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Determination of melanin levels in patients
with vitiligo
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ABSTRACT

BACKGROUND: Vitiligo is an urgent problem for both patients and the scientific community of dermatologists. In this regard,
there are many studies aimed at finding new methods of therapy for this disease, providing repigmentation of foci and
stabilization of the process, as well as available methods of treatment control to objectify the results in dynamics.

AIM: To assess the melanin level in hypopigmentation foci in vitiligo patients before and during treatment using mexametry,
as well as on the surrounding healthy skin, to study the possibility of using this method as a control of response to therapy.
MATERIALS AND METHODS: 17 vitiligo patients (10 female, 7 males, mean age 37.9+2.9, disease duration 16.5+2.3 years)
participated in the dynamic follow-up. Patients were measured melanin level in depigmentation foci and on the surrounding
healthy skin in 19 localizations by mexametry before treatment and after 3 months of therapy. The study was carried out on
the Soft plus device. The degree of repigmentation was also assessed clinically using the visual analog scale of repigmentation
(G0-G4).

RESULTS: According to mexametry data, the most significant differences between the melanin level in vitiligo foci and on the
surrounding healthy skin of the upper and lower extremities, on the skin of the trunk (p <0.001). In 3 months after therapy
a significant increase of melanin in vitiligo foci according to mexametry data was observed in the elbows — from 2 uto 13 u,
shoulders — from 2 u to 17 u and knees — from 5 u to 18 u. Increased melanin levels according to mexametry correlated
with the clinical picture. Thus, these areas showed a G4 excellent (repigmentation over 75%) and G3 very good response
(repigmentation 50-75%) on the visual analog scale of repigmentation. There were no correlations between skin melanin levels
and age, sex.

CONCLUSION: In the course of treatment there was an increase in melanin level in vitiligo foci according to mexametry, which
correlated with the clinical picture, and testified to the effectiveness of therapy. On the basis of the obtained results we can
conclude that mexametry is a good objective method of monitoring the effectiveness of therapy in patients with vitiligo in
dynamics.
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ODVII'VIHaJ'IbHOG nccnenoBsaHme

OnpepeneHue ypoBHS MeNlaHMHa Y NaLUEHTOB
C BUTUJIUIO

E.A. KpoTkoBa, J1.H. Katomosa, K.B. CMupHos, K.M. JloMoHocoB

MepBbit MoCKOBCKHUIA rocyapCTBEHHBIA MeAUUMHCKUA yHuBepcuTeT uMenn .M. CeueHoBa (CeueHoBckuit YHuBepeuteT), MockBa, Poccus

AHHOTALMA

06ocHoBaHMe. Butunnro — akTyanbHas npobneMa Kak Afs NauMeHToB, TaK U HayyHOro coobLuecTBa epMaTonoros, B CBA3M
C YeM MPOBOJMUTCA MHOXECTBO UCCNEA0BaHNA, HaNPaBeHHbIX Ha MOWUCK HOBbIX MeTOAO0B Tepanuu 3aboneBaHus, obecneun-
BalOLLMX PEMUrMEHTaLMI0 04aroB W cTabunusaumio NpoLecca, a Takke LOCTYMHbIX CNocoboB KOHTPONS NeyeHns Ans 06beK-
TUBM3aLMW pe3ynbTaToB B AMHAMMKE.

Lienb nccnepoBaHus — oLEHKa YPOBHA MeflaHWHa B 0Yarax rnonurMeHTaumy y naLMeHToB C BUTUAMIO [0 U B NpoLecce
NIeYEHUA C MOMOLLLbK) MEKCAMETPUM, @ TaKXKe Ha OKPYXKatoLLen 3[,0pPOBON KOXe; U3Y4eHNe BO3MOXKHOCTU NPUMEHEHNS AaH-
HOro MeT0/a B KayecTBe KOHTPONS 0TBETa Ha Tepanuio.

Matepuanel U Metogpl. B nuHamMmnyeckom HabnogeHun yyacteoBano 17 naumentos ¢ Butuimro (10 nuu xeHckoro nona,
7 WL, MYXKCKOTo Nnona; cpefHuiA BospacT 37,9+2,9 ropa; onutenbHoCTb 3aboneBanus 16,5+2,3 ropa). CogepixaHue MenaHuHa
B 0Yarax AenuUrMeHTaLMM U Ha OKPYXaloLLel 340pOBoM Koxe B 19 NoKanusaumsx U3Mepsam METOLOM MeKCaMeTpuu [0 Ha-
Yana NneyeHns u cnycta 3 Mecsua Tepanuu ¢ moMoLLbio npubopa Soft Plus. OueHKa cTeneHn penurMeHTaLmy NpoBoAMnach
KIIMHUYECKM C UCMO/b30BaHWEM BU3YalbHOM aHanoroBom LKanbl penurmeHTaumnn (G0—Ga4).

Pe3synbTarthl. [To AaHHBIM MeKcaMeTpum, Hambonee 3HaYUTENbHBIMU OblM OTAIMYMSA KOHLEHTPALMW MeNaHWHa B o4arax BUTU-
JUFO U Ha OKpYJKaloLLIeli 3[10pOBOIA KOXE BEPXHUX/HUKHUX KOHEUHOCTEN 1 Koxke TynoBuwwa (p <0,001). Yepes 3 Mecsila nocne
Tepanuu 3HauMMoe YBENIMYEHWE MeNlaHWHA B 0Yarax BUTUIIUIO, N0 AaHHbIM MeKcaMeTpuu, Habmoganock B 0611acTv noKTen
(c2po13y.e.), nney(c2 po 17 y.e.) v KoneHei (c 5 o 18 y.e.). NoBblLLEHME KOHLLEHTPALUMUM MeNlaH1Ha, N0 AaHHbIM MeKcame-
TPUW, KOPPENMPOBANO C KNIMHUYECKOW KapTUHOW. TaK, B AaHHbIX 06/1aCTAX, COrNacHO BU3yanbHO-aHaN0roBoM LWKane, CTeneHb
penurMeHTaLum CooTBETCTBOBANA YPOBHAM G4 (OTMYHBIN OTBET; penurMeHTaums bonee 75%) u G3 (o4eHb XOpOLLMIA OTBET;
penurmeHnTaumsa 50-75%). KoppensiumoHHble CBA3M KOHLEHTPaLMW MeNaHWHa B KOXe C BO3pacTOM M MOJIOM OTCYTCTBOBAIA.
3akuioueHme. B npouecce neyeHns Habnwpanock NoBbILEHUE COLEPMKAHUS MeflaHUHA B 0Yarax BUTWUIMIO M0 AaHHbIM MeK-
CaMeTpuK, YTO KOPPENIMPOBANIO C KIIMHUYECKON KapTUHOW M CBULETENbCTBOBaNO 06 3Q(heKTMBHOCTM NPOBOAMMON Tepanuu.
Ha ocHoBaHMM NoNyYeHHbIX Pe3yNbTaToB MOXHO CAENaTh BbIBOL, UTO MEKCAaMETPHUSA SBNSETCSA XOPOLLUMM 00BEKTUBHBIM METO-
L,0M KOHTpons 3 heKTUBHOCTU Tepanum y MaLMeHTOB C BUTUIIUIO B AMHAMMKE.

KnioueBble ciioBa: BUTUNNIO; JIEYEHME,; MeKCaMeTpua; MeJlaHUH.
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DERMATOLOGY

BACKGROUND

Vitiligo is a relatively common acquired pigmentation
disorder, affecting 0.004%-9.98% of the global population
[1]. The condition is characterized by the development
of well-demarcated depigmented macules on the skin,
resulting from the loss of melanocytes [2]. The main
histopathological feature of vitiligo is the complete absence
of functional melanocytes, accompanied by total loss of
epidermal pigmentation [3]. However, Elsherif et al. [4], using
Masson-Fontana staining, found that melanin is present in
both affected and unaffected skin of patients with vitiligo.
Furthermore, the presence of melanocytes in affected skin
was confirmed by immunohistochemical staining (pigmented
cells contain the Melan-A protein, which, upon interaction
with specific antibodies, produces a color change visible under
a microscope). The detected melanocytes were degenerated
and contained a certain quantity of melanosomes, melanin
granules, and autophagosomes [4].

Achieving repigmentation of vitiligo lesions remains
a relevant clinical challenge. According to Russian and
European clinical guidelines, ultraviolet B (UVB) phototherapy
at 311 nm is considered the gold standard treatment for
vitiligo. Current therapeutic regimens also include topical
glucocorticoids and calcineurin inhibitors; however, available
repigmentation methods remain suboptimal [5, 6].

A relatively novel approach for vitiligo treatment is
microneedling. Various therapeutic strategies have been
reported, both as monotherapy and in combination with
pharmacological agents [7]. Microneedling combined with
pharmaceutical agents represents a transdermal drug delivery
method: locally controlled skin injury enhances the penetration
of active ingredients into the deeper dermal layers at higher
concentrations, bypassing the upper epidermal barrier [8, 9],
thereby increasing treatment efficacy. Several investigations
have confirmed the effectiveness of microneedling combined
with topical tacrolimus ointment [10-12]. For example, Neinaa
et al. [13] reported significant clinical improvement of vitiligo
lesions following microneedling with subsequent application
of 0.005% latanoprost solution in combination with UVB
311 nm phototherapy. There are also reports on the efficacy
of combined microneedling with topical betamethasone and
calcipotriol [14]. Single reports describe the combination of
microneedling with 5-fluorouracil solution [15, 16], a method
of interest for further investigation. According to published
reports, the repigmentation mechanism of 5-fluorouracil is
associated with its pro-pigmentary effect (direct stimulation
of follicular melanocytes migrating during epithelialization
to induce pigmentation), selective cytotoxicity toward
keratinocytes, and activation of the CXCL12/CXCRé& axis,
resulting in chemotactic melanocyte migration [17]. The
microneedles induce a strong inflammatory response and
local edema, increasing intercellular spaces in the basal
layer. Active melanocytes migrate from pigmented epidermis
through these spaces. Inflammatory mediators, such as
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leukotrienes C4 and D4 and matrix metalloproteinases
from keratinocytes, facilitate melanocyte migration and
proliferation.

In our study, vitiligo treatment was performed using
a combined method: microneedling with 5-fluorouracil
solution and UVB 311 nm phototherapy.

During treatment, islands of repigmentation visible
to the naked eye were observed. Several methods exist
to assess repigmentation of vitiligo lesions before and
during therapy, including international scores (VASI, VETF),
repigmentation index (G0—G4), and dermatoscopy. However,
only mexametry provides a quantitative assessment based
on absorption and reflection of specific wavelengths by
melanin and hemoglobin.

The study aimed to assess melanin levels in
hypopigmented lesions and surrounding healthy skin in
patients with vitiligo before and during treatment using
mexametry, and to evaluate the method as an objective tool
for monitoring response to therapy.

MATERIALS AND METHODS
Study Design

An open-label, randomized, prospective, single-center,
controlled study.

Eligibility Criteria

Inclusion criteria: men and women aged 1870 years with
stable vitiligo, not receiving systemic or topical treatment
within one month prior to study initiation, and with signed
informed consent.

Non-inclusion criteria: age under 18 or over 70 years,
presence of comorbidities (other autoimmune diseases,
liver or kidney dysfunction, circulatory disorders), acute
inflammatory conditions or exacerbation of chronic diseases
at study entry, new or progressive lesions within the last
6 weeks (unstable vitiligo), presence of Koebner phenomenon,
burns, or keloids in vitiligo lesions, tendency to form keloid
scars, pregnancy or lactation, absence of signed informed
consent.

Exclusion criteria: patient decision to withdraw from the
study, pregnancy, noncompliance with the study protocol
or prescribed examinations and treatment, or investigator
judgment that further participation would be harmful to the
patient’s health.

Study Setting

The study was conducted at the Department of Skin
and Venereal Diseases named after Rakhmanov, Sechenov
First Moscow State Medical University, Ministry of Health of
Russia (Sechenov University).

Study Duration
The study was conducted from 2023 to 2024.
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Intervention

Melanin levels in depigmented lesions and surrounding
healthy skin were measured using mexametry before
treatment and after 3 months of therapy. Measurements
were performed using the Soft Plus device (Callegari S.p.A.,
Italy). Because melanin absorbs light across a wide range
of wavelengths—from ultraviolet to infrared—a specialized
handheld sensor measured light at green (A = 568 + 3 nm),
red (A = 660 nm = 3 nm), and infrared (A = 870 nm + 10 nm)
wavelengths. The wavelength was selected to correspond to
the spectral absorption peak of melanin.

Measurements were performed at 19 anatomical
locations: face and neck (forehead, eyelids, lips, chin, cheeks,
neck); trunk (chest, axilla, back, buttocks, inguinal folds);
upper extremities (shoulders, elbows, forearms, dorsum
of the hands); and lower extremities (thighs, knees, shins,
dorsum of the feet).

Measurement values ranged from 0 to 100 arbitrary
units (AU). Before treatment, at each site, the sensor was
placed three times in the depigmented lesion and on visibly
healthy skin 3-5 cm away from the vitiligo lesion, and the
mean melanin levels were calculated. The same procedure
was repeated after 3 months of combined therapy with
microneedling and 5-fluorouracil solution plus UVB 311 nm
phototherapy.

Treatment included microneedling using a Dermapen
device with 5-fluorouracil solution and UVB 311 nm
phototherapy. Microneedling was performed at 7-day
intervals, during which repigmentation was assessed.
UVB 311 nm phototherapy was administered three times
per week (20 procedures per course, two courses in total
with a 30-day interval). Treatment started at a dose of
0.1 J/em?, with incremental increases of 0.1 J/cm? per
session. Microneedling was performed perpendicularly
to the skin using an electronic Dermapen (Dermapen P17
Mesoderm), moving horizontally, vertically, and diagonally
until uniform pinpoint bleeding appeared. Needle depth
was adjusted according to lesion location, ranging from
1 mm on the face and acral areas to 2.5 mm on the trunk.
Following microneedling, 5-fluorouracil solution (50 mg/mL
in ampules) was applied, and the microneedling procedure
was repeated. On the same day, UVB 311 nm phototherapy
was also performed.

Outcomes Registration

Repigmentation was evaluated clinically using a visual
analog scale (G0-G4): G4, excellent response (repigmentation
>75%); G3, very good response (repigmentation 50-75%); G2,
good response (repigmentation 25-50%); G1, satisfactory
response (repigmentation <25%); GO, poor response (no
repigmentation).

Statistical Analysis

The study sample size was based on previous
investigations using similar vitiligo therapies. The number
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of included patients was sufficient for a study of moderate
precision.

Data were analyzed using grouping, tabulation, correlation
analysis, and sampling with Microsoft Excel software.

RESULTS

Participants

Seventeen patients with vitiligo were included in the case
follow-up, including 10 women and 7 men. The mean age
was 37.9 £ 2.9 years, and the mean disease duration was
16.5 + 2.3 years.

Primary Results

Table 1 shows the distribution of melanin levels across
all 19 locations in patients with vitiligo before and during
treatment, as measured by mexametry. Melanin levels
above 1 AU were observed in nearly all vitiligo lesions.
The highest melanin levels in vitiligo lesions were detected
on the chin (32 AU), forearms (24 AU), and knees (21 AU).
Melanin levels in surrounding healthy skin varied by location:
the highest levels were found on the dorsum of the feet
(22.9 + 9.7 AU), and the lowest on the chest (6.7 + 8.2 AU).
No significant differences in melanin levels between vitiligo
lesions and surrounding healthy skin were observed on the
buttocks (7.3 + 7.4 AU vs 2.5 + 2.6 AU, respectively). The
most pronounced differences were observed in lesions and
surrounding healthy skin on the upper and lower extremities
and on the trunk (p < 0.001).

A significant increase in melanin levels in vitiligo lesions
after 3 months of therapy, as measured by mexametry,
was observed on the elbows (from 2 to 13 AU), shoulders
(from 2.2 + 1.5 to 17 AU), and knees (from 11.8 + 10.5 to
18.0 + 17.2 AU). The increase in melanin levels correlated
with the clinical outcome. In these areas, excellent (G4,
repigmentation >75%) and very good (G3, repigmentation
50%-75%) responses were observed according to the visual
analog repigmentation scale.

No correlations were found between melanin levels in the
skin and patient age or sex.

Adverse Events

Mild local reactions, including transient erythema,
dryness, and pruritus, resolved quickly and did not require
discontinuation of therapy.

DISCUSSION

Our results indicate that melanin levels exceeded
1 AU in all vitiligo lesions, except for lesions on the
cheeks. This finding aligns with the study by Elsherif et
al. [4], in which immunohistochemistry revealed a color
change upon binding of specific antibodies to the Melan-A
protein, indicating the presence of pigment (melanin) in
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Table 1. Melanin concentration in the hypopigmentation foci and surrounding healthy skin of patients before and during treatment (standard

units)
Vitiligo lesion
Location Healthy skin
before treatment after 3 months of therapy
Face, neck
Cheeks 10.5+5.0 1.00.0 7.2+5.9
Eyelids 8.6+7.7 1.120.5 1.5¢1.1
Forehead 15.127.6 2.3+2.2 7.37.1
Perioral area 11.94£3.5 8.4+4.9 10.6+8.2
Chin 13.74.9 12.1+6.6 13.4+7.6
Neck 12.4+6.5 1.3£1.4 4.2+3.1
Trunk
Chest 6.718.2 1.5+2.2 3.1£3.9
Axilla 14.8+10.3 3.2+£3.9 7.2+].4
Back 13.2+10.4 2.1£2.5 5.45.1
Inguinal folds 14.3+7.5 4.1+4.3 9.7:8.6
Buttocks 1.3t1.4 2.5+2.6 5.65.0
Upper extremities
Shoulders 16.2+11.4 2215 17.8+15.4
Elbows 18.9+11.6 2.1£2.2 13.4+11.2
Forearms 20.0£10.5 3.115.2 6.3£5.1
Dorsum of hands 16.9£11.5 1.4+1.0 8.2+7.4
Lower extremities
Thighs 16.9+11.8 4.7+3.2 16.3+15.8
Knees 21.5+10.6 5.5£5.3 18.0£17.2
Shins 17.5£10.3 3.2+£3.0 12.5+11.2
Dorsum of feet 22.9+9.7 3.8+4.4 3.4+4.3

both affected and unaffected skin of patients with vitiligo.
Comparisons were made between adjacent depigmented
and pigmented areas due to the variable distribution of
melanin across different lesions. Whiteman et al. [18]
demonstrated that the number of melanocytes varies
significantly depending on location. In adults, the highest
melanocyte counts per 1 mm? were observed in the skin
of the back and shoulders (17.1 + 8.8 cells/mm?), upper
extremities (12.6 + 8.8 cells/mm?), and lower extremities
(14.4 £ 5.9 cells/mm?), whereas the lowest counts were
found in the anterior trunk (3.2 + 2.4 cells/mm?).

It is also noteworthy that melanin levels in depigmented
and pigmented skin within the same areas differ significantly.
The most pronounced increases in melanin, as measured by
mexametry, were observed at the elbows, knees, shoulders,
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and trunk, which aligns with many publications describing
patterns of vitiligo repigmentation. For example, Mina
et al. [19], in a comparative investigation of microneedling
combined with 5-fluorouracil or tacrolimus for vitiligo
treatment, found that 5-fluorouracil induced a higher
percentage of repigmentation than tacrolimus, particularly in
acral areas. In another work evaluating microneedling with
5-fluorouracil, Zahra et al. [20] reported that repigmentation
exceeding 75% was most frequently observed on the trunk,
neck, and extremities.

The study by Hwang et al., in which vitiligo was treated
with narrowband ultraviolet phototherapy, demonstrated
that mexametry is sufficiently sensitive to detect subtle
differences in pigmentation levels and provides satisfactory
measurement reproducibility [21].
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CONCLUSION

In this work, we evaluated the efficacy of a combined
treatment method for vitiligo using the Soft Plus
device—a narrowband reflectance spectrophotometer for
measuring melanin levels. Previous investigations have
demonstrated that mexametry is sufficiently sensitive
to detect small differences in skin color and provides
satisfactory reproducibility of measurements. Based on our
results, mexametry can be considered a reliable, objective
tool for monitoring treatment response in patients with
vitiligo over time. This digitalized method allows for a more
objective assessment of therapeutic outcomes.

ADDITIONAL INFORMATION

Authors' contributions. KM. Lomonosov, L.N. Kayumova,
K.V. Smirnov — scientific editing of the text, revision of the
original text; E.A. Krotkova — collection and processing of
literary sources, preparation and writing of the text, design
of the reference list. Thereby, all authors provided approval of
the version to be published and agree to be accountable for all
aspects of the work in ensuring that questions related to the
accuracy or integrity of any part of the work are appropriately
investigated and resolved.

REFERENCES | CTUCOK JIUTEPATYPbI

1. Zhang Y, Cai Y, Shi M, et al. The prevalence of
vitiligo: A meta-analysis. PLoS One. 2016;11(9):e0163806.
doi: 10.1371/journal.pone.0163806

2. Chang WL, Ko CH. The role of oxidative stress in vitiligo: An
update on its pathogenesis and therapeutic implications. Cells.
2023;12(6):936. doi: 10.3390/CELLS12060936 EDN: TRIQIZ

3. Ahmed Jan N, Masood S. Vitiligo. [2023 Aug 7]. In: StatPearls
[Internet]. Treasure Island (FL): StatPearls Publishing; 2024.

4. Elsherif R, Mahmoud WA, Mohamed RR. Melanocytes and
keratinocytes morphological changes in vitiligo patients. A histological,
immunohistochemical and ultrastructural analysis. Ultrastruct
Pathol. 2022;46(2):217-235. doi: 10.1080/01913123.2022.2044946
EDN: QAQVSV

5. FengY, LuY. Advances in vitiligo: Update on therapeutic targets.
Front Immunol. 2022;13:986918. doi: 10.3389/fimmu.2022.986918
EDN: FKYPFO

6. Olisova OY, Nikulina AS, Krotkova EA, et al. Possibilities of
microneedling in the combined therapy of vitiligo. Literature review.
Russian journal of skin and venereal diseases. 2022;25(5):363-371.
doi: 10.17816/dv111066 EDN: IFFZVL

7. Salloum A, Bazzi N, Maalouf D, et al. Microneedling in
vitiligo: A systematic review. Dermatol Ther. 2020;33(6):e14297.
doi: 10.1111/dth.14297 EDN: CEBLP!

8. Serrano G, Almudéver P, Serrano JM, et al. Microneedling dilates
the follicular infundibulum and increases transfollicular absorption of
liposomal sepia melanin. Clin Cosmet Investig Dermatol. 2015;8:313—
318. doi: 10.2147/CCID.S77228

Tom 28, N 1, 2025

DOl https://doiorg/10.17816/dv642589

Poccuickmit KypHan
KOMHBIX V1 BEHEPMYECKMX DONe3Hen

Ethics approval. The study protocol was approved by the
local ethical committee of the Federal State Autonomous
Educational Institution of Higher Education “I.M. Sechenav First
Moscow State Medical University” of the Ministry of Health of
Russia (protocol No. 23-23 of 01.12.2023). All study participants
voluntarily signed an informed consent form before inclusion
in the study.

Funding sources. No funding.

Disclosure of interests. The authors declare that they
have no known competing financial interests or personal
relationships that could have appeared to influence the work
reported in this paper.

Statement of originality. The authors did not use previously
published information (text, illustrations, data) in conducting
the research and creating this paper.

Data availability statement. The editorial policy on data
sharing does not apply to this paper, no new data was
collected or created. Access to the data obtained in this study
is restricted.

Generative Al. Generative Al technologies were not used for
this article creation.

Provenance and peer-review. This paper was submitted to
the journal on an unsolicited basis and reviewed according to
the usual procedure. Two external reviewers and the scientific
editor of the publication participated in the review.

9. Badran MM, Kuntsche J, Fahr A. Skin penetration enhancement
by a microneedle device (Dermaroller) in vitro: Dependency on needle
size and applied formulation. Eur J Pharm Sci. 2009;36(4-5):511-523.
doi: 10.1016/j.ejps.2008.12.008 EDN: KPXGRN

10. Ebrahim HM, Albalate W. Efficacy of microneedling combined
with tacrolimus versus either one alone for vitiligo treatment.
J Cosmet Dermatol. 2020;19(4):855-862. doi: 10.1111/jocd.13304
EDN: FTWNHF

11. Esmat SM, Gawdat HI, Hegazy RA, et al. Different methods of
enhancing the efficacy of topical tacrolimus in extra-facial vitiligo:
A comparative study. J Cosmet Dermatol. 2021;20(11):3545-3551.
doi: 10.1111/jocd.14024 EDN: 0GZBVO

12. Ebrahim HM, Elkot R, Albalate W. Combined microneedling
with tacrolimus vs tacrolimus monotherapy for vitiligo
treatment. J Dermatolog Treat. 2021;32(8):999-1004.
doi: 10.1080/09546634.2020.1716930 EDN: YFZSJA

13. Neinaa YM, Lotfy SS, Ghaly NR, et al. A comparative study of
combined microneedling and narrowband ultraviolet B phototherapy
versus their combination with topical latanoprost in the treatment
of vitiligo. Dermatol Ther. 2021;34(2):¢14813. doi: 10.1111/dth.14813
EDN: VALBOQ

14. Ibrahim ZA, Hassan GF, Elgendy HY, et al. Evaluation of the efficacy
of transdermal drug delivery of calcipotriol plus betamethasone
versus tacrolimus in the treatment of vitiligo. J Cosmet Dermatol.
2019;18(2):581-588. doi: 10.1111/jocd.12704

15. Pazyar N, Hatami M, Yaghoobi R, et al. The efficacy of adding
topical 5-fluorouracil to micro-needling in the treatment of vitiligo:



https://doi.org/10.1371/journal.pone.0163806
https://doi.org/10.3390/CELLS12060936
https://elibrary.ru/triqiz
https://doi.org/10.1080/01913123.2022.2044946
https://elibrary.ru/qaqvsv
https://doi.org/10.3389/fimmu.2022.986918
https://elibrary.ru/fkypfo
https://doi.org/10.17816/dv111066
https://elibrary.ru/iffzvl
https://doi.org/10.1111/dth.14297
https://elibrary.ru/ceblpi
https://doi.org/10.2147/CCID.S77228
https://doi.org/10.1016/j.ejps.2008.12.008
https://elibrary.ru/kpxgrn
https://doi.org/10.1111/jocd.13304
https://elibrary.ru/ftwnhf
https://doi.org/10.1111/jocd.14024
https://elibrary.ru/ogzbvo
https://doi.org/10.1080/09546634.2020.1716930
https://elibrary.ru/yfzsja
https://doi.org/10.1111/dth.14813
https://elibrary.ru/valboq
https://doi.org/10.1111/jocd.12704

DERMATOLOGY

A randomized controlled trial. J Cosmet Dermatol. 2023;22(5):1513-
1520. doi: 10.1111/jocd.15616 EDN: WSLHLS

16. Desai VA, Momin AM, Vaishnani JB. Effect of topical 5%
5-fluorouracil with microneedling in vitiligo patients as an additional
modality to standard treatment at tertiary care hospital. Indian
Dermatol Online J. 2024;15(3):443—448. doi: 10.4103/idoj.idoj_774_23
17. Liao ZK, Hu SH, Han BY, et al. Pro-pigmentary action of
5-fluorouracil through the stimulated secretion of CXCL12 by
dermal fibroblasts. Chin Med J (Engl). 2021;134(20):2475-2482.
doi: 10.1097/CM9.0000000000001689 EDN: XFCJOK

18. Whiteman DC, Parsons PG, Green AC. Determinants of
melanocyte density in adult human skin. Arch Dermatol Res.
1999:291(9):511-516. doi: 10.1007/s004030050446 EDN: AWFECV

AUTHORS' INFO

* Elizaveta A. Krotkova;

address: 4 Bolshaya Pirogovskaya st, bldg. 1, Moscow, Russia,
119435;

ORCID: 0000-0001-7343-7252;

eLibrary SPIN: 6091-6469;

e-mail: elise1197@mail.ru

Lyailya N. Kayumova, MD, Cand. Sci. (Medicine), Assistant
Professor;

ORCID: 0000-0003-0301-737X;

eLibrary SPIN: 4391-9553;

e-mail: avestohka2005@inbox.ru

Konstantin V. Smirnov, MD, Cand. Sci. (Medicine);
ORCID: 0000-0001-7660-7958;

eLibrary SPIN: 2054-1086;

e-mail: puva3@mail.ru

Konstantin M. Lomonosov, MD, Dr. Sci. (Medicine),
Professor;

ORCID: 0000-0002-4580-6193;

eLibrary SPIN: 4784-9730;

e-mail: lamclinic@yandex.ru

* Corresponding author / ABTOp, 0TBETCTBEHHbIIA 33 NepenucKy

Vol. 28 (1) 2025

DOl https://doiorg/10.17816/dv642589

Russian journal
of skin and venereal diseases

19. Mina M, Elgarhy L, Al-Saeid H, et al. Comparison between
the efficacy of microneedling combined with 5-fluorouracil vs
microneedling with tacrolimus in the treatment of vitiligo. J Cosmet
Dermatol. 2018;17(5):744-751. doi: 10.1111/jocd.12440

20. Zahra FT, Adil M, Amin SS, et al. Efficacy of topical 5%
5-fluorouracil with needling versus 5% 5-fluorouracil alone in
stable vitiligo: A randomized controlled study. J Cutan Aesthet Surg.
2020;13(3):197-203. doi: 10.4103/JCAS.JCAS_12_20

21. Hwang SW, Kang JH, Jung SY, et al. Vitiligo coexistent
with nevus depigmentosus: This was treated with narrow-band
UVB and these lesions were followed using the Mexameter®,
a pigment-measuring device. Ann Dermatol. 2010;22(4):482-485.
doi: 10.5021/ad.2010.22.4.482

0b ABTOPAX

* KpotkoBa Enu3aBeta AnekceeBHa;

anpec: Poccus, 119435, MockBa, yn. bonbluas Mporosckas,
o.4,crp. 1;

ORCID: 0000-0001-7343-7252;

eLibrary SPIN: 6091-6469;

e-mail: elise1197@mail.ru

KatomoBa Jlaunsa HaunesHa, KaHa. Mef. HayK,
JOLIEHT;

ORCID: 0000-0003-0301-737X;

eLibrary SPIN: 4391-9553;

e-mail: avestohka2005@inbox.ru

CmupHoB KoHcTaHTUH BUKTOpPOBMY, KaHA. Me[,. HayK;
ORCID: 0000-0001-7660-7958;

eLibrary SPIN: 2054-1086;

e-mail: puva3@mail.ru

JloMoHocoB KoHcTaHTUH Muxainosuy, o-p Mes,. Hayk,
npodeccop;

ORCID: 0000-0002-4580-6193;

eLibrary SPIN: 4784-9730;

e-mail: lamclinic@yandex.ru

101


https://doi.org/10.1111/jocd.15616
https://elibrary.ru/wslhls
https://doi.org/10.4103/idoj.idoj_774_23
https://doi.org/10.1097/CM9.0000000000001689
https://elibrary.ru/xfcjok
https://doi.org/10.1007/s004030050446
https://elibrary.ru/awfecv
https://doi.org/10.1111/jocd.12440
https://doi.org/10.4103/JCAS.JCAS_12_20
https://doi.org/10.5021/ad.2010.22.4.482
https://orcid.org/0000-0001-7343-7252
https://www.elibrary.ru/author_profile.asp?spin=6091-6469
mailto:elise1197@mail.ru
https://orcid.org/0000-0003-0301-737X
https://www.elibrary.ru/author_profile.asp?spin=4391-9553
mailto:avestohka2005@inbox.ru
https://orcid.org/0000-0001-7660-7958
https://www.elibrary.ru/author_profile.asp?spin=2054-1086
mailto:puva3@mail.ru
https://orcid.org/0000-0002-4580-6193
https://www.elibrary.ru/author_profile.asp?spin=4784-9730
mailto:lamclinic@yandex.ru
https://orcid.org/0000-0001-7343-7252
https://www.elibrary.ru/author_profile.asp?spin=6091-6469
mailto:elise1197@mail.ru
https://orcid.org/0000-0003-0301-737X
https://www.elibrary.ru/author_profile.asp?spin=4391-9553
mailto:avestohka2005@inbox.ru
https://orcid.org/0000-0001-7660-7958
https://www.elibrary.ru/author_profile.asp?spin=2054-1086
mailto:puva3@mail.ru
https://orcid.org/0000-0002-4580-6193
https://www.elibrary.ru/author_profile.asp?spin=4784-9730
mailto:lamclinic@yandex.ru

	Determination of melanin levels in patients with vitiligo
	Abstract
	To cite this article: 


	Определение уровня меланина у пациентов с витилиго
	Аннотация
	Как цитировать:

	Background
	Materials and methods
	Study Design
	Eligibility Criteria
	Study Setting
	Study Duration
	Intervention
	Outcomes Registration
	Statistical Analysis

	Results
	Participants
	Primary Results
	Adverse Events

	Discussion
	Conclusion
	Additional information
	References | Список литературы
	Authors' info
	Об авторах


