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Ethnopharmacological relevance: Pyrostegia venusta is a native Brazilian plant which has a variety of uses in
traditional folk medicine including the treatment of vitiligo. However, its effectiveness on melanogenesis
is not yet elucidated.
Aim of the study: This study aimed to investigate the melanogenic activity of hydroalcoholic extracts from
the leaves and flowers of P. venusta on murine B16F10 melanoma cells.
Materials and methods: Different concentrations of the hydroalcoholic extracts of flowers and leaves of P.
venusta were evaluated in trials of spontaneous melanin content (4 days), and cell viability by the MTT
assay in murine B16F10 cells, and in the mushroom tyrosinase activity in vitro.
Results: Both extracts, leaves (0.1; 0.3; 1 and 3 pg/mL) and flowers (0.03 and 0.1 pug/mL) increased the
melanin content in a concentration dependent manner after 4 days of incubation on melanoma cells.
Leaves extract promoted enhancement of melanogenesis with maximum effect of 33.3 + 3% (3 pg/mL),
and the flower extract increased in 23.4 £+ 3% (0.1 wg/mL). The cell viability test using MTT showed that in
the same tested concentrations of both extracts no cell death was detected. Actually, either extract was
not able to cause any change in the tyrosinase activity. HPLC analysis of P. venusta extracts found 0.09%
and 1.08% of allantoin on leaves and flowers extracts, respectively.
Conclusions: The leaves and flowers extracts of P. venusta stimulates B16F10 melanogenesis at very
low concentrations. These findings support the folk medicinal use of P. venusta on the treatment of
hypopigmentation diseases, such as vitiligo.

© 2012 Elsevier Ireland Ltd. Open access under the Elsevier QA license.
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1. Introduction

Pyrostegia venusta (Ker Gawl.) Miers (Bignoniaceae) is a native
woody vine widely spread in Brazil which is specially found
throughout fields, at coast, edge of the woods and along roadsides.
Popularly known as “flame vine” or “cip6-de-sdo-jodo”, this species
is cultivated on account of outstanding ornamental features and on
its important therapeutic properties (Lorenzi and Souza, 1995). P.
venusta leaves and stems are used in folk medicine as a tonic or
antidiarrheal agent, while its flowers are used in the treatment of
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white patches on the body, such as leucoderma and vitiligo. Besides
itis also used in cough and common diseases of the respiratory sys-
tem related to infections, such as bronchitis, flu and cold (Ferreira
etal., 2000; Scalon et al., 2008; Veloso et al.,2010). Roy et al. (2011)
demonstrated that the extracts of flowers and roots of P. venusta
contain significant amounts of phytochemicals with antioxidative
properties that could act as inhibitors or scavengers of free rad-
icals. Moreover, no genotoxic effect was observed for extracts of
P. venusta on bone marrow of mice using the micronucleus and
chromosome aberration assay (Magalhdes et al., 2010). Therefore,
P. venusta could be exploited as a potential source for plant-based
pharmaceutical products. Despite of its known popular use for the
treatment of vitiligo, there are no reports in the literature concern-
ing this property.

Disorders of pigmentation can result from abnormalities of
melanocytes (the cells responsible for skin pigmentation) migra-
tion from the neural crest to the skin during embryogenesis, as
well as from immunologic or toxic destructions of melanocytes
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(Cardinali et al., 2005). More than 100 genes are involved in the
process of melanogenesis, encoding important structural, enzy-
matic and regulatory proteins (Bennett and Lamoreux, 2003).
Tyrosinase is known to play an important role in the regula-
tion of melanogenesis (Hearing, 1999), once it is responsible by
melanin synthesis which starts with the hydroxylation of L-tyrosine
to L-dihydroxyphenylalanine (DOPA), which is followed by the
oxidation of DOPA to DOPA quinone (Jimenez-Cervantes et al.,
1993). The DOPA quinone conjugated is progressively transformed
into reddish-yellow pheomelanins, or used to the synthesis of
brownish-black eumelanins. Once formed, the melanin is pack-
aged in vesicles called melanosomes and then transferred to
keratinocytes through the dendritic tips of melanocytes, resulting
in the distribution of melanin throughout the epidermis. Impair-
ment of melanosome transfer to the surrounding keratinocytes,
an alteration in melanin synthesis and a defective degradation
or removal of melanin may lead to abnormal skin pigmentation
(Cardinali et al., 2005).

The most common hypopigmentant skin disorder is vitiligo,
which is an autoimmune-induced depigmentation disease (Fistarol
and Itin, 2010). Vitiligo affects 1-2% of the world population and
it is characterized by the destruction of melanocytes, promoting
smooth formation of white patches in the midst of the normally
pigmented skin which usually initiates on the hands and feet and
then spreads to several parts of the body (Abu Tahir et al., 2010;
Fistarol and Itin, 2010). Besides skin manifestation, vitiligo pro-
motes profound effect on people quality of life (Radtke et al., 2010;
Talsania et al., 2010). Symptoms such as depression, sleep distur-
bances, suicidal thoughts and anxiety are very common in people
affected by this disease (Szczurko and Boon, 2008). Vitiligo is ini-
tially treated with corticosteroids, immunomodulators, ultraviolet
radiation, lasers, alternate therapy, depigmentation and camou-
flage. When classical interventions fail, vitiligo becomes refractory
and stable, surgical proceedings with melanocytes transplanta-
tion are indicated. Therefore, several alternative methods, such
as topical or systemic tyrosine, cysteine, vitamins, clofazimine,
chinese herbal medications, ayurvedic medicine and others, have
been investigated and attempted with variable success, although
sometime with undesirable side effects (Falabella and Barona,
2009).

Since ethnopharmacological information represents a great
shortcut in the search for new effective therapies, the aim of
this work was to investigate the activity of leaves and flow-
ers of P. venusta in melanogenesis process on murine B16F10
melanoma cells, in order to support its popular use on vitiligo
treatment.

2. Materials and methods
2.1. Chemicals and reagents

Allantoin (98.0%) was purchased from Sigma-Aldrich (St. Louis,
MO, USA), while methanol, acetonitrile (HPLC grade) and ethanol
(analytical grade) were purchased from ]. T. Baker Chemicals
B. V. (Deventer, the Netherlands), and potassium dihydrogen
phosphate from Merck (Frankfurt, Germany). Ultrapure water
was obtained using a Milli-Q purification system from Millipore
(Bedford, MA, USA). Penicillin/streptomycin was purchased from
Invitrogen. Mushroom tyrosinase, 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT), L-tyrosine and dimethyl
sulfoxide were purchased from Sigma-Aldrich (St. Louis, MO, USA).
Dulbeccois modified Eagleis medium (DMEM) and fetal bovine
serum were obtained from Cultilab (Brazil). Sodium hydroxide was
purchased from Biotec and kojic acid, from Galena (Campinas, SP,
Brazil).

2.2. Botanical material

Leaves and flowers of P. venusta were collected in July 2008 in the
city of Colombo (coordinates: S 25°19'16”; W 49°09'31"), Parana,
Brazil. The specie was identified by Osmar dos Santos Ribas from
Municipal Botanic Museum of Curitiba (MBM). A voucher specimen
(number 338804-02) was deposited at MBM of Curitiba, Parana,
Brazil.

2.3. Extracts obtention

Leaves and flowers of P. venusta (100 g, each) were air dried
(40°C, forced ventilation), powdered and extracted separately with
ethanol:water (70:30, v/v) by turbolysis (Ultra Turrax Biotrona
BA 80, Kinematica AG) at room temperature for 2 h. Hydroalco-
holic extracts (HE) were filtered through a filter paper (Adventec
No. 1) followed by solvent reduction to 1/6 of the initial volume
underreduced pressure, lyophilized and kept at —20 °Cuntil further
investigations. Before the pharmacological assays the lyophilized
HE was dissolved in distilled water and ethanol to produce different
concentrations depending upon the assay performed.

2.4. Cell culture

Murine B16F10 melanoma cell line was cultured in Dulbecco’s
modified Eagle’s medium (DMEM) containing 10% fetal bovine
serum and 1% penicillin/streptomycin (10000U/100 pwg/mL) at
37 °C with 5% CO, in a humidified atmosphere.

2.5. Cell viability assay

Cell viability after treatment with tested extracts was
determined using 3-(4, 5-dimethylthiazol-2-yl)-2,5 diphenylte-
trazolium bromide (MTT; Sigma Chemical Co., St. Louis, USA)
according to the method of Tada et al. (1986). Briefly, 7 x 103 cells
were added in each well of a 96-well plate. After 24 h, cells were
exposed to extracts of the P. venusta at several concentrations for
96 h. MTT solution was added and cell viability was then assessed in
a colorimetric assay through mitochondrial dehydrogenase activ-
ity in active mitochondria to form purple formazan. Absorbance of
each well was read at 570 nm using a plate reader (EL808B, BioTech
Instruments, Inc., Winooski, VT, USA).

2.6. Determination of melanin content in melanocytes

Extracts influence on the production of melanin in melanocytes
was determined using the modified method of Tsuboi et al. (1998).
Cells were added into the wells of a 24-well plate (4 x 104 cells
per well). After 48 h, different concentrations (0.01-3 pg/mL) of
the HE (flowers and leaves), and kojic acid (1 mM, as a reference
drug) were added to the cells and incubated at 37°C in 5% CO»,
humidified atmosphere for 4 days. Control group was incubated
just with DMEM or DMEM plus extract vehicle (0.02% ethanol).
Then, the medium was removed and cells were lysed with 500 p.L
of NaOH 1N in 10% DMSO at 80°C for 1h. The relative melanin
content was determined by measuring the absorbance at 490 nm
in a plate reader (EL808B, BioTech Instruments, Inc., Winooski, VT,
USA).

2.7. Mushroom tyrosinase activity assay

Tyrosinase activity was determined according with the method
of Hyun et al. (2008) with modifications. In a 96-well microplate
were added: HE (flowers and leaves) at different concentrations
(0.01-3 pg/mL), 20 pL of mushroom tyrosinase (500 U/mL in phos-
phate buffer, pH 6.5), 1770 pL of a mixture [L-tyrosine solution
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1mM, potassium phosphate buffer 50 mM/pH 6.5, and distilled
water (10:10:9, v/v/v), respectively]. Microplate was incubated at
37°C for 40 min and the absorbance of the mixture was measured
at 490nm using a microplate reader (EL808B, BioTech Instru-
ments, Inc., Winooski, VT, USA). One unit (U) of enzymatic activity
was defined as the amount of enzyme needed to increase the
absorbance at 280 nm by 0.001 per min, in a 3 mL reaction mix-
ture containing L-tyrosine at pH 6.5 and 25°C. The value of each
measurement was expressed as percentage changes from the con-
trol (reaction mixture without HE). Wells with HE diluted in buffer
without tyrosinase was carried out to exclude plant extract colour
interference in the absorbance measurement.

2.8. Allantoin content determination

The allantoin content on HE of P. venusta was determined by
HPLC analysis on an Agilent 1100 LC system (Wilmington, USA),
consisting of a G1311A quaternary pump, a G1379A degasser, a
G1329A automatic injector, a G1315B diode array detector and a
LC workstation equipped with the Chemistation A.10.02 software
package for data collection and exploration. Chromatographic sep-
arations were carried out on a Zorbax NH, (Agilent Technologies
Inc., California, USA) 250 x 4.6 mm i.d., 5 wm particle size column
connected to a pre-column Zorbax NH, (Agilent Technologies Inc.,
California, USA) 12.5 x 4.6 mm i.d., 5 wm particle size, maintained
at room temperature. The column was eluted with a binary gra-
dient system consisting of acetonitrile and potassium phosphate
buffer (10 mM) at flow rate of 1.0 mL/min. The elution started with
80% of acetonitrile and decreased to 50% in eight min; follow to 0%
in 2 min and returning to initial conditions in 2 min. The injection
volume of the sample was 10 L. The detection wavelength was
set at 220 nm. Mobile phase were filtered through a 0.45 wm PTFE
membrane (Millipore, Molsheim, France).

For HPLC analysis samples of HE (1000 mg) were redissolved
in 10 mL of potassium dihydrogen phosphate buffer (10 mM) and
sonicated in an ultrasonic bath for 30 min. After centrifugation
(3500 rpm, 10 min) samples were purified by solid phase extraction
(SPE), through a SPE cartridge (LC-18 500 mg/3 mL, Macherey-
Nagel) previously activated with methanol (3 mL) and then washed
with water (3 mL). After addition of samples (1 mL), the cartridges
were eluted with 5 mL of potassium dihydrogen phosphate buffer
and transferred to a 10 mL volumetric flask that was filled with
the same solution. The resulting solution was filtered through a
polyvinylidene fluoride (PVDF) syringe filter (11 mm, 0.45 p.m, Mil-
lipore Millex, Billerica, USA) before injection into the HPLC system.

2.9. Statistical analysis

The results are presented as mean4SEM of three indepen-
dent experiments. Statistical significance between the groups was
assessed by one-way analysis of variance (ANOVA) followed by
a post hoc Newman Keuls test. The accepted level of significance
for the test was P<0.05. All tests were carried out using GraphPad
Software (San Diego, CA, USA).

3. Results
3.1. Determination of melanin content in melanocytes

Melanogenic activity in cultured murine B16F10 melanoma cells
is directly related to the quantity of produced melanin which
is estimated through the amount of melanin retained in the
cells (intracellular melanin). Both HE increased melanin formation
(Fig. 1A and B), since melanin content was found to be enhanced
in response to several concentrations of HE from leaves (0.1, 0.3,
1 and 3 pg/mL) and flowers (0.03 and 0.1 pg/mL). As depicted in
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Fig. 1. Effects of leaves and flowers of Pyrostegia venusta on melanin content in cul-
tured B16 murine melanoma cells. B16 cells were incubated for 96 h in the presence
of leaves (A) or flowers (B) extracts at different concentrations. Kojic acid was used
as a drug reference. Vehicle (0.02% ethanol). Data are mean & SEM from three sep-
arate experiments. *P<0.05, **P<0.01 and ***P<0.001: statistically significant vs.
control group (DMEM).

Fig. 1A, the HE from leaves promoted enhancement of melanogen-
esis with maximum effect 0f 33.3 4+ 3% (3 j.g/mL). Similar result was
observed with HE from flowers (Fig. 1B), which showed a maximum
effect of 23.4+3% (0.1 ug/mL). To exclude the possibility of inter-
ference of HE color in absorbance, all the concentrations of both
HE were exposed to the used wavelength and no changes were
observed when compared to the control group (phosphate saline
buffer). The same procedure was done for the wavelengths used
in the cell viability and tyrosinase activity assay, and no alteration
was detected (data not shown).

3.2. Cell viability assay

The effect of leaves and flowers extracts from P. venusta on cell
viability were measured by MTT assay (Fig. 2). Although the vehi-
cle used with leaves extract promoted a significant decrease in cell
viability (12.4%), the extracts did not show any additional cyto-
toxic effect on cells when compared with vehicle group. Besides,
the cytotoxicity noted with the vehicle was not a concern since it
was not able to interfere with melanin production (Fig. 1).

3.3. Mushroom tyrosinase activity assay

Once tyrosinase is the rate-limiting enzyme for melanin biosyn-
thesis, the effect of P. venusta on tyrosinase activity was evaluated.
However, extracts did not significantly affect the tyrosinase activity
in all tested concentrations (Fig. 3). Kojic acid a known depigment-
ing agent used as a reference drug reduced tyrosinase activity in
about 35%.
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Fig. 2. Effects of leaves and flowers of Pyrostegia venusta on cellular viability in cul-
tured B16 murine melanoma cells. B16 cells were incubated for 96 h in the presence
of the leaves (A) or flowers (B) extract at different concentrations. Kojic acid was
used as a drug reference. Vehicle (0.02% ethanol). Data are mean + SEM from three
separate experiments. *P<0.05: statistically significant vs. control group (DMEM).

3.4. Allantoin content determination

To determine the allantoin content in both HE of P. venusta an
analytical method based on HPLC/DAD was performed. The iden-
tification of allantoin was done using both the spectral analysis
(UV-VIS) and comparison of the RT of allantoin standard. Addi-
tionally, this compound was identified directly in the HE by 1D and
2D NMR analyses and comparison with data reported in the liter-
ature (Ferreira et al., 2000). HE of flowers and leaves of P. venusta
presented 1.08% and 0.09%, respectively, of allantoin. To quantify
allantoin in HE, a SPE clean up was carried out prior to HPLC analysis
and the allantoin peak showed high purity (Fig. 4).

4. Discussion

In this study it was evaluated the melanogenic effect of two
extracts (leaves and flowers) from P. venusta in murine B16F10
melanoma cells. This cell line has been widely used for this pur-
pose once it is relatively easy to be cultured in vitro, and has similar
melanogenic mechanisms to human melanocytes (An et al., 2008).
When the cells were pre-treated with HE (flowers and leaves) at dif-
ferent concentrations, the cellular melanogenesis was significantly
enhanced, although the same concentrations did not influence the
activity of tyrosinase enzyme in the cell-free assay using DOPA as
a substrate.

Recent advances in the knowledge of the pathogenesis of
vitiligo have contributed to find better treatments. Nowadays many
affected individuals have found a way for depigmented skin with
medicinal or surgical therapies. However, progression of the dis-
ease, and partial or lack of complete repigmentation still occurs in
a larger number of patients. Further studies, with newer and more
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Fig. 3. Effects of leaves and flowers of Pyrostegia venusta on Mushroom Tyrosinase
activity assay. Inhibition of mushroom tyrosinase activity by leaves (A) or flowers (B)
extract atdifferent concentrations. Tyrosinase activity was examined in the presence
of L-tyrosine as substrates. It is represented as an inhibition percentage. Each value
is given as mean + SD from independent triplicate experiments.

potent therapies depend on the complete knowledge of vitiligo
pathogenesis (Falabella and Barona, 2009). There are few stud-
ies with plant extracts aiming to increase melanin production.
Some groups have reported the stimulation of melanogenesis by
other plants, such as citrus flavonoid naringenin (Ohguchi et al.,
2006), kava (Piper methysticum) rhizome extract and kavalac-
tones (Matsuda et al., 2006), umberiferae plant extract and their
coumarin constituents (Matsuda et al., 2005), and Piper nigrum
leaves extract and their lignan constituents (Matsuda et al., 2004).
However, all these studies suggested that the active constituents
of these plants may be useful ingredients to cosmetics for pre-
vention of white hair. Lee et al. (2007) showed that melanin
content and tyrosinase expression were increased by rosmarinic
acid in a concentration-dependent manner. Based on these results,
the authors reported that rosmarinic acid induces melanogenesis
through PKA activation signalling, and the utilization of rosmarinic
acid as a pigmenting agent might be useful for treatment of
hypopigmentation-related disorders (Lee et al., 2007).

Melanin synthesis is developed by a large number of effectors,
but the tyrosinase is the rate-limiting enzyme. Furthermore, it has
been reported other enzymes in the pathway of melanin synthesis,
including tyrosinase related proteins 1 (TRP-1) and 2 (TRP-2)
that also regulate melanogenesis (Tsukamoto et al., 1992). Other
protein kinases such as cAMP-dependent protein kinase (Korner
and Pawelek, 1977), protein kinase C-a (Gruber et al., 1992; Oka
et al,, 1993) and protein kinase C-f3 (Park et al., 1993) have been
shown to participate in the regulation of melanin synthesis in pig-
ment cells. The involvement of protein kinase C in melanogenesis
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Chromatographic conditions: see Section 2.

still needs to be clarified (Carsberg et al., 1994; Oka et al., 2000).
Furthermore, mitogen-activated protein kinase has been shown to
be involved in cAMP-induced melanogenesis (Englaro et al., 1995)
and c-kit-mediated activation of the microphthalmia-associated
transcription factor (MITF), a trans-acting factor that regulates
the gene transcription of tyrosinase (Hemesath et al., 1998).
Thus, a probable mechanism throughout P. venusta stimulates

melanogenesis might be related to other enzymes involved in the
process of melanogenesis, other than tyrosinase. Moreover, it is
also possible that the extracts of P. venusta could be inducing an
increase in the expression of tyrosinase enzyme, without affecting
its activity, which would also result in a raise in melanogenesis.
The detected compound allantoin has been widely described
in the literature to have several pharmacological activities, such
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as stimulation of cell mitosis (Loots et al., 1979), analgesia
(Shestopalov et al., 2006), keratolytic activity (Veraldi et al., 2008),
anti-inflammatory (Lee et al., 2010), antipsoriase, and immunos-
timulant, and it is widely employed in dermatology (Ferreira et al.,
2000). Araujo et al. (2010) suggest that allantoin modulates the
inflammatory response, possibly by inhibiting the chemotaxis of
inflammatory cells in the site of the wound, thus preventing the
release of reactive species responsible for the oxidative stress and
tissue damage. Besides, allantoin treatment led to significant reduc-
tionin the levels of IgE and Th2-type cytokines, such as IL-4 and IL-5,
in bronchoalveolar lavage (BAL) fluid. Since allantoin is a compound
with several pharmacological properties, including in processes of
skin disorders, it is possible that this compound could participate in
the melanogenic action of P. venusta. For these reasons its content
on the HE of leaves and flowers of P. venusta was determined, and
results show low amounts in both extracts, but for the first time it
is described in leaves and flowers of this plant.

Although this study clearly demonstrated the melanogenic
effect of extracts of P. venusta in melanoma cells, important ques-
tions remain unclear, such as its in vivo efficacy. In fact, many other
melanogenesis stimulators found in the in vitro studies failed to
show in vivo efficacy, probably because they could not reach or
enter skin cells because of the stratum corneum barrier. Further
studies are needed to directly examine whether topically applied
P. venusta can enhance human skin pigmentation under physiolog-
ically relevant conditions.

5. Conclusion

In summary, the present study revealed that both extracts of
P. venusta (leaves and flowers) stimulates cellular melanogenesis
at low concentrations, through a mechanism not yet elucidated.
Thus, both extracts of P. venusta may be a potential option for the
treatment of hypopigmentation diseases such as vitiligo. However,
additional studies are necessary to address the mechanism of action
and the safety of P. venusta extracts.

Acknowledgements

This study was supported by grant from Fundagdo Araucaria
(Parand, Brazil). C.G. Moreira and C.D.S. Horinouchi are PhD stu-
dents of Pharmacology and thanks REUNI and CAPES for the
fellowship support. The authors thank Herbarium Laboratério
Botanico for the P. venusta extracts.

References

Abu Tahir, M., Pramod, K., Ansari, S.H., Ali, J., 2010. Current remedies for vitiligo.
Autoimmunity Reviews 9, 516-520.

An, S.M,, Lee, S.I., Choi, S.W., Moon, S.W., Boo, Y.C., 2008. p-Coumaric acid, a con-
stituent of Sasa quelpaertensis Nakai, inhibits cellular melanogenesis stimulated
by alpha-melanocyte stimulating hormone. British Journal of Dermatology 159,
292-299.

Araujo, L.U., Grabe-Guimaraes, A., Mosqueira, V.C., Carneiro, C.M., Silva-Barcellos,
N.M., 2010. Profile of wound healing process induced by allantoin. Acta Cirurgica
Brasileira 25, 460-466.

Bennett, D.C., Lamoreux, M.L., 2003. The color loci of mice - A genetic century.
Pigment Cell Research 16, 333-344.

Cardinali, G., Ceccarelli, S., Kovacs, D., Aspite, N., Lotti, L.V., Torrisi, M.R., Picardo,
M., 2005. Keratinocyte growth factor promotes melanosome transfer to ker-
atinocytes. Journal of Investigative Dermatology 125, 1190-1199.

Carsberg, CJ., Warenius, H.M,, Friedmann, P.S., 1994. Ultraviolet radiation-induced
melanogenesis in human melanocytes. Effects of modulating protein kinase C.
Journal of Cell Science 107 (Pt 9), 2591-2597.

Englaro, W., Rezzonico, R., Durand-Clement, M., Lallemand, D., Ortonne, ]J.P., Bal-
lotti, R., 1995. Mitogen-activated protein kinase pathway and AP-1 are activated
during cAMP-induced melanogenesis in B-16 melanoma cells. Journal of Biolog-
ical Chemistry 270, 24315-24320.

Falabella, R., Barona, M.L, 2009. Update on skin repigmentation therapies in vitiligo.
Pigment Cell & Melanoma Research 22, 42-65.

Ferreira, D.T., Alvares, P.S.M., Houghton, PJ., Braz, R., 2000. Chemical constituents
from roots of Pyrostegia venusta and considerations about its medicinal impor-
tance. Quimica Nova 23, 42-46.

Fistarol, S.K,, Itin, P.H., 2010. Disorders of pigmentation. Journal der Deutschen Der-
matologischen Gesellschaft 8, 187-201, quiz: 201-182.

Gruber,].R.,Ohno, S., Niles,R.M., 1992. Increased expression of protein kinase Calpha
plays a key role in retinoic acid-induced melanoma differentiation. Journal of
Biological Chemistry 267, 13356-13360.

Hearing, V.J., 1999. Biochemical control of melanogenesis and melanosomal organi-
zation. Journal of Investigative Dermatology Symposium Proceedings 4, 24-28.

Hemesath, TJ., Price, E.R., Takemoto, C., Badalian, T., Fisher, D.E., 1998. MAP kinase
links the transcription factor Microphthalmia to c-Kit signalling in melanocytes.
Nature 391, 298-301.

Hyun, S.K., Lee, W.H., Jeong da, M., Kim, Y., Choi, ].S., 2008. Inhibitory effects
of kurarinol, kuraridinol, and trifolirhizin from Sophora flavescens on tyrosi-
nase and melanin synthesis. Biological and Pharmaceutical Bulletin 31,
154-158.

Jimenez-Cervantes, C., Garcia-Borron, J.C., Valverde, P., Solano, F., Lozano, J.A., 1993.
Tyrosinase isoenzymes in mammalian melanocytes. 1. Biochemical characteri-
zation of two melanosomal tyrosinases from B16 mouse melanoma. European
Journal of Biochemistry 217, 549-556.

Korner, A., Pawelek, J., 1977. Activation of melanoma tyrosinase by a cyclic AMP-
dependent protein kinase in a cell-free system. Nature 267, 444-447.

Lee, J., Kim, Y.S., Park, D., 2007. Rosmarinic acid induces melanogenesis
through protein kinase A activation signaling. Biochemical Pharmacology 74,
960-968.

Lee, M.Y., Lee, N.H,, Jung, D., Lee, J.A,, Seo, C.S., Lee, H., Kim, J.H., Shin, H.K,, 2010.
Protective effects of allantoin against ovalbumin (OVA)-induced lung inflam-
mation in a murine model of asthma. International Inmunopharmacology 10,
474-480.

Loots, ].M., Loots, G.P., Joubert, W.S., 1979. The effect of allantoin on cellular multipli-
cation in degenerating and regenerating nerves. South African Medical Journal
55, 53-56.

Lorenzi, H., Souza, H.M., 1995. Plantas ornamentais no Brasil - arbustivas, herbaceas
e trepadeiras. Nova Odessa, Sdo Paulo/SP.

Magalhdes, E.A., Silva Janior, G.J., De Campos, T.A, Silva, L.P., Silva, RM.G., 2010.
Avaliacdo do potencial genotéxico do extrato bruto de Pyrostegia venusta (Ker
Gawl.) Miers, Bignoneaceae, em medula éssea de camundongos. Brazilian Jour-
nal of Pharmacognosy 20 (1), 65.

Matsuda, H., Hirata, N., Kawaguchi, Y., Naruto, S., Takata, T., Oyama, M., linuma,
M., Kubo, M., 2006. Melanogenesis stimulation in murine B16 melanoma cells
by Kava (Piper methysticum) rhizome extract and kavalactones. Biological and
Pharmaceutical Bulletin 29, 834-837.

Matsuda, H., Hirata, N., Kawaguchi, Y., Yamazaki, M., Naruto, S., Shibano, M.,
Taniguchi, M., Baba, K., Kubo, M., 2005. Melanogenesis stimulation in murine b16
melanoma cells by umberiferae plant extracts and their coumarin constituents.
Biological and Pharmaceutical Bulletin 28, 1229-1233.

Matsuda, H., Kawaguchi, Y., Yamazaki, M., Hirata, N., Naruto, S., Asanuma, Y., Kai-
hatsu, T., Kubo, M., 2004. Melanogenesis stimulation in murine B16 melanoma
cells by Piper nigrum leaf extract and its lignan constituents. Biological and
Pharmaceutical Bulletin. 2, 1611-1616.

Ohguchi, K., Akao, Y., Nozawa, Y., 2006. Stimulation of melanogenesis by the citrus
flavonoid naringenin in mouse B16 melanoma cells. Bioscience, Biotechnology
and Biochemistry 70, 1499-1501.

Oka, M., Nagai, H., Ando, H., Fukunaga, M., Matsumura, M., Araki, K., Ogawa, W.,
Miki, T., Sakaue, M., Tsukamoto, K., Konishi, H., Kikkawa, U., Ichihashi, M., 2000.
Regulation of melanogenesis through phosphatidylinositol 3-kinase-Akt path-
way in human G361 melanoma cells. Journal of Investigative Dermatology 115,
699-703.

Oka, M., Ogita, K., Saito, N., Mishima, Y., 1993. Selective increase of the alpha sub-
species of protein kinase C and inhibition of melanogenesis induced by retinoic
acid in melanoma cells. Journal of Investigative Dermatology 100, 2045-208S.

Park, H.Y., Russakovsky, V., Ohno, S., Gilchrest, B.A., 1993. The beta isoform of protein
kinase C stimulates human melanogenesis by activating tyrosinase in pigment
cells. Journal of Biological Chemistry 268, 11742-11749.

Radtke, M.A., Schafer, L., Gajur, A.L, Augustin, M., 2010. Clinical features and treat-
ment outcomes of vitiligo from the patients’ perspective: results of a national
survey in Germany. Dermatology 220, 194-200.

Roy, P., Amdekar, S., Kumar, A., Singh, V., 2011. Preliminary study of the antioxidant
properties of flowers and roots of Pyrostegia venusta (Ker Gawl) Miers. BMC
Complementary and Alternative Medicine 11, 69.

Scalon, S.P., Vieira, M.C., Lima, A.A., Souza, C.M., Mussury, R.M., 2008. Pregerminative
treatments and incubation temperatures on the germination of cip6-de-Sdo-
Jodo [Pyrostegia venusta (Ker Gawl.) Miers] - Bignoniaceae. Revista Brasileira de
Plantas Medicinais 10, 37-42.

Shestopalov, A.V., Shkurat, T.P., Mikashinovich, Z.I., Kryzhanovskaia, 1.0., Bogacheva,
M.A., Lomteva, S.V., Prokof’ev, V.P., Gus’kov, E.P., 2006. [Biological functions of
allantoin]. Izvestia Akademii Nauk Seriia Biologicheskaia, 541-545.

Szczurko, 0., Boon, H.S., 2008. A systematic review of natural health product treat-
ment for vitiligo. BMC Dermatology 8, 2.

Tada, H., Shiho, 0., Kuroshima, K., Koyama, M., Tsukamoto, K., 1986. An improved
colorimetric assay for interleukin 2. Journal of Immunological Methods 93,
157-165.

Talsania, N., Lamb, B., Bewley, A., 2010. Vitiligo is more than skin deep: a survey
of members of the Vitiligo Society. Clinical and Experimental Dermatology 35,
736-739.



C.G. Moreira et al. / Journal of Ethnopharmacology 141 (2012) 1005-1011 1011

Tsuboi, T., Kondoh, H., Hiratsuka, J., Mishima, Y., 1998. Enhanced melanogenesis behavior induced by lipopolysaccharide in mice. Journal of Ethnopharmacology
induced by tyrosinase gene-transfer increases boron-uptake and killing effect of 132,355-358.
boron neutron capture therapy for amelanotic melanoma. Pigment Cell Research Veraldi, S., Menter, A., Innocenti, M., 2008. Treatment of mild to moderate
11, 275-282. seborrhoeic dermatitis with MAS064D (Sebclair), a novel topical medi-
Tsukamoto, K., Jackson, 1]., Urabe, K., Montague, P.M., Hearing, VJ., 1992. A cal device: results of a pilot, randomized, double-blind, controlled trial.
second tyrosinase-related protein, TRP-2, is a melanogenic enzyme termed Journal of the European Academy of Dermatology and Venereology 22,
DOPAchrome tautomerase. EMBO Journal 11, 519-526. 290-296.

Veloso, C.C., Bitencourt, A.D., Cabral, L.D., Franqui, L.S., Dias, D.F., dos Santos, M.H.,
Soncini, R., Giusti-Paiva, A., 2010. Pyrostegia venusta attenuate the sickness



	Hyperpigmentant activity of leaves and flowers extracts of Pyrostegia venusta on murine B16F10 melanoma
	1 Introduction
	2 Materials and methods
	2.1 Chemicals and reagents
	2.2 Botanical material
	2.3 Extracts obtention
	2.4 Cell culture
	2.5 Cell viability assay
	2.6 Determination of melanin content in melanocytes
	2.7 Mushroom tyrosinase activity assay
	2.8 Allantoin content determination
	2.9 Statistical analysis

	3 Results
	3.1 Determination of melanin content in melanocytes
	3.2 Cell viability assay
	3.3 Mushroom tyrosinase activity assay
	3.4 Allantoin content determination

	4 Discussion
	5 Conclusion
	Acknowledgements
	References


