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Abstract

Melanocytes that form stratum basale of skin epidermis express tyrosinase en-
zyme, which catalyzes initial two rate-limiting steps in the biotransformation
of tyrosine into dark pigment called melanin. Even today, Tyrosinase inhibitors
are among the promising candidates in cosmetic industry for skin-lightening
formulations. Overexpression of tyrosinase causes excess melanin biosynthesis
and deposition resulting in dark skin color. Moreover, localized overexpres-
sion of tyrosinase cause variety of hyperpigmentation disorders like melanoma,
melasma, chloasma, dark patches, liver patches, etc. There has been a renewed
interest in the natural products as main ingredients in the formulation of safe
products for skin-whitening and treatment options for hyperpigmentation
disorders. In the present communication, the results of our investigations on
tyrosinase inhibition, modulation of intracellular tyrosinase and melanin levels
in cultured B16F10 melanoma cells by Bacopa monnieri (L.) methanol extract
(BME) are presented and discussed as safe option for skin lightening and to
treat hyperpigmentation disorders. BME showed 11%, 29%, 54% and 80% in-
hibition of mushroom tyrosinase activity at an initial 100, 200, 400 and 600 g
of extract. Treatment of a-melanocyte stimulating hormone (a-MSH) stimu-
lated cultured murine melanoma B16F10 cells with 100 pg/ml of the extract
showed a decrease in the levels of cellular melanin and cellular tyrosinase con-
tent by 22% and 46% respectively. The cytotoxicity studies by MTT assay re-
vealed that the LC,, of the BME is 1000 pug/ml in cultured mouse melanoma
B16F10 and HEK293 cells.
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1. Introduction

Melanocytes, the exclusive melanin producing cells not only distributed in stra-
tum basale of skin epidermis and hair follicles but, also in mucosa, cochlea, iris
and mesencephalon [1] and are responsible for the synthesis of eumelanins that
are associated with dark skin colour and hair and pheomelanin, responsible for
red hair and freckled skin phenotype. Hyper-pigmentation disorders ranging
from physiological phenomenon to inherited genetic disorder is a frequent clin-
ical condition affecting quality of life of the patients and often considered as per-
sistent burden due to limited available treatment [2]. The biology and genetics of
the complex process of melanin biosynthesis, formation and maturation of melano-
somes, and trafficking have been understood [3] [4]. Of the approximately 125
distinct genes known to be involved in the regulation of pigmentation, majority
of genes affect development, differentiation, stabilization and survival of mela-
nocytes and few are involved in distinct process of melanin synthesis and regula-
tion [5] [6] [7] [8] however, tyrosinase, Tyrpl and Dct mutations dramatically
affect the quality and quantity of melanin synthesis [2]. Melanin is known to
shield UV rays from the sunlight to protect the cells from photo-carcinogenesis
and also from UV induced stress and inflammation by shielding the UV light [9].
Differentiation of melanocytes globally or in localized areas due to environmen-
tal or physiological stimulus results in increased melanocytes levels, which lead
to overproduction of tyrosinase causing hyper-pigmentation disorders such as
café au lait macules, melanoma, melisma, chloasma, Adddison’s disease, acanthosis
nigricans, liver patches, senile lentigens, freckles, post-inflammation hyperpigmen-
tation, etc., [10] [11] [12]. Tyrosinase found in bacteria, fungi, plants and ani-
mals is an important enzyme involved in the biosynthesis of all kinds of melanins
and is responsible for melanization in animals and enzymatic browning of dam-
aged fruits [10] [11] [12]. The crystal structure of tyrosinase revealed that it is a
multifunctional binuclear copper containing enzyme present in melanocytes of
human skin wherein, the copper ions coordinate between tryptophan residue in
the active site of the enzyme [13] [14].

Tyrosinase catalyzes the initial two critical rate limiting steps of hydroxylation
of tyrosine (phenol) to L-DOPA (catechol) and further oxidation of L-DOPA
(catechol) into (quinone), DOPAqinone [15] [16], which is an immediate pre-
cursor of yellow-orange colored pheomelanin and black brown DHI eumela-
nin and DHACA eumelanin [17]-[24]. The a-melanocyte-stimulating hormone
(a-MSH) binds to milanocortin receptor-1 (MclR) on melanocyte and brings
about cAMP, PKA and CREB mediated activation of M promoter of Micro-
phthalmia-associated transcription factor (MITF). Transient expression of MITF
causes upregulation of tyrosinase (TYR), DOPAchrome tautomerases, tyrosi-
nase-related protein 1 (TRP1), and tyrosinase-related protein 2 (TRP2) aiding
proliferation, differentiation, melanin synthesis and dendritogenesis [25] [26].

The differential gene expressions cause dysregulation in melanin biosynthe-
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sis leading to hyper-pigmentary diseases such as, melasma, chloasma freckles,
inflammatory hyperpigmentation, etc., and hypopigmentation disease like vitiligo,
Dpityriasis alba, pityriasis versicolor, etc. in human. About more than two-third of
the 4000 different skin diseases that are known to occur are associated with the
change in skin color [27]. The epidemiology of pigmentary skin disease varies
with the climatic condition, geographical area and the genetic composition. Me-
lasma is by far the most widely distributed hyperpigmentation condition that af-
fects one-third of the women population of age between 40 and 65 years [28].
Homogenous hyperpigmentation in periorbital, perilabile and nose melanosis
has been observed in 80% of Indian women moreover, about 70% of the people
with acne history presented pigmented post-inflammatory marks before attain-
ing the age of 35 years [28].

Tyrosinase catalyzed reaction in melanosomes is highly associated with hyper-
melanogenesis and hyperpigmentary disorders that cause undesirable psychologi-
cal burden. Thus, discovery of tyrosinase inhibitors for the modulation of mela-
nogenisis pathway is of significant interest in cosmetic and medicinal products
for prevention and cure of pigmentary disorders. In recent times, copper chela-
tors, hydroquinone, kojic acid, azelic acid and arbutin, have been isolated and
used in cosmetic products. Cosmetic industry is dropping hydroquinone and koj-
ic acid due to their undesirable side effects and arbutin has poor bioavailability
[29] thus, there is a great demand for the discovery of safe tyrosinase inhibitors.
In this communication we report our results on the in-vitro tyrosinase inhibi-
tion, cellular tyrosinase and melanin levels in B16F10 murine melanoma cells

and cytotoxicity assays of Bacopa monneri plant extract.

2. Materials and Methods

Chemicals: MTT (Lot No. 0000228429), PBS (Lot No. 0000251865), MEM (Lot
No. 0000278156), Trypsin (Lot No. (0000234019) purchased from Hi-Media, In-
dia. Mushroom tyrosinase (Cat No. T3824, CAS RN 9002-10-2 EC 1.14.18.1) was
purchased from Sigma Aldrich. Fetal Bovine Serum (Lot. No0.42Q3057K) and
DMSO (Lot. No. 519350205A0) were purchased from Gibco and Finar. Metha-
nol was procured from J. T. Baker and all other solvents used were of analytical
grade and procured from Spectrochem India. Bacoside A mix was procured from
Natural Remedies Bengaluru. Bacopa monneri whole herb powder was pur-
chased from Merlion Naturals, Ahmedabad.

2.1. Extraction of Bacopa monnieri Plant Powder

It was performed by maceration technique [30]. The dried plant powder was ex-
tracted by maceration for 3 days in methanol (1 g powder in 10 ml methanol) and
the extract filtered by a guchi filter. The filtrate obtained was further clarified by
centrifugation and filtration through 0.45-micron filter. The solvent evaporated
under vacuum using a Buchi Type vacuum evaporator. The residue obtained was

weighed, stored dry in a vacuum desiccator or dissolved in methanol.
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2.2. Analysis of Total Phenolic Content

Estimation of total polyphenol was performed by Folin-Ciocalteau reagent method
[31] using gallic acid as standard. The total phenolic content expressed as per-
cent gallic acid equivalent (GAE) in Bacopa monnieri powder.

2.3. Analysis of Total Flavonoid Content

Total flavonoid content was estimated by aluminium chloride-potassium acetate
method [32] using luteolin as standard. The flavonoid content expressed as per-

cent luteolin equivalent in Bacopa monnieri powder.

2.4. Analysis of Bacopanoid Content

Bacoponoid content of the extract was determined by vanillin-sulphuric acid
method [33] using bacoside A mix as standard. Saponins content in herbal for-
mulations were quantified and results expressed as percent bacosides A equiva-

lent in Bacopa monnieri powder.

2.5. DPPH Activity

DPPH antioxidant activity was measured as suggested by Ghaffari et al [34].
Briefly, a 950 pl of methanolic solution of DPPH was mixed with 50 pl extract
and incubated at 37°C for 30 min. The decrease in the absorbance at 517 nm was
followed photometrically over a period of 30 min in a UV-Visible spectropho-
tometer against methanol control. Ascorbic acid was used as positive control.
Results were expressed as pg ascorbic acid equivalents/mg Bacoppa monnieri
methanol extract (BME).

2.6. Tyrosinase Inhibition Assay

Tyrosinase inhibition assay was performed by reported method [29] [35] with
some modifications. The reaction mixture in a combined volume of 150 uL con-
tained 10 to 40 pl inhibitor (Bacopa monnieri extract (BME), 100 - 600 pg dis-
solved in phosphate buffer containing 0.1% DMSO), 100 pl L-DOPA (5 mM in
sodium phosphate buffer, 0.02 M, pH 6.9), the volume was made to 140 pl by
adding phosphate buffer. The microwell titer plate was incubated for 5 min at
30°C to attain the assay temperature. The enzyme reaction was initiated by the
addition of 2.5 IU of mushroom tyrosinase (10 pL) and the formation of DO-
PAchrome due to the oxidation of L-DOPA was followed at 475 nm at every 5
min over a period of one hour in a plate reader (Thermo Scientific). Each meas-
urement was made in duplicate and the result presented was average of three rep-
licate experiments. Percentage inhibition of enzyme was calculated by using the

formula given below.
1A, = €-5 100
C

IA: percentage inhibition of tyrosinase enzyme, C control without inhibitor, &

plant extract.
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2.7. Cell Culture and Test Sample Preparation

B16F10 (Murine melanoma) cells and HEK293 cells were procured from Na-
tional Centre for Cell Sciences (NCCS) Pune, India. Stock cells were cultured in
DMEM supplemented with 10% inactivated Fetal Bovine Serum (FBS), penicillin
(100 IU/ml), streptomycin (100 pg/ml) and amphotericin B (5 pg/ml) in a hu-
midified atmosphere of 5% CO, at 37°C until confluent. The cells were dissoci-
ated with TPEG solution (0.2% Trypsin, 0.02% EDTA, 0.05% glucose in PBS)
and the stock cultures were grown in 25 cm’ culture flasks. All the experiments
were carried out in 96 well microtitre plates (Tarsons India Pvt. Ltd.). For cyto-
toxicity studies, 10 mg of Bacopa monnieri extract was weighed and dissolved by
sonication in 10 ml of DMEM supplemented with 10% inactivated FBS (w/v) to
obtain a stock solution of 1 mg/ml. The sample centrifuged and supernatant cla-
rified by passing through a 0.22 u syringe filter. Serial two fold dilutions were
prepared from the stock to carry out cytotoxicity studies.

2.8. Cell Viability Assay

The MTT assay was performed according to the reported method [36] with
some modifications. The monolayer cells of freshly grown B16F10 and HEK293
were trypsinized and the cell count was adjusted to 100,000 cells/ml in DMEM
containing 10% FBS. To each well in the 96 well microtitre plate, 0.1 ml of the
diluted cell suspension was added and incubated in a humidified 5% CO, incu-
bator at 37°C. After 24 h, when a partial monolayer was formed, the superna-
tants were flicked off and the monolayer washed with medium. A 100 pl of dif-
ferent concentrations of Bacopa monnieri extract were added on to the partial
monolayer in microtitre plates and cultures were incubated for 72 h in a humidi-
fied 5% CO, atmosphere at 37°C. At the end of the incubation period, the BME-
from the wells were discarded and 50 pl of MTT in PBS was added. The plate
was gently shaken and incubated for 3 h in 5% CO, atmosphere at 37°C the live
cells reduce the tetrazole to formazan. The supernatant was then removed and
100 pl of propanol was added to solubilize the formed formazan. The absorbance
was measured at 540 nm in a microplate reader. The percent cell viability was
calculated and the concentration of test drug needed to decrease the cell-viability
by 50%, the LC;, value, generated from the dose-response curves for each cell

line.

2.9. Measurement of Cellular Tyrosinase in Cell-Free Extract of
B16F10 Melanoma Cells

The freshly grown B16F10 cells were seeded in 60 mm culture dish (1 x 10°
cells/dish) in DMEM containing 10% inactivated FBS for overnight. The adhered
B16F10 cells were stimulated with a-melanocyte stimulating hormone (a-MSH,
100 nM) and simultaneously treated with or without Bacopa monnieri extract
for another 24 h in 5% humidified CO, environment at 37°C. The cell-free ex-
tract was prepared by lysing the DPBS washed cell suspension (a-MSH stimulated
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and with or without BME treated) by subjecting to a freeze thaw cycle (-80°C 30
min/25°C 25 min/37°C 5 min) in lysis buffer (1% Triton X-100 in 0.1 M sodium
phosphate buffer pH 6.8, containing PMSF). The suspension centrifuged for 10
min. at 13,000 rpm and 4°C and the obtained supernatant was used as cellular
tyrosinase to conduct cellular tyrosinase assay. Total protein content of cell-free
extract was quantified by Bradford assay using BSA as standard [36]. The tyro-
sinase assay was carried in a 96 well microplate by mixing 10 - 50 pl of cell-free
extract with 100 pl of DOPA (5 mM) and 50 pL of DPBS. The increase in absor-
bance at 475 nm due to production of DOPAchrome was measured at every 5
min interval over a period of 1 hour at 37°C in a microplate reader. The cellular
tyrosinase activities of a-MSH induced B16F10 melanoma cells was assigned as
100% [37]. The in gel-tyrosinase activity was performed to evaluate the intra cellu-
lar tyrosinase levels by resolving proteins present in cell-free extracts of a-MSH
stimulated, untreated and Bacopa monnieri extract (50 ug and 100 ug/ml) treated
B16F10 melanoma cells. The gel was removed and overlaid by addition of 20 ul
of DOPA (10 mM in 0.02 M phosphate buffer, pH 6.9) and the area of brown
pigment formed was observed.

2.10. Analysis of Cellular Melanin

The melanin content in a-MSH stimulated B16F10 cells with and without Bacopa
monnieri extract was estimated [29]. The freshly grown B16F10 cells were seeded
in 24 well plates (1 x 10° cells/well) in DMEM supplemented by 10% inactivated
FBS for overnight for anchorage. The anchored cells were stimulated by a-MSH
(100 nM) and simultaneously treated with different concentrations of Bacopa
monnieri methanol extract for another 72 h. At the end of the treatment period,
the cells were washed with PBS and suspended in 150 pl of NaOH-DMSO solu-
tion (1 M NaOH containing 20% DMSO) and lysed for 1 h at 80°C. The melanin
content in the lysate was estimated at 405 nm using a plate reader [38]. The
melanin content of a-MSH stimulated cells was assigned 100% and a-MSH sti-

mulated and kojic acid treated served as positive control.

3. Results and Discussion

The results of our investigations on total polyphenols as gallic acid equivalent,
flavonoids as luteoline equivalent and saponin bacosides as bacoside A equiva-
lent is shown in Table 1.

It is evident that the total polyphenol, flavonoid and bacopanoids content was

found to be 0.76%, 0.19% and 2.8% respectively in Bacopa monnieri powder.

Table 1. The total polyphenol, flavonoid and bacoponoid content in the Bacopa monnieri
powder.

Total polyphenol as % Total flavonoid as %
Sl No. gallic acid equivalentin  leutioline equivalent in
Bacopa monnieripowder Bacopa monnieri powder

Total Bacopanoid (%) in
Bacopa monnieri powder

1 0.76 0.19 2.8
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3.1. DPPH Antioxidant Capacity

The DPPH radical scavenging capacity was estimated to 19.22% + 0.01%, which

is equivalent to 2.23 pg ascorbic acid equivalent/mg Bacopa monnieri powder.

3.2. Tyrosinase Inhibition Assay

The effect of Bacopa monnieri methanolic extract (BME) on the tyrosinase ac-
tivity was studied at different initial concentrations of BME in a 96 well assay
plate. The results are depicted in Figure 1. The photograph presented in the fig-
ure clearly shows the BME caused the inhibition in the activity of tyrosinase in a
dose dependent manner. The inhibition of tyrosinase increased with the increase
in the concentration of BME.

The results on the percent residual tyrosinase activity and percent inhibition
of tyrosinase activity by different initial concentrations of methanol extract of

Bacopa monnieriis presented in Figure 2 and Figure 3.

Figure 1. Tyrosinase inhibition assay (a) Test with Bacopa monnieri methanol extract
and (b) control without Bacopa monnieri extract.
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Figure 2. Effect of different concentrations of methanol extract of Bacopa monnieri on
(a) mushroom tyrosinase activity (IU) and (b) percent inhibition of mushroom tyrosinase
activity.
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Figure 3. Bar diagram showing influence of Bacopa monnieri methanol extract on (a) mu-
shroom tyrosinase activity and (b) percent inhibition of mushroom tyrosinase activity.
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The results presented in Figure 1 and Figure 2 show that the methanolic ex-
tracts of Bacopa monnieri inhibits mushroom tyrosinase activity in dose depen-
dent manner. It is evident from Figure 1 and Figure 2 that an initial 100, 200,
400 and 600 pg of methanol extract of Bacopa monnieri inhibited 10, 33, 78 and
89% of mushroom tyrosinase activity respectively. The 50% inhibitory concen-
tration (IC,,) value of Bacopa monnieri methanol extracts was calculated to be
372 pug/ml.

3.3. Cell Proliferation and Cytotoxicity Assay

The MTT assay was performed to calculate the 50% lethal concentration (LCs,)
of Bacopa monnieri methanol extract that reduces 50% viability of cultured
B16F10 mouse melanoma cell line and HEK293 cells. The results on the LC;,
value of BME are presented in Table 2 and Figure 4.

The B16F10 cells and HEK293 cells were cultured in 96 well plates in DMEM
containing 10% FBS for 24 h in 5% CO, environment at 37°C and the medium
discarded. The cells were then added with different test concentrations of Bacopa
monnieri extract (7.8 to 1000 pg/ml) in DMEM supplemented by 10% FBS and
the culture plate incubated in a humidified 5% CO, incubator at 37°C for another
48 h. It is evident from the table that the 50% cell cytotoxicity concentration
(LCs,) of methanol extract of Bacopa monnieri for both B16F10 mouse mela-
noma and HEK293 cells exceeds 1000 pg/ml.

Table 2. MTT assay to determine the LC;, of methanol extract of Bacopa monnieri (BME)
using B16F10 murine melanoma cell lines and HEK293 cells.

Test Compound Bacopa monneri % Cytotoxicity % Cytotoxicity LGCs,
extract (ug/ml) B16F10 HEK293 (ug/ml)
1000 34.04 £0.30 5.22 +£0.42
500 20.90 +£0.36 2.8
250 12,93 +0.31 1.2
Bacopa monnieri 125 8.20 + 0.42 ---
>1000
methanol extract 62.5 5.4+0.42 ---
31.2 2.6 £0.35
15.6 1.2+0.77 ---
7.8 1.1£0.51
404 404

35 —=— B16F10 melanoma cells - 35]

304 —o— HEK293 cells = 30] E= B16F10 melanoma cells
) <
= 25 > 25 ] [N HEK293 cells

5] i
% 20 / ‘i, 20
< 15 g 15
400

5.10— — 510,
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Bacopa monnieri extract (ug/ml) Bacopa monnieri extract (ug/ml)

Figure 4. The MTT assay to test the LC,, value of BME on B16F10 melanoma cell line
and HEK293 cells. The LC;, concentration of BME exceeds 1000 pg/ml.
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3.4. Determination of Intracellular Tyrosinase Activity
in Cultured B16F10 Melanoma Cells

The analysis of intracellular tyrosinase activity in cell-free extracts of a-MSH sti-
mulated B16F10 melanoma cells treated with and without Bacopa monnieri me-
thanol extract was carried out and the results are depicted in Table 3 and Figure 5.

It is evident from Table 3 and Figure 5 that the Bacopa monnieri extract de-
creases the tyrosinase and melanin content in cultured BI6F10 mouse melanoma
cell line. The cell-free extracts of a-MSH stimulated B16F10 mouse melanoma
cells treated with 50 and 100 pg/ml Bacopa monnieri extract showed 59.4 and
53.5% of residual intracellular tyrosinase levels as compared to that of the con-
trol cells (cell-free extracts of a-MSH stimulated B16F10 cells). The decrease in
the cellular tyrosinase activity in a-MSH stimulated B16F10 cells treated with 50
and 100 pg/ml Bacopa monnieri extract was calculated to be 40.6% and 46.5% as
compared to that of the a-MSH stimulated control cells. The a-MSH stimulated
B16F10 mouse melanoma cells showed 22% reduction in cellular melanin con-
tent after treatment with 100 pg/ml Bacopa monnieri extract.

In-gel tyrosinase activity: The cell-free extracts of a-MSH stimulated B16F10
cells (control and treated) were resolved on ND-PAGE and the electrogram was
flooded with DOPA (10 mM, 20 pl/spot), incubated for I hr and results observed.
The thickness of brown-black melanin pigment formed after flooding the chro-
matogram with DOPA suggested that the tyrosinase levels in the cell-free extracts
of a-MSH stimulated and Bacopa monnieri treated cells decreased as it is com-

pared to that of the a-MSH stimulated cell control (data not shown).

Table 3. Influence of Bacopa monnieri extract on the levels of intracellular tyrosinase of
a-MSH stimulated B16F10 mouse melanoma cell lines.

Sl Sample Test concentration % intracellular tyrosinase in a-MSH
No. P ( pg/mL) (100 nM) treated B16F10 cell line
1 Nil (control) Nil 100
L. 100 53.5+1.51
2 Bacopa monnieri extract
50 59.4 +1.67
3 Kojic acid (positive control) 100 43.5 +3.32

1 100 E= Bacopa monnieri extract
< V7 Bocopa monnieri extract - [ Kojic acid
‘8’ E= Kaojic acid X
g g
c
g 8
= £
o c
2 o
8 =
25 75 L 50 100
Test substance (ug/ml) Test substance (ug/ml)

Figure 5. Intracellular tyrosinase assay and melanin content in cultured B16F10 melanoma
cells stimulated with a-MSH and treated with methanolic extract of Bacopa monnieri and

Kojic acid.
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Bhardwaj et al, [30] and [39] conducted studies on the estimation of phyto-
chemical content in Bacopa monnieri herb from different locations of India.
The total polyphenol content, flavonoid content and bacopanoid saponin content
in Bacopa monnieri was reported to be in the range of 0.33% to 0.91%; 0.11% to
0.4% and 1.6% to 3.8% respectively in natural herb and 1% to 5.5%; 0.5% to 1%
and 9.8% to 15.7% in in-vitro propagated and field acclimatized Bacopa monni-
eri plants [30] [39]. Our results on the total polyphenols, flavonoids and baco-
panoids in Bacopa monnieri herb powder extracts are in accordance with that of
[30] [39]. The macerated methanol extract of Bacopa monnieri plant powder
showed considerable levels of phenols (0.76%), flavonoids (0.19%), bacoponoids
(2.8%) and also showed good antioxidant capacity.

The tyrosinase inhibitory and antimelanogenic activities are reported in dif-
ferent natural products. Lin et al, [38] reported the antimelanogenic property of
raspberry-ketone without inhibiting tyrosinase. Xie ef al, [40] and Nitoda ef al,
[41] reported mushroom tyrosinase inhibition and antimelanogenic acitivity in
B16F10 cells respectively by quercetin, whereas, Nagata et al, [42] reports en-
hanced melanogenesis by quercetin by increased tyrosinase production in hu-
man melanoma cells and in normal human melanocytes. Our results on tyrosi-
nase inhibition by Bacopa monnieri extract are in accordance with [40] [41]
however, in the present investigation up to 80% inhibition in mushroom tyrosi-
nase was observed. In a similar study, despite increased production of cellular
tyrosinase, taxifolin and luteolin, attenuate cellular melanogenesis [43]. Kim et a/,
[44] reported calycosin extracted from Astragalus membranaceus roots inhib-
ited melanin biosynthesis whereas, biochanin A caused in-vitro and in-vivo
melanogenesis inhibition [45]. The Bacopa extract studied in the present inves-
tigation inhibited tyrosinase in dose dependent manner as well as caused de-
crease in the intracellular melanin and tyrosinase levels in a-MSH stimulated
B16F10 melanoma cell model by 22 and 46%.

Purified 2,5-dihydroxyacetophenone from Cynanchum bungei was found to
inhibit murine tyrosinase and also exhibited in-vitro and in-vivo depigmentation
activity [46], whereas, linderanolide B and subamolide A from Cinnamomum
subavenium [47] inhibited human tyrosinase caused antimelanogenesis.

The B16F10 cells have long been used as model for the discovery of antime-
lanogenic principles, mainly because it shares mechanism of melanogenesis of
normal human melanocyte and also because the cells can be easily cultured in
vitro. The proopiomelanocortin derived peptide hormone a-MSH, by binding to
melanocortin receptor (MCI1R) regulates melanogenesis via cAMP-dependent
pathway, activating protein kinase A and affecting expression of MITF, which
stimulates melanogenesis by activating melanogenesis specific enzymes [48] [49].
Chang et al, [50] reported melanogenesis inhibitors act by downregulation of
tyrosinase. Our results on the tyrosinase inhibition by Bacopa monnieri extract
are in accordance with that of Chang et al, (2012), however, the Bacopa monni-
eri extract in addition to tyrosinase inhibition was found to downregulate intra-

cellular tyrosinase and melanin levels.
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4. Conclusion

The macerated methanol extract of Bacopa monnieri plant powder showed con-
siderable levels of phenols (0.76%), flavonoids (0.19%) and bacoponoids (2.8%)
and also exhibited good antioxidant capacity. The Bacopa monnieri extract was
found to be safe (LC,, value > 1000 pug/ml) and not only inhibited tyrosinase ac-
tivity but, was able to downregulate intracellular melanin and tyrosinase in a-MSH
stimulated cultured B16F10 cells. Bacopa monnieri powder and extract is an
Ayurveda formulation available over the counter in India as a memory enhancer.
Therefore, it has great potential for its application as a major ingredient in the

formulations for skin-lightening and to treat hyperpigmentation disorders.
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