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ABSTRACT

Purpose: Margarita (pearl) has detoxifying and skin barrier-repairing properties. The study was to evaluate the therapeutic
effect of pearl on melasma and to preliminarily explore its possible mechanism of action.

Methods: The efficacy of pearl on patients with melasma was evaluated by the melasma area and severity index (MASI) and
physician’s global assessment (PGA) score. DNA sequencing was performed on pharyngeal swab samples from patients with mel-
asma to obtain gene loci related to melasma. The active compounds and potential targets for pearl were retrieved from Integrated
Traditional Chinese Medicine and HERB databases. The relevant genes of melasma were obtained from the GeneCards database
and intersected with the targets of pearl to identify potential targets of pearl against melasma. The potential targets were mapped
for the KEGG pathway in the KEGG Mapper and verified using human melanoma A375 cells that were exposed to ultraviolet
irradiation.

Results: Pearl significantly improved the MASI and PGA scores of patients with melasma. DNA sequencing revealed that TYR
and DCT were genes related to melasma. Calcium carbonate, iron, magnesium, manganese, silicon, strontium, and zinc were
active compounds for pearl. CAMP-responsive element binding protein 1 (CREB1) was the target of pearl against melasma. Pearl
regulated microphthalmia-associated transcription factors through CREB and affected melasma-related genes TYR and DCT,
which in turn inhibit melanoma cell activity and intracellular tyrosinase activity.

Conclusion: Pearl can alleviate melasma by targeting the CREB1/MITF axis and then the melasma-related gene loci TYR

and DCT.

1 | Introduction

Melasma (also known as chloasma) is a relatively common and
acquired skin pigmentation disorder of sun-exposed skin [1, 2].
It is characterized by symmetric patches of increased pigmenta-
tion in the epidermis and/or dermis, with irregular boundaries
[3]. The prevalence of melasma is around 1% worldwide, with a
higher prevalence (about 40%) in Southeast and South Asian pop-
ulations [4]. Several factors, such as genetic susceptibility, sun ex-
posure, and changes in sex hormone levels, contribute to melasma

risk [5]. Increased melanin synthesis, vascular proliferation at the
lesions, and inflammatory responses are involved in the develop-
ment of melasma [6]. Microphthalmia-associated transcription
factor (MITF) is an important regulator of melanin formation and
melanocyte development [7]. Several factors activate melanocyte
function and promote melanin synthesis by acting directly or in-
directly on MITF in melanocytes [8]. Melasma can be treated with
a variety of therapeutic modalities, including systemic and topical
pharmacological and procedural treatments. However, these treat-
ments usually have a limited clinical response and are associated
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with unwanted adverse drug reactions [9]. Therefore, the develop-
ment of safe and effective topical therapeutic agents is necessary in
the management of melasma.

In Chinese medicine, it is believed that the onset of melasma
is mainly related to the liver, kidney, and spleen. Traditional
Chinese medicine, such as extracts from Bletilla striata (Thunb.)
Rchb. F., Centella asiatica (L.) Urb., Cynanchum atratum L., Rosa
canina L., Rhus chinensis Mill., and Glycyrrhiza urolensis Fisch.
Ex DC., has been used as skin-lightening agent [10]. Pearl has
shown various effects, including osteogenic activity, antioxidant
activity, anti-inflammatory, and antiapoptotic effects [11]. It ben-
efits from beauty care to healthcare, due to the active ingredients
it contains [12]. The emerging biomedical applications of pearl
have touched on the treatment of skin conditions [12]. Soluble
pearl extract can lighten skin by antagonizing endothelin [13].
Pearl powder can reduce melanin content in the ultraviolet
(UV)-exposed skin, thus counteracting UV-induced photoaging
of skin [14]. However, considerable effort is required to unravel
the potential mechanism of pearl against melasma.

The aim of this study was to evaluate the efficacy and potential
targets of pearl extract in the treatment of melasma. The chemi-
cal composition of PE and its targets of action on melasma were
predicted using network pharmacology. Since melanin deposi-
tion is the main cause of melasma, we established a model of
UV-induced A375 cells.

2 | Material and Method
2.1 | Extract Preparation

Pearls were sourced from the Hyriopsis cumingii . The pearl was
ground using a stirring ball mill. Pearl powder was dissolved in
lactic acid, using PBS to adjust the pH of the mixture to 7.0. Then,
protease was added to initiate enzymatic hydrolysis. The extract
was filtered. The filtrate was lyophilized and bottled for use.

2.2 | Subjects

This is a single-blind randomized trial (participants were un-
aware of the assignments). The study was approved by the
Ethics Committee of Zhejiang Provincial Dermatology Hospital.
Informed consent was obtained from all participants. Inclusion
criteria: fulfilling the diagnostic criteria for melasma; female;
aged 18-55years; no history of any other medication or interven-
tion before treatment; no other serious organ dysfunction; and
with complete clinical data and informed consent. Exclusion
criteria: patients unable to maintain strict sun protection during
treatment; pregnant or breastfeeding women; individuals with
mental abnormalities; and individuals unable to complete the
treatment for other reasons. Eighty patients with melasma who
were treated at the outpatient clinic of the hospital were se-
lected for the study. The patients were randomly divided into
two groups, each of which included 20 cases with epidermal-
type melasma and 20 cases with mixed-type melasma. The me-
lasma type was determined by Wood's light examination and
confirmed by dermatoscope. The treatment for patients in the
control group used hydroquinone cream (Qianbai, 10g:0.2g,

Guangdong Renrenkang Pharmaceutical Co. Ltd., China), ap-
plied externally every night for 2 months. The participants in the
PE group were treated with the above pearl extracts. Both treat-
ments were applied externally every night for 2months.

Improvement of patients was assessed using the melasma area
and severity index (MASI) and physician's global assessment
(PGA) scores, as described previously [15, 16].

2.3 | Detection and Analysis of Genes Related to
Melasma

Pharyngeal swab samples were collected from 80 patients
with melasma. Sanger sequencing for single nucleotide poly-
morphisms and genomic association analysis was delegated
to Youkang Biotechnology Co. Ltd. (Zhejiang, China) to find
melanin-related gene loci.

2.4 | Network Pharmacology Analysis

The active ingredients of the pearls were obtained by searching the
Integrated Traditional Chinese Medicine (http://itcm.biotcm.net/)
and HERB (http://herb.ac.cn/) databases. The active ingredients
of the pearls were entered into the Integrated Traditional Chinese
Medicine database to predict their potential targets. The active in-
gredient-target network was constructed using Cytoscape.

GeneCards database was used to retrieve targets relevant to me-
lasma. After harmonizing and standardizing, the common tar-
gets of the active ingredient with targets relevant to melasma
were taken using Venny 2.1.0.

2.5 | Cell Culture

A375 cells (SUNNCELL, Wuhan, China) were cultured in
DMEM medium containing fetal bovine serum at 10% v/v. Cell
growth conditions were 37°C and 5% CO,. Cells in the logarith-
mic growth phase were collected for subsequent experiments.

UV modeling and grouping: A375 cells were inoculated into
96-well plates at 1x10* cells/well and cultured for 24h. Then,
the cells were divided into four groups: control, UV, UV +PE,
and UV +PE + forskolin (a CREB agonist). Except for the con-
trol group, the cells were exposed to UV irradiation at a dose of
30J/cm?. The pearl extract was used at 1g/mL. The cells in the
UV + PE+ pcDNA-MITF group were pretransfected with MITF
pcDNA (GenScript, China) using X-treme GENE DNA transfec-
tion reagents (Roche, Germany).

2.6 | Western Blot Analysis

Cells were lysed with cell lysis solution on ice for 15min and cen-
trifuged at 12000rpm for 8 min at 4°C. Cell lysates were sepa-
rated by SDS-PAGE followed by Western blot analysis. The gels
were stained with a vinylidene difluoride membrane and then
exposed to the corresponding antibodies (pCREB, MITF, TYR,
and DCT). Finally, after coupling the corresponding antibodies
with horseradish peroxidase, the protein bands were visualized
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by ECL (DURASTAB, Shenzhen, China). Images were taken
with a chemical imager and then analyzed on a gray scale using
Image J software.

2.7 | Cell Viability Analysis

Cell viability was assayed using the Cell Counting Kit-8 (CCKS,
SUNNCELL, China) assay. One-hundred microliter of logarith-
mic growth phase A375 cells were inoculated at 1x10° cells/
mL in 96-well plates and incubated for 24 h. After the addition
of pearl extract to intervene in A375 cells for 4h, the cells were
irradiated with UV. Then, CCK8 (10uL) was added for another
incubation of 4h. The absorbance value was measured at 450nm
using an enzyme meter.

2.8 | Melanin Contents Analysis

A375 cells were cultured without/with pearl extract for 48 h. Then,
the cells were washed with PBS solution, digested using trypsin,
and centrifuged. The pellets were incubated for 2h at 80°C in 1M
NaOH containing 10% DMSO. The absorbance (Abs) value was de-
termined at 475nm and expressed as Abs at 475nm/10° cells [17].

2.9 | Intracellular Tyrosinase Activity Analysis

Tyrosinase activity in A375 cells was detected according to the
method by Uto et al. [18]. In brief, A375 cells (1 x 105 cells/mL)
were inoculated into cell culture plates and then incubated for
24h. The cells were treated with pearl extract for 24 h. Treated
cells were washed and lysed in 0.1 M sodium phosphate buffer
(pH 6.8) containing 1% Triton X-100 and a protease inhibitor
mixture. The lysate was centrifuged, and the supernatant was
collected. After protein concentration quantification using
a dye-binding protein assay kit (Bio-Rad), 90uL of equal
amounts of protein lysate, along with 10 uL of 5mM L-DOPA,
was added to the reaction mixture. After 2h of incubation
in the dark, the absorbance was measured at 415nm using a
microplate reader (iMark; Bio-Rad). Tyrosinase activity was
calculated from the absorbance ratio relative to that of the
control culture.

2.10 | Statistical Analysis
The data were expressed as mean+SD. Unpaired t-test, Chi-

square test, or one-way analysis of variance was performed.
p<0.05 was considered statistically significant.
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FIGURE 1

| Effect of pearl extract on melasma and the detection of melasma-related gene locus. (A) Melasma area and severity index were as-

sessed pre- and posttreatment. (B) The physician's global assessment scores were recorded pre- and posttreatment. (C, D) Genotyping results of

Sanger sequencing for gene loci TYR and DCT. **p <0.01, ***p <0.001.
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3 | Results
3.1 | Effect of PE Extract on Melasma Parameters
MASI and PGA

The MASI scores of both the control and PE groups were sig-
nificantly lower after treatment than those before treatment
(p<0.001, 95% CI: 7.136-12.82; Figure 1A). Nevertheless, the
posttreatment reduction in MASI scores was more pronounced
in the post-PE group compared to the postcontrol group

(p<0.001, 95% CI: 9.436-15.12; Figure 1A). The PGA scores of
the PE group were significantly better than those of the control
group after treatment (Figure 1B). Representative pre- and post-
treatment photos of a case with melasma are shown in Figure S1.
Moreover, a 3-month follow-up showed that the MASI scores
and PGA scores of the PE group were lower than those in the
control group (Figure S2A,B). Sanger sequencing of pharyngeal
swabs from 80 patients with melasma combined with genomic
association analysis showed that TYR and DCT were the rele-
vant genetic loci for melasma (Figure 1C,D).
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40f 8

Journal of Cosmetic Dermatology, 2025



3.2 | PE Ingredient-Target Map

The Integrated Traditional Chinese Medicine and HERB data-
bases proposed calcium carbonate, iron, magnesium, manga-
nese, silicon, strontium, and zinc as active ingredients of pearls
(Figure 2). These compounds targeted 321 potential targets, of
which calcium carbonate targeted 7, iron targeted 221, mag-
nesium targeted 40, manganese targeted 40, silicon targeted 1,
strontium targeted 1, and zinc targeted 38 (Figure 2).

3.3 | PE Affected Melasma-Related Genes TYR
and DCT Through CREB/MITF Axis

From the GeneCards database, a total of 36 genes related to me-
lasma were obtained. The intersection of 322 (90.2%) targets of
pearls and 36 (10.1%) targets of melasma disease yielded a total
of 1 (0.3%) common target (CREB1) (Figure 3A). Interestingly,
KEGG mapper showed a connection between CREB1 and
melasma-related genes TYR and DCT (Figure S3), with MITF as
an intermediary. Western blot analysis showed that the protein
expression of CREB1, TYR, and MITF was increased after UV
exposure compared to the control group (Figure 3B-D). After the
treatment of PE, the levels of all three proteins were significantly
decreased compared to the UV group, which can be abolished by
forskolin (Figure 3B-D). To further demonstrate that PE can be
an effective treatment for melasma, we measured melanocyte
viability and melanin content. The results showed that cell vi-
ability and Abs at 475nm/103 cells were significantly higher

in the UV group compared to the control group (Figure 3E,F).
However, cell viability and Abs at 475nm/105 cells were reduced
after pearl treatment, though forskolin can offset these effects
(Figure 3E,F).

3.4 | MITF Overexpression Reverses the Role of PE

MITF is a major regulator of melanogenesis, and it is the ulti-
mate target of multiple signaling pathways [19]. We then fur-
ther validated the CREB/MITF axis in PE against melasma
using MITF overexpression (Figure 4A). TYR and DCT levels
in UV-exposed/PE-treated cells were increased after MITF
overexpression (Figure 4B,C). Since tyrosinase is a key enzyme
in melanin formation, we examined intracellular tyrosinase
activity. The results showed that intracellular tyrosinase activ-
ity in UV-exposed/PE-treated cells was increased after MITF
overexpression (Figure 4D). Similarly, melanocyte viability and
melanin content (Abs at 475n1m/10° cells) in UV-exposed/PE-
treated cells were significantly higher after MITF overexpres-
sion (Figure 4E,F).

4 | Discussion

This study revealed the possible mechanism of PE in the treat-
ment of melasma with the help of precise genetic testing tech-
nology and cell experiments. Our results showed that PE extract
can confront melasma, improving patients’ skin status. By
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FIGURE 3 | CREBI was the potential target of pearl against melasma. (A) Venn diagram of predicted pearl-related targets and melasma-related

genes from the GeneCards database. p-CREBI1 (B), MITF (C), and TYR (D) protein expression levels were detected by Western blot. (E) Cell viability
was assayed using the CCKS8 kit. (F) Melanin content was represented as absorbance (Abs) values at 475nm. ***p <0.001.
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constructing a network pharmacological model, the potential
targets of PE were analyzed. The potential mechanism of PE
extract against melasma was predicted to target the CREB1/
MITF/TYR/DCT axis. It was demonstrated that PE can regulate
MITF through CREB, which then affects melasma-related genes
TYR and DCT.

Pearls have been used for skin care in China for over a thou-
sand years [12]. It has been shown to have antioxidant and an-
tiradiation properties [11]. Pearl powder at a nanoscale degree
can accelerate wound repair and regeneration [20]. Pearl pow-
der contains several trace elements and active proteins that
can nourish the skin. Using network pharmacology, calcium
carbonate, iron, magnesium, manganese, silicon, strontium,
and zinc were proposed to be active ingredients in pearl in this
study. Calcium carbonate can act as a carrier for the therapy of
melanoma [21]. The presence of an excessive amount of iron can
make melanin to be prooxidant [22]. Iron can bind to oxidatively
modified melanin, participating in the degradation of melanin
[22]. Pigmentations are largely determined by the ability of
melanin biopolymers to bind various metal ions and chemicals
such as drugs [23]. Magnesium can decrease the number of total
binding sites in aminoglycoside-melanin complexes [24]. Silica
combined with zinc oxide nanoparticles can reduce the potential
toxicity and produce photoprotective effects for skin against hy-
perpigmentation [25]. Our results showed that pearl extract can
improve the MASI and PGA scores of patients with melasma

significantly, indicating that pearls can improve the skin condi-
tion of patients with melasma.

Melanogenesis is a complex genetic and epigenetic process in-
volving multiple genes and signaling pathways [26]. The rapid
development of gene technology has led to control of chronic
and genetic diseases in human beings, including skin disease
[27]. In this study, Sanger sequencing of pharyngeal swabs from
melasma populations and genomic association analysis revealed
that TYR and DCT were the relevant genetic loci for melasma. It
has been shown that the TYR gene is duplicated and mutated to
eventually form TYR-1 and DCT, which are directly involved in
the process of melanogenesis [28, 29]. MITF can make melano-
cytes resistant to UV-induced apoptosis due to its activation of
the target genes TYR and DCT [30]. Here, we found that MITF
overexpression can reverse the effects of pearl in melasma, sug-
gesting the involvement of the MITF/TYR/DCT axis in the an-
timelasma mechanism of pearl.

Network pharmacology is from a cyber perspective, to elucidate
the effect mechanism of the multimolecular synergistic action
of herbal medicine constituents [31]. In this study, we utilized
network pharmacology to predict the potential targets of pearl
in melasma. We found CREB1 was a potential target of pearl
in melasma. It has been shown that melanocyte-stimulating
hormone (MSH) can transcribe the MITF gene by upregulat-
ing CREB expression. MITF in turn leads to an increase in
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tyrosinase expression, which in turn catalyzes the breakdown
of tyrosine, leading to an increase in melanin levels [32]. Our
results revealed that PE can inhibit melanoma cell viability and
melanin content. Therefore, pearl extract can confront melasma
by targeting CREBI, thus regulating the MITF/TYR/DCT axis
(Figure 5).

One of the main shortcomings of this study was the fact that no
other genders, apart from females, were included in the analy-
ses. Additionally, we did not conduct in-depth research on the
therapeutic differences of pearls in different types of melasma.
Furthermore, in vivo tests or long-term studies are needed for
the curative effect of pearl in melasma. The active components
in PE that do the heavy lifting should be identified. All these
would be our future work focus.

5 | Conclusion

This study showed that PE may target CREB1 and thus regulate
the MITF/TYR/DCT axis to reduce melanoma cell viability and
the production of melanin. However, the active ingredients and
mechanism of action of PE still need to be further elucidated.
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