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Water spray-induced grooming is negatively correlated
with depressive behavior in the forced swimming test in rats
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Abstract Rodents show grooming, a typical self-care

behavior, under stress and non-stress conditions. Previous

studies revealed that grooming under stress conditions such

as the open-field test (OFT) or the elevated plus-maze test

(EPM) is associated with anxiety, but the roles of grooming

under non-stress conditions are not well understood. Here,

we examined spray-induced grooming as a model of

grooming under a non-stress condition to investigate the

relationship between this grooming and depression-like

behavior in the forced swim test (FST) and tail suspension

test, and we compared spray-induced grooming with OFT-

and EPM-induced grooming. The main finding was that the

duration of spray-induced grooming, but not that of OFT/

EPM-induced grooming, was negatively correlated with

the duration of immobility in the FST, an index of

depression-like behavior. The results suggest that spray-

induced grooming is functionally different from the

grooming in the OFT and EPM and is related to reduction

of depressive behavior.

Keywords Grooming � Self-care � Depression � Anxiety �
Immobility

Introduction

Self-grooming behavior, an innate stereotyped behavior for

the cleaning of skin and fur, is a typical self-care behavior

under normal/healthy conditions as well as under various

stress conditions [1–4]. This behavior is common in

rodents, representing up to 30–50 % of their waking time

[1, 2]. It has been shown that rats perform different types of

grooming depending on environmental conditions. Under

non-stress conditions such as in a home cage, rats show

spontaneous self-paced grooming characterized by a

stereotyped cephalocaudal sequence [1, 2]. Under stress

conditions such as the open-field test (OFT) or the elevated

plus-maze test (EPM), rats express grooming characterized

by an interrupted and disorganized sequence that depends

on anxiety levels [3–5].

Previous studies revealed that stress-induced grooming

is associated with high anxiety levels [6–9] and related to

depression [10–14]. Depressive rats after chronic mild

stress or chronic forced swim stress show longer EPM- or

OFT-induced grooming than control rats [10–14]. Inter-

estingly, it was reported that depression-inducing treat-

ments suppressed spray-induced grooming in a familiarized

place [13, 15–17]. The opposite associations between

depression and OFT/EPM-induced grooming vs spray-in-

duced grooming led us to hypothesize that grooming under

stress and non-stress conditions may have different rela-

tionships with and functions in depression.

In the present study, we examined spray-induced

grooming by rats under familiarized conditions and com-

pared it with the OFT- and EPM-induced grooming in
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relation to depressive behavior in the forced swim test

(FST) and tail suspension test (TST) to elucidate the

emotional significance of self-care behavior under less

stressful, healthier conditions, and to see how that differs

from such behavior under stressful conditions.

Materials and methods

Animals

Seven-week-old male Wistar rats were purchased from

Kyudo Corp. (Tosu, Japan). The experiments were carried

out using 62 male Wistar rats (260–280 g) after 1 week of

habituation. All animals used in this study were experi-

mentally naive, housed two per cage and kept in a con-

trolled environment maintained at a constant temperature

(23 ± 1 �C) and humidity (50 ± 5 %), with free access to

laboratory chow (CE-2, CLEA Japan, Tokyo) and tap

water. The animals were maintained on a 12:12-h light/-

dark cycle (lights on at 08:00 h and off at 20:00 h). All

animal care procedures and experiments were conducted in

accord with the guidelines set by the Kyushu Institute of

Technology Directives on the use and care of laboratory

animals and were approved by the Ethical Committee of

the Kyushu Institute of Technology.

Behavioral tests

The following behavioral tests were performed using 22 rats:

spray test (at 8 weeks of age), OFT (9 weeks), EPM

(10 weeks), and FST (11 weeks). Another 20 rats were tes-

ted by spray test (8 weeks) and FST (9 weeks) to avoid

influence of OFT and EPM on results of FST. In addition,

spray test (8 weeks) and TST (9 weeks), another animal

model to evaluate depressive behavior, was performed using

a different group of rats (n = 20). All behavioral tests were

conducted between 20:00 and 24:00 h. The spray test was

conducted in the dark to reduce stress (22:00–24:00), while

theOFT,EPM, FST andTSTwere conventionally conducted

in the light (20:00–23:00). The spray test and TST sessions

were manually recorded and analyzed. All of the OFT, EPM

and FST sessions were manually or automatically recorded

with a computer-based video tracking system (Ethovision

v1.96, Noldus Information Technology, the Netherlands).

Spray test

The rats’ spray-induced grooming was observed in the

dark. For the spray test, the rat was put in a plastic test

chamber (30 9 30 9 50 cm) and was familiarized with the

box for 2 h (21:00–23:00). At 23:00–23:40, to induce

grooming, the rat was misted in the chamber with water

(23 �C) from a hand spray: the rat was placed toward the

spray nozzle (20–30 cm away) and lightly sprayed from

above eight times to adequately coat the rat’s dorsal surface

with mist. The rat’s behavior was then recorded for 20 min

by a video camera (Sony Digital Handycam, XR550 V, in

the dark, using the ‘nightshot’ mode). Using the videos, we

determined the number and duration of grooming bouts—

which was characterized as continuous self-grooming

without interruption—and the portion of each bout in

which the subject was grooming a specific body region

(i.e., the face area including nose, the head and neck, or the

body area including the tail and genital area).

Open-field test (OFT)

The open-field apparatus was a square field

(80 9 56 9 40 cm)with an object (12 9 9 9 7 cm) placed

at the center [18, 19]. For the OFT, the rat was placed inside

the apparatus at one side and then allowed to move freely for

10 min. The frequency, duration and body regions of self-

grooming, total distance moved, frequency and duration of

rearing (standing on hind legs), and the time spent in the

center area were recorded and analyzed by the computer-

based video tracking system. The total distance moved was

evaluated as an index of locomotor activity. The rearing

behavior and the time spent in the center area were evaluated

as an index of exploratory behavior.

Elevated plus-maze test (EPM)

The elevated plus-maze was made of translucent brown

acrylic material and consisted of two open arms

(50 9 10 cm) and two closed arms (50 9 10 cm), each of

which had 39-cm-high walls [18–21]. The arms extended

from a center square platform (10 9 10 cm) and were

arranged so that the arms of the same type (open vs closed)

were opposite each other. The apparatus was 50 cm above

the floor. The rat being tested was placed on the center

square platform and allowed to move freely for 5 min. We

recorded and analyzed the frequency, duration and body

regions of self-grooming, the total distance moved, the

time spent in the open arms, and the numbers of entries into

the open and closed arms by the computer-based video

tracking system. We also calculated the number of total

entries (open and closed arm entries) and the percentage:

(number of open arm entries)/(number of total entries)*100

(%). The total time spent and the percentage of time spent

in the open arms were evaluated as an index of anxiety.

Forced swimming test (FST)

This test was used to evaluate the depressive state of rats,

as described [19, 22, 23]. The water tank, a cylindrical
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acrylic container (50 cm high, 30 cm dia.), was filled

35 cm deep with tap water (24 ± 1 �C). The rat was placed
in the water for 15 min on the first day and for 5 min on the

second day. After testing, the rat was dried with a towel

and returned to its home cage. The duration of the periods

of struggling and that of immobility were recorded, and the

data obtained on the second day were used for correlation

analyses. A rat’s behavior was characterized as struggling

when the rat vigorously broke the water surface with its

head and forepaws or actively tried to climb the wall of the

tank with its paws. Immobility was defined as floating

motionlessly on the surface of the water.

Tail suspension test (TST)

The rats were individually suspended by the tail with an

adhesive tape placed 2 cm away from the tip of the tail

[24]. Duration of immobility was recorded for 6 min from

side view using video camera. Rats were considered

immobile only when they hang passively and were com-

pletely motionless.

Statistical analyses

All data were analyzed using SPSS software (ver. 22, IBM,

Tokyo), and the results are presented as the mean ± stan-

dard error of the mean (SEM). The results of the behavioral

tests were analyzed by Kruskal–Wallis test because some

data did not show normal distribution. Differences in

grooming patterns (face grooming vs body grooming) were

analyzed by a v2 test. The relationships between spray-

induced grooming and the following four parameters were

explored at the individual level by determining the

Spearman rank correlation between them: (1) locomotor

activity (distance moved in the OFT), (2) exploratory

behavior (rearing and time spent staying in the center area

in the OFT), (3) anxiety level (time spent staying in the

open arms in the EPM) and (4) depression-like behavior

(duration of immobility in the FST and TST). Correlation

coefficients between OFT/EPM-induced grooming and the

other behavioral parameters mentioned above were also

evaluated. Statistical differences were considered signifi-

cant when the P value was below 0.05.

Results

Relationship between the spray-induced grooming

and the OFT/EPM-induced grooming

The rats (n = 22) performed grooming behavior for

230.7 ± 26.5 s (19.2 ± 2.2 %) in the spray test (20 min),

9.9 ± 2.1 s (1.6 ± 0.4 %) in the OFT (10 min) and

12.0 ± 3.1 s (4.0 ± 1.0 %) in the EPM (5 min). In the

spray test, the rats groomed for a greater percentage of

time than in the OFT or EPM (Kruskal–Wallis test,

P\ 0.001).

In the spray test, body grooming was predominant

(75.6 ± 8.5 %), while face grooming was mainly observed

in the OFT (93.8 ± 21.8 %) and the EPM (94.4 ± 25.0 %)

(Fig. 1). This difference in grooming patterns was signifi-

cant (v2 = 157.6, P\ 0.001).

The total duration of spray-induced grooming was not

correlated with that of OFT-induced grooming

(rs = -0.18, P = 0.42) but it was correlated with the time

spent on EPM-induced grooming (rs = 0.44, P = 0.04)

(Fig. 2). The total duration of OFT-induced grooming was

also not correlated with that of EPM-induced grooming

(rs = -0.25, P = 0.27).

Relationships between spray-induced grooming

and behaviors in the OFT and EPM

In the OFT, the rats moved 2816 ± 213 cm, performed

rearing behavior for 75.5 ± 8.2 s and spent time in the

center area for 81.9 ± 14.2 s. In the EPM, the rats spent

31.6 ± 6.2 s in the open arms and 194.3 ± 12.6 s in the

closed arms.

Spray-induced grooming was not correlated with the

time spent in the center area in the OFT (an index of

exploratory behavior, rs = -0.15, P = 0.51) or with the

time spent in the open arms in the EPM (an index of

anxiety level, rs = 0.084, P = 0.71) (Fig. 3) The time

spent in the closed arms in the EPM was also not correlated

with spray-induced grooming (rs = 0.057, P = 0.80).

Other behavioral parameters in the OFT, such as distance

moved (locomotor activity, rs = -0.032, P = 0.89) and

rearing behavior (exploratory behavior, rs = -0.08,

P = 0.72) did not show a correlation with spray-induced

grooming.

0% 50% 100%

Spray

EPM 

OFT 

BodyFace *** 

Fig. 1 Percentage of the time spent on grooming behaviors in the

face area (open column) or body area including genital and leg region

(black column) in the spray test, OFT and EPM. ***P\ 0.001, v2

test. For all results in all figures, n = 22
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Relationships between OFT- and EPM-induced

grooming and behaviors in the OFT and EPM

OFT-induced grooming tended to be negatively correlated

with the time spent in the center area (rs = -0.41,

P = 0.055, Fig. 4a), distance moved (rs = -0.37,

P = 0.093) and rearing behavior (rs = -0.39, P = 0.070)

in the OFT, whereas OFT-induced grooming was not cor-

related with the time spent in the open arms (rs = -0.34,

P = 0.12, Fig. 4b) or the time spent in the closed arms

(rs = 0.18, P = 0.41) in the EPM.

EPM-induced grooming was not correlated with the

time spent in the center area (rs = 0.027; P = 0.90,

Fig. 5a), distance moved (rs = -0.25, P = 0.26), or

rearing behavior (rs = -0.12, P = 0.60) in the OFT. The

time spent in the open arms (rs = 0.20; P = 0.37, Fig. 5b)

or closed arms in the EPM (rs = 0.20, P = 0.38) was also

not correlated with EPM-induced grooming.

Relationships between spray-, OFT- and EPM-

induced grooming and depressive behavior

in the FST

In the FST (the second day, 5 min), the rats showed

struggling behavior for 81.1 ± 7.7 s and showed
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Fig. 2 Correlations between the duration of spray-induced grooming

and that of OFT-induced grooming (a) or that of EPM-induced

grooming (b). A significant negative correlation was found between

spray-induced grooming and EMP-induced grooming using the Spear-

man rank correlation test. Each point represents an individual animal
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Fig. 3 Correlations between the duration of spray-induced grooming

and the time spent in the center area in the OFT (exploratory

behavior) (a) or the time spent in the open arms in the EPM (an index

of anti-anxiety level) (b). No correlation was found using the

Spearman rank correlation test. Each point represents an individual

animal
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immobility (an index of depression-like behavior) for

12.9 ± 3.0 s. Although there were no clear relationships

between grooming behaviors and behaviors in the OFT and

EPM as mentioned above, a specific relationship between

spray-induced grooming and depressive behavior in the

FST was observed. The total duration of immobility in the

FST was negatively correlated with spray-induced

grooming (rs = -0.50; P = 0.018), but not with the

OFT-induced grooming (rs = -0.034; P = 0.88) or

EPM-induced grooming (rs = 0.051 P = 0.82) (Fig. 6).

Struggling behavior in the FST was not correlated with

spray- (rs = 0.24, P = 0.29), OFT- (rs = 0.30, P = 0.17)

or EPM-induced grooming (rs = -0.23, P = 0.32).

In additional studies using different groups of rats

(n = 20, each), a negative correlation between spray-in-

duced grooming and immobility in the FST was also found

in the group tested only with the spray test and FST without

testing the OFT and EPM (rs = -0.59; P = 0.006). In

contrast, immobility time in the TST was not correlated

with spray-induced grooming (rs = 0.029; P = 0.91).

0

50

100

150

200

250

0 20 40

Ti
m

e 
in

 th
e 

ce
nt

er
 a

re
a 

(s
ec

)

OFT-induced  grooming (sec)

A 

rs = -0.41

0

10

20

30

40

50

60

70

80

90

100

0 20 40

Ti
m

e 
in

 th
e 

op
en

 a
rm

s 
(s

ec
)

OFT-induced  grooming (sec)

B  

rs = -0.34

Fig. 4 Correlations between the duration of OFT-induced grooming

and the time spent in the center area in the OFT (exploratory

behavior) (a) or the time spent in the open arms in the EPM (an index

of anti-anxiety level) (b). A tendency of negative correlation was

found between OFT-induced grooming and the time spent in the

center area in the OFT, using the Spearman rank correlation test. Each
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Fig. 5 Correlations between the duration of EPM-induced grooming

and the time spent in the center area in the OFT (exploratory

behavior) (a) or the time spent in the open arms in the EPM (an index

of anti-anxiety level) (b). No correlation was found using the

Spearman rank correlation test. Each point represents an individual

animal
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Discussion

Our study revealed that immobility in the FST was nega-

tively correlated with spray-induced grooming but not with

OFT- or EPM-induced grooming. The spray-induced

grooming is predominantly composed of body grooming as

previously reported [25, 26], and different from the

grooming seen in OFT or EPM, in which self-grooming

behavior was interrupted and disorganized, showing face-

dominant grooming as described in detail in previous

studies [3, 4, 27]. The present results suggest that spray-

induced grooming is behaviorally and functionally differ-

ent from the grooming in the OFT and EPM, and that

individual differences in spray-induced grooming predict

individual degrees of depression-like behavior in the FST

but not TST. Spray-induced grooming in rats may be a

good animal model for studying self-care functions under

non-stress conditions which enhance resistance to depres-

sion under certain conditions.

Spray-induced grooming and OFT/EPM-induced

grooming

Spray-induced grooming has been used for neurobehav-

ioral analyses under both high and low stress conditions

[13, 15–17]. Kalueff and colleagues compared rats’ spray-

induced grooming after the rats stayed in their home cages

and after exposure to stress conditions such as OFT, EPM

and social stress (with an unfamiliar conspecific male) and

found that spray-induced grooming showed both cephalo-

caudal/‘‘non-stress’’ and interrupted/‘‘stress’’ patterns of

grooming depending on environmental conditions [3, 4]. In

the present study, we induced grooming by spraying room-

temperature water (23 �C) in a dark environment after 2-h

habituation to the measurement chamber, which corre-

sponds to grooming under non-stress conditions.

High percentages of grooming of a body area may

reflect the high occurrence of stereotyped cephalocaudal

(from face to body) grooming and indicate that rats

engaged in such grooming are in a non-stressed state. This

is consistent with the present results that the duration of
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spray-induced grooming was not correlated with anxiety or

other stress-related activities evaluated in the OFT and

EPM (except for EPM-induced grooming). In contrast,

grooming in the OFT and EPM may correspond to that in a

stress state and thus this grooming has characteristics of an

incomplete or interrupted pattern, which may result in high

percentages of facial grooming due to interruptions of

cephalocaudal sequences.

Although the present grooming pattern results suggest

that spray-induced grooming is different from OFT- and

EPM-induced grooming, our correlation analysis of these

three types of grooming revealed that spray-induced

grooming has a positive correlation with EPM-induced

grooming but not OFT-induced grooming, and there was

no correlation between OFT-induced grooming and EPM-

induced grooming. These differences suggest that the

behavioral significance of each of these three types of

grooming is different, even though both OFT- and EPM-

induced grooming are categorized as stress-induced

grooming.

We observed that OFT-induced grooming tended to be

negatively correlated with the time spent in the center area

and with rearing behavior in the OFT, which are indices of

exploratory behavior and of distance moved (an index of

locomotor activity). These major behaviors in the OFT are

mutually exclusive, and therefore a tendency toward a

negative correlation was observed. Another possibility that

has been suggested is that OFT/EPM-induced grooming is

a de-arousal process after environmental change [2],

whereas exploratory behavior in novel situations is an

arousal response that gradually decreases through habitu-

ation. The de-arousal process of grooming and the arousal

process of exploratory behavior in the OFT may counteract

each other, causing the negative-correlation tendency

between them.

Spray-induced grooming and depressive behavior

in the FST and TST

The results of the present study are the first to demonstrate

that rats showing longer spray-induced grooming under

non-stress conditions spend shorter immobility times in the

FST. These results imply that rats with higher self-care

function under normal conditions have higher resistance to

depressive stimuli. In contrast, the OFT- or EPM-induced

grooming was not related to immobility as reported in a

study in which no difference in OFT-induced grooming

was observed between high- and low-immobility groups

[28]. It is known that chronic mild stress or chronic forced

swim stress (which induce depressive symptoms in

rodents) suppress spray-induced grooming [15–17]. Those

studies showed effects of depression on self-grooming, but

the present results suggest the existence of an opposite

association from self-grooming to depression. It is also

known that depression reduces self-care behavior in

humans [29, 30], whereas increases in self-care behavior

ameliorates depressive symptoms in humans [31], as indi-

cated in the present study of rodents. We suggest that

spray-induced grooming under non-stress conditions can be

an animal model for studying self-care functions that pro-

mote tolerance to a depressive condition.

Immobility in the TST, another model of depression-

like behavior, was not correlated with spray-induced

grooming. It has been reported that there is no or little

correlation between the two types of immobility [32, 33]

and their genetic background, and the neurochemical

pathways involved are not identical [33–35]. Monoamin-

ergic and thermoregulatory pathways are involved in

neural controls of both grooming and FST-induced

behaviors but not of TST-induced ones [2, 34, 36–38].

These findings with present results suggest that spray-

induced grooming is related to depressive components in

the FST but not TST in which monoamine and/or ther-

moregulatory responses under wet conditions may play

some roles.

The physiological mechanisms underlying the negative

correlation between self-grooming and depressive behavior

are as yet unknown. One possible neural substrate is reward

circuits, as self-grooming under non-stress conditions has

been shown to induce endocrine and neural responses

related to a rewarding effect [25]. Experiencing a reward

has been shown to ameliorate depressive symptoms and

increase resilience [39, 40], and the removal of rewards

promotes depressive reactions [41–43]. In addition,

depressive conditions have been shown to increase the

reward threshold [44, 45]. These findings suggest that

neural substrates used to control self-care behavior such as

spray-induced grooming share reward pathways, at least in

part, which promote resistance to depression. This

hypothesis remains to be tested.
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