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Camptostemon philippinensis is one of the endemic tree species found in mangrove ecosystems in the 
Philippines. Its leaf extracts were tested for its antimelanogenic and antibacterial properties. The antimelanogenic 
property as determined using the zebrafish-based assay system, showed that C. philippinensis methanolic leaf 
extracts had a profound effect on the melanin production in the embryo by decreasing the pigmentation by >50% 
as compared to the control. Furthermore, C. philippinensis leaf extracts exhibited dose dependent inhibitory 
activity on ocular melanogenesis. At 175 µg/mL and 200 µg/mL, the anti-melanogenic property was comparable 
with that of the commercially available whitening agent, kojic acid. The antibacterial screening was conducted 
using diffusion disk assay method against Gram-positive Staphylococcus aureus, Bacillus subtilis, and Gram 
negative Escherichia coli and Pseudomonas aeruginosa. Its methanolic extractsinhibited only the gram-
positive bacteria. However, after further fractionation, its ethyl acetate (EtOAc) extract exhibited antibacterial 
activity against both gram-positive and gram negative bacteria. The minimum inhibitory concentration (MIC) 
for the EtOAc fraction was 0.31 ± 0.00 mg/mL for Staphylococcus aureus, Bacillus subtilis, and Pseudomonas 
aeruginosa, and 0.42 ± 0.18 mg/mL for Escherichia coli. As shown by the results of this study, C. philippinensis 
can be a potent source of compounds with antimelanogenic and antibacterial properties

Mangroves are salt-tolerant plant species 
that can be found along the coasts of tropical and 
sub-tropical countries (Primavera et al 2019). They 
are utilized by locals as source of fuelwood, timber 
forest products and treatment for common illness 
(UNEP 2014). Moreover, they have been reported 
to possess pharmacological properties such as 
antioxidant, antimicrobial, anti inflammatory, anti-
melanogenic and anticancer properties (Prabhu & 
Guruvayoorappan 2012;Grisola & Fuentes 2017; 
Eswaraiah et al 2020; Darmadi et al 2021; Toume 
et al 2013).

Camptostemon philippinensis is a true mangrove 
native in the coasts of the Philippines and Indonesia 
(Primavera et al. 2004). There are no documented 

reports on the medicinal properties and biological 
properties of this mangrove species but a study on its 
endophytic fungi as potential source of antimicrobial 
compounds has been reported (Ramirez et al 2020).

Melanin is a darkening pigment produced in the 
melanosome of melanocytes through the process 
of melanogenesis, provides photoprotection and 
thermoregulation to an organism (Lin and Fisher 
2007). However, the increase in production and 
accumulation of melanin results to abnormalities and 
skin diseases such as hyperpigmentation, melasma, 
proinflammatory melanoderma, and solar lentigo 
which cause both psychosocial and aesthetic 
problems (Vashi and Kundu 2013; Yamaguchi and 
Hearing 2014). Due to the publics’ attention to skin 
appearance, pharmaceutical companies are giving 
attention to research on altering skin pigmentation. 
Commercially available whitening agents such as 
hydroquinone (1,4-dihydroxybenzene) are reported 
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to exhibit poor skin penetrations and side effects 
including skin irritation after long exposure (Zhu 
and Gao 2008; Gillbro and Olsson 2011). With this, 
leading industries and researchers look for alternative 
sources with potent antimelanogenic properties 
and relatively fewer side effects for use in the 
cosmeceutical industry (Dias et al 2020; Quian et 
al 2020). One potential sources of antimelanogenic 
compounds are the plants. Sonneratia alba and 
Cassia alata were reported to decrease the black 
pigmentation in zebrafish embryo which suggest 
inhibition of melanin production (Grisola & Fuentes 
2017; Lelina & Fuentes 2018). S. alba was also 
reported to decrease the anti-tyrosinase activity (Suh 
et al 2014) which may explain the mechanism of its 
inhibitory action in the zebrafish embryo. Tyrosinase 
is an enzyme that participates in melanin synthesis 
(Zolghadri et al 2019).

There is a current crisis on antimicrobial resistance 
because of misuse, inappropriate prescribing, 
extensive agricultural use, and availability of few 
antibiotics (Ventola 2015). This scenario persists 
as a global threat, with an annual increase in the 
Philippines reported strains of antimicrobial resistant 
microorganisms (Sia et al 2017; Argimon et al 
2020;). Thus, searching for novel antibiotics and 
new source of these antibiotics must be undertaken. 
Plants are considered as very important resources for 
drug discovery particularly as an alternative source 
of antimicrobial agents (Cowan 1999). A single plant 
may contain many compounds of interest. There are 
more than 1000 different phytochemicals isolated and 
identified from plants which possess antimicrobial 
activities against human pathogens (Barbieri et al., 
2017; Alibi et al 2021). These compounds provide an 
avenue of discovery for a direct source of an antibiotic 
lead. 

In this study, leaf extracts of C. philippinensis 
were evaluated for its melanogenesis inhibitory 
properties using zebrafish-based phenotypic assay. 
Furthermore, the antibacterial property of the extracts 
was examined against some pathogenic bacteria.

MATERIALS AND METHODS

Plant Materials

Leaves of Camptostemon philippinensis were 
collected from Maasin City, Southern Leyte, 
Philippines. The mangrove species was identified 
based from the identification guides (Primavera et al 

2004; Primavera 2009) . Voucher specimens were 
then stored at the Division of Natural Sciences and 
Mathematics, University of the Philippines Visayas 
Tacloban College. Leaves were washed thoroughly 
with water and air-dried. The dried samples were 
reduced to powder using a blender. Then, 100 g of the 
powdered leaves was soaked in 250 mL of methanol 
overnight, then filtered by Whatman filter paper and 
the solvents were removed using Rotavapor (BUCHI). 
Crude extracts were stored at 4°C until analysis. 
The crude methanolic extract (1.1314 g) was re 
suspended in 10% methanol (30 mL). Then, it was 
partitioned between n- hexane and EtOAc (30 mL × 
3) to obtain dried n-hexane (0.2792 g), EtOAc (0.3375 
g) and aqueous (0.3954 g) fractions. The fractions 
were stored in -4°C and dark conditions until analysis.

Zebrafish husbandry

Adult zebrafish were obtained from a commercial 
dealer in Tacloban City, Philippines. Standard 
protocols from Avdesh et al. (2012) were used to 
maintain and simulate optimal natural breeding 
conditions of the adult zebrafish. Male and female 
zebrafish were kept and separated in two different 
aquariums. They were fed twice a day with flake food 
during weekdays and once during weekends. A 14-
hour light and 10-hour dark cycle was also initiated to 
simulate optimal breeding conditions turning on the 
lights at 6:30 am and turning of the lights at 8:30 pm.

Phenotypic-based screening using zebrafish

The assay using the zebrafish model was 
conducted using the method described by Choi et 
al. (2007). Kojic acid was used as a positive control. 
Spawning was done by placing male and female 
zebrafish (2 male: 1 female) in a breeding chamber 
which is induced in the morning as soon as the 
light cycle starts. After two hours, the embryos 
were collected, washed and examined under a 
stereomicroscope. Unfertilized egg and unwanted 
particles were removed. Then, the embryos were 
transferred to a Petri dish which is filled with distilled 
water and incubated at 28.5°C. Embryos were 
collected and randomly transferred to a 24-well 
plate containing distilled water, each well containing 
five embryos. Three wells were allotted for each 
concentration, as indicated, of the extract which 
sums up to 15 eggs per concentration per trial. The 
embryos were treated with plant extracts (dissolved 
in 0.1% DMSO), 0.1% DMSO, and 20 mM kojic 
acid from 9 hours post fertilization (hpf) to 55 hpf. 
The extracts in the wells were stirred occasionally 
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and are changed every 12 hours to ensure even 
distribution. At 55 hpf, the effects of the extract on the 
pigmentation of the living embryos only were observed 
under the microscope and photographed. The effects 
of the kojic acid and extracts on the pigmentation of 
zebrafish were compared to the negative control and 
were then be scored as follows: < 10% as none or 
mild, 10–49% as moderate, and >50% as profound 
by Choi et al (2007).

Ocular melanin estimation

Prior to the estimation of the ocular melanin 
content, ten representative embryos from each 
treatment were photographed. Using ImageJ analysis 
software, the melanin content of the treated embryos 
was estimated (Schneider et al 2012). The area of 
the eyes was selected using the outline tool of the 
ImageJ software, then followed by clearing outside 
of the eye. Then, after setting the parameter to be 
measured, the integrated density was determined 
without background correction. Higher value of 
integrated density means darker eyes.

Test organisms

Two (2) gram-positive bacteria, Staphylococcus 
aureus (ATCC 25923) and Bacillus subtilis 
(ATCC 10876); and two gram-negative bacteria, 
Pseudomonas aeruginosa (ATCC 27853) and 
Escherichia coli (ATCC 25922) were obtained from 
the Department of Science and Technology- Regional 
Office 8, Palo, Leyte. They were maintained in 
nutrient agar and stored at 4°C.

Kirby-Bauer Disk Diffusion Susceptibility test

The preliminary determination of the 
antibacterial activity against the test organisms 
was conducted using the Kirby-Bauer Disk Diffusion 
Susceptibility test (CLSI 2009a). Mueller-Hinton (MH) 
agar was prepared according to the manufacturer’s 
manual. A day prior to the test, bacterial suspensions 
(~1.5 x 108 colony-forming units (CFU)/mL) were 
prepared. They were standardized using 0.5 
McFarland Standard. Sterile disks were prepared to 
contain 10 µL of 10 mg/mL of the extracts, 10 µL of 
10 mg/mL Streptomycin (positive control), and 10 µL 
of 10% DMSO (negative control). The bacterial broth 
was then swab to the MH agar using a sterile swab. 
Disks were then placed in various locations in the 
agar plate 3-5 minutes after inoculation. Then, the 
plates were incubated for 24 h at room temperature. 
The inhibition of growth around the disks corresponds 
as a positive result. Pictures of the plates were taken 

and ImageJ analysis were used to measure the 
zones of Inhibition (ZOI) (Schneider 2012).

Minimum inhibitory concentration (MIC) Assay

Minimum inhibitory concentration (MIC) for all 
active extracts were determined using a two-fold broth 
microdilution method recommended by CLSI (2009b). 
Serial dilutions for each extracts were prepared such 
that each well contains 50 µL of test extracts with 
concentrations ranging from 10 mg/mL to 313 µg/mL. 
Bacterial suspensions were prepared and turbidity 
was adjusted according to the 0.5 McFarland standard 
by adding to give a concentration of 1.5x108 CFU/mL. 
Each well was inoculated with 50 µL of the bacterial 
suspension and incubated at room temperature for 
24h. The bacterial growth was observed then the MIC 
was determined as the lowest concentation of the 
extracts that showed a clear solution or no growth.

Phytochemical screening

The presence of phenolic compounds, flavonoids, 
saponins and steroids were determined using the 
standard procedure by Harborne (1998) and Jones 
and Kinghorn (2012). 

Phenols and related compounds.Three drops 
of freshly prepared mixture of 1mL 1% FeCl3 and 1 
mL potassium ferrocyanide were added to a 2mL 
plant extract. Bluish-green color indicated presence 
of phenolic compounds. Another test was conducted 
by suspending the plant extracts in water then few 
crystals of ferric sulfate was added to the mixture. The 
dark-violet color signaled the presence of phenols.

Flavonoids. For the lead acetate test, one mL of 
10% lead acetate solution was added to an aqueous 
solution of 0.5g leaf extract. The formation of 
a yellow precipitate signaled the presence of 
flavonoids. Another test was conducted by adding 
dilute NaOH solution to an aqueous solution of 0.5 
g leaf extract. The formation of a yellow precipitate 
signaled the presence of flavonoids.

Saponins. One (1) g of the leaf extract was boiled 
with five mL distilled water and filtered. The filtrate 
was set aside and be added with 5mL distilled water. 
The mixture was shaken vigorously for 5 min. The 
formation of froth indicated the presence of saponins.

Steroids. Two (2) mL of acetic acid was added to 
0.2 g of leaf extract. The mixture was cooled in ice, 
after which a few drops of concentrated H2SO4 was 
added. The presence of violet to blue to bluish-green 
color was a positive result for the test for steroids.



Gadores, MCS. et al./ Phil. J. of Nat. Sci.  26: 8-19 (2021) 11

Figure 1. Melanogenic dose-response of zebrafish embryos to different leaf extract concentrations of 
C. philippinensis, 0.1 % DMSO (negative control) and 20 mM kojic acid (positive control)

RESULTS

Screening of some mangal extracts on their 
inhibitory against melanin production revealed that 
leaf extracts of C. philippinensis possessed anti-
melanogenic activities (Supplemental data). The 
leaves of C. philippinensis were further studied 
on their antibacterial activity because there are no 
documentation of their antibacterial property and 
no known uses in the local community. Morever, 
C. philippinensis was selected because it did not 
show lethality on the zebrafish embryo at higher 
concentrations (Supplemental data).

Antimelanogenic activity

All concentrations of the leaf extracts of C. 
philippinensis exhibited moderate (10-49%) to 
profound (>50%) effects on the pigmentation in the 
body and retina pigment epithelium as compared to 
the control in dose-dependent manner (Figure 1). The 

embryos treated with higher dosages were observed 
to be lighter compared to the embryos treated with 
DMSO only (negative control). The embryos treated 
with the positive control, kojic acid, also showed 
a >50% decrease in pigmentation as compared 
to the embryos treated only with the 1% DMSO. 
ImageJ analysis was then conducted to determine 
the integrated density of the ocular melanin. As 
shown in Figure 2, embryos treated with DMSO had 
the highest integrated density and the integrated 
density decreases as we increase the concentration 
of the leaf extracts. Tukey HSD post hoc test revealed 
that ocular melanin content of embryos treated with 
0.1% DMSO is significantly different to all other 
treatments except at 100 µg/mL. Furthermore, the 
activity of the extracts at 100 µg/mL to 175 µg/mL 
were comparable to the positive control kojic acid 
(20 mM), and at 200 µg/mL the activity was better 
than the positive control.
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Table 1. Antibacterial activity of leaf extracts from C. philippinensis by disk diffusion assay

Antibacterial activity

In the antibacterial assays, the crude methanolic 
extracts only inhibited the growth of two gram-positive 
bacteria, B. subtilis and S. aureus. However, after 
fractionation, the hexane fraction was observed to 
have zones of inhibition in two gram-positive bacteria, 
and the gram-negative bacteria P. aeruginosa    

Figure 2. Relative ocular pigmentation intensity of embryos treated with control, kojic acid 
and different concentrations of C. philippinensis leaf extracts. Data are representative of three 
independent experiments. Levels of eye pigmentation was quantified using ImageJ software. 
The histogram represents the mean (± SD) integrated densities or ocular melanin content 
of zebrafish embryos (n=10). Different letters indicate statistically significant differences at            
p < 0.05 by ANOVA followed by a Tukey’s Honest Significant Difference (HSD) post hoc test.

(Table 1). A wide spectrum of growth inhibition 
against all four test bacteria was observed in EtOAc 
extracts. The minimum inhibitory concentration (MIC) 
for the EtOAc extracts was 0.31 ± 0.00 mg/mL 
for Staphylococcus aureus, Bacillus subtilis, and 
Pseudomonas aeruginosa, and 0.42 ± 0.18 mg/mL 
for Escherichia coli (Table 2).

 

 

                                               Zone of Inhibition (mm) * a 

 
Treatment 

 
Gram-positive bacteria 

 
Gram-negative bacteria 

 B. subtilis S. aureus E. coli P. aeruginosa 

Streptomycin 24.50 ± 0.74 27.13 ± 2.94 21.41 ± 1.50 24.20 ± 1.42 
DMSO - - - - 

Methanol 8.28 ± 1.40 8.35 ± 0.87 - - 
Hexane 9.52 ± 1.10 11.34 ± 2.95 - 8.23 ± 0.70 

Ethyl Acetate 9.10 ± 1.19 11.84 ± 1.75 9.82 ± 1.91b 15.72 ± 2.37 
Aqueous 9.83 ± 1.83 10.52 ± 2.53 - - 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

*: mean diameter of zone of inhibition ± SD (n=9)
a: disk diameter is 7mm
b: mean diameter of zone of inhibition ± SD (n=12)
(-): no zone of inhibition observed



Gadores, MCS. et al./ Phil. J. of Nat. Sci.  26: 8-19 (2021) 13

DISCUSSION

Due to diseases caused by the abnormal 
production and distribution of melanin in the 
epidermis, numerous number of anti-melanogenic 
compounds have been used to inhibit and reduce 
the level of pigmentation. These inhibitors include 
both natural and synthetic compounds such as 
hydroquinone (1,4-dihydroxybenzene), kojic acid, 
azelaic acid, arbutin, and flavonoid-like agents such 
as aloesin and hydroxystilbene derivatives (Gillbro 
and Olsson 2011). Despite their effectivity, some 
of these compounds exhibit poor skin penetration and 
side effects (Zhuo and Gao 2008). 

For example, hydroquinone exhibits mutagenic 
properties, arbutin produces a substance which then 
becomes toxic to the bone marrow, and kojic acid 
which exhibits carcinogenic properties (Pillaiyar et 
al. 2017). Thus, there is a need for the discovery 
of new potent anti-melanogenic compounds with no 
to little side effects. 

C. philippinensis leaf extracts decreased the melanin 
pigmentation in zebrafish embryo.

The observed decreased in the melanin 
pigmentation in the dorsal and ocular regions of the 
zebrafish embryos after treatment of the leaf extracts 
suggests that the extracts inhibited melanin production 
(Figure 1). This observation is also supported by the 
decrease in integrated density in groups treated 
with the leaf extracts. The integrated density is an 
estimation of melanin content (Dong et al 2014), 
thus as it can be inferred that as the concentration 
increases, the melanin content decreases. Studies 
have reported that several mangal extracts have 

antityrosinase activity which may be responsible for 
the anti-melanogenic activity of the extracts (Suh et al 
2014). Inhibition of the tyrosinase may involve direct 
inhibition of the enzyme and chelation of the metal 
copper which is essential for the enzyme activity 
(Chang 2012). The phytochemical screening of the 
leaf methanolic extracts of C. philippinensis revealed 
the presence of phenols, flavonoids, saponins and 
steroids (Table 4). These compounds are reported to 
inhibit the activity of tyrosinase which is an important 
enzyme in melanin biosynthesis (Zolghadri et al 
2018). Phenolic compounds such as ellagic acid and 
gallic acid are reported to inhibit tyrosinase inhibitory 
activity which suggest their potential whitening agents 
(Yoshimura et al 2005; Kim 2007). Several mangal 
species such as Sonneratia spp and Ceriops tagal 
are known to produce these   compounds (Fang et 
al 2019; Sachithanamdam et al. 2020). It is therefore 
recommended that further isolation and purification 
of the compounds to identify the compounds that are 
responsible for its antimelanogenic activity. 

C. philippinensis leaf extracts exhibited antibacterial 
property. 

Mangroves produce diverse natural products 
which make them potential sources of antimicrobial 
compounds (Patra and Mohanta 2014). Many 
studies have been conducted on the antimicrobial 
property of mangroves. Chandrasekaran et al (2009) 
reported that the leaf methanol extract of Excoecaria 
agallocha had a high inhibitory activity again the 
methicillin resistant Staphylococcus aureus. The leaf 
methanol extracts from Suaeda nudiflora, Lumnitzera 
racemosa, Ipomoea tuba and Avicennia alba 
exhibited inhibitory activity against Staphylococcus 

 

 

                                 Minimum inhibitory concentration (MIC) (mg/mL)* 

 
Treatment 

 
Gram-positive  

 
Gram-negative  

 B. subtilis S. aureus E. coli P. aeruginosa 

Methanol 1.67 ± 0.72a 3.75 ± 1.77 ND ND 
Hexane 0.47 ± 0.22 0.78 ± 0.66 ND 0.78 ± 0.66 

Ethyl Acetate 0.31 ± 0.00 0.31 ± 0.00 0.42 ± 0.18a 0.31 ± 0.00 
Aqueous 1.56 ± 1.33 1.25 ± 0.00 ND ND 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2. Minimum inhibitory concentration of C. philippinensis leaf extracts

*: Values presented are mean MIC measurements ± SD (n=2)
a: Values presented are mean MIC measurements ± SD (n=3)
ND – not determined. No growth inhibition was observed in the disk diffusion assay
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aureus and against Micrococcus luteus, Bacillus 
subtilis and Pseudomonas aeruginosa (Eswaraiah 
et al 2020). In this study, the leaf methanol extracts 
of C. philippinensis had inhibitory activity against 
the Gram-positive bacteria B. subtilis and S. aureus. 
However, after series of extraction, the ethyl acetate 
(EtOAc) fraction had demonstrated broad-spectrum 
antibacterial activities against both the Gram-positive 
bacteria, and Gram-negative bacteria E. coli and P. 
aeruginosa. Moreover, the EtOAc extracts had the 
lowest minimum inhibitory activities (MIC) among 
the five extracts. Additionally, the susceptibility of E. 
coli to the EtOAc fraction is note-worthy because it is 
usually harder to kill among the other test bacteria 
(Yang et al. 2004; Geidam et al. 2007; Darmon et 
al. 2014). The reason for this is E. coli employs a 
combination of methods to survive multiple damages 
to the DNA. E. coli repairs damages to DNA fairly 
quickly via intracellular mechanism, and it carries out 
overlapping rounds of DNA replication that enables 
the species to continually reproduce (Darmon et 

al. 2014). Some studies on the antibacterial activity 
of mangal extracts reported that maximum activity 
was observed in EtOAc extracts. Bhimba et al (2010) 
had shown that the EtOAc leaf extacts of Avicennia 
officinalis had the most potent antibacterial activity 
against S. aureus and E. coli when compared to the 
different solvents used in the extraction. The EtOAc 
bark extracts of Sonneratia alba was also observed 
to have the strongest antibacterial activity against S. 
aureus and Streptococcus mutans compared to the 
n-hexane and methanol extracts (Harizon et al 2014).
The solvent partitioning steps may have concentrate 
the active compounds in the EtOAc fraction which 
make it more active than the methanol crude 
extract; and/or may have eliminated the antagonistic 
effect of the compounds in the methanol crude 
extract. In the present study, phytochemical 
analysis revealed the presence of phenols, 
flavonoids and sterols in the EtOAc fraction (Table 
4). These group of compounds have been reported 
to possess potent antibacterial activities. Phenolic 

 

 

 

 
Species 

Minimum inhibitory concentration (MIC) (mg/mL)*  
Reference 

Gram-positive Gram-negative 
B. subtilis S. aureus E. coli P. aeruginosa 

C. philippinensis 0.31 ± 0.00 
(ATCC 10876) 

0.31 ± 0.00 
(ATCC 25923) 

0.42 ± 0.18 
(ATCC 25922) 

0.31 ± 0.00 
(ATCC 27853) 

This study 

A. marina ND 
(ATCC 10400) 

1.2 ± 0.1 
(ATCC 29213) 

1.4 ± 0.15 
(ATCC 442) 

ND  
(ATCC 27853) 

 Okla et al. 2021 

S. alba NI 1.11 
(ATCC 25923)  

1.11 
(ATCC35218) 

ND 
(ATCC 27853) 

  Saad et al. 2012 

D. spathacea 5 
(ATCC 6633) 

5 
(CIP 8325-4) 

10 
(CIP 54.27) 

10  
(ATCC 9027) 

Nguyen et al. 2018 

 

 

Table 3. Minimum inhibitory concentration of some mangal ethyl acetate leaf extracts

ND – not determined. No growth inhibition was observed in the disk diffusion assay. NI – not included in the study.

 

Extract                                       Phytochemical screening 
 

Phenols Flavonoids Saponins Steroids 
Methanolic + + + + 

Ethyl Acetate + + + - 
Hexane - - - + 
Aqueous - + - - 

 

Table 4. Phytochemical screening of C. philippinensis extracts 

(+) – detected; (-) - not detected
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compounds verbascoside, decaffeoylacteoside, 
luteolin, p-methoxycinnamic acid which were isolated 
from the mangrove trumpet tree Dolichandrone 
spathacea were reported to have strong antibacterial 
activity (Nguyen et al 2018). On the other hand, the 
naphthoquinones avicequinone A, carpoquinone B 
and avicequinone C which were isolated from 
A. marina exhibited potent antibacterial activities 
(Han et al 2007). Thus, phenolics particularly the 
flavonoids of the leaf extracts may be responsible 
to the antibacterial activity of the EtOAc extracts. 
However, C. philippinensis had lower minimum 
inhibitory concentration (MIC) for the four test 
organisms used in this study if compared with A. 
officinales, S. alba and D. spathacea (Table 5).

In conclusion, the leaf methanol extract of 
C. philippinesis exhibited antimelanogenic and 
antibacterial properties. Isolation and identification 
of its phenolic compounds offers an important study 
to discover new whitening agents and antimicrobial 
drugs. To the best of our knowledge, this study is 
the first report of the biological properties of C. 
philippinesis.
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Supplemental Figure 1. Melanogenic effects on the pigmentation of the selected mangrove leaf extracts at concentrations of 50 µg/
mL and 100 µg/mL. A= Control (0.1 % DMSO); B= Kojic Acid (20 mM); C,D= A. alba (50;100 µg/mL); E,F= A. officinalis (50;100 µg/
mL); G,H= C. philippinensis (50;100 µg/mL); I,J= L. racemosa (50;100 µg/mL); K,L= P. acidula (50;100 µg/mL)
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Treatment Concentration 
(µg/mL) 

Embryo 
(death/total) 

DMSO   0.1% 0/15 
Kojic Acid  20 mM 0/15 
Avicennia alba Leaves 50 

100 
0/15 
1/15 

 Bark 50 
100 

15/15 
15/15 

Avicennia officinalis Leaves 50 
100 

0/15 
0/15 

 Bark 50 
100 

15/15 
15/15 

Camptostemon philippinensis Leaves 50 
100 

0/15 
0/15 

 Bark 50 
100 

15/15 
15/15 

Lumnitzera racemosa Leaves 50 
100 

1/15 
7/15 

 Bark 50 
100 

15/15 
15/15 

Pemphis acidula Leaves 50 
100 

3/15 
2/15 

 Bark 50 
100 

15/15 
15/15 

 

Supplemental Table 1. Toxicity of mangal extracts on zebrafish embryo.
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