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Brief Communication

A pivotal role for the activation of TRPV3 channel in
itch sensations induced by the natural skin sensitizer
carvacrol
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Abstract

Itching is an intricate, common symptom of dermatologic and systemic diseases, and both TRPV3 and TRPA1 channels have been
suggested to function as downstream effector targets. But the relative contributions of TRPV3 and TRPAL1 to itch sensation in vivo
remain unclear. To dissect the role of TRPAL or TRPV3 in the cutaneous sensation of itching, we took the advantage of a natural
compound carvacrol from oregano, and examined its effect on the induction of scratching behavior in mice. We showed that the
intradermal injection of carvacrol (0.01%, 0.1% and 1%, 50 uL) induced scratching in a concentration-dependent manner. But in
TRPV3-knockout mice, the scratching induced by carvacrol (1%, 50 uL) was markedly decreased by approximately 64% (from 275
scratching bouts down to 90) within 60 min. Further analysis revealed that TRPV3-knockout caused a reduction of scratching bouts for
approximately 40% in the first 20 min (the initial phase), whereas the scratching bouts were reduced by approximately 90% in the last
40 min (the sustained phase). These results were in consistence with those in our whole-cell recordings in HEK-293T cells expressing

either TRPA1 or TRPV3: carvacrol exhibited similar potencies in activating either TRPAL or TRPV3, but carvacrol-activated TRPAL
current showed a rapid desensitization, which was reduced by approximately 90% within 5 min before a complete washout, whereas
carvacrol-induced TRPV3 current showed a slow desensitization that caused less than 30% of current reduction in 10 min and left

a significant residual TRPV3 current after washout. Our results demonstrate that carvacrol from plant oregano is a skin sensitizer or
allergen; TRPV3 is involved in the initial phase and the sustained phase of pruritus, whereas TRPAL1 likely contributes to the initial

phase.
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Introduction

Chronic itch (chronic pruritus) is an unmet medical need
that manifests as a common symptom of dermatologic and
systemic diseases and seriously influences quality of lifel”.
Although acute itch is often caused in the local affected skin
by pruritogens such as histamines, allergens, inflammatory
mediators and drugs, chronic itch can also be an indicator of
widespread symptoms associated with inflammatory skin dis-
eases, infectious diseases, immune diseases, liver diseases and
W In general, with the exception of histamine-induced
itch, there are no accepted effective therapies for chronic itch
because of an insufficient understanding of a crucial target

cancer

that underlies the pathogenesis of itch! ‘.
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Recent findings have demonstrated that several subtypes
of transient receptor potential (TRP) channels play important
roles in different types of itch that are induced by pruritogens
in rodents (see a recent review by Zhang et al)’. TRPA1 has
been demonstrated to regulate both itch transduction and
pathophysiological changes in the skin and promote chronic
itch®?. The identification of gain-of-function mutations in
human TRPV3 from patients with Olmsted Syndrome, which
is characterized by severe itching and skin diseases, indicates
the crucial role of TRPV3 channel in itch signaling!® ..

Carvacrol (5-isopropyl-2-methylphenol) is a major compo-
nent of plant oregano and has been widely demonstrated to be
an activator of both TRPV3 and TRPA1 channels with similar
potencies'. Carvacrol (250 pmol/L) activates and rapidly
desensitizes the TRPA1 current in the continuous presence of
the agonist™”, whereas TRPV3 is strongly activated and sensi-
tized by carvacrol. Consistent with an increase in intracellular
Ca** level in response to carvacrol in skin epithelial cells, car-
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vacrol (500 pmol/L) also evokes a slowly developing TRPV3-
mediated current (TRPV3) in mTRPV3-expressing HEK293
cells™. However, how and whether carvacrol can sensitize
both TRPV3 and TRPA1 by inducing itchy behavior remains
unknown. In this study, we examined the effect of intrader-
mal injection of carvacrol on mice and found that natural
carvacrol induces scratching behavior primarily by sensitizing

TRPV3 in the skin in a concentration-dependent manner.

Results

Intradermal injection of carvacrol induces pruritus in mice

To examine whether the skin sensitizer carvacrol can induce
a pruritic effect, we administered an intradermal injection (50
pL) of carvacrol into the right nape of mouse necks. After the
injection of carvacrol, the mice were immediately put into an
observation box for continuous video recording for 60 min in a
quiet room. The number of scratching bouts was determined
in 5-min bins for 60 min. The results revealed that the differ-
ent concentrations of carvacrol (0.01%, 0.1% and 1%) caused
a concentration-dependent increase in scratching bouts (17+5;
166+23 and 399+63, n=11 for each group, respectively) com-
pared with the vehicle control (10% ethanol, 50 pL; 15+3, n=11;
Figure 1A and 1B). The results demonstrated that carvacrol as
a skin allergen induced pruritus in a concentration-dependent
manner, which suggests that the activation of either TRPV3
or TRPA1 channel was responsible for the carvacrol-mediated
scratching in mice.

Suppression of carvacrol-induced scratching in TRPV3”" mice

To further evaluate whether TRPV3 or TRPA1 plays a cru-
cial role in the carvacrol-induced itch sensation, we utilized
TRPV3-knockout mice and tested the effect of carvacrol on
scratching bouts within 60 min. As demonstrated in Figure
2A and 2B, the injection of carvacrol (0.1%) into the right nape
of TRPV3”" mouse necks resulted in a dramatic decrease in
scratching bouts of approximately 64% to 90+£7 (n=11) com-
pared with 248+10 (n=8) in TRPV3"/* mice. The analysis of
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carvacrol-induced scratching revealed two phases, the first 20
min and the last 40 min (Figure 2C and 2D). Silencing TRPV3
only caused a reduction of scratching bouts for approximately
40% in the first phase (Figure 2C). By contrast, the scratch-
ing bouts were reduced by approximately 90% in the second
phase (Figure 2D). These results suggested a major role of
TRPV3 in pruritus.

To further confirm the effect of carvacrol on scratching, we
performed whole-cell patch clamp recordings of TRPV3 or
TRPA1 expressing HEK-293T cells. Bath application of car-
vacrol (250 pmol/L) elicited a robust activation and a quick
desensitization of the TRPA1 current, which resulted in cur-
rent reduction of approximately 90% within 5 min before a
complete washout after the application of carvacrol (Figure
3A). By contrast, the addition of carvacrol (250 pmol/L)
evoked a slow activation of TRPV3 before a slow desensitiza-
tion and caused only less than 30% of a current reduction in 10
min with a significant residual TRPV3 current after washout
(Figure 3B). This result is consistent with the observation that
the first phase of pruritus within the 20 min was mediated by
activation of both TRPV3 and TRPA1, whereas during the sec-
ond phase of carvacrol-induced scratching, TRPV3-mediated
pruritus significantly accounted for more than 90% of the
effect (Figure 4). This pattern of scratching induced by carva-
crol suggests a major and pivotal role for TRPV3 in itch sensa-
tion that is consistent with the observations of the sustained
activation of TRPV3 and rapid desensitization of TRPA1 cur-
rent activated by carvacrol.

Discussion
To date, both TRPV3 and TRPA1 have been indicated as

BBl As such, there is

downstream targets for itch sensations
much interest in understanding which channel plays a crucial
role in the itch sensation and how pharmacological inter-
vention or inhibition of both targets can achieve better itch
therapy. In this study, our findings demonstrate that natural

carvacrol, the agonist of TRPA1 and TRPV3, can cause dras-
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Figure 1. Carvacrol induces pruritus in mice in a concentration-dependent manner. (A) The time course of scratching after the intradermal injection
(time=0). The number of scratching bouts per 5 min after 50 L injections of vehicle (n=11) or carvacrol (0.01%, 0.1%, 1%, n=11) was counted. (B)
Summary of panel A for a comparison of scratching bouts over 60 min between the four groups. Each value represents the meantSEM. NS, not
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significant, "P<0.05, ""P<0.001, """P<0.0001.
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Figure 2. Knocking out TRPV3 suppresses scratching behaviors induced by carvacrol. (A) The time course of scratching after the intradermal injection
(time=0) in C57BL/6J with TRPV3"* and TRPV3” mice. The number of scratching bouts per 5 min after 50 uL injection of carvacrol group (1%,
n=8) was counted. (B) Summary from panel A, a comparison of the scratching bouts within 60 min between the groups of WT mice (24810, n=8)
and TRPV3” mice (90+7). Each value represents the mean+SEM, n=8 mice. ~~P<0.0001, Student’s t-test, compared with TRPV3*/* mice. (C) A
comparison of scratching bouts during the first 20 min between the groups of WT mice (137+10, n=8) and TRPV3” mice (82+7, n=8). (D) A comparison
ofscratching bouts within the last 40 min between the groups of WT mice (110+16, n=8) and TRPV3” mice (9+2, n=8). Each value represents the
mean+SEM, n=8 mice. ~P<0.001, ”""P<0.0001, Student’s t-test, compared with TRPV3** mice.
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tic itch sensations and that knocking out TRPV3 suppresses
approximately 64% of itch behavior in mice. The total pruritus
effect contains both TRPV3-mediated and TRPA1-mediated
elements of itch sensation.

The pattern of scratching induced by carvacrol suggests a
major and pivotal role for TRPV3 in itch sensation, which is
also consistent with the observations of rapid desensitization
of TRPA1 current induced by carvacrol (see data from Figure
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3). According to our results, TRPV3 is involved in the initial
phase and the sustained phase of pruritus, whereas TRPA1
likely contributes the initial phase. This notion is consistent
with the previous observations that carvacrol activates TRPA1
before rapidly desensitizing the current!”, and contrasts the
notion that carvacrol-induced desensitization of TRPV3 is
significantly delayed and reduced, and thus the inhibition of
TRPV3 may achieve more effective itch therapy.
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Figure 3. Activation and desensitization of TRPAL1 or TRPV3 currents by whole-cell patch clamp recordings in response to carvacrol. (A) The
representative TRPAL current was activated and desensitized rapidly by carvacrol (250 umol/L) (n=3). (B) The representative TRPV3 current was
activated and slightly desensitized by carvacrol (250 umol/L) compared with TRPA1 from panel A (n=3).
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Figure 4. A proposed model for the contributions of TRPV3- and TRPA1-
mediated pruritus induced by agonist carvacrol. The total pruritus effect
mediated by carvacrol is composed of TRPV3-mediated (Prgpys) and
TRPA1-mediated (Prrpar) cOMponents. The calculation was based on the
equation that defines the Py, =PrreartPrrevs. The total pruritus effect was
divided into two phases within the 60 min: Phase 1 for first 20 min and
Phase 2 for the last 40 min. The first phase of pruritus was mediated by
activation of both TRPV3 and TRPA1 channels with TRPV3 accounting
for 40% of area of under curve (AUC) of the total effect. In phase 2, the
TRPV3-mediated pruritus accounted for approximately 90.2% of the total
pruritus effect.

Skin allergies frequently occur in daily life when people
come in contact with natural components from plants, such
as carvacrol, eugenol and thymol. In this study, our findings
also demonstrate that carvacrol induces pruritus and functions
as a skin sensitizer and allergen. Therefore, caution should
be taken when carvacrol or monoterpene chemicals acting on
either TRPV3 or TRPA1 channel are used as cosmetic prod-
ucts.

Materials and methods

Cell Culture and Transfection

HEK-293T cells were maintained at 37 °C in media contain-
ing 90% Dulbecco’s modified Eagle’s medium and 10% fetal
bovine serum in 5% CO,. HEK-293T cells were plated onto
glass coverslips for subsequent patch clamp recordings. Tran-
sient transfections of 2 pg human TRPV3 ¢cDNA in pIRES2-
EGFP or human TRPA1 cDNA in pcDNA4-TO were made
using Lipofectamine 2000 (Invitrogen). Whole-cell patch
clamp recordings were performed between 24 and 48 h after
transfection.

Animals

Male C57BL/6 mice (6-8 weeks, 18-22 g, Beijing Vital River
Laboratory Animal Technology Company) and TRPV3”" mice
(provided by Dr Yang Y) were used for the behavioral evalua-
tions. TRPV3”" mice were generated by deleting the essential
exons that encoded the putative pore region and adjacent
transmembrane segments (S5 and S6) of TRPV3. All mice
were kept in a temperature-controlled environment (23-25
°C) with daylight between 8:00-22:00 with free access to food
and water. For the establishment of the carvacrol prurito-
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genic model in the right nape of the mouse neck, each mouse
neck was clipped and depilated with electric hair clippers 24
h before beginning the experiments. All experiments were
performed under the guidelines and regulations of Qingdao
University on the management of laboratory animals.

Drugs

Carvacrol was purchased from Sigma-Aldrich Corp and was
stored at 4 °C daily. Due to carvacrol being almost insoluble
in normal saline, all the different concentrations of carvacrol
were dissolved in 10% ethanol before further dilutions and
combined with ultrasound to promote its emulsion. Ethanol
was purchased from Sinopharm Chemical Reagent Co, Ltd,
and stored in a cool and airy place.

Whole-cell patch clamp recordings

Currents expressed in HEK-293T cells were recorded using a
HEKA EPC10 amplifier with PatchMaster software (HEKA,
HEKA Instrument Inc, Lambrecht/Pfalz, Germany). Patch
pipettes were pulled with borosilicate glass using a puller
(DMZ-Universal) and fire-polished to a resistance of 3-5
megohms. The bath solution contained 140 mmol/L NaCl, 2
mmol/L MgCl,, 2 mmol/L CaCl,, 5 mmol/L KCI, 10 mmol/L
glucose, and 10 mmol/L HEPES, pH 7.3. The pipette solution
contained 140 mmol/L KCI, 5 mmol/L EGTA and 10 mmol/L
HEPES, pH 7.3. The membrane potential was held at 0 mV,
and the current in response to a 400-ms step to 80 mV, fol-
lowed by a 400-ms step to 80 mV at 1-s intervals. All recorded
data were analyzed with Igor Pro (Wave-metrics) and Origin
8.6 (OriginLab).

Behavioral tests

Before each experiment, the mice were placed in an observa-
tion box (9 cmx9 cmx13 cm) for approximately 30 min for
adaptation. After intradermal injection of the drug, the mice
were immediately put into the observation box under continu-
ous video recording for a period of 60 min in a quiet room.
The number of scratching bouts was recorded at 5-min inter-
vals as a time unit. One bout of scratching was defined as the
mouse lifting its paw towards the injection site to scratch until
the paw was returned to the floor.

Data analysis

All data are expressed as the mean+SEM. Statistical differ-
ences between the vehicle and the different concentrations of
carvacrol groups were assessed by a one-way ANOVA. The
statistical significance of two different genotypes of mice was
evaluated using unpaired Student’s t-test for the data.
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