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ABSTRACT. Temperature poignancy is a finely tuned part of mammalian somatosensory system, allowing
animals and humans avoid thermal conditions in nature that may be potentially harmful, as well as
attract organisms to the thermal clime that is the most amenable to survival. Of different somatosensory
modalities, cold is one of the more ambiguous percepts, evoking the pleasant sensation of cooling, the
stinging bite of cold pain, and welcome relief from chronic pain. It is widely accepted that for temperature,
cation channels of the transient receptor potential (TRP) family function as molecular thermometers,
providing the receptor potential that initiates signaling to the central nervous system. For the last
decades menthol is widely used in food and oral hygiene products for its fresh cooling sensation. Moreover,
it is well established that menthol enhances cooling by interacting with the cold-sensitive thermo TRP
channel TRPMS, but its effect on pain is less well understood. We have recently found that menthol
dose-dependently increases the latency for noxious heat-evoked withdrawal of the treated hindpaw of rats
indicating antinociception. Moreover, menthol has a biphasic effect on thermal avoidance. We are currently
engaged in the study of non-steroidal anti-inflammatory drugs (NSAIDs) influence on the actions of
agonists of TRP channels. Here we report that menthol does not affect thermo TRPMS8 channel after
treatment with widely used NSAIDs as diclofenac, ketorolac and xefocam. © 2016 Bull. Georg. Natl.
Acad. Sci.
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Temperature sensation like tactile and pain is
mediated by peripheral sensory neurons through
activation of modality-specific sensory receptors. For
temperature, cation channels of the transient receptor
potential (TRP) family function as molecular thermo-
detectors, providing the receptor potential that initi-
ates signaling to the central nervous system (CNS).
Recent data established that thermo-TRP melastatin
subfamily number 8 (TRPMS8) channel, the receptor

for menthol functions as the primary mammalian de-
tector of cold sensation [1-8]. Menthol is derived
from plants of the mint family and imparts their dis-
tinctive odor. For the last decades menthol is com-
monly used in food additives and has broad indus-
trial use in oral hygiene, medicinal and other applica-
tions [9].

In electrophysiological in vitro experiments, the
TRPMS channel is activated at temperatures below
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~25°C, with currents increasing in magnitude as tem-
peratures decrease in trigeminal ganglion cells [10].
Behaviorally, mice lacking TRPMS channels fail to
distinguish warm from cool and poorly avoid nox-
ious cold [1,11-13]. Furthermore, cold pain caused
by innocuous stimuli (allodynia) associated with in-
flammatory and neuropathic injury is diminished in
these animals [11,14]. Thus, because of its prominent
role in cold sensation, TRPMS channel and the neu-
rons expressing this receptor are attractive targets in
the study of cold and cold pain transduction [3, 11].

We have recently found that menthol dose-de-
pendently increased the latency for noxious heat-
evoked withdrawal of the treated hindpaw indicating
antinociception. Moreover, menthol at the highest
concentration (40%) weakly but significantly reduced
mechanical withdrawal thresholds, with no effect at
lower (0.1, 1, and 10%) concentrations. In addition,
menthol had a biphasic effect on thermal avoidance.
Athigh concentrations (10 and 40%) menthol reduced
avoidance of colder temperatures (15 and 20°C) com-
pared to 30°C , while at lower (0.01, 0.1 and 1%) con-
centrations menthol enhanced cold avoidance. Fi-
nally, in a —5° C cold-plate test, 40% menthol signifi-
cantly increased the nocifensive response latency
(cold hypoalgesia) while lower concentrations were
not different from vehicle controls. This effect was
lost using a 0° C cold plate test [9].

We are currently engaged in the study of non-
steroidal anti-inflammatory drugs (NSAIDs) influence
on the actions of agonists of TRP channels. We have
found that after pretreatment with the three widely
used NSAIDs such as diclofenac, ketorolac and
xefocam in the ipsilateral (injected) hindpaw, allyl
isothiocyanate (AITC) (main compound of mustard
oil), cinnamonaldehyde (CA), and capsaicin resulted
in significant decreases in latency of the thermal with-
drawal reflex compared with vehicle or the contralat-
eral hindpaw. The same findings were observed for
the mechanical paw withdrawal threshold. In approxi-
mately 30 min the effects of AITC, CA, and capsaicin
returned to baseline. The data are different from our
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previous evidence, where TRPA 1 agonists AITC and
CA and TRPV1 agonist capsaicin produced hyperal-
gesia for nearly 2 h and resulted in facilitation of
these withdrawal reflexes [15,16].

The apparently opposing or at least different ef-
fects of menthol on the perception of cold and me-
chanical pain after pretreatment with NSAIDs
prompted the present study. We wished to systemi-
cally investigate and compare the modulatory effects
of topical menthol on cold and mechanical sensitiv-

ity in rats using two behavioral assays.

Materials and Methods

Animals. Behavioral studies using adult male Wistar
rats (350-450 g) were singly housed and given rodent
chow and water ad libitum. The Beritashvili Experi-
mental BMC Animal Care and Use Committee ap-
proved the study protocol. Every effort was made to
minimize both the number of animals used and their
suffering. Guidelines of the International Associa-
tion for the Study of Pain regarding animal experi-
mentation were followed throughout [17].

Application of chemicals. L-Menthol dissolved in
ethanol and Tween-80 (Fisher Scientific, Fair Lawn,
NJ, USA) at doses 10 and 40%, (640 mM and 6.4 M,
respectively) or vehicle control (10% ethanol with
5% Tween-80) was topically applied by cotton tip
applicator to both ventral hind paws, allowed to dry
for 2 min, and the paw was cleaned with an ethanol
wipe prior to placing the animal into the test arena.
Vehicles were applied in the same manner separately
as controls. For the cold plate test, menthol or vehi-
cle was applied to both paws. The rationale for bilat-
eral application was to ensure that at least one hind
paw would contact the thermal surface even if the
animal guarded the other paw. Twenty minutes prior
to apply menthol, 2 pl of NSAIDs, diclofenac (2.5%),
ketorolac (3%), and xefocam (0.4%) were injected in
both hindpaws and animals were examined by the
cold plate and mechanical paw tests. Different animal
groups were used for the experiments and they were
only tested with one concentration of menthol or
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Fig. 1. Intraplantar NSAIDs pretreatments result in significant increase of the cold plate latency. Subsequent topical
application of 10 % menthol does not change the latency. Increased values of the cold plate latency should be due to
developing of NSAIDs action (A). 40 % menthol some attenuate a development of NSAIDs action, especially for
ketorolac and xefocam (B). Graph plots change in cold plate latency (% of intact animal baseline) vs. time after

NSAIDs and topical menthol application.

vehicle and were not repeatedly used. Six rats were
used for each group.

Cold plate test. To test sensitivity to cold tempera-
tures, rats received topical application of menthol or
vehicle bilaterally to the ventral hindpaws, and 2 min
later were placed onto the thermoelectric surface that
was set at —=5°C (AHP-1200DCP, Teca Thermoelec-
tric, Chicago, IL, USA). The latency for nocifensive
behavior (lifting and licking one hind paw, or jump-
ing) was measured, at which point the rat was imme-
diately removed and returned to its home cage. A cut
oftime 150 s was imposed to prevent tissue damage.
The cold plate surface was cleaned, and ice scraped
off in between tests. All animals were tested at 5, 30,
60, 90 and 120 min post-applications of menthol.

Mechanical paw withdrawal threshold (von Frey) test.
Rats were habituated over 3 successive days to
standing on a wire mesh screen surface. Baseline
mechanical withdrawal thresholds were assessed
using an electronic von Frey filament (1601C, IITC,
Woodland Hills, CA, USA) pressed against the plantar
surface of one hindpaw. This device registered the
force (g) at the moment that the hind paw was with-
drawn away from the filament. Following application
of menthol or vehicle, mechanical paw withdrawal
thresholds were measured at 5, 15, 30, 45, 60 and 120
min.

Data analysis. The time spent on the cold plate and
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the mechanical pressure withdrawal threshold were
normalized to baseline averages and subjected to re-
peated-measures analysis of variance (ANOVA) with
post-hoc Tukey-Kramer multiple comparison test
using software InStat 3.05 (GraphPad Software Inc.,
USA). A 95 % confidence interval was used for all
statistical comparisons, and the error reported is the
standard error of the mean (s.e.m.).

Results

Cold plate test. Bilateral intraplantar injections of
NSAIDs induced a significant increase of the cold
pain latency compared to the intact control group for
diclofenac (t=8.682, P <0.001, n=30), ketorolac (t=
6.523,P<0.001,n=30), and xefocam (t=11.218,P <
0.001, n = 30), respectively in 10% menthol groups
(Fig. 1A). Similar results we found in 40% menthol
groups where differences between experimental and
intact control groups were for diclofenac (t=7.725, P
<0.001, n=60), ketorolac (t=5.821, P<0.001, n=60),
and xefocam (t=10.106, P <0.001, n = 60), respec-
tively (Fig. 1B). These effects cannot be attributed to
the antinociceptive action of NSAIDs as the control
vehicles resulted in the same effect for the first (t =
9.854,P<0.001,n=30), and the second session (t=
6.974,P<0.001, n=30), respectively. In either case,
it should be a certain protective effect of these solu-
tions. On the other hand, it is well known that NSAIDs
act principally on opioid midbrain structures [18].
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Fig. 2. Intraplantar NSAIDs pretreatments result in increase mechanical paw withdrawal threshold (A). However, subse-
quent application of 10% menthol does not change the process as the control group shows the same trend except
diclofenac treated group of rats. (B) As for contralateral paw. Graph plots change in mechanical pressure withdrawal
threshold (% of intact animal baseline) vs. time after NSAIDs injections and 10% topical menthol application.

Subsequent applications of menthol did not
change the time-course of the process as it did not
differ from the control at both concentrations of men-
thol. The cold pain latency in menthol treated groups
did not differ from vehicle groups except for ketorolac
in the high concentration of menthol (Fig. 1B). By
comparing two doses of menthol it is evident that
40% menthol somewhat attenuates the effect of
NSAIDs, especially for xefocam and ketorolac. Two-
tailed test showed a statistically significant differ-
ence between 40 and 10% menthol for xefocam (t =
7.085,P<0.0001, df=58), and ketorolac (t=7.479, P<
0.0001, df= 58), respectively.

Von Frey paw withdrawal. After injection of
NSAIDs, the hindpaw receiving topical 10 % men-
thol exhibited increase in mechanical pressure thresh-
old for xefocam and slightly for ketorolac, but they
were not significantly different from vehicle (Fig. 2A).
Although xefocam and ketorolac groups showed an
increase in the threshold, diclofenac group remained
at the same level after the application of 10% men-
thol. For the contralateral, non-treated hindpaw none
of NSAIDs groups were significantly different from
vehicle group (Fig. 2B). The ipsilateral (treated) and
contralateral (untreated) paw groups confirmed some
protective effects of NSAIDs and of the vehicle so-
lution as well.

Almost the same results were obtained for 40%
menthol, with one difference that xefocam more greatly
increased mechanical pressure withdrawal threshold
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than ketorolac and diclofenac (Fig. 3). Comparison of
10% and 40% menthol groups showed significant
differences for xefocam (t=3.86, P=0.0008, df=22);
i.e. 40% menthol significantly increased mechanical
paw withdrawal threshold compared to 10% of men-
thol.

Discussion

The therapeutic effects of NSAIDs are based on their
inhibitory actions on cyclooxygenase enzymes and
subsequent interference with metabolites of the ara-
chidonic acid pathway [18-20]. Previous reports have
also described NSAIDs as blockers of TRP channels
and the latter are considered as targets for analgesic
drug discovery [21-25]. In our study we did not find
significant influences of menthol on NSAIDs effects
by behavioral assays probably through TRPMS chan-
nel. Here menthol and NSAIDs act in the same direc-
tion without changing the overall picture of the ac-
tion of NSAIDs, which confirms by the control group
of rats with vehicle. The data of the control group
with vehicle did not significantly differ from the ex-
perimental groups except for the group treated with
40% menthol after being treated with ketorolac in the
cold plate test (Fig. 1B), and the group treated with
10% menthol after being treated with diclofenac (Fig.
2A).

The mechanism of cold transduction has been
subtle, and despite the discovery of the thermo-TRP
channels it remains a complex issue [1,2,5]. We have
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Fig. 3. Intraplantar NSAIDs pretreatments result in increase mechanical paw withdrawal threshold (A). However, subse-
quent application of 40% menthol does not change the process as the control group shows the same trend. (B) As for
contralateral paw. Graph plots change in mechanical pressure withdrawal threshold (% of intact animal baseline) vs.
time after NSAIDs injections and 40% topical menthol application.

recently found that the behavioral effects of differ-
ent concentrations of topical menthol are consist-
ent with effects on TRPMS8 channel [6,9]. An im-
portant role for TRPMS8 becomes apparent when
this channel is missing. TRPMS null mice exhibit a
deficit in cold avoidance and lower incidence of
cold-sensitive afferent fibers [1,11,12]. However,
the authors cannot rule out the possibility that
menthol may interact with other channels ex-
pressed in sensory neurons [26-28]. Recent obser-
vations suggest that cold sensation is likely to
involve other channels, including potassium chan-
nels [29-31], in transducing and modulating the
transmission of cold temperature information
[2,5,32].

Based on our results, we cannot confirm the
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interaction of NSAIDs and menthol on TRPMS
channel, although our preliminary data have
showed that NSAIDs attenuate thermal and me-
chanical hyperalgesia (increased pain sensitivity)
following TRPA1 activation by its agonists AITC
and CA, and TRPV1 activation by capsaicin [33].
Moreover, intraplantar AITC and capsaicin have
produced a dose dependent cold hyperalgesia at —
5°C, 0°C and +5°C temperatures [34].
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