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Abstract

Dry skin is characterized as a rough and scaling skin surface. It usually has lower water content than normal skin.
Vitamin D helps to regulate cellular proliferation and differentiation andcan help to protect skin from environmental
factors. However, the stability vitamin D in cosmetic formulations is low. Thus, the aim of this study was to
evaluate the sensory properties and protective effects on skin hydration of a cosmetic formulation containing
Cichorium intybus root extract, previously shown to be “vitamin D like” (VD). A formulation containing VD or
not (vehicle) was applied on the arm, forearm and face of fifteen subjects. Measurements of stratum corneum water
content, Transepidermal Water Loss (TEWL) and skin microrelief parameters were performed using biophysical
and skin image techniques before (baseline), after 2 hours, and after 45 and 90 days of daily application of the
formulations. Only the formulation with VD was effective in maintaining skin barrier function and skin hydration
under low humidity conditions. Cichorium intybus root extract is shown to be an effective “vitamin D like” active
ingredient to use in cosmetic formulations to avoid skin dryness. In addition, the extract maintained the sensory
properties of the studied cosmetic formulation.

Keywords: Cichorium intybus root extract, ‘“Vitamin D-like”, cosmetics, biophysical techniques, skin dryness,
sensory properties

Resumo

A pele seca ¢ caracterizada como uma superficie aspera, com menor teor de 4gua do que a pele normal. A Vitamina
D ajuda a regular a proliferagdo e diferenciagdo celular e pode ajudar a proteger a pele contra fatores ambientais.
No entanto, a Vitamina D ¢ instdvel em formula¢des cosméticas. Assim, o objetivo deste estudo foi avaliar o
sensorial e os efeitos protetores na hidratacao da pele de uma formulacdo cosmética contendo extracto de raiz
Cichorium intybus - "Vitamina D like" (VD). A formula¢ao, adicionada ou ndo (veiculo) de VD, foi aplicada no
brago, antebrago e na face de quinze participantes. Antes (basal) e apds 2 horas, 45 e 90 dias de aplicagao diaria
das formulagoes foram realizadas medidas do contetido aquoso do estrato corneo, perda de agua transepidémica e
parametros do microrrelevo da pele por técnicas biofisicas e analise de imagem. Apenas a formulagdo com VD foi
efetiva na manutencao da fun¢fo barreira e hidratagao da pele em condi¢des de baixa umidade. Assim, oextracto de
raiz de Cichorium intybus ¢ um ingrediente ativo eficaz para aplicagdo em cosméticos para evitar o ressecamento
da pele. Além disso, a “Vitamina D like” melhorou o sensorial da formulagdo cosmética estudada.

Palavras chave: extracto de raiz de Cichorium intybus, "Vitamina D-like", cosméticos, técnicas de biofisica, pele
seca, propriedades sensoriais.
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Introduction

Dry skin (xerosis) is characterized as a rough and finely
scaling skin surface. This conditionis generally asso-
ciated with lower water content than normal skin.Dry
skin is a common skin condition in the winter. It be-
comes worse by environmental factors, such as cold
and dry weatherV.

Low humidity in winter creates an ideal condition for
dry skin. The stratum corneum becomes more vulner-
able to cracking, resulting in skin barrier breakdown.
Thus, low humidity may damage the barrier causing
skin irritation, redness and itching®.

Vitamin D and/or its receptor regulate numerous func-
tions of the skin. These include inhibition of prolifera-
tion and stimulation of cell differentiation®. According
to Bikle™, vitamin D regulates formation of the perme-
ability barrier, promotion of innate immunity, and pro-
motion of the hair follicle cycle.

Loss of vitamin D receptor or loss of the capacity to
produce 1,25(0H),D3 (1,25-dihydroxycholecalciferol
or calciferol) disrupts differentiation of the epidermis
and resultsinhyperproliferation of the basal layers®.
Russel® demonstrated a relationship between vitamin
D, (25(OH)D - calcifediol) serum levels and the skin
hydration state. This author concluded that if thevita-
minD, serum level decreases, skin conductance meas-
urements also decrease, indicating that skin is drier.
In addition, synthesis of vitamin D and its receptor in
the skin decrease with reduced sun exposure and age-
ing. Thus, the use of cosmetics products with vitamin
D may help improve skin conditions®.Another study
showed that mice lacking vitamin D receptors showed
defective epidermal differentiation, manifested asre-
duced levels of involucrinandloricrin and loss of kera-
tohyaline granules”.

Considering that vitamin D regulates important skin
mechanisms but it has a low stability in cosmetic for-
mulations®, a new active ingredient obtained from
Cichorium intybus (common chicory) root extract was
proposed to act on the skin as vitamin D.

Cichorium intybus root extract - “vitamin D like” -is
rich in oligofructosans, which stimulates vitamin D
receptor synthesis. The receptor binds to vitamin D
response elements by specific DNA sequences inthe
nucleus. This binding affects the transcription of target
genes that regulate cellular proliferation and differen-
tiation®. In addition, the clinical efficacy of this active
ingredient in the improvement of skin barrier function
has been demonstrated by Maia Campos et al®.

In this context, the aim of this study was to evaluate the
sensory properties and protective effects on skin hydra-

Natural vitamine D-like from a root extract
Vitamina D-like natural de um extracto de raiz

Introducao

A pele seca (xerosis) € caracterizada como uma superfi-
cie de pele aspera e finamente descamante. Geralmente
tem menor teor de agua do que a pele normal. A pele
seca ¢ uma condi¢do comum da pele no inverno. Torna-
-se pior devido as condig¢des climaticas, como clima
frio e seco (V.

A baixa umidade no inverno torna as condigoes ideais
para a pele seca. O estrato coérneo torna-se mais vulne-
ravel a rachaduras que resultam na ruptura da barreira
da pele. Desta forma, a baixa umidade pode danificar a
barreira causando irritagdo na pele, eritema e coceira®.
A Vitamina D e/ou o seu receptor regulam numerosas
fungdes da pele. Estas incluem a inibi¢do da prolifera-
¢do e estimulacdo da diferenciacdo celular ®. De acor-
do com Bikle®, a Vitamina D regula a formagdo da
barreira de permeabilidade, a promog¢do da imunidade
inata e a promogao do ciclo do foliculo capilar.

A perda de receptor de Vitamina D ou perda da capa-
cidade de produzir 1,25(OH)2D (diidroxicolecalciferol
ou calciferol) interrompe a diferencia¢ao da epiderme
e resulta em hiperproliferacdo das camadas basais ©.
Russel® demonstrou uma relagdo entre os niveis séri-
cos de Vitamina D3 (25(OH)D- calcifediol) e o esta-
do de hidratagdo da pele. Este autor concluiu que, se
o nivel sérico da Vitamina D3 diminuir, as medidas de
condutancia da pele também diminuiriam, indicando
que a pele estava mais seca. Além disso, a sintese de
Vitamina D e de seu receptor diminui com a redug@o da
exposi¢do ao sol e com o envelhecimento. Assim, 0 uso
de produtos cosméticos com Vitamina D pode ajudar a
melhorar as condi¢oes da pele®. Outro estudo mostrou
que ratos que nao possuem receptores de Vitamina D
apresentam diferenciagdo epidérmica defeituosa que se
manifesta como niveis reduzidos de involucrina e lori-
crina e perda de granulos de querato-hialina .
Considerando que a Vitamina D regula os mecanismos
importantes da pele, mas possui baixa estabilidade nas
formulagdes cosméticas®, um novo ingrediente ativo
obtido a partir do extracto da raiz de Cichorium intybus
foi proposto para atuar sobre a pele como a Vitamina D.
O extracto de raiz de Cichorium intybus — “Vitamina
D Like” € rico em oligofructosanas, o que estimula a
sintese do receptor de Vitamina D. O receptor se liga
a elementos de resposta de Vitamina D por seqiién-
cias de DNA especificas no nucleo. Estaligacdoafeta a
transcrigdo de genes alvo que regulam a proliferacdo e
diferenciagdo celular®. Além disso, Maia Campos ¢ co-
laboradores® demonstraram a eficacia clinica deste in-
grediente ativo na melhoria da fungdo barreira da pele.
Nesse contexto, o objetivo deste estudo foi avaliar as
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tion of a cosmetic formulation containing Cichorium
intybus root extract, referred herein as “vitamin D like”
(VD).

Material and methods

Studied Formulation

The formulation under study was composed of deion-
ized water, butyleneglicol (Butilenoglicol, Mapric,
Brazil), glycerin PA (Glicerina, Mapric, Brazil), ethyl-
hexyl stearate (Crodamol OS®, Croda International Plc,
United Kingdom), aqua and PEG-75 lanolin (Solan-
gel401%®, Croda International Plc, United Kingdom), so-
dium polyacrilate, dimethicone, and cyclopentasil (RM
2051%, Dow Corning, USA), cyclopentasiloxane (Xia-
meter® PMX-0245 Cyclopentasiloxane, Dow Corning,
USA), phenoxyethanol, methylparaben, ethylparaben,
butylparaben, propylparaben and isobutylparaben
(Phenova®, Croda International Plc, United Kingdom),
disodium EDTA (EDTA Dissodico, Mapric, Brazil),
acrylates/ C10-30 alkyl acrylate crosspolymer (Pemu-
len™ TR-2 NF Polymer, Lubrizol, USA), to which
was added or not (vehicle) Cichorium intybus(common
chicory) root extract (Vederine®, Silab, France) to a fi-
nal concentration of 3%.

Subjects

This study was approved by the Ethics Committee of the
School of Pharmaceutical Sciences of Ribeirdo Preto —
USP(CEP/FCFRP381—-CAEE43463115.0.0000.5403)
and conformed to the principles set forth by the Decla-
ration of Helsinki. For the efficacy assessment, fifteen
healthy female subjects, 18 - 39 years old, with Fitzpat-
rick skin phototypes II and I1I, participated in this study
after have given their informed consent.

For the sensory analysis, forty healthy female subjects,
18 -39 years old, with Fitzpatrick skin phototypes Il and
I, participated in this study after have given their in-
formed consent.The exclusion criteria was presence of
any dermatitis and/or other skin diseases and smokers
and previous treatment of the skin of the forearms and
face with cosmetic formulations such as moisturizers,
sunscreens or anti-ageing cosmetics 12 hours baseline
measurements and during all the period of study.

Efficacy assessments

Prior to all measurements (baseline, after 2 hours, after
45 and 90 days) subjects of study were left in a con-
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propriedades sensoriais e os efeitos protetores sobre a
hidratagdo da pele de uma formulagao cosmética con-
tendo extracto de raiz de Cichorium intybus - “Vitamina
D like” (VD).

Material e métodos

Formulacdo estudada

A formulag@o em estudo foi composta por dgua deioni-
zada, butilenglicol (Butilenoglicol, Mapric, Brasil), gli-
cerina PA (Glicerina, Mapric, Brasil), estearato de eti-
lhexilo (Crodamol OS®, Croda International Plc, Reino
Unido), agua ¢ PEG-75 lanolina (Solangel401®, Croda
International Plc, Reino Unido), poliacrilato de sédio e
dimeticona e ciclopentasil (RM 2051®, Dow Corning,
EUA), ciclopentasiloxano (XIAMETER® PMX-0245
Cyclopentasiloxane, Dow Corning, EUA), fenoxietanol
e metilparabeno e etilparabeno e butilparabeno e pro-
pilparabeno e isobutililparabeno (Phenova®, Croda In-
ternational Plc, Reino Unido), EDTA dissédico (EDTA
Dissodico, Mapric, Brasil), acrilatos/copolimero de
acrilato de alquilo C10-30 (Pemulen ™ TR-2 NF Poly-
mer, Lubrizol, EUA), e adicionada ou nao (veiculo) de
3% de extracto de Chicoria (Vederine®, Silab, Franca).

Participantes

Este estudo foi aprovadopelo Comité de Etica da Facul-
dade de Ciéncias Farmacéuticas de RibeirdoPreto - USP
(CEP/FCFRP 381 - CAEE 43463115.0.0000.5403)
conforme os principios estabelecidos na Declaragdo
de Helsinque. Para os estudos de eficacia, quinze indi-
viduos do sexo feminino, saudaveis, de 18 a 39 anos,
tendo pele Fitzpatrick tipos II e III, participaram deste
estudo, depois de terem dado o seu consentimento in-
formado.

Para a andlise sensorial, quarenta individuos do sexo
feminino, saudaveis, de 18 a 39 anos, tendo pele Fitzpa-
trick tipos II e III, participaram deste estudo, depois de
terem dado o seu consentimento informado

Os critérios de exclusdo foram: presenca de qualquer
dermatite e/ou outras doengas da pele ou alérgicas, fu-
mantes e tratamento prévio da pele dos antebracos e do
rosto com formulagdes cosméticas tais como hidratan-
tes, protetores solares ou cosméticos anti- envelheci-
mento 12 horas antes das medidas basais e durante todo
o periodo de estudo.

Avaliagdo de eficacia

Antes de todas as medidas, tempo zero, apds 2 horas,



trolled room for at least 20 minutes in order to allow
full skin adaptation to room temperature (20 + 2°C)
and humidity (45-60%). Biophysical and skin image
techniques were used in analysis of the skin conditions
after application of formulation on the face skin (malar
region), volar forearm, and volar arm of the participants
of the study.

The forearm skin area (12 cm? each) of each subject
was demarcated in three regions in one forearm. The
formulations studied and the measurement regions
were randomized. To each demarcated area, the formu-
lation containing Cichorium intybus root extract, or the
vehicle, or no formulation (control) was applied. The
malar region skin area was demarcated on both sides.
The vehicle or the formulation containing Vitamin D
like (VD) was applied following a randomized design.
The volar arm skin area was marked in both arms. The
vehicle or the formulation containing VD was applied
following a randomized design.

Effects after a single application (short term efficacy)

Before (baseline measurements) and after two hours of
the application of 20 mg of each formulation (vehicle or
the formulation containing Cichorium intybus root ex-
tract) on the volar forearm, volar arm and malar region
of the face, measurements were performed to evaluate-
of the stratum corneum water content, Transepidermal
Water Loss (TEWL) and skin microrelief parameters.

Effects after 45- and 90- day application periods (long
term efficacy)

Before (pre-treatment measurements) and after 45 and
90 days of daily application of the formulations on the
face (vehicle and formulation containing Cichorium
intybus root extract), measurements were again per-
formed to evaluate stratum corneum water content,
Transepidermal Water Loss (TEWL) and skin microre-
lief parameters.

Instrumentation

The stratum corneum water content was determined
with a noninvasive skin capacitance meter (Corneome-
terCK Eletronics GmbH, Koln, Germany). This device
determines the water content of superficial epidermal
layers down to a depth of around 0.1 mm and expresses
the values obtained in arbitrary units. The averaged val-
ues of three measurements were used for subsequent
calculations?.

Transepidermal Water Loss (TEWL) was measured with
an evaporimeter (Tewameter® TM 300, CK Eletronics
GmbH, Koln, Germany), and registered in g/m*h"".

Natural vitamine D-like from a root extract
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apos 45 e 90 dias, os participantes do estudo foram dei-
xados em uma sala controlada por pelo menos 20 min
para permitir a adaptacdo completa da pele a tempera-
tura ambiente (20 + 2 © C) e a umidade (45 -60%). As
técnicas de biofisica e de imagem da pele foram utiliza-
das na analise das condic¢des da pele apos a aplicacdo da
formulagdo na pele da cara (regido malar), parte interna
do antebrago e do braco dos participantes do estudo.

A area da pele do antebrago (12 cm? cada) de cada par-
ticipante foi demarcada em trés regides em um antebra-
¢o. As formulagoes estudadas e as regides de medigdo
foram randomizadas. Cada area demarcada recebeu o
veiculo ou a formulagdo contendo extracto de raiz Chi-
coria ou nenhuma formulagao foi aplicada (controle). A
area da pele da regido malar foi demarcada em ambos
os lados. O veiculo ou a formulagdo contendo Vitamina
D como (VD) foi aplicado seguindo um desenho rando-
mizado. A drea da pele interna do braco foi marcada em
ambos os bragos. O veiculo ou a formula¢do contendo
VD foram aplicados seguindo um desenho randomiza-
do.

Efeitos apos uma unica aplicagdo (eficdcia a curto prazo)

Antes (pré-tratamento) e ap6s duas horas de aplicacao
de 20 mg de cada formulagao (veiculo ou a formulagao
contendo extracto de raiz de chicéria) foram feitas me-
didas do teor de agua do estrato corneo, perda transepi-
dermal de agua e parametros de microrrelevo da pele
nas regioes anteriores do antebrago e braco e na regido
malar da face.

Efeitos apos o periodo de aplica¢do de 45 e 90 dias
(eficdacia em longo prazo)

Antes (basal) e apos 45 e 90 dias de aplicagdo diaria das
formulagdes na regido da face, foram realizadas medi-
¢oes em termos de teor de agua do estrato corneo, perda
transepidermal de agua e parametros de microrrelevo
da pele.

Instrumentacgdo

O teor de agua do estrato corneo foi determinado com
um medidor de capacitancia da pele nao invasivo (Cor-
neometer® TM CM 825, CK EletronicsGmbH, Koln,
Alemanha). Este dispositivo determina o teor de agua
das camadas epidérmicas superficiais até uma profun-
didade de cerca de 0,1 mm e expressa os valores obti-
dos em unidades arbitrarias. Os valores médios de trés
medidas foram utilizados para calculos posteriores!?:

A perda de agua transepidermalfoi medida com um eva-
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Skin microrelief parameters were evaluated using Vi-
sioscan® VC98 and software SELS 2000 from CK
Eletronics GmbH (Koln, Germany). The measuring
area was 6 x 8 mm and the image of the skin was taken
by a built-in CCD camera''?, The SELS (Surface Eval-
uation of the Living Skin) method is based on a graphic
depiction of the living skin under special illumination,
and the electronic processing and evaluation of this im-
age was carried out according to four clinical parame-
ters: width of wrinkles- skin smoothness (Sesm), num-
ber and width of wrinkles (Sew), skin roughness (Ser)
and wrinkle depth (Rt)"'.

Sensory analysis

All subjects rested in a room maintained at 25 + 1° C
and 40-60% relative humidity for 15 minutes prior to
evaluation. Subjects were instructed to not use mois-
turizers, body lotions, soap or other occlusive cosmetic
preparations on the tested area for 12 hours prior to
study. 50 pL of the formulation on a delimited area (12
cm?) of the internal side of the forearm was applied
with one finger, performing 10 rubs.

The subjects evaluated the following attributes during
application: spreadability, moisturizing, softness, skin-
feel (during the application) and, afterfeel (5 minutes
after application). A five-level score, with numbers
from 1- “bad” to 5- “excellent” was used to evaluate
both formulations!?.

Statistical analysis

In order to evaluate the normal distribution of the
experimental data the normality test Kolmogorov-
Smirnov was used using statistical software Origin 9.0.
For short term or long term effects on the volar forearm,
data were analyzed using ANOVA parametric analysis
with Tukey’s post-test. For short term or long term ef-
fects on the malar region of the face, and for texture
profile, Students T test was used. The above tests were
performed using GraphPad Prism 5.0. Differences were
accepted as statistically significant at p <0.05.

Results

Effects after a single application

After two hours of study the stratum corneum water
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porimetro (Tewameter® TM 300, CK EletronicsGm-
bH, Koln, Alemanha) e registrado em g/m?h 7.

Os parametros do microrrelevo da pele foram avaliados
usando o Visioscan® VC98 e o software SELS 2000 da
CK EletronicsGmbH (Koln, Alemanha). A area de me-
di¢do foi de 6 x 8 mm e a imagem da pele foi tomada
por uma camera CCD embutida 1©. O método SELS
(Avaliagdo da superficie da pele viva) baseia-se em
uma descri¢ao grafica da pele sob iluminagao especial,
e o processamento eletronico e a avaliagdo desta ima-
gem foram realizados de acordo com quatro parametros
clinicos: largura das rugas - Suavidade da pele (Sesm),
numero e largura das rugas (Sew), rugosidade da pele
(Ser) e profundidade das rugas (Rt)!?.

Analise sensorial

Quarenta mulheres participantes do estudo, entre 18 e
39 anos, foram recrutadas. Todas as participantes des-
cansaram em uma sala mantida a 25 + 1°C e 40-60%
de umidade relativa durante 15 min antes da avaliagao.
As participantes foram instruidas a ndo usar hidratan-
tes, logdes para o corpo, sabdo ou outras preparagdes
cosméticas oclusivas na area testada durante 12h antes
do estudo. Foi aplicado 50 pL da formulacdo na area
delimitada (12 cm?) na porgdo anterior do antebrago
com um dedo, com 10 esfregas.

As participantes avaliaram os seguintes atributos du-
rante a aplicagdo: espalhabilidade, hidratacdo, suavida-
de, sensa¢do na pele durante a aplicacdo apds 5 minutos
de aplicagdo. Uma nota de cinco niveis, com nimeros
de 1- “ruim” para 5 “excelente”, foi utilizada para ava-
liar ambas as formulac¢des P,

Analise estatistica

A fim de avaliar a distribui¢do normal dos dados ex-
perimentais, o teste de normalidade Kolmogorov-Smir-
novfoi utilizado o software estatistico Origin 9.0. Para
efeitos de curto ou longo prazo sobre a parte interna
do antebraco, os dados foram analisados usando analise
paramétrica de ANOVA com pos-teste de Tukey. Para
efeitos de curto prazo ou longo prazo na regido malar
da cara, e para o perfil de textura, utilizou-se o teste de
T de Student. Os testes acima foram realizados usando
GraphPad Prism 5.0. As diferengas foram aceitas como
estatisticamente significativas com p <0,05.

Resultados

Efeitos apos uma unica aplicag¢do

Apos duas horas de estudo, o teor de agua do estrato



content significantly increased for the regions evaluate-
dexcept control (Figure 1). The application of both for-
mulations significantly reducedthe transepidermal wa-
ter loss on the forearm of the subjects of study (Figure
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Figure 1/ Figura 1 - Stratum corneum water content
(means + SD) for each treatment applied on the
volar forearm. Data was obtained by Corneometer
measurements after 0 and 2 hours application (n =
15). Control — skin without formulation, Vehicle
— formulation without VD and VD - formulation
containing 3 % of Cichorium intybus extract.*
Indicates statistically different relative to the
baseline(p < 0.05).

Conteudo de agua do estrato coérneo (média + DP)
para cada tratamento aplicado na regido interna do
antebracgo. Os dados foram obtidos por medidas de
Corneometer apos 0 e 2 horas de aplicagdo (n = 15).
Controlo - pele sem formulagdo, Veiculo — formulagao
sem VD e VD - formulagdo contendo 3% de extracto
de Cichorium intybus. * Médias estatisticamente
diferente comparando com medidas basais e apos 2
horas de aplicagdo (p < 0,05).
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corneo aumentou significativamente para as regides
avaliadas, exceto o controle (Figura 1). A aplicacdo de
ambas as formulagdes reduziu significativamente a per-
da de agua transepidermal no antebraco dos participan-

Transepidermal water loss (g.mzlh)
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Figure 2/ Figura 2.Transepidermal water loss
(means + SD) for each treatment applied on the malar
region of the face. Data was obtained by Tewameter
measurements after 0 and 2 hours application (n =
15). Control — skin without formulation, Vehicle
— formulation without VD and VD - formulation
containin%3% of Cichorium intybus extract. * Means
statistically different comparing baseline and after 2
hours application (p < 0.05).

Perda transepidermal de agua (média + DP) para cada
tratamento aplicado na regido interna do antebrago.
Os dados foram obtidos por medidas de Tewameter
apds 0 e 2 horas de aplicagdo (n = 15). Controlo - pele
sem formulacao, Veiculo — formulacdo sem VD e VD
- formulagao contendo 3% de extracto de Cichorium
intybus. * Médias estatisticamente diferente
comparando com medidas basais e apds 2 horas de
aplicacdo (p < 0,05).
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Figure 3/ Figura 3 - Stratum corneum water Figure 4/ Figura 4 - Stratum corneum water
content (means + SD) for each treatment applied content (means + SD) for each treatment a(llpghed
on the malar region of the face. Data was on the volar forearm. Data was obtained by
obtained by Corneometer measurements after Corneometer measurements after 0, 45 and 90
0, 45 and 90 days of daily application (n = 15). days of daily application \Sn = 15). Control —
Control — skin without formulation, Vehicle — skin without formulation, Vehicle — formulation
formulation without VD and VD - formulation without VD and VD - formulation containing
containing 3 % of Cichorium intybus extract.* 3 % of Cichorium intybus extract. *Indicates
Indicatesstatistically different relativeto the statistically different relativeto the baseline (p <
baseline (p < 0.05). ) 0.05). )
Conteudo de dgua do estrato corneo (média + DP)  Contetido de agua do estrato corneo (média + DP)
ara cada tratamento aplicado na regido malar para cada tratamento aplicado na regido interna do
a cara. Os dados foram obtidos por medidas de antebrago. Os dados foram obtidos por medidas
Corneometer apos 0, 45 e 90dias de aplicagdo de Corneometer apos 0, 45 ¢ 90 dias de aplicagdo
diaria (n = 15). Controlo - pele sem formulagao, diaria (n = 15). Controlo - pele sem formulacao,
Veiculo — formulacao sem VD e VD - formulacdo  Veiculo — formulagao sem VD ¢ VD - formulagao
contendo 3% de extracto de Cichorium intybus. contendo 3% de extracto de Cichorium intybus.
* Médias estatisticamente diferente comparando * Médias estatisticamente diferente comparando
com medidas basais e ag()s 2 horas de aplicacao com medidas basais e a8(')s 2 horas de aplicagao
(p=0,05). (p=0,05).
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2).The other regions and parameters evaluated show no
significant differences.

Long term effects

Stratum corneum water content

Results of this study showed that the stratum corneum
water content of the region treated with the vehicle sig-
nificantly decreased after 45 and 90 days of applying
the formulations. Meanwhile the region treated with the
formulation containing Cichorium intybus root extract
(VD) maintained its hydration. Only after 90 days of
study, there was a significantly decrease of the stratum
corneum water content in the region treated with the ve-
hicle formulation in malar region (Figure 3) and volar
forearm (Figure 4).

TEWL

The application of the formulation containing the ac-
tive ingredient significantly decreased TEWL after 45
and 90 days of treatment on the volar forearm and the
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tes do estudo (Figura 2). As outras regides e paraimetros
avaliados ndo apresentaram diferencas significativas.

Efeitos em longo prazo

Teor de dgua do estrato corneo

Os resultados deste estudo mostraram que o teor de
agua do estrato corneo da regido tratada com o veicu-
lo diminui significativamente apds 45 ¢ 90 dias apds a
aplicag@o das formulag¢des. Enquanto isso, a regido tra-
tada com a formulacdo contendo extracto de raiz de Ci-
chorium intybus(VD) manteve sua hidratacdo. Somente
apos 90 dias de estudo, houve diminuigdo significativa
do teor de agua do estrato corneo na regido tratada com
a formulacdo veiculo na regido malar (Figura 3) e na
parte interna do antebrago (Figura 4).

Perda Transepidermal de Agua

A aplicagdo da formulagdo que contém o ingrediente
ativo diminuiu significativamente a pedra transepider-
mal de agua apods 45 e 90 dias de tratamento na parte

EZ3 Baseline
B fter 45 days
B3 After 90 days

EZE Basal
B3 Apos 45 dias
B3 Apés 90 dias

Perda transepidermal de dgua (g.mz/h)

Figure 5/ Figura 5 - Transepridermal water loss (means + SD(} for each treatment applied on the volar

forearm. Data was obtained by Tewameter measurements after (
15). Control — skin without formulation, Vehicle — formulation without VD and

45 and 90 days of daily application (n =
{]/D - fom}llulggon conta(ming

3 % of Cichorium intybus extract.* Indicates statistically different relative to the baseline (p < 0.05)

Perda transepidermal de agua (média + DP) para cada tratamento aplicado na re

1d0 interna do antebrac;oi Os

dados foram obtidos por medidas de Teameter ap6s 0, 45 ¢ 90dias de aplicacao %n = 15). Controlo - pele sem
formulagado, Veiculo — formulacao sem VD e VD - formulagdo contendo 3% de extracto de Cichorium intybus.
* Médias estatisticamente diferente comparando com medidas basais e apos 2 horas de aplicagdo (p < 0,05).
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vehicle only reduced TEWL after 90 days of study (Fig-
ure 5).The other regions evaluated show no significant
differences.

Skin microrelief

Skin roughness (SER) is a parameter that calculates the
gray levels above a threshold in comparison with the
entire image. It reflects the ‘asperity’ of the skin.

After treatment with the formulation containing VD,
the SER parameter was not changed. However, there

3 Baseline
B After 45 days
B3 After 90 days

Asperity (SER)

* E3 Basal
B3 Apos 4 dias
B3 Apos 90 dias

Aspereza (SER)

Figure 6/ Figura 6 - Asperity (means + SD)
for each treatment applied on the malar region
of the face. Data was obtained by Visioscan
measurements after 0, 45 and 90 days of daily
application (n = 15). Control — skin without
formulation, Vehicle — formulation without VD and
VD - formulation containing 3 % of Cichorium
intybus extract.* Indicates statistically different

relative to the baseline (%S 0.05).
Figura 6.Aspereza (média + DP) para cada
tratamento aplicado na regido malar da cara. Os
dados foram obtidos por medidas de Visioscan
apos 0, 45 e 90 dias de aplicagdo (n = 15%. Controlo
- \}})ele sem formulagao, Veiculo — formulagao sem
D e VD - formulacdo contendo 3% de extracto
de Cichorium intybus. * Médias estatisticamente
diferente comparando com medidas basais e ap6s 2
horas de aplicacao (p < 0,05).
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anterior do antebraco e o veiculo reduziu essa perda
apos 90 dias de estudo (Figura 5). As outras regides
avaliadas ndo apresentam diferencas significativas.

Microrrelevo da pele

Arugosidade da pele (SER) € um parametro que calcula
os niveis de cinza acima do limiar em comparag@o com
a imagem inteira. [sso reflete a “aspereza” da pele.

Ap6s o tratamento com a formulag@o contendo VD, o
parametro SER nio foi alterado. No entanto, houve um

* EZE Baseline
8 After 45 days
B33 After 90 days

Asperity (SER)

* E3 Basal
B2 Apés 45 dias
B3 Apos 90 dias

Aspereza (SER)

Figure 7/ Figura 7 - Asperity (means + SD) for each
treatment applied on the volar arm. Data was obtained
by Visioscan measurements after 0, 45 and 90 days
of daily application (n = 15). Control — skin without
formuf;ltion, Vehicle — formulation without VD and
VD - formulation containing 3 % of Cichorium
intybus extract.* Indicatesstatistically different
relativeto the baseline (p < 0.05).

Aspereza (média + DP) para cada tratamento aplicado
na regido interna do antebraco. Os dados foram
obtidos por medidas de Visioscan apo6s 0, 45 e 90 dias
de aplicagdo (n = 15). Controlo - pele sem formulac¢ao,
Veiculo — formulagdo sem VD ¢ VD - formulagio
contendo 3% de extracto de Cichorium intybus. *
Médias estatisticamente diferente comparando com
medidas basais e apds 2 horas de aplicagio (p < 0,05).



was a significant increment in this parameter after 90
days of treatment with the vehicle formulation in malar
region (Figure 6) and arm (Figure 7).

Sensory analysis

The formulation containing VD as well as the vehicle

Tackiness
5

Moisturized

feeling Spreadability

Easy

absorbency Smoothness

....... Vehicle
— VD

Oily residue

Tackiness

5
Moisturized \ -
feeling %\ Spreadability
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....... Veiculo
— VD

Easy
absorbency

Oily residue

Figure 8/ Figura 8 - Average of the scores
attributed for each evaluated sensory property by
40 volunteers during )
aBphcatlon. Vehicle — formulation without
VD and VD - formulation containing 3 % of
) Cichorium intybus extract. )

Média das notas atribuidas para cada propiedade

sensorial de 40 voluntarios durante a aplicagdo.
Veiculo — formulacdo sem VD e VD - formulagao
contendo 3% de extracto de Cichorium intybus.
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aumento significativo neste pardmetro apos 90 dias de
tratamento com a formulacao do veiculo na regiao ma-
lar (Figura 6) e no braco (Figura 7).

Analise sensorial

A formulacdo contendo VD, assim como o veiculo,

Soft skin
5

.

Moisturized
skin

Purchase
intention

Shine White residue

....... Vehicle

Residual
oiliness

— VD

Pele macia

5
Intengdo de /
compra 3
2
1
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------- Veiculo

Residuo
oleoso

— VD

Figure 9/ Figura 9 - Average of the scores
attributed for each evaluated sensory property by
40 volunteers after five minutes of application of
the formulations. Vehicle — formulation without

VD and VD - formulation containing 3 % of
] Cichorium intybus extract. )
Média das notas atribuidas para cada propiedade
sensorial de 40voluntarios apés 5 minutos da
aplicagdo das formulagdes. Veiculo — formulagao
sem VD e VD - formulacao contendo 3% de
extracto de Cichorium intybus.
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showed the high average scores for all the sensory pa-
rameters evaluated during application (Figure8) and 5
minutes after application (Figure 9).

Discussion

The effects after a single application and daily appli-
cation of the formulation with a vitamin D-like active
ingredient for 45 and 90 days were evaluated using bio-
physical and skin imaging techniques.

Skin is a multifunctional organ, serving as important
defense functions against external insults to the body.
In winter the combination of harsh cleanser use, cold
temperatures, and low humidity make the conditions
ideal for dry skin. Visible skin dryness has been found
to correlate positively with lack of surface hydration
using conductance and stratum corneum water content
measurementsV.

In attempt to reduce the effects of low humidity on
skin, oil-based cream and formulations mainly contain-
ing vegetable oils have been commonly used'®.In this
study, an effective formulation that may act on vitamin
D receptors was proposed and tested, appearing to reg-
ulate skin differentiation and hydration.

The whole study was carried out in autumn and win-
ter seasons when the weather in Ribeirdo Preto (Bra-
zil) is very dry with the air humidity around 20%. Even
though this dry weather, the formulation containing the
vitamin D-like active ingredient acted to improve of
dry skin conditions since it was able to keep skin hy-
dration and skin barrier when compared to the vehicle.
Stratum corneum (SC) is formed by corneocytes im-
bedded in lipid lamellar matrix. The water content of
the stratum corneum and surface lipids such as cera-
mides and cholesterol form a balance, which is very
important for the function and appearance of the skin.
Lipid bilayers and water form an intercellular multila-
mellar liquid crystalline gel structure that is involved in
preventing transepidermal water loss!'¥.

A normal skin barrier is the main aspect of skin homeo-
stasis and regeneration. Impaired skin barrier function
allows for increased water loss from the body and
increased penetration of harmful substances from the
environment, which favor the development of sensi-
tization and immune responses of skin!.

The studied formulation containing the active ingredi-
ent significantly decreased TEWL after 45 days and 90
days of treatment on the forearm. Meanwhile, the ve-
hicle only reduced TEWL after 90 days of study. The
volar forearm showed the lowest baseline values com-
paring to the arm and the malar region.

As the forearm was the most dry skin region evaluated
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apresentaram altas notas para todos os parametros sen-
soriais avaliados durante a aplicacdo (Figura 8) e 5 mi-
nutos apos a aplicacao (Figura 9).

Discussio

Os efeitos apds uma tnica aplicacao e a aplicagdo diaria
da formulagdo com ingrediente ativo com Vitamina D-
-like durante 90 dias foram avaliados utilizando técni-
cas de biofisica e de imagem da pele.

A pele é um 6rgao multifuncional, servindo importantes
fungdes de defesa contra danos externos ao corpo. No
inverno, a combinacdo do uso de produtos de limpeza
agressivos, temperaturas frias ¢ humidade baixa tornam
as condi¢des ideais para a pele seca. O ressecamento
superficial visivel da pele foi correlacionada positi-
vamente com a falta de hidratacdo superficial usando
medidas de condutancia e contetido de agua do estrato
corneo (.

Na tentativa de reduzir os efeitos da baixa umidade
na pele, tem sido usados cremes a base de o6leo e for-
mulagdes principalmente com 6leos vegetais 132, Neste
estudo, foi proposto e testada uma formulagao efetiva
que pode atuar em receptores de Vitamina D e, regula a
diferenciacdo e a hidratagdo da pele.

Todo o estudo foi conduzido nas estagcdes de outono e
inverno quando em Ribeirdo Preto (Brasil) o clima ¢
muito seco com umidade do ar em torno de 20%. Mes-
mo com este clima seco, a formulagdo contendo ingre-
diente ativo de Vitamina D atuou na melhora da con-
dicdo de pele seca, uma vez que foi capaz de manter a
hidrata¢ao da pele e a barreira quando comparado ao
veiculo.

O estrato corneo (EC) ¢ formado por cornedcitos embu-
tidos na matriz lamelar lipidica. O teor de dgua do es-
trato corneo e lipidios de superficie como ceramidas e
colesterol formam um equilibrio, o que ¢ muito impor-
tante para a funcdo e aparéncia da pele. As bicamadas
lipidicas e a agua formam uma estrutura de gel cristali-
no liquido multilamelarintercelular que esta envolvida
na preven¢do da perda de dgua transepidermal¥.

A barreira normal da pele ¢ o principal aspecto da ho-
meostase e regeneragdo da pele. A funcdo barreira cuta-
nea prejudicada permite uma maior perda de agua do
corpo e uma maior penetracdo de substancias prejudi-
ciais do meio ambiente, que favorecem o desenvolvi-
mento de sensibilizagdo e respostas imunes da pele 9,
A formulagdo estudada contendo o ingrediente ativo
diminuiu significativamente o PTEA apds 45 dias e 90
dias de tratamento no antebrago. Enquanto isso, o vei-
culo reduziu o PTEA apds 90 dias de estudo. A parte
interna do antebraco mostrou os valores basais mais



in this study, this region presented the most pronounced
effects.

Dry and rough skin is characterized for less cohesion
between corneocytes and increased desquamation. In
this study, the microrelief parameters of skin treated
with the formulation containing VD showed lower
mean roughness (SER) values, which remained un-
changed throughout the treatment. However, a contin-
ued increase in SER values was found for the vehicle.
The present findings thus support a previous study of
our group. Maia Campos et al.® used SDS solution to
reduce the natural level of skin hydration. After 28 days
of treatment with Cichorium intybus root extract based
formulation, the TEWL was decreased and the skin mi-
crorelief was improved.

The addition of Cichorium intybus root ex-

tract was well accepted by the subjects of the study.
Either formulations containing or not 3% of this active
ingredient showed high and similar scores in sensory
evaluation. Calixto and Maia Campos'® also found
great acceptance for a cosmetic formulation contain-
ing Cichorium intybus root extract. The same authors
also found a higher (physical) consistency for a cos-
metic formulation with 1% of Cichorium intybus root
extract. The authors attributed this higher consistency
to the inulin, a polysaccharide found in the extract that
can affect the physical properties of the formulations.
In the current study, a higher concentration of the
Cichorium intybus root extract was used. However, it
did not influence the score of sensory evaluation. Al-
though previous study had showed a higher cohesive-
ness, consistency, firmness and index of viscosity of the
formulation containing VD!"”, these did not influence
the consumer perception .
In conclusion, Cichorium intybus root extract — “vita-
min D like” - is an effective active ingredient to use in
cosmetic formulations to avoid skin dryness. In addi-
tion, the addition of this extract kept the sensory prop-
erties of the studied cosmetic formulation.
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baixos comparados ao brago e a regido malar. Como o
antebraco foi a regido da pele mais seca avaliada neste
estudo, esta regido apresentou efeitos mais pronuncia-
dos.

Pele seca e aspera ¢ caracterizada por menor coesdo en-
tre cornedcitos e descamagao aumentada. Neste estudo,
os parametros do microrrelevo mostraram valores de
baixa rugosidade média (SER) permanecendo inaltera-
dos ao longo do tratamento com a formulagao contendo
VD. No entanto, um aumento continuo nos valores de
SER foi encontrado para o veiculo.

Os resultados presentes apoiam um estudo prévio do
nosso grupo. Maia Campos et al. © usaram a solugdo
SDS para reduzir o nivel natural de hidratacdo da pele.
Ap6s 28 dias de tratamento com a formulagdo a base
de extracto de raiz de Cichorium intybus(chicoria), a
PTEA diminuiu e o microrrelevo da pele foi melhorado.
A adicao de extracto de raiz de Cichorium intybus foi
bem aceita pelos participantes do estudo. As formula-
¢oes contendo 3% ou ndo deste ingrediente ativo apre-
sentaram pontuagdes altas e similares na avaliagdo sen-
sorial. Calixto e Maia Campos '® também encontraram
grande aceitagcdo para uma formulagdo cosmética adi-
cionada do extracto de raiz de Cichorium intybus. Os
mesmos autores também encontraram uma maior con-
sisténcia para uma formulagdo cosmética com 1% de
extracto de raiz de Cichorium intybus. Os autores atri-
buiram esta maior consisténcia a inulina de um polis-
sacarideo encontrado no extracto de chicoria que pode
afetar as propriedades fisicas das formulagdes.

Neste estudo, utilizou-se uma maior concentracdo do
extracto de raiz de Cichorium intybus. No entanto, esta
nao influenciou a pontuacdo da avaliacdo sensorial.
Embora o estudo anterior tenha mostrado maior coe-
sdo, consisténcia, firmeza e indice de viscosidade da
formulagdo adicionada de VD 7, isso ndo influenciou
a percepg¢ao do consumidor.

Finalizando, oextracto de raiz de Cichorium intybus- “Vi-
tamina D like” é um ingrediente ativo eficaz para aplicagao
em formulagdes cosméticas para evitar o ressecamento da
pele. Além disso, a Vitamina D ndo alterou as proprieda-
des sensoriais da formulagdo cosmética estudada.
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