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ABSTRACT 

Retinol is an ingredient used in cosmetic products for reducing the appearance of the signs of aging and photo-damage. 
Currently, most of these products contain 0.1% of retinol. However, at this concentration, some irritation can occur. We 
have evaluated in vitro and in a clinical study the potential efficacy of a combination of actives to improve the facial 
skin aging signs while using low concentration of retinol. We demonstrated, in vitro, that a chromone derivative, 5,7- 
di-hydroxy-2-methyl chromone (DMC), is able to enhance the collagen synthesis in culture of normal human dermal 
fibroblasts. The enhancement of retinol anti-wrinkle efficacy by DMC was confirmed in a small scale clinical trial. 
Specifically, a product associating low concentration of retinol (0.04%) and DMC (0.1%) in combination with low mo-
lecular weight hyaluronic acid fragments (50,000 Dalton of average molecular weight) has been applied topically for 8 
weeks. Clinical results show significant improvement of various signs of facial skin aging such as wrinkles, pigmentary 
spots, tone unevenness, dullness and the overall photo-damage score. Improvements were still visible 4 weeks after the 
cessation of the test product application. This study demonstrates that significant lasting improvement of facial skin 
aging can be obtained with well tolerated low concentration of retinol when adequately formulated with other anti-aging 
ingredients.  
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1. Introduction 

Clinically, facial skin aging is characterized by multiple 
features including fine lines, wrinkles, mottled hyper 
pigmentation, brown spots, laxity and loss of firmness. 
Repeated exposure to solar ultraviolet radiations induces 
skin aging signs such as deep wrinkles, loss of firmness 
and pigmentary changes [1-4]. These signs of chrono- 
logical aging and photo-damage are associated with a 
general slow-down of cell renewal in the epidermis and 
loss of collagen synthesis in the dermis [5-9]. It was de- 
monstrated that exposure of skin cells to sunlight radia- 
tion is associated with subclinical inflammation that in- 
duces release of degrading enzymes such as collagenase 
(Matrix Metalloproteinase-1, MMP1) and gelatinase 
(Matrix Metalloproteinase-9, MMP9) that degrades col- 
lagen in the dermis [10-12], and with the synthesis and 
accumulation of non functional elastin [13-15]. In the 
epidermis, chronological and photo aging lead to an 
atrophy of the epidermis with a loss of the micro relief as  

well as an irregular distribution of melanin [16-18].  
Prevention and reduction of the appearance of the 

signs of aging on facial skin has been one of the main 
challenges in the cosmetic industry. Several categories of 
solutions, based on the use of active ingredients, have 
been developed. Among them, retinoids, a family of 
compounds derived from vitamin A, or molecules which 
interact with retinoid receptors and produce similar bio- 
logical effects, decrease the severity of skin aging [19- 
22]. Retinoids counteract some of the physiological causes 
leading to the appearance of skin aging signs. For exam- 
ple, retinoids stimulate epidermal cells proliferation 
through the release of Heparin Binding-Epidermal Growth 
Factor (HB-EGF), and inducing epidermal thickening 
[23-25]. They also enhance collagen synthesis and func- 
tional elastin fibers accumulation in the dermis while 
they prevent the over-expression of matrix metallopro- 
teinase through the interference with the jun/fos AP1 
inflammation pathway [11,26]. However, the cosmetic 
use of retinoids is limited due to their potential to cause  
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skin irritation [27-29].  
Hyaluronic Acid (HA) is a major component of the 

extracellular matrix of the dermis. It is a high-molecular- 
weight glycosaminoglycan composed of glucuronic acid 
and N-acetylglucosamine disaccharide repeats. It is known 
to bind water, and it has been used for decades as a 
moisturizing ingredient in cosmetic products. Recently, it 
has been shown that HA could enhance keratinocyte pro- 
liferation through CD44 receptor stimulation. Moreover, 
CD44 expression is reduced with exposure to UV light. 
This reduced expression of CD44 can be reversed by 
retinoids such retinol or retinaldehyde [30,31].  

In this article, we describe the combination of retinol 
with Di-hydroxy Methyl Chromone (DMC), an active 
ingredient that, in our in vitro screening, showed additive 
effect on retinol-induced gene expression in human kera- 
tinocyte, and with low molecular weight HA, to deliver 
benefit on multiple signs of skin aging without signifi- 
cant signs of irritation. The beneficial effects of this com- 
bination of ingredients were evidenced in a double-blind 
placebo-controlled two-month clinical study. The results 
of the study show a remaining effect during the first 4 
weeks after the cessation of the treatment. 

2. Materials and Methods 

2.1. Proof of Principle 

2.1.1. In Vitro Studies 

2.1.1.1. Keratinocyte Culture 
Keratinocytes (Lonza, Verviers Belgium) were seeded at 
10,000 cells per well in six wells plate and cultivated in 
KBM2 medium (Lonza, Verviers, Belgium) supplemented 
with Bovine Pituitary extract, human Epidermal Growth 
Factor, insulin, hydrocortisone, transferrin and epineph- 
rine (Lonza) and antibiotics. Test ingredients were intro- 
duced in the medium and keratinocyte cultures were in- 
cubated during 48 hours at 37˚C in a water saturated at- 
mosphere containing 5% CO2. Then cells were detached 
from plastic by trypsination. After several rinsing in 
phosphate buffer saline (pH 7.2), cells were counted and 
then pelleted in microtube. RNA were extracted using a 
RNeasy Plus mini kit (Qiagen, Courtaboeuf, France) and 
the concentration of total RNA was determined by mea- 
suring the optical density at 260 nm. The purity of the 
RNAs was assessed by measuring A260/A230 and A260/ 
A280 ratios.  

2.1.1.2. Analysis of Gene Expression by Real Time 
Quantitative Polymerase Chain Reaction (QPCR) 

1 µg of total RNA was reverse transcribed to generate  

first-strand cDNA using ImProm-II Reverse Transcrip- 
tion system (Promega, Charbonnnières, France) with ran- 
dom hexamers as suggested by the manufacturer instruct- 
tions. As controls, parallel reactions were run in the ab- 
sence of reverse transcriptase or in the absence of input 
RNA to assess any genomic DNA contamination. Real- 
time QPCR amplification was carried out using the Bril- 
liant SYBR Green QPCR Mix (Stratagene, Amsterdam, 
Netherlands) in Mx3000p detection system (Stratagene). 
Each sample was analyzed in duplicate along with stan- 
dard and no-template controls. PCR parameters were 
95˚C for 10 minutes, 40 cycles at 95˚C for 15 sec, 60˚C 
for 1 minute and 72˚C for 30 sec. RNA concentrations 
were determined by determining Cycle Threshold (CT) 
for each sample and subsequently using the 2-ΔΔCT 
method. RNA levels were further corrected with the 18S 
gene cDNA signal for variations in amounts of input 
RNA. Statistical analysis was done with the Student t-test 
(p ≤ 0.05). 

2.1.1.3. Fibroblasts Culture and Collagen Synthesis  
Assay 

50,000 fibroblasts isolated from human abdominal skin 
biopsies were seeded in 24 wells multiplate in DMEM 
(Invitrogen, Cergy Pontoise, France) with 10% fetal calf 
serum (FCS) (ATGC, Marne la Vallée France) with anti- 
biotics and incubated at 37˚C in a humidified atmosphere. 
72 hours later supernatants were replaced with DMEM 
containing 2% FCS, 50 µg/ml β-aminopropionitrile, 50 
µg/ml ascorbic acid, 3 - 4 µg/ml α-ketoglutarate (Sigma- 
Aldrich, Saint Quentin Fallavier, France) and the test 
product. Half of the wells (n = 4) received also 5 µCi of 
tritiated proline (Amersham-GE Healthcare, Orsay, France) 
for synthesis rate incorporation. The other half (n = 4) 
was treated identically with the exception of radioactive 
proline. These cells were counted to assess the number of 
cells per well. 72 hours later, supernatants were recovered 
and precipitated with 20% trichloro-acetic acid (TCA) 
(Sigma-Aldrich). Pellet were rinsed twice with 5% TCA 
and dissolved in sodium hydroxide 0.05 N. Protein solu-
tions were treated with purified collagenase Type III 
(Sigma-Aldrich (Unit/ml) and reaction was stopped by 
precipitating the proteins with TCA 15% and tannic acid 
0.75%. Then the radioactivity contained in the super-
natant corresponding to the collagen fraction was counted 
on a β-scintillation counter (Perkin Elmer, Courtaboeuf, 
France). Results were expressed as dpm in collagenic 
fraction per 1000 cells and percentage of stimulation was 
calculated as followed:   

( ) ( )% of stimulation synthesis rate in sample synthesis rate in control synthesis rate in control 100= −  × . 
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Statistical analysis was done with the Student t-test (p ≤ 
0.05). 

2.1.2. In Vivo Proof of Principle 
A double blind, randomized clinical study was performed 
to demonstrate the additive efficacy of DMC when com- 
bined with 2 different percentages of retinol. The study 
was conducted from March to June of 2006. 

The subjects applied the products once a day, in the 
morning, for 12 weeks. Products were applied ad libitum, 
randomly, to a split face. The three test products were 
randomly distributed between subjects according to a 
split face mode.  

2.1.2.1. Subjects 
34 subjects aged from 42 to 59 years old, with skin pho- 
totypes I-IV according to Fitzpatrick’s classification, 
were involved in this study. The volunteers were in good 
health without any skin condition. Each volunteer signed 
an informed consent form before participating to the 
study. Two subjects withdrew from the study due to cu- 
taneous reactions to the products. 

2.1.2.2. Products 
The products contained a combination of active ingre- 
dients: retinol, hyaluronic acid and DihydroxyMethyl-
Chromone (DMC). The three test products contained 
either 0.04% retinol or 0.1% retinol or 0.04% retinol and 
0.1% DMC. 

2.1.2.3. Measurements 
A clinical assessment of the wrinkles was performed at 
baseline (T0) and after 12 weeks (T12) of products use, 
using a 12 cm-visual analog scale by an expert grader. 
The results are given as percentage of improvement from 
baseline. For the comparison between products, the sta- 
tistical analysis was performed on the differences be- 
tween T12 and T0. A paired Student’s t-test was done to 
compare the individual scores at each follow-up session 
relative to their respective baselines for each treatment. 

2.2. Clinical Study 

A double blind, randomized, placebo-controlled study 
was performed to assess the efficacy of a formula con- 
taining a combination of three active ingredients: retinol 
0.04%, DMC 0.1% and HA 0.1%, with a special focus on 
the immediate and lasting effect on signs of facial pho- 
todamage. The study was conducted from March to July 
of 2007. 

Randomization was performed by the sponsor and 
neither the investigator nor the volunteers knew which 
product was used. The investigator followed the general 
guidelines recommended in Good Clinical Practices (GCP) 

and Good Laboratory Practices (GLP). 
There were 2 parallel groups, each panelist applying 

one product (active or placebo) on face and neck, ac- 
cording to the randomization. One month before the be- 
ginning of the study, all volunteers had to stop using any 
anti-aging products and applied, in the evening, a basic 
moisturizing cream that they continued to apply for the 
total duration of the study. During the 8-week application 
period, the panelists applied the product (active or pla- 
cebo); once a day, in the morning. Both products were 
applied ad libitum. After the eight weeks of product ap- 
plication, all the volunteers kept using the moisturizing 
cream for 4 weeks (regression period). A sample daily 
diary form was provided to each subject. They indicated 
the time of product application during the entire study. 
Subjects were evaluated 4 weeks after discontinuation of 
treatment to determine if changes persisted. Prolonged 
exposure to the sun had to be avoided during the entire 
study including the preconditioning phase. If prolonged 
sun exposure was unavoidable, subjects were required to 
use a SPF 50+ sunscreen provided by the sponsor.  

2.2.1. Subjects 
87 (eighty seven) healthy women volunteers were re- 
cruited from a pool of women who meet the inclusion 
criteria. To be included in the study, the subjects had to 
be between 35 to 60 years of age (min = 37 y.o. and max 
= 60 y.o.) and had to present signs of photodamage 
(score superior or equal to 4 at baseline on a 10-point 
scale). All volunteers signed an informed consent. Two 
subjects withdrew for personal reasons unrelated to the 
study. The population was split into two groups, 44 (forty 
four) volunteers applied the product and 43 (forty three) 
the placebo, during the 8-week treatment period. 

2.2.2. Products 
The active product contained a combination of active 
ingredients: retinol, hyaluronic acid and DihydroxyMe- 
thylChromone (DMC). The placebo, a basic moisturizer, 
was an oil in water emulsion without the active ingre- 
dients. 

2.2.3. Measurements 
The measurements employed were clinical grading of 
aging signs and digital photography. These measurements 
were performed at baseline (T0), then after four weeks 
(T4) and eight weeks (T8) of daily application as well as 
after the regression period (T12) to assess the residual 
effect. 

More specifically, at each time point, the expert der- 
matologist examined the panelists and graded their face 
for a series of attributes: forehead wrinkles, crow’s feet 
wrinkles, crow’s feet fine lines, under eye wrinkles, 
cheek wrinkles, brown spots, lack of skin texture, lack of 
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skin radiance, lack of evenness of skin tone, lack of skin 
softness, lack of skin smoothness and overall photoda- 
mage. The investigator used a 10 points structured scale 
with the following severity ranking: 0 = none; 1 to 3 = 
mild; 4 to 6 = moderate and 7 to 9 = severe. 

Also, digital photographies of frontal/side shot of the 
face were taken using standardized equipment and pro-
cedures provided by the Sponsor. The panelists were 
asked to present a neutral face expression with eyes open 
when imaging under visible light and eyes closed for 
other types of light.  

2.2.4. Statistical Analysis 
The data set was analyzed by comparing the changes that 
occurred within each treatment group, from Baseline to 
each consequent timepoint. Normality of sample distri- 
bution was verified using the one-sample Kolmogorov- 
Smirnov test. According to this test, a paired Student’s 
t-test (normal distribution) or a Wilcoxon signed rank 
test was done to compare the individual scores at each 
follow-up session relative to their respective Baseline for 
each treatment. 

In addition, groups were compared based on the net 
change from Baseline. Normality of distribution (one- 
sample Kolmogorov-Smirnov test) and variance equality 
(F-test) were verified. According to these previous tests, 
comparisons were done using the adequate test (either 
Independent Student’s t-test with equal or unequal va- 
riance for normal distribution or Wilcoxon rank sum 
test). 

Throughout the analysis, unless otherwise specified, a 
two tailed p ≤ 0.05 was taken as the level of significance. 
The values reported in the results are expressed as arith- 
metic mean ± standard error of the mean (SEM). All sta- 
tistical tests were performed using the software Matlab®. 

3. Results 

3.1. Preliminary Assessment of the Anti Aging 
Efficacy of Retinol and DMC Combination 

3.1.1. In Vitro 
The effects of DMC were assessed using different end 
points. Treatment of human dermal fibroblasts in culture 
by DMC induced a significantly higher level of collagen 
synthesis compared to non treated control, as measured 
by the incorporation of tritiated proline in the extra cel- 
lular collagenic fraction (Table 1(a)). The stimulation 
obtained with DMC 0.1 µg/ml and 1 µg/ml (46 ± 2.2 
dpm/103 cells and 46.2 ± 5.8 dpm/103 cells respectively) 
were similar to the one obtained with tumor growth fac- 
tor β-1 (TGF β1) (46.5 ± 0.5 dpm/103 cells ) and signifi- 
cantly higher than the non treated control (34.7 ± 4.1 
dpm/103 cells ). 

When tested in association with retinol in skin ex-
plants model, DMC slightly increased the steady state 
level of retinol-induced HB-EGF and CRABP2 mRNA, 
two markers of retinol activity in epidermis of human 
skin explants, although this effect was not statistically 
significant (Table 1(b)). 

3.1.2. In Vivo Proof of Principle 
After 12 weeks of products application, the crow’s feet 
wrinkles were significantly improved versus baseline with 
retinol 0.04% (p = 0.015), retinol 0.1% (p = 6 × 10–5), 
retinol 0.04% + DMC 0.1% (p = 0.00012). The addition 
of DMC to retinol 0.04% resulted in a significantly better 
efficacy compared to retinol 0.04% and similar to the ef- 
ficacy of the product containing retinol 0.1% (Table 2). 

3.2. Clinical Study Results 

3.2.1. During the Application Period 
Wrinkles and fine lines were significantly improved with 
the active product versus baseline, the score differences 
varying from 0.23 to 1.03 (on a 10-point scale), after 4 
and 8 weeks with p-values from 1.86 × 10–3 to 6.74 × 
10–10, while no significant improvement of wrinkles was 
observed with the placebo. Moreover, the effect of the  

Table 1. (a) Effect of DMC on collagen synthesis in human 
dermal fibroblasts culture. Collagen synthesis was mea- 
sured by the incorporation of tritiated proline in the ex- 
tracellular collagenic fraction. Results are expressed as dpm 
in collagenic fraction per 1000 cells; (b) Effect of the asso- 
ciation retinol and DMC on the expression of retinoic ac- 
tivity marker in keratinocytes cultures. The expression of 
HB-EGF and CRABPII genes were measured after 48 hours 
of treatment by real time quantitative PCR.  

(a) 

Test product Collagen synthesis. 

Control 34.7 ± 4.1 

TGFβ 1 ng/ml 49.5 ± 0.3* 

DMC 0.1 µg/ml 46 ± 2.2* 

DMC 1 µg/ml 46.2 ± 5.8* 

*Significant difference in t-test p < 0.05. 

(b) 

Test product
Expression of CRABP2 

mRNA (% versus control) 
Expression of HB-EGF 
mRNA % versus control

Control 100 ± 5 100 ± 10 

Retinol 0.04% 325 ± 16 188 ± 3 

+DMC 0.1% 440 ± 40 268 ± 35 

Retinol 0.1% 561 ± 86 436 ± 29 

+DMC 0.1% 747 ± 144 791 ± 116 

All results showed significant difference in t-test p < 0.05 vs. control. 
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Table 2. In vivo proof of principle: Clinical grading of the 
crow’s feet wrinkles using a 12 cm visual analog scale. 

Test product 
Retinol  
0.1% 

Retinol  
0.04% 

Retinol 0.04% +  
DMC 0.1% 

Baseline 3.1 (0.5) 2.7 (0.4) 3.9 (0.5) 

Week 12 1.9 (0.3) 2.1 (0.3) 2.2 (0.3)* 

Difference 1.2 0.6 1.7 

These results are expressed as arithmetic means and standard deviation. 
Values in bold indicate significant improvement compared to baseline (p < 
0.05). *Difference between retinol 0.04% + DMC 0.1% and retinol 0.04% is 
significant (p < 0.05). 

active product on wrinkles and fine lines was signifi- 
cantly higher relative to that of the placebo, as soon as 4 
weeks, with p-values from p = 8.53 × 10–3 to p = 6.6 × 
10–15. Parameters related to skin tone and texture were 
also significantly improved versus both baseline and pla- 
cebo. 

Specifically, the assessment of brown spots showed 
score differences relative to T0 of 1.10 and 1.34 at T4 
and T8, respectively. Radiance was improved by 1.87 
and 2.05 after T4 and T8, while evenness skin tone in- 
creased from T0 by 1.3 and 1.55 at T4 and T8, respec- 
tively. All results were highly significant with p values 
varying from 1.12 × 10–8 to 6.66 × 10–9 (Figure 1). 

Finally, grading of the overall photo-damage showed 
also a significant improvement with change in score val-
ues versus baseline of 0.86 after 4 weeks and 0.97 after 8 
weeks (p < 10–6). These improvements were significantly 
higher than those obtained with the placebo (Table 3). 

3.2.2. At the End of the Regression Period 
Clinical grading was also performed 4 weeks after the 
end of the treatment with the active product. Results 
showed that 4 weeks after stopping the product applica- 
tion, improvement versus T0 was significantly main- 
tained for crow’s feet fine lines (1.12), crow’s feet wrin- 
kles (0.64), forehead wrinkles (0.66), under eye wrinkles 
(0.46) and cheek wrinkles (0.51) for panelists that used 
the active product, with p-values between 5 × 10–13 and 
2.9 × 10–5. Only crow’s feet fine lines improvement was 
significantly maintained with the placebo (p = 3.91 × 
10–2). 

The differences between the efficacy of the active and 
placebo at the end of the regression period were still sig- 
nificant (p < 10–5) for parameters such as crow’s feet fine 
lines, crow’s feet wrinkles, forehead wrinkles, under eye 
wrinkles and cheek wrinkles (Figure 2). 

The differences of the active product efficacy between 
T0 and T12 on the other signs of skin aging, such as 
brown spots (1.38), overall photodamage (1.11), radiance 
(2.38), and evenness skin tone (1.74) were still signifi- 
cantly improved, with p-values inferior to 10–7. When the  

 

 

Figure 1. Pictures of eye area (crow’s feet area) at baseline 
(top) and after 8 weeks (bottom). 

placebo was used, the overall photodamage, radiance and 
evenness skin tone were also significantly improved. How- 
ever, significant differences between active and placebo 
efficacy were still noticed on brown spots (p = 3.06 × 
10–12), overall photodamage (p = 1.39 × 10–10), skin ra- 
diance (p = 4.34 × 10–13) and evenness skin tone (p = 
2.49 × 10–7) (Table 3). 

4. Discussion 

Retinoids are a family of compounds structurally related 
to retinol (vitamin A). They play an important role on 
epithelium proliferation and differentiation as well as 
exerting effects on the dermal matrix. Different studies 
have demonstrated the efficacy of topical tretinoin to 
improve photodamage. However, its use as topical treat- 
ment is complicated due to its irritation potential. On the 
other hand, retinol shows potential to reduce the signs of 
facial aging but with a much better tolerance profile. Re- 
cently Kafi et al. [32] demonstrated that topical applica-  
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Table 3. In vivo clinical grading by the investigator of the 
other signs of ageing on 10-points scales (from 0 = none to 9 
= severe).  

chronological aging. In the past, we have demonstrated 
that lower concentration of retinol (0.1%) also delivers 
beneficial result on skin photoaging signs [33,34]. Even 
more, in the study described in this paper, we have de- 
monstrated that the clinical efficacy of retinol could be 
achieved with a concentration of retinol as low as 0.04% 
by using it in combination with a chromone derivative 
and low molecular weight fragments of hyaluronic acid. 
The complementary effect between retinol and the DMC 
was confirmed in a small scale clinical study in which 
the association of retinol and DMC delivered a better 
clinical efficacy on wrinkles than retinol alone. It has to 
be noted that DMC tested alone at the same concentra- 
tion (0.1%) in the same formula did not deliver any im- 
provement on wrinkles (data not shown). Ex vivo, topi- 
cal application of retinol on skin has induced both 
keratinocyte proliferation and accumulation of extracel- 
lular matrix components such as pro-collagen and glu- 
coaminoglycan [32]. We have previously showed that 
improvement of fine lines by retinol was correlated to its 
capacity to increase cell proliferation in the epidermis. It 
was not the case with the deep wrinkle suggesting that 
the wrinkle improvement by retinol might come from an 
effect on the extracellular matrix. Therefore, it can be 
assumed that the effect of DMC on retinol induced im-  

Time (weeks) 
Brown  
spots 

Overall  
photo damage 

Skin  
radiance 

Evenness 
skin tone

T0     

Active (n = 44) 3.5 (0.2) 5.1 (0.1) 4.7 (0.1) 4.3 (0.1)

Placebo (n = 43) 3.1 (0.2) 4.9 (0.1) 4.5 (0.1) 4.3 (0.1)

T4     

Active (n = 43) 2.4 (0.2)* 4.2 (0.1)* 2.8 (0.1)* 3.0 (0.1)*

Placebo (n = 42) 3.1 (0.2) 4.8 (0.1) 3.8 (0.1) 3.8 (0.1)

T8     

Active (n = 43) 2.2 (0.2)* 4.1 (0.1)* 2.7 (0.1)* 2.7 (0.1)*

Placebo (n = 42) 3.1 (0.2) 4.7 (0.1) 3.7 (0.1) 3.7 (0.1)

T12 (regression)     

Active (n = 43) 2.1 (0.2)* 4.0 (0.1)* 2.3 (0.1)* 2.5 (0.1)*

Placebo (n = 42) 3.1 (0.2) 4.6 (0.1) 3.5 (0.1) 3.5 (0.1)

These results are expressed as arithmetic means and Standard Error Mean 
(SEM). Values in bold indicate significant improvement compared to T0 
(baseline); p < 0.05. *Difference between active and placebo is significant (p 
< 0.05). 

tion of a high concentration of retinol (0.4%) on the up- 
per inner arm of old volunteers reduces the signs of  
 

 
(a) 

 
(b) 
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(c) 

 
(d) 

 
(e) 

These results are expressed as arithmetic means. A star (*) indicates a significant difference com-
pared to both T0 (baseline) and placebo; p < 0.05. 

Figure 2. In vivo clinical grading by the investigator of the wrinkles and fine lines on 10-points scales (from 0 = none to 9 = 
severe). (a) Evolution of the score for forehead wrinkles; (b) Evolution of the score for crow’s feet wrinkles; (c) Evolution of 
the score for crow’s feet fine lines; (d) Evolution of the score for under eye wrinkles; (e) Evolution of the score for cheek 
wrinkles. 

provement of wrinkle could be mediated by its capacity 
to trigger pro-collagen synthesis in dermal fibroblast and 
thus compensate the lower effect of low concentration of 
retinol in our product. In the clinical study, we demon- 
strated the potential combining retinol and DMC, in as- 
sociation with low molecular weight hyaluronic acid, to 

deliver in 8 weeks significant improvement on different 
aging signs such as wrinkles, brown spots, radiance and 
overall photoaging in 8 weeks of application. 

Hyaluronic acid is described usually as a long polymer 
of several hundred thousand of kilodaltons (kd) that 
plays a role as a natural skin moisturizer in the epidermis 
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through its capacity to bind and structure water. Several 
publications demonstrate that fragments of HA could 
also play a role in the epidermal physiology, by binding 
to specific receptors such as CD44, expressed on kerati- 
nocyte, and that topical use of HA fragments of around 
50 - 400 kd could reverse epidermal atrophy in mice [35]. 
Also, it has been demonstrated recently that low mole- 
cular weight HA fragments of 50 kd could be delivered 
in reconstructed epidermis, and induced expression of 
different genes implicated in the terminal differentiation 
of keratinocytes, such as claudin and occludin genes [36]. 
Thus, low molecular weight fragments of HA, contained 
in our product, could also complement the effect of reti- 
nol on the keratinocytes, and complement its action to 
deliver improvement of skin aging signs, such as fine 
lines and radiance. The placebo significantly delivered 
benefits on skin tone and radiance, and, by consequence, 
on overall photodamage. This effect is the consequence 
of a moisturizing effect. Most of the parameters were 
more improved after 8 weeks compared to 4 weeks of 
application showing a certain degree of cumulative bene- 
ficial effect over time, with active product. More impor- 
tantly, the improvement of the parameters brought by 
product was still significant 4 weeks after the cessation 
of the treatment. This result demonstrates that pursuing 
the application of a classical moisturizer, after the treat- 
ment period, is sufficient for maintaining the same level 
of active-induced benefits, even after a significant period 
of time, such as one month. 
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