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Abstract: The hot plate is a widely used test to assess nociception. The effect of non-nociceptive

factors (weight, sex, activity, habituation, and repeated testing) on hot-plate latency was examined.

Comparison of body weight and hot-plate latency revealed a small but significant inverse correlation

(light rats had longer latencies). Habituating rats to the test room for 1 hour prior to testing did not

decrease hot-plate latency except for female rats tested on days 2 to 4. Hot-plate latency decreased

with repeated daily testing, but this was not caused by a decrease in locomotor activity or learning to

respond. Activity on the hot plate was consistent across all 4 trials, and prior exposure to a room-

temperature plate caused a similar decrease in latency as rats tested repeatedly on the hot plate. De-

spite this decrease in baseline hot-plate latency, there was no difference in morphine antinociceptive

potency. The present study shows that weight, habituation to the test room, and repeated testing

can alter baseline hot-plate latency, but these effects are small and have relatively little impact on

morphine antinociception.

Perspective: This manuscript shows that non-nociceptive factors such as body weight, habituation,

and repeated testing can alter hot-plate latency, but these factors do not alter morphine potency. In

sum, the hot-plate test is an easy to use and reliable method to assess supraspinally organized

nociceptive responses.

ª 2011 by the American Pain Society

Key words: Pain, nociception, sex differences, hyperalgesia, morphine.
T
he hot-plate test is one of the oldest6,13,29 and most
widely used experimental methods to assess
nociception in rats and mice.16 The test consists of

placing a rodent on an enclosed hot plate and measuring
the latency to lick a hindpaw or jump out of the enclo-
sure.2 The advantages of this test are that it is objective,
quantifiable, can be administered repeatedly without
causing inflammation, and assesses supraspinally orga-
nized responses to a noxious stimulus.

There appears to be a good correspondence between
drugs that produce antinociception on the hot-plate test
and drugs used clinically to treat pain.26 Low-intensity
hot plates seem to be especially sensitive to analgesic
drugs,1,21,25 although antinociceptive potency is difficult
to compare when different hot-plate temperatures are
used because baseline latency and the operational defini-
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tion of antinociception will vary significantly.19 A number
of other factors in addition to stimulus intensity and noci-
ceptive sensitivity may influence hot-plate latency. For
example, numerous studies have shown that hot-plate
latency decreases with repeated testing.3,7-9,14,15,22 This
decrease could be caused by learning, a reduction in
stress, habituation to the stimuli associated with the
test, or other unknown factors.10,13,22

The objective of the present study was to assess
whether factors such as weight, activity, habituation
time, and prior exposure to the apparatus alter hot-
plate latency. It is hypothesized that a heavy rat will
have a shorter latency because of greater contact with
the hot plate and an active rat will have a longer latency
because of less contact with the hot plate. These hypoth-
eses were assessed by placing rats on the hot plate once
a day for 4 consecutive days while simultaneously mea-
suring locomotor activity.
Methods

Subjects
Sprague-Dawley rats (Harlan Laboratories, Livermore,

CA) were housed 2 or more to a cage in a room main-
tained at approximately 22�C. Lights were set on a reverse
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cycle (off at 7:00 AM) so rats could be tested during the
active dark phase. Food and water were provided ad lib
except during testing. Experiments were approved by
the Animal Care and Use Committee at Washington State
University. All procedures were conducted in accordance
with the National Institutes of Health Guide for the Care
and Use of Laboratory Animals. Rats were treated with
care and respect before, during, and after testing.

Nociception was assessed using the hot-plate test
(Columbus Instruments, Columbus, OH). The latency to
lick a hindpaw when the rat was placed on a 52.5�C plate
was measured. The plate was enclosed with 4 Plexiglas
walls so the rat could not escape. The rat was removed
from the plate immediately upon licking a hindpaw or
if no response occurred within 50 seconds.

Experiment 1: Correlation Between Weight
and Hot-Plate Latency

The effect of body weight on hot-plate latency was as-
sessed by measuring whether these 2 factors correlate.
Baseline hot-plate data were collated from 201 male
rats used in previous experiments11 in order to acquire
a large sample size and compare a wide range of weights
(72–376 g). Each rat was weighed and then moved to an
adjacent room for the hot-plate test. Only drug-naı̈ve rats
tested on the hot plate for the first time were included.

Experiment 2: Effect of Sex, Habituation, and
Activity on Hot-Plate Latency

The objective of this experiment was to determine
whether repeated testing, habituation to the test
room, and activity influence hot-plate latency in female
and male rats. Female (152–332 g) and male (190–420 g)
rats were weighed and then moved to an adjacent
room for the hot-plate test. Half of the rats were habitu-
ated to the testing room for 1 hour prior to being placed
on the hot plate whereas the other half were tested
within 5 minutes. Each rat was tested in the same manner
for 4 consecutive days. Rats remained in their home cage
except when being weighed or tested on the hot plate.

Activity was assessed while the rat was on the hot plate
(25.4 � 25.4 cm) by measuring the number of times the
rat crossed from one quarter of the plate (12.7� 12.7 cm)
to another. Given that the number of crossings increase
with the duration on the hot plate, activity was assessed
by the average time to cross (hot-plate latency/crossings).
Activity also was evaluated as the total number of
crossings within the first 6 seconds so rats could be
compared independent of hot-plate latency.

Experiment 3: Effect of Learning on Hot-Plate
Latency

The objective of this experiment was to determine
whether the decrease in activity with repeated testing
is a learned response. This hypothesis was tested by plac-
ing male rats (192–269 g) on a hot plate (52.5�C) or room-
temperature plate twice a day for 2 consecutive days.
Twice daily, instead of once daily, tests were used so
the results could be generalized to our tolerance para-
digm.18 Rats remained on the room-temperature plate
for 50 seconds on each trial. A control group was moved
into the testing room twice a day for 2 days, handled for
50 seconds, and then returned to their home cage. On
Day 3 (trial 5), baseline hot-plate latency was recorded
for rats from all 3 groups. Following baseline assessment,
cumulative quarter log doses of morphine sulfate (1.8,
3.2, 5.6, 10, and 18 mg/kg, sc) were administered to deter-
mine whether differences in baseline latency alter mor-
phine antinociceptive potency. Morphine was injected
subcutaneously every 20 minutes and hot-plate latency
was assessed 15 minutes after each injection. Injections
and testing were terminated once a rat reached the
50-second cutoff value for antinociception.
Statistical Analysis
Data were analyzed using ANOVA. A general linear

model with repeated measures was used with weight,
habituation, and sex as between-subjects factors, and
repeated testing as the within-subjects factor. Hot-plate
latency and activity were the dependent variables. The
dose for half maximal antinociception (D50) following
morphine administration was calculated and compared
using GraphPad (GraphPad Software, Inc, La Jolla, CA).
Statistical significance was defined as an alpha level of .05.
Results

Experiment 1: Correlation Between
Weight and Hot-Plate Latency

Therats in thisexperiment (N=201) rangedfrom72–376g
with a median weight of 195 g and a mean 6 standard
deviation weight of 194 6 85 g. Hot-plate latency varied
from a low of 4.2 seconds to a high of 33 seconds with
a median of 16.5 seconds and a mean 6 standard devia-
tion of 16.5 6 5.9 seconds. Comparison of weight and
hot-plate latency revealed a small but significant inverse
correlation (r = –.26, P < .05). That is, heavy rats tended
to have lower hot-plate latencies than light rats (Fig 1).
This correlation was particularly strong for rats under
300 g (r = –.40, P < .05), but disappeared for rats over
300 g (r = .12; N = 22).
Experiment 2: Effect of Sex, Habituation,
and Activity on Hot-Plate Latency

There was a significant decrease in hot-plate latency
from trial 1 to 4 (F(3,174) = 15.613, P < .05). Both male
(N = 30) and female (N = 31) rats showed this decrease
with repeated testing (Fig 2). Female rats showed a de-
crease in latency of approximately 1 second from one
day to the next. The decrease in male rats was evident
from the second to the fourth day of testing.

The inverse correlation between weight and hot-plate
latency reported in Experiment 1 also was evident in the
male rats tested in this experiment. This inverse correla-
tion (r = –.29) on the first trial was nearly identical to
that reported in Experiment 1, but it did not reach statis-
tical significance because of the small sample size (N = 29).
A nonsignificant positive correlation occurred on trials
2 to 4. The relationship between weight and hot-plate



Figure 1. Inverse correlation between body weight and hot-
plate (HP) latency. There is a slight but significant decrease in
hot-plate latency as body weight increases (r = –.26). This corre-
lation breaks down for rats over 300 g.
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latency was not significant in female rats on trial
1 (r = .10) or subsequent trials (r = .03, .29, and .0 for trials
2 to 4, respectively).

There was no difference in hot-plate latency between
female and male rats on trial 1 (Fig 2). However, on trials
2 to 4, female rats habituated to the test room for 1 hour
had a lower hot-plate latency than female rats habitu-
ated for less than 5 minutes or male rats regardless of ha-
bituation. An overall ANOVA comparing habituated and
nonhabituated female rats across trials did not reach sta-
tistical significance (F(1, 29) = 3.401, P = .075) because of
the lack of a difference on trial 1. However, comparison of
95% confidence intervals revealed a significant differ-
ence in hot-plate latency between habituated and
Figure 2. Effect of sex and habituation to the test room on hot-
plate (HP) latency. There was a significant decrease in hot-plate
latency from trial 1 to 4 (F(3,174) = 15.613, P < .05). There was no
difference in hot-plate latency between male and female rats on
trial 1. Habituation to the test room for 1 hour had no effect on
hot-plate latency on trial 1 in female rats, but caused a shorter
hot-plate latency on trials 2 to 4 compared to male rats or non-
habituated (naı̈ve) female rats. Habituation to the test room had
no effect on hot-plate latency for male rats. Sample size varied
from 14 to 16 rats in each group.
nonhabituated female rats on trials 2 to 4. In contrast,
habituation to the test room for 1 hour prior to testing
(versus 5 minutes) had no effect on hot-plate latency on
the first or subsequent days in male rats (F(1, 27) = .034,
ns; Fig 2).

The decrease in hot-plate latency with repeated
testing was not caused by a decrease in activity with
repeated exposure to the hot plate. There was no signif-
icant difference in the average time to cross from one
quadrant to another across trials (F(3,168) = 1.239, ns;
Fig 3A). Likewise, the mean number of crossings during
the first 6 seconds of being placed on the hot plate did
not change across trials (F(3,168) = .960 ns; Fig 3B).
Although females tended to be more active than males,
this difference did not reach statistical significance
whether measured as time to cross (F(1,56) = 2.091, ns)
or mean activity during the first 6 seconds (F(1,56) =
1.943, ns). Finally, habituating rats to the test room for
1 hour or 5 minutes had no effect on activity whether
measured as the average time to cross from one quad-
rant to another F(1,56) = 2.112, ns) or the mean number
of crossings in the first 6 seconds (F(1,56) = .857, ns).
Figure 3. No change in locomotor activity on the hot plate in
male or female rats across trials. Locomotion on the hot plate
was consistent across trials whether measured as the average
time to cross to a new quadrant ([A] hot-plate latency/crossings)
or the number of crossings during the first 6 seconds of the test
period (B). These data indicate that changes in activity are not
responsible for the decrease in hot-plate latency with repeated
testing.



Figure 5. No effect of preexposure treatment on morphine
potency. Dose response curves for morphine antinociception
were the same despite differences in baseline hot-plate laten-
cies caused by preexposure to the hot-plate apparatus. Data
were collected on trial 5 after twice daily exposure to the hot
plate (52.5�C) or a room-temperature plate (Normal Plate) for
2 days. Control rats (Home Cage) were handled for 50 seconds
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Experiment 3: Effect of Learning on Hot-
Plate Latency

The objective of this experiment was to determine
whether the decrease in hot-plate latency across trials is
caused by exposure to the hot-plate apparatus. Analysis
of baseline hot-plate latency on trial 5 revealed a signifi-
cant effect of pretreatment (F(2,22) = 8.400, P < .05). Rats
previously exposed to the hot plate, whether at room
temperature (22�C) or 52�C had hot-plate latencies lower
than rats placed on the hot plate for the first time (Tukey
test, P < .05). The hot-plate latency for rats previously
exposed to the room-temperature plate did not differ
from rats tested repeatedly on the hot plate (Fig 4).

Despite this difference in baseline hot-plate latency,
there was no difference in the potency for morphine
antinociception (F(2,138) = .264, ns). D50s ranged from
6.3 to 6.7 mg/kg for the 3 groups (Fig 5). The difference
in hot-plate latency following administration of the low-
est dose of morphine was consistent with the difference
in baseline hot-plate latency, but this difference disap-
peared as the dose of morphine increased.
on each trial and then returned to their home cage. N = 8 or
9/group.
Discussion
The present data show that hot-plate latency is influ-

enced by weight, prior exposure to the hot plate, and du-
ration of habituation to the test room, but not
locomotor activity. The lower hot-plate latencies with
prior exposure to the hot plate do not appear to be the
result of a learned response because it happens whether
rats are exposed to a hot or room-temperature plate.

The inverse correlation between weight and hot-plate
latency has not been reported previously, but is likely re-
lated to greater contact with the plate in heavier rats.
This difference also is evident when comparing mice
(20–30 g) and rats (200–300 g). Mice are typically tested
on a significantly warmer hot plate (55�C) compared to
Figure 4. Decrease in hot-plate latency following preexposure
to a room-temperature plate. The decrease in hot-plate (HP) la-
tency with repeated testing occurs whether the hot plate is
heated (52.5�C) or not (Normal Plate) compared to rats that
are naı̈ve to the hot-plate apparatus (Home Cage; *P < .05).
Data are compared from trial 5. N = 8 or 9/group.
rats (52�C) because testing mice on a 52�C-hot plate re-
sults in long hot-plate latencies.23 However, the relation-
ship between weight and hot-plate latency is fragile. Our
finding that the correlation disappears for rats over 300 g
and also does not occur in female rats indicates that
other unknown factors (eg, changes in skin sensitivity,
hormone levels) mitigate this relationship.

The decrease in hot-plate latency with repeated testing
has been reported numerous times before.3,7-9,14,15,22

This decrease occurs whether animals are tested once
a day or once a week, but is less likely to occur with
repeated tests during a single session.10 Learning to re-
spond appears to contribute when jumping out of the
box is the endpoint,12,13 but not when the endpoint is
licking the hindpaw. Our data are consistent with
others showing that exposure to a room-temperature
plate in which no hindpaw licking occurs causes the
same decrease in hot-plate latency as in animals tested re-
peatedly on the hot plate.3,10 This decrease is not caused
by learning, but is probably the result of habituation to
stimuli associated with the test apparatus that inhibit
nociception.3,10

It was hypothesized that shorter hot-plate latencies
would occur in inactive rats because of constant expo-
sure to the plate compared to walking rats. This hypoth-
esis was not supported. There was no decrease in
locomotor activity with repeated testing despite the de-
crease in hot-plate latency. Activity in a novel environ-
ment is known to decrease with repeated exposure.28

The present data showing no change in activity across
trials could be caused by the short duration of testing
(6 seconds) or stress associated with the hot-plate test.

Despite the decrease in baseline hot-plate latency fol-
lowing repeated testing, administration of morphine
produced comparable antinociception in rats subjected
to repeated testing or tested for the first time. A higher
hot-plate latency was evident in rats tested for the first
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time following administration of the lowest morphine
dose, as would be expected given the higher baseline
latency in these rats. However, as the dose of morphine
increased, the antinociceptive potency of morphine
was the same regardless of the prior baseline latency.
Similar results have been reported by others when noci-
ception is assessed using the latency to lick a hind
paw.17,22,27 These findings demonstrate that the hot
plate is a good way to assess the antinociceptive effects
of opioids even when baseline sensitivity differs.

Habituating animals to the test room prior to the hot-
plate test is a common and recommended practice.2 The
present data show that habituation has a minimal effect
on hot-plate latency. There was no difference in hot-
plate latency on trial 1 between rats habituated to the
room for 5 minutes or 1 hour. However, 1 hour of habit-
uation resulted in lower hot-plate latencies for female
rats on trials 2 to 4 than in male rats or female rats habit-
uated for less than 5 minutes. Thus, habituation to the
room has a much smaller effect on nociception than
habituation to the hot plate itself as described above.

Although the present study did not assess the effects
of estrus cycle or light phase on nociception, previous
studies have shown that hot-plate latency tends to be
lower when rats are tested during estrus24 and during
the dark phase of the diurnal cycle.5 Other factors that
have been shown to influence nociception in mice
include strain, experimenter, season, humidity, and
cage density.4 These factors would probably have similar
effects in rats. However, the present data indicate that
most factors have relatively small effects on hot-plate
latency.

In sum, the present data show that hot-plate latency is
affected by body weight, repeated testing, and habitu-
ation to the test room, but these changes are small and
do not impact subsequent assessment of morphine anti-
nociception. Other factors such as locomotor activity
have little or no effect on hot-plate latency. The fact
that these effects are small, when they do occur, indi-
cates that the hot plate is a good method to assess noci-
ception. Other advantages of using the hot-plate test to
assess nociception is that it is objective, easy to use, can
be used repeatedly, and measures supraspinal responses
to nociception. This is an important distinction from
reflexive nociceptive tests (eg, tail flick) because human
pain is supraspinally mediated and the modulation of
supraspinal responses has been shown to differ from spi-
nal nociceptive reflexes.20 On the other hand, manipula-
tions that affect motivation or motor function could
increase hot-plate latency in the absence of a direct
effect on nociception. Of course, the advantages and
disadvantages of any test must be evaluated in relation
to the goals of a particular study.
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