
Does behavioral response to novelty influence paw

withdrawal latencies in repeated Hargreaves test?

Abstract

Background and Purpose: Only recently, we have reported that single
retesting session significantly decreases rat paw withdrawal latencies (PWL)
in Hargreaves tests. We wondered, whether decrease in PWL values obtain-
ed during reexposure to Hargreaves test might be associated with reaction to
the new environment. Therefore, we investigated PWL together with the
open field behavior in an enclosure of the Hargreaves test device during the
period of 3 subsequent days.

Materials and Methods: Ten male Wistar rats were tested once a day.
Each rat was first exposed to the open field behavior test for five minutes
and then to the Hargreaves test. Rearing (vertical movements), grooming
(animal cleaning its face or body), defecation, the distance travelled, time
mobile and time immobile were recorded. Data were analyzed using one
way ANOVA and Bonferroni test (PWL) or Kruskal Wallis and Mann
Whitney U tests (open field behavior).

Results: PWL significantly declined from the first to the second and third
exposure to Plantar test device (ANOVA, P< 0,01; Bonferroni P< 0,05).
Decline in PWL values was accompanied with concomitant increase in
grooming (Kruskal Wallis P< 0.01; Mann-Whitney U test P< 0.05),
decrease in rearing behavior (Kruskal Wallis P< 0.001; Mann-Whitney U
test P< 0.001) and defecation during retesting sessions. Conclusion. De-
crease in the PWL values obtained during reexposure to Hargreaves test
device was accompanied by alterations in behavioral reactions to the new
environment. Time course and direction of these changes suggest that
reaction to novelty might be related to decrease in PWL values observed
during retesting sessions of the Hargreaves test.

INTRODUCTION

By definition, »…open field test is an enclosed open arena where an
animal is placed and some form of behavior, usually activity, is

measured (1).« The open field test was originally developed by com-
parative psychologists (2, 3). Its use has gradually spread out from
psychology to neuroscience and psychopharmacology. Nowadays it is
one of the most widely used tests in behavioral research. Basically, in the
open field test small rodents were subjected to naturally aversive situa-
tion by placing an individual animal in the center of an unknown open
arena for a fixed amount of time. There is no chance for animal to
escape, since open arena is surrounded by walls. Complex behavioral
reactions produced by exposure to this aversive environment could be
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interpreted as indicators for exploration, locomotion, emo-
tionality and fear (4). Hargreaves test is widely used for
assessing tolerance to thermally induced pain in rats.
Pharmacologists successfully use this test for revealing
analgesic drug action and for predicting their analgesic
effect in humans. Another popular pain tests, Randall
Sellito test (5), the tail flick test (6), and the hot plate test
(7) are all sensitive to the training phenomenon. In these
tests the pain response decreases with repeated exposure
of animals to experimental conditions (8). Only recently,
we reported that Hargreaves test is also susceptible to the
training phenomenon (9). On the second exposure to
Hargreaves test, we noticed almost 30% decrease in paw
withdrawal latencies (PWL). As far as we know, this was
the first report suggesting the effect of training on Har-
greaves test results. During these experiments, we beca-
me aware of the possibility that reaction to novelty might
be of importance for elucidation of these findings. As
first, in this study we used naive rats, unfamiliar to Hag-
reaves test device. Besides, transparent enclosure of Har-
greaves test device could be considered as a small, enclos-
ed open arena. Finally, it was obvious that a decrease in
PWL on the 2nd and 3rd exposure to Hargreaves test was
accompanied with decrease in the movements of animals
along Hargreaves test device. We had strong impression
that vertical movements were especially reduced. These
simple experimental observations encouraged us to sug-
gest that decrease in rat PWL values obtained during
repeated exposures to Hargreaves test might be associat-
ed with aversion to open and unfamiliar environment of
the Hargreaves test device. To test this hypothesis, we
decided to study paw withdrawal latencies together with
the open field behavior in enclosure of the Hargreaves
test device throughout the period of 3 subsequent days.

MATERIAL AND METHODS

Animals

Ten male Wistar rats obtained from the Charles River
Laboratory, Italy, were used to collect the data. The rat
weight was 0.41–0.53 kg at the time of testing. Tap water
and standard rodent chow were available ad libitum. Rats
were handled on the daily base during acclimatization
and testing period. The experiments reported here were
approved by the Croatian Ministry of Agriculture, Fo-
restry and Water Management and by the institutional
Animal Care and Ethics Committee. In addition, inter-
national guidelines on ethical standards for investiga-
tions of experimental pain in animals were followed (10).
All efforts were made to reduce the number of animals
used and to minimize animal pain and distress. The heat
stimuli emitted by device were tested on the author's
hands. Author's experienced only brief sense of pain fol-
lowed with mild discomfort.

Hargreaves test

Paw withdrawal latencies to radiant heat are measured
by using the method originally described by Hargreaves
(11). The method used here was slightly modified, as we

described recently (9). All measurements were done us-
ing commercially available Hargreaves test (Plantar test,
Ugo Basile, Italy). Paw withdrawal latencies were defin-
ed as the time in seconds from the activation of radiant
heat source to the withdrawal of rat hind paw as the
result of pain. A simple protective flexion movement of
irradiated hind limb was used as behavioral end point.
Other behavioral responses related or not related to pain
stimuli were not counted. Two PWL values were obtain-
ed alternatively from each hind paw within a three mi-
nute interval. Individual PWL values were determined
as the mean of four measurements on both paws.

Open field behavior

The open field arena used in our study was a transpa-
rent, plastic cage of the Hargreaves test device (22 cm x 17cm
with 14-cm-high walls). The Web camera (Logitech,
Quick cam Pro 5000, USA) used for video capturing of
behavior was positioned 59 cm above the center of the
open arena floor. From this position, the entire arena was
in the zone of camera’s view. The camera equipped with
Carl Zeiss lens and wide angle view technology was able
to produce 640x480 VGA video. Video tracking software
(ANY-maze, Stoelting, USA) was used for detection and
tracking of animal behavior inside the open field arena.
Before the experiment was actually performed, the soft-
ware had been used for setting up a tracking protocol.
Basic elements of tracking protocol used in the experi-
ments presented here were as follows:

Apparatus – Dimensions of the open field arena were
automatically calculated from manual drawing of ap-
paratus map. In our case the dimensions were 22 x 17 cm
(the floor of a Hargreaves test cage).

Zones – Apparatus map can be split into discrete zo-
nes. Considering the size of the cage and animal size, as
well as the objective of the study, we did not divide
apparatus map into zones. Therefore, behavioral mea-
sures were scored for the apparatus as a whole.

Beginning, end and duration of test – Individual animal
was placed in the center of open arena. The test started
manually by pressing S key on the computer keyboard
and ended automatically after five minutes. The rat was
removed from the open field arena and the arena was
cleaned with 70% ethanol solution before the next rat
was tested.

Detection of movement – In our study animal move-
ments were detected by tracking the animal’s center point.

Definition of immobility – Sensitivity was set at 70%
(70% of animal body had to remain in place to be consid-
ered immobile). The animal had to remain immobile for
2 seconds in order for the Any maze software consider it
as immobile.

Keys – By pressing keys G, R or B on the computer
keyboard, the number of grooming, rearing and fecal boli
were scored.

Any maze software was also used for analysis and
report of results, as well as for saving and reloading of
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both the results and the tracking protocol. The following
behavioral parameters were obtained:

Rearing – The number of times the animal started to
rear (moved vertically with hind limbs on the floor)
during the test.

Grooming – The number of times the animal started
to groom (cleaned its face with forepaws, or cleaned,
licked and scratched the various parts of own body)
during the test.

Fecal boli – The number of times the animal excreted
feces during the test.

Distance traveled – Total distance (in meters) that the
animal traveled during the test.

Time immobile – Total amount of time (in seconds)
the animal was immobile during the test.

Time mobile – Total amount of time (in seconds) the
animal was mobile during test.

Experimental design

Two weeks before the start of the experiment rats were
transferred from the animal room into the experimental
room for acclimatization to conditions in the experi-
mental room (constant temperature and humidity, 12/12
hours light/dark cycle starting at 07:00). All behavioral
measurements were conducted inside the experimental
room, during summer season. Only one person handled
animals and operated the Hargreaves test instrument
throughout the experiment. Another person always ope-
rated the Any maze video tracking system. The experi-
mental room was not entered by other persons during
testing sessions. The entire room was illuminated with
blue, fluorescent light. Naive rats were used, unfamiliar
with the Hargreaves test device and testing procedure.
Animals were first exposed to the open field test and five
minutes later to the Hargreaves test. Both tests were
performed once a day, during 3 subsequent days, in the
light phase of the day, always between 09 a.m. and 01
p.m.

Statistical analysis

Mean values of paw withdrawal latencies for 3 consec-
utive testing sessions analyzed using one way ANOVA
and Bonferroni post hoc multiple comparison test. Un-
like the paw withdrawal response data, which followed a
normal Gaussian distribution, the data obtained for open
field behavior differed from the Gaussian distribution
based on the Kolmogorov-Smirnov test. The open field
data were therefore analyzed with the nonparametric
Kruskal Wallis and Mann Whitney U tests. Although the
open field data were statistically analyzed in a manner
described before, the same data in figures were presented
in their untransformed form, directly obtained from the
Any maze software. Comparisons between the amount
of time the animals spent mobile and the amount of time
they spent immobile during the test were determined for
3 subsequent days, by using one-sample t-test. In all
cases P < 0.05 was used as the criterion for significance.

RESULTS

Hargreaves test

Paw withdrawal latencies to radiant heat were short-
ened from 12.2±0.9 seconds (mean ± SEM) on the first
day, to 9.4±0.5 seconds on the 2nd day and 9.6±0.2
seconds on the 3rd day of testing period (Figure 1). As
indicated by one way Analysis of variance (ANOVA), a
decline in paw withdrawal latencies observed on day 2
and day 3, when compared to day 1, reached the statis-
tical significance (p< 0.01 ANOVA, F (2.27) = 6.31, p<
0.05 Bonferroni). There was no significant change in
PWL from the second to the third exposure to the Har-
greaves test device.

Open field behavior – rearing and
grooming

As shown in Figure 2. The number of rearing episodes
recorded in testing cage of the Hargreaves test device
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Figure 1. Pain response to radiant heat measured throughout the pe-
riod of 3 subsequent days. Male Wistar rats were used. Data were col-
lected using Hargreaves test. Each column represents the mean ± SEM.
N = 10 for each daily session. *P< 0.05 day 1 versus days 2 and 3.
Paw withdrawal latencies: time in seconds from the activation of
radiant heat source to the withdrawal of rat hind paw as a conse-
quence of pain.

Figure 2. Grooming and rearing behavior recorded in the testing cage
of the Hargreaves test device throughout the period of 3 subsequent
days. Male Wistar rats were used. Data were collected and analyzed
using a web camera and Any maze tracking software. Each column
represents the mean ± SEM of total the number of rearing (�) or
grooming (�) episodes recorded during a 5 minute test. N = 7 (day
1); N = 10 (day 2 and 3). (�) *P< 0.01 day 3 versus days 1 and 2.
(�) *P< 0.05 day 1 versus days 2 and 3. Rearing episode: Animals
moved vertically with hind limbs on the floor of the Hargreaves test
device. Grooming episode: Animal cleaned its face with forepaws
or washed, licked and scratched the various parts of own body.



decreased from 18±1.5 (mean ± SEM) and 15±2.1 on
the first and second day, to 3.1±0.48 on the 3rd day of the
testing period. Kruskal Wallis test indicated a significant
decline in the number of rearing responses during the
third testing session, when compared to the first and the
second testing session (P< 0,001 Kruskal Wallis, Chi-
-Square = 17.52; P< 0,001 Mann-Whitney U test). At
the same time, the number of grooming episodes in-
creased (Figure 2) from 3.1±1.5 (mean ± SEM) on the
first day, to 18±3.8 on the 2nd day and 25±4.5 on the 3rd

day of the testing period. The animals displayed signi-
ficantly less grooming behavior during the first exposure
to the testing cage of the Hargreaves test device as com-
pared to the second and third retraining sessions (P<
0.005 Kruskal Wallis, Chi-Square = 10.85; P< 0.05
Mann-Whitney U test).

Open field behavior – ambulatory
locomotion and defecation

As shown in Table 1, the animals spent more than
80% of testing time in motionless position throughout
the testing period. One sample t-test indicated a sig-
nificant difference between mobile and immobile time
for the first (P<0.001 t-test; t = 5.57), second (P<0.001
t-test; t = 6.02) and third (P<0.001 t-test; t = 5.65)
exposure to the Hargreaves test device. Moreover, on the
day by day basis, mobility time measured in the open
arena showed a tendency to decrease (from 61±15 se-
conds on the first day, to 51 ±15 seconds on the 2nd day
and 45 ±16 seconds on the 3rd day), and immobility time
to increase (from 239 ± 15 seconds on the first day, to 249
± 15 seconds on the 2nd day and 255 ± 16 seconds on the
3rd day of the testing period). However, these tendencies
failed to reach statistical significance. The distance tra-
veled recorded in the testing cage of the Hargreaves test
device was slightly shortened from 2.1±0.5 and 1.9±0.6
meters on the first and 2nd day to 1.5±0.4 meters on the
3rd day of the testing period (Table 1). Again, this dif-
ference did not reach the statistical significance. Finally,
as shown in Table 1, pronounced decrease in defecation
was observed on the last testing session (the number of

fecal boli = 0; N=10), as compared to the first (the
number of fecal boli = 9; N=7) and the second testing
session (the number of fecal boli = 8; N=10). Prac-
tically, defecation ceased at the end of the testing period.

DISCUSSION

Pain response to radiant heat decreased on the first re-
training session and remained stable on the second re-
training session (Figure 1). These results are in agree-
ment with our own results published recently (9). Time
course, direction and intensity of changes in paw with-
drawal latencies were very similar in those two studies.
Basically, we confirmed our previous findings in an inde-
pendent experiment done with another 10 animals. The
results presented here are in agreement with those pub-
lished by Anseloni and coworkers (12) and Taiwo et al.
(13). A decrease in paw withdrawal latencies was accom-
panied with pronounced changes in open field behavior
recorded inside the Hargreaves test device. Elevated def-
ecation rate, high frequency of rearing and low fre-
quency of grooming were obtained on the first exposure
of animals to the aversive environment of open arena.
Paw withdrawal latencies, frequency of rearing and defe-
cation rate decreased, while grooming increased with re-
peated exposure to open arena (Figure 2, Table 1). Those
were the main findings of the present study. As men-
tioned before, exposure of small rodents to an unknown
open arena produces a very complex pattern of behav-
ioral reactions: ambulatory locomotion (distance trav-
eled, mobile/immobile time), defecation, urination,
freezing (resting immobile), rearing, grooming, sniffing
(air and floor of the open arena), tigmotaxis (wall seek-
ing behavior), time in the center, latency to leave the cen-
ter, jumping, attempts to escape, vocalization, etc. (14).
Expression of a particular type of open field behavior in
small rodents depends on many factors: motivation (food
and water presence inside the open arena or food and
water deprivation), level of illumination and noise (in
experimental room and open arena), intensity of aver-
sion (presence of shelters, electric shock, odor of a preda-
tor), familiarity with the open arena (single exposure, re-
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TABLE 1

Locomotion and defecation recorded in the testing cage of the Hargreaves test device throughout

the period of 3 subsequent days.

Open field behavior

Distance (m) Time mobile (s) Time immobile (s) Defecation*

Day 1 2.11 ± 0.50 61 ± 15 **239 ± 15 9

Day 2 1.90 ± 0.58 51 ± 15 **249 ± 15 8

Day 3 1.46 ± 0.38 45 ± 16 **255 ± 16 0

Male Wistar rats were used. Data were collected and analyzed using a web camera and Any maze tracking software. *Results were
expressed as the total number of times the animals excreted feces during the test. Other results are presented as the mean ± SEM. N = 7
(day 1); N = 10 (day 2 and 3). **P< 0.001 immobile versus mobile time. Distance – Total distance (in meters) that the animals traveled
during the test. Time immobile – Total amount of time (in seconds) the animals were immobile during the test. Time mobile – Total
amount of time (in seconds) the animals were mobile during the test.



peated testing), housing conditions before open field test,
sex of animals, strain, etc. (15). Moreover, literature re-
view reveals a great variability in the shape (circular, rect-
angular, square) and size (from 20 cm to an entire room)
of the open arena used by different authors. This should
be taken into account when comparing results from dif-
ferent laboratories and interpreting results of open field
behavior in terms of emotionality, fear/anxiety, explora-
tion and novelty stress. From the original description of
open field method, high defecation rate and low level of
ambulatory locomotion were commonly used and ac-
cepted to indicate fear/emotionality response of the rat to
a new, potentially dangerous environment (14). Defeca-
tion rate should decrease and ambulatory locomotion in-
crease with repeated exposure to the open field test (16)
In our study, pronounced decrease in defecation rate was
observed in the last testing session, as compared to the
first and second testing session (Table 1). It seems that
our rats were going through biphasic emotional re-
sponse. At the beginning of the testing period, the ani-
mals manifested fear/high emotional response to the
Hargreaves test device. But, at the end of testing period,
rats became »fearless« and clearly expressed low emo-
tional response to the Hargreaves test device. As evident
by the total amount of immobile/mobile time (Table 1),
continuously low level of ambulatory locomotion was re-
corded throughout the testing period. Locomotion did
not increase with repeated exposure of rats to the Har-
greaves test device in our study, as it could be expected.
Since we used large animals (400 – 500 g) in a relatively
small open arena (22 x 17 cm), horizontal movements of
animals were limited. This lack of space for horizontal
movements probably makes ambulatory locomotion in-
adequate as an indicator of emotionality in our study.
Rearing behavior is considered to be a measure of explora-
tory activity in the open field test (17) It is positively cor-
related with defecation rate. With repeated exposure to
the open arena, rearing behavior should decrease (14). In
our study, rearing behavior gradually decreased through-
out the testing period. These results clearly showed that
rats expressed high level of exploratory activity in unfa-
miliar environment. During retraining sessions, rats lost
interest for exploration of the open arena as the conse-
quence of habituation to the Hargeaves test device. It
should be emphasized that exploratory behavior showed
the same response as emotional activity (defecation). On
the contrary, grooming behavior gradually increased,
while defecation rate and rearing decreased from the
start to the end of the testing period (Figure 2). Increased
grooming behavior can be viewed as indication of stress
to environment (18) and restrain (19) in rodents. If we
accept this view, gradual increase in grooming behavior
throughout the testing period implies gradual increase in
the amount of stress. In this case, defecation rate, as an
indicator of fear/emotionality should have increased, not
decreased. Yet, we observed a decrease in defecation rate
at the end of testing period (Table 1). Therefore, we as-
sumed that grooming behavior, in our testing condition,
was not a measure of stress. We believe that grooming be-
havior, in our testing conditions, might be a measure of

locomotion. Vertical movements of animals (grooming
and rearing) were not limited in the Hargreaves test en-
closure because of 14 cm high walls. As we mentioned
before, locomotion and defecation should be negatively
correlated. This means, with repeated exposure to open
arena defecation decreases, and locomotion (expressed as
grooming behavior) increases.

In conclusion, results presented here suggest that ex-
ploratory behavior and fear/emotionality are positively
correlated with paw withdrawal latencies on repeated
exposure to the Hargreaves test device. Further experi-
ments are needed to elucidate the neurochemical back-
ground of this phenomenon.
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