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Abstract: Background: Abnormality in skin sensitivity may be responsible for unbearable itch in patients with atopic
dermatitis (AD).

Objectives: We evaluated reactivity of NC/Tnd mice, a model for human AD, against various experimental stimulations.

Methods: Several behavioral tests were performed after external stimuli were applied to NC/Tnd mice. Transient receptor
potential vanilloid subtype 1 (TRPV1) reactivity of neuronal cells collected from the dorsal root ganglions (DRG) was
analyzed with a Ca"™ influx test. Finally, we evaluated suppressive effect of capsaicin on atopic itch of NC/Tnd mice.

Results: Pain responses to heat, acidic stimulation, and capsaicin injection, which are transduced through TRPV1, were
decreased in NC/Tnd mice, when compared to two standard strains BALB/c and C57BL/6 mice. The reactivity of the
primary neurons isolated from DRG to capsaicin was markedly reduced in NC/Tnd mice. Topical application of histamine
evoked scratching in NC/Tnd mice as well as other two strains; however, the scratching intensities induced by non-
histamine pruritogens were significantly lower in NC/Tnd mice comparing to the two strains. In conventional NC/Tnd
mice with AD, topical application of capsaicin reduced the scratching behavior.

Conclusion: TRPV1 is associated with both pain and itch sensation; however, abnormalities in TRPV1 reactivity may in-

volve in severe itch in NC/Tnd mice.
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INTRODUCTION

Atopic dermatitis (AD) is a chronic and relapsing in-
flammatory skin disorder [1]. One of the serious clinical
symptoms is itch, which is difficult to control. The investiga-
tion of itch mechanisms has emerged as an important topic
of current research. Despite its great clinical significance,
little is known about itch, especially in AD. Itch can be in-
duced by a variety of chemical stimuli generated within or
applied to the skin, which produce an itch-scratch reflex [2].
Itch, which is readily evoked in the skin, is innervated by
primary afferent neurons. Primary afferents respond directly
to itch-producing stimuli or they are activated indirectly by
itch-producing compounds released from keratinocytes, mast
cells, and Langerhans cells [3]. Recurrent itch is the main
symptom of AD accompanying eczematous skin lesions. The
itch-scratch cycle is one of the characteristics of AD, and it
contributes to the development and exacerbation of skin
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lesions [4]. Thus, it is essential to control unbearable itch for
improvement of AD patients’ quality of life.

NC/Tnd mice develop spontaneous itchy dermatitis in the
air-unfiltered (conventional) condition, and this spontaneous
itchy dermatitis is similar to human AD [5]. Therefore,
NC/Tnd mice are widely used for the study of itch to evalu-
ate the effectiveness of new anti-pruritic drug candidates. In
the affected skin of NC/Tnd mice as well as human subjects
[6], hyperproduction of nerve growth factor (NGF) in prolif-
erating keratinocytes has been demonstrated [7]. On the
other hand, decreased production of semaphorin 3A, which
inhibits NGF-induced sprouting of sensory neurons, was
recently reported in the skin lesions of patients with AD and
conventional NC/Nga mice [8, 9]. More recently, we have
demonstrated that thymic stromal lymphopoietin (TSLP)
released from keratinocytes of the skin lesions contributes to
the early stage of AD in NC/Tnd mice, and peroxisome pro-
liferator activated receptor gamma activation downregulates
the onset of AD via inhibition of dendritic cell functions ac-
tivated by TSLP [10]. However, skin sensitivity in NC/Tnd
mice has been unclear.

Transient receptor potential vanilloid subtype 1
(TRPV1) is a member of the transient receptor potential
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family of cation channels that are highly expressed in pri-
mary afferent sensory neurons and dorsal root ganglion
(DRG) neurons [11]. TRPV1 is a voltage-dependent cation
channel, which can be activated at physiological membrane
potentials by stimuli, including noxious heat (> 42°C), cap-
saicin, hydrogen ions, and endogenous vanilloids [12].
TRPV1 has been widely studied in inflammatory pain, and
has been implicated the role in itch induction by histamine,
cytokines, and other pruritogens [13-15]. Particularly,
TRPV1 has been identified as one of co-activators that are
responsible for itch sensation in IL-31-mediated itch [15].

Mechanisms of itch sensation are still complicated;
however, recent findings indicate that some neuronal signals
may exert an influence on both itch and pain sensation. A
TRPV1 antagonist has been reported to display potential as a
therapeutic agent for itch in both pruritogen-induced allergic
dermatitis models and spontanecous NC/Nga mice [16, 17].
On the other hand, a TRPV1 agonist, capsaicin, has been re-
ported to exert a suppressive effect on histamine-, substance P-
, and Protease activated receptor (PAR-2) agonist-induced itch
responses [18]. Currently, Roberson, DP., et al. [8] found that
the fibers that mediate histamine and non-histamine itch are
functionally separated, and activation of these itch-generating
fibers was not required for eliciting responses to acute me-
chanical and thermal pain. Furthermore, they revealed that
silencing of TRPV1 with transient receptor potential channel
Al (TRPALI) showed different effects on histamine and non-
histamine evoking itch depending on their activity, suggesting
that certain peripheral afferent neurons might normally indi-
rectly inhibit algogens from eliciting itch [19]. TRP channels
normally act as nociceptors in physiological condition; how-
ever, co-activation of TRPV1 and histamine receptor 1 pro-
duce histamine evoking itch, whereas non-histamine itch is
induced by co-activation of TRPA1 with Mas-related G pro-
tein—coupled receptors (Mrgpr) possibly in the diseased skin
[20, 21]. In the present study, we attempted to clarify sensitiv-
ity to various experimental stimuli and found the abnormality
in TRPV1 reactivity in NC/Tnd mice.

MATERIALS AND METHODOLOGY

Mice

Six to eight-week-old specific pathogen-free (SPF)
NC/Tnd mice without AD, and 8 to 10-week-old conven-
tional NC/Tnd mice with AD were maintained as previously
described and used for the study [22]. BALB/c mice and
C57BL/6 mice were used as controls. In all animal experi-
ments, the same numbers of male and female mice were
used. All experiments with animals complied with the stan-
dards specified in the guidelines of the University Animal
Care and Use Committee of the Tokyo University of Agri-
culture and Technology.

Behavioral Tests

A Hot/Cold plate (Ugo Basile, Varese, Italy) was used to
evaluate the reactivity to thermal pain [23]. Mice were ha-
bituated to the experimental cage for 30 min. Mice were
placed on a hot plate (52 + 0.5°C), and the time until the
mouse jumped or licked either of its hind paws was recorded
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as hot plate latency. Following a response, the mouse was
immediately removed from the plate. Each test was repeated
three times with a 15-min interval between tests. Latencies
from the three tests were averaged.

The Von Frey test was used to measure reactivity to me-
chanical pain. Mice were placed in a clear plexiglass com-
partment with a mesh floor and were allowed to habituate for
30 min. Mechanical pain was evaluated with a Dynamic
Planter Aesthesiometer (Ugo Basile) in the ascending order
of force (0-10 g) to the plantar surface of the hind paw [23,
24].

To evaluate acute and chronic inflammatory pain, forma-
lin or capsaicin (Sigma-Aldrich) was injected as described
[25-27]. Briefly, mice were acclimated for 30 min in a trans-
parent plexiglass box. A diluted solution of formalin (2.5%
formalin in saline) or capsaicin (dissolved in 100% DMSO
followed by dilution with 0.9% saline to a concentration of
0.08 pg/ul) was injected into the plantar surface of the hind
paw. The frequency of licking the hind paw was automati-
cally counted using a SCLABA" system (Noveltec, Inc,
Kobe, Japan). The frequency of licking behavior in 0-5 min
after injection was calculated as the acute phase response,
and those in 6-60 min after the injection were estimated as
the inflammatory phase response [28-30].

The itch behavior assay was performed using prurito-
gens. Pruritogens (histamine, serotonin, chloroquine (CQ),
and SLIGRL-NH2; purchased from Sigma-Aldrich, Tokyo,
Japan) were dissolved in 30 pL of saline and applied to the
surface of the nape of the neck. The scratching frequency
and duration were counted automatically for 1 h using a
SCLABA®-Real system (Noveltec, Inc) [31]. Before applica-
tion of pruritogens, the skin barrier of each mouse was bro-
ken by acetone/ether (A/E) water treatment [32]. All mice
used in the behavioral experiments were maintained in a SPF
room until use.

DRG Neuron Cell Culture

DRGs were dissected from all spinal levels of mice as
described [33]. These were collected in cold DH10 medium,
minced, and digested in enzyme solution containing 0.2%
type III collagenase (Worthington Biochemical Corp.,
Lakewood, NJ) and 0.25% trypsin (Sigma-Aldrich) at 37°C.
The suspensions were homogenized repeatedly with a Pas-
teur pipette (Fisher Scientific, Pittsburgh, Pa). Neuronal cells
were isolated by using 30% Percoll density gradient cen-
trifugation. The cell suspensions were filtered through a cell-
strainer (40 uM, BD Biosciences, Bedford, MA) and centri-
fuged at 250 g for 10 min. After washed twice, cells were
resuspended in DH10, plated on glass coverslips coated with
poly-D-lysine, cultured in an incubator at 37°C, and used
within 24 h. All mice used in DRG isolation were main-
tained in a SPF room until use.

Ca’* Imaging

Cells were loaded with fura-2-acetoxymethylester for 45
min at 37°C. Cells were washed and imaged at excitation
levels of 340 and 380 nm to detect intracellular free Ca®"
levels in a fluorescence spectrophotometer F2500 (Hitachi,
Ltd., Tokyo, Japan) [34]. Neurons were tested for responses
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Fig. (1). Reactivity to 4 individual pain stimuli. A hot plate test (A)
indicated dull response to thermal pain of SPF NC/Tnd mice with-
out AD. On the other hand, no significant difference was identified
in each strain in a von Frey test (B). A formalin test (C), and a cap-
saicin test (D) showed low sensitivity to inflammatory pain of SPF
NC/Tnd mice without AD compared with BALB/c mice and
C57BL/6 mice. Each column represents mean + SE of 6 mice in
each group. All mice used in the experiment were kept in a SPF
room until use. *P < 0.05, when compared to BALB/c mice and
C57BL/6 mice.

to capsaicin in at least four independent experiments, with a
minimum of 100 cells analyzed each time.

Capsaicin Treatment

For topical application, hydrophilic ointment with
0.025% capsaicin (100 mg/site) was applied onto the hair-
clipped dorsal skin once a day for 7 consecutive days [35]. A
day before the start of application, and on day 3 and day 7,
the scratching behavior of conventional NC/Tnd mice was
analyzed using a SCLABA®-Real (Noveltec, Inc.) according
to the manufacturer’s instructions [10]. For subcutaneous
injection, mice were anesthetized with isoflurane and cap-
saicin (15 mg/kg), which was subcutaneously injected into
the nape of the neck in a volume of 20 pL using a 100 pL
Hamilton syringe (Reno, Nev, USA) with a 30-gauge needle
[36]. After 24 h, the scratchina% behavior of the treated mice
was analyzed with a SCLABA™-Real, as described.

Trans Epidermal Water Loss (TEWL) Measurement

Stratum corneum (SC) hydration is important for its
cosmetic properties and barrier function. TEWL is one of
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key indexes used for SC characterization, which reflects bar-
rier function of the skin. In patients with AD, TEWL is in-
creased as the disease advances [37, 38]. TEWL of each
mouse was measured before and after A/E water treatment
by using Multi probe adopter (CK electronic GmbH, Ger-
many). At the time of measurement, mice were adopted to
the laboratory where temperature and humidity were set at
23°C and 40%, respectively, for 30 minutes prior to the
measurement. Measurement for each mouse was performed
3 times and the average of 3 values was estimated as the
data.

Data Analysis

Data are expressed as mean + SE. Statistical comparisons
were made using a Student’s t test or a Fisher’s multiple
comparison. A statistically significant difference was defined
as P <0.05.

RESULTS

NC/Tnd Mice have Low Sensitivity to Thermal and
Inflammatory Pain

The altered reactivity of sensory neurons to external and
internal stimuli in the skin of AD patients has been reported
previously [39]. To investigate the reactivity to experimental
stimulations in SPF NC/Tnd mice, we performed a hot plate
test (thermal pain), a Von Frey’s test (mechanical pain), and
a formalin and capsaicin test (chemical pain). Reaction time
of SPF NC/Tnd mice to thermal stimulation was signifi-
cantly delayed when compared to control mice (Fig. 1A),
though there was no statistical difference in the reactivity to
mechanical stimulation among the 3 groups (Fig. 1B). After
injection of formalin, the licking behavior of SPF NC/Tnd
mice in the inflammatory phase was less than that of
BALB/c mice and B6 mice (Fig. 1C). Especially with the
capsaicin test, not only in the inflammatory phase but also in
the acute phase, the reactivity of SPF NC/Tnd mice was sig-
nificantly reduced (Fig. 1D).

Reactivity of DRG to Capsaicin Stimulation

TRPV1 is strongly involved in the development of ther-
mal pain [40, 41]. According to the behavioral results, we
speculated that the reactivity of TRPVI in NC/Tnd mice
might differ from other mice. Using Ca®" imaging, we found
that the Ca" influx of cultured DRG neurons after the addi-
tion of capsaicin, a TRPV1 stimulus [42], was significantly
lower in SPF NC/Tnd mice than in BALB/c mice and B6
mice (Fig. 2).

Effects of Topical Capsaicin on Atopic Itch

Capsaicin has been shown to exert antipruritic effects by
depleting and preventing reaccumulation of substance P [40,
43]. External application of capsaicin also exerted inhibitory
effects on histamine-induced scratching [34]. Therefore, to
investigate whether or not capsaicin affected atopic itch, we
used NC/Tnd mice maintained in a conventional environ-
ment, in which atopic dermatitis was developed. With topical
application of capsaicin ointment, the scratching behavior of
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Fig. (2). Ca®" influx of DRG neuronal cells after capsaicin stimula-
tion. DRG was isolated from each strain of mouse kept in SPF con-
dition. The vertical axis represents the area under curve after the
addition of capsaicin into the culture of cells isolated from DRG of
each mouse strain. Each column represents mean + SE of 4 mice in
each group. *P < 0.05, when compared to BALB/c mice and
C57BL/6 mice.

conventional NC/Tnd mice with established AD was gradu-
ally decreased during the experiment (Fig. 3A). At the end of
the experiment (day 7), the scratching of NC/Tnd mice was
significantly reduced when compared to that of control mice
(Fig. 3A). When capsaicin was subcutaneously injected into
the dorsal skin, both scratching frequency and total scratch-
ing duration were significantly decreased in NC/Tnd mice
after 24 h (Fig. 3B).

NC/Tnd Mice have Low Sensitivity to Pruritogens

To define the sensitivity of NC/Tnd mice to itch sensa-
tion, we used 4 different pruritogens, which are generally
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Fig. (3). Effect of capsaicin treatment on scratching behavior of
conventional NC/Tnd mice with AD. (A) Topical application of
0.025% capsaicin hydrophobic ointment. Each column represents
mean + SE of 6 mice in each group. *P < 0.05, when compared to
mice applied with ointment base alone (Control). (B) Subcutaneous
injection of capsaicin (15 mg/kg). Each column represents mean +
SE of 4 mice in each group. *P < 0.05, when compared to pretreat-
ment.

used for the induction of itch. Histamine is a well-known
itch inducer [44], and serotonin-induced itch is dependent on
phospholipase CB3 [13]. The antimalarial drug CQ is trans-
duced in a histamine-independent manner by the G Protein-
coupled receptor (GPCR) MrgprA3 [45], and SLIGRL-NH2
is a protease-activated receptor (PAR) 2 agonist [46]. First,
we checked barrier disruption after A/E water treatment on
SPF NC/Tnd mice without AD, BALB/c mice, and B6 mice
by measuring TEWL. As indicated in (Fig. 4A), TEWL was
markedly elevated at the affected skin site after A/E water
treatment in 3 strains of mice used in this study. After dis-
rupting the skin barrier by A/E water treatment, histamine
(10 pmol/mL), serotonin (10 nmol/pL), CQ (25 mg/mL), and
SLIGRL-NH2 (1 mg/mL) were applied to the dorsal skin.
Pruritogens significantly increased the scratching behavior in
BALB/c mice and B6 mice (Figs. 4B and 4C). However, the
scratching frequency and the total scratching duration of SPF
NC/Tnd mice after pruritogen were lower than those of
BALB/c mice and B6 mice (Figs. 4B and 4C).

DISCUSSION

It is reported that hyperesthesia or paresthesia of the skin
may be one of the causes of serious itch in patients with AD
[47, 48]. Similar to the itch sensation in human patients,
scratching behavior is dramatically increased in NC/Tnd
mice with advancement of AD [6]. According to the results
from the pain sensation tests, NC/Tnd mice showed low sen-
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Fig. (4). Pruritogen application onto the A/E water treated dorsal
skin. (A) TEWL before and after A/E water treatment. Each col-
umn represents mean + SE of 6 mice in each group. *P< 0.05, when
compared to untreated. (B) Scratching frequency and total scratch-
ing duration (sec) of SPF NC/Tnd mice without AD after topical
application of 4 different pruritogens. Each column represents mean
+ SE of 6 mice in each group. All mice used in the experiment were
kept in a SPF room until use. *P < 0.05, when compared to
BALB/c mice or C57BL/6 mice.

sitivity to thermal pain and chemical pain. These results al-
lowed us to speculate that the long-lasting scratching behav-
ior might be caused by the dull pain sensation in NC/Tnd
mice. Since thermal and chemical pain is transmitted at least
in part, through activation of TRPV1 [40, 41], we checked
the reactivity of DRG neuronal cells isolated from NC/Tnd
mice against TRPV1 stimulation. Cells obtained from DRGs
of NC/Tnd mice showed markedly low sensitivity to cap-
saicin treatment, suggesting that abnormal reactivity of
NC/Tnd mice to thermal and inflammatory pain may result
from the impaired TRPV1 response. In previous studies,
subcutaneous injection of capsaicin into newborn pups of
mice and rats inactivated TRPV1, and led to long-lasting
cutaneous lesions [49-51]. Therefore, we attempted to stimu-
late TRPV1 in NC/Tnd mice with established dermatitis by
using topical application and subcutaneous injection of cap-
saicin. Topical application of low dose capsaicin has been
implicated to reduce itch sensation induced by pruritogens
[35]. Subcutaneous injection of low dose capsaicin has been
reported to induce TRPV1 activation after 24 h [36]. In this
study, repeated topical application of capsaicin reduced itch
behavior in NC/Tnd mice with AD. Since repeated applica-
tion of capsaicin desensitizes the TRPV1 receptors, reduc-
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tion in reactivity after transient activation of TRPV1 may be
associated with the relief of scratching behavior in NC/Tnd
mice with AD. Topical capsaicin has been reported to relieve
pruritus in AD patients to whom anti-histamine was not ef-
fective [51, 52]. Moreover, since neonatal injection of cap-
saicin depletes sensory neurons resulting in widespread neu-
rodegeneration, a careful strategy must be plotted on TRPV1
targeting in AD. The scratch reactivity to various pruritogens
was much lower in NC/Tnd mice than that of BALB/c and
B6 mice, neglecting hypersensitivity to pruritogens in
NC/Tnd mice. Recent studies have revealed that TRP chan-
nels may play a critical role in itch induction [13, 15, 20].
Moreover, interaction and activity balance between TRPV1
and TRPA1 may complicatedly regulate itch and pain [19].
Since involvement of TRP channels in itch sensation and
development of skin regions in NC/Tnd mice has been still
unclear, alterations in reactivity of these channels may play a
certain role in pathogenesis of AD.

CONCLUSION

Further investigation must take place to identify each in-
volvement of TRPV1 and TRPAL in atopic itch; however,
our results indicated that TRPV1 in the skin might be one of
important sensors on itch sensation, and NC/Tnd mice would
be a precise animal model for a study of TRP channels in the
skin.

ABBREVIATIONS

AD = Atopic dermatitis

AJE water = Acetone/ether water

CQ = Chloroquine

SC = Stratum corneum

TRPAL = Transient receptor potential channel Al

Mrgpr = Mas-related G protein-couples receptor

GpcR = G protein-couples receptor

PAR = Protein activated receptor

DRG = Dorsal root ganglion

NGF = Nerve growth factor; RT, room tempera-
ture

SPF = Specific pathogen-free

TEWL = Trans-epidermal water loss

TRPV1 = Transient receptor potential vanilloid 1

TSLP = Thymic stromal lymphopoietin

CONFLICT OF INTEREST

The author confirms that this article content has no con-
flicts of interest.

ACKNOWLEDGEMENTS

This work was supported in part by a Grant-in-Aid for
Scientific Research (A) (24248055) from the Japan Society
for the Promotion of Science and a Grant-in-Aid (51311011)



TRPV1 Sensitivity in Atopic Mice

from the Foundation of Strategic Research Projects in Pri-
vate Universities from the Ministry of Education, Culture,
Sports, Science, and Technology, Japan.

We greatly appreciate Mr. Kenshiro Matsuda and Dr.
Noriko Okamoto (R & D Division of Noveltech Inc.) for
their technical supports on chemical stimulation tests and
scratching analysis. We also thank Ms. Juri Tohyama for her
excellent animal care.

REFERENCES
[1] Bieber T. Atopic dermatitis. N Engl J Med 2008; 358: 1483-94.
[2] Ikoma A, Steinhoff M, Stander S, Yosipovitch G, Schmelz M. The

neurobiogy of itch. Nat Rev Neurosci 2006; 7: 535-47.

[3] Schemlz M, Schmidt R, Bickel A, Handwerker HO, Torebjork HE.
Specific C-receptors for itch in human skin. J Neurosci 1997; 17:
8003-8.

[4] Hashimoto Y, Arai I, Nakanishi Y, Sakurai T, Nakamura A, Na-
kaike S. Scratching of their skin by NC/Nga mice leads to devel-
opment of dermatitis. Life Sci 2004; 76: 783-94.

[5] Tanaka A, Amagai Y, Oida K, Matsuda H. Recent findings in
mouse models for human atopic dermatitis. Exp Anim 2012; 62:
77-84.

[6] Aioi A, Tonogaito H, Suto H, et al. Impairment of skin barrier
function in NC/Nga Tnd mice as a possible model for atopic der-
matitis. Br J Dermatol 2001; 144: 12-8.

[7] Tanaka A, Matsuda H. Expression of nerve growth factor in itchy
skins of atopic NC/NgaTnd mice. J Vet Med Sci 2005; 67: 915-9.

[8] Ikezawa Z, Komori J, lkezawa Y, Inoue et al. A Role of Staphyo-
coccus aureus, interleukin-18, nerve growthfactor and semaphorin
3A, an axon guidance molecule, in pathogenesis and treatment of
atopic dermatitis. Allergy Asthma Immunol Res 2010; 2: 235-46.

[9] Negi O, Tominaga N, Tengara S, et al. Topically applied sema-
phorin 3A ointment inhibits scratching behavior and improves skin
inflammation in NC/Nga mice with atopic dermatitis. J Dermatol
Sci 2012; 66: 37-43.

[10] Jung K, Tanaka A, Fujita H, et al. Peroxisome proliferator-
activated receptor y-mediated suppression of dendritic cell function
prevents the onset of atopic dermatitis in NC/Tnd mice. J Allergy
Clin Immunol 2011; 127: 420-9.

[11] Yu L, Yang F, Luo H, et al. The role of TRPV1 in different sub-
types of dorsal root ganglin neurons in rat chronic inflammatory
nociception induced by complete Freund’s adjuvant. Mol Pain
2008; 4: 61.

[12] Zhang X, Du XN, Zhang GH, et al. Agonist-dependent potentiation
of vanilloid receptor transient receptor potential vanilloid type 1
function by stilbene derivatives. Mol Pharmacol 2012; 81: 689-700.

[13] Imamachi N, Park GH, Lee H, Anderson DJ, Simon MI, Basbaum
Al, Han SK. TRPV1-expressing primary afferents generate behav-
ioral responses to pruritogens via multiple mechanisms. Proc Natl
Acad Sci USA 2009; 106: 11330-5.

[14] Patel KN, Liu Q, Meeker S, Undem BJ, Dong X. Pirt, a TRPV1
modulator, is required for histamine-dependent and -independent
itch. PLoS One 2011, 6: e20559.

[15] Cevikbas F, Wang X, Akiyama T et al. A sensory neuron-
expressed 1L-31 receptor mediates T helper cell-dependent itch: In-
volvement of TRPV1 and TRPAL. J Allergy Clin Immunol. 2014;
133: 448-60.

[16] Yun JW, Seo JA, Jang WH, et al. Antipruritic effects of TRPV1
antagonist in murine atopic dermatitis and itching models. J Invest
Dermatol 2011; 131: 1576-9.

[17] Lim KM, Park YH. Development of PAC-14028, a novel transient
receptor potential vanilloid type 1 (TRPV1) channel antagonist as a
new drug for refractory skin diseases. Arch Pharm Res 2012; 35:
363-96.

[18] Sekine R, Satoh T, Takaoka A, Saeki K, Yokozeki H. Anti pruritic
effects of topical crotamiton, capsaicin, and a corticosteroid on pru-
ritogen-induced scratching behavior. Exp Dermatol 2012; 21: 201-
4.

[19] Roberson DP, Gudes S, Sprague JM, et al. Activity-dependent
silencing reveals functionally distinct itch-generating sensory neu-
rons. Nat Neurosci 2013; 16: 910-8.

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

The Open Allergy Journal, 2014, Volume 7 15

Wilson SR, Gerhold KA, Bifolck-Fisher A, et al. TRPAL is re-
quired for histamine-independent, Mas-related G protein-coupled
receptor-mediated itch. Nat Neurosci 2011; 14: 595-602.

Shim WS, Tak MH, Lee MH, Kim M, et al. TRPV1 mediates his-
tamine-induced itching via the activation of phospholipase A2 and
12-lipoxygenase. J Neurosci 2007; 27: 2331-7.

Matsuda H, Watanabe N, Geba GP, et al. Development of atopic
dermatitis-like skin lesion with IgE hyperproduction in NC/Nga
mice. Int Immunol 1997; 9: 461-6.

Clapper JR, Moreno-Sanz G, Russo R, et al. Anandamide sup-
presses pain initiation through a peripheral endocannabinoid
mechanism. Nat Neurosci 2010; 13: 1265-70.

Ramer LM, Borisoff JF, Ramer MS. Rho-kinase inhibition en-
hances axonal plasticity and attenuates cold hyperalgesia after dor-
sal rhizotomy. J Neurosci 2004; 24: 10796-805.

Rathor N, Mehta AK, Sharma AK, Mediratta PK,Sharma KK.
Acute effect of aloe vera gel extract on experimental models of
pain. Inflammation 2012; 35: 1900-3.

Montilel-Ruiz RM, Reyes-Garcia G, Flores-Murrieta F, Déciga-
Campos M. Antinociceptive interaction between benfotiamine and
resveratrol in capsaicin-induced licking. Proc West Pharmacol Soc
2009; 52: 67-71.

Katsuyama S, Mizoguchi H, Komatsu T, et al. Antinociceptive
effects of spinally administered nociceptin/orphanin FQ and its N-
terminal fragments on capsaicin-induced nociception. Peptides
2011, 32: 1530-5.

Puig S, Sorkin LS: Formalin-evoked activity in identified primary
afferent: systemic lidocaine suppresses phase-2 activity. Pain 1996;
64: 345-55.

Hunskaar S, Hole K. The formalin test in mice: dissociation be-
tween inflammatory and non-inflammatory pain. Pain 1987; 30:
103-14.

Tjolsen A, Berge OG, Hunskaar S, Rosland JH, Hole K. The for-
malin test: an evaluation of the method. Pain 1992; 51: 5-17.
Matsuda A, Tanaka A, Pan W, et al. Supplementation of the fer-
mented soy product ImmuBalance™ effectively reduces itching
behavior of atopic NC/Tnd mice. J Dermatol Sci 2012; 67: 130-9.
Endo K, Suzuki N, Yoshida O, Sato H, Fujikura Y. The barrier
component and the driving force component of transepidermal wa-
ter loss and their application to skin irritant tests. Skin Res Technol
2007; 13: 425-35.

Zheng JH, Walters ET, Song XJ. Dissociation of dorsal root gan-
glion neurons induces hyperexcitability that is maintained by in-
creased responsiveness to cCAMP and cGMP. J Neurophysiol 2007;
97: 15-25.

Junko S, Shinya S, Takuya T, et al. Stem cell factor has a suppres-
sive activity to IgE-Mediated chemotoaxis of mast cells. J Immunol
2005; 174: 3626-32.

Sekine R, Satoh T, Takaoka A, Saeki K, Yokozeki H. Anti pruritic
effects of topical crotamiton, capsaicin, and a corticosteroid on pru-
ritogen-induced scratching behavior. Exp Dermatol 2012; 21: 201-
4.

Talbot S, Dias JP, Lahjouji K, et al. Activation of TRPV1 by cap-
saicin induces functional kinin B(1) receptor in rat spinal cord mi-
croglia. J Neuroinflammation 2012; 9: 16.

Aioi A, Tonogaito H, Suto H, et al. Impairment of skin barrier
function in NC/Nga mice as a possible model for atopic dermatitis.
Br J Dermatol 2001; 144: 12-8.

Linde YW. Dry skin in atopic dermatitis. Acta Derm Venereol
Suppl (Stockh) 1992; 177: 9-13.

Yudina MM, Toropina GG, Lvov A, Gieler U. Innovative neuro-
physiological methods in itch research: long-latency evoked poten-
tials after electrical and thermal stimulation in patients with atopic
dermatitis. Acta Derm Venereol 2011; 91: 656-9.

Caterina MJ, Schumacher MA, Tominaga M, Rosen TA, Levine
JD, Julius D. The capsaicin receptor: a heat-activated ion channel
in the pain pathway. Nature 1997; 389: 816-24.

Szallasi A, Cortright DN, Blum CA, Eid SR. The vanilloid receptor
TRPV1: 10 years from channel cloning to antagonist proof-of-
concept. Nat Rev Drug Discov 2007; 6: 357-72.

Szallasi A, Blumberg PM: Vanilloid (Capsaicin) receptors and
mechanisms. Pharmacol Rev 1999; 51: 159-212.

Breneman DL, Cardone JS, Blumsack RF, Lather RM, Searle EA,
Pollack VE. Topical capsaicin for treatment of hemodialysis-
related pruritus. J Am Acad Dermatol 1992; 26: 91-4.



16 The Open Allergy Journal, 2014, Volume 7 Xia etal.

[44] Alving K, Sundstrom C, Matran R, Panula P, Hokfelt T, Lundberg [48] Heyer GR, Hornstein OP. Recent studies of cutaneous nociception
JM. Association between histamine-containing mast cells and sen- in atopic and non-atopic subjects. J Dermatol 1999; 26: 77-86.
sory nerves in the skin and airways of control and capsaicin-treated [49] Thomas DA, Dubner R, Ruda MA. Neonatal capsaicin treatment in
pigs. Cell Tissue Res 1991; 264: 529-38. rats results in scratching behavior with skin damage: potential
[45] Liu Q, Tang Z, Surdenikova L, et al. Sensory neuron-specific model of non-painful dysesthesia. Neurosci Lett 1994; 171: 101-4.
GPCR Mrgprs are itch receptors mediating chloroquine-induced [50] Carrillo P, Camacho M, Manzo J, Martinez-Gomez M, Salas M,
pruritus. Cell 2009; 139: 1353-65. Pacheco P. Cutaneous wounds produced by capsaicin treatment of
[46] Taujll K, Andoh T, Ui H, Lee JB, Kuraishi Y. Involvement of newborn rats are due to trophic disturbances. Neurotoxicol Teratol
tryptase and proteinase-activated receptor-2 in spontaneous itch- 1998; 20: 75-81.
associated response in mice with atopy-like dermatitis. J Pharmacol [51] Back S K, Jeong K Y, Li C, Lee J, Lee SB, Na HS. Chronically
Sci 2009; 109: 388-98. relapsing pruritic dermatitis in the rats treated as neonate with cap-
[47] lkoma A, Fartasch M, Heyer G, Miyachi Y, Handwerker H, saicin; a potential rat model of human atopic dermatitis. J Dermatol
Schmelz M. Painful stimuli evoke itch in patients with chronic pru- Sci 2012; 67: 111-9.
ritus: central sensitization for itch. Neurology 2004; 62: 212-7. [52] Buddenkotte J, Maurer M, Steinhoff M. Histamine and Antihista-

mines in Atopic Dermatitis. Adv Exp Med Biol 2010; 709: 73-80.

Received: April 30, 2014 Revised: August 30, 2014 Accepted: September 01, 2014

© Xia et al.; Licensee Bentham Open.

This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted, non-commercial use, distribution and reproduction in any medium, provided the
work is properly cited.



