abstract

Since rodent self-grooming behaviours are elicited by both comfort and stressful conditions, traditional measures such as duration, latency
of onset and the number of bouts may be not suitable to dissociate between these opposite conditions. The aim of the current study was to
improve and optimize ethological measurement of self-grooming in neurobehavioural stress research enabling differentiation between stress
and no-stress situations. This protocol assists in the correct interpretation of animal grooming behaviours and detection of stress by measuring
alterations in grooming microstructure in different test situations. While a general pattern of self-grooming uninterrupted cephalocaudal
progression is normally observed in no-stress (comfort) conditions in mice and other rodents, the percentage of “incorrect” transitions
between different stages and the percentage of interrupted grooming bouts may be used as behavioural marker of stress. The protocol can be a
useful tool in neurobehavioural stress research including modelling stress-evoked states, pharmacological screening of potential antistress
drugs or behavioural phenotyping of genetically modified animals.

© 2004 Elsevier B.V. All rights reserved.
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1. Type of research

Algorithm to perform ethological analysis of stress-
evoked self-grooming behaviours in laboratory rodents.

1.1. Introduction

Self-grooming is an ancient innate behaviour that is
represented across most animal species [19] and is a partic-
ularly important part of rodent behavioural repertoire [2—
5,29]. In rodents, a general pattern of self-grooming cepha-
locaudal progression is observed as follows: paw licking,
nose and face wash, head wash, body wash and fur licking,
leg licking, tail/genitals licking and wash [5,14,15,26]. Many
neuromediators and hormones as well as multiple regions in
the brain appear to be involved in the regulation of self-
grooming behaviours [2,3,6,7,11,13,28,29]. Grooming is
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also known to be bidirectionally sensitive to various psy-
chotropic drugs and genetic manipulations [12,13,21], and is
often studied in mice [6,18,19,27].

It has long been known that rodents’ grooming activity
can be generally increased in two opposite situations: in high
and low stress [20,21,24]. Low-stress comfort grooming is a
spontaneous body care ritual which occurs as a transition
from rest to activity; it is a typical behavioural marker of low
or no stress and usually goes in a “relaxed fashion” from
paw licking to tail/genitals wash [17,20,21]. Similarly, stress
has long been known to induce grooming in rodents
[14,25,28]. However, this stress-evoked grooming is etho-
logically different from low-stress grooming, and character-
ised by frequent bursts of rapid short grooming [17,25,28].

Since rodents’ self-grooming is increased by both stress
and comfort conditions [14,20,25,26], the major problem
with grooming behavioural analysis is that its traditional
cumulative “gross” measures (the latency to onset, the
number of bouts and the duration [16]) may not be valid
for correct data interpretation and analysis. As such, there is
a great need for a tool which will make it possible to
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ethologically dissect different types of grooming activity.
For this, we have designed the present grooming analysis
algorithm based on the abovementioned ethological differ-
ences between comfort- and stress-evoked groomings. Our
approach is based on differential registration and analysis of
grooming behavioural microstructure, including (1) transi-
tions between self-grooming patterns and (2) interruptions
of grooming bouts in mice exposed to different stressors
[20,21]. In the present study, we first used this approach to
assess grooming behaviours of C57BL/6 mice subjected to
several different stressors, and demonstrated that our proto-
col works consistently in several different models of stress.
In the second part of our study, since the use of genetically
modified mice is becoming increasingly common in behav-
ioural neuroscience [9,10,18], and there is a growing interest
in their grooming behaviours [6,12,19,27], we wanted to
know if our protocol can be used to assess grooming
behaviours in mutant mice. Using “anxious” mice lacking
neurosteroid vitamin D receptor (VDR) gene [22] as an
example, we demonstrated that our algorithm is able to
detect stress-evoked differences in grooming of genetically
modified animals. Overall, in the present study we show that
the protocol allows detection of stress by measuring alter-
ations in grooming patterns (microstructure), and could be
extensively used in neurobehavioural stress research and
behavioural phenotyping of genetically modified animals.

2. Time required

The time required for this protocol was calculated taking
into account standard experiments with 10—15 animals per
group and two groups:

(a) Handling of naive animals: 5 days, 5 min/mouse/day.

(b) The open field, horizontal rod tests, the elevated plus
maze, water misting and social encounter with another
male mouse require 5 min each. Measures of self-
grooming behaviours in the actimeter require 5 min.

(c) Animals are to be allowed at least 7 days between the
tests, if a battery of tests is used.

(d) Analyses of the ethological data: 4—10 days, depending
on the amount of data collected.

3. Materials
3.1. Animals

Experiments were carried out on 30 adult C57BL/6
male mice (25-30 g) bred in the University of Tampere,
Finland. Experiments with genetically modified animals
were carried out on 10 wild type (129S1) and 10 VDR
gene null mutant adult male mice (25-30 g) bred in the
University of Tampere from a line generated in the
University of Tokyo, Japan [23]. These mice were litter-

mates produced by heterozygous crosses for four gener-
ations. All animals used in this study were experimentally
naive, housed three to four per cage and kept in a
controlled environment maintained at a constant temper-
ature (24+£1 °C) and humidity (50 £ 5%), with free
access to food and water. The animals were maintained
on a 12:12-h light/dark cycle (lights on at 0600 h and off
at 1800 h). Behavioural testing was always conducted
between 1400 and 1800 h. Animal care procedures were
conducted in accordance with guidelines set by the
European Community Council Directives. The procedures
used in this study were in strict accordance with the
European legislation and the guidelines of the National
Institutes of Health on the use and care of laboratory
animals. All animal experiments reported here were ap-
proved by the Ethical Committee of the University of
Tampere.

3.2. Special equipment

The open field arena is a square plastic box (45 X
45 x 45 cm) with Plexiglas front and the floor divided into
nine squares (15 X 15 cm). The actimeter is a transparent
plastic box (30 X 30 X 30 cm). The elevated plus maze is
made from Plexiglas and consists of two open arms (30 X 10
cm) and two enclosed arms (30 X 10 X 10 cm) extending
from a common central region (10 X 10 c¢cm) elevated to a
height of 70 cm. The horizontal rod is a 20-cm metal rod 1
cm in diameter, fixed to a platform elevated to a height of 20
cm. All equipment used in our study was constructed by a
local manufacturer (TAYS Workshops) according to our
specifications.

4. Detailed procedure

(a) Expose the mice to different stressors for 5 min,
including placing mice in the open field, the elevated
plus maze and on the horizontal rod. To induce artificial
grooming, mist the mice in a plastic box individually
with water (25 °C) using a hand spray. Induce social
stress by placing an individual mouse in a cage with an
unfamiliar “host” male mouse for 5 min. All test
apparatus are thoroughly cleaned (wet and dry cloth)
before each animal.

(b) After the exposure to stress, observe animal self-
grooming behaviours in the actimeter for 5 min. Record
the number and the duration of grooming bouts. Include
paw licking, nose/face grooming (strokes along the
snout), head washing (semicircular movements over the
top of the head and behind the ears), body grooming/
scratching (body fur licking and scratching the body
with the hind paws), leg licking and tail/genitals
grooming (licking of the genital area and tail) as
components of grooming behaviour, according to Refs.
[2—4,11,12,15]. Record all instances of interruption of
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Table 1
An example of grooming transitions matrix for two mice

Stages of Control mouse # 3 Mouse # 12 (exposed to an unfamiliar male mouse)

grooming 0 1 2 3 4 5 6 0 1 2 3 4 5 6
0 - 3 2 1 1 - 2 1 1 2

1 2 - 2 2 - 1 1

2 1 - 1 3 1 -

3 - 1 - 1

4 1 - 1 1 - 1
5 1 - 1 1 1 1 - 2
6 0 - 0 1 1 1 -
Interruption 1 1 2

Data summary. Mouse 3 (Control): incorrect transitions—9 (50%), total—18; interrupted grooming bouts—1 (12.5%), total—8. Mouse 12: incorrect
transitions—16 (76%), total—21; interrupted grooming bouts—3 (50%), total—6.
Rows are preceding stages; columns are following stages (see detailed procedure for the grooming scaling system used in this protocol). “Correct” transition

fields are marked by grey colour.

grooming activity; interruptions longer than 5 s
determine separate grooming bouts.

(c) Identify and register separately all grooming patterns
and transitions between them using the following
scaling system: no grooming (stage 0), paw licking
(stage 1), nose and face wash (stage 2), head wash
(stage 3), body grooming (stage 4), leg licking (stage
5), and tail/genitals grooming (stage 6).

(d) Analyse all “correct” and “‘incorrect” transitions
between grooming stages, as well as interruptions in
grooming activity using the transition matrix (Table 1).
Correct transitions between grooming stages include the
following progressive transitions: 0—1, 1-2,2-3, 3—4,
4-5, 5-6, 6-0. Incorrect transitions are chaotic and
characterised by skipped (e.g. 0—-6, 1-6, etc.) or
reversed (e.g. 3-2, 4—1, 5-2, etc.) stages. The
percentage of incorrect transitions (of total transitions)
and the percentage of interrupted grooming bouts (of
total number of bouts) are used as behavioural indices of
stress.

(e) Statistics. All results are expressed as mean = S.E.M.
Data are analysed by Mann—Whitney test for compar-
isons between control and experimental groups. A
probability of less than 0.05 is considered statistically
significant.

5. Results

5.1. Grooming behaviours of C57BL/6 mice after exposure
to stress

Fig. 1 shows grooming activity of C57BL/6 mice after
their exposure to different types of stress. Following
exposure to a relatively mild stress evoked by the open
arena +novelty of the open field test [9,10], the traditional
gross measures (the number and the duration of grooming
bouts) in the actimeter increased significantly compared to
non-stressed control mice. In addition, the present groom-

ing analysis algorithm shows that this procedure produced
a shift in grooming patterns, slightly increasing the per-
centage of incorrect grooming transitions and interrupted
bouts. However, after exposure to the elevated plus maze
(known as a relatively high-stress anxiety model [9,10]),
the number and the duration of grooming bouts were
dramatically increased (Fig. 1). As expected, the use of
the grooming analysis algorithm also revealed a marked
shift in grooming behavioural patterns, significantly in-
creasing the percentage of incorrect transitions and inter-
rupted bouts. Stress induced by social encounter with an
unknown male mouse also increased the number and the
duration of grooming bouts (Fig. 1) in a fashion similar to
that produced by the elevated plus maze. Grooming
microstructure was also affected by social stress, manifest
in the increased percentage of incorrect transitions and
interrupted bouts, similar to that following the elevated
plus maze exposure (Fig. 1). Together, this shows that the
present protocol is particularly effective in detection of
stress-evoked abnormal grooming patterns in mice tested
in a battery of models of stress.

5.2. Grooming behaviours in VDR null mutant mice

In order to show that our protocol can be used to detect
stress-evoked differences in grooming of genetically mod-
ified animals, we compared generally more anxious VDR
null mutant mice [22] to their wild type 129S1 littermates in
two different test situations: following misting with water,
and exposure to the horizontal rod test. Numerous studies
[5,19,28] have demonstrated that misting with water artifi-
cially stimulates grooming behaviours in rodents. Overall,
the VDR null mutants spent more time engaged in water-
induced self-grooming behaviours than did their control
littermates (Fig. 2). A detailed ethological analysis using
our algorithm shows that these anxious mutant mice dem-
onstrated a trend towards more incorrect transitions and
significantly higher percentage of interrupted bouts com-
pared to the wild type controls. Similarly, after the horizon-



154 A.V. Kalueff, P. Tuohimaa / Brain Research Protocols 13 (2004) 151-158

A B
30 « 80 -
%
w254 70 o
2 %
5 04 60 o
)
e 50
g 154 40 <
&
S 10 30
F * -
b N 20
i‘l 10 4
0 0 )
NB GD TT %IT %I1B
50 =
o 90 N
N al 80 o
S 40
S
- 70
5 %
S 30 60 1 *
B 50
% 20 = 40 9
° 30
1o
) o o
& 10 * 20
) i |
0 0 ]
NB GD TT %IT %I1B
60 90 =
ol 80
g 50 4 l
< 70
S 40 60 =
5 50 « *
T 304
5 40 4
]
@ 204 30
3
£ 20 4
< 104 0
0 al 0 v
NB GD TT %IT %IB

. Control mice

|:| Stressed mice

Fig. 1. Exposure to different stressors (the open field, the elevated plus maze and an encounter with an unfamiliar male) activates grooming gross measures (A)
and produces changes in grooming behavioural microstructure (B) in C57BL/6 mice compared to non-stressed controls (z= 15 in each group). NB—number of
grooming bouts; GD—total duration of grooming, s; TT—number of transitions between grooming stages; %IT—percent of incorrect transitions; %IB—
percent of interrupted bouts. Data are expressed as mean + S.E.M. P <0.05, compared to the control group (U-test).

tal rod test, these mutant mice engaged in more self-
grooming behaviours which, as predicted, were character-
ised by higher percentages of incorrect transitions and
interrupted bouts (Fig. 2). Together, this shows that the
present protocol is effective in detection of specific abnor-
mal grooming patterns in mutant mice, including both
artificial and spontaneous stress-evoked types of their
grooming.

5.3. Grooming behaviours of C57BL/6 and 129S1 mice
tested in a low-stress situation

In a separate experiment, we wanted to test our protocol
by applying it to C57BL/6 and 129S1 mice (two most

commonly used mouse strains) tested in low-stress situa-
tions. Would it still reveal alterations in grooming micro-
structure, and, if so, how would this correlate with changes
observed through traditional measures of grooming? For
this, we used the algorithm to analyse grooming of C57BL/6
and 129S1 mice following a 5-min exposure to a plastic box
(30 X 30 x 30 cm, similar to the actimeter), which was
familiar to the mice following three subsequent exposures
(30 min each) 1 day prior to testing. As can be seen in Fig.
3, the grooming microstructure was not affected in this low-
stress situation, although an increase in the duration of
grooming was detected in both C57BL/6 and 129S1 mice,
compared to the controls without exposure to the familiar
box. This shows that in situations when traditional measures
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Fig. 2. Misting with water and exposure to the horizontal rod test activate grooming gross measures (A) and affect grooming behavioural microstructure (B),
producing more incorrect transitions and grooming interruptions in the VDR null mutant compared to the wild type 129S1 mice (z= 10 in each group). NB—
number of grooming bouts; GD—total duration of grooming, s; TT—number of transitions between grooming stages; %IT—percent of incorrect transitions;
%IB—percent of interrupted bouts. Data are expressed as mean + S.E.M. P<0.05, compared to the control group (U-test).

of grooming show alterations which can be mistaken for
stress markers, our protocol does not falsely detect stress in
low-stress situations. This represents a clear advantage of
the protocol, which appears to be more reliable in distin-
guishing between stress and no-stress situations.

6. Discussion
6.1. General assessment of the protocol

Overall, there were two major questions in the present
research: (1) Is our protocol able to detect stress in mice
tested in different stress situations? (2) Can the protocol be
effective in detecting behavioural differences in genetically
modified mice compared to their wild type littermates? The
results presented here answer on both questions positively,
and we will next discuss why this protocol can be a novel
alternative method of behavioural analysis, a valuable tool
in behavioural research, used to complement or even replace
more traditional gross measures.

(i) The idea of analysing grooming separately after
exposure to stressors (i.e. testing mice in the open field or

elevated plus maze) instead of focusing on grooming
demonstrated only during these tests (as done in the major-
ity of studies [16,25]) can be a clear advantage for several
reasons. Grooming scores taken during these tests are
generally low (being masked by alterations in other, non-
grooming behaviours), and their analysis can therefore be
extremely difficult. In contrast, more specific analysis of
mouse grooming in an actimeter test following testing in
these paradigms not only enables higher grooming scores,
but also the identification of more “pure” stress-evoked
grooming, not confounded by other (non-grooming) behav-
iours. This approach allows obtaining several parallel sets of
data, including: (a) behavioural measures taken in these
initial behavioural tests, and (b) grooming measures
obtained in the subsequent testing using this current proto-
col, which can then both be used for a detailed behavioural
analysis.

(i1) The data presented in Figs. 1 and 2 show that in all
models of stress (except for the open field, where the
tendency did not reach significant level) our algorithm was
able to detect stress as assessed by increased percentages of
incorrect transitions between different stages and interrupted
bouts. This shows that alteration in grooming microstructure
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Fig. 3. Low-stress situation (exposure to familiar box for 5 min.) affects grooming gross measures (the duration of grooming) (A) but has no effects on its
behavioural microstructure (B) in C57BL/6 and 129S1 mice compared to non-stressed controls (7= 10 in each group). NB—number of grooming bouts; GD—
total duration of grooming, s; TT—number of transitions between grooming stages; %IT—percent of incorrect transitions; %IB—percent of interrupted bouts.
Data are expressed as mean + S.E.M. P<0.05, compared to the corresponding control groups (U-test).

itself can be used as a sensitive behavioural marker of stress,
which is at least as useful as traditional grooming duration
measures (also altered in all these tests, Figs. 1 and 2).
Importantly, the protocol works consistently in several dif-
ferent types of stress, including novelty stress (elevated plus
maze), social stress (social encounter), psychophysical stress
(horizontal rod test) and physical stress (misting with water).
This observation further confirms the utility of the protocol as
auniversal method for analysing potential changes in groom-
ing produced by different types of stressors.

(iii) In contrast, the use of our protocol in low-stress
situations following exposure to a familiar box (Fig. 3)
shows that grooming sequencing in C57BL/6 and 129S1
mice was not affected, despite an increase in the duration of
grooming in both strains, compared to unexposed controls.
This shows that, in line with our knowledge of the dual
nature of grooming increase, the grooming duration measure
cannot distinguish between stress and no stress, and therefore
can result in false positive findings if taken alone. However,
the lack of false positive findings using our protocol in two
most popular mouse strains shows its potential for more
correct behavioural data interpretations and analysis.

(iv) Using mutant mice lacking the VDR gene (Fig. 2),
we analysed their grooming microstructure and showed that

the present algorithm is able to detect stress-evoked alter-
ations in grooming in these genetically modified animals,
recently reported to have increased anxiety phenotype [22].
This clearly proves the utility of our approach to study
behavioural phenotypes of various mutant mice, especially
those displaying abnormal emotional behaviours. In addi-
tion, since some mutant mice may have abnormal sequenc-
ing of behavioural patterns including grooming [12,27]
(which may occur with or without changes in grooming
gross measures), our protocol based on sequential analysis
of grooming may be a useful tool in the detection of such
behavioural abnormalities.

(v) In general, our results show that a detailed analysis
of grooming behaviour according to this protocol appears
to be a useful tool for the study of mouse behaviours in
the field of stress research and behavioural neurogenetics.
Furthermore, we suggest that the protocol is also suitable
for use with rats and other laboratory rodents given the
similarity in their grooming behaviours [2,17]. The proto-
col can also be used in psychopharmacology research, in
the search of novel anxiolytic antistress drugs. Given the
results of our study, this protocol will be especially useful
in assisting with more accurate interpretation of other
(non-grooming) behavioural data, especially in situations
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when conflicting data have been obtained, and there is a
need for more detailed and in-depth behavioural analysis.
For example, it may be extensively used when studying
different manipulations with mixed or unclear effects,
interpreting the behaviour of novel mutant mice with
unknown or unclear behavioural phenotype, or screening
drugs with unclear profile.

(vi) Finally, although not directly tested in this study, it is
possible to speculate that our protocol may not only detect
stress-evoked alterations in grooming microstructure, but
also (after some modification) actually measure the degree
of stress evoked by different tests. To some extent, our data
confirm this possibility, since no difference in grooming
microstructure measures was found for the low-stress famil-
iar box, a tendency to increased grooming sequencing error
rates for the mild-stress open field test, and predictable
increase in grooming microstructural parameters for the
high-stress elevated plus maze (Figs. 1 and 3). Clearly, this
promising research direction will almost certainly require
further investigation, and may represent an important po-
tential application of our protocol.

6.2. Troubleshooting

(1) Numerous studies confirm that grooming is the initial
behavioural response to stressful situations and is used by
the animals to lower arousal [15,24,25,28]. These specific
behaviours have long been studied in many researches
[7,14,25,26]. Here, we show that not only traditional gross
measures of grooming activity but also its behavioural
microstructure (the percentages of incorrect transitions and
interrupted bouts) are markedly affected by stress. The
finding that grooming microstructure is sensitive to stressors
suggests good predictive validity for the current protocol as
a powerful tool to detect stress in animal behaviour. How-
ever, we should point out that stress-evoked non-grooming
behavioural activity (e.g. risk assessment, freezing, and
urination/defecation) can be a possible confounding factor,
because alterations in these behaviours may reciprocally
affect animal grooming [21]. Since all non-grooming behav-
iours are more obvious when mice are first exposed to the
actimeter test, their grooming is easily affected by minimal
changes in environmental conditions. Thus, it is crucial that
the experimenters handle the mice for 5 min/day for 5 days
and expose them to the actimeter for 5 min/day two to three
times before the first experiment, in order for them to
become familiar with environmental stimuli.

(ii) Since grooming response is known to habituate after
repeated exposures to stress [15,21], we have noted that
experimentally naive animals on Test 1 usually show
clearer and more robust results. If, however, a battery of
several stressors has to be used in the same animals (which
is nowadays the most common situation in behavioural
research [9,10]), the mice should be allowed at least 7 days
for acclimation between the tests. We have also noted that
the present grooming analysis algorithm works better if the

battery includes three or fewer tests. The timetable and
intensity of the experiments is another related practical
issue which may be critical for obtaining correct and
reliable data [1,8—10]. Since rodents are very sensitive to
the rhythm of activity of the researchers and animal house
personnel (usually higher from Monday to Friday), all their
behaviours can be affected by this factor [1]. This also
relates to grooming: for example, we have noted that
animal grooming scores are different on Monday than
during the rest of the week. Although this is a common
problem with all behavioural studies [1], it is advisable to
consistently avoid, or, alternatively, prefer, weekends when
scheduling the experiments aiming to assess animals’
grooming behaviours.

(iii) Another common behavioural problem that may be
encountered during the experiments is that mice sometimes
display an unusually low activity level. This also relates to
specific grooming activity. For example, some mice may fail
to groom during the test, while others may display frequent
extra-short (one to two stages) bouts or have unusual long
latencies to start grooming [21]. Although usually the
percentage of these animals is <5-10%, which usually
does not affect the results, this potential problem should be
considered when performing analysis of animal grooming.
There is neither a simple explanation nor a simple solution
for this phenomenon. As one possible solution, it can be
recommended to carefully check homecage behaviours
before the testing and, if necessary, exclude mice with very
low general motor and/or grooming activity from the experi-
ments. In addition, the observation room conditions (venti-
lation, temperature, humidity, soundproofing, lights, etc.)
and even experimenter identity may affect animal grooming
performance, known to be very sensitive to all environmen-
tal conditions. As such, these factors have to be carefully
controlled in the experiments.

7. Quick procedure

(a) Expose the mice to different stressors for 5 min and then
assess their grooming patterns in the actimeter for 5 min.

(b) Identify and register separately all stages of a grooming
ritual as follows: no grooming (stage 0), paw licking
(stage 1), nose and face wash (stage 2), head wash (stage
3), body wash and fur licking (stage 4), leg licking
(stage 5), and tail/genitals grooming (stage 6). Inter-
ruptions >5 s determine separate bouts.

(c) Analyse data using the transition matrix as in Table 1.
The percentages of incorrect transitions and interrupted
grooming bouts are used as behavioural markers of
stress.

8. Essential literature references

Refs. [2-4,11,12,15,25,26,28].
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