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Cassia alata leaf methanolic extracts
decreased melanin pigmentation in Zebrafish
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ABSTRACT

This study aims to evaluate the antimelanogenic activity of terrestial plants Cassia alata, Capsicum
frutescens, Tabernaemontana pandacaqui, Colocasia esculenta and Alocasia macrorhizos which are known
to have medicinal value. The antimelanogenic activity was determined using the zebrafish model. Embryos
at 9 hr post fertilization (hpf) were treated with the crude extracts of each plant at 50 yg/mL and 100 pyg/mL
concentrations and were exposed up to 55 hpf. Ocular melanin content was estimated using Image J. C. alata
leaf extracts showed the most promising antimelanogenic activity among the plant samples tested. Dose-
dependent assay showed that at 500 ug/mL, 70% of the embryos had profound decrease in melanin. At the
same concentration, the ocular melanin content of the zebrafish decreased 2-fold. Results suggest that the leaf

of C. alata is a potential source of compounds with inhibitory activity against melanin production.

KEYWORDS:

Spawning, Ocular melanin, Kojic acid, tyrosinase, Fabaceae

INTRODUCTION

The pigmentation exhibited by organisms is
dictated by several pigment cells found in their skin.
Melanin is the primary pigment of human hair, skin
and eye color. This pigment has the ability to absorb
ultraviolet radiation thus protecting the organism from
the harmful effects of UV (Yamaguchi et al 2007).
However, the overproduction of melanin, termed
hyperpigmentation, results in skin disorder and
causes aesthetic concerns (Ortonne et al 2008). The
use of commercially-available depigmenting agents
such as hydroquinone, corticosteroids and kojic acid
raises some concerns because they are also known
to cause negative side effects such as irritation and
permanent depigmentation after long term exposure
(Zhu and Gao 2008; Gillbro and Olsson 2011). Many
studies have presented the potential of plants as
potent source of compounds with antimelanogenic
activity. Aloe aculeata, Aloe pretoriensis, Aloe
sessiliflora and Harpephyllum caffrum are found to
have inhibitory activity against melanin production
by decreasing the tyrosinase activity (Mapunya et al
2012). The extract of the medicinal plant Glechoma
hederacea was found to inhibit the melanin synthesis
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by downregulation the tyrosinase gene transcription.
The compound gnidilatidin, a daphnane, from
the Mediterranean plant Thymelaea hirsuta was
identified to be the active compound responsible for
the antimelanogenic activity of the plant (Matsuyama
et al 2009).

In the Philippines, there are many locals who
are still using plants for medicinal purposes (Sia
et al 1998; Abe and Ohtani 2013). Many of these
plants are reported to exhibit biological activities
such as antioxidant, antibacterial, antidiabetic and
antiproliferative activities (Fuentes etal2010; Gorgonio
and Fuentes 2011). In the present study, Cassia alata,
Capsicum frutescens, Tabernaemontana pandacaqui,
Colocasia esculenta and Alocasia macrorhizos were
evaluated for their antimelanogenic activity using the
zebrafish model. These plants were also identified by
the locals as medicinal plants used for skin infections
(Communities in Samar Island Natural Park 2012). To
the best of our knowledge, this study is the first to
report the antimelanogenic activity of C. alata using the
zebrafish (Danio rerio) model. The antimelanogenic
activity of C. alata was already reported but using
the mushroom tyrosinase-based inhibition assay
(Chatatikum and Chiabchalard 2017). Our group has
recently reported the antimelanogenic activity of the
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bark extract of the mangrove S. alba using zebrafish
as a model (Grisola and Fuentes 2017). The observed
decrease in the melanin production caused by the
S. alba extracts in zebrafish supports the result of
the previous study that its antimelanogenic property
is due to its tyrosinase inhibitory activity (Suh et al
2014). One important advantage of the use of the
zebrafish is that cytotoxicity of the extract can be also
assessed. The leaf extracts of C. alata, in this study,
were observed to decrease the melanogenesis in
zebrafish without causing death in the animal. Thus,
this observation suggests that C. alata is a potential
source of antimelanogenic compounds.

MATERIALS AND METHODS
Origin and Maintenance of Parental Zebrafish

Adult zebrafish (D. rerio) were obtained from a
local pet fish dealer in Sagkahan, Tacloban City on
August 2015. Zebrafish were maintained following a
standard protocol reported previously (Grisola and
Fuentes 2017). They were kept in an acrylic tank
or aquarium with a water aerator and maintained in
a 14-hour light and 10-hour dark cycle. The water
temperature was monitored and maintained at 28-
30 °C. The fish were fed with commercial fish flakes
(Sera) twice a day.

Preparation and Extraction of Plant Samples

Leaves of C. alata, fruits of C. frutescens, leaves
of T. pandacaqui, leaves and petioles of C. esculenta
and petioles of A. macrorhizos were collected from
Tacloban City on January 2016. Voucher specimen
of the plant samples were kept in the Division of
Natural Sciences and Mathematics, University of
the Philippines Visayas Tacloban College, and their
identification was determined by the authors using
an identification guide book (Merrill 1912). Air-dried
plant parts were ground with 200 mL methanol in a
homogenizer and soaked in methanol overnight. The
mixture was filtered and evaporated to dryness under
reduced pressure (Buchi) at 35 °C. Crude extracts
were stored at 4°C until analysis.

Phenotype-based evaluation using zebrafish

The phenotypic-bassed assay using zebrafish
was conducted using the methods described
previously by Grisola and Fuentes (2017). Adult
zebrafish (a ratio of 3 males to 2 females) were
placed separately in a breeding tank with a removable
divider. As soon as the light cycle started, the divider

was removed and the zebrafish were allowed to
spawn. The embryos were collected and washed
with distilled water several times. Necrotic embryos
and debris were removed and the embryos were
transferred to an embryonic medium (13.7 mM NacCl,
0.5 mM KCI, 25 pM Na,HPO,, 44 uyM KH,PO,, 1.3
mM MgSO,, 4.2 mM NaHCO,) and incubated at
28.5°C for 6 hpf. The embryos were harvested and
10 embryos were placed in each well of a 24-well
plate containing 200 pl of embryonic medium. The
embryos at 9 hpf were treated with the plant extracts
with concentrations as indicated in 0.1% DMSO and
were exposed until 55 hpf stage. Occasional stirring
and replacement of the medium with the positive
control or extracts on the second day was done to
ensure even distribution of the extracts. Kojic acid (20
mM) was used as the positive control and embryonic
medium with 0.1% DMSO as the negative control. At
55 hpf, evaluation of the effect of the extract on the
body pigmentation and cytotoxicity was carried under
the microscope (Euromex BioBlue). The embryos
were dechorionated and mounted in 3% methyl
cellulose on a depression slide. It was photographed
using a Samsung SJ100ML camera. The effects on
the pigmentation of zebrafish were scored arbitrarily
as follows: none or mild for <10%, moderate for 10—
49% and profound for >50% (Choi et al 2007).

Estimation of Melanin Content

Photographs of ten representative embryos of
the different treatments including the control and
kojic acid were randomly selected and subjected to
Imaged Analysis (Schneider et al 2012). The area of
the eyes, where pigmentation is most intense, was
outlined in the software and the integrated density
was the calculated. The integrated density is used
to estimate the ocular melanin content (Dong et al
2014). The darker the eyes, i.e. high melanin content,
the higher the integrated density.

Data Analysis

All experiments were conducted in three
independent trials (n=30). Data are expressed as
mean * standard deviation and were analysed using
a one-way analysis of variance. A post hoc test and
Tukey Honest Significant Difference were performed
to determine significant difference between means.
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RESULTS
Screening

Five terrestrial plants with known
ethnopharmacological uses namely C. alata, C.
frutescens, T. pandacaqui, C. esculenta and A.
macrorhizos were screened for their toxicity and
melanogenic effects on zebrafish embryos (Table 1
and Figure 1). Embryo treated with 0.1% DMSO did
not show deformities and did not show decrease in
melanin content. All zebrafish embryos were vital
and showed minimal deformities after being exposed
with C. alata leaf and A. macrorhizos petiole extracts.
The other crude extracts were observed to be lethal
to the embryos, even at the low concentration. For
the antimelanogenic effect, all extracts exhibited
either none or mild inhibitory effect. Only the C.
alata leaf extracts demonstrated relatively promising
melanogenesis inhibitory effect. At low dosage, the
C. alata leaf extracts, showed less pigmentation on
the eyes and on the melanocytes on the dorsal side
of the embryo. On the other hand, kojic acid showed
profound decrease of melanin content in zebrafish
(Figure 1).

Dose-dependent Assay

The C. alata extract was subjected to further
investigation for its dose-dependent effect on the
melanogenesis of zebrafish embryo at concentration
range of 100 pg/mL to 500 pyg/mL. C. alata leaf extract
exhibited a dose-dependent inhibitory effect on the
melanogenesis of zebrafish. Greater percentage of
zebrafish embryos exhibit profound and moderate
effects on its pigmentation at higher dosages, 500
pg/mL and 400 pg/mL (Table 2) without causing
death. Less pigmentation is evidently seen on the
head of the embryo up to the end of its tail (Figure
2). Additionally, the effects of the extracts in the
retina pigment epithelium are clearly seen in higher
dosages.

Estimation of Melanin Content

Using 10 representative embryos from each
dosage, the average melanin integrated density was
obtained (Figure 3). The integrated density of melanin
present in the retina of the eye of the zebrafish
embryo is estimated using ImagedJ analysis. Results
showed that the ocular melanin content decreases
as the dosage of the C. alata leaf extract increases
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Figure 1. Melanogenic effects on the pigmentation of zebrafish embryos of selected terrestrial plants with known ethnopharmacological
uses. Adult zebrafish (n=30) were exposed to the 0.1% DMSO (control), positive control kojic acid (20 mM) and plant extracts at 100 ug/mL
and 50 pg/mL concentrations from 9 hpf until 55 hpf. The effects of the extracts on the embryo’s pigmentation were viewed using Euromex
BioBlue Lab 10S Plan Biological Microscope and photographed using Samsung SM-J100ML.
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Table 1. Toxicity of selected terrestrial plants with ethnopharmacological uses to the zebrafish

embryos.
Treatment Concentration No. of dead
Scientific name Plant part used (ng'mL) embryo (n=30)*

Control (DMSO)T 0
kojic acid? 0
Cassia alata leaves 100 0
50 0

Capsicum frutescens fruits 100 30
30 30

Tabernaemontana pandacagui leaves 100 30
50 30

Colocasia esculenta leaves 100 23
50 29

petioles 100 30

50 30

Alocasia macrorfizos petioles 100 0
50 0

1 0.1% DMSO; £ 20 mM.

* Adult zebrafish (n=30) were exposed to different concentrations of the control and extracts from 9 hpf until
55 hpf. Data are representative of three independent experiment.
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Figure 2. Dose-dependent melanogenic effects on the pigmentation of C. alata. Adult zebrafish (n=30) were exposed to the control
(0.1% DMSO), positive control kojic acid (20 mM) and different concentrations, as indicated, of the plant extracts from 9 hpf until 55
hpf. The effects of the extracts on the embryo’s pigmentation were viewed using Euromex BioBlue Lab |0S Plan Biological Microscope
and photographed using Samsung SM-J100ML at 3 different angles.
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Table 2. Effects of Cassia alata leaf extract on the pigmentation and mortality of zebrafish embryos.

Treatment Concentration None or Mild Moderate Profound No. of dead
(ng/'mlL) [aumber (%¢)] [umber (%0)] [umber (%0)] embryo
{(n=30)
Control 30 (1003 0 (0 0 (0 0
(DMSO)T
kojic acid* 0 (0 0 (0 30 (1007 0
C. alata leaf 500 4(13.3) 3(16.7) 21{70) 0
400 B(26.7) 6 (200 16 (53.3) 0
300 16 (23.3) 10(33.4) 4(133) 0
200 24767 6 (20) 0{ 0
100 25(83.3) 2{16.7) 0{ 0

1 0.1% DMSO; £ 20 mM.

* Adult zebrafish (n=30) were exposed to different concentrations of the control and extracts from 9 hpf until 55 hpf. The
effects on the pigmentation were arbitrarily scored based on the criteria as follows: none or mild, <10%; moderate, 10%
to 49%; profound, >50%. Data are representative of three independent experiments.

which suggested inhibitory activity of the C. alata leaf
extracts.

DISCUSSION

Plants have been considered good sources of
depigmenting agents because they are cheap, safe
and readily available. However, aside from their
effectiveness, toxicity of the use of these bioactive
plant extracts must also be considered.

In the screening process, C. frutescens, T.
pandacaqui and C. esculenta showed toxic effects to
the zebrafishembryos. Only the leaf extracts of C. alata
exhibited non-toxicity to the embryo and promising
antimelanogenesis activity. At higher concentration,
a high percentage of the zebrafish embryos showed
profound melanogenic inhibitory effects was observed
when treated with C. alata leaf extracts. The ocular
melanin content of the embryos also decreased as
the C. alata leaf extracts concentration increased.
The results suggest that the leaf extracts of C. alata
exhibited inhibition of the melanogenesis. In some
communities in the Philippines, C. alata is being used
by the locals to treat arthritis, scabies, ascariasis,
ringworm, flatulence, headache and skin fungal
infections (Abe and Ohtani 2013; Communities in
Samar Island Natural Park 2012).

Plants with antimelanogenic property are reported
to inhibit of melanin synthesis, mostly, via the down

regulation of the tyrosinase activity. Tyrosinase is the
enzyme which is involved in the oxidative conversion
of tyrosinase to dopaquinone, a rate-limiting step in
the melanin production (Chang 2012). A recent study
had showed that the leaf extracts of C. alata inhibited
the tyrosinase activity using the mushroom tyrosinase
assay (Chatatikum and Chiabchalard 2017). The
study further claimed that the tyrosinase activity
of the leaf extracts can be attributed to their high
flavonoid content. The leaves of C. alata are reported
to contain flavonols, kaempferol and quercetin
(Rahman et al 2006; Liu et al 2009; Varghese et al
2013). These natural compounds have been reported
to antimelanogenic activity through inhibition of the
tyrosinase activity (Rho et al 2011; Choi and Shin
2016). Thus, the decrease in the melanin contentin the
zebrafish embryo after treatment with C. alata, in the
present study, may be due to the tyrosinase inhibitory
activity of the identified flavonoids. However, the leaf
extracts of C. alata and pod extracts of a related plant
Cassia occidentalis were reported to induce melanin
production in melb-a mouse melanoblast cell line
(Babitha et al 2010; Babitha et al 2011). Furthermore,
the extracts also upregulated the tyrosinase activity in
melb-a cells, a cell line that do not express tyrosinase
under normal conditions. The possible reason of this
disagreement is the difference in the assay system. It
should be noted though that there are no reports on
the stimulatory effect of C. alata on melanogenesis in
an animal model. Other species of the genus Cassia
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Figure 3. Estimated ocular melanin content of zebrafish embryos. In each trial, with ten (10) randomly
pictures per concentration were selected. The relative pigmentation levels in the embryos’ eyes are
estimated by measuring the integrated density using ImagedJ analysis. The histogram represents the
mean (tstandard deviation) melanin integrated densities of the three independent trials.

had been reported to possess anti-melanogenic
activity. Using the pod extracts, C. fistula exhibited
strong tyrosinase inhibitory activity (Khan et al 2017).
Moreover, reduction of the skin melanin was observed
in patients treated with the C. fistula extracts. Thus,
the antimelanogenesis activity of C. alata is further
confirmed by the present study as the results support
the previous report on its antityrosinase activity. To
the best of our knowledge, this study presents the first
report of the inhibitory activity of C. alata leaf extract
in an animal model.

In conclusion, C. alata leaf extracts decreased
the melanin pigmentation in zebrafish embryo and
its activity was observed to be dose-dependent.
The results suggest that C. alata leaf extracts inhibit
the melanin production in zebrafish. Furthermore,
previous study on the tyrosinase inhibitory activity of
the plant supports the result of the present study. C.
alata therefore is a potential source of compounds
with antimelanogenic property.
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