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Introduction
Melanin is the major pigment which is largely responsible for 

the color of human skin. It has been known to be overproduced 
in skin hyperpigmentation diseases including post-inflammatory 
hyperpigmentation after acne [1], and chronic sun exposure. 

Several of the known natural melanin synthesis inhibitors, including 
kojic acid and arbutin, have already been the focus of studies, and are 
currently being utilized as cosmetic additives [2]. However, it is clearly 
necessary to find safer and more effective skin-whitening agents, due 
to the carcinogenic potential and weak whitening effects of kojic acid 
[3], and the cytotoxicity by UV-irradiation [4] and mutagenicity [5] 
potential of arbutin. Thus, although, many melanin synthesis inhibitors 
are currently available, the demand for novel melanin formation 
inhibitors are increasing. 

Marine algae are known to be rich in vitamins, minerals, 
polysaccharides and polyphenols with valuable pharmaceutical and 
biomedical potential [6-10].

Phlorotannins isolated from Ecklonia cava are phenolic secondary 
metabolites such as phloroglucinol, eckol, dieckol, eckstolonol and 
triphlorethol-A; these phlorotannins have been reported with various 
biological activities such as angiotensin converting emzyems inhibitory 
[11], neuroprotection [12], anti-inflammatory [13], and antioxidative 
[14,15].

Zebrafish has melanin pigments on the surface of their skin, 
allowing simple observation of the pigmentation process without 
complicated experimental procedures [16]. Skin melanin of zebrafish 
could be seen at approximately 24-hour post-fertilization (hpf). These 
characteristics suggest that the zebrafish would be an excellent model 
for the study of melanin synthesis. Therefore, in the present study, we 
investigated the melanin synthesis inhibitory effects of marine algal 
phlorotannins including PG, EK, and DK in zebrafish embryos.

Materials and methods 
Zebrafish maintenance

Adult zebrafish were obtained from a Seoul aquarium (Seoul, 
Korea) and 10 fishes were kept in 3 l acrylic tank. Zebrafish maintained 
according to previously described [17]. The adult zebrafish procedures 
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Abstract
The demand for novel melanin synthesis inhibitors is increasing due to the weak effectiveness and unwanted side effects. Thus, marine algae have been studied 
as sources of inhibitors of melanin synthesis, but it is still unclear whether they will be effective in in vivo. In this study, we investigated whether marine algal 
phlorotannins including phloroglucinol (PG), ekcol (EK), and dieckol (DK) from Ecklonia cava inhibit melanin synthesis in zebrafish embryos. PG, EK, and DK 
treatment were found to inhibit melanin synthesis in zebrafish embryos as similar to arbutin, used as a positive control. Interestingly, PG, EK, and DK treatment 
showed no toxicity, whereas arbutin treatment showed toxicity for long-term exposure. As well, mRNA expression of pro-inflammatory cytokines, interleukin-1β 
(IL-1β), tumor necrosis factor-α (TNF- α), and cyclooxygenase-2 (COX-2) were increased in arbutin treatment, whereas, the mRNA expression were not altered in 
PG, EK, and DK treatment by long-tern exposure. These findings suggest that PG, EK, and DK from E.cava inhibit melanin synthesis similar to arbutin without 
inflammatory toxicity. PG, EK, and DK from E. cava could be a potential prevention and/or therapeutic ingredients for hyperpigmentation. 
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used in the present study were conducted according to the guidelines 
established by the Jeju National University Ethics Review Committee 
for Animal Experiments and approved by the Ethical Committee (IEC) 
of the Jeju National University. 

Preparation of phlorotannins from brown alga, Ecklonia cava 

The marine brown alga, E. cava was harvested along the coast of 
Jeju Island, Korea, between October 2013 and March 2014. The sample 
was washed three times with tap water to remove the salt, epiphytes, 
and sand attached to the surface. After then carefully rinsed with fresh 
water, and maintained in a medical refrigerator at -20°C. Thereafter, the 
frozen samples were lyophilized and homogenized with a grinder prior 
to extraction. PG, EK, and DK were isolated as previously described 
[18,19] and its chemical structure was presented in Figure 1A. 

Treatment of zebrafish embryos with compounds

Embryos (n=25) were transferred to 12-well plates and maintained 
in 1 ml of embryo media (0.003% sea salt, 0.0075% calcium sulfate). 
Embryos were incubated with or without arbutin, PG, EK, and DK 
(50 µM) from 9–35 hours post-fertilization (hpf) or from 1–5 days 
post-fertilization (dpf), thereafter the embryos were rinsed in embryo 
media and anaesthetized using 2-phenoxy ethanol (Sigma, St. Louis, 
MO) before experiments. Dimethyl sulfoxide (DMSO, Duchefa 
Biochemie, Netherlands) used for vehicle. Images were observed using 
the microscope (Carl Zeiss, Germany). 

Measurement of melanin contents 

Embryos (n=25) were transferred to 12-well plates and maintained 
in 1 ml of embryo media (0.003% sea salt, 0.0075% calcium sulfate). 
Embryos were incubated with or without arbutin, PG, EK, and DK (50 
µM) from 9–35 hours post-fertilization (hpf), thereafter the embryos 
were rinsed in embryo media and sonicated in Pro-Prep protein 
extraction solution (Intron, Korea). Melanin content was determined 
as described previously [20]. 

Measurement of heart rates

The heart rates were measured at 5 dpf of the experiment to 
determine the toxicity of compounds [20]. Counting and recording of 
atrial and ventricular contractions were performed for 3 min under a 
microscope (SZX7, Olympus, Japan), and results were presented as the 
average heart rate per min.

qRT-PCR 

Total RNA was extracted from zebrafish embryos using RNAiso 
plus (Takara Bio Inc., Japan), and cDNA was prepared using a 
PrimeScriptTM cDNA synthesis kit (Takara Bio Inc., Japan) according 
to the manufacturer’s instructions. cDNA samples were analyzed by 
the SYBR® Premix TaqTM, ROX plus (Takara Bio Inc., Japan) on Bio-
Rad cyclers (Hercules, CA). Gene expression was normalized to the 
endogenous housekeeping control gene, β-actin. Relative expression 

was calculated for each gene using the Δ Δ CT (where CT is the 
threshold cycle) method. The primer sequences used are listed in Table 1. 

Statistical analysis

All measurements were made in triplicate and all data are 
represented as mean ± S.E. The results were subjected to an analysis 
of variance using the Tukey test to analyze the differences among 
treatments. Values of p<0.05 were considered significant.

Results
PG, EK, and DK inhibit melanin synthesis in zebrafish 
embryo

First, to determine the melanin formation inhibitory ability of 
PG, EK, and DK in zebrafish embryos, 50 µM of arbutin as a control, 
which widely used for melanin formation inhibitor, PG, EK, and DK 
were used. As expected, arbutin showed significant melanin synthesis 
inhibition. Interestingly, when the zebrafish embryos were treated with 
PG, EK, and DK showed significant inhibition of melanin synthesis 
similar to arbutin (Figure 1B), suggesting that PG, EK, and DK are 
effective inhibitors to melanin synthesis in zebrafish. 

PG, EK, and DK have no inflammatory toxicity in zebrafish 
embryo

Melanin synthesis inhibitors including arbutin have been reported 
involved in adverse effects when it used long-term as cosmetics [21]. 
So, we determined whether PG, EK, and DK show toxicity by long-
term exposure in zebrafish embryos. As the results, a significantly lower 
survival was observed in arbutin-treatment zebrafish embryos (around 
50% survival), interestingly, the treatment of PG, EK, and DK raised 
the survival similar to the control (Figure 2A). Heart rates is indicator 
of toxicity in the test. A significantly lower heart rates was observed 
in arbutin-treated zebrafish embryos, whereas, PG, EK, and DK-
treatment did not generate any heat rates disturbance (Figure 2B). In 
the morphological evaluations, hyperpigmentation was observed with 
malformation of embryos body including relatively short body length, 
bow-shaped back, pericardial edema, and bent tail were observed in 
arbutin-treatment zebrafish embryos by long-term exposure, however, 
PG, EK, and DK-treatment did not show any adverse effects (Figure 
2C). Arbutin is a glucosylated hydroquinone [22], and hydroquinone 
treatment evoke substantial skin irradiation [23] consequently 
inflammation induced. So, to determine whether PG, EK, and DK 
induce inflammation in zebrafish embryos, we examined IL-1β, TNF-α, 
and COX-2 mRNA expression after treatment with PG, EK, and DK. 
mRNA expression of IL-1β, TNF-α, and COX-2 were increased (Figure 
3), as well inflammatory phenotype such as cardiac edema (indicated with 
arrow in Figure 2C) observed by long-term exposure of arbutin-treatment. 
On the other hand, the mRNA expression levels were not increased (Figure 
3), as well there was no observation of phenotypical malformation by long-
term exposure of PG, EK, and DK treatment (Figure 2C). These results 
suggest that PG, EK, and DK treatment have no toxicity and induction of 
inflammation by long-term exposure in zebrafish embryos.

Discussion
In the previous studies, a variety of materials has been developed 

and currently utilized as cosmetic additives or as medicinal products 
for the treatment of skin hyperpigmentation [24]. However, recent 
evidence indicate that skin-whitening agent such as hydroquinone; 
arbutin causing irritation and pain [23]. Therefore, finding safer 
melanin synthesis inhibitors are extremely important. In the present 
study, we provide compelling evidence of PG, EK, and DK as a potential 

Gene name Sequence 5’-3’

IL-1β Forward
Reverse

5` - TCAAACCCCAATCCACAGAG- 3`
5` - TCACTTCACGCTCTTGGATG- 3`

TNF-α Forward
Reverse

5` - AGAAGGAGAGTTGCCTTTACCGCT- 3`
5` - AACACCCTCCATACACCCGACTTT- 3`

COX-2 Forward
Reverse

5` - AGCCCTACTCATCCTTTGAGG - 3`
5` - TCAACCTTGTCTACGTGACCATA - 3`

β-actin Forward
Reverse

5` - AATCTTGCGGTATCCACGAGACCA - 3`
5` - TCTCCTTCTGCATCCTGTCAGCAA - 3`

Table 1. Primer sequences
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Figure 1. Phlorotannins from Ecklonia cava inhibited melanin synthesis in zebrafish embryos. A. Chemical structure of phlorotannins including phloroglucinol (PG), eckol (EK), and 
dieckol (DK) isolated from Ecklonia cava. Zebrafish were incubated with arbutin, PG, EK, and DK from 9–35 hours post-fertilization. B. Representative photographs of melanin expression. 
Scale bar: 500 µm. Melanin contents were subsequently performed as described in “Materials and Methods”. PG: phloroglucinol, EK: eckol, DK: dieckol. Scale bar: 100 µm. ***p<0.001, 
n.s.: no significance
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Figure 2. Long-term exposure of phlorotannins from Ecklonia cava have no toxicity in zebrafish embryo. Zebrafish were incubated with arbutin, PG, EK, and DK from 1–5 days post-
fertilization. A. Survival rate of zebrafish after treated with arbutin, PG, EK, and DK. B. Heart rates of zebrafish after treated with arbutin, PG, EK, and DK. The heart rates were measured 
at 5 days post-fertilization, the number of heart beats in 3 min was counted, and the results are expressed as the beats/min. C. Representative photographs of zebrafish embryos after treated 
with arbutin, PG, EK, and DK. PG: phloroglucinol, EK: eckol, DK: dieckol. Scale bar: 100 µm. Arrow indicates pericardia. Experiments were performed in triplicate. *p<0.05, **p<0.01

Figure 3. Phlorotannins from Ecklonia cava have no induction of inflammatory cytokine mRNA expression in zebrafish embryos. Zebrafish were incubated with arbutin, PG, EK, and 
DK from 1–5 days post-fertilization. Total RNA was extracted from zebrafish and mRNA expression levels of: A. IL-1β, B. TNF-α, and C. COX-2 were analyzed by qRT-PCR. PG: 
phloroglucinol, EK: eckol, DK: dieckol. n=20~27 embryos. ***p<0.001
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melanin synthesis inhibitor by showing melanin formation inhibition 
without adverse effects in zebrafish embryos. 

Phlorotannins are a class of polyphenolic compounds that have 
antioxidant capacity and attractive components to study inhibition 
of melanin formation, are found widely within plants [25,26]. Marine 
algae have been utilized to maintain good health or to treat various 
diseases including hyperpigmentation [27-29]. Particularly, marine 
algae extracts have been reported studies on the melanin synthesis 
inhibitory effect with inhibition of tyrosinase activity in vivo [20], and, 
structural compounds isolated from the extracts also have been reported 
to inhibitory effect of tyrosinase activity and melanin formation in 
melanocyte [30] and UV protective effect in human fibroblast [31] but 
it is still unclear whether the effect of the structural materials isolated 
from the extracts will be effective in in vivo. 

In the present result, phlorotannins including PG, EK, and DK 
isolated from E. cava were shown the hypopigmentation potential in 
zebrafish embryos at a similar level to arbutin, which is a widely used 
whitening agent. Additionally, the toxicity was found to long-term 
exposure of arbutin, but not in phlorotannins treatment zebrafish 
embryo. These results imply that E. cava-derived structural compounds 
have a whitening effect in in vivo. 

A variety of natural or synthetic substances such as hydroquinone 
such as arbutin are currently utilized as ingredients of preparations 
designed to control hyperpigmentation, but none of these have 
proven completely satisfactory, either due to their limited efficacy or 
owing to safety concerns [23]. Thus, it has recently been banned for 
cosmetic uses in Europe and some Asian countries [32] due to its 
causing potential of irritation and pain [23]. Therefore, the demand of 
new inhibitor of hyperpigmentation, particularly from marine algae, 
is rapidly increasing due to their safety as well psychological safety 
concern. Our results also evidence that arbutin adversely affected the 
physio-pathological phenomena of zebrafish embryos, but marine algal 
phlorotannins have proved to be safe as they have no adverse effect. 

Inflammation is a fundamental innate immune response to 
perturbed tissue homeostasis. The prolonged exposure of arbutin 
showed pericadial edema with the elevation of inflammatory cytokines 
expression, however, E. cava phlorotannins did not show any alteration. 
Additionally, E. cava extract has shown in a previously study that it 
possesses excellent antioxidant activities and high phenolic content [9], 
thus making them potential candidates for dermatological application 
including melanin synthesis inhibition. 

Conclusion
In summary, phlorotannins including PG, DK, and EK from E. 

cava were evaluated in regard to their potential efficacy as melanin 
formation inhibitors in zebrafish embryos. It can be surmised that the 
phlorotannins of marine alga is likely to be useful for the cosmetic and 
derma-medicinal industries. 
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