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Background Photoaged skin can be treated with retinoids, which are natural and
synthetic vitamin A derivatives. However, these are photounstable and can cause
skin irritation, which is a major limitation in their use in general cosmetics. Reti-
nyl retinoate, which is an ester of all-trans retinoic acid (RA) and all-trans retinol, has
reduced toxicity due to blocking of the carboxyl end group of RA and higher skin
regeneration activity than retinol.

Objectives To assess the efficacy of a photostable retinyl retinoate in treating
women over 30 years old with periorbital wrinkles.

Methods We conducted two clinical studies with a total of 46 Korean women with
periorbital wrinkles, who were not pregnant, nursing or undergoing any concur-
rent therapy. In the first clinical study, the efficacy of retinyl retinoate was com-
pared with placebo. Twenty-four patients completed a 12-week trial of 0:06%
retinyl retinoate applied twice daily to one side of the face and a placebo applied
to the other side. In the second clinical study, the efficacy of retinyl retinoate
was compared with retinol. Twenty-two patients completed an 8-week trial of
0:06% retinyl retinoate applied twice daily to one side of the face and 0:075%
retinol applied to the other side. Efficacy was based on a global photodamage
score, photographs, and image analysis using replicas and visiometer analysis
(Skin-Visiometer SV 600; Courage & Khazaka, Cologne, Germany) every 4 weeks.
The standard wrinkle and roughness parameters used in assessing skin by visio-
meter were calculated and statistically analysed.

Results The retinyl retinoate-treated wrinkles improved compared with wrinkles
treated with placebo or retinol, as assessed by both the investigators and the sub-
jects. Also, skin replica analysis indicated significant improvements in retinyl reti-
noate-treated skin in both studies, especially in average roughness.

Conclusions Retinyl retinoate applied twice daily was significantly more effective
than a placebo or retinol in treating periorbital wrinkles. Importantly, no severe
side-effects were observed.

Photoaged skin is largely the consequence of chronic sun ex-
posure and is histopathologically characterized by loss of epi-
dermal polarity, a basket weave appearance of the epidermis,
keratinocyte atypia, and reduction and alteration in colla-
gen."> Photoageing manifests clinically with fine and coarse
wrinkling, thickening, inelasticity, dryness, roughness, shal-
lowness and pigmentary mottling.>* Kligman and Kligman
first reported that all-trans retinoic acid (RA), which modulates
genes involved in cellular differentiation and proliferation, is a
good candidate for both treating and preventing the photo-
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ageing process, leading to the effacement of wrinkes.” A
number of investigators have also revealed that RA improves
photoaged skin.*® However, the side-effects of RA, such as
skin dryness, wounds, and scraping during the latent per-
iod'®!! limits its application as a component of medicines
and cosmetics.'>'"3 Although some retinoid derivatives, such
as tretinoin, isotretinoin, etretinate, tazarotene and adapalene,
were developed to overcome these problems,'® local cutane-
ous irritation including burning, itching, erythema, peeling or
dryness, is still observed in approximately one-quarter of
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patients."® Retinol has received a great deal of attention as an
alternative anti-ageing agent for long-term treatment because
the carboxyl end group of RA, which is responsible for the
adverse side-effects, was replaced with a hydroxyl group.'®™"?
However, the instability of retinol in light, oxygen, heat,
lipid-peroxidation or water is a significant drawback to the
use of these derivatives in general cosmetics.”**'

Retinyl retinoate (Fig. 1) is a new synthetic retinoid in
which an ester bond was formed between retinol (hydroxyl
end group) and retinoic acid (carboxyl end group) via a con-
densing reaction.”” This novel hybrid retinoid derivative has
enhanced thermal stability and decreased photosensitivity, and
caused less cell toxicity compared with retinol in in vitro stud-
ies.”” In this present study, we compared retinyl retinoate
against a placebo or retinol in improving skin wrinkles in

aged skin.

Patients and methods

Patients

Forty-six generally healthy Korean women between 34 and
53 years of age were selected from volunteers. All patients sat-
isfied the inclusive criteria with periorbital wrinkles (global
photodamage score 1~6),”* confirmed by a dermatologist’s
medical interview and physical examination. Twenty-three
patients had mild photodamage (grades 2—3 on a 0-7 scale),
and 23 had moderate photodamage (grades 4—6 on a 0-7
scale). None of the women had used topical retinoids to treat
their photodamaged areas within 3 months prior to this study.
None of the women had undergone wrinkle removal or peel-
ing procedures within 6 months prior to the study. None of
the women were pregnant or breastfeeding or had atopic
dermatitis, allergic diathesis or hypersensitive skin. All the
patients were informed by the investigators about the study
objectives, outlines, test methods and possible adverse effects.
Patients completed their profile, case report form and ques-
tionnaire, and signed the informed consent statement.

The study was conducted in accordance with the Guideline
for Functional Cosmetics [KFDA 11-1470000-000863-01;
http://www.kfda.go.kr/index3.html (last accessed 9 Septem-
ber 2009)], which require at least 20 patients for the statistic-
al analysis. Forty-eight patients were divided into two studies
satisfying the guideline. In the first clinical study, retinyl reti-
noate lotion was compared with placebo in 24 women (age
range 34—50 years). In the second clinical study, retinyl reti-
noate lotion was compared with retinol lotion in 22 women
(age range 39-53 years) excluding two women who aban-
doned study procedures.

Fig 1. Retinyl retinoate.

Methods

Treatment regimen

The two studies were prospective, double-blinded, random-
ized and controlled, in which the investigator and patients
did not know the cream and area being tested. Independent
researchers either active or inhalers

dispensed placebo

according to a computer-generated randomization list.
Women had an equal probability of assignment to the
groups. The randomization code was developed using a
computer random number generator to select random per-
muted blocks. The block lengths were 4, 8 and 12 and var-
ied randomly. In the first, independent researchers listed 24
subjects in order of precedence in the randomization list
and subjects were randomly divided into groups A and B.
The first 12 listed subjects were allocated to group A and
the left periorbital (eye) area was treated with 0-06% retinyl
retinoate (lotion A; Enprani, Inchon, Korea), and the right
periorbital area was treated with placebo (lotion P; Enprani).
In group B, the 13th to 24th listed subjects were allocated
and the retinyl retinoate and placebo were applied to the
opposite sides of the face, compared with group A. Subjects
were instructed to apply these to their periorbital areas in
the morning and at night for 12 weeks. In the second clini-
cal study, independent researchers listed 22 subjects in order
of precedence in the randomization list and subjects were
divided into groups P and Q. In group P, the first 11 listed
subjects were allocated and the left periorbital area was trea-
ted with 0:06% retinyl retinoate, and the right periorbital
area was treated with 0-075% retinol (lotion B; Enprani). In
group Q, the 12th to 22nd listed subjects were allocated
and each substance was applied to the opposite side, com-
pared with group P. Subjects were instructed to apply the
treatments in the morning and at night for 8 weeks.

Clinical evaluations were made at weeks 0 (baseline), 4, 8
and 12. Dermatologist’s visual assessment, baseline photo-
graphs obtained from each subject, and image analysis of
replicas using a Visiometer (Skin-Visiometer SV 600; Courage
& Khazaka, Cologne, Germany) were used to analyse changes
in skin wrinkles. Replicas of wrinkles in the left and right
periorbital areas were acquired.

Self-assessment questionnaire

Subject self-assessments via questionnaire were made at weeks
0 (baseline), 4, 8 and 12. Subjects scored changes as 0, no
change; 1, mild; 2, good; or 3, excellent.

Investigator’s assessment

Subject’s periorbital wrinkles were evaluated with a double-

blind test by two dermatologists. The dermatologists
evaluated subjects’ periorbital wrinkles based on a global
photodamage score (0, none; 1, none/mild; 2, mild; 3,

mild/moderate; 4, moderate; 5, moderate/severe; 6, severe;
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7, very severe) at weeks 0 (baseline), 4, 8 and 12.%° If
the dermatologists’ evaluations differed, low-grade efficacy
and high-grade adverse effect were selected. Subjects’ perior-
bital wrinkles were classified into eight grades. Adverse
effects such as erythema, oedema, scaling, itching, stinging,
burning, tightness and prickling were recorded by the

investigator.

Image analysis using replicas and visiometers

Wrinkle improvement was evaluated by measuring skin
roughness and wrinkles using the Skin-Visiometer SV 600.*
Replicas of right and left periorbital areas were taken at
weeks 0 (baseline), 4, 8 and 12. Skin replicas of crow’s
feet were obtained according to the technique reported by
Grove et al.”® and analysed with visiometer software. Light
intensity was analysed with the Lambert-Beer law, and the
degree of skin wrinkle improvement was calculated (I., =
Tin e_kd), where I, is the transmitted light intensity, I, is
the unattenuated light intensity, k is the Napierian absorp-
tion coefficient of the medium, d is the thickness of the
medium. Evaluations were performed in the same location
with the same lighting at each visit. Parameters used in the
assessment of skin with the Visiometer SV 600 were as fol-
lows: R1, skin roughness; R2, maximum roughness; R3,
average roughness; R4, smoothness depth; and R5, arith-

metic average roughness.

Statistical data analysis

The changes from the baseline of wrinkle and roughness
parameters (R1, R2, R3, R4 and R5) were evaluated. A statis-
tically significant difference in efficacy was achieved (P-value
< 0:05) by the paired t-test. The statistical data analysis was
performed using SPSS software version 10.0 (SPSS Inc., Chi-
cago, IL, US.A)).
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Adverse effects

We assayed for erythema, oedema, scaling, itching, stinging,
burning, tightness and prickling.

Results

Subject self-assessment

Subjects performed self-assessments in a blinded evaluation. In
the first clinical study of retinyl retinoate vs. placebo, 21 of
24 (87:5%) subjects reported slight or significant improve-
ment in wrinkles, and three subjects (12:5%) reported no
improvement. In the second clinical study of retinyl retinoate
vs. retinol, 20 (90:9%) of 22 subjects reported slight or sig-
nificant improvement in their wrinkles, and two subjects
(9:1%) reported no improvement. Placebo, 0:075% retinol
and 0:06% retinyl retinoate were all safe products that did not
lead to allergic contact dermatitis or irritant contact dermatitis.

Investigator’s assessment

Periorbital wrinkles were evaluated in a double-blind test by
two dermatologists at weeks 0, 4, 8 (clinical study 2) and 12
(clinical study 1) based on a global photodamage score of 0,
none; 1, none/mild; 2, mild; 3, mild/moderate; 4, moderate;
5, moderate/severe; 6, severe; and 7, very severe. After weeks
12 and 8 in clinical study 1 and 2, respectively, the average
photodamage score of all patients significantly improved on
the retinyl retinoate-treated side compared with the placebo-
treated side (=042 = 0-50 vs. —0-17 £ 0-38, P = 0-031) and
with retinol treatment (—1-14 * 071 vs. —077 £ 075,
P = 0-042), respectively (Table 1). In particular, 86% of the
patients (19 of 22) had decreased photodamage scores with
retinyl retinoate treatment, in contrast to 59% (13 of 22) of
those using retinol. Figures 2 and 3 illustrate remarkable

Table 1 Changes in the global photodamage score in patients treated with placebo and 0-06% retinyl retinoate in clinical study 1, and in patients

treated with 0-075% retinol and 0-06% retinyl retinoate in clinical study 2

Clinical study 1

Week Placebo (lotion P) A Retinyl retinoate (lotion A) A P-value (A : P)
0 3:75 £ 079 3:83 £ 0:82
4 371 £ 081 —0:04 £ 0-20 3:79 £ 0-83 —0-04 + 0-20 1-:000
8 3:71 £ 0-81 —0:04 £ 0-20 3:71 £ 0-86 —013 + 034 0-328
12 3:58 £ 065 —0-17 £ 0-38 3:42 £ 0-78* =042 + 0-50 0-031°%*
Clinical study 2
Week Retinol (lotion B) A Retinyl retinoate (lotion A) A P-value (A : B)
0 3-45 £ 096 345 £ 074
318 £ 073 —0-27 £ 063 2:86 £ 0:71%* —0-59 + 0-67 0-069
8 2:68 £ 0-89%* —0:77 £ 075 2:32 £ 0-57* -114 £ 071 0-042*
*P < 0:05.
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improvements in wrinkles after 12 weeks (clinical study 1)
and 8 weeks (clinical study 2) of retinyl retinoate treatment.

Image analysis using replicas and visiometers

A replica from the right and left periorbital areas was taken at
weeks 0 (baseline), 4, 8 (clinical study 2), and 12 (clinical
study 1) and analysed based on five parameters using the Visio-
meter and dedicated software. Figure 4 compares parameters
at weeks 4 and 8 for retinol and retinyl retinoate in clinical
study 2. Visiometer R-values R1 through R5 decrease as wrin-
kles diminish. At week 8, a statistically significant difference
in the average roughness (R3), which is the average roughness

Fig 2. A patient with wrinkles before (a,c)
and 12 weeks after (b,d) treatment with
placebo (a,b) or retinyl retinoate (c,d).

Fig 3. A patient with wrinkles before (a,c)
and 8 weeks after (b,d) retinol (a,b) or
retinyl retinoate (c,d) treatment.

in wrinkle formation, was observed in retinol-treated subjects
(P = 0-005). This significant difference in R3, however, was
observed after 4 weeks with retinyl retinoate (P = 0:025).
This result, combined with the significant difference in the
maximum roughness (R2) in retinyl retinoate after 8 weeks,
indicated the faster and greater effect of retinyl retinoate on
wrinkle improvement.

Discussion

Exposure of the human epidermis to ultraviolet (UV) irradia-
tion leads to changes in the physiological and biochemical fea-
tures of the skin. Photoaged skin is clinically characterized by
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Fig 4. Changes in wrinkles were analysed by the Skin Visiometer SV
600 after 4 and 8 weeks of 0:075% retinol (a) and 0-06% retinyl
retinoate (b) treatment. R1, skin roughness; R2, maximum roughness;
R3, average roughness; R4, smoothness depth; and R5, arithmetic

average roughness.

wrinkled, dry, inelastic and irregularly pigmented skin. These
phenomena usually result from the increase of epidermal
thickness, reduction in collagen in the dermis, and increased
numbers of keratinizing cysts in the lower dermis. Topical ret-
inoid derivatives can repair UV-damaged skin in vivo, leading
to the effacement of wrinkles.”®

Retinoic acid is the most bioactive form of the retinoids
when topically applied to the skin, causing thinning of the
stratum corneum, which leads to a smoother skin texture,
and increased collagen content in photodamaged skin,
which reduces fine wrinkles and increases skin tensile
strength.27 However, topical retinoic acids have a limited
effect in the long-term treatment of ageing and photoageing
due to side-effects such as irritation of the skin.”® Although
retinol was developed to reduce such side-effects, it is
photounstable and has a lower efficacy than other retinoids.
This photoinstability and skin irritation potential is a major
drawback for its use in cosmetics. Retinyl retinoate was
synthesized with a condensing reaction between retinol and
retinoic acid to improve the photostability and biological

© 2009 The Authors
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activity. It has enhanced thermal stability and decreased
photosensitivity, and exhibits decreased cell toxicity com-
pared with retinol.””

The present study demonstrated a significant improvement
in the treatment of fine photoageing-induced wrinkles using
topical application of retinyl retinoate in women with facial
photodamage. Clinical data based on subject and investigator
assessment revealed a greater improvement in fine wrinkles
using retinyl retinoate than with a placebo or retinol. In
these clinical studies, the overall average photodamage scores
significantly improved with retinyl retinoate treatment com-
pared with treatment with placebo or retinol. These results
indicated that the decrease of the photodamage scores with
retinyl retinoate treatment was not caused by the individual
variation, because retinyl retinoate was applied to one side
of the face and a placebo or retinol was applied to the other
side.

The main aim of this study was to evaluate the clinical
effects of retinyl retinoate. We analysed images using replicas
and visiometers, an objective technique to reproduce changes
in photodamaged skin. The image analysis using replicas was
performed at week 12 (clinical study 1) and week 8 (clinical
study 2). The R2 and R3 parameters in the visometer image
analysis measured maximum and average roughness in wrinkle
formation, respectively. In clinical study 2, the statistically sig-
nificant difference in R2 and R3 that was observed in retinyl
retinoate indicated that the application of retinyl retinoate sig-
nificantly improved the wrinkle. This analysis correlated well
with the clinical findings. Moreover, the significant difference
in R3 was observed after 4 weeks with retinyl retinoate, com-
pared with the 8-week observation of retinol; this result indi-
cated the faster effect of retinyl retinoate on wrinkle
improvement.

In our previous in vitro biological activity study, the bio-
logical activity of retinyl retinoate was in between the prop-
erties of retinol and retinoic acid. Retinyl retinoate showed
higher biological activity than that of retinol, such as RAR
activity and collagen synthesis. Also, retinyl retinoate
showed a similar side-effect to that of retinol, and not reti-
noic acid.”” This suggested that the improvement of retinyl
retinoate-treated wrinkles may be in between compared
with improvement of retinol- and retinoic acid-treated
wrinkles.

Moreover, retinyl retinoate is photostable, overcoming the
main drawback of retinol. These findings imply that the
hybrid retinoid, retinyl retinoate, has advantages of both ret-
inol and retinoic acid, and has the potential to satisfy a new
generation of topical retinoids. In this study, we showed
that retinyl retinoate plays a more important role in the
improvement of skin wrinkles than retinol, which is used in
the cosmetics industry as an antiwrinkle agent. Thus, due to
its excellent stability under severe and UV-irradiated condi-
tions, retinyl retinoate may be conveniently used as an addi-
tive in cosmetics and medications to prevent and improve
skin ageing and for the treatment of skin ailments such as

acne and psoriasis.
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