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Abstract

Background: Melasma is a common disorder of hyperpigmentation affecting millions of people worldwide. All the
exact pathways to understand the complete pathogenesis of melasma is unknown.

Aims: To determine the biophysical characteristics of melasma skin compared to the normal surrounding skin.

Methods: Thirty-six patients with melasma were recruited in this case-control study. The subtype of melasma
(epidermal, dermal, or mixed) was determined by Wood lamp examination. The melanin index, erythema index,
stratum corneum (SC), hydration, sebum content, transepidermal water loss (TEWL), temperature, friction index,
and pH of lesional and perilesional normal skin of patients were measured in standardized temperature and humidity
conditions. The epidermal and dermal thickness and dermal echo-density were determined on the same locations.
The measurements were compared between lesional and perilesional normal skin using dependent t-test and
among three subtypes of melasma using one-way ANOVA. P values of <0.05 were considered statistically
significant.

Results: Melanin index, erythema index, SC hydration, pH, thickness of dermis and epidermis were significantly
higher and the temperature was significantly lower in lesional skin compared with surrounding normal skin. No
significant differences were found in TEWL, friction index, sebum content and density of dermis. Melasma subtype,
age, skintype, location and duration of melasma had no significant effect on any of these variables.

Conclusions: Melasma skin is characterized by certain changes in biophysical factors of epidermis and dermis.
The relation of these changes with the hyper-activity of melanocytes and melanin overproduction should be
determined in future studies.
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Introduction
Melasma is a common disorder of hyperpigmentation affecting

millions of people around the world [1]. Four types of melasma are
defined on the basis of Wood's light (320-400 nm) examination:
epidermal type, dermal type, mixed type, and a fourth type, described
in patients with dark skin [2].

The exact pathogenesis of the disorder is unclear, but some of
etiologic agents have been signified. These include ultraviolet
radiation, hormonal intermittence for example during pregnancy,
thyroid dysfunction, and phototoxic and anti-seizure drugs [3].
Genetic background is also a classical influencing factor [4].
Approximately half of the patients had a familial history of melisma
[4].

There are biologically active melanocytes in melasma skin, rather
than an increase in melanocytes. [5]. A vascular component may also
have a role in the pathogenesis of melasma [5]. Lesional skin had more
numerous and larger blood vessels compared to normal skin [5].

The interaction of keratinocytes may also be involved in melasma:
the activation of inducible nitric oxide synthase (iNOS) within
keratinocytes particularly after ultraviolet (UV) radiation, has a role in
melanogenesis process [4].

There is destruction in the basal membrane and collagen, which
could enhance the fall of melanin and the migration of active
melanocytes into the dermis allowing the constant hyperpigmentation
in melisma [6]. Dermal fibroblasts possibly secrete a soluble form of
SCF during inflammation, and with their c-kit receptor, they would
cause hyperpigmentation in melasma; [6] also, the vascular endothelial
growth factor, an important regulator of angiogenesis, is expressed by
the endothelium in melisma [6].

A previous study compared the biophysical characteristics of
melasma with normal adjacent skin in Asian patients and showed
melanin index, erythema index, and SC hydration were significantly
higher in melasma skin [7].

The objective of this study was to compare the biophysical
properties of melasma skin with adjacent normal skin in another
population, and to compare these parameters among different
subtypes of melasma.
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Materials and Methods
The study was performed in accordance with the Declaration of

Helsinki of the World Medical Association and all patients signed an
informed consent form for this investigation.

Subjects
Thirty-six non-pregnant female Iranian volunteers with melasma

(11 epidermal, 12 mixed, and 13 dermal melasma subtypes based on
Wood lamp examination) were recruited. Mean patient age was 37.97
± 6.66 years (27-55 years). Their skin phototypes were 3 or 4
Fitzpatrick skin type. Topical bleaching agents for 4 weeks and laser
therapy, peeling or dermabrasion for 3 months prior to start day of the
study were banned. The patients were allowed to use their routine
sunscreen. They avoided skin care products on the measured sites
during the 24 hour prior to measurements, and measured sites were
not washed with surfactant within 0.5 hour of measurements. A spot
with darkest pigmentation and a spot with no pigmentation closest to
the first spot (as control normal skin) were selected for measurements.

Measurements
Melanin index, erythema index, SC hydration capacitances, TEWL,

amounts of sebum, temperature, friction index and pH were
determined for lesional and perilesional normal skin using appropriate
probes (Mexameter: MX18; Corneometer: CM825; Tewameter:
TM300; Sebumeter: SM815; Skin-Thermo-Meter ST 500; Frictiometer:
FR700 and Skin-pH-Meter: PH 905) connected to a MPA 580 device
(Courage + Khazaka electronic GmbH, Cologne, Germany).

Epidermal and dermal thickness and dermal density were also
measured by high frequency ultrasonography (HFUS) on lesional and
perilesional normal skin, using probes 22 and 50 MHz (DUB®

skinscanner tpm®, Germany).

The environmental conditions for measurements were controlled at
an ambient temperature of 25 ± 2°C and a relative humidity of 30 ±
5%. The patients acclimated to these conditions for 20 minutes prior to
measurements.

Statistical analysis
SPSS version 18.0 was used for statistical analysis. The normality of

quantitative variables was checked with Kolmogorov-Smirnov test.
Differences between lesional and perilesional normal skin for 11
biophysical variables (Diffs) had normal distribution so dependent t-
test was used to determine the significance of them (11 biophysical
variables are: erythema, melanin, hydration, TEWL, sebum,
temperature, friction, pH, dermal thickness, dermal density and
epidermal thickness).

Pearson correlation coefficient was used for evaluating the relation
between age and Diffs; One-way ANOVA for duration and Diffs;
Dependent T Test for location and Diffs; Independent T Test for skin
type and Diffs, and one-way ANOVA for melasma subtype and Diffs.

Regression lineal model was used for evaluating the synchronous
effect of age and skin type and melasma subtype and duration and
location on Diffs.

P values of <0.05 were considered statistically significant.

Results
Melanin index, erythema index, SC hydration, pH, thickness of

dermis and epidermis were significantly higher and the temperature
was significantly lower in lesional skin than in perilesional normal skin
(Figure 1).

Mean melanin index was higher in lesional than in perilesional
normal skin (234.66 ± 47.91 vs. 192.12 ± 43.19, P < 0.001), as was
mean erythema index (399.18 ± 83.95 vs. 339.13 ± 70.35, P < 0.001).
Mean SC hydration (58.85 ± 11.46 vs. 53.54 ± 15.49; P = 0.037) and
mean skin pH (5.55 ± 0.57 vs. 5.36 ± 0.61, P = 0.002) were also higher.

No significant differences were found in TEWL level, friction index,
sebum content and density of dermis between melasma skin and
normal surrounding skin (Figure 1).

Also melasma subtype (epidermal, dermal, or mixed) had no
significant effect on any of these variables (Table 1).

There was no significant relation between age, skintype, location,
and duration with Diffs separately.

Correlation between age and density of dermis was positive,
Pearson correlation coefficient = +0.354, P=0.3. Correlation between
age and erythema was negative, Pearson correlation coefficient =
-0.313, P=0.06.

Although the relation between skintype and melasma subtype is not
significant (P = 0.11), 50% of patients with skintype 3, and only 14.3%
of those with skintype 4 have epidermal subtype.

Figure 1: Biophysical characteristics of melasma compared to
adjacent normal skin, P-value < 0.05 is significant, A: P =0.001, B: P
=0.001, C: P =0.037, D: P =0.850, E: P =0.002, F: P =0.002, G: P
=0.136, H: P =0.001, I: P =0.001, J: P =0.521, K: P =0.309.

Discussion
In this study on 36 non-pregnant Iranian women, it was shown that

the melasma skin had a higher melanin index, erythema index, SC
hydration, pH, dermal and epidermal thickness, and lower
temperature compared to the normal adjacent skin, whereas the basal
TEWL, sebum, friction index and dermal echo-density were not
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different. On the other hand, there was not any difference among three
subtypes of melasma (epidermal, mixed, dermal) considering these
biophysical parameters.

As the biophysical characteristics of the skin vary due to age, sex,
season, etc. [8], it is very important to use the adjacent normal
appearing skin as the control in the evaluation of these parameters in
skin disorders [9].

It has been shown that black skin had significantly higher mean
TEWL than white skin [10,11]. Blacks also have significantly less pH
values than white subjects after application of tape strips [10] and pH
is generally lower in black SC [11].

Dark skin has more cell layers in stratum corneum, greater electrical
resistance, better intercellular cohesion, faster recovery after barrier
damage and more TEWL in stripped skin [7]. A more resistant barrier
is also displayed in dark skin [12].

Melasma Subtype

Variables Epidermal Dermal Mixed

Melanin (a.u.) 228.33 ±
45.37

238.35 ± 45.47 236.47 ± 55.84

Erythema (a.u.) 427.99 ±
84.99

377.66 ± 70.26 396.08 ± 95.32

Hydration (a.u.) 60.41 ± 9.61 61.86 ± 11.92 54.16 ± 11.91

TEWL (g/h/m2) 9.18 ± 3.10 9.45 ± 4.26 11.40 ± 4.48

Epidermal Thickness (μm) 96.20 ± 21.35 116.53 ± 29.21 99.45 ± 16.48

pH 5.41 ± 0.65 5.75 ± 0.40 5.56 ± 0.58

Dermal density (a.u.) 17.36 ± 4.24 21.23 ± 7.80 21.18 ± 10.30

Dermal Thickness (mm) 1.78 ± 0.23 1.71 ± 0.19 1.78 ± 0.43

Temperature (°C) 32.10 ± 1.11 31.66 ± 1.53 31.28 ± 1.97

Friction (a.u.) 241.40 ±
80.23

294.31 ±
128.20

264.82 ±
172.66

Sebum (μg/cm2) 65.36 ± 57.30 28.92 ± 24.41 57.45 ± 67.29

Table 1: Biophysical characteristics of skin in 3 subtypes of melasma.
(P-value > 0.05 in all) (mean ± SD).

There is only one study comparing biophysical characteristics of
melasma skin with normal surrounding skin in 16 Asian women. Our
study recruited a higher number of patients (36) with different ethnic
background. Melanin index, erythema index, and SC hydration were
significantly higher in melasma skin in that study, which was similar to
the findings of our study. TEWL was also higher in that report, but it
didn’t reach significance level [7].

Increased erythema index in melasma skin was reported in both
studies. Vascular endothelial growth factor (VEGF) could have a direct
influence on melanocyte behavior through its receptor on them [13].
More vascularity is clinically and histologically seen in melasma due to
more upregulation of VEGF expression resulting the increase number
of vessels; also, blood vessels or endothelial cells modified by UV
radiation may release cytokines and soluble factors like plasminogen,
which might be a possible cause of hyperpigmentation in melisma
[13].

Epidermal changes are important in the activity of melanocytes and
melanin production in melasma because there is a potential cross-talk
between keratinocytes and melanocytes for pigmentation in response
to stress to the barrier [14]. On the other hand, chronic UV radiation
(which is the main pathogenic factor in melisma) causes
downregulation of lipid metabolism-related genes so less synthesis of
epidermal free fatty acids (FFA) and triglycerides occurs in melisma
[7]. Also downregulation of several lipid metabolism-associated genes
such as peroxisome proliferator-activated receptor alpha (PPARA)
leads to barrier damage in melisma [7].

Basal TEWL was not different between melasma and normal skin in
the present study. More TEWL after barrier damage and delayed
barrier recovery rate were demonstrated in the previous report [7],
which they were not assessed in our study.

Stratum corneum assessed in histologic samples was thinner
(although not significantly) in melasma skin in the previous report [7],
but the thickness of epidermis assessed by HFUS was higher in
melasma skin in our study. The number and/or size of viable
keratinocytes might have increased in melasma.

Some biophysical characteristics of melasma were evaluated for the
first time in this study. Melasma skin was found more alkaline in our
study. Melanosomes are acidic organelles and one important reason of
the lower pH of SC in darkly pigmented subjects may be the transfer of
additional and/or more acidified organelles from the melanocytic
dendrites to the outer epidermis of neighboring keratinocytes [15].

Further studies are required to find the cause of alkaline skin in
melasma.

Dermal echodensity and thickness was higher in melasma skin, so
dermal changes may also be involved in the pathogenesis of melasma,
even the epidermal subtype.

Skin surface was found cooler in melasma in this study, which is
contradicting to the increased vascularity found in dermis in melasma
skin.

Frictional index of melasma skin was not different in our study.
Repeated frictional trauma against the skin is an important factor in
the pathogenesis of some pigmentary dermatoses, such as frictional
melanosis [16].

The influence of subtypes of melasma was not evaluated in the
previous study. We could not find any difference in any of biophysical
characteristics of skin among three subtypes of melasma (epidermal,
mixed, and dermal). These findings emphasize that the level of melanin
deposition in skin is not related to the changes in the biophysical
properties of melasma skin.

The biophysical characteristics of skin in melasma have also been
evaluated after treatment. Although the reduction in pigmentation is
expected, the increase in erythema index is an interesting finding [17].
It is plausible that after reduction in melanin, the erythema in dermis
becomes more evident; also, an increase in TEWL and SC hydration
after treatment may be related to the epidermal damage caused by the
retinoid present in the treatment [18].

Inter individual, ethnic and geographic differences may also
contribute to the changes in melasma skin. So larger studies on
melisma patients from different part of the world would be beneficial.
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