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ABSTRACT

Introduction: Identifying the causes of periorbital hyperpigmentation is crucial in selecting the
best treatment. The identification of transcriptional profiles that may be related to hyperpigmen-
tation around the eye area could contribute to a new approach in the treatment of periorbital
hyperpigmentation — the gene therapy.

Objective: This study aims to assess the transcriptional profile of melanogenesis, and genes
related to enzymatic antioxidants in skins with periorbital hyperpigmentation.

Methods: Based on clinical evaluation, 49 healthy volunteers were classified with or wi-
thout periorbital hyperpigmentation. Genetic profiles of melanogenesis-related genes:
microphthalmia-associated transcription factor (MITF), pro-opiomelanocortin (POMC),
melanocortin 1 receptor (MC1R), tyrosinase (TYR), tyrosinase 1-related protein
(TYRP1), and intracellular antioxidants - glutathione reductase (GR), glutathione pero-
xidase 1 (GPx-1), glutathione s-transferase (GST-1) - were determined by the polymerase
chain reaction technique in real-time.

Results: MITE TYR, and TYRP1 gene expressions were significantly higher in the pe-
riorbital hyperpigmentation group (p<0.01). GR, GPx-1, and GST-1 gene expressions
were comparable between the groups with and without periorbital hyperpigmentation.
Conclusions: The results of this study suggest that MITF is the primary regulator of mela-
nin deposition in skins with periorbital hyperpigmentation. Up-regulated MITF is closely
associated with increased TYR and TYRP1. These findings are essential in proposing a
new therapeutic approach in the treatment of periorbital hyperpigmentation.
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RESUMO
Introdugdo: A identificagio das causas da hiperpigmentagao periorbital é crucial na selegao do melhor
tratamento. A identificagdo de perfis transcricionais que podem estar relacionados com a hiperpig-
mentagdo ao redor das dreas oculares poderia contribuir para uma nova abordagem no tratamento da
hiperpigmentagao periorbital, -a terapia genética-.
Objetivo: Este estudo tem como objetivo avaliar o perfil transcricional da melanogénese e genes relacio-
nados a antioxidantes enzimaticos, em peles com hiperpigmentago periorbital.
Meétodos: Com base na avaliagdo clinica, 49 voluntarios saudaveis foram classificados em grupos com
ou sem hiperpigmentagdo periorbital. Petfis genéticos de genes relacionados a melanogénese: -fator de
transcrigdo associado a microftalmia (MITF), pro-opiomelanocortina (POMC), receptor da melanocor-
tina 1, ( MC1R), tirosinase (TYR), proteina relacionada a tirosinase 1 (TYRP1)-, e antioxidantes
intracelulares: -glutationa redutase (GR), glutationa peroxidase 1 (GPx-1), glutationa s-transferase
(GST-1)- foram determinadas pela técnica de reagio em cadeia da polimerase em tempo real.
Resultados: as expressoes dos genes MITETYR e TYRP1 foram significativamente maiores no grupo
com hiperpigmentagao periorbital. (p<0,01). As expressoes génicas de GR, GPx-1 e GST-1 foram com-
paraveis entre os grupos com e sem hiperpigmentagdo periorbital.
Conclusdes: Os resultados deste estudo sugerem que o MITF ¢ o principal regulador da deposicao
de melanina em peles com hiperpigmentagio periorbital. O MITF com regulagdo positiva esta inti-
mamente associado ao aumento da’ T'YR e TYRP1. Esses achados sdo importantes na proposicdo de
uma nova abordagem terapéutica no tratamento da hiperpigmentagao periorbital.
Palavras-chave: Hiperpigmentagio; Melaninas; Fator de transcrigao associado a microftalmia

195

Original Article

Authors:

Lee Siew-Keah'
Chua Ang Lim?
Chia Kam Weng?
Lee Chew Kek*
Lee Bang Rom®
Lim Chai Leng®
Tan Geok Puan’

Faculty of Medicine and Health
Sciences, Universiti Tunku Abdul
Rahman, Bandar Sungai Long, Se-
langor, Malaysia.

Faculty of Medicine, Univeristi Tek-
nologi Mara (UiTM), Sungai Buloh,
Selangor, Malaysia.

Faculty of Applied Sciences, UCSI
University, Cheras, Kuala Lumpur,
Malaysia.

Pantai Hospital Cheras, Cheras,
Kuala Lumpur, Malaysia.

Faculty of Medicine and Health
Sciences, Universiti Putra Malaysia,
Serdang, Selangor, Malaysia.

Lim Plastic and Cosmetic Surgery
Clinic, Malaysia.

Sunway Medical Centre, Malaysia.

Correspondence:

Lee Siew Keah

Faculty of Medicine and Health
Sciences, Universit Tunku Abdul
Rahman, Bandar Sungai Long, 43000
Kajang, Selangor, Malaysia.

E-mail: leesiewkeah@yahoo.co.uk

Received on: 18/06/2019
Approved on: 18/08/2019

Study conducted at Faculty of Medi-
cine and Health Sciences, Universit
Tunku Abdul Rahman, Bandar Sungai
Long, Selangor, Malaysia.

Financial support: This project is
financially funded by UCSI University,
CERVIE-RGS (Proj-In-FPS-006).
Conflict of interests: None.

Surg Cosmet Dermatol. Rio de Janeiro v.11 n.3 jul-set. 2019 p. 195-99.




196 Siew-Keah L, Lim CA, Weng CK, Kek LC, Rom LB, Leng LC, Puan TG

INTRODUCTION
Periorbital  hyperpigmentation (POH),

known as dark circles under the eyes, features as bilateral, homo-

commonly

genous hyperchromic macules and patches primarily involving
the lower and/or upper eyelids. In some severe cases, it extends
to eyebrows, malar regions, temporal regions, and lateral nasal
root. ' POH is one of the most common cosmetic concerns, and
it is notoriously resistant to treatment.

The data on the incidence and prevalence of POH is
very scarce, and its pathogenesis remains elusive. It is believed
that excessive pigmentation, thin and translucent lower eyelid
skin, shadowing due to skin laxity and venous congestion are
the main causative POH factors. Congenital and genetic fac-
tors are also the predisposing factors to POH development.*?
Recently,Verschoree ef al. assessed the melanin and hemoglobin
distribution using a non-invasive method, i.e., spectrophotome-
tric intracutaneous analysis (SIA)scopy, in the Indian population,
suggesting that melanin deposits and blood stasis may play a role
in POH.* On the other hand, histology studies revealed that
periorbital biopsy of Japanese and Brazilian patients showed der-
mal melanin deposit, which could be the main factor contribu-
ting to POH.>° Nevertheless, these authors did not mention the
primary causes that may lead to melanin deposition surrounding
eye areas. Other than limited histological studies on POH skin,
to the best of our knowledge, the roles of pigmented-related
gene expression in POH has not been elucidated yet.

Studies have shown that the microphthalmia-associated
transcription factor (MITF) modulation can alter skin pigmenta-
tion in dark-skinned Yucatan swine.” On the other hand, MC1R
has also been reported to be highly polymorphic, and its genetic
variants are associated with various pigmentation phenotypes in
the skin, hair, and eyes.® Surprisingly, its gene variants are also as-
sociated with an increased risk for hyperpigmentation disorders,
i.e., cutaneous melanoma, which is largely independent of skin
type and hair color.” Tyrosinase-related protein 1 (TRP-1) and
tyrosinase-related protein 2 (TRP-2) present in the membrane
of melanosomes are proteins similar to tyrosinase. Their precise
role is nuclear, but it has been proposed that TRP-1 acts on the
activation and stabilization of tyrosinase, melanosome synthesis,
increased eumelanin/pheomelanin ration, and also against oxi-
dative stress.'

This study assumes that deregulation of pigmentation-
-related gene expression might involve POH development.
Furthermore, it raises the hypothesis that deregulation of intra-
cellular enzymatic antioxidants might be associated with overre-
gulated melanogenic gene expression.

METHODOLOGY

Ethical Approval of Studies

Medical Research & Ethics Committee (NMRR-13-
1267-16770) and Sunway Medical Center Independent Resear-
ch Ethics Committee (011/2013/ER) were obtained prior to
the commencement of the study.

Subject recruitment

Healthy subjects requested for blepharoplasty in Lim
Plastic and Surgery Clinic (Kuala Lumpur, Malaysia) and Sunway
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Medical Centre (Selangor, Malaysia) were randomly invited to
participate in this study. Subjects diagnosed with nevus of Ota,
nevemelanocytic nevi, café-au-lait, Hori’s nevus, ephelides, loca-
lized post-inflammatory hyperpigmentation due to a recogniza-
ble insult, cutaneous inflammatory diseases/ulceration, allergies/
asthma, hyperpigmentation associated with systemic diseases,
i.e.,Addison’s disease, were excluded from the study.

A total of forty-nine (n=49) subjects had been recruited.
Written informed consent was obtained from each subject. Plas-
tic surgeons evaluated the periorbital areas and classified them
into pigmented (POH) or non-pigmented (Non-POH) eyelid
skins. The excised eyelid skins following blepharoplasty were
collected and kept in 10% formalin for histological analysis or
RNAlater® RNA stabilization reagent solution for gene expres-
sion study. The specimens were processed within 3 days of upon
sample collection.

Histological Analysis

Paraffin-embedded skin tissues were processed for the
Fontana-Masson silver stain to observe the melanin deposition
and pattern of distribution in eyelid specimens. The depth of
melanin distribution, i.e., down to papillary dermis or down to
reticular dermis, was reported.

Total RNA extraction and cDNA conversion

A small portion of biopsy specimens was preserved in
RNAlater® RNA stabilization reagent (Qiagen, Germany).
Specimens were homogenized using gentleMACS M tubes
(Miltenyi Biotec, Germany). Total mRNA was extracted using
RNeasy® Lipid Tissue Mini Kit (Qiagen, Germany). Reverse
transcription-polymerase chain reaction (RT-PCR) was con-
ducted with High Capacity RNA-to-cDNA Kit. Up to 2ug of
total RNA was used in the conversion of RNA-to-cDNA in a
20ul reaction. The reaction consisted of 10 pl of 2X RT Buffer,
1ul of 20X Enzyme Mix, 2ug of RNA, and sufficient quantity of
nuclease-free H2O up to the final volume of 20ul.

Gene Expression Assay

A real-time PCR technique was utilized to determine
the level of mRINA expression associated with melanogenesis
as well as the antioxidant defense system.The genes which have
been quantified were microphthalmia-associated transcription
factor (MITE), proopiomelanocortin (POMC), and melanocor-
tin 1 receptor (MC1R), tyrosinase (TYR) and tyrosinase-related
protein 1 (TYRP1), glutathione reductase (GR), glutathione
peroxidase-1 (GPx-1) and glutathione s-transferase-1 (GST-1).
Beta-actin (ACTB) acts as the housekeeping gene. Tagman®
Gene Expression Assays were purchased from Applied Biosys-
tem with gene code Hs01117294_m1 (MITF), Hs01596743_
ml (POMC), Hs00267167_s1 (MCI1R), Hs00165976_m1
(TYR), Hs00167051_m1 (TYRP1), Hs00167371_m1 (GR),
Hs00829989_gH (GPx-1), Hs00220393_m1 (GST-1) and
Hs99999903_m1 (ACTB).

The real-time PCR was conducted in 20 pl reaction mi-
xture consisting of 2ul of template cDNA, 1ul of Tagman® Gene
Expression Assay and Tagman® Fast Advanced Master Mix. The
sample was first denatured at 95 °C for 20 s, followed by 40
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cycles of denaturing step at 95 °C for 1 s and annealing step at
60 °C for 20 s. The data was collected at the end of each an-
nealing step. Relative expression of mRINA was determined by
the comparative 2-AACT method.

Statistical analysis

Quantitative data were analyzed using statistical software,
SPSS 18.0. Normally distributed continuous data were analyzed
using parametric statistical test and expressed as mean and standard
deviation. Categorical data were analyzed via chi-square test.

RESULTS

A. Demographic Data and association with POH

Forty-nine (10 men and 39 women) with a mean age
of 52.9 + 9.2 years old met the inclusion criteria and agreed to
participate in the study. A total of 47% (n=23) of subjects were
evaluated with POH, and 53% (n=26) were categorized into the
non-POH group. A total of 67.3% of the subjects were Fitzpa-
trick skin phototype III, while 22.3% were phototype IV, 8%
were phototype I, and 2% were phototype V. Pearson Chi-square
showed that Fitzpatrick scale was not associated with the POH
group (c2 = 2.675, p=0.445). However, the Pearson Chi-square
showed that the invagination of melanin deposit into the dermal
layer was more prominent in the POH group compared to the
non-POH group (c2 =8.349, p<0.05, Table 1).

B. Gene Expression Study

MITETYR, and TYRP1 gene expressions were signifi-
cantly higher in the POH group (p<0.01, graph 1). Gene ex-
pressions of GR, GPx-1, and GST-1 were comparable between
POH and non-POH groups (Table 2).

DISCUSSION

The findings of this study suggest that (i) dermal hyper-
pigmentation could be the predominant underlying cause of pe-
riorbital hyperpigmentation, which may be associated with (i1)
the overexpression of MITE TYR, and TYRP1, which in turn
triggers the melanogenesis in periorbital skins.

In agreement with the findings of this study, growing
evidence showed that pigmentation surrounding the eyelids is
not restricted in the epidermal layer but also deep in the der-

mal layer, and it is resistant to treatments.>®

-1 Macrophages
normally phagocyte melanin that falls into the reticular dermis
to form melanophages, causing a bluish appearance. Dermal
hyperpigmentation is less responsive to common depigmenting
agents. Partially, it occurs because most of the depigmentation

therapies focus on epidermal hyperpigmentation, and they are

TABLE 1: DEPTH OF MELANIN DISTRIBUTION AND ITS ASSOCIATION WITH POH
GROUP

POH Classification/ POH Non- Total Pearson
Depth of melanin (n=26) POH (n) Chi-square
distribution (n=23)
Papillary dermis 1 19 30

. . (c2=8.349.
Reticular dermis 15 4 19 p<0.05)
Total (n) 26 23 49

Pearson chi-square test showed that the depth of melanin distribution was associated with the
POH group (p<0.05).
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not effective in eliminating dermal melanophages. The findin-
gs of this study suggest that incorporating topical depigmen-
ting agents to transdermal drug delivery may be beneficial in
reducing dermal hyperpigmentation. For instance, using a trans-
dermal vehicle like synthetic peptide ACSSSPSKHCG (TD1)
and oligoarginine (R8) could be beneficial in treating perior-
bital hyperpigmentation. However, which therapeutic molecule
should be delivered to the dermal layer to achieve the maximal
therapeutic effect? Extensive studies focus on the depigmenting
roles of TYR inhibitors, but scarce have considered MITF as a
drug target for treating hyperpigmentation disorders, especially
periorbital hyperpigmentation.

Topical eye creams, mainly tyrosinase-inhibiting agen-
ts, 1.e., hydroquinone, azelaic acid, tretinoin, and kojic acid, are
widely used as depigmenting agents.'> '® Nevertheless, their
therapeutic effects are inconsistent and unsatisfying in treating
periorbital hyperpigmentation. Laser and intense pulsed light
treatments are newer approaches to remove the pigments under
the eyes."” Still, these therapies are relatively more expensive and
require high skilled professions to conduct the treatment pro-
cedure. Therefore, innovative strategies are required to identify
new drug targets. This study proposes that targeted suppression
of MITF rather than its downstream melanogenic genes such as
TYR and TRP1 would be a better candidate for a new genera-
tion of depigmenting agents.

MITF is a key regulator involves in melanocytic deve-
lopment, and pigmentation. It is a critical regulator of survival,
proliferation and differentiation of pigment cells, melanocytes."
The three most commonly known signal pathways, which are
cAMP-dependent (via MC1R), Wnt, and ERK (via c-Kit re-
ceptor) signaling pathways, control the MITF activity. Binding
of o-MSH (also known as proopiomelanocortin, POMC) to
its plasma membrane receptor, MC1R activates the cAMP-de-
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GRAPH 1: Fold change of gene expression in groups with and without POH

TYRP1

TABLE 2: PEARSON CHI-SQUARE TEST SHOWED THAT THE DEPTH OF MELANIN

DISTRIBUTION WAS ASSOCIATED WITH THE POH GROUP (P<0-05).

Gene/Group Gene Expression (Fold-change)

Non-POH HPO
GR 1%0.51 0.90 * 0.41
GPx-1 1+0.93 0.86 +0.68
GST-1 1+0.48 1.06 + 0.49
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pendent pathway, and eventually increases MITF activity, and
therefore stimulates melanogenesis.”” The findings of this study
suggest that overexpression of MITF is unlikely via the activa-
tion of a-MSH-MCI1R signaling pathway. It has been demons-
trated that regardless of the high or low level of MC1R, elevated
intracellular cAMP triggered by forskolin leads to induction of
the TYR, and TYRP1 promoters.” Further investigations on
the association of MITF with increased intracellular cAMP, Wnt
and ERK signaling pathways might provide more insights into
the underlying mechanism of MITF overexpression in hyper-
pigmented eyelids.

This study has shown that MITF is highly expressed in
periorbital hyperpigmented skins and closely associated with the
degree of melanin production. Therefore, this study proposed
that MITF is a potential therapeutic target molecule in treating
periorbital hyperpigmentation. Earlier studies showed that the
silencing of MITF gene expression via small interfering RINA
(siRNA) technique, MITF-siRNA (a negative modulator of
MITF), significantly reduced the TYR, TYRP1, and MC1R le-
vels, and, therefore inhibit melanogenesis in melanoma cell cul-
ture."” Furthermore, in a clinical study, the topical application
of MITF-siRNA cream with transdermal vehicles significantly
improved facial hyperpigmentation lesions."” As the underlying
cause of dark circles under the eyes is similar to melasma, which
is mainly due to overexpression of MITF and melanin deposi-
tion in the dermal layer, this study suggests that MITF-siRINA
probably exerts the similar therapeutic effect in skins with pe-
riorbital hyperpigmentation.

In addition to MITF-siRNA strategies, compounds, or
drug molecules able to interfere with MITE post-transcriptional
regulation can be utilized to modulate the pigmentation process.
DKK1 (dickkopf-1) is found predominantly in hypopigmented

REFERENCES

1. Sheth PB, Shah HA, Dave JN. Periorbital hyperpigmentation: a study of
its prevalence, common causative factors and its association with per-
sonal habits and other disorders. Indian J Dermatol. 2014; 59(2): 151-7.

2. Roh MR, Chung KY. Infraorbital dark circles: definition, causes, and
treatment options. Dermatol Surg. 2009; 35(8):1163-71.

3. Sarkar R. Idiopathic cutaneous hyperchromia at the orbital region or
periorbital hyperpigmentation. J Cutan Aesthet Surg. 2012; 5(3): 183-4.

4.  Verschoore M, Gupta S, Sharma VK, Ortonne JP. Determination of Mela-
nin and Haemoglobin in the Skin of Idiopathic Cutaneous Hyperchro-
mia of the Orbital region (ICHOR): A Study of Indian Patients. J Cutan
Aesthet Surg. 2012; 5(3):176-82.

Surg Cosmet Dermatol. Rio de Janeiro v.11 n.3 jul-set. 2019 p. 195-99.

palmar and plantar areas and exhibits suppression activities on
MITE, therefore inhibiting melanocyte growth and pigment
production.? This study postulates that targeted DKK1 stimu-
lation could be a viable approach to modulate the overexpres-
sed MITF in periorbital hyperpigmented skins. Therefore, there
is two crucial conditions in designing a new therapeutic agent
in treating periorbital hyperpigmentation, i.e., (1) it should be
a small molecule and able to be delivered to transdermal layer,
(1) it should be able to enter the cell and suppress the MITF
expression.

Exposure to ultraviolet (UV) irradiation and oxidative
stress has been associated with the pathogenesis of periorbital
hyperpigmentation.”*"** UV has been shown to trigger the ex-
pression of MITE tyrosinase, and MSH, which eventually leads
to the production of melanin pigments.'” UV irradiation is also
known to induce the production of reactive oxygen species
(ROS) in human skin, resulting in oxidative stress and photo-
damage to the skin. Antioxidants have been widely used for de-
pigmentation in skin products, including eye creams, to reduce
skin damage and melanin deposition.** Nevertheless, this study
showed that there is no significant difference in gene expressions
of the major intracellular enzymatic antioxidants like glutathio-
ne reductase (GR), glutathione peroxidase (GPx), and gluta-
thione-s-transferase (GST) in hyperpigmented and non-hyper-
pigmented eyelid skins. These findings suggest that periorbital
hyperpigmentation is unlikely due to inadequate intracellular
antioxidants.

In conclusion, the findings of this present study suggest
that MITF is the master regulator for melanin deposition in
POH skins, upregulated MITF is closely associated with increa-
sed TYR and TYR 1. These findings are essential in proposing a
new therapeutic approach in POH treatment. @

5. Watanabe S, Nakai K, Ohnishi T. Condition known as "dark rings under
the eyes" in the Japanese population is a kind of dermal melanocytosis
which can be successfully treated by Q-switched ruby laser. Dermatol
Surg. 2006; 32(6): 785-9.

6.  Graziosi AC, Quaresma MR, Michalany NS, Ferreira LM. Cutaneous idio-
pathic hyperchromia of the orbital region (CIHOR): a histopathological
study. Aesthetic Plast Surg. 2013; 37(2): 434-8.

7.  Lin CB, Babiarz L, Liebel F, Roydon Price E, Kizoulis M, Gendimenico
GJ, et al. Modulation of microphthalmia-associated transcription fac-
tor gene expression alters skin pigmentation. J Invest Dermatol. 2002;
119(6):1330-40.



Melanogenesis gene expression profiles in periorbital hyperpigmentation skins

Beaumont KA, Wong SS, Ainger SA, Liu YY, Patel MP, Millhauser GL, et al.
Melanocortin MC(1) receptor in human genetics and model systems.

199

Gendler EC. Treatment of periorbital hyperpigmentation. Aesthet Surg
J.2005; 25(6): 618-24.

Eur J Pharmacol. 2011; 660(1): 103-10. 17. Cymbalista NC, Prado de Oliveira ZN. Treatment of idiopathic cuta-
Newton-Bishop JA, Chang YM, lles MM, Taylor JC, Bakker B, Chan M, et neous hyperchromia of the orbital region (ICHOR) with intense pulsed
al. Melanocytic nevi, nevus genes, and melanoma risk in a large case- light. Dermatol Surg. 2006; 32(6): 773-83.

-control study in the United Kingdom. Cancer Epidemiol Biomarkers 18. D'Mello SAN, Finlay GJ, Baguley BC, Askarian-Amiri ME. Signaling Pa-

Prev. 2010; 19(8): 2043-54.
Videira IFS, Moura DFL, Magina S. Mechanisms regulating melanogene-

thways in Melanogenesis. International journal of molecular sciences.
2016; 17(7): 1144.

sis. An Bras Dermatol. 2013; 88(1):76-83. 19. YiX, Zhao G, Zhang H, Guan D, Meng R, Zhang Y, et al. MITF-siRNA for-
Huang YL, Chang SL, Ma L, Lee MC, Hu S. Clinical analysis and classifica- mulation is a safe and effective therapy for human melasma. Mol Ther.
tion of dark eye circle. Int J Dermatol. 2014; 53(2):164-70. 2011; 19(2): 362-71.

Ranu H, Thng S, Goh BK, Burger A, Goh CL. Periorbital hyperpigmenta- 20. Yamaguchi Y, Itami S, Watabe H, Yasumoto K, Abdel-Malek ZA, Kubo

tion in Asians: an epidemiologic study and a proposed classification.
Dermatol Surg. 2011; 37(9): 1297-303.
Lee Siew-Keah, Margaret Flori Vasthian Patrick, Cheah Shiau Chuen, Tan

T, et al. Mesenchymal-epithelial interactions in the skin: increased ex-
pression of dickkopf1 by palmoplantar fibroblasts inhibits melanocyte
growth and differentiation. J Cell Biol. 2004; 165(2): 275-85.

Chung Keat, Chia Kam Weng, Lee Chew Kek, et al. Evaluation of his- 21. Sarkar R, Ranjan R, Garg S, Garg VK, Sonthalia S, Bansal S. Periorbital
topathological changes in idiopathic cutaneous hyperchromia at the Hyperpigmentation: A Comprehensive Review. J Clin Aesthet Derma-
orbital region. Surg Cosmet Dermatol. 2018; 10(3):202-8. tol. 2016; 9(1): 49-55.

Nayak CS, Giri AS, Zambare US. A Study of Clinicopathological Correla- 22.  Roberts WE. Periorbital hyperpigmentation: review of etiology, medical
tion of Periorbital Hyperpigmentation. Indian Dermatol Online J. 2018; evaluation, and aesthetic treatment. J Drugs Dermatol. 2014; 13(4): 472-82.
9(4): 245-9. 23. Eberlin S, Del Carmen Velazquez Pereda M, de Campos Dieamant G,

Friedmann DP, Goldman MP. Dark circles: etiology and management
options. Clin Plast Surg. 2015; 42(1):33-50.

DECLARATION OF PARTICIPATION:

Lee Siew-Keah | 0000-0001-9299-6842

Nogueira C, Werka RM, de Souza Queiroz ML. Effects of a Brazilian
herbal compound as a cosmetic eyecare for periorbital hyperchromia
("dark circles"). J Cosmet Dermatol. 2009; 8(2): 127-35.

Statistical analysis; Approval of the final version of the manuscript; Study design and planning; Preparation and writing of the
manuscript; Data collection, analysis, and interpretation: Active participation in research orientation; Intellectual participation in
propaedeutic and/or therapeutic conduct of studied cases; Critical review of the literature; Critical revision of the manuscript.

Chua Ang Lim | 0000-0002-0369-6766
Approval of the final version of the manuscript, Preparation and writing of the manuscript; Data collection, analysis, and in-
terpretation: Active participation in research orientation; Critical review of the literature; Critical revision of the manuscript.

Chia Kam Weng | 0000-0002-4928-7925
Approval of the final version of the manuscript; Preparation and writing of the manuscript; Data collection, analysis, and in-
terpretation: Active participation in research orientation; Critical review of the literature; Critical revision of the manuscript.

Lee Chew Kek | 0000-0002-5832-664x

Statistical analysis; Approval of the final version of the manuscript; Study design and planning; Preparation and writing of the
manuscript; Data collection, analysis, and interpretation: Active participation in research orientation; Intellectual participation in
propaedeutic and/or therapeutic conduct of studied cases; Critical review of the literature; Critical revision of the manuscript.

0000-0003-1540-9338
Approval of the final version of the manuscript; Study design and planning; Preparation and writing of the manuscript; Data

Lee Bang Rom |

collection, analysis, and interpretation: Active participation in research orientation; Critical review of the literature; Critical
revision of the manuscript.

Lim Chai Leng | 0000-0003-0274-2051

Approval of the final version of the manuscript; Study design and planning; Data collection, analysis, and interpretation: Active
participation in research orientation; Intellectual participation in propaedeutic and/or therapeutic conduct of studied cases;
Critical review of the literature; Critical revision of the manuscript.

Tan Geok Puan | 0000-0001-8446-3173

Approval of the final version of the manuscript; Study design and planning; Preparation and writing of the manuscript; Data
collection, analysis, and interpretation: Active participation in research orientation; Intellectual participation in propaedeutic
and/or therapeutic conduct of studied cases; Critical review of the literature; Critical revision of the manuscript.

Surg Cosmet Dermatol. Rio de Janeiro v.11 n.3 jul-set. 2019 p. 195-99.



