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M
Melasma is one of the most common 

acquired pigmented disorders that a� ects 
the sun-exposed areas of the skin. It is more 
common among women than men and in 
Black individuals than White individuals, 
with a prevalence rate of 1.5 to 33.3 percent.1

Increased sun exposure, pregnancy, and 
hormonal and genetic factors are considered 
the most important etiological factors; 
however, the actual cause and pathogenesis 
of melasma still have not been completely 
clari� ed.2

There are many modalities for the treatment 
of melasma, but currently, hydroquinone is the 
gold standard in melasma treatment.3 However, 
it has been reported that hydroquinone's 
cytotoxic e� ect is not restricted to melanocytes, 
also possibly a� ecting keratinocytes as 
well. Additionally, in-vitro studies have 
demonstrated that hydroquinone has 
mutagenic e� ects on hamster ovarian cells 
and on Salmonella. These notes have led to the 
search for alternative depigmenting agents 
that are safer, even if not as e� ective.4

Methimazole (MMI) is an oral antithyroid 
medication used in the treatment of 
hyperthyroid states. Chemically, it is 1-methyl-
2-mercaptoimidazole.5 The skin-lightening 
e� ect of MMI was discovered in 2002, where 

its topical application for six weeks was found 
to cause evident cutaneous depigmentation 
in guinea pigs. Tissue histologic examination 
from the studied animals revealed 
notably lowered melanin content in the 
epidermis and morphological changes in 
melanocytes.6 Additionally, it has been 
shown that MMI inhibits melanin synthesis 
with no melanocytotoxic e� ect in cultured 
melanocytes.7 Moreover, MMI was suggested as 
a treatment agent for melasma in few human 
trials at di� erent populations, in which it was 
used as a topically prepared cream in all of 
these trials.2,8–10

The aim of this study was to investigate the 
possible depigmenting e� ect and safety of MMI 
in the treatment of melasma via dermapen-
transported microneedling sessions plus topical 
(MMI 5% cream) use in between sessions in a 
sample of Egyptian patients with melasma.

METHODS
Patients. This split-face study included 30 

patients clinically diagnosed with melasma 
who were selected from the outpatient 
dermatology clinic of Menou� a University 
Hospital between June 2018 and April 2019. 
The details of our study were explained to all 
prospective participants; then, each signed a 
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written informed consent form before study 
initiation. The study protocol was approved by 
the human rights research ethics committee 
at Menou� a University and was conducted 
in accordance with the 1975 Declaration of 
Helsinki (revised in 2000).

We included 30 Egyptian women, aged 
older than 18 years, presenting with melasma 
who had not used any treatment (topical or 
systemic) for melasma within the previous 
month. We excluded those having any 
dermatological diseases other than melasma, 
bleeding disorders, thyroid disorders, or allergic 
reaction to any component of the prescribed 
drugs. Also, pregnant and lactating women 
and those using contraceptive pills and/or 
photosensitizing drugs were excluded.

Procedure. Each patient in our study was 
subjected to complete history-taking, skin 
phototyping,11 and general and complete 
dermatological examination. Patterns 
of melasma were identi� ed (e.g., malar, 
centrofacial). The severity of melasma on each 
side of the face (right and left) was assessed 
using the Hemi-melasma Area and Severity 
Index (hemi-MASI) score,12 by which we 
scored the following: the area of involvement 
(A) (0=0%, 1=1%–9%, 2=10%–29%, 
3=30%–49%, 4=50%–69%, 5=70%–89%, 
6=90%–100%); darkness (D) (0=normal 
skin color, 1=slight hyperpigmentation, 
2=mild visible hyperpigmentation, 
3=marked hyperpigmentation, 4=severe 
hyperpigmentation); and homogenecity (H) 
(0=minimal, 1=slight, 2=mild, 3=marked, 
4=severe) on each side of the face. Thus, the 
hemi-MASI score=forehead, 0.15 × (D+H) × 
A + malar, 0.30 × (D+H) × A + chin, 0.05 × 
(D+H) × A. 

A dermoscopic examination was performed 
for each side of the face for all patients 
before and after treatment sessions using the 
Dermlite DL3 dermoscope (3GEN Company, 
Juan Capistrano, California) in a polarized 
mode. Images were captured using a P10 
camera with dual lenses (Huawei Technologies 
Company, Shenzhen City, China). During the 
dermoscopic examination, pigment color, 
pattern of pigmentation, and vascularity were 
assessed. Melasma was considered epidermal 
when a regular brownish pigment network was 
noted, as dermal when a dark brown to bluish 
gray irregular pigmentation was noted, and as 
a mixed when the area of interest showed both 

features.
Every patient in this study underwent 

dermapen microneedling once per week for 12 
weeks followed by the application of 5% MMI 
cream on the right side of the face and placebo 
cream on the left side. 

MMI cream preparation. MMI was 
available in tablet form containing 5mg of 
MMI (tapazole tablet 5mg; P� zer, New York, 
New York). The vehicle used in topical MMI 
formulations was a vanishing cream that 
consisted of stearic acid, triethanolamine, 
glycerine, sorbitol, and de-ionized water. The 
5% MMI cream was obtained by adding the 
crushed tablets to the prepared vehicle. 

Microneedling method. The patient's 
face was cleansed with ethanol, then topical 
anesthetic cream (Pridocaine cream; GLOBAL 
NAPI Pharmaceuticals, 6th of October City, 
Egypt) was applied under occlusion for 30 
minutes. A sterilized needle was put into the 
top of the hand piece of the dermapen; then, 
the length of the needles was adjusted to 0.25 
to 0.5mm by turning the adjustment ring and 
the speed level ring was turned on. Circular, 
horizontal, and vertical motions were made 
four times with application of 5% MMI cream 
to the right side of the face and placebo cream 
to the left side. After the session, the skin was 
cleaned and cold packs were applied for � ve 
minutes. We instructed our patients to avoid 
skin rubbing and exposure to sun and to use 
sunscreen cream (SPF ≥30) every two hours 
during the daytime. In addition, they were told 
to apply the topical 5% MMI cream twice per 
day on the right side of the face and placebo on 
the left side immediately from the day of the 
procedure. 

For comparative study, two digital 
photographs from each patient were taken 
using the Huawei P10 camera with dual 
lenses of 20 megapixel monochrome and 12 
megapixel, one in the � rst visit and the other 
a week after the last session. The face was 
cleaned before photographing to prevent 
re� ection. These photos were assessed by 
three independent investigators. Based on 
the average of their evaluations, the degree 
of clinical improvement was evaluated and 
classi� ed as 4=poor (0%–25% lightening), 
3=fair (26%–50% lightening), 2=good 
(51%–75% lightening), or 1=excellent (>75% 
lightening). 

One week from the last session, the 

TABLE 1. Demographic and clinical characteristics of 
the study participants

PERSONAL AND 
CLINICAL DATA

MELASMA PATIENTS 
(N=30)

Age (years)

Mean ± SD 40.80±6.18
Median 42

Range 31–53

Sex, n (%)

Female 30 (100.0)

Male 0 (00.0)

Marital status, n (%)

Married 30 (100.0)

Divorced 0 (00.0)

Widow 0 (00.0)

Single 0 (00.0)

Occupation, n (%)

Outdoor 21 (70.0)

Indoor 9 (30.0)

Family history of disease, n (%)

Positive 9 (30.0)

Negative 21 (70.0)

Aggravating factors, n (%)

Sun exposure 11 (36.7)

Oral contraceptives 8 (26.7)

Pregnancy 9 (30.0)
Sun exposure and 
pregnancy

2 (6.6)

Duration of disease, years

Mean±SD 7.93±4.31

Median 7.5

Range 1–18

Skin phototype, n (%)

II 4 (13.3)

III 9 (30.0)

IV 17 (56.7)

Melasma pattern, n (%)

Malar 13 (43.3)

Centrofacial 17 (56.7)

Type of melasma (con� rmed by dermoscope), n (%)

Epidermal 17 (56.7)

Dermal 8 (26.7)

Mixed 5 (16.6)

SD: standard deviation
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therapeutic e�  cacy was assessed by digital 
photography assessment as previously 
mentioned, hemi-MASI score reassessment, as 
done in the pretreatment period, and percent 
of hemi-MASI score improvement, evaluated by 
calculation of the di� erence between the hemi-
MASI score values before and after treatment. 
This di� erence was divided by the pretreatment 
hemi-MASI score value and multiplied by 100. 
The following equation was used (hemi-MASI 
score before treatment − hemi-MASI score 
after treatment ⁄ hemi-MASI score before 
treatment × 100). The response to treatment 
was graded according to the calculated percent 
as follows, no response (no improvement), mild 
response (< 25% improvement), moderate 
response (25%–49% improvement), good 
response (50%–74% improvement), and very 

good response (≥ 75% improvement).13

During the demoscopic reevaluation, 
pigment color improvement was graded as 
excellent (> 75% lightening), very good 
(51%–75% lightening), good (26%–50% 
lightening), poor (1%–25% lightening), or no 
improvement (0%). 

Finally, patient's satisfaction was classi� ed 
as poor (0%–25% lightening), fair (26%–50% 
lightening), good (51%–75% lightening) and 
excellent (> 75% lightening).

For the safety evaluation of MMI, 
quantitative measurements of serum thyroid, 
stimulating hormone (TSH) levels were 
performed before the � rst session and one 
week after the last session using the Immulite 
1000 analyzer (Siemens Healthineers, Erlangen, 
Germany) with a solid-phase two-site 

chemiluminescent immunometric assay.14

Also, any adverse e� ects noticed by the patient 
and/or the doctor—for example, morbid 
erythema (>  day), intolerable pain, and/or 
hyperpigmentation—during and in between 
sessions was reported.

The patients were followed up with every 
month for three months after the last session to 
assess whether there was any recurrence.

RESULTS
Personal and clinical data. We included 

30 female patients with melasma, aged 31 
to 53 years old. The clinical criteria of these 
patients are shown in Table 1. 

Hemi-MASI score results. Before 
treatment, hemi-MASI scores in the right and 
left sides were comparable (p=0.072). One 
week after the last session, melasma showed 
clinical improvement in the right side of the 
face (Figures 1A, 1B, and 2A, and 2B) and 
achieved a signi� cant decrease in hemi-MASI 
score (p<0.001) that was greater than that for 
left (placebo) side (p=0.039) (Table 2). There 
was no clinical improvement in the left side 
(Figures 1C, 1D, 2C, and 2D). 

Percentage of hemi-MASI score 
improvement. After treatment, 10 percent, 
37 percent, 20 percent, and 10 percent of 
the patients demonstrated very good, good, 
moderate, and mild improvement, respectively, 
in the condition of their MMI-treated sides; no 
improvement was observed on the left side 
of the face. The mean percentage of hemi-
MASI score improvement in the right side was 
38.72%±26.96%, while that for the left side 
was 0% (Table 2). 

Results of dermoscopic study. Before 
treatment, the descriptive data of dermoscopic 
features of melasma patients were identical 
in both the right (Figures 3A and 4A) and 
left (Figures 3C and 4C) sides of the face. The 
observed pigment was brown in 17 (56.7%), 
dark brown to bluish gray in eight (26.6%), 
and dark brown and light brown areas in � ve 
(16.7%) cases, respectively. The dermoscopic 
patterns observed were reticuloglobular in 
14 (46.7%), reticuloglobular with arcuate 
structures in 11 (36.6%), granular pigment 
on background of reticular pigment in three 
(10%), and unpatterned in two (6.7%) cases. 
Telangiectasia was observed in 14 (46.7%) 
patients. 

After treatment, dermoscopic examination 

FIGURE 1. A 45-year-old female patient; A) MMI-treated right side before treatment, with a very severe degree of 
melasma (hemi-MASI score=11.6 points); B) MMI-treated right side after treatment, showing a moderate degree of 
melasma with a signi� cant decrease in hemi-MASI score (3.6 points) and a good degree of improvement (68%); C) 
placebo-treated left side before treatment, with a very severe degree of melasma (hemi-MASI score=1.6 points); D) 
placebo-treated left side after treatment, showing a very severe degree of melasma (hemi-MASI score=11.6 points) and 
no improvement (0%)
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of the right sides (Figures 3B and 4B) showed 
fading of pigment color with no changes 
in pattern or vascularity, while the left side 
(Figure 3D, 4D) showed no changes in pigment 
color, pattern, or vascularity. The improvement 
percent in pigment color was 15.72%±24.3% 
in the right MMI-treated sides versus 0% in the 
left sides (Table 3). 

Relationship between the percentage 
of right-side hemi-MASI score 
improvement and studied parameters.
The percentage of improvement in hemi-MASI 
scores was signi� cantly observed in malar 
pattern (p=0.015) and epidermal and mixed 
types (p<0.001) (Table 4). 

Patient satisfaction results. For their 
right sides, three patients (10%) reported 
excellent, 11 (36.7%) reported good, seven 
(23.3%) reported fair, and nine (30%) patients 
reported poor degrees of satisfaction; on the 
other hand, all patients (100%) reported 
poor degrees of satisfaction for their left sides 
(p<0.001) (Table 5).

Side e� ects. MMI was relatively a safe 
drug in this study, as morbid erythema (lasting 
>24 hours) was observed in one patient and 
post in� ammatory hyperpigmentation in 
both sides of the face was detected in another 
patient. These side e� ects could be the result 
of the procedure and not the topically used 
preparations. Additionally, none of the patients 
showed any signi� cant alterations in the level 
of TSH, with a mean value of 1.2±0.55 uIU/mL 
before and 1.23±0.67 uIU/mL after the study.

Recurrence rate. Only nine patients 
attended our clinic for follow-up (three months 
after the last session). Recurrence was recorded 
in two of these nine patients. However, these 
two patients did not protect themselves from 
sun exposure.

DISCUSSION
To best of our knowledge, this study may be 

the � rst to investigate and report the e�  cacy 
and safety of MMI in the treatment of melasma 
through dermapen-transported microneedling 
sessions plus topical (MMI 5% cream) use in 
between sessions in an Egyptian population. 

Microneedling is a potentially painless, safe, 
and e� ective procedure for transdermal drug 
delivery.15 In this study, we used dermapen 
skin microneedling as a physical approach to 
increase transdermal MMI delivery, by which a 
better therapeutic response to treatment might 

FIGURE 2. A 42-year-old female patient; A) MMI-treated right side before treatment, with a severe degree of me-
lasma (hemi-MASI score=5.4 points); B) MMI-treated right side after treatment, showing mild degree of melasma 
with a signi� cant decrease in hemi-MASI score (1.2 points) and a very good degree of improvement (77%); C) 
Placebo-treated right side before treatment, with a moderate degree of melasma (hemi-MASI score=3.6 points); D) 
Placebo-treated right side after treatment, showing a moderate degree of melasma (hemi-MASI score=3.6 points) 
and no improvement (0%)

TABLE 2. Hemi- MASI scores of treated patients

FACE OF MELASMA PATIENTS
(N=30)

TEST OF SIGNIFICANCE P-VALUE
Right side

(N=30)
Left side
(N=30)

Before treatment 7.98 ± 2.53 6.82 ± 3.13 Mann-Whitney test=1.80 0.072
After treatment 5.03 ± 2.77 6.87 ± 3.21 Mann-Whitney test=2.06 0.039*

p<0.001* p=0.317

Percent of improvement (%)

Mean ± SD 38.72 ± 26.96
0Median 41.33

Range 0–77.8

SD: standard deviation
*Signi� cant
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be attributed to the uniform and deep delivery 
of the used medication through the created 
microchannels.16

MMI inhibits the peroxidase existing 
in cutaneous melanocytes and inhibits 

the metabolization of many melanin 
intermediates, including dihydroxyindole, 
dihydroxy-phenylalanine, and benzothiazine. 
Consequently, MMI interferes with important 
steps in melanin pigment biosynthesis of both 

eumelanin and pheomelanin.6

Additionally, MMI was demonstrated 
to inhibit mushroom tyrosinase enzyme.17

Thus, MMI might theoretically interfere with 
the hydroxylation of tyrosine to dihydroxy-
phenylalanine in melanocytes, which is the 
key step in melanin biosynthesis. Being an 
inhibitor of both tyrosinase and peroxidase, 
MMI acts on many steps during the process of 
melanogenesis, suggesting its possible role as 
a mono-therapy as well as an adjuvant to other 
melasma treatment agents.7

Moreover, it has been shown that MMI 
reduces ultraviolet-induced erythema, 
providing sun-protective skin action that adds 
to its depigmenting e� ect.7

At the end of this study, we observed a 
clinical improvement and a signi� cant decrease 
in hemi-MASI scores in the right MMI-treated 
side of the face. Moreover, the degree of 
hemi-MASI score improvement percent in the 
MMI-treated side of the face revealed that 10 
percent and 36.7 percent of our cases achieved 
very good and good responses to treatment, 
respectively.

The use of dermoscopy in melasma has many 
advantages: it is more accurate than Wood’s 
light and less invasive than histopathology.18

Parallel to the clinical improvement, 
dermoscopic evaluation for the right MMI-
treated side of the face showed marked 
improvement in pigment color. Unfortunately, 
there are no similar trials that have used 
dermapen sessions or dermoscopy. Also, only a 
few studies have been published in which MMI 
5% cream was topically used and these studies 
also did not use dermoscopy.2,8–10

Malek et al8 reported two melasma 
hydroquinone-resistant cases were improved 
after eight weeks of using topicalMMI 5% 
cream. Also, Ate�  et al9 reported a statistically 
signi� cant decrease in the MASI score mean 
value following the administration of MMI 
5% cream once nightly for eight weeks by 
25 Iranian patients with melasma, which 
was more e� ective than 2% hydroquinone. 
Conversely, Gheisari et al2 concluded that MMI 
5% cream is not as e� ective as hydroquinone. 
However, the comparison between topical use 
of 5% MMI cream and 4% kojic acid suggested 
the superiority of 5% MMI cream.10

Three (10%) and 11 (36.7%) of our studied 
patients recorded excellent and good degrees 
of satisfaction, respectively, in the MMI-treated 

FIGURE 3. Dermoscopic � ndings of a 42-year-old female patient; A) MMI-treated right side before treatment, with a 
reticuloglobular pattern of brown pigmentation with arcuate structures and telangiectasia, suggesting the epidermal 
type of melasma; B) MMI-treated right side after treatment, showing brown color fading into light brown with a very 
good degree of pigment color improvement (60%) and no changes in pattern or vascularity; C) Placebo-treated left side
before treatment, with a reticuloglobular pattern of brown pigmentation with arcuate structures and telangiectasia, 
suggesting the epidermal type of melasma; D) Placebo-treated left side after treatment, showing no changes in 
pigment color, pattern, or vascularity

TABLE 3. Improvement of pigment color assessed by dermoscope in the right and left sides of the face posttreatment

PIGMENT COLOR

FACE OF MELASMA PATIENTS
AFTER TREATMENT

CHI-SQUARED TEST P-VALUE
Right side
(N = 30)

Left side
(N = 30)

Percent of improvement (%)

No improvement 7 (23.3) 30 (100.0)

37.30 <0.001*
Poor improvement 7 (23.3) 0
Good 5 (16.7) 0
Very good 9 (30.0) 0
Excellent 2 (6.7) 0

Percent of improvement (%)

Mean ± SD 15.72±24.3 0

Range 0-75 0
SD: standard deviation
*Signi� cant
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side of the face. Also, considerable degrees of 
patients satisfaction were observed with topical 
use.9,10

In this study, patients with the epidermal 
and mixed types of melasma achieved 
signi� cantly greater improvement than those 
with the dermal type. This is a � nding that 
supports the idea that the dermal variant of 
melasma is quite resistant to therapy.19 Also, 
patients having the malar pattern of melasma 
showed signi� cant improvement, as most of 
our studied cases with malar patterning were 
of the epidermal type. 

Minor adverse e� ects including erythema 
and postin� ammatory hyperpigmentation 
were observed in two of the studied cases. 
Xerosis,2 burning, and itching10 have also been 
reported with use of topical MMI. 

As the peroxidase enzyme is involved in 
the thyroxin biosynthesis, it was important 
to investigate the transdermal absorption 
of MMI to determine if it a� ects thyroid 
function. In the present study, serum TSH levels 
displayed a nonsigni� cant change between 
before and after treatment, indicating no 
impairment in thyroid function. Also, Kasraee 
et al5 demonstrated no change in the thyroid 
function tests (serum TSH, T3, and T4) after 
six weeks of daily MMI 5% cream. Subclinical 
thyroid dysfunction is de� ned as abnormal TSH 
levels with free thyroid hormone concentrations 
within the reference range;20 hence, we 
selected TSH for analysis. We may conclude, 
however, that topical MMI is a relatively safe 
drug with only minor adverse e� ects. 

To avoid recurrence of melasma, actions 
including sun avoidance and regular use 
of broad-spectrum sunscreen should be 
recommended but may be di�  cult for many 
patients to comply with, especially those with 
low socioeconomic levels.21 Unfortunately, not 
all of our patients were cooperative and many 
didn't attend during the follow-up visit. Only 
two of the nine patients who attended showed 
recurrence and both reported that they didn’t 
use sunscreen regularly.

We recommend that further studies 
involving larger populations be performed to 
con� rm our results and address the appropriate 
MMI dosage, frequency of application, and 
long-term bene� ts. Adequate follow-up to 
detect any recurrence or late adverse e� ects 
is also recommended. Trials to evaluate the 
current method against another treatment 

modality may identify any additive e� ects in 
the search for better melasma treatment.

CONCLUSIONS
To our knowldege, our study describes a new 

strategy in the treatment of melasma through 
the use of MMI delivered by dermapen skin 
microneedling sessions in combination with 
topical MMI 5% cream as a depigmenting 
agent. According to our results, this 
combination therapy is a safe, e� ective, and 
tolerable treatment for melasma.
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TABLE 4. Relationship between hemi-MASI score percentage improvement in the right side of the face and the personal 
data of melasma patients

VARIABLES

IMPROVEMENT PERCENT OF HEMI-
MASI IN THE RIGHT SIDE OF THE FACE 

OF MELASMA PATIENTS 
(N=30), MEAN±SD

TEST OF 
SIGNIFICANCE

P-VALUE

Age (years) Rho=0.21 0.273

Duration of disease (years) Rho=0.09 0.625

Skin phototype

II 59.12±21.44

 Kruskall–Wallis=1.48 0.246III 36.24±22.44

IV 35.24±27.63

Melasma pattern

Malar 53.84±15.27
Mann–Whitney U=2.43 0.015*

Centrofacial 27.16±26.82

Skin phototype <0.001*
Epidermal (n=17) 47.52±22.02

Kruskall–Wallis=14.63

P1: <0.001*
Dermal (n=8) 8.70±12.37 P2: 0.334

Mixed (n=5) 56.85±11.73 P3: <0.001*

Family history

Positive 46.66±20.62
Mann–Whitney U=0.87 0.386

Negative 35.32±27.69

Skin phototype

Sun exposure 41.61±28.79

Kruskall–Wallis=2.95 0.566
Oral contraceptives 38.33±23.75

Pregnancy 42.51±22.10

Sun exposure and pregnancy 25.34±35.84
SD: standard deviation; Rho: Spearman correlation 
*Signi� cant

TABLE 5. Patient satisfaction after melasma treatment

DEGREE OF PATIENT 
SATISFACTION, N (%)

FACE OF MELASMA PATIENTS
AFTER TREATMENT

CHI-SQUARED TEST P-VALUE
Right side

(N=30)
Left side
(N=30)

Excellent 3 (10.0) 0

32.31 < 0.001*
Good 11 (36.7) 0

Fair 7 (23.3) 0
Poor 9 (30.0) 30 (100.0)

SD: standard deviation
*: Signi� cant




