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Abstract

It is widely accepted that the classical constant-temperature hot-
plate test is insensitive to cyclooxygenase inhibitors. In the cur-
rent study, we developed a variant of the hot-plate test procedure
(modified hot-plate (MHP) test) to measure inflammatory nocicep-
tion in freely moving rats and mice. Following left and right hind
paw stimulation with a phlogogen and vehicle, respectively, the
animals were placed individually on a hot-plate surface at 51ºC and
the withdrawal latency for each paw was determined simultaneously
in measurements performed at 15, 60, 180, and 360 min post-chal-
lenge. Plantar stimulation of rats (250 and 500 µg/paw) and mice
(125-500 µg/paw) with carrageenan led to a rapid hyperalgesic
response of the ipsilateral paw that reached a plateau from 15 to 360
min after challenge. Pretreatment with indomethacin (4 mg/kg, ip)
inhibited the phenomenon at all the times analyzed. Similarly, plan-
tar stimulation of rats and mice with prostaglandin E2 (0.5 and 1 µg/
paw) also resulted in rapid hyperalgesia which was first detected
15 min post-challenge. Finally, we observed that the MHP test was
more sensitive than the classical Hargreaves’ test, being able to
detect about 4- and 10-fold lower doses of prostaglandin E2 and
carrageenan, respectively. In conclusion, the MHP test is a simple
and sensitive method for detecting peripheral hyperalgesia and
analgesia in rats and mice. This test represents a low-cost alterna-
tive for the study of inflammatory pain in freely moving animals.
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Introduction

It is well established that pain cannot be
monitored directly in animals but can only be
estimated by examining their responses (1,2).
Most of what is known about pain mechan-
isms is derived from rodent models of so-
matic nociception and hyperalgesia. Inflam-
matory algesimetric tests are based on the

analysis of the overt behavioral responses
directly triggered by the inflammatory pro-
cess, as in models of abdominal constriction
in mice (3) and rat joint incapacitation (4).
Inflammation-dependent overt behavioral
responses can also be indirectly triggered by
an exogenous secondary stimulus, the most
frequently used being either of a mechanical
or thermal nature (1).
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In tests involving mechanical stimuli, it is
the hind paw that is more frequently targeted.
Inflammation is induced beforehand by sub-
cutaneous administration of the phlogogen
into the area to be stimulated with either
constant pressure or gradually increasing
pressure (1,5). The nociceptive thresholds
of the ipsilateral inflamed and contralateral
healthy paw are then determined by the reflex
withdrawal of the paw or by the appearance
of a more complex behavioral response,
such as the freezing reaction (6). Since the
endpoint is a behavioral response, one poten-
tial problem concerning this type of tests is
that the animals have to be restrained by the
experimenter, a fact that may influence the
results obtained.

In tests based on the use of thermal
stimuli such as the hot plate and tail flick, the
latency of nocifensive reactions evoked by
heat stimuli of constant supra-threshold in-
tensity (7,8) or gradually increasing intensity
(9) is measured. These methods are suitable
for measuring the effects of opioid analge-
sics but they are not sensitive to the analgesic
effects of nonsteroidal anti-inflammatory
agents (1,2,10). While trying to study hyper-
algesia resulting from inflammation, Har-
greaves et al. (11) developed a system in
which radiant heat is applied to the plantar
side of one hind paw inflamed by carrageen-
an, with the latency for paw withdrawal
being measured with the help of a photoelec-
tric-sensitive device. This is a test applied to
unrestrained animals, most frequently rats,
and which is sensitive to cyclooxygenase
inhibitors.

More recently, Menendez et al. (12) modi-
fied the hot-plate system by developing the
so-called unilateral hot-plate test, a method in
which restrained mice have only one of their
hind paw subjected to the heat stimulus each
time. The test performed on the inflamed
paw is reported to be sensitive enough to
detect opiate analgesia as well as central and
peripheral hyperalgesia. In order to avoid the
putative influence of the restraint stress, we

developed a variant of the constant-temper-
ature hot-plate testing procedure for measur-
ing inflammatory nociception in unrestrained
rats and mice. A comparative analysis of
sensitivity with the Hargreaves’ radiant test
was also carried out. Based on the simulta-
neous analysis of withdrawal latency of in-
flamed and non-inflamed hind paws of ani-
mals placed on a hot-plate surface, the modi-
fied hot-plate (MHP) test was shown to be a
simple, rapid and sensitive method for phar-
macological and inflammatory pain studies.

Material and Methods

Animals

All experiments were performed on male
Wistar rats and Swiss mice of both sexes
weighing 180 to 220 g and 20 to 25 g,
respectively. The animals were obtained from
the breeding colony of the Oswaldo Cruz
Foundation, Rio de Janeiro, RJ, Brazil, housed
in groups of five and maintained on a 12-h
light/dark cycle, with water and food ad
libitum until use. The Ethics Committee for
Care and Use of Laboratory Animals of the
Oswaldo Cruz Foundation approved the ex-
perimental protocols employed in this study
(License No. 0085-02).

Stimuli and treatments

Carrageenan (50-1000 µg/paw) or PGE2
(0.2-2 µg/paw) was injected intraplantarly
(ipl) into the left hind paw whereas saline
was injected into the right paw, both in a final
volume of 100 and 50 µl in rats and mice,
respectively. Indomethacin (4 mg/kg) was
administered intraperitoneally 1 h before the
carrageenan challenge. Carrageenan was dis-
solved in sterile saline, whereas PGE2 was
first dissolved in 10% ethanol (stock solu-
tion) and further diluted with saline. Indo-
methacin was first dissolved in 0.2 N NaOH
followed by pH neutralization with Tris-HCl
(0.05%) and volume adjustment with saline.
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In all cases, control groups were treated with
the solvent used for drug administration. All
working solutions were prepared immedi-
ately before use.

Carrageenan, PGE2 and indomethacin
were purchased from Sigma (St. Louis, MO,
USA).

Modified hot-plate test

Animals were placed individually on a hot
plate with the temperature adjusted to 51ºC
(Ugo Basile, Varese, Italy). Exposure to heat
continued until nocifensive reaction of either
hind paw occurred. The latency of the with-
drawal response of each hind paw was
determined at 15, 60, 180, and 360 min post-
challenge. The left paw was stimulated with
the phlogogenic agent (carrageenan or pros-
taglandin E2, PGE2) and the right one stimu-
lated with sterile 0.9% NaCl (saline) in a final
volume of 100 µl. The heat source was
maintained at constant intensity, which pro-
duced a stable withdrawal latency of ap-
proximately 8-10 s in vehicle-challenged
paws. The animals were tested in only one
series of measurements and the typical re-
sponses were hind paw shaking and/or lift-
ing. The latency to the response was re-
corded manually with a chronometer, and
the time of maximum permanence permitted
on the hot surface was 20 s. The experiments
were performed in a sound-attenuated and
air-conditioned (20-22ºC) laboratory. Hy-
peralgesia to heat was defined as a decrease
in withdrawal latency and calculated as fol-
lows: ∆ paw withdrawal latency (s) = right
paw withdrawal latency - left paw with-
drawal latency.

Hargreaves’ plantar test

The Hargreaves’ test was performed as
previously reported (11) using a standard
apparatus (Ugo Basile). The test consisted of
placing a rat in a transparent acrylic box and
a mobile infrared heat lamp was positioned

underneath the targeted hind paw. A thermal
radiant stimulus was then applied to the
plantar surface and the latency of the paw
withdrawal response was measured auto-
matically with the help of a photoelectric-
sensitive device. The latency of the with-
drawal response of each hind paw was
determined at 15, 60, 180, and 360 min post-
challenge, with the left paw being stimulated
with the phlogogen (carrageenan or PGE2)
and the right one stimulated with sterile saline
in a final volume of 100 µl. Hyperalgesia in
response to heat was defined as a decrease in
withdrawal latency and calculated as fol-
lows: ∆ paw withdrawal latency (s) = right
paw withdrawal latency - left paw with-
drawal latency.

Statistical analysis

Data are reported as means ± SEM and
were analyzed statistically by one-way anal-
ysis of variance (ANOVA) followed by the
Newman-Keuls-Student t-test. P values of
0.05 or less were considered to be signifi-
cant.

Results

Rat thermal hyperalgesia measured by the
MHP test and sensitivity to indomethacin

As illustrated in Figure 1, the ipl injection
of carrageenan (500 µg/paw) into the left
hind paw of rats caused a reduction in the
latency of the withdrawal response to heat
stimulation as compared to the right hind
paw injected with vehicle. The ∆ latency
values, referred to from now on as hyperal-
gesic response, peaked 15 to 60 min post-
challenge, decreasing thereafter, and were
significant at 15, 60, 180, and 360 min after
carrageenan stimulation as compared to ∆
latency values for rats in which saline was
injected into both the left and right hind paw
(control group). The repeated application of
the thermal test at these times did not change
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tors. As shown in Figure 1, treatment with
indomethacin (4 mg/kg, ip) 1 h before chal-
lenge prevented the carrageen-evoked hy-
peralgesic response at all the times analyzed.

Effect of carrageenan and PGE2 on rat paw
withdrawal latencies measured by MHP and
the Hargreaves’ test

The hyperalgesic effect of increasing
doses of carrageenan (50-4000 µg/paw) or
PGE2 (0.25-1 µg/paw) was measured using
MHP and the Hargreaves’ tests. As shown in
Figure 2A, ipl injection of carrageenan into
the rat hind paw at doses ranging from 50 to
500 µg/paw induced a dose-dependent hy-
peralgesic response as measured by the MHP
test. The lowest effective dose of carrageen-
an able to induce a significant nocifensive
reaction in the MHP test was 250 µg/paw.
However, when testing carrageenan-stimu-
lated rats by the Hargreaves’ method, statis-
tically significant differences compared to
control were obtained only with doses of
4000 µg/paw (Figure 2B).

Assessed by either MHP or the Hargreave’
test, the nocifensive response to PGE2 (0.25
to 3 µg/paw) also peaked from 15 to 60 min,
decreasing thereafter (Figure 3). Again the
MHP test seemed to present greater sensitiv-
ity since the lowest effective dose, 0.5 µg/
paw, that induced a significant hyperalgesic
response when tested by the MHP method
(Figure 3A) was about four times lower than
that measured by the Hargreaves’ test (Fig-
ure 3B).

Effect of carrageenan or PGE2 on paw
withdrawal latencies measured by the MHP
test in mice

In mice, ipl administration of either car-
rageenan (125-500 µg/paw; Figure 4A) or
PGE2 (0.5 and 1 µg/paw; Figure 4B) in a final
volume of 50 µl elicited a dose-dependent
hyperalgesic response, as assessed by the
MHP test. As noted for rats, the nocifensive
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A
Figure 2. Hyperalgesic effect
induced by intraplantar injection
of carrageenan into the left hind
paw of rats, as measured by
the modified hot-plate test (A)
and by the Hargreaves’ test (B).
Data are reported as means ±
SEM for at least 6 animals. *P <
0.05 compared to saline-stimu-
lated rats (one-way ANOVA fol-
lowed by the Newman-Keuls
test).

4000 µg/paw carrageenan

1000 µg/paw carrageenan
500 µg/paw carrageenan

Saline

500 µg/paw carrageenan

250 µg/paw carrageenan
50 µg/paw carrageenan

Saline

Figure 1. Hyperalgesic effect of
intraplantar injection of carrageen-
an (500 µg/paw; filled squares)
into the left hind paw of rats, as
measured by the modified hot-
plate test, and its sensitivity to
indomethacin (4 mg/kg, ip;
circles). Carrageenan stimulation
was replaced with saline in the
control group (open squares).
Data are reported as means ±
SEM for at least 6 animals. +P <
0.05 compared to saline-stimu-
lated rats. *P < 0.05 compared to carrageenan-untreated rats (one-way ANOVA followed by
the Newman-Keuls test).
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the ∆ latency values as indicated by the
reactivity of the control group (Figure 1).

Analysis of the analgesic effect of indo-
methacin was used to assess the sensitivity
of the MHP test to cyclooxygenase inhibi-
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response to both stimuli peaked from 15 to
60 min post-challenge, remaining signifi-
cantly different from control for at least 6 h.

Discussion

This study describes a variant of the
classical hot-plate method suitable for meas-
uring inflammatory nociception in freely
moving rats and mice. The main issue dealt
with by this paper is whether the hot-plate
test, which has been classically employed for
the measurement of supraspinally nocicep-
tive integrated responses, could be adapted
for detection of inflammatory pain and pe-
ripheral hyperalgesia. We found that after ipl
injection of either carrageenan or PGE2,
unrestrained rats and mice reacted to the
thermal plantar stimulation with an acute
decrease in the latency of the withdrawal
response of the ipsilateral paw in comparison
to the contralateral paw injected with vehicle.
Hyperalgesic changes evoked by carrageen-
an detected in this MHP test were clearly
sensitive to the cyclooxygenase inhibitor in-
domethacin. In addition, in comparison to
the Hargreaves’ method, the MHP test de-
tected nocifensive responses at lower doses
of carrageenan and PGE2. Taken together,
these results suggest that the MHP test is a
simple, rapid and sensitive method suitable
for detecting peripheral hyperalgesia in unre-
strained rats and mice.

It is well established that reflex latency
reactions to thermal stimulation of non-in-
flamed paws using methods such as the
classical hot-plate test are suitable for meas-
uring the antinociceptive effects of opioid
analgesics but are largely insensitive to non-
steroidal analgesics, including cyclooxy-
genase inhibitors (1,2,10). However, using a
modification of the hot-plate test, in which
the plantar side of a single inflamed hind paw
is placed on the hot-plate surface, Menendez
et al. (12) demonstrated the usefulness of
this method for detecting peripheral hyperal-
gesia in mice. It is worth mentioning that, to

expose only one paw to the hot plate, the
animals had to be restrained, a fact that may
be considered a drawback of this method,
since restraint stress alters analgesic and
thermal effects by affecting central process-
ing mechanisms of pain signaling (13).

These considerations make it reasonable
to assume that a slight modification of the
Menendez paw withdrawal test addressing
the measurement of inflammatory pain in
freely moving animals would be of some
interest. In the present study, the latency of
the paw withdrawal reflex following a con-
stant-temperature plantar thermal stimulus
was used as a measure of nociceptive re-
sponse in unrestrained rats, which were
challenged unilaterally with carrageenan in
the hind paw. Our findings indicated that the
threshold in the area of local tissue damage
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Figure 3. Hyperalgesic effect of
intraplantar injection of prosta-
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rats, as measured by the modi-
fied hot-plate test (A) and the
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reported as means ± SEM for at
least 6 rats. *P < 0.05 com-
pared to saline-stimulated rats
(one-way ANOVA followed by
the Newman-Keuls test).
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created by the carrageenan challenge was
about 5 to 7 s less than the threshold of the
vehicle-treated contralateral paw. This indi-
cates that the carrageenan challenge was
capable of triggering a hyperalgesic response,
which was very rapid in onset, peaking
within 15 to 60 min post-challenge and re-
maining significant for at least 6 h. More-
over, the ability to develop carrageenan-
induced thermal hyperalgesia was completely
absent in rats pretreated intraperitoneally with
indomethacin. This agrees with the interpre-
tation that the modified hot-plate test is suit-
able for the detection of peripheral hyperal-
gesia, as supported by our previous study
using stimuli such as antigen, histamine, 5-
hydroxytryptamine or bradykinin (14).

In another set of experiments, we com-

pared the effects of carrageenan and PGE2

on paw withdrawal latencies measured by
MHP and the Hargreaves’ thermal radiant
focal test (11). We observed that both carra-
geenan and PGE2 exerted dose-dependent
hyperalgesic effects as demonstrated by the
two methods. However, the MHP test was
more sensitive than the Hargreaves’ test,
being able to detect about 4- and 10-fold
lower doses of PGE2 and carrageenan, re-
spectively. The difference in contact area
while using either the hot-plate device or the
focal radiant stimulus may perhaps explain
the large difference in sensitivity presented
by these algometers, as also observed in
previous studies (12,15).

The hyperalgesic plantar effects of carra-
geenan and PGE2 were also assessed in mice.
As observed following plantar provocation
of rats, it was easy to detect a thermonoci-
fensive response using the MHP method in
mice whose hind paw was unilaterally stim-
ulated with either carrageenan or PGE2. In
both cases, a dose-dependent reduction in
the withdrawal latency of the injected paw
from 15 min to 6 h post-challenge was noted,
indicating that the MHP test is equally useful
when applied to mice. It is noteworthy that
the hyperalgesic response to either carra-
geenan or PGE2 occurs later (mainly be-
tween the third and fourth hour post-chal-
lenge) in tests involving mechanical nocicep-
tion applied to rats and mice (16,17). Since
mechanically insensitive C-fiber nociceptors
able to respond to thermal stimuli have been
identified (18), the possibility exists that
activation of such nociceptors may contri-
bute to the earlier response observed in the
MHP test. In addition, one should not forget
that heat provocation also stimulates ther-
moreceptors (1) and that, consequently, the
dual activation of thermoreceptors and noci-
ceptors may also cause quicker animal with-
drawal from the thermal stimulus compared
to the mechanical stimulus.

We propose that the MHP test is a rapid,
sensitive and inexpensive method suitable for
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