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Abstract: Skin is the largest organ of our body and it protects interior organs 

against several environmental factors. Hyperpigmentation problem occurs as a 

result of abnormal melanin accumulation in the skin. A considerable amount of 

world’s population uses skin whitening products. It is known that various algae-

derived secondary metabolites play an important role in skin problems. 

Therefore, the tyrosinase inhibitory activities of S. obliquus ethanol and water 

extracts were evaluated in the present study. Tyrosinase activity was determined 

spectrophotometrically at 492 nm. The ethanol extract showed the higher 

inhibitory activity on tyrosinase enzyme (IC50: 0.0270 g/mL) than water extract 

(IC50: 0.2882 g/mL). This result may have stemmed from the vanillic, ferulic acid 

and rutin components that were identified by RP-HPLC only in the ethanol 

extract. 
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1. INTRODUCTION 

Hyperpigmentation and solar lentigines lead to the formation of dark spots on the skin 

and these spots constitute an important aesthetic problem for many people. These spots may 

also occur as a result of pregnancy, liver disease, Addison's disease and etc [1]. Although 

several methods such as chemical peeling, laser treatment, and so on can be used in order to 

reduce hyperpigmentation problem, the most common treatments are the topical treatments that 

target the inhibition of tyrosinase enzyme [2,3]. 

Tyrosinase enzyme (EC 1.14.18.1) plays a key role in melanin synthesis. Since melanin 

pigment is an important component of our body, both the abnormal loss and the accumulation 

of this pigment can cause serious disorders. Although hyperpigmentation problem is the most 

known problem caused by the accumulation of this pigment, there are more serious disorders 

such as neurodegeneration associated with Parkinson's disease and skin cancer related to this 

complication. Reducing melanin amount by inhibiting tyrosinase enzyme is an effective method 

to prevent above related illnesses [4]. 

Numerous tyrosinase inhibitors have been identifed up to date, but only a few of them are 

labelled as safe and effective ones. Although hydroquinone, arbutin and kojic acid are the well-
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known tyrosinase inhibitors, the use of all these inhibitors is limited due to their side effects. 

For example, hydroquinone is banned in the European Union and can only be used up to 2% in 

any formulation in USA. Arbutin is a pro-drug of hydroquinone and in the mode of action of 

arbutin, a hydroquinone release is formed. Therefore, The European Union Scientific 

Committee on Consumer Products-2008 [5] emphasized that the use of arbutin in cosmetic 

products is unsafe. Moreover, although The European Scientific Committee on Consumer 

Safety-2012 [6] specifies the use of kojic acid at the concentrations up to 1% in cosmetic 

products is safe, the use of this compound has been forbidden in many countries due to its 

serious side effects [3,7,8].  Therefore, effective natural tyrosinase inhibitors which are believed 

to be more reliable and safe attract more attention compared to synthetic counterparts. 

Microalgae species with their high spectrum of biodiversity present an important source 

of biomolecules. Microalgae species are becoming an important part of daily life day by day as 

these biomolecules find applications in many sectors such as food, cosmetic, medicine, energy 

and etc [9,10]. In addition to the unnecessity of agricultural lands, the rich phytochemical 

content with various modifications based from cultivation medium makes these species unique 

sources for industrial applications [8]. Besides these general properties, S. obliquus species was 

chosen in the present study as a result of its specific features such as high growth rate, high 

tolerance to environmental change, having a rich content of amino acids, polyunsaturated fatty 

acids, vitamins and minerals. In this context, the present study was carried out to investigate 

the potential tyrosinase inhibitory effects of S. obliquus extracts. 

2. MATERIAL AND METHODS 

2.1. Chemicals  

Tyrosinase, L-3,4-dihydroxyphenylalanine (L-DOPA), KH2PO4-K2HPO4, bovine serum 

albumin (BSA), 2,2-diphenyl-1-picrylhydrazyl (DPPH), Folin–Ciocalteu reagent, butylated 

hydroxytoluene (BHT) and all standard phenolic compounds used (Gallic acid (GA), p-OH 

benzoic acid, Vanillic acid, Caffeic acid, Syringic acid, p-Coumaric acid, Ferulic acid, 

Cinnamic acid, Protocatechuic acid, Hesperidin, Naringin, Rutin and Quercetin) were obtained 

from Sigma Chemical Co. Ethanol, methanol and acetic acid were purchased from Merck 

Chemical Company. All other reagents used were of analytical grade. 

2.2. S. obliquus Cultivation Conditions 

The S. obliquus species (from Ege University, Faculty of Aquaculture) was grown in Bold 

Basal (BB) medium at 30 ± 2 °C and 12 hours light / 12 hours dark photoperiod. Possible 

contaminations in S. obliquus culture were determined by microscopic analysis.  

2.3. Preparation of Extracts from The Dried Biomass 

Following the harvest, the obtained biomass was lyophilized at -52°C (Labconco 

7670530, FreeZone). The lyophilized sample was extracted with ethanol or distilled water for 

12 h in dark at 50°C in a temperature controlled shaker (Memmert, SV 1422). The extracts were 

dried by the removal of ethanol and water solvents by vacuum evaporation or lyophilisation, 

respectively and the resulting extracts were stored at -20°C until used. 

2.4. Tyrosinase Enzyme Activity Assay and Inhibition Experiments 

Tyrosinase activity was measured in phosphate buffer solutions (0.05 M, pH 6.8) by 

measuring the increase in absorbance related to DOPA quinone formation at 492 nm [11]. In 

inhibition experiments, firstly the S. obliquus extracts as an inhibitor were incubated with the 

enzyme solution at 30ºC for 10 min, then the tyrosinase activity was measured by using the 

enzyme-inhibitor mixture. The half maximal inhibitory concentration (IC50) values were 

determined from the inhibition % – extract concentration curve. All experiments were 

performed in three replications and the results were expressed as mean ± S.D. 
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2.5. Determination of The Total Phenolic Contents of S. obliquus Extracts 

The total phenolic contents of S. obliquus extracts were determined according to Folin–

Ciocalteu total phenolics method at 760 nm [12]. The details of the method were given in my 

previous scientific report [8]. 

2.6. Phenolic Compound Identification by HPLC 

Phenolic compounds were analyzed according to the modified method of Caponio et al. 

[13] using a reversed phase HPLC system (RP-HPLC, ThermoUltiMate 3000) equipped with a 

UV–vis photodiode-array detector. The mobile phase consists of a mixture of two solvents, one 

of them is the acetic acid solution 3% (A), and the other is methanol (B). The details of the 

mobile phase gradient conditions were also given in my previous scientific report [8]. The 

amount of phenolic compounds in the samples were determined according to the calibration 

curves formed in the same analysis conditions. 

2.7. Determination of The DPPH Radical Scavenging Activities of S. obliquus Extracts 

DPPH free radical scavenging activity of an extract was determined by the measurement 

of the decrease in absorbance at 515 nm [14]. BHT was used as a positive control in the present 

study. The required concentrations of the extract that cause a 50% decrease in the initial 

absorbance of DPPH (IC50) were identified as the antioxidant activities of the S. obliquus 

extracts. 

3. RESULTS and DISCUSSION 

3.1. Tyrosinase Inhibitory Activity 

Utilization of safe inhibitors from natural sources in order to control hyperpigmentation 

is gaining much importance in the last decade. Therefore, the present study focuses on to 

determine the inhibitory effect of S. obliquus extracts on tyrosinase enzyme. The results showed 

that both water and ethanol extracts of S. obliquus inhibited tyrosinase activity in a dose 

dependent manner (Figure 1,2). 

 

 

Figure 1. Concentration–inhibition (%) curve for tyrosinase inhibition by the water extract of S. 

obliquus. t= 30 °C, [L-DOPA]= 3 mM. The results are shown as mean ± SD of three independent 

experiment. 
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Figure 2. Concentration–inhibition (%) curve for tyrosinase inhibition by the ethanol extract of S. 

obliquus. t= 30 °C, [L-DOPA]= 3 mM. The results are shown as mean ± SD of three independent 

experiments. 

The IC50 values of tyrosinase inhibition with S. obliquus ethanol and water extracts were 

found as 0.0270 g/mL and 0.2882 g/mL, respectively. The comparison of IC50 values found in 

the present study to previously reported ones seems not appropriate due to the variations in 

assay conditions such as the concentration of substrates, enzymes or the incubation times, etc 

[15]. Hence, a well-known and commercial tyrosinase inhibitor, kojic acid, was used to make 

our results more meaningful. The IC50 value of kojic acid was found as 0.00028 g/mL. It is 

obvious that the inhibitory effect of kojic acid is higher than the S. obliquus extracts. But as 

indicated above, the use of kojic acid has been forbidden in many countries due to its 

undesirable side effects. Therefore, S. obliquus species used in the present study may serve an 

alternative material in obtaining safer tyrosinase inhibitors. There are only a few studies in the 

scientific literature which evaluates the inhibitory effect of microalgae species on tyrosinase 

enzyme. Fucoxanthine and phloroglucinol derivatives from brown algae and 7-phloroeckol and 

dieckol from Ecklonia cava have been reported as effective tyrosinase inhibitors [16-19]. The 

inhibitory effect of a cyanobacteria, Artrosphira platensis, extracts on tyrosinase enzyme were 

evaluated in a recent study of us. The IC50 values of tyrosinase inhibition with A. platensis 

ethanol and water extracts were reported as 0.0014 g/mL and 0.0072 g/mL, respectively in the 

related study [8]. 

3.2. Total Phenolic Content of S. obliquus Extracts 

Phenolic compounds of many types constitute an important kind of phytochemicals. 

Hence many researchers try to shed light to their wide range of biological effects in various 

mechanisms. In addition to having antioxidant, antiviral, antimicrobial, antiproliferative and so 

on effects, the structure similarities of these compounds to tyrosinase substrate make these 

compounds more important for this investigation. The positive correlation between the 

tyrosinase inhibitory activity and the abundance of hydroxyl groups were stated by various 

researchers [20-23].  

The total phenolic content of S. obliquus water and ethanol extracts were determined as 

48.0 mg GAE/g extract and 22.2 mg GAE/g extract, respectively. Stoica et al [24] used water, 

ethanol and their mixture in order to determine the total phenolic content of Scenedesmus 

opoliensis. They reported that the highest total phenolic content was found as 151.5 mg 

GAE/100 g of dry algal biomass for absolute water solvent, and the lowest total phenolic 
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content was found as 61.4 mg GAE/100 g of dry algal biomass for absolute ethanol solvent. 

Finally, the authors emphasized that the total phenolic content of any substances well correlated 

with the polarity of solvent. Bulut et al [25] determined the total phenolic content of thermo-

tolerant Scenedesmus species and found that the total phenolic content of prepared extracts 

increased in order of hexane (1.13±0.11 mg GAE/g DW), water (1.97±0.03 mg GAE/g DW), 

ethyl acetate (3.73±0.65 mg GAE/g DW) and ethanol/water (5.40±0.28 mg GAE/g DW). In an 

another study of Jerez-Martel et al. [26], the total phenolic content of water and methanol 

extracts of several microalgae species were determined. The results of the related study 

presented that the extraction yield of water was higher than that of methanol. The total phenolic 

content of S. obliquus strain was found as 1.94 mg GAE/g DW in another study by Goiris et al. 

[27]. Actually, the content of phenolic compounds changes as a result of environmental 

differences due to being secondary metabolites of the defense system of any species [28,29]. 

Therefore, it is very difficult to compare the results of previous reports.  

3.3. Phenolic Compounds Identification 

Phenolic compounds of S. obliquus extracts were identified by RP-HPLC analysis and 

the results were shown in Table 1.  

Table 1. The amount of phenolic compounds (ppm) in the studied extracts of Scenedesmus obliquus. 

Analysed phenolic compounds The water extract of S. obliquus The ethanol extract of S. obliquus 

Gallic Acid 12.771 1.487 

Caffeic Acid 0.481 - 

Vanillic Acid - 0.678 

P-coumaric Acid 1.184 0.426 

Hesperidin 2.032 - 

Ferulic Acid - 0.315 

Rutin - 1.666 

Quercetin 4.750 4.711 

Cinnamic Acid 0.550 0.566 

4 of studied 13 phenolic compounds were found in both extracts. On the contrary, caffeic 

acid and hesperidin were only found in water extract and vanillic acid, ferulic acid and rutin 

were only found in ethanol extract. While the main phenolic compound is gallic acid in water 

extract, it is quercetin in ethanol extract. Besides, very similar amount of quercetin was also 

found in water extract, too (Table 1). 

In another investigation about Scenedesmus strain, two solvent systems were used in the 

extraction of phenolics. The author detected gallic acid, 4-hydroxy benzoic acid, vanillic acid, 

caffeic acid, chlorogenic acid and quercetin in ethanol/water extract and gallic acid, benzoic 

acid, 4-hydroxy benzoic acid, syringic acid, cinnamic acid, coumaric acid, caffeic acid, 

chlorogenic acid, rosmarinic acid, quercetin and rutin in ethyl acetate extract. It is obvious that 

the results are well in line with ours. Besides, the amount of gallic acid was significantly higher 

in polar extract than that of nonpolar extract as in our samples. The opposite was true for the 

rutin component as in ours, too. The authors determined that there were quite a high amount of 

quercetin in both extracts and emphasized its importance. This also applies to our results [25]. 

Vanillic acid, ferulic acid and rutin that were found in ethanol extract may be the main 

contributors responsible for the higher inhibition or the higher inhibition may be caused from 

the synergistic effect of all components. Chou et al [30] determined the tyrosinase inhibitory 

effect of vanillic acid from Origanum vulgare and found the inhibitory activity of this 
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compound was higher than the arbutin. Lee et al [31] presented that both ferulic acid (IC50:0.559 

mM) and caffeic acid (IC50:0.037 mM) were efficacious tyrosinase inhibitors.  The inhibitory 

effect of rutin on tyrosinase activity was evaluated in another report by Si et al [32]. They found 

that the IC50 value of tyrosinase inhibition with rutin was found as 6.8±0.3 mM. Besides, the 

kinetic experiments revealed that rutin inhibited tyrosinase enzyme in a competitive manner by 

chelating with copper ion at active site. 

3.4. DPPH Radical Scavenging Activity 

DPPH radical scavenging activity method was used in order to determine the antioxidant 

potential of S. obliquus extracts. Since the present study focuses on the evaluation of the 

potential of S. obliquus extracts as a safer source for cosmetic industry, determination of the 

antioxidant capacity of these extracts are crucial. Undoubtedly, the existence of antioxidants in 

any product increases its value. The IC50 values of water and ethanol extracts of S. obliquus 

were 2273.7 μg/mL and 938.7 μg/mL, respectively. Both of these results were lower than the 

value of 56.4 μg/mL that was found for the positive control, BHT. Since the phenolic 

compounds are effective antioxidants, a positive correlation is expected between the total 

phenolic content and antioxidant activity. Nevertheless, it is not the case for the present results 

like some previous results in the literature for various algae species. Sabeena Farvin and 

Jacobsen [33] found the antioxidant capacities of water extracts were higher than that of ethanol 

extracts of studied seaweeds, although the water extracts have lower total phenolic content. 

This unexpected result was explained by the possible presence of the other radical scavengers 

such as pigments, proteins or peptides. Bulut et al [25] highlighted that the high levels of 

polyunsaturated fatty acids may contribute to the antioxidant capacity of Scenedesmus sp. This 

observation confirms our result due to the expectation of higher amount of polyunsaturated fatty 

acids in ethanol extracts than that of water extracts. 

4. CONCLUSION  

Algae are a source of raw materials for many industries such as food, cosmetics, 

pharmaceuticals, and etc as a result of their biologically active metabolites waiting to be 

identified. The results of the present study revealed that the extracts of S. obliquus species can 

be used to combat hyperpigmentation problems. In addition to this, semi-synthetic analogues 

based on the natural ones may be designed in order to cope with the possible problems of natural 

inhibitors such as cytotoxicity, solubility, absorption, etc.  However, more research is needed 

prior to use these inhibitors for practical applications. 
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