Clinical, Cosmetic and Investigational Dermatology Dlovepress
Taylor & Francis Group

ORIGINAL RESEARCH

Efficacy and Safety Evaluation of Microneedling
Combined with Tranexamic Acid-Arbutin Liquid
Excipients in the Treatment of Melasma:

A Retrospective Study

Mingli Zhang(®, Jincheng Ke, Yunhe Jiao (), Li Ma
Dermatology Department, The Second Affiliated Hospital of Xiamen Medical College, Xiamen, People’s Republic of China

Correspondence: Mingli Zhang, Email zhangmingli@xmmc.edu.cn

Background: The condition of melasma presents a complex pigmented skin disorder, characterized by increased production of
melanin in the dermis. The main pathological change of melasma is photodamage to the dermis. The treatment of melasma is relatively
complex, and tranexamic acid is a well-known drug, both topical and oral. While arbutin demonstrates notable skin brightening effects,
it has not yet gained widespread clinical adoption. Microneedle therapy, however, not only enhances drug penetration and absorption
but also stimulates tissue regeneration. Nevertheless, research on the combined application of tranexamic acid, arbutin, and micro-
needle therapy for melasma treatment remains limited.

Methods: A single-center retrospective dermatology study (Jan 2022—Jun 2023, n=27) evaluated microneedling plus tranexamic acid-
arbutin solution for melasma. Medical records of 27 patients (3—6 months of treatment) were analyzed; efficacy was assessed via
mMASI and PGA scores by two dermatologists, with side effect analysis.

Results: Before treatment, the average mMASI score of 27 patients with melasma was 5.426+2.128. After treatment with micro-
needling combined with tranexamic acid and arbutin liquid adjuncts, the mMASI score was 3.387+1.224, showing a mean decrease of
2.039+1.472 (37.58%). In terms of the PGA score, 20 patients achieved a score of 3 or higher (overall rate: 74.07%). The observed
adverse reactions mainly include temporary erythema, burning sensation, petechiae (or/and ecchymosis), and skin dryness. The first
two are more common but are mild in severity, with most cases resolving within hours; petechiae (or/and ecchymosis) and skin dryness
are less common, and no cases of skin infection have been found.

Conclusion: Microneedling combined with tranexamic acid-arbutin liquid adjuvant treatment for melasma is feasible and well-
tolerated. Its side effects are relatively few, but it is still recommended to appropriately adjust the treatment intervals, intensity, and
density, or combine it with other methods to enhance efficacy.
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Background
Melasma is a chronic, stubborn, and highly recurrent pigmentation disorder that affects about 1% of the global
population, especially women with darker skin. This condition not only severely affects appearance, but can also lead
to anxiety, depression, and other mental health issues and social disabilities, thus reducing the quality of life for patients.
The pathogenesis of melasma is complex, and it is generally recognized that it is related to genetic factors, sex
hormones, ultraviolet radiation, inflammation, oxidative stress damage, etc.' There exists a complex interaction between
epidermal melanocytes, keratinocytes, fibroblasts, mast cells, and vascular endothelial cells.' These factors and cells
ultimately lead to increased melanin synthesis in the skin through multiple pathways. New research shows that melasma
lesions have a series of structural and functional changes in the dermis, epidermis and basement membrane zone, with

elastic fiber degeneration, damage to the basement membrane zone, increased blood vessel formation, fibroblast
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senescence, and increased number of mast cells, and therefore melasma is considered to be a photo-aging disease of the
skin, which is a new knowledge that will provide new ideas for the treatment of melasma.>™*

There are various treatment methods for melasma. Among the many therapies, tranexamic acid is a well-recognized
medication due to its ability to inhibit melanin production, anti-inflammatory, and antioxidant effects, and it has been widely
used in the clinical treatment of melasma, both orally and topically. However, due to the hydrophilic nature of tranexamic acid,
it is difficult to penetrate the stratum corneum of the skin, hence new drug delivery methods are gradually being applied to the
treatment of melasma with tranexamic acid, including traditional microneedles, dissolving microneedles, core-shell structured
microneedles, hyaluronic acid-coated liposome nanogels, functionalized chitosan nanoparticles, etc. Nevertheless, some of the
aforementioned methods have not yet been widely applied in clinical treatments.>®

Microneedling is a recently developed drug delivery technology applied to treat various skin issues, including
melasma. Existing studies indicate that microneedling is an effective adjunctive topical therapy for melasma.’'
However, there is limited evidence supporting its use alone;'' combined treatments are often the preferred choice,
including microneedling combined with tranexamic acid, platelet-rich plasma, and others. A systematic review found that
the combination of microneedling and tranexamic acid is more effective than monotherapy in improving melasma
lesions.'? However, there is currently no one-size-fits-all treatment, and the treatment cycle is long, making it still
challenging to completely change or reverse pigmentation disorders."?

Therefore, we have noticed another whitening product, arbutin, which can reduce the activity of tyrosinase while
inhibiting the maturation of melanocytes, and it is non-toxic.'* Research shows that the combination of a non-invasive
home radiofrequency device and arbutin cream can effectively improve melasma.'> Another study shows that the local
application of arbutin nano vesicle hydrogel is an effective method for the treatment of melasma.'®

Based on the above information, we focused on the method of treating melasma with microneedles combined with
tranexamic acid-arbutin liquid excipients, which is a less commonly used method in the past. We used a retrospective
analysis approach to evaluate the efficacy and safety of microneedle-tranexamic acid-arbutin as an inseparable whole in
the treatment of melasma.

Methods

This is a retrospective case series study where we collected and analyzed the medical records of 27 patients with melasma
who visited our hospital’s dermatology department from January 2022 to June 2023. Inclusion criteria: received micro-
needling combined with tranexamic acid-arbutin liquid adjuvant treatment and adhered to the treatment for 3—6 months,
complete medical records, clear photographs, male and female. Among the exclusion criteria, we excluded patients with
melasma who received other treatments, patients with incomplete data, unclear photographs or those who might affect the
assessment, concomitant immune diseases, tumors, facial scarring, oral medications, and outdoor workers. This study
selected a total of 31 cases that met the inclusion criteria, and 4 cases were excluded according to the exclusion criteria: 1
case of outdoor worker (due to high UV exposure risk which may have an unmeasurable impact on treatment), 1 case of
facial scar, and 2 cases of unclear imaging. The remaining 27 cases were included in the study.

This study complies with the requirements of the Declaration of Helsinki and has been approved by the Ethics
Committee of the Second Affiliated Hospital of Xiamen Medical College (No. 2024090). Due to the anonymization of
data and the minimal risk of the research, clinical informed consent is waived. Additionally, the patient in Figure 1 has
provided written informed consent for the publication of the image.

Treatment process: Before the first treatment, patients are required to sign an informed consent form. Photographs are
taken before each treatment for documentation, and adverse reactions after the last treatment are recorded. The specific
steps for microneedling treatment are as follows: After cleansing the face, apply a 5% compound lidocaine cream
externally for about 45 minutes. After cleansing the face, apply 5% compound lidocaine cream externally for about
45 minutes. After cleaning the surface anesthetic, perform three iodine disinfections, and wash with 0.9% sodium
chloride solution to remove iodine. Immediately apply a tranexamic acid-arbutin liquid supplement (a mixed liquid with
production license, containing 5% tranexamic acid and 1% arbutin) to the area of chloasma lesions. Then, roll the
microneedle with appropriate force (manual microneedle roller, specifications: 0.25x0.5mm or 0.25x1.0mm), while
continuing to apply the liquid supplement and gently massage to promote absorption until the skin shows slight redness
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Figure | Before-and-after photos of a female patient.
Note: The left side of the picture shows the treatment before, and the right side shows the treatment after.

(end of treatment). Generally, repeating the microneedling treatment three times can achieve a slight redness of the skin.
Immediately after treatment, apply a medical cold compress for cooling for half an hour, and no special medications are
used post-treatment. Treatment is done once every two weeks for a duration of 3—6 months. Daily care includes routine
moisturizing and sun protection measures.

Data organization and analysis: Two independent (not involved in the treatment) dermatologists reviewed the
patient’s before and after photos and assessed the improvement of melasma before and after treatment using the
Modified Melasma Area and Severity Index (mMASI) score and the PGA score,'”'® Before calculating mMASI, it is
necessary to complete the assessment of the lesion area and the severity score of darkness. Area of involvement is rated
on a scale from 0 to 6: 0 indicates absent; 1, <10%; 2, 10%-29%; 3, 30%—49%; 4, 50%—-69%; 5, 70%—-89%; 6, 90%—
100%; Darkness rated 0—413: 0 indicates absent; 1, slight; 2, mild; 3, marked; 4, severe. The mMASI Score ranges from
0 to 24 and consists of four scores for the forehead, left and right face and chin. mMASI score =0.3A(f) D (f)+0.3 A (Ib)
D (Ib)+0.3 A (rb) D (rb)+0.1A(m) D (m). Where A represents the cutaneous lesion area score, D represents the darkness
score, f represents the Frontal Region, 1b represents the left buccal region, rb represents the right buccal region,
and m represents the mental region.

The average of these 2 dermatologist scores was used as the final score for this patient. Statistical analyses were
performed using SPSS software, version 23. Measurements (mMASI scores) were confirmed to be normally distributed
by the Kolmogorov—Smirnov test (P > 0.05 was considered to be normally distributed), and the paired-samples # test was
used, with a difference of P < 0.05 considered to be statistically significant.

Results
Twenty-seven patients (2 males and 25 females) with melasma who met the inclusion criteria were included in this study.
Their basic characteristics such as age, disease duration and skin type are detailed in Table 1. The mean age of the
patients was 36.96 + 4.381 years, with an age range of 29 to 45 years, and the mean disease duration was 2.937 + 1.896
years, with a fluctuating range of 0.5 to 8.5 years.

After Kolmogorov—Smirnov test, we found that mMASI scores of all patients before and after treatment were
normally distributed (p=0.2, p=0.068).
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Table | Basic Characteristics

Patient Characteristics

Age (years)

<30

31-39

240

Gender

Male

Female

Duration of disease
<l

1-3

<l

Fitzpatrick skin type
1]

v

Site of lesion
Frontal Region

Buccal Region

Mental Region

n %
MeanSD 36.96+4.381
2 741
18 66.67
7 25.93
2 7.41
25 92.59
MeanzSD 2.937+1.896
4 14.81
I 40.74
12 44.44
21 77.78
22.22
5 18.52
27 100.00
| 3.70

Abbreviations: n, number of patients; %, percentage, Mean: average, SD:

standard deviation.

The distribution of pigmentation in the 27 patients before treatment is detailed in Table 2, in which all of them

showed involvement in the cheeks, and most of them had extensive lesions, with 18 patients (66.67%) having

a pigmented area of 50% or more. In addition, there was one case of involvement in the chin region with lesion area

of more than 30%. The frontal region was involved in five cases, one of which affected almost the entire frontal region,

while the other four were limited to less than 10% of the area.

Table 2 Pigmentation Distribution and Darkness Severity of Melasma

Before Treatment

Score Area of Involvement, n (%) | Darkness Severity, n (%)

|
Frontal Region | 2 (7.41)
Buccal Region | | (3.70)
Mental Region | 0 (0)

2
Frontal Region | 2 (7.41)
Buccal Region | 3 (I1.11)
Mental Region | 0 (0)

3
Frontal Region | 0 (0)
Buccal Region | 5 (18.52)
Mental Region | | (3.70)
4
Frontal Region | 0

Buccal Region | 8 (29.63)
Mental Region | 0 (0)

4(1481)
3(1L11)
0 (0)

| (3.70)
13 (48.15)
| (3.70)

00
11 (40.74)
0 (0)

0(0)
0 (0)
00

(Continued)
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Table 2 (Continued).

Score Area of Involvement, n (%) | Darkness Severity, n (%)

5
Frontal Region | 0 (0) -
Buccal Region | 9 (33.33) -
Mental Region | 0 (0) -
6
Frontal Region | | (3.70) -
Buccal Region | | (3.70) -
Mental Region | 0 (0) -

Abbreviations: n, number of patients; %, percentage.

The severity of pre-treatment darkness is presented in Table 2. Among the 27 cases, the darkness on the cheek was
predominantly mild, marked or severe (24 cases,88.89%), while only 3 cases (11.11%) exhibited slight darkness.
Regarding the forehead, 4 cases showed slight darkness, whereas another case displayed mild darkness. The darkness
on the chin was classified as slight.

The mean mMASI score before treatment was 5.426+ 2.128, and after treatment the mMASI score was 3.387+1.224,
with a mean decrease of 2.039+1.472 (a decrease of 37.58%, 95% CI: 1.466-2.612, effect size Cohen’s d=0.96). The
difference between pre- and post-treatment mMAS scores was statistically significant (t=7.196, P=0). mMAS scores
decreased in 22 cases (81.48%) after treatment, 4 cases (14.81%) had no change in mMAS score before and after treatment
and 1 case (3.70%) had an increase in mMAS score after treatment. Figure 1 illustrates a typical case in which the severity of
facial hyperpigmentation improved significantly after six months of treatment, but the area of the lesions was not reduced.

When 27 patients were evaluated for PGA, the following scenarios emerged: 2 (7.41%) received a score of 2, 7
(25.93%) received a score of 3, 11 (40.74%) received a score of 4, and 6 (22.22%) received a score of 5, whereas only
1 person received a score of 6 (3.70%). According to Figure 2, the number of patients who received a score of 2—4 out of
these cases was as high as 20 (overall rate of 74.07%).

Immediately after treatment, all patients experienced erythema and some reported a burning sensation. In most cases,
the erythema and burning could be reduced within a few hours by applying cold compresses. However, a few patients
sustained erythema for 2-3 days. Bleeding spots, petechiae and dry skin are rare. There were no cases of infectious skin
diseases. The occurrence of all adverse reactions is shown in Table 3.

Discussion

Microneedle is a micron-sized needle with a height of about 10-2000 microns and a width of 10-50 microns, which can
penetrate the epidermis and enter the deeper layers, providing precise in-situ treatment with little invasive damage and
little or no pain.?®? In recent years, it has been gradually emphasized and applied. Micro-needles form tens of thousands
of tiny pores on the skin, which is conducive to the smooth transdermal absorption of drug molecules, and quickly
reaches the target tissues to play a role, which is an effective transdermal drug delivery technology.?*-** At the same time,
these numerous tiny physical injuries will induce a wound healing cascade, start the skin regeneration and repair process,
and induce elastin and collagen expression and deposition.”** It has shown good efficacy in atrophic scars, actinic
dermatoses, alopecia and hyperpigmentation disorders with mild side effects.”!!

Microneedling, as an adjunctive drug delivery route, is often used in combination with medications, especially in the
topical treatment of melasma. A meta-analysis of 12 studies on microneedling showed that the combination of
microneedling improved the severity of melasma better than topical medication alone, making microneedling an effective
adjunctive treatment for melasma.'® Microneedling avoids the low bioavailability and poor compliance of oral medica-
tions and enhances the action of the medication in the target tissues.*®?’

In terms of drug combinations, tranexamic acid is the first choice for treating melasma, as both its topical and oral

administration have been proven to be significantly effective. However, arbutin is also noteworthy; this whitening
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Figure 2 Percentage of PGA scores.
Notes: A score of 2 indicates 75-89% improvement, 3 indicates 50-74% improvement, 4 indicates 25—49% improvement, 5 indicates less than 25% improvement, and 6 is
worse than before treatment.

ingredient can effectively reduce melanin production by inhibiting tyrosinase activity and exerting antioxidant effects,
and it has been used alone in the treatment of melasma.®?%%

At the same time, the multiple micro-injuries of micro-needling initiate the body’s re-repair mechanism and promote
collagen and elastin regeneration, which facilitates the repair of damage to the dermis as well as the basement membrane,
which is very beneficial to the treatment of melasma.’**' More and more studies have concluded that the main
pathological mechanism of melasma is dermal aging, and this alteration continues to release signals that promote
melanin synthesis, contributing to the maintenance of melasma symptoms.*?

In our study, the treatment of melasma by microneedling combined with drugs showed a decreasing trend in mMASI
scores in 81.48% of the patients, with an average decrease of 37.58%, demonstrating a favorable therapeutic effect. This
is mainly due to the combined effects of two types of whitening agents and the micro-needling technique that promotes
the regeneration of collagen and elastin, effectively inhibiting melanin production and repairing skin aging damage. The
adverse effects of the treatment were few and mild and subsided within a short period of time, which is in high agreement

with the literature and indicates an excellent safety profile.”*

Table 3 Occurrence of Adverse Reactions

Adverse Reactions | Erythema | Burning Sensation | Morrhagic Spots, Ecchymosis | Dry Skin | Infectious Dermatosis

n 27 19 5 3 0
% 100.00 70.37 18.52 (NN 0

Abbreviations: n, number of patients; %, percentage.
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However, this study also observed that one patient experienced worsened condition and an increase in mMASI score
after treatment. But after three local injections of platelet-rich plasma therapy, the patient’s condition improved
significantly. The analysis showed that the patient’s erythema faded relatively slowly after each treatment, which was
speculated to be related to the high intensity or density of microneedling. Additionally, her continuous makeup
application and removal during the treatment may have damaged the skin barrier function, thereby offsetting the
reparative effects of microneedling therapy.

During treatment procedures, we recommend that the length and diameter of the microneedles should not be too large,
the treatment intensity should be gentle, the frequency should not be high, and scientific daily skin care is necessary.

Our research shows that for melasma, microneedling combined with tranexamic acid and arbutin, as a physical therapy
integrated with two whitening agents (especially arbutin, which is currently less commonly used clinically), is worth attention.
This combined therapy may be more effective in improving melasma or reducing adverse reactions when used in conjunction
with platelet-rich plasma treatment. However, due to pain, patients often need topical anesthetics, which increases their
financial burden and the risk of facial skin intolerance to the anesthetic, all of which limit the clinical use of this therapy.

During the follow-up of the patients, we observed that a portion of them experienced a relapse of their condition, with
the earliest recurrence occurring 3 months after treatment cessation, although the severity was milder than before
treatment. Due to incomplete follow-up data, this study did not analyze the follow-up data, which is also one of our
regrets and limitations. Additionally, this study had a relatively small sample size, excluded outdoor workers (which may
lead to selection bias), had a short observation period, and lacked stratified analysis, all of which affected the depth of the
study. Furthermore, this study treated microneedles - tranexamic acid - arbutin as an indivisible whole to evaluate its
efficacy and safety for melasma, which led to insufficient exploration of the treatment effects on melasma when using
microneedles, tranexamic acid, and arbutin individually or in pairs, representing another limitation of this study. We will
continue to pay attention to clinical research in this area and report our research results in a timely manner.

Conclusion

Microneedle therapy combined with tranexamic acid and arbutin liquid auxiliary agents for the treatment of melasma is
feasible and well-tolerated. However, analysis shows that the mMASI scores of most patients only decreased by 37.58%
after treatment, indicating a limited effect on improving pigmentation, and the improvement in lesion area is also
minimal. The proportion of patients achieving a PGA score of 4 is 40.74%, suggesting that there is still room for
improvement in pigmentation inhibition. Therefore, further research is needed to explore adjustments, including altering
treatment intervals, increasing treatment frequency, optimizing treatment intensity, or combining with other therapies.

Disclosure
The authors report no conflicts of interest in this work.
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