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Abstract: Melasma is a challenging skin condition which involves both structural and functional
skin alterations. Despite the availability of various treatment options, the management remains
complex. This is the first study to investigate topical application of Rosa Damascena stem cell
exosomes when used concomitantly with microneedling in women and men with facial melasma.
We recruited 20 subjects with Fitzpatrick skin types I-1II, exhibiting melasma of varying severity.
The modified Melasma Area and Severity Index (mMASI) and Global Aesthetic Improvement Scale
(GAIS) were utilized to evaluate treatment response. The treatment protocol involved
microneedling followed by exosome application over four or five sessions, at 4-week intervals.
Ninety percent of subjects demonstrated a significant improvement in mMASI scores, while only
10% showed no change. GAIS assessment further supports overall improvement, with just 10%
categorized as "not changed". Tolerability was favorable, with mild, transient side effects. Our
findings suggest promising outcomes with this combined therapy, underscoring its potential as a
safe and effective approach for treating melasma, particularly in severe and moderate cases.
However, further research with larger sample sizes and control arms is warranted to validate these
findings and explore long-term efficacy.
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1. Introduction

Melasma is a chronic, acquired skin condition characterized by irregular and symmetrical
distributed hyperpigmented spots that affects sun-exposed areas, especially the face. It is most
commonly found in darker skin types (Fitzpatrick classification III-VI), particularly in Asian women
of reproductive age. Melasma is a multifactorial disorder resulting from external factors such as
ultraviolet radiation (UVR) exposure, oxidative status and female hormone stimulation, in
genetically predisposed individuals [1]. Wood's lamp examination classifies melasma into epidermal,
dermal, or mixed types based on pigment location. However, laser confocal microscopy studies
reveal that all melasma types are mixed, suggesting a shared pathophysiology [2]. Although it was
initially believed that melasma affected only melanocytes, subsequent histopathological studies of
the affected skin have revealed structural and functional alterations across all skin layers [3].
Evidence of solar elastosis, thinning of the Stratum Corneum (SC), disruption of the basal membrane
(BM), and heightened dermal blood vessels suggests that melasma may be a skin condition resulting
from "photoaging". Pendulous melanocytes associated with basal membrane abnormality were
identified as a distinctive histological feature in melasma [4]. These changes synergistically contribute
to hypermelanogenesis [5]. Transcriptomic analyses performed in melasma lesions highlighted the
involvement of at least 300 genes, impacting melanocytes and dermal components [6]. Genes
involved in melanogenesis, such as tyrosinase (TYR), tyrosinase-related protein 1 (TYRPI),
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melanocortin 1 receptor (MCIR) and PDZ domain-containing protein 1 (PDZK1), seem to be
upregulated. Downregulation of H19 gene impacts melanogenesis and melanin transfer, along with
reduced expression of miR-675, which targets microphthalmia-associated transcription factor (MITF),
a critical regulator of melanocytic cells. The decreased expression of miR-675 appears to influence
cadherin-11 (CDH11), potentially contributing to BM damage [3,5]. UVR and VL act as a direct
stimulants for melanogenesis. Prolonged sun exposure induces fibroblasts to secrete melanogenic
and proinflammatory factors, including stem cell factor (SCF), a ligand for the tyrosine kinase
receptor c-kit, which contributes to the increase in melanogenesis [7]. UVB has a significant impact
on the epidermis and basal membrane; it induces the upregulation of proopiomelanocortin (POMC)
in the epidermis, causing melanogenesis and the translocation of melanosomes to keratinocytes.
Furthermore, UVB induces the release of inflammatory mediators such as prostaglandins and
vascular endothelial growth factor (VEGF), fostering endothelial proliferation and elevating the
levels of matrix metalloproteinases, which degrade type IV and VI collagen in the skin. UVA, despite
being less erythemogenic, exerts a more significant impact on the superficial dermis through the
generation of reactive species, proving to be more efficient in inducing pigment darkening and
delayed tanning, especially in individuals with darker phenotypes. Also, VL penetrates the deep
dermis and subcutis but only shorter wavelengths (420-470 nm) can induce pigmentation in darker
phototypes by activating opsin 3 (OPN3) receptors in melanocytes [3]. Melasma is challenging to treat,
and currently, there is no known cure. Several treatment options are available, such as chemical peels,
lasers, lights, and systemic and topical approaches such as tranexamic acid, corticosteroids, tretinoin,
and hydroquinone combined with broad-spectrum sunscreen protecting against UVB, long-wave
UVA and high-energy VL [8]. Kligman's Trio (KT), initially introduced by Kligman in 1975, is
acknowledged as the foremost treatment for melasma. This cream incorporates a blend of 5%
hydroquinone, tretinoin, and corticosteroid. Nevertheless, this topical solution is linked to
discomforting side effects, such as erythema, desquamation, and a burning sensation. Recently the
use of a new triple combination cream containing isobutylamido-thiazolyl-resorcinol, retinoic acid,
and corticosteroid has been introduced as a well-tolerated alternative to KT [9]. Chemical peels are
an effective procedure in treating melasma as they exfoliate superficial skin layers, reducing
hyperpigmentation. Various acid substances like salicylic acid, glycolic acid, and trichloroacetic acid,
among others, are used at different concentrations to achieve improvement of the disease. They are
often used in combination with other treatments, such as laser therapy or topical therapies, to
optimize results. The use of deep and medium-depth peels in subjects with darker skin phototypes
is not recommended due to the risk of hyperpigmentation [10]. Various types of lasers have become
available in melasma treatment, particularly non ablative lasers, being widely utilized due to their
lower incidence of post-inflammatory hyperpigmentation. The effectiveness of laser therapy is
significantly augmented when combined with complementary topical treatments [11,12].
Microneedling is a minimally invasive procedure that causes microperforations in the skin using very
thin needles. Micro-injuries stimulate neocollagenesis, neo elastogenesis and transcutaneous
elimination of melanin [13]. Over the past years, this technique, alone or in combination with topical
agents, has demonstrated efficacy and safety in melasma treatment, with a growing body of literature
supporting its effectiveness. After a single session of microneedling using a dermaroller with 1.5 mm
needles, a reduction in melanin density and pendulous melanocyte was observed, along with an
improvement in MASI and quality of life [14]. Moreover, microneedling improves the effectiveness
of topical therapies by increasing their transcutaneous penetration. [15] The addition of topical TXA
and a depigmententing solution containing TXA, N-acetyl glucosamine, vitamin C, and idebenone to
microneedling resulted in further reductions in MASI compared to microneedling alone [16] [17]. The
advantages of microneedling include a low complication rate and a very low risk of post-
inflammatory hyperpigmentation, making it safe even for darker phototypes [18]. Exosomes are lipid
bilayer-enclosed nanovesicles released by almost all types of cells carrying proteins, DNA, long non
coding RNAs (IncRNA), micro-RNAs (miRNA) and other bioactive molecules. These nano-sized
vesicles typically range in diameter from 30 to 200 nanometers [19]. and are formed inside cells in
endosomal compartments knowns as multivesicular bodies (MVBs). Upon fusion of MVBs with the
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plasma membrane, exosomes are released into the extracellular space. They play a crucial role in
intercellular communication and can influence various physiological and pathological processes [20].
Exosomes exert local paracrine or distant effects and can be found in various body fluid including
plasma, urine, amniotic fluid, and saliva [21]. The cargo of exosomes is dependent on the cell of origin,
reflecting its physiological state, type, and environment. It can influence the behavior of recipient
cells in several ways, including modulation of gene expression and alteration of cellular processes.
Exosomes can be isolated and purified from different sources, such as blood, urine, mesenchymal
stem cells, and adipose tissue stem cells. The isolation and characterization of exosomes involve
techniques such as ultracentrifugation, size-exclusion chromography, and flow cytometry. The
interest in exosomes spans across various fields of biomedical research and clinical application,
especially due to their role in signaling mechanism, their potential as biomarkers for disease
diagnosis, and their possible role as therapeutic agents and as vehicles for drug delivery. In the field
of dermatology and aesthetic medicine, exosomes are emerging as a promising therapeutic option in
various conditions, such as hair loss, scar treatment, wound healing, skin aging and pigmentation
disorders [22,23]. In the skin, endogenous exosomes facilitate a complex network of interactions
involving keratinocytes, fibroblast, melanocytes, macrophages, adipocytes and immune cells. They
are necessary to maintain cellular functions and tissue homeostasis [24]. Exogenous exosomes, such
as stem cells exosomes, can serve as novel treatment options to repair and rejuvenate skin tissues [25].
Exosomes can influence skin cell behavior, promoting wound healing, collagen synthesis, and
modulating melanogenesis. Exosomes carry Wnt proteins to induce Wnt signaling activity in target
cells [26]. Wnt signaling is essential for skin development and maintenance, as well as regulation of
skin stem cells. Human umbilical cord mesenchymal stem-cell exosomes (hUCMSC-Exos) enhances
wound closure by delivering Wnt4 to activate Wnt/f3-catenin in skin cells, and inhibits acute heat
stress-induced skin cell apoptosis via activation of AKT pathway [27]. In vitro and in vivo studies
demonstrated the therapeutic effect of exosomes in photodamaged skin by decreasing TNF-a, while
upregulating TGF-{ and tissue inhibitor of MMP (TIMP). This leads to overall increased collagen I
and elastin and decreased collagen III [28]. The keratinocyte-derived exosomes increase melanocyte
pigmentation via miR-3196 and MITF-dependent signaling pathways or miR-203 and MITF-
independent signaling pathway. On the other hand, the miR-330-5p overexpressing in keratinocyte-
derived exosomes decreased the melanin production and TYR expression in melanocytes, and the
miR-675 from keratinocyte exosomes involved in H19 IncRNA downregulation-stimulated
melanogenesis, by inhibiting MITF expression [25]. Exosomes derived from human adipose tissue-
derived mesenchymal stem/stromal cells (ASC-exosomes) are able to reduce intracellular melanin
content in vitro, via affecting downstream factors of TYR (TYRP-1, TYRP-2). However, clinically
relevant brightening effects are not evident, suggesting an enhancement in transdermal delivery for
more meaningful efficacy [29]. A 12-week split-face study demonstrated that combined treatment
with human adipose tissue stem cell-derived exosomes (HASC) and microneedling is effective for
facial skin aging, showing improvement in skin hydration, elasticity, and pigmentation. In particular,
the melanin index significantly decreased in the skin area treated with exosomes and microneedling
compared to the area treated with microneedling alone [30]. Another study investigated the
therapeutic effects and the percutaneous penetration of hUCMSC-Exos combined with microneedles,
1565 nm nonablative fractional laser (NAFL), and a plasma named Peninsula Blue Aurora Shumin
Master (PBASM) for treating melasma both in rat models and human patients. In the animal study,
about the effect of penetration, hUCMSC-Exos can penetrate the deep dermis under microneedles,
NAFL, and PBASM treatments. All the patients showed significant clinical improvement in melasma
compared to baseline, assessed through the MASI score, degree of improvement rate, and physician
global assessment score (PGA). No statistically significant differences were found among the three
therapeutic approaches [31]. More recently, it has been demonstrated that rose stem cell exosomes
(RSCEs) harbor anti-inflammatory and regenerative properties. Research on plant exosomes is still
relatively new. Plants-derived exosomes are similar in structure and function to animal exosomes
and they are studied for drug delivery, cancer treatment, inflammatory diseases, and
neurodegenerative disorders offering a novel, cell-free, and sustainable approach to various
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conditions [32]. Rose stem cells release their exosomes into the conditioned media during callus
culture. The size and shape closely resemble exosomes derived from human stem cells. RSCEs are
obtained by separating and refining the RSC culture supernatant. The physical characteristic of the
lipid membrane and the size of 30-200 nanometers are confirmed through Nano Tracking Analysis
(NTA) and Trasmission Electron Microscope (TEM). RSCE could increase the collagen production of
human dermal fibroblasts by 40-120% in a dose-dependent manner and promote cellular migration
by more than 20%. RSCE was found to have an anti-inflammatory function that the IL-6 production
of macrophages was also reduced to 50-60%, depending on its concentration. The RSCEs are also
taken up by melanocytes, leading to a reduced melanin content in the cells, suggesting that the RSCEs
may have a whitening function. The exact molecular mechanism of this function is unclear, but is
likely to involve multiple molecules contained in the RSCEs cargo. In summary, RSCEs contain
miRNA and peptides with anti-inflammatory properties, promoting fibroblast proliferation, collagen
production, and dose-dependent reduction in melanin accumulation [33]. The aim of our study was
to evaluate the efficacy and safety of exosomes derived from Rosa Damascena stem cells, when used
concomitantly with microneedling in women and men with facial melasma.

2. Materials and Methods

2.1. Study Design

This monocentric, observational, pilot study was conducted in a private dermatocosmetology
practice and was performed during the autumn and winter season, from September 2023 to January
2024. Twenty subjects (sixteen women and four men) from eighteen to sixty-nine years of age, with
Fitzpatrick skin type I-1II, and facial melasma ranging from mild to severe were enrolled in this study.
Subjects with the following conditions were excluded: skin marks in the experimental area (scars,
hypertrichosis, nevi, tattoo), current pregnancy or lactation, history of allergy or reactivity of topical
products and any previous or current topical or systemic therapies for melasma. All the subjects gave
their consent before entering the study.

2.2. Study Device

The microneedling device was used with sterile, individually packaged needle cartridges that
were disposable. To prevent contamination of the microneedling device, a nonsterile, disposable
sheath was employed at the interface between the pen and the needle cartridge (SkinPen Precision
System). The device featured 14 solid needles, each with a diameter of 0.25 mm, operating at a speed
ranging from 6300 to 7700 rpm. The maximum extension of the cartridge needles was less than 2.5
mm.

2.3. Intervention

Each subject received microneedling treatment utilizing a dermapen equipped with 1.5 mm long
needles, followed by topical application of exosomes (ASCE plus ®) at 4 weeks intervals, up to a
maximum of five sessions. Only the facial areas affected by melasma have been treated. All subjects
were advised for strict sun protection.

2.4. Photographic Documentation

Standardized photography was obtained at baseline and during follow-up visits using the
VectraHlcamera system (CanfieldScientific, Inc., Fairfield, New]Jersey), to achieve more
homogeneous and reproducible illumination. Images were taken with standard lighting, with angles
set at right lateral 37°, left lateral 37°, frontal, left side and right-side views.

Skin analysis is a possible application of VECTRA technology.
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2.5. mMASI

mMASI (modified Melasma Area and Severity Index) was scored by dermatologist assessment
according to the method developed by Pandya et al [34]. Total mMASI score range is 0-24 and it has
been categorized as follows: mild (0-8), moderate (9-16), severe (17-24). The following formula was
used to calculate the mMASI:

mMASI = 0.3 (AF)(DF) + 0.3 (ALM)(DLM) + 0.3 (ARM)(DRM) + 0.1 (AC)(DC)
where A is proportion of melasma area, D is darkness, F is forehead, LM is the left check, RM is the
right check, and C is the chin.

2.6. GAIS

Global Aesthetic Improvement Scale was graded by dermatologist assessment as much
improved (50% or above), improved (less than 50%), and no improved, regarding the enhancement
of the overall cutaneous appearance, in particular skin texture and chromatic homogeneity as
compared with the original condition at baseline before treatment. The elaboration of GAIS also relied
on the observation of specific parameters collected by the VECTRA at TO and T1: spots, wrinkles,
texture and brown spots.

2.7. Evaluation of Tolerability

Tolerability was evaluated by visual inspection of the skin region under experimentation,
performed by a dermatologist. Assessment occurred before treatment and subsequently every 4
weeks before the treatment session, until the end of the study. Subjects were encouraged to report
any potential discomfort arising from product application (burning, stinging, itching) and any
adverse reaction (dryness, erythema, edema, discoloration) along with their severity (mild, moderate,
severe).

2.8. Statistical Analysis

Demographic and clinical characteristics are presented as counts and percentages for categorical
variables.

3. Results

3.1. Subjects

Twenty subjects were included in the study and completed it. Population characteristics and
number of treatment sessions are listed in Table 1.

Table 1.
Number of subjects (%)

18-40 2 (10)

Age 41-50 8 (40)

51-60 6 (30)

>60 4 (20)

Male 4 (20)
Sex Female 16 (80)

I 1(5)
Fitzpatrick Phototype I 12(60)
I 7(35)

i 4 7 (35)

f

Number of sessions 5 13 (65)

* Subjects baseline characteristic and total number of sessions conducted every 4 weeks.
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3.2. mMASI

The mMASI was evaluated at the baseline (T0) and at the end of treatment sessions (T1)

(Figure 1). At TO, only one subject exhibited mild mMASI, maintaining this status until the end
of the treatment (T1). Among the nine subjects initially classified with moderate MASI at TO0, a
significant 88.9% transitioned to mild mMASI at T1. Similarly, of the ten subjects with severe mMASI
at TO, 40% progressed to mild mMASI (Figure 2), while 60% transitioned to moderate mMASI at T1.
Remarkably, 10% of subjects showed no change in mMASI, while 90% of subjects demonstrated
improvement.

m Milde = Moderate Severe

T

70%
60%
50%
40%
30%
20%

10%

Figure 1. Graphical representation of the percentage of subjects categorized based on mMASI score
at TO and T1.

Figure 2: VECTRA® pictures of a patient with severe mMASI at TO who progressed to mild mMASI at T1.
Frontal, right lateral 37°, right side, left lateral 37° and left side views at baseline (A,B,C,D,E); frontal, right lateral
37°, right side, left lateral 37° and left side views after five sessions of treatment (4 months) (F,G,H,L]).

3.3. GAIS

GAIS was scored by dermatologist assessment at the end of the treatment (T1).
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At the end of the treatment sessions, 90% of subjects manifested improvement according to the
Global Aesthetic Improvement Scale. In particular, 70% of subjects exhibited an improvement <50%
and 20% of subjects showed an improvement >50% compared to the baseline, respectively. 10% of
patients showed no improvement (Table 2). Skin parameters obtained with VECTRA acquisitions
also confirmed the improvement (Figure 3). No statistically significant associations were found
between GAIS and the other variables.

Spots 68 % Wrinkles 30 % Texture 61 % Brown spots 29%

Figure 3. VECTRA evaluation of skin parameters (spots, wrinkles, texture and brown spots) at TO (A,
B,C,D,) and T1 (E,F,G H): a reduction in the percentage values related to all 4 analyzed parameters
emerges, in particular a significant improvement in spots and brown spots is observed.

Table 2.

GAIS
Much ImprovedImprovedNo Change

4 (20%) 14 (70%) 2 (10%)
18-40 0 (0.0%) 1(71%) 1 (50.0%)
41-50 3 (75.0%) 5(35.7%) 0 (0.0%)

Age (yrs) 51-60  1(25.0%)  4(28.6%) 1(50.0%)

560 0(0.0%)  4(28.6%) 0 (0.0%)

o Male  1(250%) 3 (25.0%) 0 (0.0%)
Female 3 (75.0%) 11 (78.6%) 2 (100%)

I 0(00%)  1(71%) 0(0.0%)

Fitzpatrick Phototype 1I 4 (100%) 6 (42.9%) 2 (100%)
mm 0(0.0%)  7(50.0%) 0 (0.0%)

1(25.0%)  4(28.6%) 2 (100%)
3(75.0%) 10 (71.4%) 0 (0.0%)

* Percentage and number of subjects categorized based on GAIS score according to the baseline characteristics

Number of sessions

and total number of sessions.
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3.4. Evaluation of tolerability

All subjects reported mild erythema and burning sensation in the first days following the
treatment. No subject reported severe adverse reactions. All subjects reported the treatment as well-
tolerated.

4. Discussion

Melasma is a challenging dermatological condition characterized by a tendency for recurrence
and difficulties in achieving effective treatment. The condition entails both structural and functional
alterations in the epidermis, basement membrane, and upper dermis, resulting in a distinctive hyper
melanogenic phenotype. Current therapeutic approaches focus on reducing melanin production and
inhibiting melanin synthesis pathways. However, the efficacy of most treatments is limited, and
adverse effects are not uncommon [35] Notably, the epidermal changes associated with melasma go
beyond hypermelanosis. Recent histopathological studies have unveiled additional dimensions,
exposing solar elastosis, a thinner SC, atrophic granular layer, and modifications in basal
keratinocytes [5]. Sun exposure emerges as a pivotal environmental factor in melasma, with both UV
and visible light playing substantial roles in fostering melanin synthesis, activating tyrosinase
activity, and contributing to skin photoaging [7]. The increased vascularity, coupled with heightened
VEGEF expression, indicates angiogenic involvement in the pathogenesis of melasma. Perivascular
mast cells and infiltrating leukocytes contribute to chronic skin inflammation, potentially influencing
melanocyte activity and vascular changes [36]. Consequently, an effective therapeutic approach
should not only address melanin production but also target the photoaging aspects of the skin.
Originally developed in the 1990s for the treatment of scars, striae, and laxity [37], microneedling has
evolved into a well-known procedure for effectively managing melasma. By creating controlled
micro-injuries in the epidermis and papillary dermis, a complex local regenerative response is
initiated. This encompasses the proliferation of keratinocytes, leading to an increased transepidermal
elimination of melanin, improvement in solar elastosis, and repair of the damaged basal membrane
[38]. Furthermore, microneedling enhances the transcutaneous delivery of topical agents, creating
microchannels that improves the penetration of active ingredients into the skin strata [39]. In fact, a
substantial body of studies have evaluated its combination with topical or oral tranexamic acid,
retinoic acid, and vitamin C, yielding encouraging results [10,40]. Due to its swift post-treatment
recovery, minimal side effects, its safety in darker skin phototypes [41], and notable clinical outcomes,
microneedling stands as a valuable alternative to more invasive approaches like laser skin resurfacing
and deep chemical peeling [42]. Stem cell-derived exosomes (SC-Exos) are lipid-bilayer nanovesicles
with 30-200 nm molecular diameter. They are produced and secreted from the cells and act as
extracellular messengers. SC-Exos share attributes to stem cells (SCs), in addition to the advantages
of enhanced stability and low immunogenicity. With antiaging, anti-inflammatory, and antioxidation
properties, SC-Exos contribute to skin whitening and promote skin regeneration. In particular, Rose
Stem Cell Exosomes (RSCEs) promote growth of skin fibroblasts and collagen production, reduced
melanin production in melanocytes, and inhibition of inflammation [33].However, exosomes
encounter difficulty penetrating the skin barrier. Recently, it has been demonstrated that
microneedling is an effective and safe penetration-promoting method in the treatment of melasma,
enhancing the percutaneous penetration of SC-Exos [31]. The presented study underscores the
potential efficacy of the combination of Rosa Damascena stem cell exosomes and microneedling in
addressing melasma. It is noteworthy to emphasize that our work benefits from a highly diversified
patient sample, representing a strong point of our research. The analysis encompassed both male and
female participants, individuals spanning various age groups, and those with different Fitzpatrick
skin types. Ninety percent of subjects demonstrated a significant improvement in mMASI scores,
while only 10% showed no change. GAIS assessment further supports overall improvement, with
just 10% categorized as "not changed". Tolerability was favorable, marked by mild and transient side
effects. It's essential to highlight the variability in responses among subjects, particularly the
distinctions between those experiencing better outcomes (transition to mild mMASI) and those with
less improvement (transition to moderate mMASI). Notably, half of the subjects not improving in



Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 February 2024 d0i:10.20944/preprints202402.1458.v1

mMASI had a mild form at baseline. This could be attributed to their condition being closer to the
desired outcome with fewer pigmentary changes. The totality of subjects with moderate melasma at
baseline responded well to treatment, transitioning to mild mMASI. This indicates that this kind of
patient may be more receptive to the combined therapy, possibly due to less entrenched melanin
deposition or more responsive skin physiology. Fifty percent of the subjects exhibited severe
melasma, and all demonstrated a positive response, indicating the efficacy of the combined therapy
even in challenging cases. This raises optimism for individuals traditionally deemed to have less
favorable prognosis. However, within the severe melasma group, diverse responses were observed.
While 40% showed improvement to mild mMASI, 60% transitioned to moderate mMASI, possibly
indicating a subgroup less responsive to the intervention, influenced by intrinsic factors or a longer
history of melasma. Notably, the absence of severe adverse reactions and post-inflammatory
hyperpigmentation, with increased attention to individuals with darker skin types (Fitzpatrick III),
along with the perception of the treatment as well-tolerated, indicates a positive safety profile.
Finally, the observation that the only subjects not experiencing improvement in GAIS were those who
did not undergo the maximum five sessions raises questions about the correlation between the
number of sessions and treatment efficacy. This suggests that completing the entire treatment course
is crucial for achieving optimal outcomes and discontinuing prematurely might limit the
intervention's effectiveness.

5. Conclusions

This is the first study to investigate the clinical treatment with microneedling with topical
application of Rosa Damascena stem cell exosomes. The therapeutic approach outlined in this study
has proven to be both safe and effective, requiring no anesthesia and showing no allergic reactions.
This makes it a promising option in melasma treatment, especially in patients with severe and
moderate melasma at risk of post-inflammatory hyperpigmentation. Limitations of the study include
a small sample size and the absence of a control arm with microneedling or topical exosomes
application alone. Considering the positive outcome of this pilot study, a randomized control trial
with increased sample size could be considered in the future to further evaluate the efficacy of this
combined therapeutic approach.
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