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1 | INTRODUCTION

Abstract

Background: Extrinsic skin aging caused by atmospheric pollutants is associated with
a sustained inflammatory response which is a significant risk factor for lentigines and
melasma.

Aims: The aim of this study was to evaluate the efficacy of topical application of
combination formulation of vitamin C, vitamin E, and ferulic acid as an adjuvant
to Q-switched Nd:YAG (QSNY) lasers treatment in individuals with lentigines and
melasma.

Methods: A single blinded, prospective, randomized split-face trial was conducted.
Eighteen men and women between 26 and 53 years old were treated with a combina-
tion antioxidant serum on one randomized side of their face immediately after QSNY
laser and twice daily for 2 weeks. Patients were evaluated using digital photography
and spectrometry to assess the melanin index and erythema index. Melasma severity
score and global improvement scores also were assessed.

Results: The treated side of the face exhibited a significantly greater reduction in the
melanin index. There was no significant difference in post-treatment erythema. More
clinical improvement was observed on the treated side compared with the untreated
side.

Conclusions: Our study suggests that topical application of a combination vitamins
C, E, and ferulic acid antioxidant formula may be effective as an adjuvant option in
QSNY lasers.
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and polycyclic chromatic hydrocarbons, which may induce intracellu-

lar reactive oxygen species.® These factors can cause pigmented skin

Extrinsic skin aging is characterized by the loss of skin laxity, wrinkling,
and pigmentation.! There are several environmental factors that have
been shown to lead to skin pigmentation, including ultraviolet (UV) ra-
diation, which can cause an inflammatory response that leads to the

degradation of extracellular matrix proteins,? and particulate matter

lesions to appear even in younger individuals,® who often experience
negative emotional and psychological consequences as a result of
these lesions, particularly when they appear on the face.”®

There are several types of skin pigmentation lesions. Solar lentig-

ine is the most common environment-induced skin pigmentation.™”
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Environment-induced lentigo is well-demarcated pale to dark brown
macules that form on the malar and periorbital area of the face.!
Melasma is another facial hyperpigmentation type presenting with
gray-brown reticular patches on the cheeks and periorbital area,
which are more common in women and Asian skin.” ! Atmospheric
pollutants, which cause a sustained inflammatory response and in-
creased vascularization, are a risk factor for melasma and contribute
to facial dyschromia.}>*?

1064-nm Q-switched Nd:YAG (QSNY) lasers have become an
important and common treatment for skin pigment changes.'**®
Selective photothermolysis has been shown to have a significant
effect among individuals with skin pigment disorders.*® The use
of QSNY lasers, however, is often limited to patients with early
signs of photoaging due to a risk of postinflammatory hyperpig-
mentation®’ or paradoxical activation of melanocytes.'® In partic-
ular, due to the refractory nature of melasma, current adjuvant
treatment options include chemical peels or the use of active in-
gredients such as kojic acid, azelaic acid, or vitamin C.*>?° Clinical
results vary, however, depending on the ingredients, and there is
a lack of controlled studies examining their combined use with
QSNY laser treatment.

Among the various substances that have the potential to pre-
vent the deleterious effects of environmental aging after laser
treatment, antioxidants are the most effective and well-stud-
ied. Prior studies have determined that formulations contain-
ing 10%-20% L-ascorbic acid with a pH < 3.5 can penetrate the
epidermis. Furthermore, a combination of L-ascorbic acid as an
active isoform vitamin C, vitamin E, and ferulic acid has been
shown in both in vitro and in vivo studies to prevent photoaging
as well as increase wound healing and reduce post-treatment
erythema and edema in patients who have undergone ablative
fractional laser (AFL).2%22 The aim of this study was to evaluate
the effect of this combination serum containing vitamin C, vi-
tamin E, and ferulic acid on lentigine and melasma after QSNL

laser treatment.

2 | MATERIAL AND METHODS
2.1 | Patients

Patients with facial lentigine and melasma were enrolled in the
study. Exclusion criteria included: past history of skin pigmenta-
tion, such as due to hormonal factors (eg, pregnancy, oral contra-
ceptive pills); history of autoimmune thyroid disease; history of
liver disease; and any other endocrine abnormalities. Additionally,
patients could not have used any bleaching agents, steroids, or
phototoxic drugs or received any laser treatment or systemic
treatment in the past 3 months. This study was approved by
the Institutional Review Board of Severance Hospital, Yonsei
University (IRB No. 4-2019-0328), and written informed consent

was obtained from each patient.

2.2 | Intervention

The patients were treated with a 1064-nm QSNY laser (Revlite
Sl, Cynosure). All laser treatments were performed by a single
dermatologist (JK). First, all patients underwent a single pass at a
fluence of 2.5-3.0 J/cm? with a frequency of 10 Hz on a spot size
of 6 mm. Areas with darker pigmentation underwent 2 or 3 addi-
tional passes at a fluence of 3.5 J/cm? on a spot size of 4 mm until
a slight erythema developed. QSNY laser was done on the both
side of the face. Immediately after the laser treatment, all patients
were instructed to apply approximately 3-4 drops of a combina-
tion serum containing vitamin C, vitamin E, and ferulic acid (CE
Ferulic® SkinCeuticals Inc) on the side of the face randomized to
receive application. Patients also were directed to apply a topical
moisturizer and physical sunscreen to both sides of the face dur-

ing the study.

2.3 | Randomization

The sides of the face were randomized prior to performing the ex-
periment. A random number generator was used to generate O sec-
ond and 1 second in Microsoft Excel (2010 version; Microsoft). Each
random assignment was sealed individually in a non-transparent
envelope. The assignments were made consecutively to designate
the side of the face on which to apply the combination antioxidant

serum.

2.4 | Assessment of clinical efficacy
2.4.1 | Clinical photography

Clinical photographs were taken using the Mark Vu skin analysis im-
aging system (PSI Plus) and a digital camera (Canon EOS 800D) at
the initial visit (V1), after one week (V2) and after 2 weeks (V3). The
digital camera had an 18.0 mega-pixel output. The UV photography
was taken by Mark Vu.

2.4.2 | Melanin and erythema index scores

The melanin index (MIl) and erythema index (El) were measured with
a Mexameter MX 18 connected to a Multiprobe Adapter System
(Courage and Khazaka electronic GmbH) at the initial visit (V1) and
after 2 weeks (V3).

2.4.3 | Melasma severity score

The melasma severity score (MSS) has four grades of severity
(Table 1). MSS was evaluated by two blinded dermatologists (J.K and
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YIL). A score of clear or mild is considered an ideal outcome among
patients with moderate to severe melasma.?®

2.4.4 | Global improvement assessment

Clinical improvement of edema and overall improvement of skin tex-
ture irregularity were assessed by two blinded dermatologists (J.K
and YIL) who compared baseline and post-treatment appearances
using a global improvement scoring system (grade O = worsened;
grade 1, 0%-25% = minimal improvement or steady state; grade 2,
26%-50% = moderate improvement; grade 3, 51%-75% = marked im-
provement; and grade 4, more than 75% = near total improvement).

2.5 | Safety assessment

At every visit, patients underwent a physical examination to assess
safety outcomes. Patients also were asked to report side effects,
such as erythema, swelling, blistering, hyperpigmentation, or hypo-
pigmentation, during and after treatment. The investigators catego-
rized the degree of erythema and burning into four grades: none,

mild, moderate, or severe.

2.6 | Statistical analysis

Data were compared using the paired Student's t test and are pre-
sented as the mean + standard error of the mean. All statistical anal-
yses were performed using SPSS version 23.0 (SPSS Inc). P < .05 was
considered statistically significant in all cases.

3 | RESULTS
3.1 | Patient characteristics

Eighteen participants (mean + standard deviation 42.62 + 8.82 years
old, range 26-53 years old) with facial lentigine and melasma were
enrolled in the study. All patients had Fitzpatrick Il to IV skin types.
All patients had solar lentigines (Figures 1 and 2), and 12 had lesions

TABLE 1 Melasma severity scale

Category Score Description

None 0 Melasma lesions almost equivalent to
surrounding normal skin or with minimal
residual pigmentation

Mild 1 Slightly darker than surrounding normal skin

Moderate 2 Moderately darker than surrounding normal
skin

Severe 3 Markedly darker than surrounding normal

skin

Note: Adapted from Pandyna et al (1)
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characteristic of melasma (Figure 3). All 18 subjects completed the
study. Patient demographics are detailed in Table 2.

3.2 | Melanin and erythema index

The change in the melanin index during the study period was ana-
lyzed from data generated by spectrophotometry using Mexameter.
There was a significant reduction (t test, P < .05, Figure 4) in the
melanin index on the combination antioxidant-treated side after
2 weeks (182.2 + 32.79 to 160.56 + 29.18) compared with the non-
treated side (174.03 + 33.29 to 167.50 + 33.58) (Table 3).

The degree of post-treatment erythema was measured to an-
alyze potential post-treatment irritation due to the combination
antioxidant serum. The erythema index was reduced on both the
combination antioxidant-treated (252.8 + 57.38 to 246.36 + 35.51)
and non-treated sides (267.30 + 56.59 to 253.63 + 58.29); there was
no significant difference in erythema index reduction across sides.

3.3 | Melasma severity score

The MSS was assessed by an independent dermatologist who was
not present during any of the procedures (YIL). MSS was assessed
at baseline and after 2 weeks. The mean MSS score was significantly
improved on the combination antioxidant-treated side (2.22 + 0.56
to 1.94 + 0.64) compared with the non-treated side (2.22 + 0.55 to
2.11 +0.47) (Table 4).

3.4 | Investigator-assessed clinical improvement of
skin pigmentation

Clinical improvement in skin texture and brightness was assessed by
two blinded investigators (YIL and JHL) using a 5-scale global improve-
ment scoring system. Digital photographs taken at baseline and after
2 weeks were compared. A moderate improvement was observed on
the combination antioxidant-treated side (2.06 + 0.0.87), and a mini-
mal to moderate improvement was observed on the non-treated side
(1.33 £ 0.49) (Table 4), which showed significant improvement in anti-
oxidant-applied group (Mann-Whitney U test, P < .05).

3.5 | Safety assessment

During the 2-week study period, no adverse events occurred. No

patients dropped out of the study due to side effects.

4 | DISCUSSION

This prospective, randomized, split-face, controlled study assessed

the efficacy of a combination serum containing vitamin C, vitamin E,
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QS ND:YAG + topical antioxidants QS ND:YAG

FIGURE 1 Clinical photographs of patient with lentigine (A, B) baseline digital photograph and UV image of a 31-y-old female patient (C)
2 wk after QSNY laser and continuous application of topical antioxidants (D) 2 wk after QSNY laser only

(A) QS ND:YAG + topical antioxidants (B) QS ND:YAG

(D)

FIGURE 2 Clinical photographs of patient with lentigine (A, B) baseline digital photograph and UV image of a 50-y-old female patient (C)
2 wk after QSNY laser and continuous application of topical antioxidants (D) 2 wk after QSNY laser only

and ferulic acid as an adjuvant to QSNL laser treatment among pa- Many studies have reported positive outcomes with the use
tients with environment-induced lentigine and melasma. The melanin of QSNL for lentigine and melasma,*t?* including studies that
index was reduced on the side of the face treated with serum. No have used QSNL with a low fluence of approximately 2.0-3.0 J/
patients exhibited postprocedural erythema or edema. Furthermore, cm?.15192526 The overall treatment response varies, however, de-
the immediate application of the serum after laser treatment was pending on the severity of the pigmentation; most treatments

well-tolerated. require more than five sessions to achieve at least 50% clinical
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A) QS ND:YAG + topical antioxidants

B) QS ND:YAG

FIGURE 3 Clinical photographs of patient with melasma (a, b) Baseline digital photograph and UV image of a 47-year-old female patient
(c) two weeks after QSNY laser and continuous application of topical antioxidants (d) two weeks after QSNY laser only

TABLE 2 Subject Demographics

Demographics Total
Total number of patients 18
Males, n (%) 2(0)
Females, n (%) 16 (100)
Mean age (mean, SD) 42.61 +8.82
Fitzpatrick skin type, n (%)
Il 3(18.31)
1 10 (56.34)
1\ 5(25.35)
Clinical characteristics
Lentigine® 18 (100)
Melasma® 12 (66.67)

#“Lentigine” group includes any patient with pale to dark brown macule.

b“Melamsa” group includes patients with gray-brown reticular patches
on the cheeks and periorbital area.

improvement.?*?” Moreover, long-term remission is particularity
difficult in patients with melasma due to the potential side effects of
long-pulsed or QSNL systems.”’”‘28 Recent studies, therefore, have
focused on treatments using laser systems that target cutaneous

2930 or energy-based devices”>! to increase the success

vasculature
rate and rate of clinical improvements.
Hydroquinones and retinoids have been a mainstay among top-

ical agents for skin pigmentation and melanogenesis. Klingman first

Melanin index (Mexameter ®)
200

p<0.001

—

190
u |nitial

=2 weeks

180

170

150 -

QSNY laser &
Combination antioxidant

QSNY laser

FIGURE 4 Melaninindex. Combination antioxidant applied site
showed further decrease after a single session of QSNY laser (n =
18, t test, P < .05)

suggested a triple formulation of 5% hydroquinone, 0.1% tretinoin,
and 0.1% dexamethasone.?>%? Hydroquinone and tretinoin can be
effective, but the most common side effects are application-site ir-
ritations such as erythema and desquamation. In addition, in rare
cases, melasma patients with darker skin types may experience
further hyperpigmentation due to an inflammation response.>®
Moreover, safety concerns have been raised regarding the long-term
use of hydroquinone,® which has led to the development of alterna-

tive formulations for reducing pigmentation.
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TABLE 3 Changesin melanin and erythema index

n=18 Antioxidant-applied side Control side

Melanin index

Baseline 182.2 £ 32.79 174.03 + 33.29

Post 2 wk 160.56 +29.18* 167.50 + 33.58
Erythema index

Baseline 252.8 +57.38 267.30 + 56.59

Post 2 wk 246.36 + 35.51 253.63 + 58.29

*P < .05, t test.

TABLE 4 Overall treatment outcome

n=18 Antioxidant-applied side Control side
Melamsa Severity Scale (MSS)
Baseline 2.22 +0.56 2.22+0.55
Post 2 wk 1.94+0.64 2.11+£0.47
Global improvement score (GIS)
2.06 +0.0.87* 1.33+0.49

*P < .05, Mann-Whitney U test.

Vitamin C derivatives are common adjuvant treatments for
melasma, lentigo, and postinflammatory hyperpigmentation (PIH).
Studies have shown that ascorbic acid suppresses melanin produc-
tion by reducing dopaquinone, which has been shown in vitro to
inhibit tyrosinase-dependent melanogenesis.®>¢ Vitamin C de-
rivatives often are applied via ionto- or sonophoresis, which re-
quires an additional device and takes approximately 5-15 minutes
to perform. Patients with melasma who underwent 6 sessions of
QSNL with I-ascorbic acid sonophoresis over 2 weeks exhibited
significant clinical improvements.25 Long treatment sessions and
frequent clinical visits can be a major obstacle to patient compli-
ance, however.

Air pollution increasingly is contributing to skin pigmentation,
which highlights the need to develop a method to treat patients who
develop early signs of skin pigmentation. We designed our clinical
study to evaluate whether a single session of QSNL with a concur-
rent skin care regimen could be beneficial to patients with early-on-
set lentigines or melasma. In our study, we used different parameters
than earlier studies (ie, 6-mm spot at 2.5-3.0 J/em?, 4-mm spot at
3.5 J/cm?) within the same patients to target different skin depths.?’
Multiple previous studies have demonstrated that laser pretreatment
of skin may increase the permeability and depth of penetration of
topically applied drugs and other molecules.®”®? The use of emit-
ted energy pulses after treatment with QSNL may therefore create
a photoacoustic wave that ruptures and destroys aggregated mela-
nosomes.*>* Such a photomechanical effect may therefore induce
cavitation, thereby increasing the penetration of active molecules
and enhancing the delivery of topically applied combination antiox-

idant formulas.

There are a few limitations to this study. Long-term evaluation is
required to clarify the potential pigment-lightening effect. Despite,
additional treatments may have resulted in a greater improvement,
we intended to evaluate the effect of single session of QSNL and
potential synergistic effect with the use of adjuvant topical antiox-
idants. We believe further advancements can ensure multimodal
combination treatments for a synergistic effect in different antioxi-
dant formulations.

5 | CONCLUSION

Our study suggests that the topical application of a combination vi-
tamins C, E, and ferulic acid antioxidant formula may be a promising
candidate to treat photoaging. Moreover, adjuvant skin care treat-
ments using antioxidants may further improve the effectiveness of
clinical procedures, such as lasers. Our study confirmed that the use
of a topical antioxidant immediately after laser treatment is safe and
well-tolerated. Further studies are needed to evaluate the long-term
clinical effect and downstream mechanisms involved in reducing

skin hyperpigmentation.
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