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Abstract

OBJECTIVE: To demonstrate the in vitro activities of panthenol,
palmitoylethanolamide (PEA), and niacinamide (NAM) and deter-
mine the biophysical properties, clinical safety, tolerability together
with efficacy of two developmental anti-redness (AR) formulations
containing these ingredients, in alleviating facial redness associated
with winter xerosis in healthy volunteers with sensitive skin.
METHODS: The anti-inflammatory and skin protective properties
of panthenol, PEA and NAM were evaluated in vitro. The physical
properties of the AR formulations were analysed using measure-
ment of water vapour transport rate (WVTR) and infrared spec-
troscopy. Clinical studies were performed between the months of
December and April (2014-2015) with efficacy assessed during the
winter. Facial redness, irritation, sensitization potential, photo-irri-
tation, and photo-sensitization were evaluated. Self-assessed adverse
reactions were reported in diaries of use.

RESULTS: Panthenol and PEA reduced prostaglandin E,, inter-
leukin-6, and thymic stromal lymphopoietin levels in vitro, while
NAM induced nicotinamide adenine dinucleotide (NAD) levels and
the keratinocyte differentiation markers: filaggrin (2-fold increase,
P < 0.001), loricrin (2-fold increase, P < 0.05), involucrin (2 fold
increase, P < 0.001) & peroxisomal proliferator activated receptor-
alpha (1.5 fold increase, P < 0.05). The two AR products exhibited
low WVTR vs. no treatment (P < 0.001) and displayed an ordered
lipid structure. The day cream formulation protected against ultra-
violet B radiation in vitro. A total of 382 participants were included
in clinical studies which showed the AR formulations significantly
improved facial redness associated with winter xerosis (Day 29
mean change from baseline: AR day cream 0.77 (P < 0.001); AR
serum 0.67 (P < 0.001)). No irritation, sensitization, photo-irrita-
tion, photo-sensitization or product-related adverse reactions were
observed or reported in the clinical studies.

CONCLUSION: The new products significantly improved skin
redness associated with winter xerosis in participants with self-
perceived sensitive skin. Both products were well tolerated with
a suitable safety profile for topical use in subjects with sensitive
skin.

Correspondence: Stephanie J. Nisbet, Principal Scientist, Skin Health
Medical Affairs at GlaxoSmithKline Consumer Healthcare, Weybridge,
Surrey, UK. Tel: +44 1932 822401; fax: +44 1932 822100; e-mail:
Stephanie.j.nisbet@gsk.com

Résumeé

OBJECTIF: Démontrer l'activité in vitro du panthénol, du palmi-
toyléthanolamide (PEA), et du nicotinamide (NAM) et déterminer
les propriétés biophysiques, la sécurité clinique, la tolérance ainsi
que l'efficacité de deux formulations anti-rougeurs (AR) en dévelop-
pement contenant ces ingrédients pour atténuer les rougeurs facia-
les associées a la xérose hivernale chez des volontaires sains
présentant une peau sensible.

METHODES: Les propriétés anti-inflammatoires et protectrices du
panthénol, du PEA et du NAM ont été évaluées in vitro. Les pro-
priétés physiques des formulations AR ont été analysées en mesu-
rant le taux de transport de vapeur d'eau (WVTR) et par
spectroscopie infrarouge. Des études cliniques ont été réalisées entre
décembre et avril (2014-2015) et l'efficacité a été évaluée pendant
I'hiver. Les rougeurs, l'irritation, le potentiel de sensibilisation, la
photo-irritation et la photosensibilisation au niveau du visage ont
été évalués. Des effets indésirables auto-évalués ont été signalés
dans des journaux d'utilisation.

RESULTATS: Le panthénol et le PEA ont réduit les niveaux de pros-
taglandine E,, d'interleukine-6 et de lymphopoiétine stromale thymi-
que in vitro, tandis que le NAM a généré une augmentation des taux
de nicotinamide adénine dinucléotide (NAD) et des marqueurs de
différenciation kératinocytaire : filaggrine (multiplication des taux
par 2, P <0,001), loricrine (multiplication des taux par 2,
P < 0,05), involucrine (multiplication des taux par 2, P < 0,001) et
du récepteur alpha activé de la prolifération peroxysomale (multipli-
cation des taux par 1,5, P < 0,05). Les deux produits antirétroviraux
présentaient un faible taux de WVTR par rapport a I'absence de trai-
tement (P < 0,001) et présentaient une structure lipidique ordonnée.
La formulation de la creme de jour protege contre le rayonnement
ultraviolet B in vitro. Un total de 382 participants ont été inclus dans
les études cliniques qui ont montré que les formulations AR amélio-
raient significativement les rougeurs faciales associées a la xérose
hivernale (changement moyen du jour 29 par rapport a la référence :
créeme de jour AR 0,77 (P < 0,001) ; sérum AR 0,67 (P < 0,001)).
Aucune irritation, sensibilisation, photo-irritation, photosensibilisa-
tion ni effet indésirable lié au produit n’a été observé ou signalé dans
les études cliniques.

CONCLUSION: Les nouveaux produits ont considérablement
amélioré la rougeur de la peau associée a la xérose hivernale chez
les participants présentant une peau sensible auto-percue. Les deux
produits ont été bien tolérés avec un profil de sécurité approprié
pour un usage topique chez les sujets présentant une peau sensible.
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Introduction

Sensitive skin has been defined as a syndrome with unpleasant sen-
sations (stinging, burning, pain, pruritus, and tingling) that may
be associated with skin erythema [1]. Although many consumers
self-diagnose their sensitive skin they can also experience adverse
skin reactions [2]. It has also been reported that Asian consumers
may be more chemo-sensitive than other ethnic groups [1].

Impaired barrier function, whether due to poor epidermal differ-
entiation, compromised stratum corneum (SC) maturation, or alter-
ations in other epidermal biochemical pathways, is thought to
contribute to skin sensitivity [3—6]. Published studies have demon-
strated that epidermal barrier dysfunction and the cytokine, thymic
stromal lymphopoietin (TSLP), also play a role in driving the atopic
march, allergen sensitization, and itch [7]. Although chronic facial
erythema in sensitive skin has a complex pathophysiology, barrier
impairment triggered by excess ultraviolet (UV) exposure, low
humidity, and pollutants can be involved in initiating this
condition [8].

While reducing the negative effects of UV irradiation is key in
alleviating sensitive skin symptoms, maintaining adequate moistur-
ization is also important [9,10]. Formulations that contain lamellar
lipid bilayers, mimicking those found within the SC, are known to
be more effective clinically than non-lamellar lipid formulations in
treating dry skin and uremic pruritus in addition to improving bar-
rier function and erythema in subjects with sensitive skin and ato-
pic eczema [11-13]. The non-physiological lipid, isostearyl
isostearate (ISIS), has also been shown to positively influence lipid
lamellar phase behaviour in experimental skin barrier and lipid
models [14,15]. Therefore, semi-occlusive formulations containing
lamellar lipids and ISIS will likely increase SC water content,
improve corneocyte maturation and filaggrin processing and
thereby improve barrier function [16]. We have developed formula-
tions containing a combination of the above-mentioned lipids
together with xerosis-alleviating polyols such as glycerol and xylitol
[17].

Herein we describe a series of in vitro studies designed to deter-
mine the barrier efficacy and molecular lipid structure of the phos-
pholipid-ISIS structural lamellar formulations using water vapour
transport rate (WVTR) and Fourier transform infrared (FTIR) spec-
troscopy, respectively. In addition, we have investigated the effects
of added panthenol [18] and the putative peroxisome proliferator
activated receptor alpha (PPAR-a) agonist palmitoylethanolamide
(PEA) [19] on inflammatory mediators, and the effects of niaci-
namide (NAM) on nicotinamide adenine dinucleotide (NAD) pro-
duction and keratinocyte differentiation [20-22]. Finally, we
evaluated a new anti-redness (AR) day cream and AR serum con-
taining these ingredients, first, through in vitro analysis of their
anti-inflammatory properties, and subsequently, in clinical studies
to determine the safety, tolerability, and efficacy of the products in
subjects with winter xerosis-associated facial redness and sensitive
skin.

Methods

The AR day cream contains the following ingredients: Aqua, Isoa-
myl p-Methoxycinnamate, Glycerin, Dicaprylyl Carbonate, Diethy-
lamino Hydroxybenzoyl Hexyl Benzoate, Bis-Ethylhexyloxyphenol
Methoxyphenyl Triazine, Isostearyl Isostearate, Niacinamide, Xyli-
tol, Pentylene Glycol, Butyrospermum Parkii Butter, 1,2-Hexane-
diol, Panthenol, Caprylic/Capric Triglyceride, Hydrogenated

Lecithin, Palmitamide MEA, Oryza Sativa Cera, Tocopheryl Acetate,
Polyacrylate Crosspolymer-6, Squalane, Acetamide MEA, Trisodium
Ethylenediamine Disuccinate, Ascorbyl Glucoside, Citric Acid, t-
Butyl Alcohol, Ceramide 3.

The AR serum contains the following ingredients: Aqua, Glyc-
erin, Niacinamide, Panthenol, Xylitol, Nylon 6/12, 1,2-Hexanediol,
Isostearyl Isostearate, Pentylene Glycol, Hydroxyacetophenone,
Hydrogenated Lecithin, Acetamide MEA, Palmitamide MEA, Toco-
pheryl Acetate, Sodium Carbomer, Acrylates/C10-30 Alkyl Acry-
late Crosspolymer.

In vitro studies

Water vapour transmission rate (WVTR) measurement and FTIR
analyses methodology

Water vapour transmission rate was used to quantitatively assess
the occlusive character of the phospholipid-ISIS structured lamellar
formulations with white jelly paraffin (WJP) as a positive control.
The WVTR is a widely accepted method for assessing occlusive
behaviour of formulations in vitro [14]. FTIR spectroscopy was used
to determine thermotropic behaviour and the lipid organisation of
the phospholipid-ISIS structured lamellar formulations using meth-
ods described in Bulsara et al. [23].

Reconstructed human epidermis (RHE)

Reconstructed human epidermis were purchased from MatTek (Epi-
Derm, EPI-200, MatTek, Ashland, MA, USA), maintained in culture
media and incubated overnight at 37°C/5% CO, according to man-
ufacturer’s instructions. The culture media were replenished with
fresh media prior to the start of the study. Formulations were
applied topically at 2 mg cm™2 or 10 mg cm 2 as indicated. All
treatments were performed in duplicate or triplicate.

UVB exposure. After 1 h pre-treatment with formulations the RHE
tissues were transferred to a sterile 6-well plate containing 1 mL of
Dulbecco’s phosphate buffered saline (DPBS) per well and then
exposed to ultraviolet B (UVB) irradiation. The Newport Solar Simula-
tor System (Power unit 69920, and Lamp 91192-1000, Newport
Corporate, Irvine, CA, USA) was used as the UVB emitter to achieve
a UVB irradiation of 150 mJ cm™ 2, as measured using an ILT-1400
Handheld Portable Radiometer/Photometer with attached UVB detec-
tor (SEL240/T2ACT5, 235-307 nm) (both from International Light
Technologies, Inc., Peabody, MA, USA). Topical distilled water plus
UVB irradiation served as a UVB control. After UVB irradiation the
RHE tissues were transferred back to the 6-well plate containing cul-
ture media and incubated at 37°C and 5% CO, for 6 h.

Inflammatory cocktail and topical treatments. Reconstructed human
epidermis was placed into 6-well plates overnight at 37°C and 5%
CO, in the hydrocortisone-free culture media (MatTek Inc.). Dex-
panthenol (75w, BASF, Newport, DE, USA) and PEA (Nikko Chemi-
cals Co. Ltd., Tochigi, Japan) were prepared in a vehicle composed
of water, ethanol, and propylene glycol (50/35/15; %v/v/v),
respectively. Topical dexpanthenol or PEA (6 pL, 10 mg cm 2)
was applied to the RHE surface 1 h prior to changing to a culture
media containing an inflammatory cocktail containing interleukin
(IL)-4 (10 ng mL™1), IL-13 (10 ng mL '), tumour necrosis factor
(INF)-% (5 ng mL™') (R&D Systems, Minneapolis, MN, USA) and
poly (I:C) (10 pg mL ') (Sigma, St. Louis, MO, USA). Control sam-
ples were treated topically with 6 pl vehicle only. Following
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treatment with the inflammatory cocktail for 24 h, culture media
and tissues were collected and analysed for pro-inflammatory medi-
ators and immunohistochemistry (IHC) staining.

HaCaT cell culture

HaCaT cells (AddexBio, San Diego, CA, USA) were grown in Med-
ium DMEM/GlutMax supplemented with 10% foetal bovine serum
(FBS) and non-essential amino acids (NEAA) (all Life Technologies,
Carlsbad, CA, USA) at a density of 2 x 10> cells per well in a 12-
well plate. HaCaT cells were treated with PEA at different concen-
trations (prepared by mixing PEA ethanol stock solutions with a
1 mM defatted bovine serum albumin [BSA] solution [1:9, v/v] for
better solubility of PEA) 1 h prior to UVB exposure at 40 mJ cm ™2
(Newport Solar Simulator system, Power unit 69920, and Lamp
91192-1000). After another 6 h incubation post UVB irradiation,
cell culture media were collected for prostaglandin E2 (PGE,) and
IL-6 measurement.

Measurement of inflammatory mediators

Cell culture media were collected either from RHE or HaCaT cell
cultures and analysed for PGE, or TSLP concentrations using
ELISA assays (R&D Systems, Minneapolis, MN, USA), and for IL-6
and TNF-o measurement using Milliplex multiplex assay (EMD Mil-
lipore, Billerica, MA, USA).

Immunohistochemistry staining

Reconstructed human epidermis tissues were collected and pro-
cessed for THC staining of Ki67, a proliferation biomarker, using
the primary Ki67 rabbit monoclonal antibody (Vector Laboratories,
Burlingame, CA, USA) and a Mach2 rabbit-alkaline phosphatase
polymer (Biocare Medical, Concord, CA, USA) as the secondary
antibody.

Measurement of the effects of NAM on NAD production

HaCaT cells were cultured in Epilife medium without NAM (Life
Technologies, Carlsbad, CA, USA) supplemented with 10% FBS and
NEAA. After overnight culture, HaCaT cells were treated with
NAM (DSM, Basel, Switzerland) at different concentrations for 3 h.
NAD was measured by a colorimetric assay. In brief, cells were
washed twice with DPBS containing 5 mM EDTA. Acetonitrile
(ACN) lysis buffer (ammonium acetate [50 mM] and 90% acetoni-
trile) was added to lyse the cells at room temperature (RT) for 5—
10 min. The enzyme master mix including NAD substrate
GW323424X, ADP ribosyl cyclase (Sigma, St. Louis, MO, USA),
and a CD38 inhibitor (GSK2880268A; GlaxoSmithKline propri-
etary compound) in HEPES pH7 buffer, was added to the lysed
cells. The enzymatic reaction was carried out at room temperature
for 30 min. Supernatants were transferred to each well of a 96-
well plate for colorimetric absorbance reading at 405 nm. A mix-
ture of enzyme master mix and ACN extraction solution at 2:1
ratio was used as a blank.

Measurement of the effects of NAM keratinocyte differentiation: RNA
extraction and quantitative polymerase chain reaction (qPCR) analysis
To assess the effect of NAM on the gene expression of keratinocyte
differentiation biomarkers and peroxisome proliferator-activated
receptor (PPAR)-a, HaCaT cells were treated with NAM at 0.05%
and 0.1% then harvested at Day 4 for RNA extraction and quanti-
tative polymerase chain reaction (qPCR) analyses. Culture media
and treatment were changed every second day until harvest. Total
RNA was isolated from HaCaT cells using Qiagen’s mini RNA

Table I Methodology summary for facial redness clinical study

Clinical trial type Single-centre, evaluator-blind, parallel, randomized,

stratified
Study objective Assessment of changes in facial redness compared to
baseline
Main inclusion Aged 18-65 years
criteria Female
Fitzpatrick scale -V
Self-reported sensitive facial skin
Facial redness associated with dry skin due to winter
Xerosis
Minimum redness and dryness grading of 2 at
screening and baseline (Separate clinical grading of
redness and dryness was performed)
Main study No use of prohibited medications
restrictions No use of certain skin care products on test areas other
than those provided
Continue use of normal make up, excluding moisturizing
foundations
No hard physical exercise with sweating, sauna, or
swimming within 24 h of a clinic visit
No exposure to UV light, or cosmetic procedures on the
test area
No prolonged sun exposure. In the event of unavoidable
prolonged UV exposure, participants were provided
with a non-moisturizing sunscreen product.
Location Thomas J Stephens & Associates, Inc., Colorado

Research Center, USA

Trained examiner assessments of redness and dryness.

Dryness was only evaluated at baseline as part of the
inclusion criteria.

Prior to assessment, participants were acclimatized for
30 minutes at room temperature 20°C + 2°C, humidity
50% + 10%

Participants were stratified by baseline redness score

Participants applied day cream or serum to their face
twice daily for 28 days. Trained examiner visual
grading of facial redness and dryness was conducted
at baseline and then facial redness only at Day 15 and
Day 29

Assessment and
criteria used

Assessment room
conditions

Treatments

Fitzpatrick grading: | = burns easily, never tans; Il = burns easily, tans mini-
mally; Ill = burns moderately; IV = tans moderately.
UV, ultraviolet.

isolation kit (Qiagen, Valencia, CA, USA) according to manufactur-
ers’ instructions. Total RNA was quantified using a Nanodrop
2000 spectrophotometer (Thermo Scientific, Pittsburgh, PA, USA).
The c¢cDNA was synthesized using Invitrogen SuperScript VILO
c¢DNA Synthesis kit (Invitrogen, Frederick, MD, USA), followed by
real-time qPCR analyses. TagMan probes used in the study were
purchased from Life Technologies (Carlsbad, CA, USA).

A one-way analysis of variance (ANOVA) with a Tukey’s multi-
ple comparison test was conducted for statistical analysis of results.

Clinical trials — AR day cream and AR serum

Details on methods used for the key facial redness clinical study are
summarized in Table I.

Details on study design, objectives, inclusion/exclusion criteria, and
assessments for the other six studies are summarized in Table S1.

The studies were conducted in accordance with the International
Council for Harmonisation (ICH) Guidelines for Good Clinical Prac-
tice and the Declaration of Helsinki. All participants provided writ-
ten informed consent prior to study commencement.
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Table II Visual grading scales for trained examiner assessment of facial dry-
ness and erythema at baseline. Facial redness was only assessed during the
intervention study

Grade Dryness Erythema

0 None: no dryness or scaling of 0 None: no erythema of the
the treatment area treatment area

1 Mild: slight, but definite roughness 1 Mild: slight, but definite redness
of the treatment area of the treatment area

2 Moderate: definite roughness of 2 Moderate: definite redness of

the treatment area

the treatment area

3 Severe: marked redness of the
treatment area

3 Severe: marked roughness of the
treatment area

Anonymized individual participant data and study documents
can be requested for further research from www.clinicalstudydata
request.com.

The International Contact Dermatitis Research Group (ICDRG)
criteria for irritant and allergic reactions [24] were used to classify
participants’ reactions. The studies also used a modification of the
Draize and Kligman scale for assessment of reactions and their
intensity [25,26], and a classification scheme for sensations that
were self-reported by participants.

Facial redness study

Study design. This was a single-centre, evaluator-blind parallel-
group, randomized study conducted in Colorado, USA. Subjects
were recruited with a minimal grade of 2 for both xerosis and red-
ness at baseline, thereafter only redness was graded in the inter-
vention study. The stratified study (by baseline redness score;
stratum 1: redness score of 2; stratum 2: redness score of 2.5 or 3)
assessed the effect of the AR day cream and AR serum on moderate
facial redness in participants with dry, red skin due to winter xero-
sis. The study included two test treatment groups (AR day cream,
AR serum). The study design and assessments are detailed in
Table I; the visual assessment scales for dryness and erythema are
shown in Table II.

Study objectives. The primary objective was to evaluate the
change from baseline in facial redness at Day 29 for participants
who used the AR day cream. The secondary objective was to eval-
uate the change from baseline in facial redness at Day 15 for par-
ticipants who used the AR day cream, and at Day 15 and Day 29
for those who used the AR serum.

Adverse events. Adverse events (AEs) were graded on a three-point
scale: mild = easily tolerated, moderate = sufficiently discomforting,
or severe = any event that prevents normal everyday activities.

Statistics. Analysis of covariance (ANCOVA) was performed to
assess both the primary and secondary endpoints. All tests were
performed at the two-sided 5% significance level.

Randomization was stratified according to baseline redness score
(stratum 1: redness score of 2; stratum 2: redness score of 2.5 or
3). Within each stratum, participants were randomly assigned to
receive one of the two test products in a 1 : 1 allocation ratio

150 -
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Figure 1 WVTR of controls (NT, WPJ: 100%) and formulations (PC, PAR
S, PAR DC): (n = 3). **P < 0.001. NT, no treatment; PAR DC, Physiogel
anti-redness day cream; PAR S, Physiogel anti-redness serum; PC, Physiogel
cream; WPJ, white petroleum jelly; WVTR, water vapour transmission rate.

using the method of randomly permuted blocks with a block size of
4. The randomization scheme was generated by a computer pro-
gram. The sample size was calculated such that a study with 29
evaluable participants in each treatment group would have 90%
power to detect a change from baseline of 0.5 units in redness at
the two-sided 5% significance level, assuming the standard devia-
tion of change from baseline was 0.8.

Results

In vitro studies

Effect of phospholipid-ISIS structured lamellar formulations on water
vapour transport

All formulations decreased WVTR values compared with no treat-
ment (P < 0.001; Figure 1). The phospholipid-ISIS structured
lamellar AR serum was numerically better but not significantly dif-
ferent to the marketed phospholipid cream. Although the marketed
phospholipid cream was highly effective in lowering WVTR, the
new phospholipid-ISIS structured lamellar AR day cream was more
effective (P < 0.001). The AR day cream was also more effective
than the AR serum (P < 0.001).

Thermotropic behaviour of phospholipid-ISIS structured lamellar
formulations studied by FTIR

All formulations exhibited a high degree of conformational order in
the lipids (Figure 2). However, the melting temperature (T,,) values
(indicative of loss of lipid chain order) increased in descending
order Physiogel® cream (45°C) > AR serum (55°C) > AR day
cream (70°C). These increases relate to the formulation improve-
ments and the presence of the phospholipid-ISIS.

Inhibitory effect of panthenol on prostaglandin E, (PGE;) release
induced by an inflammatory mediator cocktail in RHE

Exposure to the inflammatory cocktail led to significantly increased
release of inflammatory mediators from RHE tissues; secretion of
PGE, was significantly increased (P < 0.001). Topical treatment
with panthenol markedly decreased cocktail-induced PGE, secretion
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Figure 2 Thermotropic methylene symmetric stretch (vCH2 conformational order) profiles for PC, PAR S and PAR DC (n = 3), showing ~Tm values of 45, 55,
and 70°C, respectively. AR, anti-redness; PC, Physiogel cream; PAR S, Physiogel anti-redness serum; PAR DC, Physiogel anti-redness day cream; SC, stratum

corneum.

(P < 0.001; Figure 3). IHC staining of Ki67, a proliferation biomar-
ker, revealed a significant reduction of cell proliferation, spongiosis
and tissue damage by the inflammatory cocktail (Figure 4a and b).
Topical treatment with panthenol mitigated the tissue damage
caused by the inflammatory cocktail and retained relatively normal
cell proliferation indicated by minimally reduced positively Ki67-
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Figure 3 Inhibitory effect of panthenol (1.4%) on PGE, release induced by
an inflammatory mediator cocktail in reconstituted human epidermis. Topi-
cal dexpanthenol was applied 1 h prior to the inflammatory cocktail treat-
ment, and PGE, release in the cell culture media was measured at 24 h post
the inflammatory cocktail treatment. **P < 0.01, **P < 0.001. PGE,, pros-
taglandin E2; UT, untreated.

Figure 4 Panthenol (1.4%) mitigated the detrimental impact of the inflam-
matory cocktail on tissue integrity and cell proliferation in reconstructed
human epidermis. Topical treatment of dexpanthenol was applied 1 h prior
to the inflammatory cocktail treatment in cell culture media. IHC staining of
Ki67 was performed 24 h after post-cocktail treatment to determine the cell
proliferation and tissue integrity. (A). RHE tissues were treated with culture
media without the inflammatory cocktail. (B & C). RHE tissues were treated
with an inflammatory cocktail without topical panthenol (B) and with topi-
cal panthenol (C). Topical panthenol treatment at 1.4% mitigated the tissue
damage (as shown in arrows) caused by the inflammatory cocktail and
retained relatively normal cell proliferation as shown by minimally reduced
cell numbers with positive Ki67 staining (nuclear staining in purple color).
THC, immunohistochemistry; RHE, reconstructed human epidermis.
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Figure 5 Anti-inflammatory effect of PEA. (a) and (b) PEA inhibited UVB-
* ' induced inflammation in HaCaT cells. HaCaT cells were treated with PEA in
v ' the culture media 1 h prior to UVB irradiation at 40 mJ cm™2 and culture
media were collected at 6 h post-UVB for the measurement of PGE, and IL-
6. PEA reduced UVB-induced PGE, release after UVB irradiation (n = 3) (Fig-
ure 5a) (22 uM, *P < 0.05; 66 pM, *P < 0.05; 200 puM, ***P < 0.001) and
-T= reduced UVB-induced IL-6 release (Figure 5b) (200 pM, **P < 0.001). (c)
PEA reduced inflammatory cocktail-induced TSLP in reconstructed human
epidermis. RHE was treated with culture media with or without an inflam-
matory cocktail. Topical PEA treatment at 0.3% applied 1 h prior to the
inflammatory cocktail reduced cocktail-induced TSLP at 24 h post-cocktail
treatment (n = 3) (*P <0.01). IL-6, interleukin-6; PEA, palmi-
toylethanolamide; PGE,, prostaglandin E2; RHE, reconstructed human epi-
dermis; TSLP, thymic stromal lymphopoietin; UT, untreated.
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Figure 6 NAM dose-dependently increased cellular NAD in HaCaT cells.
HacCaT cells were treated with NAM in the culture media without NAM. Cel-
lular NAD levels were measured at 3 h post treatment. NAM dose-depen-
dently increased cellular NAD levels in HaCaT cells (n = 3) (*P < 0.05 at
4.5 mM). NAD, nicotinamide adenine dinucleotide; NAM, niacinamide; UT,
150 - untreated.

o o

o

stained cell numbers compared with the control sample (Fig-
ure 4C).

100

Inhibitory effect of PEA on UVB-induced inflammation in HaCaT cells
and inflammatory cocktail-induced TSLP in RHE

HaCaT keratinocytes were treated with UVB at 40 mJ cm™ = with
and without pre-treatment with PEA at different concentrations.
UVB significantly increased secretion of pro-inflammatory mediators
such as PGE, and IL-6 from HaCaT cells in the culture media
(P < 0.001; Figure 5a and b). Pre-treatment with PEA dose-depen-
dently decreased UVB-induced PGE, (Figure 5a; 22 uM, P < 0.05;
66 uM, P <0.05; 200 uM, P <0.001) and IL-6 (Figure 5b;
200 pM, P < 0.001).

The potential anti-inflammatory and anti-itch activity of PEA
was further examined in an RHE model in which TSLP production
is increased by an inflammatory cocktail. As a central inflamma-
tory mediator and a pruritogenic molecule, TSLP has been shown
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Figure 7 NAM increased gene expressions of epidermal differentiation markers and PPAR« in HaCaT cells. HaCaT cells were treated with NAM and harvested
at Day 4 for qPCR analyses of epidermal differentiation biomarkers and PPAR-a. NAM increased gene expression of loricrin (n = 3) (a) (0.05%, *P < 0.05;
0.1%, *P < 0.01); involucrin (b) (*P < 0.001 at both concentrations); filaggrin (C) (**P < 0.001 at both concentrations and *P < 0.05 between two niaci-
namide concentrations); and PPAR-o (D) (*P < 0.05 at both concentrations). NAM, niacinamide; PPAR-o, peroxisome proliferator activated receptor alpha; UT,

untreated.

to be involved in the initiation, development, and progression of
atopic dermatitis in mice and humans, and plays a role in driving
allergen sensitization. RHE was treated with an inflammatory cock-
tail prepared in the culture media with and without topical treat-
ment with PEA. The inflammatory cocktail significantly increased
TSLP release from RHE (Figure 5¢, P < 0.001), whereas topical
treatment with PEA reduced cocktail-induced TSLP (Figure Sc,
P <0.01).

Effects of NAM on cellular NAD and on gene expression of epidermal
differentiation markers
Niacinamide dose-dependently increased cellular NAD in HaCaT
cells cultured in a NAM-free medium, reaching significance at
4.5 mM (P < 0.05, Figure 6). Similar effects were shown in the
regular culture medium with NAM (0.004 g L', or 32.75 uM).
Niacinamide dose-dependently increased gene expression of ker-
atinocyte differentiation biomarkers such as filaggrin (up to 2.4-
fold) and loricrin (up to 4-fold), and significantly increased involu-
crin (up to 2.4-fold) at both concentrations tested after 4 days of
treatment with NAM, as assessed by qPCR analyses (Figure 7).
NAM also significantly increased PPAR-o gene expression (up to
1.5-fold), suggesting the involvement of PPAR-« in inducing ker-
atinocyte differentiation.

Effect of AR day cream and AR serum on UV B-induced pro-
inflammatory mediators, DNA damage and apoptosis

Anti-redness day cream and AR serum, containing panthenol,
PEA, and NAM, were evaluated for their protective activity against

540

UVB-induced damage using RHE. The exposure of RHE to UVB
radiation at 150 mJ cm 2 increased levels of IL-8, TNF-z, and
PGE, compared with no radiation controls (Figure 8). Topical
application of AR day cream (containing UV filters) reduced UVB-
induced cytokine release of IL-8 (P < 0.001), TNF-o (P < 0.001),
and PGE, (P < 0.001) to levels similar to untreated controls (Fig-
ure 8).

Ultraviolet B irradiation at 150 mJ cm ™2 resulted in DNA dam-
age and apoptosis, as demonstrated by the IHC staining of cyclopy-
rimidine dimers (CPDs) and cleaved caspase-3 (CC3), respectively;
in contrast, topical application of AR day cream blocked UVB-in-
duced DNA damage (CPD) and apoptosis (CC3) (Figure 9a). Inter-
estingly, application of the AR serum also reduced UVB-induced
CPD but minimally reduced UVB-induced apoptosis (Figure 9b).
Overnight treatment with AR serum prior to AR day cream, fol-
lowed by UVB irradiation, exhibited similar UV protection to AR
day cream alone (data not shown).

Clinical studies

Facial redness study

Disposition of the 62 participants randomized to treatment is pre-
sented in Figure 10. Of the 59 participants included in the inten-
tion-to-treat (ITT) population and who completed the study, 44
(75%) were included in stratum 1 (redness score of 2; 22 in both
the AR day cream and AR serum groups), and 15 (25%) in stra-
tum 2 (redness score of 2.5 or 3; seven in the AR day cream group
and eight in the AR serum group). All participants were female,
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Figure 8 AR day cream reduced UVB-induced release of TNF-¢, IL-8, and
PGE, from reconstructed human epidermis. AR day cream was topically
applied to reconstructed human epidermis 1 h prior to UVB irradiation at
150 mJ cm 2. UVB exposure resulted in markedly increased (a) TNF-z, (b)
IL-8, and (c) PGE,. AR day cream significantly reduced UVB-induced inflam-
matory mediators (n = 3) (**P < 0.001). AR, anti-redness; DC, day cream;
IL-8, interleukin-8; PGE,, prostaglandin E2; TNF-«, tumour necrosis factor
alpha; UT, untreated; UVB, ultraviolet B.

with a mean age of 50.4 years (range 20-62 years) in the AR day
cream group and 50.4 years (range 18-64 years) in the AR serum
group (Table III). Most participants were Caucasian, and the major-
ity had Fitzpatrick skin type II or Il (Table III).

A statistically significant mean reduction in facial redness was
shown with both the AR day cream and AR serum, at Days 15
and 29 compared with baseline (P < 0.001) (Figure 11 and
Table 1V). Four AEs were recorded for four participants. Two AEs
occurred in the AR day cream group (upper abdominal pain and
sinusitis) and two in the AR serum group (urinary tract infection
and nasopharyngitis). None were considered treatment-related and
no serious AEs were reported. One participant had a change in
concomitant medication during the study (nitrofurantoin for a uri-
nary tract infection).

Irritation and sensitisation studies

For both studies, 235 participants were screened and 233 enrolled;
228 completed each study. Of the five withdrawals, two partici-
pants withdrew due to personal reasons unrelated to the test prod-
ucts and three did not receive test products. All participants were
female, with a mean age of 45.1 years (range 18-70 years) and
most had Fitzpatrick skin type Il or lll (Table III).

No AFEs or sensations of discomfort were reported for any partici-
pant (2241 readings). The principal investigator considered that
the two test products demonstrated no irritant or allergenic poten-
tial.

Studies in subjects with sensitive skin

Of the 42 participants screened for the AR day cream study, seven
were excluded; five presented with a phototype of V, one had a his-
tory of allergy to cosmetic products, and one did not have sensitive
skin (negative Stinging Test). Of the 35 participants enrolled, 34
completed the study; one left the study for personal reasons (not
related to the test product). All participants were female, with a
mean age of 42.7 years (range 19-60 years) and most had Fitz-
patrick skin type 1, lll, or IV (Table IIT). None of the 34 participants
experienced adverse reactions. During the final dermatological
assessment, one participant reported that they had experienced dis-
comfort/mild itching on the periocular area on two consecutive
days after application of the AR day cream. The participant
reported spontaneous remission of the symptoms within 5 min on
both occasions, and no clinical signs were observed on dermatolog-
ical assessment. Although the sensation was probably related to
the test product, the incident was not deemed by the investigator
to be relevant for inclusion in the safety analyses since it occurred
2 days after the start of product application in only one partici-
pant.

Of the 37 participants enrolled in the AR serum study, two were
excluded (negative Stinging Test). All participants were female,
with a mean age of 42.3 years (range 21-59 years) and most had
Fitzpatrick skin type I, 1ll, or IV (Table III). None of the 35 partici-
pants who completed the study reported skin lesions, adverse reac-
tions or feelings of discomfort with the AR serum. No changes in
concomitant medication were reported during the study.

Photo-irritation and photo-sensitization studies

For both photo-toxicity studies, 27 participants were enrolled and
26 completed the studies; one participant was excluded during the
screening stage. One participant did not return after Day 29, so
their data were excluded from analysis. Most participants (81%)
were female, with a mean age of 46.8 years (range 21-67 years),
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A Anti-redness day cream reduced UVB-induced CPD (DNA damage)
and CC3 (apoptosis) in reconstructed human epidermis.

UVB 150 mJ cm—2

No UVB UNT

Day cream

S B—————

B Protective effect of anti-redness serum against UVB-induced CPD (DNA
damage) and CC3 (apoptosis) in reconstructed human epidermis.

UVB 100 mJ cm~2
No UVB UNT UVB + serum (6 h)

Figure 9 AR day cream and AR serum reduced UVB-induced CPD (DNA damage) and CC3 (apoptosis). A: AR day cream or water mock treatment (UNT) was
topically applied to reconstructed human epidermis at 1 h prior to UVB irradiation (150 mJ cm™2). Tissues were collected at 6 h post-UVB for IHC staining of
CPD (DNA damage, pink nuclear staining) and CC3 (apoptosis, brown cytosol staining). AR day cream blocked UVB-induced CPD (pink nuclear staining) (c)
and CC3 (brown cytosol staining) (f), compared with UVB control (b&e). No UVB treatment was served as a negative control (a&d). B: AR serum or water mock
treatment (UNT) was topically applied to reconstructed human epidermis at 1 h prior to UVB irradiation (100 mJ cm~2). AR serum reduced UVB-induced CPD
(c) compared with UVB alone (b), but minimally affected UVB-induced CC3 (compare e [serum] to { [UVB alone]). AR, anti-redness; CC3, cleaved caspase-3;
CPD, cyclopyrimidine dimers; THC, immunohistochemistry; UNT, untreated; UVB, ultraviolet B.

542 © 2019 The Authors. International Journal of Cosmetic Science published by John Wiley & Sons Ltd
on behalf of Society of Cosmetic Scientists and Société Frangaise de Cosmétologie
International Journal of Cosmetic Science, 41, 534547



Evaluation of anti-redness face cream and serum

S. J. Nisbet et al.

125 participants screened

63 participants not randomized

59 failed inclusion/exclusion criteria
four lost to follow-up

| 62 participants randomized |

l

Allocated to AR face cream (n = 31)
two discontinued after baseline
assessment

ITT (n = 29)
one protocol violation

|

PP (n=28)

I

Allocated to AR face serum (n = 31)
one discontinued after baseline
assessment

ITT (n=30)
two protocol violation

I

PP (n=28)

Figure 10 CONSORT flow diagram for the anti-redness study. AR, anti-redness; ITT, intention-to-treat; PP, per protocol.

Table III Baseline demographics of participants included in the clinical studies

Facial redness study

Assessment of irritation
and sensitization HRIPT studies

Effect of AR face cream and

serum on subjects with

sensitive skin
Phototoxicity/photoallergy
studies for day cream

Day Cream Serum on day cream and serum Day cream Serum and serum
Enrolled participants (n) 29 30 233 (both studies) 35 35 27 (both studies)
Evaluable participants (n) 29 30 228 (both studies) 34 35 26 (both studies)
Mean age, years (range) 50.4 (20-62) 50.4 (18-64) 45.1 (18-70) 42.7 (19-60) 42.3 (21-59) 46.8 (21-67)
Female, n (%) 29 (100) 30 (100) 202 (87) 34 (100) 35 (100) 22 (82)
Racef/ethnicity, n (%) Not available Not available Not available Not available
Caucasian 26 (97) 30
Asian 1) (100)
Fitzpatrick grade, n (%)
| 0 0 8 (3) 2 (6) 2(6) 0
1] 16 (55) 14 (47) 117 (50) 12 (34) 11 (31) 6 (22)
1 11 (38) 16 (53) 75 (32) 11 (31) 16 (46) 22 (78)
\% 2(7) 0 33 (14) 10 (29) 6 (17) 0
Fitzpatrick grading: | = burns easily, never tans; Il = burns easily, tans minimally; Ill = burns moderately; IV = tans moderately.

AR, anti-redness; HRIPT, human repeated insult patch test.

and all had Fitzpatrick skin type Il or Il (Table III). None of the
participants experienced a skin reaction, photo-irritation, or photo-
sensitization. No changes were reported in concomitant medication
during the study.

Discussion

The biochemistry and cellular biology of sensitive skin is complex,
therefore research on topical formulations and ingredients that
specifically target the problems associated with sensitive skin is lim-
ited, with very few published reports on improving facial redness
associated with sensitive skin (or rosacea as an extreme example).
There is limited published data describing the effect of topical ser-
ums on sensitive skin. Clearly sunscreen use will reduce skin

erythema [9,27,28] but many plant extracts and oils/acids as well
as beta glucans, sodium hyaluronate, glycerine, 4-t-butylcyclohex-
anol, tranexamic acid, oxyresveratrol, glutathione disulphide, lic-
ochalcone A and niacinamide are also known to reduce skin
redness [29-38].

We sought to improve SC moisturization using novel semi-occlu-
sive barrier mimetic lipids [11-14] together with humectants [17]
and to mitigate skin redness using this moisturizer formulation sup-
plemented with the anti-inflammatory agents panthenol, PEA and
NAM. The latter was also added for their likely effects on improving
keratinocyte differentiation and also boosting cellular NAD levels
with NAM. Formulations were also supplemented with UV filters
where appropriate to prevent UV-induced inflammation by blocking
UV radiation directly.
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2.5

1.5 4

Facial redness grade (+ SE)

—— Physiogel AR face cream

-=- Physiogel AR serum

Baseline Day 15

**%p<0.001 Study Day

Day 29

Figure 11 Effect of AR day cream and AR serum on facial redness associated with winter xerosis in subjects with self-perceived sensitive skin. Note significant
improvements for both products from baseline at Day 15 and Day 29 (***P < 0.001). AR, anti-redness; SE, standard error.

Table IV Summary of facial redness visual assessment (ITT population)

Face cream Face serum
n 29 30
Baseline Mean (SD) 2.16 (0.300) 2.13 (0.23)
Change from baseline
Day 15 n 29 30
Adjusted mean (95% —0.55 (—0.67,
Cl) —0.43)
P value <0.001
Day29 N 29 30
Adjusted mean (95%  -0.78 (-0.92, -0.62) -0.67 (-0.82, —
Cl) 0.52)
P value <0.001 <0.001

Cl, confidence interval; ITT, intention-to-treat; SD, standard deviation.

Isostearyl isostearate is a lipid ester that can influence SC lipid
phase behaviour and computerized molecular dynamic simulations
predict that it can condense the chain packing of phospholipid-lipid
mixtures [15]. We therefore evaluated phospholipid-ISIS-structured
lamellar formulations for their effects on WVTR. Compared with
non-ISIS formulated emulsions, the new AR face cream was supe-
rior in its WVTR efficacy while the AR serum was equivalent. The
former product was also superior in its WVTR performance com-
pared to some pseudo-ceramide emulsions which have proven to be
effective on sensitive skin (data not shown). FTIR studies corrobo-
rated the performance of the new phospholipid-ISIS structured
emulsions by showing the AR day cream to have the most ordered
lipid structure.

Panthenol is known to improve epidermal differentiation and to
be an effective anti-inflammatory agent [18,39]. In these studies
we demonstrated the effects of panthenol on reducing PGE, levels
and tissue damage induced by a strong inflammatory cocktail in
an in vitro model. This is relevant to the clinical setting as PGE, is
known to be elevated in subjects with sensitive skin [6]. PEA also
proved effective at reducing the levels of PGE, and IL-6 in vitro,

both of which are UV-induced inflammatory biomarkers. In addi-
tion, PEA reduced the levels of TSLP, an inflammatory and prurito-
genic biomarker, consistent with its reported itch-relief activity.
PEA is also a putative PPAR-o agonist that may mitigate irritation
via this mechanism also [19].

Niacinamide was shown to enhance the expression of epidermal
differentiation genes and increase cellular NAD. The former result
is contradictory to that of Blander et al. [40] and may reflect differ-
ent testing methods, but the latter result is consistent with Rovito
[21]. Moreover, topical NADH, the reduced form of beta-nicoti-
namide adenine dinucleotide, is reported to be effective in the treat-
ment of rosacea and contact dermatitis [41]. Furthermore, the
current work also demonstrated NAM-induced PPAR-a gene
expression which is known to play an important role in regulating
epidermal differentiation and reducing UV-induced erythema [42].
Although speculative at this stage, it is likely that NAM may syner-
gise with PEA in this mechanism.

The tested formulations were shown to prevent the UV induction
of inflammatory mediators as well as reduce UVB-induced DNA
damage (cyclobutene dimers) and apoptosis (caspase-3). This effi-
cacy partly results from the UV filters in the AR day cream. As the
AR serum (which does not contain UV filters) also partially pre-
vents DNA damage this highlights the beneficial effects of the
ingredients described above. The in vitro findings indicate the
potential combination of mechanisms by which the current formu-
lations reduce skin redness and UV-induced inflammation as
described in the clinical results. As the AR serum reduced the UV
effects on DNA damage markers we chose not to examine inflam-
matory mediators.

Visual assessment data from the facial redness study showed a
significant improvement in facial redness from baseline for both the
AR day cream and AR serum. The level of efficacy was similar to
that of products tested on subjects with rosacea [38]. Descriptive
statistics for the facial redness score were presented by stratum (s-
tratum 1: redness score of 2; stratum 2: redness score of 2.5 or 3).
Although the number of subjects with a baseline redness score of
2.5 or 3 is relatively small (15 subjects), the reductions from base-
line in redness at Day 29 was greater (AR day cream mean (SD)
—0.86 (0.627); AR serum mean (SD) —0.88 (0.231) compared to
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subjects with a baseline score of 2 (AR day cream mean (SD)
—0.75 (0.401); AR serum mean (SD) —0.59 (0.366). As a result,
it was valuable to stratify for baseline redness score.

The Human Repeat Insult Patch Test studies included many par-
ticipants to assess the irritant/allergenic potential of the AR day
cream and AR serum using repeated patch application over 3 weeks.
After continuous occlusive exposure over a period of 3 weeks, nei-
ther the AR day cream nor AR serum showed irritant or allergenic
potential in any participant, indicating that the products are unlikely
to produce irritation under normal conditions of use.

Two clinical studies evaluated the potential of the AR day cream
and AR serum to cause adverse reactions or discomfort under nor-
mal conditions of use in patients with sensitive skin. No adverse
reactions or sensations of discomfort were reported by any partici-
pant and no clinical signs were observed by the dermatologist. The
AR day cream and AR serum were considered by the investigator
to be safe for topical use in subjects with sensitive skin. Data from
two further studies using the Phototest assay showed that neither
product had potential for photoirritation or photosensitization.

Data from all seven clinical studies (n = 382) showed that the
AR day cream and AR serum are well tolerated under normal con-
ditions of use. Good compliance with study treatment was reported
and there were only six withdrawals, none of which were related
to study treatment. Only four AEs were recorded, none of which
were treatment related. Consequently, data from these clinical stud-
ies support the minimal irritant potential of the products and their
suitability for people with sensitive skin.

A limitation of the facial redness study was that enrolment was
based on participant self-diagnosis of sensitive skin. Sensitive skin is
a subjective experience with diverse sensory symptoms reported
(e.g. burning, itching, or stinging), which may occur with or with-
out clinical signs (e.g. redness, dryness, or papules) [43]. Therefore,
it is likely that participants with a variety of different skin types
were enrolled in the facial redness study. Other studies have shown
limited correlation between self-reported sensitive skin and the
Stinging Test. It has also been observed that there is little correla-
tion between sensitivity to different substances [43]. However, the
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Another potential limitation to the study is the lack of a vehicle-
control or comparative product and only changes from baseline
levels were assessed. It is noted, however, many studies examining
improving facial redness wuse a similar clinical approach
[9,29,33,34,36,37].

For the studies using the Phototest assay, it should be noted that
detection of photosensitization can be influenced by several factors,
including anatomical test site, temperature, and seasonal variation.
The Phototest assay was conducted on the skin of the back rather
than the face for safety reasons, and it is likely that sensitization
reactions on the face may differ to those on the body due to intrin-
sic differences in the skin structure and biology. Every effort was
made to control environmental conditions.

Conclusion

In conclusion, the recently developed AR day cream and AR serum
significantly improved skin redness in our study. Neither the AR
day cream nor the AR serum showed irritant, allergenic, photo-irri-
tation, or photo-sensitization potential. Both cosmetic products
were well tolerated under normal conditions of use. Additionally,
we demonstrated using in vitro studies that several formulation
ingredients were likely to contribute to the clinical efficacy of the
topical formulations: phospholipid-ISIS-structured lipids, PEA,
NAM, and panthenol.

Acknowledgements

The authors would like to thank the participants in this study.
Medical writing assistance was provided by Clare Gurton of Vivid
MedComms (Lucid Group), Loudwater, Buckinghamshire, UK. All
studies were funded by GSK Consumer Healthcare.

Conflicts of interest

Professor AV Rawlings is a consultant to GSK.

Ahumada, C. and Castanedo-Cazares, ].P. 8. Richters, R., Falcone, D., Uzunbajakava, N.,
Relationship  between

transient receptor Verkruysse, W., van Erp, P. and van de Ker-

khof, P. What is sensitive skin? A systematic

tion paper from the special interest group
on sensitive skin of the international forum

intensity of sensitive skin symptoms. J. Cos-
met. Dermatol. 15, 231-237 (2016).

literature review of objective measurements.
Skin Pharmacol. Physiol. 28, 75-83 (2015).

for the study of itch. Acta Derm. Venereol. 5. Raj, N., Voegeli, R., Rawlings, A.V., Doppler, Epub 2014 Oct 14.
96, 4-6 (2017). S., Imfeld, D., Munday, M.R., et al. A funda- 9. Grivet-Seyve, M., Santoro, F. and Lachmann,
. Huang, L.N., Zhong, Y.P., Liu, D., Wang, mental investigation into aspects of the N. Evaluation of a novel very high sun-pro-
X.H., Gong, C.Y., Wen, S., Elias, P.M., Yang, physiology and biochemistry of the stratum tection-factor moisturizer in adults with rosa-
B. and Man, M.Q. Adverse cutaneous reac- corneum in subjects with sensitive skin. Int. cea-prone sensitive skin. Clin.  Cosmet.
tions to skin care products on the face vary J. Cosmet. Sci. 39, 2-10 (2017). Investig. Dermatol. 10, 211-219 (2017).
with age, but not with sex. Contact Dermatitis. 6. Reilly, D.M., Parslew, R., Sharpe, G.R., Powell, 10. Hawkins, S.S., Subramanyan, K., Liu, D.
79, 365-369 (2018). Epub 2018 Sep 12. S. and Green, M.R. Inflammatory mediators in and Bryk, M. Cleansing, moisturizing, and
. Cho, HJ., Chung, B.Y., Lee, H.B., Kim, H.O., normal, sensitive and diseased skin types. Acta sun-protection regimens for normal skin,
Park, C.W., Lee, C.H., et al. Quantitative Derm. Venereol. 80, 171-174 (2000). self-perceived sensitive skin, and dermatolo-
study of stratum corneum ceramides con- 7. Wilson, S.R., Thé, L., Batia, L.M., Beattie, gist-assessed sensitive skin. Dermatol. Ther.
tents in patients with sensitive skin. J. Der- K., Katibah, G.E., McClain, S.P., et al. The 17(Suppl 1), 63-68 (2004).
matol. 39, 295-300 (2012). epithelial cell-derived atopic dermatitis cyto- 11. Summers, R.S., Summers, B., Chandar, P.,
. Ehnis-Perez, A., Torres-Alvarez, B., Cortes- kine TSLP activates neurons to induce itch. Feinburg, C., Gursky, R. and Rawlings, A.V.
Garcia, D., Hernandez-Blanco, D., Fuentes- Cell 155, 285-295 (2013). The effect of lipids with and without
© 2019 The Authors. International Journal of Cosmetic Science published by John Wiley & Sons Ltd 545

on behalf of Society of Cosmetic Scientists and Société Frangaise de Cosmétologie

International Journal of Cosmetic Science, 41, 534-547



Evaluation of anti-redness face cream and serum

S. J. Nisbet et al.

12.

14.

16.

17.

18.

19.

20.

21.

22,

546

humectant on skin xerosis. J. Soc. Cosmet.
Chem. 47, 27-39 (1996).

Eberlein, B., Eicke, C., Reinhardt, H.W. and
Ring, J. Adjuvant treatment of atopic eczema:
assessment of an emollient containing N-
palmitoylethanolamine (ATOPA study). J. Eur.
Acad. Dermatol. Venereol. 22, 73-82 (2008).

. Yuan, C., Wang, X.M., Guichard, A., Tan,

Y.M., Qian, C.Y., Yang, L.J., et al. N-palmi-
toylethanolamine and N-acetylethanolamine
are effective in asteatotic eczema: results of
a randomized, double-blind, controlled study
in 60 patients. Clin. Interv. Aging 9, 1163—
1169 (2014).

Pennick, G., Harrison, S., Jones, D. and
Rawlings, A.V. Superior effect of isostearyl
isostearate on improvement in stratum cor-
neum water permeability barrier function as
examined by the plastic occlusion stress test.
Int. J. Cosmet. Sci. 32, 304-312 (2010).

. Hartkamp, R., Moore, T.C., Lacovella, C.R.,

Thompson, M.A., Bulsara, P.A., Moore, D.J.,
et al. Investigating the structure of multi-
component gel-phase lipid bilayers. Biophys.
J. 111, 813-823 (2016).

Rawlings, A.V. Molecular basis for stratum
corneum maturation and moisturization.
Br. J. Dermatol. 171, 19-28 (2014).
Korponyai, C., Szel, E., Behany, Z., Varga,
E.. Mohos, G. Dura, A., et al. Effects of
locally applied glycerol and xylitol on the
hydration, barrier function and morphologi-
cal parameters of the skin. Acta Derm.
Venereol. 97, 182-187 (2017).

Proksch, E., de Bony, R., Trapp, S. and Bou-
don, S. Topical use of dexpanthenol: a 70th
anniversary article. J. Dermatolog. Treat. 28,
766-773 (2017). Epub 2017 May 14.

Vaia, M., Petrosino, S., De Filippis, D.,
Negro, L., Guarino, A., Carnuccio, R., Di
Marzo, V. and
toylethanolamide reduces inflammation and
itch in a mouse model of contact allergic
dermatitis. Eur. J. Pharmacol. 791, 669-674
(2016). Epub 2016 Oct 5.

Monfrecola, G., Gaudiello, F., Cirillo, T., Fab-
brocini, G., Balato, A. and Lembo, S. Nicoti-

namide downregulates gene expression of

Iuvone, T. Palmi-

interleukin-6, interleukin-10, monocyte

chemoattractant protein-1, and tumour
necrosis factor-a gene expression in HaCaT
keratinocytes after ultraviolet B irradiation.
Clin. Exp. Dermatol. 38, 185-188 (2013).
Rovito, H.A. and Oblong, J.E. Nicotinamide
preferentially protects glycolysis in dermal
fibroblasts under oxidative stress conditions.
Br. J. Dermatol. 169(Suppl 2), 15-24
(2013).

Tanno, O., Ota, Y., Kitamura, N., Katsube,
T. and Inoue, S. Nicotinamide increases

biosynthesis of ceramides as well as other

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

stratum corneum lipids to improve the epi-
dermal permeability barrier. Br. J. Dermatol.
143, 524-531 (2000).

Bulsara, P.A., Varlashkin, P., Dickens, J.,
Moore, D.J., Rawlings, A.V. and Clarke, M.].
The rational design of biomimetic skin barrier
lipid formulations using biophysical methods.
Int. J. Cosmet. 39, 206-216 (2017).

Spiewak, R. Patch testing for contact allergy
and allergic contact dermatitis. Open Allergy
J. 1, 42-51 (2008).

Draize, J.H., Woodward, G. and Calvery,
H.O. Methods for the study of irritation and
toxicity of substances applied topically to
the skin and mucous membranes. J. Phar-
macol. Exp. Ther. 82, 377-390 (1944).
AM. and Wooding, WM. A
method for the measurement and evalua-

Kligman,

tion of irritants on human skin. J. Invest.
Dermatol. 49, 78-94 (1967).

Narbutt, J., Philipsen, P.A., Harrison, G.I.,
Morgan, K.A., Lawrence, K.P., Baczynska,
K.A., Grys, K., Rogowski-Tylman, M., Ole-
jniczak-Staruch, I., Tewari, A., Bell, M.,
O’Connor, C., Wulf, H.C., Lesiak, A. and
Young, A.R. Sunscreen applied at > 2 mg
cm-2 during a sunny holiday prevents ery-
thema, a biomarker of ultraviolet radiation-
induced DNA damage and suppression of
acquired immunity. Br. J. Dermatol. 180,
604-614 (2019). Epub 2018 Dec 5.
Baldwin, H., Santoro, F., Lachmann, N. and
Teissedre, S. A novel moisturizer with high
sun protection factor improves cutaneous
barrier function and the visible appearance
of rosacea-prone skin. J. Cosmet. Dermatol.,
1-8 (2019). https://doi.org/10.1111/jocd.
12889. [Epub ahead of print]

Wang, Y., Viennet, C., Jeudy, A., Fanian, F.,
He, L. and Humbert, P. Assessment of the
efficacy of a new complex antisensitive skin
cream. J. Cosmet. Dermatol. 17, 1101-1107
(2018). Epub 2018 Jan 22.
Hernandez-Pigeon, H., Garidou, L., Galliano,
M.F., Delga, H., Aries, M.F., Duplan, H., Bes-
sou-Touya, S. and Castex-Rizzi, N. Effects of
dextran sulfate, 4-t-butylcyclohexanol, pon-
gamia oil and hesperidin methyl chalcone
on inflammatory and vascular responses
implicated in rosacea. Clin. Cosmet. Investig.
Dermatol. 11, 421-429 (2018).

Draelos, Z.D., Levy, S.B., Lutrario, C. and
Gunt, H. Evaluation of the performance of a
nature-based sensitive skin regimen in sub-
jects with clinically diagnosed sensitive skin.
J. Drugs Dermatol. 17, 908-913 (2018).
Jung, Y.S., Lee, J.H., Bae, J.M., Lee, D.W.
and Kim, G.M. Assessment of the efficacy
and safety of a new complex skin cream in
Asian women: A controlled clinical trial. J.
16, 253-257 (2017).

Cosmet. Dermatol.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43,

https://doi.org/10.1111/jocd. 12338, Epub
2017 May 16.
Jovanovic, Z., Angabini, N., Ehlen, S,

Mokos, Z.B., Subotic, M. and Neufang, G.
Efficacy and tolerability of a cosmetic skin
care product with trans-4-t-butylcyclohex-
anol and licochalcone a in subjects with
sensitive skin prone to redness and rosacea.
J. Drugs Dermatol. 16, 605-610 (2017).
Schoelermann, A.M., Weber, T.M., Arrowitz,
C., Rizer, R.L., Qian, K. and Babcock, M.
Skin compatibility and efficacy of a cosmetic
skin care regimen with licochalcone A and
4-t-butylcyclohexanol in patients with rosa-
cea subtype 1. J. Eur. Acad. Dermatol. Vener-
eol. 30(Suppl 1), 21-27 (2016). https://doi.
org/10.1111/jdv.13531.

Sulzberger, M., Worthmann, A.C., Holtzmann,
U., Buck, B., Jung, K.A., Schoelermann, A.M.,
Rippke, F., Stab, F., Wenck, H., Neufang, G.
and Gronniger, E. Effective treatment for sensi-
tive skin: 4-t-butylcyclohexanol and licochal-
cone A. J. Eur. Acad. Dermatol. Venereol. 30
(Suppl 1), 9-17 (2016).

Weber, T.M., Ceilley, R.I., Buerger, A., Kolbe,
L., Trookman, N.S., Rizer, R.L. and Schoeler-
mann, A. Skin tolerance, efficacy, and quality
of life of patients with red facial skin using a
skin care regimen containing Licochalcone
A. ]. Cosmet. Dermatol. 5, 227-232 (2006).
Dupont, E., Léveillé, C., Gomez, J., Loigeret,
M., Loing, E. and Bilodeau, D. Clinical effi-
cacy of a serum integrating multiple cos-
metic ingredients in the management of
erythema of the face in aging skin. J. Cos-
met. Dermatol. 11, 207-212 (2012).
Draelos, Z.D., Ertel, K. and Berge, C. Niaci-
namide-containing
improves skin barrier and benefits subjects
with rosacea. Cutis 76, 135-141 (2005).
Ebner, F., Heller, A., Rippke, F. and Tausch, I.
Topical use of dexpanthenol in skin disorders.
Am. ]. Clin. Dermatol. 3, 427-433 (2002).
Blander, G., Bhimavarapu, A., Mammone,
T., Maes, D., Elliston, K., Reich, C., Matsui,
M.S., Guarente, L. and Loureiro, J.J. SIRT1
promotes differentiation of normal human

facial moisturizer

keratinocytes. J. Invest. Dermatol. 129, 41—
49 (2009). Epub 2008 Jun 19.

Wozniacka, A., Sysa-Jedrzejowska, A., Ada-
mus, J. and Gebicki, J. Topical application of
NADH for the treatment of rosacea and con-
tact dermatitis. Clin. Exp. Dermatol. 28, 61—
63 (2003).

Dubrac, S. and Schmuth, M. PPAR-alpha in
cutaneous inflammation.
Endocrinology 3, 23-26 (2011).
Marriott, M., Holmes, J., Peters, L., Cooper,
K., Rowson, M. and Basketter, D.A. The
complex problem of sensitive skin. Contact
Dermatitis. 53, 93-99 (2005).

Dermato-

© 2019 The Authors. International Journal of Cosmetic Science published by John Wiley & Sons Ltd
on behalf of Society of Cosmetic Scientists and Société Frangaise de Cosmétologie
International Journal of Cosmetic Science, 41, 534-547


https://doi.org/10.1111/jocd.12889
https://doi.org/10.1111/jocd.12889
https://doi.org/10.1111/jocd.12338
https://doi.org/10.1111/jdv.13531
https://doi.org/10.1111/jdv.13531

Evaluation of anti-redness face cream and serum S. J. Nisbet et al.

Supporting Information Table S1 Methodology summary
Table S2 Classification of the sensations reported by participants

Additional Supporting Information may be found in the online ver- S
in diaries of use

sion of this article:

© 2019 The Authors. International Journal of Cosmetic Science published by John Wiley & Sons Ltd 547
on behalf of Society of Cosmetic Scientists and Société Frangaise de Cosmétologie
International Journal of Cosmetic Science, 41, 534-547



