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Objective(s): Nepeta binaludensis Jamzad (Lamiaceae) has been used in folk medicine of Iran to
cure various diseases. The plant is an endemic species to the country that has recently been
identified in Razavi Khorasan province. To evaluate the antioxidant and anti-melanogenesis of N.
binaludensis, in this study the inhibitory activity of different extracts of N. binaludensis in murine
melanoma B16F10 cells is investigated.

Materials and Methods: The effects of petroleum ether, dichloromethane, ethyl acetate, and
methanol extracts isolated from the plant on melanogenesis in B16 melanoma cells were
investigated. To assess the inhibitory effects of this plant on melanogenesis, various assays were
used including cytotoxicity, inhibition of mushroom tyrosinase and cellular tyrosinase,
determination of melanin content, the effect of extracts on reactive oxygen species and western
blot analysis of proteins involved in melanogenesis process.

Results: The content of melanin and the activity of tyrosinase were significantly reduced with
different extracts of N. binaludensis in cells. Reactive oxygen species was also significantly
decreased following the treatment of cell with the mentioned extracts, while a resazurin assay
showed no cytotoxicity. Furthermore, we have found that the plant decreased the amount of
tyrosinase and microphthalmia-associated transcription factor proteins, which verify the role of
suppression of microphthalmia-associated transcription factor protein in melanogenesis
inhibition.

Conclusion: Taken together the data indicate that N. binaludensis has inhibitory activity on
melanin synthesis with no cytotoxic effects in B16 melanoma cells. Therefore, it merits future
investigations to apply as whitening agent in hyperpigmentation.
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preventing UV irradiation and is mediated by various

The synthesis and distribution of melanin play
important roles in mammalian skin pigmentation.
Melanin is synthesized in melanin-containing
granules, namely the melanosomes of melanocytes.
Enzymes such as tyrosine, tyrosinase-related protein
1 (TRP-1) and tyrosinase-related protein 2 (TRP-2)
regulate melanogenesis (1-3). The two initial steps of
melanogenesis process, the hydroxylation of tyrosine
to3,4-dihydroxyphenylalanine (DOPA) and hydroxyl-
lation of DOPA to DOPAquinone are catalyzed by
tyrosinase. TRP-2 catalyzes the rearrangement of
DOPAchrome to 5, 6-dihydroxyindole- 2-carboxylic
acid (DHICA) and the oxidation of DHICA to indole-
5,6-quinone-2-carboxylic acid is catalyzed by TRP-1.
Melanin production plays an important role in

signaling pathways (4). The major pathway in un-
dependent stimulation of melanin production is
supposed to be a cAMP-dependent pathway (5). UV
exposure of keratinocytes in the skin causes the
production and release of a-melanocyte-stimulating
hormone (a-MSH), a peptide hormone which binds
to the melanocortin 1 receptor, activating adenylate
cyclase via G proteins increase the levels of
intracellular cAMP (6). Then, protein kinase
A, which phosphorylates the transcription factor
cAMP response element-binding protein at Ser133
and increases the expression of microphthalmia-
associated transcription factor (MITF), is activated
by cAMP. It is believed that MITF, which is
characterized by an essential basic helix-loop helix
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Figure 1. Schematic representation of melanin synthesis.
Melanin is synthetized in melanocytes in response to up
regulation of cAMP after a-melanocyte-stimulating hormone (a-
MSH) secretion from keratinocytes and activation of melanocortin
1 receptor (MC1R). Increase in expression of microphthalmia-
associated transcription factor (MITF) activates expression of
enzymatic machinery including tyrosinase and tyrosinase-related
protein 1 and 2 (Tyrpl &2), which regulate the synthesis of
melanin within melanosomes. After conversion of tyrosine to
melanin it is then translocate to melanosomes in epidermal
keratinocytes

leucine zipper structure, regulates melanocyte
pigmentation, proliferation, and survival (2). After
binding with the M-box in the promoter regions of
the genes, MITF mediates the transcriptional
activation of pigmentation genes, such as tyrosinase,
TRP-1, and TRP-2 (Figure 1) (2, 3). Excessive
melanin biosynthesis causes several skin disorders,
including melanoma, melasma, lentigines, freckles,
nevus, and age spots. Increased numbers of
melanocytes or activity of melanogenic enzymes
cause epidermal and dermal hyperpigmentation (7).
Chronic inflammation, ultraviolet light, and abnormal
a-melanocyte stimulating hormone (a-MSH) release
are among the most important factors causing these
disorders (8, 9). Inhibition of tyrosinase activity is
related to anti-melanogenesis, and many tyrosinase
inhibitors such as kojic acid, arbutin (10), and
linoleic acid (11) are used in the treatment of
hyperpigmentation. However, many of the skin-
whitening  agents  exhibit  toxicity = toward
melanocytes and produce adverse side effects.
Nepeta is a genus comprising about 250 species
of annual or perennial shrubs of under the flowering
plant family Lamiaceae, to 1.2 m high, found mostly
in Europe and Asia as well as North Africa (12, 13).
There are about 70 species of this genus found in
Iran which 38 species of them are endemic to the
country with diverse pharmacological activities (14-
16). In this report, we focused on Nepeta binaludensis
which is endemic to Iran (17). In Iran, different
species of Nepeta have been used traditionally as
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anti-convulsant, anti-septic, anti-bacterial, diuretic,
expectorant, anti-tussive, anti-asthmatic and
febrifuge activities. In spite of widespread medicinal
properties of Nepeta plant genus, their traditional
medicinal uses are not documented on scientific
research or investigations, and other therapeutic
effects have not been identified. N. binaludensis is
distributed in limited area in Binalud Mountains,
Razavi Khorasan Province in Northeast of Iran.
N. binaludensis grows in habitats at altitude of 2300-
2700 m with an annual rainfall ranging 350-370 mm
(17-19). In traditional medicine, the plant is used for
treatment of different diseases such as respiratory
disorders, asthma, common cold, headache,
migraine, colic, digestive disorders, rheumatism, and
cardio vascular disorders (18).

Recently, studies have focused on discovering
new drugs from natural resources to cure skin
diseases such as melanoma and introduce whitening
products duo to their minimal side effects and more
potency. Many of these studies focused on tyrosinase
activity and expression levels of factors involving in
the melanogenesis process, and there are few articles
investigated the intracellular signal transduction
cascade.

Many skin disorders are caused by oxidants such
as reactive oxygen species, thus discovering drugs
with antioxidant activities as well as anti-tyrosinas
effects seems necessary. Antioxidants by scavenging
free radicals improve health of the body. In recent
years, although plenty of synthetic drugs are
proposed for the treatment of skin diseases, the
observed side effects have stopped their progression
(20). Thus, scientists are searching for bioactive
compounds in natural products. In several studies,
the antioxidant activity of the plants belonging to
Nepeta genus have been reported. In some
investigations polyphenolic compounds are reported
as antioxidant (21, 22), while in others the essential
oils extracted from this plant are proposed as
bioactive components (23, 24). In addition, the
antioxidant activity of the phenolic is well accepted
(25) (26, 27). In this study, we have studied the anti-
melanogenesis effect of methanol extract of N.
binaludensis and different fractions of it on cultured
murine B16F10 melanoma cells.

Chemicals and Reagents

Resazurin from Sigma (Saint Louis, MO, USA);
RPMI-1640 and FCS from PAA; (-actin and anti-
rabbit IgG and HRP linked antibody from Cell
Signaling technology (Boston, USA); Tyrosinase (H-

109) and MITF (H-50) rabbit polyclonal antibody
from Santa Cruz Biotechnology, Inc. (Dallas, Texas
75220 USA) and Western blotting detection reagent
from Bio-RaD (USA); a-melanocyte stimulating
hormone, 3,4-dihydroxy-L-phenylalanine, mushroom
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tyrosinase, protease inhibitor cocktail, phosphatase
inhibitor cocktail, kojic acid, phenylmethylsulfonyl
fluoride and QuantiPro BCA Assay Kit from Sigma
(Steinheim, Germany); all solvents as analytical
grade were purchased from Dr Mojallali Lab (Tehran,
Iran).

Plant materials

The aerial parts of N. binaludensis were collected
in June 2013 at attitude 2000-3000 m from north of
Binalud mountains, Razavi Khorassan province, Iran.
Voucher specimens have been identified in the
Herbarium of Faculty of Pharmacy, Mashhad Medical
University, and deposited under Accession No.
13060. The air dried aerial parts were powdered and
then applied in the following process.

Extraction of plant material

Plant materials were extracted with pure
methanol for 24 h by percolation method at room
temperature. The whole methanol extract was
filtered and the solvent was evaporated under
reduced pressure at 40-45 °C to afford a crude
methanol extract. This extract was then suspended in
95% methanol and successively partitioned between
petroleum ether, dichloromethane, ethyl acetate,
normal n-butanol, and water. The extracts were
evaporated under reduced pressure (Rotary
evaporator) until they were dried and then stored at
-20°C until use. To prepare different concentrations,
a stock solution (50 mg/ml) of each extract was
made at first. For this purpose, the extracts were
dissolved in dimethylsulfoxide (DMSO) and then was
subjected to cytotoxic and apoptosis assays. The
concentration of DMSO in sample test was lower
than 0.01%.

Cells and cell culture

B16F10 melanoma cells, purchased from Pasteur
Institute of Iran (Tehran), were maintained as a
monolayer culture in Roswell Park Memorial Institute
medium (RPMI 1640; PAA, Austria) supplemented with
10% heat-inactivated fetal bovine serum (FBS; Gibco,
USA), 100 units/ml of penicillin, 0.1 mg/ml of
streptomycin (antibiotic-antimycotic; PAA, Austria) in a
humidified atmosphere containing 5% CO: in air at
37°C. The culture medium was changed every 2 d. Kojic
acid was used as positive control and cell containing
medium as blank.

Cell viability assay

Resazurin (Sigma, MO, USA), is a cell health
indicator by using the reducing power of live cells
and convert to resorufin. The reduction occurs in live
cytosol of the cell. Resazurin is a non-toxic cell
permeable compound, blue in color and virtually
non-fluorescent but resorufin is red in color and
highly fluorescent. Resazurin in viable cells

continuously convert to resorufin, this change
increases the total fluorescence and color of the
media surrounding cells (28).

B16F10 murine melanoma cells were seeded onto
96-well dishes at a density of 104 cells per well. Then
resazurin (14 mg/dl; 20 pl) was added to each well
after 48 h incubation writh 50 pg/ml of each
extracts. The absorbance was measured at 570 and
600 nm in a Synergy H4 Hybrid Multi-Mode
Microplate Reader (BioTek, Winooski, USA) after 4
hr incubation at 37 °C. Cells incubated only with
0.05% of DMSO were used as a negative control and
culture medium was used as background. All
experiments were performed in triplicate.

Measurement of melanin content

The melanin content was measured by a
modification of the method described by Hosoi et al
(29). B16F10 melanoma cells were seeded at a
density of 5x10% cells per dish in 96-well culture
plates and cultivated by the method described above.
The concentration of 50 pg/ml of each extract was
added to the medium and incubated further for 24 h.
Then, the medium was removed, and the cells were
washed twice with phosphate-bufferd saline (PBS)
and harvested by trypsinization. The harvested cells
were pelleted and the cell membrane was dissolved
in Triton X-100. The purified melanin was dissolved
in 2 M NaOH for 30 min at 100°C. The absorbance
was measured at 405 nm and melanin content was
compared with control untreated cells.

Mushroom tyrosinase activity assay

Murine B16F10 melanoma cells were seeded onto
96-well dishes at a density of 104 cells per dish and
incubated as described above for 24 h. After
incubation, the extracts were added at 50 pg/ml,
kojic acid was used as positive control and cell
containing medium as negative control, and further
incubated for 24 hr. 160 pl of 5 mM L-DOPA (in 100
mM sodium phosphate buffer pH 6.8) was added to
the wells plus 20 pl of mushroom tyrosinase and
shacked for 5 min. After 30 min; the absorbance was
measured at 475 nm by ELISA Reader.

Cellular tyrosinase activity assay

Tyrosinase  activity = was  analyzed by
spectrophotometry following the oxidation of DOPA
to DOPAchrome. B16F10 melanoma cells (5x10%
cells/well) were plated in 96-well dishes and
incubated for 24 hr. They were then treated with
concentration of 50 pg/ml of the extract. After
trypsinization, the harvested cells were pelleted and
washed with PBS. Then pelleted cells were lysed
with 100 pl sodium phosphate buffer 100 mM (pH
6.8). After 30 min, the lysates were centrifuged at
10,000 rpm for 20 min at 4 °C. The supernatant was
transferred to 1 ml sterile microtube and kept in

Iran J Basic Med Sci, Vol. 19, No.6, Jun 2016



Anti-melanogenic activities of Nepeta binaludensis IJ

Tayarani-Najaran et al

=
v

120 -
100
*
t ~ 20 -
2%
= 0 sa EEE
§ t 60 | EdE
£8
c'h EEE
@ 0
TR W
2 20 EEE mEE
0
\$°\ Q‘O o’\: 0‘2\ VSJ o‘b ,-LO (',\b
o(\ Q?V (b\} @ @?’ R ;("b
C C & < \,0\\
50 pg/ml

Figure 2. Effect of Nepeta binaludensis on melanin content in
B16F10 murine melanoma cells. B16F10 cells were incubated
without (control) and with, 50 pug/ml of different N. binaludensis
extracts for 48 hr. Melanin content was measured as described in
“Materials and Methods.” As shown in the figure all extracts
significantly decreased the melanin content in B16F10 cells.
Results were expressed as percentages relative to control, and are
presented as mean+SD of triplicate samples. Statistically
significant difference between extract-treated cells and control
“**(P<0.001)

-80 °C. 100 pl of this protein suspension as well as
100 pl of DOPA 5 mM was added to each well of a 96-
well plate. After 2 hr incubation, the absorbance was
measured at 475 nm.

Western blotting

B16F10 melanoma cells were cultured in 25 cm?
flasks as described above. Cells were treated with all
extracts at the concentration of 50 pg/ml for 24 hr. The
cells were then lysed in a buffer containing 50 mM Tris-
HCl with pH 7.4, 2 mM EGTA, 1 mM phenylmethyl-
sulfonyl fluoride, 10 mM B-Glycerophosphate, 10 mM (-
mercaptoethanol, 1 mM sodium orthovanadate, 0.1%
deoxycholic acid sodium salt.

Proteins (50 pg) were resolved by 10% SDS-
polyacrylamide gel electrophoresis and transferred
electrophoretically to polyvinylidene difluoride
membranes and then were blocked overnight in 5%
skim milk in TBST (20 mM Tris-HCI pH 7.4, 100 mM
NaCl, and 0.1% Tween 20) buffer at 4°C. After washing
in TBST buffer, they were then incubated for 3 hr with a
primary antibody: rabbit anti-tyrosinase antibody
(1:300), anti- MITF antibody (1:300). After incubation
with an anti-rabbit IgG (1:2000) as secondary antibody
the bands were detected using the ECL Prime Western
Blotting Detection System (BioRaD, USA). Bands were
scanned by GS-800, and band intensities were
quantified by measuring optical densities with Quantity
One software (Bio-Rad).

Cellular ROS level determination

About 5x10* B16F10 melanoma cells were cultured
in 96-well plates and treated with 50 pg/ml of each
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Figure 3. Cytotoxic effects of Nepeta binaludensis extracts on
murine melanoma cells. After incubation of B16F10 melanoma
cells with concentration of 50 pg/ml of different extracts of
N. binaludensis in a 96-well plate for 48 hr, cell viability was
determined by Resazurin assay. Percentage values in the treated
cells were compared with respect to that in the control cells. Data
are expressed as mean+SD for triplicate samples

extract and positive control for 24 hr. After cell
exposure to 24 mM H202 at 37 °C for 30 min, 2', 7'-
dichlorofluorescein diacetate (DCFH-DA) was added to
each well and incubated for the next 30 min. The
amount of ROS was measured according to
fluorescence intensities of DCF at excitation wavelength
504 nm and emission wavelength 524 nm using a
Synergy H4 Hybrid Multi-Mode fluorescent Microplate
Reader (BioTek, Winooski, USA). Control cells received
24 mM H:02and Kojic acid was used as a positive
control.

Statistics

Values were expressed as meanzstandard
deviation (SD) of three different experiments. To
check for quantitative differences between the
groups, analysis of variance (ANOVA) and the Tukey-
Kramer Multiple Comparison tests were performed.
P<0.05 was considered as statistically significant.

Effect of N. binaludensis extracts on melanin
synthesis in B16F10 cells without cytotoxicity

To study the effect of different extracts of
N. binaludensis on melanin synthesis, the melanin
content of extract-treated B16F10 melanoma cells
was quantified. All extracts were significantly
decreased the melanin content in cells and there was no
significant difference between kojic acid and methanol
extract (Figure 2). In addition, investigating the effect of
N. binaludensis extracts on B16F10 melanoma cell
proliferation showed that the extracts had no
significant cytotoxic effect on B16F10 cells at the
concentration used (Figure 3). These results indicate
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Figure 4. Effect of Nepeta binaludensis extracts on mushroom
tyrosinase in B16F10 murine cells. Concentration 50 pg/ml of
different N. binaludensis extracts and 2 mM of kojic acid were
incubated with mushroom tyrosinase and L-DOPA at 37 °C.
Mushroom tyrosinase activity was measured by the change in
absorption at 475 nm. Results were expressed as percentages
relative to control, and are presented as mean+SD of triplicate
samples. Statistically significant difference between extract-
treated cells and control *(P < 0.05), "(P < 0.01) and "*(P <0.001)

that N. binaludensis extract exerts anti-melanogenic
effects on B16F10 melanoma cells without inducing
cytotoxicity.

Effect of N. binaludensis extracts on mushroom
tyrosinase activity

To determine whether N. binaludensis extracts affect
tyrosinase activity directly, we performed a mushroom
tyrosinase assay using L-DOPA as substrate and
mushroom tyrosinase as enzyme source. Tyrosinase is
a key enzyme catalyzing the rate-limiting step in
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Figure 6. Antioxidant effects of Nepeta binaludensis extracts
and cellular reactive oxygen species (ROS) level in B16F10
murine melanoma cells. The cells were treated with
concentration 50 pg/ml of different N. binaludensis extracts or
kojic acid (2.0 mM) for 24 hr and then the ROS content was
measured by the DCF-DA assay. Results were expressed as
percentages relative to control, and are presented as mean+SD of
triplicate samples. Statistically significant difference between
extract-treated cells and control ** (P<0.01) and *** (P<0.001)
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Figure 5. Effect of Nepeta binaludensis extracts on cellular
tyrosinase in B16F10 murine melanoma cells. After incubation
of B16F10 melanoma cells with concentration 50 pg/ml of
different N. binaludensis extracts for 48 hr, cellular tyrosinase
activity was assessed as described in “Materials and Methods.”
Results were expressed as percentages relative to control, and are
presented as mean+SD of triplicate samples. Statistically
significant difference between extract-treated cells and control
**(P<0.01) and ***(P<0.001)

melanin biosynthesis. As shown in Figure 4, petroleum
ether, dichloromethane, and methanol extracts of N.
binaludensis exerted a significant inhibitory effect on L-
DOPA oxidation by mushroom tyrosinase and
significantly reduced the activity of mushroom
tyrosinase. These results suggest that petroleum ether
extract of N. binaludensis displayed the most inhibitory
effects on mushroom tyrosinase activity and there was
no significant difference between petroleum ether
extract and kojic acid.

Inhibitory effect of N. binaludensis extracts on
B16F10 melanoma cellular tyrosinase activity

The anti-melanogenesis effect of different extracts
of N. binaludensis on cellular tyrosinase activity was
assessed. As shown in Figure 5, suppression of
tyrosinase activity in the cultured B16F10 melanoma
cells was occurred after treatment of the cells with 50
pg/ml of each extract except aqueous extract.

Effect of N. binaludensis extracts on Cellular ROS
level

The antioxidant capacity of different extracts was
measured in respect to intracellular ROS levels. 24
mM H:20: was exposed to cells which were
pretreated with plant extracts. As shown in Figure 6,
all extracts could significantly suppress the oxidative
stress induced by Hz202 in the cells.

The level of tyrosinase and MITF protein by
N. binaludensis extracts

To determine the tyrosinase protein level in the
cells treated with N. binaludensis extracts, we
performed western blot analysis (Figure 7) and the
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Figure 7. Effect of Nepeta binaludensis on tyrosinase and MITF
protein level in B16F10 murine melanoma cells. B16F10
melanoma cells were treated with 50 pg/ml of different
N. binaludensis extracts for 48 hr. The loading control was f3-actin
antibody. The relative intensities of tyrosinase and MITF protein
compared with the B-actin using Quantity One software

intracellular effect of different extracts on melanogenic
related proteins such as tyrosinase and MITF as an
indicator of melanogenesis was evaluated. As shown in
Figure 7, tyrosinase protein levels were significantly
decreased by methanol extract of N. binaludensis. Beta-
Actin was used as internal control. These results
suggest that the anti-melanogenesis effect of the
mentioned extracts on B16F10 cells is associated with
the down regulation of tyrosinase, the most important
enzyme in melanogenesis.

Melanoma, the fifth and sixth most common
cancer among men and women respectively, is the
deadliest form of skin cancer and one of the most
challenging human cancers. Recently, the demand for
anti-melanogenetic agents has increased all over the
world, not only for treatment of cancers but also for
cosmetics as well. As the age increases, melanin-rich
spots occur on the skin and various methods are
employed to remove these spots. Thus, regulating
melanogenesis is an interesting field of research and
we are aiming to find new agents for this
purpose. 3,4-dihydroxyacetophenone (30), 4,4'-
dihydroxybiphenyl (31), phospholipase D1 (32),
phospholipase D2 (33), 4-n-butylresorcinol (34),
miconazole (35), glycolic acid and lactic acid (36) are
reported as anti-melanogenesis agents for the
treatment of different skin diseases such as vitiligo,
porphyritic amiroidosis and hemochromatosis. Duo
to side effects of synthetic drugs, our main objective
is to find new agents that can regulate melanogenesis
from natural resources.

In this study, we have investigated whether
different extracts of N. binaludensis extracts had a
hypopigmentation effect in B16F10 melanoma cells,
and found that all extracts significantly down-
regulated melanin synthesis without showing
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significant cytotoxicity. Generally, petroleum ether
extract of N. binaludensis was the most active extract
in all tests. This extract considerably inhibited
melanogenesis without cytotoxicity (Figures 2 & 3).
After 48 hr of treatment with the extracts, B16F10
cells were still completely viable, which is important
point in using plant for medical or cosmetic
purposes. The anti-melanogenesis effect of potent
extracts without any cytotoxicity is an encouraging
factor for developing natural anti-melanogenesis
agent.

Melanin synthesis occurs predominantly in the
melanosomes, which are lysosome-like structures of
melanocytes. Melanin is packaged and delivered to
the keratinocytes by melanosomes. The two types of
melanin, pheomelanin and eumelanin, are different
not only in color but also in the size, shape, and the
packing of their granules (37). Both pheomelanin
and eumelanin are produced from the same
precursor, tyrosine, in a common tyrosinase-
dependent pathway. Melanogenesis is known to be
regulated by the tyrosinase gene family, which
includes tyrosinase, TRP-1, and TRP-2 (2).
Tyrosinase controls two key steps in the melanin
synthesis pathway by catalyzing the hydroxylation of
tyrosine to DOPA, followed by the oxidation of DOPA
to DOPAquinone (1, 3), and thus melanin production
is correlated with the expression level and the
catalytic activity of tyrosinase.

To investigate the mechanism of N. binaludensis
extract in inhibiting melanogenesis, first we
determined whether N. binaludensis extract could
inhibit tyrosinase activity directly in cell-free assay
systems. We used mushroom tyrosinase as enzyme
source. In this assay, kojic acid was used as a positive
control. It has been reported that kojic acid can affect
melanin synthesis in melanocytes and melanoma
cells. Although all extracts almost had some
inhibitory effect on tyrosinase activity, the petroleum
ether, dichlomethan and methanol extracts of N.
binaludensis significantly decreased the mushroom
tyrosinase activity after 24 hr of treatment and all
extracts inhibited the cellular tyrosinase activity
(Figures 4 & 5). More inhibition of melanogenesis
and decrease of tyrosinase activity with petroleum
ether and methanol extracts suggested the presence
of similar compound responsible for anti-
melanogesis in these extracts. Moreover, ROS was
also significantly decreased after treatment of the
cells with all extracts showing antioxidant capacity of
the extracts.

Microphthalmia-associated transcription factor
(MITF), one of the most important nuclear
transcription factors, regulates melanogenesis by
activation of tyrosinase, TRP1 and TRP2
transcription (38). Studies have shown that in
addition to regulating melanogenesis, MITF also
plays a central role in regulation of melanocyte
development and survival (39, 40). The importance
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and complex role of MITF in tumorigenesis and
progression of melanoma have been revealed by
different studies (41, 42). MITF has recently been
investigated as a potential target for melanoma
therapy (43, 44). The petroleum ether and methanol
extracts of N. binaludensis considerably decreased
the amount of tyrosinase and microphthalmia-
associated transcription factor proteins. Many signal
transduction pathways have been found to balance
melanin production. Mitogen-activated protein kinase
pathways, particularly the extracellular signal-
regulated kinase (ERK) 1/2 pathway, are perhaps
involved in MITF regulation (45, 46). Significant MITF
degradation occurs after phosphorylation of MITF at
serine 73 by ERK, leading to ubiquitin-dependent
proteasomal degradation. In the present study, we
found that while N. binaludensis reduced tyrosinase
level in cells, it did not have a significant effect on the
level of MITF protein.

Since several studies have revealed many potent
bioactive plant derived compounds for regulating
melanogenesis and treatment of skin problems, as
well as for cosmetic purposes (47) (48), We suggest
further investigation to determine the exact
bioactive compounds of N. binaludensis. In addition,
according to investigations and literature survey we
have done, there is no similar study on the genus
Nepeta which emphasizes more investigations on
other species.

In summary, the present study revealed that the
N. binaludensis extracts inhibited cellular melanin
biosynthesis and tyrosinase activity in B16F10
murine melanoma cells, leading to decrease in
tyrosinase level. These results indicate that the N.
binaludensis extracts are effective inhibitors of
melanogenesis and can be useful as a therapeutic
treatment for skin hyperpigmentation disorders.
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