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Abstract

Stress has long been known to affect grooming in rodent species, altering both its activity measures and behavioural microstructure. Since
stress disturbs a general pattern of self-grooming uninterrupted cephalocaudal progression, the grooming analysis algorithm (Kalueff and
Tuohimaa, Brain Res. Protocols, 2004; 15: 151-8) was previously designed for mice to enable the detection of stress by measuring alterations
in grooming microstructure in different test situations. Since mice and rats are known to differ in their behaviours, including grooming, the
aim of the current study was to test our approach in rats and evaluate the utility of this method for differentiation between high- and low-stress
situations. For this, we have developed the rat grooming analysis algorithm (based on ethological analysis of incorrect transitions contrary to
the cephalocaudal rule, interrupted grooming activity and the assessment of the regional distribution of grooming) and applied this algorithm
to the light-exposed (high stress) and dark-exposed (low stress) groups of rats. Here, we show that the percentage of ‘incorrect’ transitions
between different grooming patterns, the percentage of interrupted grooming bouts and altered regional distribution of grooming (less caudal
grooming, more rostral grooming) may be used as behavioural markers of stress in rats. Our results suggest that this method can be a useful too
in neurobehavioural stress research including modelling stress-evoked states, psychopharmacological or behavioural neurogenetics researc
in rats.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction cluding licking the paws, washing movements over the head,
fur licking, and tail/genitals cleanind@€érridge and Aldridge,
Self-grooming is an ancient innate body care behaviour 2000a,b; Eguibar and Moyaho, 1997; Fentress, LMany
that is represented across most animal spedient(ess, neuromediators and hormones as well as multiple regions in
1977; Greer and Capecci, 2003; Spruijt et al., J9&2oom- the brain appear to be involved in the regulation of groom-
ing is a frequently performed behaviour by small felids, ing behavioursBolivar et al., 1996; Bressers et al., 1998;
bovids, cervids and primateE¢kstein and Hart, 2000; Hart ~Cromwelland Berridge, 1996; Cromwell etal., 1998; Van Erp
and Pryor, 2004 and is an important part of rodent be- et al., 199%. Grooming is highly sensitive to various stres-
havioural repertoireRerridge and Whishaw, 1992; Berridge sors, psychotropic drugs and genetic manipulatiénmf et
et al., 1987; Van Erp et al., 1999n rodents, groomingisa  al., 1987; Gerlai et al., 1998; Choleris et al., 2001; Spruijt et
complex, ethologically rich ritual, which normally proceeds al., 1993, and has long been studied in laboratory rodents, in-
in a cephalocaudal direction and consists of several stages, in€luding mice and rat<rawley et al., 1997; Jarbe et al., 2002;
Kalueff et al., 2004a,b; Van de Weerd et al., 2001; Van Erp

* Corresponding author. Tel.: +358 3 2156640; fax: +358 3 2156170. €t a@l,, 1993. In rodents, grooming plays an important role
E-mail addressavkalueff@inbox.ru (A.V. Kalueff). in behavioural adaptation to stress, including stress-coping

0165-0270/$ — see front matter © 2004 Elsevier B.V. All rights reserved.
doi:10.1016/j.jneumeth.2004.10.001



170 A.V. Kalueff, P. Tuohimaa / Journal of Neuroscience Methods 143 (2005) 169-177

and de-arousaHguibar et al., 2003; Kametani, 1988; Sachs, plus mazeRodgers et al., 20Q0nd in the central area of the
1988; Spruijt et al., 1992 open field Choleris et al., 2001 respectively. Furthermore,
Overall, rodents’ grooming can be dissected at a numberour recent studies also found no clear correlation between
of levels, ranging from individual limb segment kinematics grooming scores and anxiety in mice. For example, lower
to the sequencing of grooming patterns and their associa-grooming activity was seen in more anxious 129S1 versus
tion with other (non-grooming) behaviourBdlivar et al., non-anxious C57BL/6 miceK@lueff and Tuohimaa, 2004b
1996; Komorowska and Pisula, 2003; Moyaho et al., 2995 also see similar results Hiossain etal., 2004C57BL/6 mice
Although many studies have analysed different aspects ofdemonstrated similar degree of grooming activation in both
grooming and its behavioural organizatiova( Erp et al., low-stress (novel box) and high-stress (social encounter with
1994, 1995; Bressers et al., 1998; Cromwell and Berridge, an unfamiliar male) test&@lueff and Tuohimaa, 2003&i-
1996; Cromwell et al., 1998the exact role of grooming be-  nally, more stressful situation (exposure to the elevated plus
haviour in stress is still not well understodddmberg et al., maze) produced less grooming in these mice than did a rel-
2002; Komorowska and Pellis, 2004hdeed, ithaslongbeen  atively weak stressor (exposure to a familiar baxalQeff
known that rodents’ grooming activity can be generally in- and Tuohimaa, 2004aTaken together, these data indicate
creased in two opposite situations: in high- and low-stress that grooming ‘quantitative’ measures in rodents may not al-
(Kalueff, 2002; Katz and Roth, 1979'Comfort’ groom- ways reliably reflect the level of stress, and that additional
ing is a ritual occurring as a transition from rest to activity, grooming measures (such as its ‘qualitative’, or patterning
and under spontaneous or low stress conditions following a characteristics) are also necessary in order to assess animals’
cephalocaudal ruléd=entress, 1977; Kalueff, 2000; Spruijtet stress-evoked behaviours.
al., 1992. However, mild stress such as exposure to novel The patterned structure of rodent grooming makes it
environment has also been known to induce grooming in particularly attractive for neurobehavioural stress research
rats Eguibar and Moyaho, 1997; Escorihuela et al., 1999; (Komorowska and Pellis, 2004It has been recently sug-
Moody et al., 1988; Van Erp et al., 199Motably, this stress-  gested that grooming behavioural microstructure undergoes
evoked ‘displacement’ grooming is ethologically different predictable changes in stressful situatioKsl(ieff, 2000;
from no-stress grooming, and characterised by frequent andkomorowska and Pellis, 2004thus making it possible
rapid short burstsHentress, 1977; Kalueff, 2000; Moyaho to ethologically dissect different types of rodents’ groom-
and Valencia, 2002 As such, it is becoming necessary to ing activity. For this, we have previously designed the
assess in more detail stress-evoked grooming behaviours andhouse grooming analysis algorithm, based on the ethologi-
their behavioural microstructure in rodent species commonly cal differences between comfort- and stress-evoked grooming
used in neurobehavioural research, such as mice and rats. (Kalueff and Tuohimaa, 2003aThis ‘qualitative’ approach
Although grooming in rodents plays a very important used differential registration and analysis of grooming be-
role in various behavioural models of stresarf Erp et al., havioural microstructure, including (1) transitions between
1994, 1995, in many studies this behaviour has merited lit- self-grooming patterns and (2) interruptions of grooming
tle scrutiny, frequently addressed only cursorily among other bouts in mice exposed to different stressors. In a strik-
measures (e.gAguilar et al.,, 2003 Hossain et al., 2004; ing contrast to grooming ‘activity’ measures, this algorithm
Jarbe et al., 2002; Ohl et al., 2001; Van de Weerd et al., worked consistently in all experimental models, demonstrat-
200). In most studies, general characteristics of grooming ing clear impairments of grooming patterning in anxious
behaviour (latency to onset, frequency and duration) have animals (129S1 versus C57BL/6 mice, stressed versus non-
been describedBarros et al., 1994; Espejo, 1997; Moody stressed C57BL/6 mice) and showing no such alterations in
et al., 1988, however, few reports analyse the organiza- low- or no-stress situation&élueff and Tuohimaa, 20043,b
tion (patterning) of grooming in different stressful situations Importantly, although mice and rats share many common
(Kametani, 1988; Komorowska and Pisula, 2p(&nce ro- behavioural features, including grooming/llishaw et al.,
dents’ self-grooming is increased by both stress and com-2001), it was unclear whether this approach may be used for
fort conditions File et al., 1988; Lawler and Cohen, 1988; stress-oriented researchinrats. Indeed, some differences have
Moody et al., 1988 the traditional ‘quantitative’ measures been reported for various behaviours in these two species, in-
of grooming may be insufficient for correct data interpre- cluding grooming. For example, rats generally display com-
tation and analysisK@alueff, 2000, 2002 Indeed, although  plex and organized grooming patterns, with more symmet-
stress elicits grooming activity in rodents, there are many rical movements and transitions between stagesr{dge,
data showing that reduced levels of stress may also lead t01990. Together, this suggests that grooming microstructure
this phenomenon. For example, ‘anxiolytic’ sudden darkness in mice may be much simpler than that in rats, ¥ésishaw
(Nasello et al., 200Gin rats is seen together with increased et al. (2001¥or details. Given these findings, it was possible
time spent grooming. Some anxiolytics (ethanol, muscimol) to assume that stress sensitivity of grooming microstructure
have been reported to increase, while anxiogenics (bicu-in rats may markedly differ from that previously reported in
culline) to inhibit grooming in ratsKile et al., 1988; Osborne  mice Kalueff and Tuohimaa, 2003a
et al., 1993; Perier et al., 20D2An mice, anxiolytic chlor- In the present study, we wanted to examine whether shifts
diazepoxide and diazepam activated grooming in the elevatedin grooming behavioural microstructure (detected by our
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grooming analysis algorithm) can be used to assess differ-experimentation and approved by the Ethical Committee of
ent levels of stress in rats. To induce different (high and low) the University of Tampere.

levels of stress, we used the light—dark paradigiragley,

1999, validated for rats and widely used in behavioural neu-

roscience$alome etal., 2002This two-chambered test con-

sists of two different compartments — highly aversive ‘light’
compartment (brightly lit box with transparent walls) and
more protective ‘dark’ compartment (black box). In our study,

2.3. Behavioural analysis

2.3.1. Non-grooming behaviours
Defecation and urination index (DU, the sum of two vis-
ceral behaviours: the number of defecation boli deposited

we first randomly exposed rats to the light or dark box (to and urination spots) was scored as the conventional emotion-
induce high- or low-stress, respectively), and then assessedility index in all animal groups in the light—dark and the ac-
their stress-evoked grooming in the actimeter test. Here wetimeter tests. In addition to measuring grooming and visceral
show that behavioural microstructure of rat grooming is in- behaviours in the actimeter test, we also assessed general ver-
deed very sensitive to the level of stress, and that stress-tical exploratory activity (VR, the number of vertical rears)
induced alterations in rat grooming activity are in many ways as the conventional stress-sensitive behavioural measure.

similar to those previously reported in mickajueff and
Tuohimaa, 2004aOverall, our study shows that this method

allows detection of stress by measuring alterations in groom-

2.3.2. Grooming ethological analysis
Three gross measures of grooming activity were evaluated

ing patterns (microstructure), and can be a useful tool for in this study: (i) the latency (s) to start grooming, LG, (ii)

neurobehavioural stress research in rats.

2. Materials and methods
2.1. Subjects

Twenty-two male Wistar rats (2 months old, 220-240g,
University of Tampere, Finland) were maintained in a
virus/parasite-free facility under conditions of controlled
temperature (22 2°C), humidity (60%) and a 12:12h
light-dark cycle (lights on at 7:00h). The animals were

the number of grooming bouts, NB (the number/frequency
of grooming episodes), and (iii) total time (s) spent groom-
ing, TS. A bout consisted of a single pattern (single-area
bout, SAB) or was composed of several patterns (multiple-
area bout, MAB): (1) paw licking; (2) nose/face grooming
(strokes along the snout); (3) head washing (semicircular
movements over the top of the head and behind the ears); (4)
body grooming/scratching (body fur licking and scratching
the body with the hind paws); (5) leg licking and tail/genitals
grooming (licking of the genital area and tail), according to
Kalueff and Tuohimaa (20044d) indicated no grooming. The
number of grooming patterns (NP) and the number of inter-

housed in pairs in standard laboratory cages, with water andruptions (NI) were calculated for all groups (interruptions

food available ad libitum.

2.2. Apparatus and procedure

longer than 5s determined separate, independent grooming
bouts). A grooming bout was considered ‘interrupted’ (I1B),
if at least one interruption was recorded within its transitions.
The number (NIB) and the percentages of interrupted bouts

All testing was conducted between 17:00 and 19:00 h. On (% IB =NIB/NB) were assessed in this study. A ‘complete’
the day of the experiments, animals were transported to thebout (CB) consisted of the following sequence of patterns:

dimly lit laboratory and left undisturbed for 2 h prior to expo-

0-1-2-3-4-5-6-0; all other bouts were considered ‘incom-

sure to the light—dark boxes. The light—dark test was a Plex- plete’ (ICB). The number (NICB) and the percentages of
iglas box consisting of two compartments — the transparentincomplete bouts (% ICB = NICB/NB) were assessed in this

(light) and the black (dark) boxes (30 ceB0cmx 30cm
each). The light box was brightly lit (75 W lamp, 10 cm above

study.
Transitions between grooming patterns were assessed us-

the top) and connected to the dark box by a sliding door ing the transition matrix as described earligalueff and
(this door was not used in the present study). Each rat wasTuohimaa, 2004a‘Correct’ transitions (CT) adhered to the

placed separately in the light (high-stress group,11) or
dark (low-stress groum=11) box for 5 min. Immediately

cephalocaudal progression: (0-1), (1-2), (2-3), (3—-4), (4-5),
(5-6), and (6-0); ‘incorrect’ transitions (IT) included all other

after this exposure, each rat was placed separately in the acpossible transitions between grooming patterns. Total num-
timeter test, where its behaviour was recorded for 5 min. The ber of transitions T) was the sum of correct and incorrect
actimeter test was a glass cylinder (20 cm in diameter; 40 cmtransitionsT=CT +IT). Four main types of IT were analysed
in length). During the testing sessions, the experimenter re-in this study: (i) aborted, I'&) (prematurely terminated, e.g.
mained standing in front of (and 2m away from) the test- 3-0, 4-0); (ii) skipped, IT§) (e.g. 1-6, 2-5); (iii) reversed,
ing boxes. Between subjects, each apparatus was thoroughlyT(r) (e.g. 3—-2, 4-1, 5-2), and (iv) incorrectly initiated, T

cleaned (wet and dry cloths); to remove olfactory stimuli,

(e.g. 04, 0-5). The percentages of incorrect transitions (%

each apparatus was cleaned with a 10% ethanol solution andT) were calculated for both groups of rats (% IT =T)/The

dried with paper towelling. All animal experiments were per-
formed in full compliance with the Finnish laws on animal

numbers of incorrect transitions (total and for each category)
were assessed in this study, and the percentages of incorrect
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transitions of each type, i.e. reversed )T (skipped IT§), Analysis of grooming patterns using our grooming anal-
aborted IT&) and incorrectly initiated I Tij of total transitions ysis algorithm shows that anxious light-exposed rats display
(T) were calculated in this study (% IT()=I1T(...)/T). significantly more patterns and more interruptions of groom-

The grooming analysis algorithm also included a set ing activity, compared to the low stress grodplfle 3. How-
of ethological indices derived from the following calcula- ever, average duration of a single pattern was unaltered in both
tions: average durations of a single bout (ADB) and pat- groups.
tern (ADP) were calculated as total time spent grooming  Analysis of transitions between grooming patterns again
divided by the number of bouts (ADB=TS/NB) and pat- shows that following exposure to the light box, the number
terns (ADP = TS/NP), respectively. Average number of tran- of transitions increased significantly in these ratshle 29
sitions per bout (ATB) and pattern (ATP) were calculated as compared to their less stressed (dark-exposed) counterparts.
the number of transitions divided by the number of bouts While average number of transitions per pattern was only
(ATB =T/NB) and patterns (ATP =T/NP), respectively. Av- slightly higher in the first group, we found a marked increase
erage number of interruptions per bout (AIB) was calculated in the percentage of incorrect transitions in more stressed
as the number of interruptions divided by the number of bouts group. The use of grooming analysis algorithm also revealed

(AIB =NI/NB). the increase in reversed and aborted incorrect transitions in
these rats, compared to their less stressed counterparts.
2.3.3. Regional distribution of grooming As can be seen ifiable 2 a detailed analysis of groom-

In order to assess the regional distribution of grooming in ing bouts in both groups shows that the light-exposed rats
rats, we separately analysed their grooming activity directed generally display more interrupted bouts and a clear ten-
to the following five anatomic areas: forepaws, head, body, dency to more incomplete bouts. Average numbers of pat-
hindlegs and tail/genitals (caudal grooming). Rostral groom- terns and transitions per a single bout were similar in both
ing included forepaw (preliminary rostral grooming, accord- groups, also showing a tendency to more interruptions per
ing to Komorowska and Pellis (2004and head grooming.  bout.

The percentages of (i) total grooming patterns, (ii) time spent  Moreover, our experiments also show that the regional dis-
grooming, and (iii) interruptions were calculated for each tribution of grooming behaviours was markedly affected by
anatomic area. In addition, each grooming bout was cate- stress, manifest in more forepaw grooming patterns and less
gorised as being directed to (i) multiple regions or (i) a single tail and genitals grooming in the high-stress grotghfe 3.
region, according t&ckstein and Hart (2000and the per- Consistent with this, these stressed rats spent significantly
centage of grooming bouts and the percentage of time spenitmore time grooming forepaws and less time grooming tail

grooming were calculated for both categories. and genitals, compared to their less anxious dark-exposed
counterparts. Furthermore, analysis of the regional distribu-
2.3.4. Statistical analysis tion of interruptions clearly shows the rostral character of

All data are presented as mears.E.M. Data were anal-  grooming interruptions in more stressed rats. Finally, both rat
ysed by Mann—-Whitney two-taildd-test. In all tests, aprob-  groups displayed essentially the same percentages of single-
ability of less than 0.05 was considered statistically signifi- and multiple-area bouts and time spent groomiFaple 3.
cant.

4. Discussion
3. Results
The results of this study show that, in line with traditional

In the light box, the rats demonstrated significantly more interpretation of the light—-dark paradign€rawley, 1999;
defecations and urinations, compared to the dark-exposedCrawley et al., 199) this procedure induced two different
animals Table ). In the actimeter test, the light-exposed levels of stress, as assessed by the number of urination
group demonstrated significantly less vertical rears and morespots and defecation boli depositd@ifle ). This confirms
defecation and urination scores (although this did not reachthat the rats subjected to the light box in this study were
significanceP =0.07). more anxious than their counterparts subjected to the dark

Table 2shows grooming activity of rats after their expo- box. Consistent with this, the rats from the first group
sureto the light or dark boxes of the light—dark test. Following showed fewer vertical rears in the actimeter test — the
exposure to a high stress evoked by the light box (novelty + behavioural response traditionally considered as a reliable
open litarea), the traditional gross measures of grooming (themarker of stress in rodent8¢lzung, 1999; Crawley et al.,
number and the duration of grooming bouts) in the actimeter 1997; Espejo, 1997 Furthermore, this group demonstrated
test increased significantly compared to the group exposedshorter latencies to start grooming, and a dramatic increase
to a low stress test (dark box). As can be seefidhle 1 in grooming frequency and durationTable 2. These
the latency to start grooming was predictably shorter in more alterations in rats’ grooming have long been considered as
anxious light-exposed rats, while the average duration of a behavioural markers of streskglueff, 2000; Moyaho and
single bout was similar in both groups. Valencia, 2002 Taken together, this allowed us to conclude
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Table 1
Non-grooming behaviours in male Wistar rats exposed to the light/dark box and the actimeter tekiif each groups)
Behavioural measures Light-induced stress group Dark-induced stress group P
Light/dark exposure test

Defecation and urination index, DU 0:80.2 0.1+ 0.1 0009
Actimeter test (following the light/dark exposure)

Defecation and urination index, DU 05 0.3 0.1+ 0.1 Q07 (NS)

Number of vertical rears, VR 14 4 26+ 5 0.01

Data are expressed as meia8.E.M.P-difference between the groupd-test), DU index in the sum of defecation boli deposited and urination spots.

that the two groups of rats used in the present study exhibitedof incorrect transitions and interrupted bouts in more anxious
rats. Finally, our present data show that these stress-evoked al-
We then applied our grooming analysis algorithm in or- terations in grooming microstructure in rats parallel changes
der to assess in detail the behavioural microstructure of thein their gross grooming measures, thus further supporting the
rat stress-evoked grooming. In general, the idea of analysingvalidity of our results. Together, this shows that the present
the rat grooming in the actimeter test after the exposure to method may be particularly effective in detection of stress-
the light—dark apparatus was useful for two main reasons. evoked abnormal grooming patterns in rats tested in different

different levels of the induced stress.

Firstly, as already mentioned, the light—dark test is a con- experimental models of stress.

venient standard paradigm, in which two different levels of
stress can easily be produced and assessed. Secondly, mogrooming activity differ in mice and rats? Comparing our re-
specific analysis of stress-induced grooming behaviours in sults with previously published own grooming data in mice
the subsequent relatively simple actimeter test enables highe(Kalueff and Tuohimaa, 2004a,b; Kalueff et al., 2004@e
grooming scores and minimizes possible confounding effects note that stressed rats and mice spent similar amount of test
of other (non-grooming) behaviours. As expected, the groom- time engaged in self-grooming+8—14%). Likewise, mice

ing analysis algorithm revealed a marked shift in grooming and rats exposed to low stress situations, also demonstrated
behavioural patterns, significantly increasing the percentagesimilar (although much lower) levels of grooming activity.

Does the behavioural organization of stress-evoked

Table 2
Behavioural alterations in grooming activity in the actimeter test in the light- and the dark-exposed Wistar fatsr{ each group)
Grooming measures Light-induced stress group Dark-induced stress group P
Traditional gross measures
Latency to start grooming (s), LG 20t 50 360+ 58 001
Total number of bouts, NB 48 0.8 24+ 0.5 Q02
Total time spent grooming (s), TS 588 24+ 5 0.001
Average duration of a single bout (s), ADB=TS/NB H2 10+ 2 0.6 (NS)
Patterns
Total number of patterns, NP 2 8+1 0.02
Number of interruptions of grooming, NI 1605 0.2+ 0.1 Q01
Average duration of a single pattern (s), ADP =TS/NP 2.8.6 3+ 0.7 Q3 (NS)
Transitions between patterns
Total number of transitions, T 1& 3 9+1 0.02
Average transitions per pattern, ATP = T/NP 130.4 1.1+ 0.1 Q6 (NS)
Percent of incorrect transitions (IT), % IT (of total transitiomy,
Reversed IT, % ITq) 13+ 2 2+1 0.01
Skipped IT, % IT§) 6+1 6+1 0.9 (NS)
Aborted IT, % IT@) 20+ 3 13+1 0.03
Incorrectly initiated, % ITK) 8+1 7+1 0.2 (NS)
% Total, % IT=IT/T=% IT¢ +s+a+i) 47 £+ 5 (100) 28+ 3(100) 004
Bouts
Number of interrupted bouts, NIB 1204 0.2+ 0.1 Q03
% Interrupted bouts, % IB =NIB/NB 25 8 8+ 48 Q04
Number of incomplete bouts, NICB 45 0.4 1.8+ 0.2 Q001
% Incomplete bouts, % ICB =NICB/NB 94 5 75+ 9 0.08 (NS)
Average number of patterns per bout, APB = NP/NB 29.4 3.3+ 04 Q04 (NS)
Average number of transitions per bout, ATB = T/NB 380.6 3.8+ 04 Q9 (NS)
Average interruptions per bout, AIB=NI/NB 0#40.1 0.1+ 0 0.07 (NS)

Data are expressed as meiaB.E.M.P-difference between the groupd-fest).
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Table 3

Regional distribution of grooming in the actimeter test in the light- and the dark-exposed Wistarsatsif each group)

Regional distribution Light-induced stress group Dark-induced stress group P

Grooming patterns (% of total number of patterns, NP)
Forepaws 38t 5 26+ 4 0.4 (NS)
Face/head 3% 8 31+ 7 0.6 (NS)
Rostral grooming (paws + face/head) 697 57+ 5 0.1 (NS)
Body 18+ 4 17+ 3 0.5 (NS)
Hindlegs patterns 1 10+ 1 0.3 (NS)
Tail and genitals (caudal grooming) 71 16+ 2 0.02

Grooming duration (% of total time spent grooming, TS)
Forepaws 45+ 6 33+5 0.03
Face/head 264 24+ 3 0.3 (NS)
Rostral grooming (paws + face/head) F15 57+ 4 0.04
Body 15+ 4 17+ 4 0.5 (NS)
Hindlegs 6+ 1 6+1 0.6 (NS)
Tail and genitals (caudal grooming) 815 20+ 3 0.02

Interruptions of grooming (% of total number of interruptions, NI)
Forepaws 50t 11 33+ 3 0.04
Face/head 35 0 001
Rostral grooming (paws + face/head) 827 33+ 3 0.001
Body 6+ 15 0 Q03
Hindlegs 6+ 2 33+ 3 0.06 (NS)
Tail and genitals (caudal grooming) H2 0 001

Regional characteristics of grooming bouts, % of total bouts (NB) or time spent (TS)
Single-area bouts, % SAB 35 34+ 7 0.8 (NS)
Single-area duration, % SAD 66 9 66+ 7 0.8 (NS)
Multiple-area bouts, % MAB 144 16+ 5 0.8 (NS)
Multiple-area duration, % MAD 83 7 84+ 11 07 (NS)

Data are expressed as meiaB.E.M. P-difference between the groupd-{est). % SAB =number of single-area bouts/NB; % SAD =single-area bouts dura-
tion/TS; % MAB = number of multiple-area bouts/NB; % MAD = multiple-area bouts duration/TS.

However, in line with the previously published observations exposed ratsNasello et al., 2003(Tables 1-3 Moreover,
(Berridge, 199) we also found that grooming behaviour this ‘anxiolytic’ interpretation of the increased caudal groom-
in rats appeared to be more complex and better organizedjng in both studies is in line with predominantly ‘rostral’
showing fewer but longer bouts, and lower percentages of nature of rodent grooming evoked by stregar( Erp et al.,
incomplete and interrupted bouts. In addition, essentially the 1995; Komorowska and Pisula, 2003; Kalueff and Tuohimaa,
same increase in incomplete and interrupted bouts occurred2004g. Consistent with this, we found that rostral grooming
in stressed mice and rats, compared to their non-stressed conforepaws, face and head) was significantly higher in more
trols (Kalueff and Tuohimaa, 2003 &Table 9. Collectively, anxious light-exposed group-{0%) compared to the dark-
these observations not only confirm common behavioural or- exposed rats<{57%), Table 3
ganization of stress-evoked grooming in these two species, Furthermore, since interruptions in grooming activity
but also prove the potential utility of ethological analysis of are considered as behavioural markers of stress in rodents
rodent grooming microstructure for the detection of stress- (Kalueff, 2000; Kalueff and Tuohimaa, 2004&he fact
induced behavioural alterations in mice and rats. that the light-exposed rats displayed eight-fold more in-
At first glance, the dark box exposure used in this study terrupted grooming bouts, especially while grooming ros-
is similar to the sudden darkness tastséello et al., 2003 trally (Tables 2 and B further confirms their higher anx-
known to reduce anxiety and activate grooming in rats. iety profile compared to the dark-exposed rats. Moreover,
Clearly, this phenomenon supports the notion that increasedsince high anxiety in rats has long been associated with
grooming activity does not always reflect higher levels of frequent prematurely terminated (aborted) grooming bouts
stress Kalueff, 2000; Kalueff and Tuohimaa, 20Q4#&low- (Komorowska and Pisula, 20p3he increased percentage
ever, it is possible that the dark exposure used here differsof incorrect aborted transitions in the light-exposed group
from the sudden darkness procedure, especially since we did Table 2 clearly supports the idea that grooming behavioural
not find increased grooming activity in the dark-exposed rats microstructure in rats is very sensitive to the level of stress. In
(Table 2. However, we did find a significantly higher level of  line with this conclusion, we also found a dramatic increase
tail/genital grooming — the effect similar to that induced by in the number of reversed transitions (another behavioural
the sudden darknesblésello et al., 2003 Although these marked of stress-evoked groomingtalueff, 2003) in the
interesting phenomena need further investigation, they arelight-exposed group. Finally, all these alterations in groom-
generally consistent with the idea of low stress in the dark- ing microstructure appear to parallel non-grooming stress-
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related behaviourdgT@ble 1), further strengthening the valid-  aspect, although not directly tested in the present study, may
ity of our approach. Taken together, the results of the presentbe especially important to consider further. For example, in-
study in rats confirm that alterations in rodents’ grooming teresting data on rat&ametani, 1988; Kametanietal., 1984
microstructure can be used as reliable behavioural markersclearly show age-related alterations in grooming activity and
of stress. its behavioural microstructure. Therefore, it is possible to as-
In summary, given the similarity of mouse and rat groom- sume that an in-depth analysis of grooming in rats tested at
ing behaviours Berridge, 1990; Berridge and Aldridge, different ages, using our present algorithm, may allow de-
2000a,h, our findings further support the idea of com- tection of age-related motor/coordination and affective dis-
mon principles of behavioural organization of stress-evoked orders. If successful, this possibility may have an impor-
grooming in small laboratory rodents, such as mice and rats.tant clinical relevance, especially considering the growing
Importantly, the data presentediiables 2 and 3how thatin number of such disorders in the elderly. Finally, given high
high- and low-stress situations our algorithm in rats was able sensitivity of rat grooming and its microstructure to various
to detect the level of stress, as assessed by increased percentharmacological manipulation84#rros et al., 1992, 1994;
ages of (i) incorrect transitions between different patterns; Choleris et al., 2001; D’Aquila et al., 2000; Eguibar and
(i) duration of incorrect patterns; (iii) interrupted bouts; and Moyaho, 1997, we suggest that ethologically-oriented anal-
(iv) altered regional distribution of grooming (more rostral, ysis of grooming in rats, such as reported here, may be suc-
less caudal grooming). Importantly, these findings are con- cessfully used in the field of psychopharmacology research,
sistent with several recent studidéofmorowska and Pellis, including screening of compounds with mixed or unclear
2004; Komorowska and Pisula, 2Q08hich, using different properties, or testing novel psychotropic anxiolytic and an-
ethological approaches, also demonstrated the disruption oftidepressant drugs.
the cephalocaudal grooming progression in rats subjected to
novelty stress. In general, the results presented here show that
a detailed grooming analysis based on the algorithm previ- Acknowledgements
ously designed for micé<@lueff and Tuohimaa, 2004anay
be a valuable tool in neurobehavioural stress researchin rats. This research was supported by grants from CIMO Fin-
What can be the potential practical applications of this land, the University of Tampere, the Medical Research Coun-
method? First, it is possible to speculate that this method cil of Tampere University Hospital (EVO) and the Academy
may not only detect stress-evoked alterations in rat grooming of Finland.
microstructure, but also measure the degree of stress evoked
by different tests. Clearly, the idea of grooming-based ‘stress-
meter’ in rodents needs further investigation to be confirmed,
but, if true, may represent an important practical application
of our algorithm. To some extent, the results of the present , _ _
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analysis of grooming according to our protocol is also likely of serial order in a grooming sequence. Exp Brain Res 1992;90:
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