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Abstract

The antiaging efficacy of retinol (ROL) has been explored
mainly clinically in photoprotected skin sites and for high
doses of ROL (0.4-1.6%). The objective of the study was to
demonstrate the antiaging action of a low and tolerable
dose of ROL (0.1%) ex vivo by measuring the expression of
cellular retinoic-acid-binding protein Il (CRABP2) and hepa-
rin-binding epidermal growth factor (HBEGF) by a histologi-
cal evaluation of the epidermis and in vivo by assessing
major aging signs and performing three-dimensional pro-
filometry and digital imaging during a 9-month double-
blind placebo-controlled study involving 48 volunteers. Fi-
nally, epidermal cell proliferation was evaluated using
tryptophan fluorescence spectroscopy. Our results demon-
strate that 0.1% ROL induced CRABP2 and HBEGF gene ex-
pression and increased keratinocyte proliferation and epi-
dermal thickness. In human volunteers, topical application
of a ROL-containing product improved all major aging signs
assessed in our study (wrinkles under the eyes, fine lines and
tone evenness). Moreover, tryptophan fluorescence in-
creased in the active-agent-treated group and notin the pla-
cebo-treated group, indicating that cell proliferation was ac-

celerated in vivo. These data demonstrate that a product
containing a low dose (0.1%) of ROL promotes keratinocyte
proliferation ex vivo and in vivo, induces epidermal thicken-
ing ex vivo and alleviates skin aging signs, without any sig-

nificant adverse reaction. Copyright © 2009 S. Karger AG, Basel

Introduction

Clinically, skin aging is associated with a variety of
signs such as wrinkles, uneven pigmentation, skin rough-
ness and laxity. These clinical features are consecutive to
structural and metabolic changes that occur during the
passage of time per se (chronological aging) or due to the
effect of external factors such as repeated exposure of
skin sites to solar ultraviolet (UV) radiation (photoag-
ing). Among these changes there is dermal thinning,
which is consecutive to a decrease in fibroblast number
as well as collagen synthesis and an increase in UV-in-
duced collagen degradation by matrix metalloproteinas-
es. In addition, as a constant hallmark of skin aging and
photoaging there is epidermal thinning, which is trig-
gered by a decrease in keratinocyte turnover rate [1].

Beneficial effects of all-trans-retinoic acid (ATRA) on
skin photoaging are now well documented. For instance,
it has been demonstrated that ATRA at 0.025 or 0.1% im-
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proves skin photoaging signs [2, 3], and this clinical ef-
ficacy was mainly attributed to the effect of ATRA on
collagen metabolism. In fact, ATRA has been shown to
stimulate the synthesis of collagen that ultimately accu-
mulates in the upper part of the papillary dermis [3].
Moreover, ATRA downregulates UV-induced matrix
metalloproteinase 1 and 9 expression [4, 5], thereby re-
plenishing collagen levels. Although ATRA is recognized
as an effective therapy for the treatment of photoaged
skin through its regulatory effect on collagen metabo-
lism, it has been suggested that retinol (ROL), also known
as vitamin A, which shows a better irritation profile, may
also alleviate some major signs of photoaging. Indeed,
ROL at 1% exerts retinoic-acid-like effects such as stimu-
lation of collagen synthesis, reduced matrix metallopro-
teinase levels and induction of fibroblast outgrowth [6].
However, most recent studies have only focused on the
clinical benefits of ROL in photoprotected skin sites such
as the upper arm, but not in photoexposed sites. For in-
stance, it has been shown that long-term application of
ROL at 0.4% to the upper arms reduces fine lines and pro-
vokes an accumulation of collagen in the papillary der-
mis [7]. Moreover, a vast majority of studies describe the
effect of ROL at high doses ranging from 0.4 to 1.6% [6,
8], doses at which it may produce unwanted side effects
such as skin dryness, irritation and itching [9]. Lastly, at
high concentrations, ROL is expected to exert dermal ef-
fects, but at lower, more tolerable doses, ROL may pri-
marily exert biological activities in the epidermis. Al-
though it has been previously demonstrated by histo-
chemistry that 0.1% ROL increases epidermal thickness
when applied in a propylene glycol/ethanol mixture un-
der an occlusive patch for 4 days [8], to our knowledge,
the effect of ROL on epidermal cell proliferation has not
been investigated in vivo in face skin, after a normal long-
term usage of a skin care product containing ROL. Actu-
ally, epidermal thickness and keratinocyte proliferation
are usually assessed by immunohistochemistry proce-
dures on skin biopsies, and this technique cannot be eas-
ily performed on face skin. Recently, in vivo noninvasive
methods that can objectively measure parameters related
to skin biology and that complement the more subjective
clinical evaluation have been developed [10]. In the case
of skin aging, in vivo fluorescence spectroscopy provides
an important marker that has been shown to relate epi-
dermal thickness and epidermal cell proliferation rate in
mice [11] and in humans [12-14]. Up to now, fluorescence
spectroscopy has not been used to measure epidermal
proliferation induced by ROL. In the present study, we
explored the antiaging action of a low concentration of
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ROL (0.1%) on human skin. First, we tested the hypoth-
esis that 0.1% ROL can induce increases in keratinocyte
metabolism and proliferation ex vivo (human skin ex-
plant culture). Second, we attempted to document the
ROL-induced antiaging effects in vivo using noninvasive
methods including tryptophan fluorescence and clinical
evaluation.

Materials and Methods

Products

In all experiments, the products tested were: (a) a cosmetic
formulation containing 0.1% ROL, designated as ‘active’, and (b)
the same formulation without ROL, designated as ‘placebo’.

Ex vivo Study

An ex vivo study was performed using human skin explants.
Abdominal skin samples were obtained from normal human
adults undergoing abdominoplasty surgery. Informed consent
was obtained from each patient, and all experimentation steps
were approved by an internal review board. Subcutaneous fat was
carefully removed, and skin biopsies of 0.93 cm? were prepared
under sterile conditions and placed in keratinocyte growth me-
dium (Lonza, Saint-Beauzire, France) under a 5% CO, humidified
atmosphere overnight.

Analysis of Gene Expression by Real-Time Quantitative Poly-
merase Chain Reaction. Skin explants were treated by topical ap-
plication of a formulation containing 0.1% ROL and were incu-
bated for 24 and 48 h. At the end of incubation, the epidermis was
separated from the dermis by heat treatment, homogenized in
Trireagent (Sigma, Saint-Quentin-Fallavier, France) and stored at
-80°C until further RNA extraction. RNA from skin explants
was extracted by the acid guanidium-thiocyanate-phenol-chloro-
form method using Trireagent. The concentration of total RNA
was determined by measuring the optical density at 260 nm. The
purity of the RNAs was assessed by measuring A260/A230 and
A260/A280 ratios.

One microgram of total RNA was reverse transcribed to gen-
erate first-strand cDNA using the Improm-II Reverse Transcrip-
tion system (Promega, Charbonniéres, France) with random hex-
amers as suggested in the manufacturer instructions. As controls,
parallel reactions were run in the absence of reverse transcriptase
or in the absence of input RNA to assess any genomic DNA con-
tamination.

Real-time quantitative polymerase chain reaction (QPCR)
amplification was carried out using the Brilliant SYBR Green
QPCR Mix (Stratagene, Amsterdam, The Netherlands) in a
Mx3000p detection system (Stratagene). Each sample was ana-
lyzed in duplicate along with standard and no-template controls.
The PCR parameters were 95°C for 10 min, 40 cycles at 95°C for
155, 60°C for 1 min and 72°C for 30 s. RNA concentrations were
assessed by determining cycle threshold (CT) for each sample and
subsequently using the 224CT method. RNA levels were further
corrected with the 18S gene cDNA signal for variationsin amounts
of input RNA.

Histological Studies. Skin explants were treated by topical ap-
plication of the ROL product and incubated for 48 h. For Masson
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trichrome staining, skin explants were fixed in Bouin solution
and embedded in paraffin. Ten-micrometer-thick sections were
cut using a microtome, and routine Masson trichrome staining
was performed. For Ki-67 immunostaining, skin explants were
immersed in liquid nitrogen and cut using a Kryostat. Seven-mi-
crometer-thick sections were fixed in acetone, rinsed in PBS and
incubated in anti-Ki-67 antibodies (Zymed Laboratories, Clini-
sciences, Montrouge, France) diluted 1/100 for 2 h. Skin sections
were then rinsed and incubated in biotinylated goat anti-mouse
immunoglobulins diluted 1:2,500 for 1 h. After incubation in
streptavidin-horseradish peroxidase solution for 1 h, staining was
revealed using 3,3’-diaminobenzidine. Finally, slides were mount-
ed and coverslipped until cell counting.

Clinical Study

A clinical double-blinded placebo-controlled study was con-
ducted in the period between January and October 2006. The
clinical investigation was conducted according to the declaration
of Helsinki principles and under the control of a dermatologist
who approved the protocol and reviewed the results. The partici-
pating volunteers were 48 Caucasian women from the Paris area
with ages between 41 and 60 years and skin types I-IV according
to Fitzpatrick’s classification. The volunteers were in good health
without any skin conditions. Each volunteer signed an informed
consent before participating in the study. Before the beginning of
the test, they agreed to spend 3 days without any cosmetic prod-
ucts (except cleansers) and 30 days without any antiaging product
on the face. They were given a moisturizing product for use dur-
ing this 30-day washout period.

The volunteers were assigned randomly to each of the two
treatment groups (24 volunteers/group), and they were instructed
to apply the assigned test product once a day (in the morning) to
the whole face under normal conditions of use for the period of
the study (36 weeks). Moreover, they were instructed not to apply
the test products on the morning of the measurements. The vol-
unteers were allowed to use sunscreen products during the study
period to protect their skin from solar UV radiation. No other
cosmetic product (except cleansers) was used on the face for the
duration of the study.

Skin evaluations were performed at baseline (T0) and at 12
(T1), 18 (T2), 24 (T3) and 36 (T4) weeks of product use. At each
visit and before the skin evaluations, the volunteers were accli-
mated in a temperature- and humidity-controlled room at 20 +
2°Cand 50 * 5% relative humidity for atleast 15 min before each
measurement. The skin evaluations included: (a) in vivo assess-
ment of epidermal cell proliferation using fluorescence spectros-
copy, (b) clinical assessment by an expert grader, (c) high-resolu-
tion digital imaging of the face (front and profile), and (d) three-
dimensional profilometry of the crow’s feet area.

Fluorescence Measurements. In vivo fluorescence spectrosco-
py was performed using a SPEX Skin Skan spectrofluorimeter (JY
Horiba, Edison, N.J., USA). The excitation source was a xenon arc
lamp. A detailed description of the instrumentation is given else-
where [15]. Measurements were performed by placing the fiber-
optic probe in contact with the skin site of interest. Before each
set of measurements, the instrument was spectrally calibrated for
excitation and emission in the region of 250-650 nm. The chro-
matic resolution of the spectrofluorimeter was £2 nm (provided
by the manufacturer). A synchronous scan of excitation and emis-
sion was used with 50 nm offset, followed by a synchronous scan
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with 0 nm offset. The first scan was used to record the skin fluo-
rescence with excitation in the range of 250-500 nm. This scan
goes through the major fluorescence maxima naturally occurring
in skin with excitations at: (a) 295 nm, attributed to tryptophan
moieties and related to epidermal cell proliferation and epidermal
thickening [11, 12, 16, 17]; (b) 335 nm, attributed to pepsin-digest-
ible collagen crosslinks; () 370 nm, attributed to collagenase-di-
gestible collagen crosslinks, and (d) 400-420 nm, attributed to
elastin crosslinks. For a review of the skin fluorescence maxima
see Kollias et al. [18]. The second scan corresponds to acquisition
of a diffuse reflectance spectrum and was used to normalize the
fluorescence spectrum, in order to account for variations in skin
native pigmentation (skin pigmentation attenuates the detected
fluorescence signal) [15, 19]. The correction was necessary espe-
cially for wavelengths >315 nm. The tryptophan fluorescence sig-
nal was normalized to the 390 nm excitation band following the
recommendation given in Stamatas et al. [20]. Apart from taking
into account artifacts due to native pigmentation, normalization
of the signals also minimizes the effect of instrumental parame-
ters on the measurements.

At all time points skin fluorescence measurements were per-
formed on the central cheek area, 2 cm below the cheekbone. To
avoid left-right side bias, the volunteers were randomized for the
side of measurement. The same side was used in a consistent way
for each volunteer for all time points of measurements. The fluo-
rescence of 0.1% ROL at 295 nm excitation was examined and
found not to interfere with the natural skin fluorescence at this
excitation wavelength (data not shown).

Clinical Assessment. Clinical assessment was performed for
wrinkles (crow’s feet area, area below the eyes), fine lines (crow’s
feet area), brown spots and skin tone evenness using a 12-cm vi-
sual analog scale. The results of the clinical assessment are given
as percent improvement from baseline.

Digital Imaging. Pictures were acquired using a standardized
setup that has been developed by Johnson & Johnson (United
States Patent 6907193). The system allows taking high-resolution
facial pictures in a controlled lighting and positioning environ-
ment in a standardized way. In brief, high-resolution digital imag-
ing was performed in a dark room using a Nikon D100 camera
(Nikon Inc., Melville, N.Y., USA) with a 60-mm objective. The
camera was mounted on a custom-made setup with a chin rest for
positioning of the volunteers. The geometry of the setup was de-
signed to optimize the coverage of the acquired image by the face
of the person being imaged. A color standard was mounted in
front of the chin rest and was included in the field of view so that
color reproducibility could be verified. Illumination was provid-
ed by an external flat light-emitting diode flash unit synchro-
nized with the camera shutter and fully calibrated so that the con-
trol of the light source allows having comparable colors across
time points. A front face image was first acquired followed by a
profile image with the chin rest rotated by 60° with respect to the
camera. The acquisition software allowed for viewing of the base-
line image for optimal repositioning of the subject.

Profilometry. Three-dimensional profilometry was performed
using an Optotop Sensor (Eotech, Marcoussis, France) mounted
on a Visioface bench (Eotech). The setup was optimized for ac-
quiring surface profiles of the crow’s feet area. The acquisition
software allowed for comparison of the current with a previous
profile for optimal repositioning of the subject.
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Table 1. ROL improves under-eye wrinkles, fine crow’s feet lines
and skin tone evenness

Parameters Time, weeks Placebo Active agent

Wrinkles under baseline 44+23 49+1.8

the eyes 12 44*+16NS 3.7%14%¢
18 5.1+1.8 4.6+1.84
24 41+1.6NS 37%1.6%4
36 44+18NS 36+1.4%d

Fine lines baseline 49*1.9 49+23
12 33*+1.7¢ 2.8+1.9¢
18 29+1.8° 1.5+1.3°
24 29+1.9¢ 1.9+1.4%4
36 2.6 X1.5° 1.8*+1.5¢

Skin tone evenness baseline 49+1.7 49%15
12 54+23NS 6.2+14%4
18 6.0 £2.2¢ 6.3%£1.5¢
24 6.0+2.6° 6.4+1.5°
36 56Xx1.9NS 59%£2°

Clinical assessment was performed on a 12-cm linear analog
scale by an expert grader.

NS = No significant difference from baseline; * p < 0.05,° p <
0.01, ¢ p < 0.001 compared to baseline; ¢p < 0.05, ¢ p < 0.01, com-
pared to placebo.

Statistics

For the in vitro study, results are expressed as means * 1 stan-
dard error of the mean (SEM). For group comparisons, Student’s
t test followed by the Mann-Whitney test was performed using
Graph Pad software. Significance was considered for p < 0.05.

For the clinical study, mean values and standard deviations
were calculated for all the subjects of each treated group and at
each time point. Group comparisons were assessed using Stu-
dent’s t test as all data are normally distributed (normality was
tested using the Anderson-Darling method). Comparisons were
made: (a) between each time point and baseline for each group
and (b) between treatments (active vs. placebo) for each time
point. Significance was considered for p < 0.05.

Results

Clinical Results: 0.1% ROL Is Improving Fine Line

Appearance and Skin Tone Evenness

The long-term application of the product containing
0.1% ROL did not trigger any significant irritation. Clin-
ical assessment of wrinkles under the eyes, fine lines in
the crow’s feet area and skin tone evenness showed that
all of these parameters improved for the active-agent-
treated group by the first measurement (12 weeks of use;
table 1). For the fine lines and skin tone evenness there

Antiaging Action of Retinol:
From Molecular to Clinical

was significant improvement compared to baseline for
the placebo-treated group, which can possibly be attrib-
uted to a moisturizing effect of the applied product. How-
ever, at most time points there was significant improve-
ment of the assessed parameters in the actively treated
group compared to the placebo treatment.

The improvement of the fine lines in the crow’s feet
area was also recorded with digital imaging and with sur-
face profilometry. A representative image of the observed
visible improvements in the appearance of fine lines dur-
ing the ROL treatment is shown in figure 1. A progressive
improvement can be seen between baseline and 24 and 36
weeks of treatment. The improvement in fine lines was
also documented by surface profilometry. A representa-
tive image is shown in figure 2. The progressive disap-
pearance of the fine lines in the crow’s feet area can be
observed.

Ex vivo Results: 0.1% ROL Increases the Expression of

Epidermal Genes CRABP2 and HBEGF

The ex vivo activity of ROL on skin explants was eval-
uated by measuring the effect of ROL on gene expression
by means of real-time QPCR. Two key genes, relevant for
retinoid-like activity, were chosen, namely those of cel-
lular retinoic-acid-binding protein II (CRABP2) and
heparin-binding epidermal growth factor (HBEGF).

Application of 0.1% ROL onto skin explants for 24 and
48 h produced a significant increase in CRABP2 mRNA
expression. This increase reached +388.8% after 24 h and
+932% after 48 h of incubation (fig. 3).

Formulated ROL also caused a significant increase in
HBEGF gene expression. Indeed, as shown in figure 4,
ROL significantly stimulated the expression of HBEGF
transcripts after 24 h of application (+184.3%) and after
48 h of application (+318.3%; fig. 4).

Ex vivo Results: 0.1% ROL Increases the Proliferation

of Epidermal Cells and Epidermal Thickness

By performing Masson trichrome staining, we have
shown that application of 0.1% ROL for 2 days visibly in-
creased epidermal thickness when compared to untreat-
ed control (fig. 5). In addition, immunohistochemical
staining specific for Ki-67, a cell cycle protein, revealed
that ROL application actually increased the number of
proliferating cells in skin explants (+119.3%; fig. 6).

Clinical Results: 0.1% ROL Increases Epidermal Cell

Proliferation in vivo

The epidermal cell proliferation rate (turnover rate)
was evaluated in the 36-week clinical study using in vivo
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Fig. 1. ROL improves the visible appearance of fine lines. Representative images of a volunteer treated with 0.1%
ROL at baseline, 24 and 36 weeks. Arrows point to fine lines that improve their appearance in the course of the
study.

Fig. 2. ROL improves the three-dimen-
sional appearance of fine lines. Represen-
tative surface profilometry images dem-
onstrating the three-dimensional appear-
ance of fine lines of a volunteer treated
with 0.1% ROL in the course of the study.
The imaged area corresponds to the crow’s
feet region on the side of the eyes.
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Fig. 3. 0.1% ROL upregulates CRABP2
gene expression. ROL at a concentration
of 0.1% was applied onto skin explants for
24 h (a) and 48 h (b). Epidermis samples
were collected, and RNAs were extracted
and reverse transcribed. Real-time QPCR
was performed using a primer pair specif-
ic for CRABP2 gene, and the amount of
target transcripts was normalized using an
18S RNA normalization gene. Data are ex-
pressed as percentage of control (CTL, un-
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Fig. 4. 0.1% ROL upregulates HBEGF gene
expression. ROL ata concentration of 0.1%
was applied onto skin explants for 24 h (a)
and 48 h (b). Epidermis samples were col-
lected, and RNAs were extracted and re-
verse transcribed. Real-time QPCR was
performed using a primer pair specific for
HBEGF gene, and the amount of target
transcripts was normalized using an 18S
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fluorescence spectroscopy by measuring the fluorescence
maximum attributed to tryptophan moieties. After nor-
malization for variances in native pigmentation, the pla-
cebo-treated group did not show any significant change
from baseline for any time point (fig. 7). In contrast, the
intensity of tryptophan fluorescence showed an increase
for the actively treated group. The increase in fluores-
cence in the actively treated group is evident from the
first time point (12 weeks vs. baseline) and then it appears
to reach a plateau. Most importantly, the change in the
fluorescence intensity from baseline was significantly
higher for the active-agent-treated group than for the pla-
cebo-treated group at the 36-week time point.

Discussion

Many studies have established that ATRA shows clin-
ical effectiveness in treating skin photoaging. It has also
been reported that ROL, a less irritating retinoid, at dos-
es of 0.4%, can reduce chronological aging signs. How-
ever, it is now well documented that ROL formulated at
high doses in a product can trigger irritation responses in
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the skin. In the present study, we have investigated the
effect of topical applications of ROL at a low and tolerable
dose (0.1%) ex vivo on skin explants and in vivo on vol-
unteers. Because clinical effects of ROL on photoexposed
skin sites are poorly described, we focused our clinical
study on face skin.

0.1% ROL Increases HBEGF and CRABP2 Expression

and Stimulates Keratinocyte Proliferation in vitro

Previous studies have shown that CRABP2 is induced
by ATRA in full-thickness skin [21], in cultured fibro-
blasts [22] and in the epidermis [8]. In fact, CRABP2 has
been suggested to be a key marker of retinoid-like activ-
ity in the skin [21]. Our results show that topical applica-
tion of a formulation containing 0.1% ROL was able to
increase CRABP2 expression in the epidermis. These re-
sults indicate that even at low concentrations, ROL could
exert an efficacious and quantifiable retinoid-like activ-
ity.

Our data also demonstrate that 0.1% ROL drastically
stimulates HBEGF gene expression in explant epidermis.
HBEGEF is an autocrine growth factor that is involved in
the effects of retinoids on epidermal hyperplasia. In par-
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Fig. 5. ROL-induced increase in the number of epidermal prolif-
erating cells in human skin explants. ROL at a concentration of
0.1% was applied onto skin explants for 48 h. Epidermal prolifer-
ating cells were visualized by immunohistochemical staining of
Ki-67 protein, after 48 h of application. Positive cells were count-
ed (3 counts/explant). Data are expressed as the mean number *+

SEM (n = 3 counts) of positive cells per centimeter of skin section.
p < 0.01 versus untreated control at T0; ® p < 0.05 versus un-
treated control at 48 h. CTL = Control.

+0.1% ROL

Fig. 6. ROL-induced increase in epidermal thickness ex vivo in
human skin explants. ROL at a concentration of 0.1% was applied
onto skin explants for 48 h. Skin histology was visualized on day
0 (DO0) and day 2 (48 h of incubation, D2) after Masson trichrome
staining of the explants.

Color version available online
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ticular, it has been shown that HBEGF expression is in-
duced by retinoids in mouse skin [23], and the effects of
retinoids on keratinocyte proliferation are inhibited by
antibodies directed against HBEGF as well as by antago-
nists of c-ErbB receptor which is specific for HBEGF [24].
In the present study, we demonstrate that 0.1% ROL can
increase HBEGF gene expression. This effect was accom-
panied by an increase in the number of Ki-67-positive
cells together with a thickening of the epidermis as re-
vealed in our histological study. Therefore, it is conceiv-
able that our cosmetic formulation containing low
amounts of ROL could induce cell proliferation and hence
epidermal hyperplasia by induction of HBEGF.

0.1% ROL Increases Cell Proliferation in vivo

It has been demonstrated that fluorescence spectros-
copy can be used as an objective quantitative method for
studying skin aging and photoaging [11-14, 20, 25, 26].
The fluorescence due to tryptophan moieties decreases
with age, implying an age-related reduction of the epider-
mal cell turnover rate, both in SKH mice [11] and in hu-
man skin [20]. Tryptophan fluorescence is an ideal mark-
er for noninvasive monitoring of the epidermal cell pro-
liferation rate [17]. Increases in this fluorescence signal
have been measured following interventions that are
known to augment epidermal proliferation [11, 12, 16].

Our results demonstrate that 0.1% ROL significantly
increases cell proliferation in vivo (when compared to
baseline) as early as 12 weeks following the beginning of
the clinical trial. However, when compared to placebo,
0.1% ROL induces a significant stimulatory effect only
after 36 weeks of product usage. It should be noted that
fluorescence data for the placebo-treated group were re-
markably variable, as shown by error bars, while fluores-
cence data collected in the actively treated group were
more evenly distributed, suggesting that ROL may stan-
dardize cell proliferation among volunteers. Therefore,
although the fluorescence signal tends to be visibly high-
er in the actively treated group, significance could be
reached only at the last time point investigated in this
study, when the effect of ROL is maximal. On the other
hand, we cannot rule out the possibility that the fluores-
cence signal needs to accumulate over time before the
stimulatory effect of 0.1% ROL reaches significance in
vivo. Ex vivo, we demonstrated that 0.1% ROL induced
a proliferation of epidermal cells as early as 48 h after
topical application while in vivo we observed the first
signs of improvement after 12 weeks of application. This
may reflect the sensitivity of the explant model to mea-
sure biological activity of topical products. Indeed, since
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skin biopsies are devoid of blood and fluid circulation,
ROL may thus accumulate within the epidermis, leading
to an enhanced stimulatory activity of the applied prod-
uct.

We also observed that the tryptophan fluorescence
signal markedly increases at the last time point (36 weeks).
This observation may be explained by taking into ac-
count that this measurement was performed in October,
following a season when the skin has been repeatedly
challenged by solar UV rays. The skin responds to such
environmental insults by an innate repair mechanism
that involves induction of keratinocyte hyperprolifera-
tion [27]. It has been demonstrated that these innate re-
pair mechanisms of facial skin, i.e. its ability to maintain
high proliferation rates following external aggressions,
are gradually compromised with age [20]. It is conceiv-
able that topical treatment with ROL is actually restoring
the ability of the skin to respond to environmental insults
contrary to the placebo-treated group for which the sig-
nal remained unchanged.

0.1% ROL Decreases Signs of Aging

We have observed that 3 different signs of aging have
been improved with treatment of 0.1% ROL. The 3 ex-
amples of aging signs that improved show the action of
ROL at 3 different levels. Epidermal thinning, with re-
traction of rete ridges, is a hallmark of aging skin [1, 28],
and the epidermis is particularly thin at the bottom of the
wrinkles and fine lines [29]. The observed ROL-induced
improvement of the appearance of fine lines is expected
to be due to an increase in epidermal thickening (demon-
strated by the results of the ex vivo study), which in turn
is the result of ROL stimulation of epidermal cell prolif-
eration (demonstrated both by the ex vivo and the in vivo
results). This is supported by the finding that there is a
significant correlation between the increase from base-
line in the normalized tryptophan fluorescence signal
and the clinical improvement of fine lines (R = 0.59, p <
0.01). In other words, subjects with higher responses to
ROL-induced increase in proliferation were also the peo-
ple with higher improvement in fine lines. The second
clinical parameter that ameliorated with ROL treatment,
wrinkles under the eyes, is expected to be related to sec-
ondary effects of ROL on the dermal layer. It has been
hypothesized that retinoids could increase collagen syn-
thesis either by restoring procollagen expression by inhi-
bition of c-Jun signaling which is triggered by UV irra-
diation [30] or by activation of TGF-B-mediated signal
transduction [31].
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We demonstrate that low doses of ROL could alleviate
wrinkles under the eyes, which is typically related to a
restoration of extracellular matrix. Because the amount
of ROL applied to the skin was very low in the present
study, it seems unlikely that ROL treatment would induce
direct effects in the dermis. Actually, it is more conceiv-
able that a ROL formulation would exert primary effects
in the epidermis and induce the release of TGF-[3 by ke-
ratinocytes, which may in turn induce collagen synthesis
in dermal fibroblasts by a paracrine action. In addition,
the antiaging action of ROL at low concentrations may be
consecutive to its effect on the oxidative status of the skin.
In support of this hypothesis, a number of reports have
shown that low concentrations of antioxidant substances
such as carotenoids and vitamins are able to decrease
skin damage induced by UV, thereby limiting the delete-
rious effects of oxidative stress on skin aging [32]. Finally,
we observed that ROL treatment improved the appear-
ance of skin tone uniformity. Photoaging is most often
associated with pigmentation disorders such as mottled
hyperpigmentation and solar lentigines [33] that are con-
secutive to a UV-induced dysregulation of melanocytic
function and melanin transfer to keratinocytes [34]. Ret-
inoids have been shown to reduce hyperpigmentation
and normalize pigmentation levels [35], presumably by
inhibiting melanosome transfer and decreasing the mel-
anin content by the enhancement of epidermal turnover
[36]. Therefore, it seems likely that 0.1% ROL may nor-
malize the pigmentation level and decrease the occur-
rence of hyperpigmented skin lesions, thereby improving
the appearance of skin tone uniformity.
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ROL Concentration

A previous study has shown that 0.2% ROL activates
specific proinflammatory cytokines [9]. Therefore, we
preferred to test ROL at a concentration of 0.1% in order
to determine whether a lower concentration of ROL could
still induce a beneficial effect on skin aging signs without
inducing any adverse reaction. To our knowledge this is
the first study to demonstrate ROL-induced antiaging ef-
fects at 0.1%. Moreover, in our 36-week study there were
no adverse reactions in the ROL panel, confirming the
absence of unwanted side effects of ROL at 0.1%.

In conclusion, we have demonstrated that ROL at a
concentration of 0.1% ex vivo could induce CRABP2 gene
expression, thereby showing a retinoid-like activity. We
also demonstrated both ex vivo, by assessing HBEGF
gene expression, and in vivo, as revealed by tryptophan
fluorescence measurement, that the ROL product pro-
moted epidermal cell proliferation. These effects were ac-
companied by a significant improvement of wrinkles un-
der the eyes, fine lines and uneven tone as shown by our
clinical investigation. In turn, these results strongly sug-
gest that the beneficial effect of ROL at a low concentra-
tion may be consecutive, atleast in part, to its effect in the
epidermis. Altogether, these data show that a topical
product containing 0.1% ROL could successfully alleviate
major aging signs without any significant adverse skin
reaction.
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