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Sensitive skin is a prevalent syndrome, characterized
by discomfort in response to mild stimuli, which im-
pacts on quality of life. Pruritus is one of the major
symptoms of sensitive skin. However, the pathome-
chanism of sensitive skin is insufficiently understood.
As an experimental model for pruritus, the cowhage
skin prick test might provide insight into the under-
standing of sensitive skin. This study aimed to spe-
cify the characteristics of cowhage-induced pruritus
in sensitive skin. Female volunteers, 20 with sensitive
skin and 20 controls, were recruited. Self-report ques-
tionnaires were distributed and the responses evalua-
ted; moreover, alongside assessments by dermatolo-
gists, skin physiology assessments, lactic acid sting
test, capsaicin test and cowhage skin challenge were
performed. Pruritus in sensitive skin was perceived as
more intense and longer-lasting than in normal skin,
with different qualities of accompanying sensations.
Cowhage skin challenge results showed moderate con-
sistency with clinical assessments. The results suggest
that cowhage skin challenge could be a new tool for
the assessment of sensitive skin.
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Deﬁned by the special interest group (SIG) on sensitive
skin of the International Forum for the Study of Itch
(IFSI), sensitive skin is characterized as “a syndrome
defined by the occurrence of unpleasant sensations (sting-
ing, burning, pain, pruritus and tingling sensations) in
response to stimuli that normally should not provoke such
sensations” (1). These unpleasant sensations cannot be
explained by lesions attributable to any skin disease. The
skin can appear normal or be accompanied by erythema.
Sensitive skin can affect all body locations, especially the
face (2, 3). The self-declared prevalence of sensitive skin
affects approximately 60—70% of women and 50-60%
of men (4). The non-uniform diagnostic standard might
account for the variation in the incidence among different
studies (2, 5-8). The pathophysiology of sensitive skin
remains insufficiently understood. Impaired epidermal
barrier integrity, neurosensory hyperactivity, vascular
hyper-reactivity and psychophysiological factors, such
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SIGNIFICANCE

Pruritus is one of the major symptoms of sensitive skin. By
comparing 40 volunteers, 20 with and 20 without sensitive
skin, this study showed that pruritus induced by cowhage
is perceived as more intense and longer-lasting in sensitive
skin, with different qualities of accompanying sensations.
Cowhage skin challenge results showed moderate consis-
tency with clinical assessment results. The results of this
study suggest that cowhage skin challenge could be used
as a new tool for the assessment of sensitive skin.

as stress, have been proposed to be involved (9). Further-
more, transcriptomics indicated significant difference in
skin samples between sensitive skin and normal skin (10,
11). Metabolic homeostasis dysfunction, and pain-related
transcripts, such as TRPV1, ASIC3 and CGRP, were sig-
nificantly upregulated in sensitive skin (10). Downregula-
tion or upregulation of 20 long non-coding RNAs were
addressed in sensitive skin, few of which were known (11).

To measure the symptoms of sensitive skin, question-
naires are a useful assessment tool (7). Currently, self-
assessment questionnaires are used as the most common
test to examine the prevalence and symptoms of sensitive
skin. However, the results of the questionnaire can be
affected by subjective factors (5). Apart from subjective
assessment, a number of physical tests could help with
the clinical diagnosis of sensitive skin; among these,
sting tests, including the lactic acid sting test (LAST) and
capsaicin test (CT), are used most widely (12). However,
the reliability of these tests is unclear.

Pruritus, as one of the symptoms of sensitive skin, may
provide a better understanding of the pathomechanism of
hypersensitivity of sensitive skin. As previously identi-
fied, the activation of peripheral sensory nerve fibres (C
and Ad) might be involved in sensitive skin (13). One of
the well-established experimental models of pruritus is
skin provocation tests with cowhage (Mucuna pruriens).
Pruritus can be generated by cowhage spicules containing
the protease mucunain (14) that also activates the C and
AJ fibres (15). The intensity of cowhage-induced itch
might therefore correlate with the neurosensitivity of the
skin. Thus, cowhage skin challenge could be employed
as a new evaluation method for sensitive skin.

This study assessed pruritus in sensitive skin induced
by cowhage. Intensity and time course of pruritus, and
the associated sensory qualities were compared between
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sensitive skin and healthy controls. Diagnostic methods
for sensitive skin were tested and evaluated in compari-
son with cowhage skin challenge.

MATERIALS AND METHODS

Study population

Twenty Chinese female volunteers with sensitive skin (mean +
standard deviation (SD) age 30.4+6.9 years) and 20 healthy
female volunteers with resistant skin (28.75+8.2 years) were
recruited. Specific occupations, such as outdoor workers, were
excluded. None of'the 2 groups had facial inflammatory dermatosis
that might affect the test results. Volunteers were also required not
to take any medication that could influence their perception of
itch (such as antihistamines or antidepressants) for 1 week prior
to and during the study.

Participants were required to complete self-assessment ques-
tionnaires and were evaluated by 3 dermatologists. A clinical
examination was performed to confirm the absence of any inflam-
matory skin diseases (e.g. acne, seborrhoeic dermatitis, rosacea) or
any visible skin lesions in the test area on the subjects’ faces. The
questionnaire was adapted from Baumann skin type system (16),
which was assumed to be more applicable to Chinese people (17)
(see Appendix S1'). Scores from the questionnaire (summed as a
total score) were categorized as follows: scores > 18 were conside-
red as sensitive skin and <17 as healthy resistant skin. Participants
with total scores > 18 were then examined by dermatologists; the
definition of sensitive skin proposed by the IFSI was explained
(1); those who met the diagnostic criteria were considered to have
sensitive skin, while the others were classified as non-sensitive
and were placed in the healthy control group.

Ethics and registration

The trial was performed from February to March 2021, according
to the principles of the Declaration of Helsinki and was approved
by the ethics committee of West China Hospital, Sichuan Univer-
sity (2021-200). The volunteers provided written informed consent
prior to the start of the study. This study has been registered on
the Chinese Clinical Trial Registry (www.chictr.org.cn); identifier
ChiCTR2100043580.

Procedure and timeline

Volunteers were asked to wash their faces with clean water 30 min
before measurements and tests, and to rest for at least 1 h until
they reported no perceptible sensations, such as itching or stinging,
before each test (for a timeline of the tests, see Fig. S1'). The study
was performed in a temperature-controlled room at 21 + 1°C and
relative humidity 45 + 5% for 30 min, and the measurements were
performed under the same conditions.

Tests and measurements

The most commonly used tests for sensitive skin were conducted,
including skin physiological measurements, lactic acid sting test
and capsaicin test, in comparison with cowhage skin challenge.
Test sites are marked respectively in Fig. S2'.

Skin physiological measurements. The baseline skin physiological
parameters of each participant were measured. Skin erythema
intensity was measured using a Mexameter (MX 18; Courage
and Khazaka Electronic GmbH, Ko6ln, Germany; values given in
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arbitrary units). Mexameter is a reflectance spectroscopy-based
device measuring melanin content and erythema level of the skin,
the latter indirectly reflecting the haemoglobin content of the skin
and thus its blood perfusion. Transepidermal water loss (TEWL)
was recorded with the open chamber system Tewameter (TM 300;
Courage and Khazaka Electronic GmbH). TEWL is expressed in
g/m?/h, and reflects the density gradient of water evaporation from
the skin and its increase through water loss due to damage to the
barrier function. Corneometer (CM 825; Courage and Khazaka
Electronic GmbH) was used to quantify skin hydration through
measurement of the electrical capacitance of the skin (in arbitrary
units). All 3 devices were attached to a central unit (MPA 9) and sub-
sequently to a PC (Windows). Published guidelines were followed
(18-20). All devices went through regular calibration before the tests.

Lactic acid sting test. A 10% aqueous lactic acid (Sigma Chemi-
cal, St Louis, MO, USA) solution was applied to the nasolabial
fold, followed by evaluation of the intensity of the subjective
symptoms. Lactic acid solution was applied randomly to one side
of the nasolabial fold, and an equal volume of saline was applied
to the contralateral site. The participants were asked to grade the
intensity of stinging, using a 4-point scale (where 0 =no stinging;
1 =slight stinging; 2 =moderate stinging; and 3 =strong stinging)
at 0's, 2.5 min and 5 min after application of lactic acid solution.
Cumulative scores >3 at 2.5 and 5 min were considered as positive
for sensitive skin.

Capsaicin test. A solution of 0.001% capsaicin (w/v) was pre-
pared from pure-grade capsaicin powder (8-methyl-N-vanillyl-
6-nonenamide >98%, Solarbio Co, Beijing, China) in 10% ethanol
solution. The vehicle was a 10% ethanol/90% water (v/v) solution
prepared using distilled water and absolute ethanol. The capsaicin
solution (50 pl) was randomly applied through filter paper (0.8 cm
diameters) on 1 side of the face 1 cm from the nasolabial fold and
the vehicle was applied on the other side. All subjects were asked
to report any abnormal sensation and assess its severity on the
following 6-point scale: 0=none; 1 =doubtful, barely perceptible;
2=slightly perceptible; 3=moderately perceptible; 4=strongly
perceptible; 5=painful. Scores of burning sensation >3 that were
persistent for more than 30 s were considered as positive.

Skin challenge by cowhage and itch measurement. Pruritus was
induced at sites 1 cm outside the corner of the mouth on the
surface of the face. Considering the hyper-reactivity of sensitive
skin on the face, previously described protocols were modulated
(21). Only approximately 20 cowhage spicules (derived from
the Department of Gardening and Horticulture, Xishuangbanna
Tropical Botanical Garden, Chinese Academy of Sciences,
Xishuangbanna, Yunnan Province, China), which is less than
half of the normal dose used to induce pruritus on the forearm
of healthy subjects, were applied with a gloved finger on a 2-cm?
area on the face. Spicules were then gently rubbed on the skin for
20 s with a circular motion. Inactivated spicules were autoclaved
for 1 h according to Reddy et al. (22) as semi-face control. Pru-
ritus assessment started immediately after the challenge and was
recorded every minute for the following 30 min. A 100-mm visual
analogue scale (pruritus-VAS, ranging from 0 “no pruritus at all”
to 100 “worst pruritus imaginable”) was used to record pruritus
intensity on both sides of the face. The spicules were completely
removed after 30 min using adhesive tape. Subjects were asked to
rate the type and overall intensities of pruritus qualities following
cowhage provocation. The different items chosen to rate pruritus
quality were adapted from the Eppendorf Itch Questionnaire (23).
Itching sensation scores >8 (VAS) that persisted for more than 3
min were considered positive.

Statistical analyses

Mean values from both sides of the face were used for statistical
analysis. Normality of distribution of variables was tested with
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Table I. Characteristics of cowhage-induced itch
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in the sensitive skin group. Furthermore,

Native cowhage spicules

Inactivated cowhage spicules?

cowhage-provoked pruritus in the sensitive

Characteristics ss HC ss HC skin group contained more pricking and
Ttching®, s 6 o warm sensations, whlch.showec.l a dlSj[lnC.t
None€, n 5 14 14 20 pattern of wavelike feelings, with a signi-
Peak VAS (0-100), mean+SD 22.5+25.62*** 3,35+5.86 11.25+17.16# 0.8+2.44

Itch duration (min), mean+SD  6.50+8.80** 1.20+2.42 5.50+8.90###

0.05+0.22

ficantly stronger urge to scratch (Fig. 2).

@Inactivated cowhage spicules were taken as semi-face control in both groups respectively to rule
out the irritation by needle-like effects of the spicules. PNumber of volunteers who reported itching.

“Number of volunteers who did not provoke itch.

SS: sensitive skin; HC: healthy control; VAS: visual analogue scale; SD: standard deviation.
**p<0.01, ***p<0.001 (*compared with HC group by using native cowhage spicules); #p<0.05,

##+#p<0.001(#compared with native cowhage spicules in SS group).

the Kolmogorov—Smirnov test. Differences between 2 groups
of parametric variables were tested with the 2-sample #-test and
analysis of variance for repeated measurements. Multiple com-
parisons within the time curve of the cowhage-induced itch were
made using Fisher’s least significant difference test.

Correlation was assessed with the Pearson correlation test for
parametric variables and with the Spearman correlation test for
non-parametric variables. Consistency in each test with clinical
assessment results was evaluated with Cohen’s kappa coefficient.
Quantitative data are presented as mean +standard deviation
(SD) unless otherwise indicated. Statistical significance was set
at p<0.05.

RESULTS

Cowhage-induced pruritus in sensitive skin

During the cowhage skin challenge, 15 participants in
the sensitive skin group and 6 in the healthy control
group reported itching of varying intensities (Table
I). Cowhage spicules induced markedly more intense
pruritus in the sensitive skin group compared with the
healthy control group (Fig. 1). At the time-point of 2
min after itch provocation, VAS difference between the 2
groups showed the most significance. Higher peak scores
of visual analogue scale (p<0.001, Table I) and longer
duration of pruritus (p<0.01, Table I) were observed
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Fig. 1. Time-response relationship of cowhage-induced pruritus
intensity in sensitive skin (n = 20, red line) and healthy skin (n =20,
blue line). Pruritus intensity was assessed using a 100-mm visual analogue

scale (VAS). Each line is the mean of 20 assessments. Significance levels
between individual points are as follows: ***p <0.001; **p<0.01; *p<0.05.
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The VAS score of the sensitive skin group
showed significant difference on the side of
natural spicules compared with inactivated
spicules as semi-face control (p<0.05,
Table I), while no difference was detected
in the healthy control group (»=0.10, Table
I). Age did not impact the maximum pruritus intensities
provoked by cowhage in either the sensitive skin group
or the healthy control group.

Consistency in clinical assessment results with lactic
acid sting test, capsaicin test and cowhage skin challenge

Classification of sensitive skin was made by dermatolo-
gists through clinical assessment, after clinical evaluation
and investigation by the sensitive skin questionnaire
for the participants. Results of cowhage skin challenge
showed moderate consistency with clinical assessment
(Table II). By comparison, the results of the capsaicin test
revealed similar consistency, while the results of the lactic
acid sting test indicated poor consistency with clinical
assessment results (Table II). The mean scores of ques-
tionnaires in the sensitive skin group were significantly
higher than those in the healthy control group (22.1+2.2
vs 14.6+2.0, p<0.001). Intensity of pruritus induced by
cowhage in sensitive skin showed no significant correla-
tion with questionnaire scores (r=0.30, p=0.20).

Skin physiology parameters

Facial erythema assessed by Mexameter was slightly
increased in the sensitive skin group, but showed no
statistically significant difference compared with the
healthy control group (310.21 +85.60 vs 275.75 + 54.30,
p=0.137). Skin barrier function, as measured with a
Tewameter showed no significant difference between the
sensitive skin and healthy control groups (16.38+4.60
vs 16.99+4.37 g/h/m?, p=0.670). Skin hydration, as
assessed with the Corneometer, indicated no signifi-
cant difference between the 2 groups (55.67+10.99
vs 58.06+12.38 arbitrary unit, p=0.523). Skin barrier
integrity, as assessed by TEWL, showed no correlation
with intensity of pruritus, either in the SS group (r=0.22,
»=0.36) or in the healthy control group (r=0.32,
p=0.17).

DISCUSSION

This study found that cowhage-induced pruritus was
more intense and sensorially different in sensitive skin,
including more pricking, wavelike, warmer sensation
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and a greater urge to scratch, compared with in healthy
resistant skin.

Sensitive skin is not an immunological disorder, but
is related to alterations in the skin nervous system (24).
Biopsies of sensitive skin have shown significant reduc-
tion in intra-epidermal nerve fibre density and alteration
in C fibres, in contrast with those of healthy subjects (25).
Since pruritus is mediated by unmyelinated C-fibres in
the epidermis (26, 27), and the activation of mechano-
sensitive C-fibres by cowhage has been observed (28),
it is likely that a neurosensory dysfunction in the skin
represents one of the pathological mechanisms of more
intense pruritus in sensitive skin when triggered by
cowhage. Along with itchy sensation, the specific quality
of pruritus was also investigated, as cowhage spicules
were previously indicated to provoke sensations in
healthy volunteers, such as burning, pricking, tingling,
warmth with wavelike patterns, and urge to scratch (29).
In the current study, a greater intensity of these specific
sensations in the sensitive skin group coincided with the
complicated symptoms of sensitive skin in response to
mild irritations.

In sensitive skin, sensory proteins, such as TRPV1
and ASIC3, have been reported to be overexpressed on
the surface of keratinocytes and intra-epidermal nerve
endings (30). Multiple environmental factors can trig-
ger proteins, such as TRPV1, which can be activated
by capsaicin or heat (31). However, other mechanisms
remain unexplored in the complicated syndrome of

Tingling

75— E= Sensitive skin
mm Healthy control

*

-

Fig. 2. Mean+standard error of mean
intensity of specific sensations reported
by the subjects with and without sensitive
skin (n=20 vs 20) on a 100-mm visual
analogue scale (VAS) after skin challenge
with cowhage. *p <0.05, **p<0.01.

Warm

sensitive skin. Mucunain, the cysteine protease that is
contained in the spicules of cowhage, induces pruritus
through protease-activated receptors (PAR)-2, PAR-4
and Mas-related G-protein coupled receptors (Mrgprs)
expressed on keratinocytes and dermal neurones (21, 32).
Cowhage spicules resulted in more enhanced pruritus in
the sensitive skin group, even at a very low dose. This
indicates that the activation of PAR and Mrgprs may
play a part in the itching sensation of sensitive skin, and
warrants further studies.

The results of the current study indicate that there is
no correlation between age and maximum itch intensity
in sensitive skin. Kwa et al. (33) and André et al. (34)
found no difference in age or sexes on itch intensity score.
Bahali et al. (35) reported no association between age
and pruritus among patients with psoriasis, but a more
prominent pruritus in females. Male subjects were not
included in the current study, since it was considered that
the presence of facial hair bristles, which share a similar
appearance to cowhage spicules, might interfere with the
test results, and because female participants were much
easier to enrol in the study due to the higher prevalence
of skin sensitivity in females and a higher tendency for
females to pay closer attention to their skin condition.
Thus, sex bias could have interfered with the test scores.
The effect of sex on intensity of pruritus in sensitive skin
requires further study.

The sensitive scale (36) and its cut-off scores (37)
have been used for measuring the severity of sensitive

Table II. Diagnostic performance of lactic acid sting test, capsaicin test and cowhage skin challenge and consistency with clinical

assessment results of each test

SS group HC group

(n=20) (n=20) L
Test - —  ~  Sensitivity Specificity PPV NPV PLR NLR
methods + -+ - (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) Kappa?
LAST 9 11 5 15 45.0 (23.8-67.9) 75.0 (50.6-90.4) 64.3 (35.6-86.0) 57.7 (37.2-76.0) 1.80 (0.73-4.42) 0.73 (0.48-1.13) 0.2
CcT 14 6 5 15 70.0 (45.6-87.1) 75.0 (50.5-90.4) 73.7 (48.6-89.9) 71.4 (47.7-87.8) 2.80 (1.24-6.30) 0.40 (0.20-0.81) 0.45**
CscC 13 7 2 18 65.0 (40.9-83.7) 90.0 (66.9-98.2) 86.7 (58.4-97.7) 72.0(50.4-87.1) 6.50 (1.68-25.16) 0.38 (0.21-0.71) 0.55%**

@For each test, consistency with clinical assessment results were evaluated by kappa value.
SS: sensitive skin; HC: healthy control; LAST: lactic acid sting test; CT: capsaicin test; CSC: cowhage skin challenge; +: number of participants who tested positive;
—: number of participants who tested negative; PPV: positive predictive value; NPV: negative predictive value; PLR: positive likelihood ratio; NLR: negative likelihood

ratio; 95% CI: 95% confidence interval.
**p<0.01, ***p<0.001.
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skin. A modified questionnaire (17) was used, which is
more applicable to Chinese people with sensitive skin.
In the current study, less than half of the sensitive skin
group and one-quarter of the healthy control group tested
positive for LAST. Marriott et al. (38) suggested that the
nasolabial sting test was a poor predictor of general skin
sensitivity. They tested 4 substances in order to induce
different sensory effects: lactic acid (stinging), capsaicin
(burning), menthol (cooling) and ethanol (a mixture of
burning and stinging), on 58 individuals. A high level of
variation in reactivity to the stimuli was observed, and,
in general, an elevated response to one substance was
not predictive of increased reactivity to another stimulus.
Consistent with Jourdain et al. (39), the capsaicin test in
the current study is more strongly linked to self-declared
sensitive skin than is the lactic acid sting test. Capsaicin
is a natural agonist of TRPV1 expressed in skin tissue,
including keratinocytes and peripheral sensory nerve
fibres (C and AJ) (40), and the capsaicin test is usually
used to identify the neurosensitive subtype of sensitive
skin. Among the 3 physical tests in the current study, the
results of cowhage skin challenge showed the highest
consistency with clinical assessment results. Inactivated
spicules were designed as semi-face control to exclude
the needle-like effects of cowhage spicules. The signifi-
cant difference in VAS between the 2 sides of the face in
the sensitive skin group indicated the role of mucunain
in pruritus induction in this group.

Increased TWEL were observed in a few studies in
sensitive skin, but the overall results remain contro-
versial (41). Meanwhile, the application of lactic acid
or capsaicin did not enhance differences in erythema
responses (41). Skin barrier abnormalities or vascular
response did not explain the distinct results of the 3
physical tests in the current study, since no significant
differences were detected in physiological parameters
between the 2 groups.

A few factors may have contributed to the lower in-
tensity of reported itch compared with previous studies
(21, 29, 34). Firstly, itch induction usually takes place
in the forearm according to the commonly used protocol
(21). Since the face is the most frequent site of sensi-
tive skin (2), and also to better compare with the other
standard tests for sensitive skin, the face was chosen as
the test site. Different perception threshold of nerves
and other factors, such as abundant sebum in the face,
may account for the lower intensity of itch. In our pre-
liminary experiments (with approximately 20 cowhage
spicules), cowhage induced a higher intensity of itch
in the forearm than in the face in the healthy control
group (14.28+21.10 vs 2.33+5.17, p=0.009; n=18; 13
of 18 subjects reported itch in the forearm, while only
6 of 18 reported itch in the face; data not show); while
there was no significant difference between the 2 sites in
the sensitive skin group (18.67+23.10 vs18.33+24.10,
p=0.676, n=15; 10 and 9 out of 15 subjects reported
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itch in the face and the forearm, respectively). Moreover,
according to Maki Ozawa et al. (42), electronic-evoked
perception threshold differs in terms of body sites and
nerves, respectively. The required current intensity of
neuroselective transcutaneous electrical stimulator to
evoke perception in the face was stronger than in the
forearm. Thus, we assume the neuronal sensitivity of
the forearm is higher than that of the face. Secondly,
during the experiment, although 20 spicules were app-
lied by gently rubbing in a circular motion, no more
than 7 spicules pierced the skin. This was confirmed
by re-checking the application sites using a magnifying
glass. The remainder of the spicules remained on the
surface. Perhaps further improvement in the application
method is required, such as making use of the “spicule
inserter” according to LaMotte et al. (15), to ensure that
more spicules are placed correctly. Lastly, an aim of the
current study was to distinguish sensitive skin from the
population. Considering that “minor” stimulation can
cause significant irritation, which is the main feature of
sensitive skin, the dosage of cowhage application was
cut down in half, so as to result in “sub-induction” rather
than “induction” of itch for normal skin. Meanwhile, the
intensity and duration of pruritus provoked by cowhage
varied highly between individuals. Seven participants
in the sensitive skin group did not perceive remarkable
itching (VAS <8, or duration <3 min), 4 of whom were
also negative for the capsaicin test. These participants
may be classified to the non-neurosensitive subtype or
itching-resistant subtype of sensitive skin (12).

Since a limited number of volunteers were included in
this study, a larger sample is required to verify the use of
cowhage skin challenge for sensitive skin assessment in
the future. To set up a standard method, further investiga-
tion is needed to address the itch-inducing capacity of
cowhage plants and its application to different human
anatomical sites.

In conclusion, cowhage induced a more intense, longer
duration of pruritus and different accompanying sensa-
tions in the sensitive skin group in this study compared
with healthy controls. To the best of our knowledge,
there is no final consensus regarding standard methods
for diagnosis of sensitive skin. Cowhage skin challenge
could be used as a new test method for assessment of
sensitive skin, and is highly recommended to be combi-
ned with clinical assessment and other physical tests. The
pathophysiological mechanism of pruritus in sensitive
skin is unknown, and cowhage could serve as a suitable
experimental model in future research.
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