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ABSTRACT. A number of temperature-sensitive transient receptor potential (TRP) ion channels are
studied as nociceptors that respond to extreme temperatures and harmful chemicals. Among them there
is a family of six thermo-TRP channels (TRPA1, TRPM8, TRPV1, TRPV2, TRPV3, and TRPV4) that
exhibit sensitivity to increases or decreases in temperature, as well as to chemical substances eliciting
the respective hot or cold sensations. In this study, we used behavioral method of cold plate test to
investigate whether allyl isothiocyanate (AITC), a natural compound of mustard oil, and capsaicin affect
the sensitivity to innocuous and noxious cold stimuli in male rats. Obtained results indicate that TRPA1
and TRPV1 channels are clearly involved in pain reactions, and the TRPA1 and TRPV1 agonists AITC
and capsaicin enhance the cold pain sensitivity modulating TRPA1 channels co-expressed in nociceptors
with TRPV1. Our data support the role of thermosensitive TRPA1 and TRPV1 channels in pain modulation
and show that these two thermo receptor channels are in synergistic and/or conditional relationship to
innocuous and noxious cold cutaneous stimulation. © 2014 Bull. Georg. Natl. Acad. Sci.
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Sensitive response of the nervous system to
changes in temperature is of predominant importance
for homeotherms to maintain a stable body tempera-
ture. A number of temperature-sensitive transient
receptor potential (TRP) ion channels are studied as
nociceptors that respond to extreme temperatures and
harmful chemicals. Strong activation of these chan-
nels in the nervous system elicits pain [1].

Recent findings have established a family of six
thermo TRP channels (TRPA1, TRPM8, TRPV1,

TRPV2, TRPV3, and TRPV4) that exhibits sensitivity
to increases or decreases in temperature, as well as
to chemical substances eliciting the respective hot
or cold sensations. Such irritants include capsaicin
(from chili pepper), menthol, cinnamaldehyde,
gingerol, mustard oil, camphor, eugenol, and others
[2-10].

The role of TRP ion channel subtype ankyrin 1
(TRPA1) in thermal and mechanical transduction is
controversial. TRPA1 was previously found to be
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cold sensitive, being activated at temperatures be-
low 17°C [11-13]. As most of the expression of
TRPA1 overlaps with that of TRPV1, it seemed rea-
sonable to link TRPA1 to cold nociception and re-
sponsible for chemical hypersensitivity, chronic
cough, and airway inflammation in asthma [14].
However, rising data connect TRPA1 with heat sen-
sitivity. Particularly, TRPA1 agonists induced heat
and mechanical hyperalgesia and a burning pain
sensation, but no cold hyperalgesia [4,8-10,15-21].

Exposure to capsaicin evokes a painful burn-
ing sensation through the vanilloid TRPV1 receptor,
that is also activated by noxious thermal stimuli above
43°C or by an acidic environment of pH 5.4 [13,22].
In addition to its sensitivity to various pain-in-
ducing stimuli such as capsaicin, heat, and pro-
tons, the TRPV1 ion channel has many features
that a receptor related to nociception is supposed
to have, such as its preferential distribution in
the central nervous system within small to me-
dium-sized spinal dorsal root and trigeminal gan-
glia neurons, which are believed to serve as noci-
ceptive nerve cells [4,9]. Although TRPV1 was
shown to be activated by noxious heat, studies
in TRPV1 knockout mice reveal intact or partly
reduced heat sensitivity [23-25]. This suggests
that TRPV1 cannot alone be responsible for heat
nociception in the 42–52 °C temperature range,
and this also applies to all other heat-activated
ion channels as far as knockout mice phenotypes
are concerned [16].

In this study, using behavioral cold plate test
we examined whether allyl isothiocyanate (AITC),
a natural compound of mustard oil and capsaicin
affect sensitivity to innocuous and noxious cold
stimuli in male rats. We hypothesized here that
vanilloid TRPV1 and ankyrin TRPA1 channels
could be involved in these processes and that
intraplantar injection of high doses of AITC and
capsaicin would induce hyper- or hyposensitiv-
ity at +5°, and -5°C temperatures.

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 Experimental
BMC Animal Care and Use Committee approved the
study protocol. Every effort was made to minimize
both the number of animals used and their suffering.
Guidelines of the International Association for the
Study of Pain regarding animal experimentation were
followed throughout [26].
Drugs
AITC at doses of 5, 10, and 15%, and capsaicin at
concentrations 0.1, 0.2, 0.3 and 0.4% (Sigma-Aldrich,
USA) or vehicle control (mineral oil, or Tween 80,
Fisher Scientific, USA) were injected intraplantar us-
ing 30 - gauge needles.
Behavioral testing by the Cold plate test
To test sensitivity to cold temperatures, rats received
bilateral intraplantar injections of capsaicin, AITC and
vehicle and 5 min later was placed onto the thermo-
electric surface that was set at +5°C, 0°C or –5°C. The
latency for nocifensive behavior (lifting and licking
one hind paw, or jumping) was measured, at which
point the rat was immediately removed. All animals
were retested at 5, 30, 60, 90 and 120 min post-injec-
tions.
Data analysis
The time spent on the plate in the cold plate test was
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
Bilateral intraplantar injection of AITC induced a sig-
nificant, concentration-dependent reduction in cold
plate latency compare to vehicle control which we
interpret as a cold hyperalgesia. However, there were
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no antinociceptive effects in latency at the +5°C, 0°C
and –5°C temperatures. In the –5°C cold plate test,
AITC treatment resulted in the high significant dif-
ference between vehicle (mineral oil) and AITC treated
groups (P<0.001) (Fig. 1). Note a vehicle solution
shows some protective effects to cold temperatures,
especially to –5°C temperature for a mineral oil con-
trol group compare to AITC injections (Fig. 1C).

We received almost similar results with capsaicin
injections as with AITC injections except –5°C tem-

perature where the difference between vehicle
(tween+saline) treated group and capsaicin treated
group is not so significant (Fig. 1F) as with AITC
injections (Fig. 1C).

Discussion

The presented data provide a comprehensive view
of the effects of intraplantar injections of AITC and
capsaicin on the thermal sensitivity. Particularly, cap-
saicin, AITC and cinnamaldehyde (CA) enhanced lin-

Fig. 1. Intraplantar AITC injections produce a dose-dependent cold hyperalgesia at +5°C (A), 0°C (B) and –5°C (C)
temperatures, respectively. Graph plots change in cold plate latency (% of pre-AITC baseline) vs. time after topical
AITC application at indicated concentrations. Note, the AITC effect is maximal at the first time point (5 min) since
AITC diffuses readily through the skin. Intraplantar capsaicin injections also produce a dose dependent cold hyperal-
gesia at +5°C (D), 0°C (E) and –5°C (F) temperatures, respectively. Graph plots change in cold plate latency (% of
pre-capsaicin baseline) vs. time after topical capsaicin application at indicated concentrations. Note, the capsaicin
effect appears to grow over time, consistent with it diffusing more slowly through the skin, n = 12/group
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gual heat pain elicited by a 49 °C stimulus. At the
same time AITC and CA weakly enhanced lingual
cold pain (9.5 °C), whereas capsaicin had no effect
[15]. Other investigators found that topical applica-
tion of AITC produces neurogenic inflammation and,
concurrently, heat and mechanical hyperalgesia, pre-
sumably via a centrally mediated sensitization proc-
ess, and that these effects are TRPA1-mediated
[3,11,27-30]. Dose-dependent increases in the mag-
nitude and duration of heat hyperalgesia induced by
AITC and CA were similar to that induced by
intraplantar capsaicin herein. Since TRPA1 is co-ex-
pressed in sensory neurons expressing TRPV1 [31],
heat hyperalgesia induced by AITC and CA might
involve activation of these receptors (sensory intra-
dermal terminals of nociceptor nerve endings) in an
intracellular mechanism leading to enhanced heat
sensitivity of TRPV1.

Alternatively, AITC and CA may cause intrader-
mal release of inflammatory mediators, which lowers
the heat threshold of TRPV1 [23,32]. Capsaicin in
higher concentrations may also trigger central
sensitization, leading to the observed reduction in
the withdrawal latency for the contralateral paw
[9,10,33]. Long-lasting enhancement of mechano-sen-
sitivity (i.e., allodynia) following AITC and capsaicin
applications is consistent with previous studies that
showed a prolonged decrease in the mechanical with-
drawal threshold in mice following intraplantar injec-
tion of a TRPA1 agonist, bradykinin [34,35], and with
allodynia induced in the human skin by topical appli-
cation of AITC [15]. However, TRPA1 as a ligand-
gated ion channel in sensory neurons was initially
reported to be activated by cold temperatures (below
18ºC) [15,18,22], although this opinion has been dis-
puted [3,36]. TRPA1 knockout mice exhibited either
normal cold sensitivity [3], or mild [15] or severe defi-
cits [18] in human subjects.

Our previous behavioral data support the role of
TRPA1s in cold detection, since intraplantar injec-
tion of CA in rats resulted in enhanced avoidance
from a cold surface (temperature place preference test)

and significantly lowered the withdrawal threshold
in 0ºC and +5ºC (cold plate test), phenomena indica-
tive of cold hyperalgesia [4,8-10,20,37]. Here in cold
plate test we revealed a cold hyperalgesia in ATIC
and capsaicin treated groups and did not observe
any antinociceptive effects. These results are con-
sistent with the possibility that TRPA1 agonists can
enhance cold-evoked gating of TRPA1 channels to
increase their cold sensitivity [12,32,38]. Concerning
capsaicin-induced effects in previous human experi-
ments, applications of capsaicin on the tongue sig-
nificantly enhanced heat pain but not cold pain [15].
This finding is consistent with prior psychophysical
studies showing that intradermal capsaicin enhanced
the heat pain intensity within a small region around
the injection site for up to 2 h [39-41]. The TRPV1
channels sensitive to capsaicin respond to tempera-
tures above the pain threshold [22]. The presented
results might thus be explained by a capsaicin-in-
duced enhancement of thermal gating of TRPV1 ex-
pressed in polymodal nociceptors mediating thermal
pain sensation [15,42].

Just recently, it has been shown that TRPA1 and
TRPV1 channels contribute to thermal nociception and
both TRPA1 and TRPV1 null mice presented behavioral
deficits in heat sensitivity [16]. Furthermore, TRPV1
knockout mice showed both reduced behavioral heat
sensitivity and heat-induced calcitonin gen related
peptide (CGRP) release. They confirmed that TRPV1 is
not the sole noxious heat sensor and other contribu-
tors must be expressed in the TRPV1 lineage [16, 43].
These authors hypothesized a possible synergistic or
conditional relationship between TRPA1 and TRPV1
receptors involved in the response of cutaneous
nociceptors to noxious heat and direct as well as indi-
rect interactions between the two receptor channels
can be considered [16].

Conclusions

In conclusion, our findings indicate that
thermosensitive ion channels are capable of signaling
temperature changes across the range normally en-
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countered in the environment. We have a particular
interest in the ability of TRP channel agonists to modu-
late the temperature sensitivity with important ramifi-
cations for pain sensation. The TRPV1, being a heat
sensor, responds to their agonist capsaicin, which
elicits corresponding heating sensations. Capsaicin
is known to lower the threshold and enhance heat
evoked gating of TRPV1. The TRPA1 is an excep-
tion, since when it is stimulated by various agonists
(e.g., AITC, CA, etc.), the resultant sensation is one
of burning pain rather than of cold. However, the role
of TRPA1 in cold reception and cold pain sensitivity

remains controversial. Our recent data support the
role of TRPA1 in cold detection, as the TRPA1 ago-
nist CA enhanced cold sensitivity in two behavioral
assays. The TRPA1 is, no doubt, involved in pain,
and TRPA1 agonists enhance the heat pain sensitiv-
ity, possibly by indirectly modulating the TRPV1 co-
expressed with the TRPA1 in nociceptors.

Acknowledgement

The work was supported by the grants from Shota
Rustaveli National Science Foundation of Georgia
(#6/27; #31/40).

adamianisa da cxovelTa fiziologia

TRPA1 da TRPV1 arxebis urTierTqmedebaTa
qceviTi Seswavla virTagvebSi

i. nozaZe*, n. wiklauri*, g. Rurwkaia*, m. cagareli*

* ivane beritaSvilis eqsperimentuli biomedicinis centri, neirofiziologiis ganyofileba, Tbilisi

(warmodgenilia akademiis wevris n. miTagvarias mier)

ukanaskneli wlebis gamokvlevaTa Tanaxmad gardamaval receptorul potencialTa
(grp- transient receptor potential-TRP) arxebi miiCnevian tkivilis samkurnalo samizneebad.
es arxebi mniSvnelovan rols asruleben Termuli, meqanikuri da tkivilis SegrZnebaTa
aRmocenebaSi. zogierTi TRP arxi mgrZnobelobas avlens maRali an dabali temperaturis,
iseve rogorc rigi qimiuri nivTierebebis mimarT, romlebic aRZraven Termul da/an tkivilis
SegrZnebas. maT mikeuTvneba mdogvis zeTi, dariCinis aldehidi, pitnis Semcveli menToli,
kapsaicini (Seicavs cxare wiwaka), mixakis zeTi da sxva. mdogvis zeTis Semcveli aqtiuri
nivTiereba alil-izoTiocianati (aiTc) da kapsaicini warmoadgenen TRPA1 da TRPV1
ionuri arxebis agonistebs. eqspresirdebian ra sensorul neironebSi, isini iwveven mwvel
SegrZnebasa da siTbur hiperalgezias. warmodgenil SromaSi Cven SeviswavleT am
nivTierebebis bilateraluri terfqveSa ineqciebis pirobebSi dabali temperaturis
(+5°C, 0°C, -5°C) zegavlena, e.w. civi firfitis testis gamoyenebiT. miRebulma Sede-
gebma gviCvena, rom orive ligandis SemTxvevaSi adgili aqvs siciveze mgrZnobelobis
momatebas, hiperalgezias, gansakuTrebiT -5°C-ze. Cveni da sxva avtorTa monacemebi
adasturebs mosazrebas, rom TRPA1 da TRPV1 ionuri arxebi CarTulia tkivilisa da
temperaturis SegrZnebaSi da rom es Termo ionuri arxebi warmoadgens imedis momcem
periferiul samizneebs axali tipis analgeziuri preparatebis sinTezisTvis.
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