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Introduction 

 Oxidative damage caused by ROS (Reactive Oxygen 

Species) to macromolecules such as lipids, proteins, and nucleic acids 

can trigger various chronic diseases, such as coronary heart disease 

and atherosclerosis, cancer, liver injury, and ageing.
12

 It has been 

reported that overexposure to ROS leads to inflammatory response, 

growth arrest and cell death by various mechanism.
3
 Some of the most 

commonly used synthetic antioxidants, such as Butylated Hydroxy 

Toluene (BHT) and Butylated Hydroxy Anisole (BHA), have been 

known to induce hepatotoxic, carcinogenic, neurotoxic effects, and 

infertility in animal studies and which may also translate to humans.
4-8

 

Studies have shown that treatment with BHT in animal studies induces 

endoplasmic reticulum (ER) stress and DNA fragmentation, which 

results in simultaneous stimulation of intrinsic apoptosis signal 

transduction
9
 and hyperactivity.

10
 Other studies have also reported the 

environmental impact of BHT.
11

Therefore; it is essential to find safer 

and new sources of natural antioxidants.  

In recent times, interest in the search for natural antioxidants, 

especially from plants and animal sources, has gained momentum in 

research groups around the world. It is believed these natural sources 

are reservoirs of antioxidants that could improve the health conditions 

of the human population by reducing oxidative damage caused by pro-

oxidant components. Notwithstanding the bourgeoning search for 

antioxidants, the focus has been on terrestrial plants and 

microorganisms, with little or no attention given to marine 

invertebrates as a potential antioxidants source.
12

 

Sea urchin (Echinoidea) is a type of marine organisms that East Asian 

residents widely consumed for its nutritional value and 

pharmacological properties.
13

 The sea urchin is morphologically 

divided into two parts: the outer part in the form of hard shells  
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dominated by thorns and the inside part (the gonads). The gonad 

organs have become a special delicacy for humans. Also, there is 

increasing interest in other body parts of sea urchin, such as the spines 

that have been a pigment source.
14

 The sea urchin is distributed in 

almost all zones of marine waters. About 84 of the 950 types of sea 

urchins are scattered throughout Indonesian waters. 
15

 The economic 

value of sea urchin gonads is very high in several East Asian 

countries, especially in Japan. Sea urchin gonads also have 

antibacterial,
16

 antioxidant effect in the brain
17

 and anti-inflammatory 

properties as well as anticancer activities.
18

 

The aquatic sources of the sea urchin have been shown to significantly 

influence the type of chemical constituents that is expressed. This has 

also influence the colours of the gonads, which is mainly related to the 

carotenoids content and carotenoids precursors taken from food that 

can be modified before being stored or directly stored without 

modification in the gonad tissue.
19

 The leading roles of carotenoids in 

organisms include antioxidant, anti-inflammatory, pro-vitamin A 

activity, photo-protection, radical quenching, pigments, and 

immunological modulation.
20

 Diadema setosum research in Indonesia 

is arousing a great deal of interest especially due its perceived 

pharmacological activities. Most of the Marine antioxidant research 

has primarily focused on the antioxidant effects of crude extracts and 

or whole organism.  

This study aims to fractionate the crude extract of sea urchins gonad 

using polar, semi-polar, and non-polar solvents and subject these 

fractions to antioxidant screening. 

 

Materials and Methods 

The gonads were obtained from Diadema setosum (Echinoidea). 

Ethanol, methanol, ethyl acetate, n-hexane, Dimethyl sulfoxide 

(DMSO), and pre-coated silica Gel 60 TLC plates layer thickness 0.25 

mm were purchased from Merck (Darmstadt, Germany). All solvents 

were of analytical grade.   2,2-diphenyl-1-picrylhydrazyl (DPPH) 

reagent and vitamin C (Ascorbic acid) standard were purchased from 

Sigma–Aldrich Chemical Co. (Singapore). 

 

Collection of samples and authentification 

The test samples used in this study were collected from Kelapa Island, 

District Seribu Island, Jakarta – Indonesia (Figure 1), on 26th July 

2018.  
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Figure 1: Map of Kelapa Island 
 

 

The samples were identified macroscopically (the shape, colour, and 

specific characteristics of the sample were evaluated) by Indra Bayu 

Pramono, S.Si., M.App.Sc at the Research Centre for Oceanographic 

of LIPI (Indonesian Institute of Sciences). The voucher number for 

plant sample is B-3920/IPK.2/IF.07/XI/2018.  

 

Extraction of Diadema setosum Gonad  

Fresh D. setosum gonads (50 g) were washed thoroughly, air-dried, 

cut into small pieces, and milled. The samples were placed in a glass 

bottle and macerated with methanol for three days, with intermittent 

shaking on the first day. The macerated samples were filtered, and the 

filtrates were concentrated with a rotary evaporator at a maximum 

temperature of 40ºC. Nitrogen gas was passed through the 

concentrated extract until properly dried (4.2 g) and was stored at 4°C 

for future use. 

 

Extract fractionation 

The crude methanol extract of the sea urchin gonad was soaked with 

400 mL of distilled water and homogenized in a round flask and then 

transferred to a separating funnel. Equal volume of n-hexane (400 mL) 

was added to the separating funnel. The content of the funnel was 

vortex and was left to stand to effect separation. The process was 

repeated several times until the n-hexane layer was clear. The 

combined filtrate (n-hexane fraction) was concentrated in vacuo in a 

rotary evaporator at a temperature of 40
o
C and further oven-dried at 40 

o
C to obtain n-hexane fraction (2.8 g). The mother liquor was further 

extracted with ethyl acetate (400 mL). The filtrate obtained was 

concentrated with a rotary evaporator at a temperature of 40ºC to 

obtain a dried mass (2.2 g). The remaining water layer in the 

separating funnel was dried in a rotary evaporator at 40 °C (6.1 g). All 

the fractions were stored at 4 °C until further use.  

 

TLC-DPPH Test 

Preliminary tests for antioxidant activity were carried out on the crude 

extract of D. setosum gonads and other fractions, using thin-layer 

chromatography (TLC) techniques. About 0.2 mL of the crude extract 

and fractions were dissolved with a small amount of ethanol. 

Approximately 20 µL from the test samples were applied on a pre-

coated TLC plate. The TLC plate was sprayed with a solution of 

DPPH (0.1 mg/mL).  A positive antioxidant test is confirmed by 

decolourisation of the purple colour of the DPPH to yellow or 

colourless
21,22

 

 

Potential Antioxidant Activity Screening 

The antioxidant potentials of the test samples were determined by 

using DPPH assay. The samples (methanol, water, n-hexane, and ethyl 

acetate fraction) were dissolved in DMSO to obtain a concentration of 

10,000 ppm. The samples were further diluted with methanol to a 

concentration of 100 ppm. The positive control drug (vitamin C) was  

also dissolved in methanol to obtain a concentration of 4 ppm. The 

DPPH solution (0.1 mM) was made by dissolving DPPH crystals in 

methanol. The solution was kept in the dark place throughout the 

experiment. An aliquot of the samples (100 µL) was pipette into 

microplates separately, followed with 100 µL DPPH solution. A blank 

solution was made by mixing 100 µL of DPPH solution and 100 µL of 

methanol in a microplate. The microplate was incubated in the dark at 

37
o
C for 30 minutes, and the absorbance was measured using a 

spectrophotometer at a wavelength of 517 nm. The antioxidant activity 

of each sample and vitamin C is expressed as percentage inhibition.
23

 

 

Determination of IC50 value of the samples 

The sample with highest antioxidant activity from the preliminary 

study was further subjected to antioxidant screening in order to 

determine its IC50 (the half maximal concentration that scavenge 50% 

of the DPPH radical). This fraction was diluted with methanol to 

obtain the following concentrations: 25, 50, 100, 200 and 400 ppm.
24 

Again, vitamin C was used as the positive control drug at 

concentration range of  1.2; 2.4; 3.6; 4.8 and 6 ppm. The above 

procedure was repeated. The absorbance of the test samples were 

measured at a wavelength of 517 nm. IC50 values were obtained from 

the linear regression equation (y = a + bx) obtained by plotting sample 

and vitamin C concentration against percentage inhibition on the y-

axis. The lower the IC50 values of a test sample, the more potent is its 

free radical scavenging capacity.  

 

Ethical consideration 

Ethical approval for this work was obtained from the Research Ethics 

committee of Health Polytechnic Jakarta 2. The study was done 

according to the ethical standards as laid down in the 1964 Helsinki 

Declaration and its later amendments or comparable ethical standards 

 

 

Results and Discussion 

Results of the preliminary study showed that the extract and fractions 

of the sea urchin gonad possessed antioxidant capacity based on the 

decolourisation of the DPPH reagent to yellow colour. The n-hexane 

and water fractions have the most concentrated colour zones, which 

implied that two fractions have the most potent antioxidant capacity 

than the methanol and ethyl acetate fractions in a qualitative test 

(Figure 2). 
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Spectrophotometer Potential Antioxidant Screening Activities 

From the spectrophotometric measurement of the free radical 

scavenging activity of the extract and fractions against the stable 

DPPH free radical, the percentage inhibition was calculated to 

determine the antioxidant capacity of the test samples. The result of 

the screening is shown in Figure 3 and Table 1. The extract and 

fractions exhibited different antioxidant capacity based on percentage 

inhibition: n-hexane fraction (64.19%), water (55.67%), methanol 

(36.38%), and ethyl acetate (20.25%). While Vitamin C used as the 

positive control (standard antioxidant) had 85.51% inhibition of the 

DPPH free radical. Vitamin C is one of the more powerful and well-

known antioxidants.
25

For the water fraction, the Lieberman Burchard 

reaction gave a negative response. However, the TLC and the 

quantitative antioxidant tests, the fraction exhibited relatively strong 

antioxidant activity (55.67%). The percentage of free radical inhibition 

of the water fraction was the closest to the n-hexane fraction (Figure 

3). From the results, the antioxidant activities of the test samples may 

be due to the presence of compounds in the gonads with strong 

antioxidant activities such as terpenoids. Other water-soluble 

compounds with strong antioxidant activity include  phenols, 

flavonoids, and alkaloids.
26,27

 In this study, the IC50 value obtained in 

the n-hexane fraction for the sea urchin gonad extract was 77.1025 

ppm (Table 2). According to Molyneux (2004), an ingredient is said to 

have a very strong antioxidant activity if it has an IC50 value <50 ppm, 

strong if the IC50 value is 51-100 ppm, moderate if the IC50 value is 

101-150 ppm, and is weak if the IC50 value is 151 -200 ppm.
28

 So it 

can be said that the antioxidant activity of the n-hexane fraction of the 

gonad extract of sea urchins is categorized as strong. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 : TLC-DPPH Test. Water Fraction (A) Methanol Fraction (B) Ethyl Acetate Fraction (C) n-Hexane Fraction (D) 
 

  

Table 1: Results of DPPH free radical scavenging activity of fractions and the standard Antioxidant agent (Vitamin C)  

No Sample (λ) Concentration 

(ppm) 

Absorbance 

 

Inhibition 

(%) 

 OD I OD II OD III 

1 DPPH 517 100 0.688 - -  

2 Methanol Fraction 517 100 0.447 0.431 0.435 36.38 

3 n-Hexane Fraction 517 100 0.242 0.247 0.250 64.19 

4 Ethyl acetate Fraction 517 100 0.542 0.553 0.551 20.25 

5 Water Fraction 517 100 0.304 0.310 0.301 55.67 

6 Vitamin C 517 4.00 0.102 0.098 0.099 85.51 

 

 
Table 2: Comparison of the Antioxidant activity of the n-Hexane fraction and Vitamin C 

 

 

  

C (ppm) n-Hexane Fraction C (ppm) Vitamin C Inhibition (%) 

Abs I Abs  II Abs  III  Abs  I Abs  II Abs  III Fraction Vit C 

400 0.111 0.103 0.108 6.0 0.065 0.062 0.068 84.40 90.55 

200 0.185 0.190 0.188 4.8 0.095 0.090 0.089 72.72 86.72 

100 0.242 0.247 0.250 3.6 0.103 0.105 0.108 64.20 84.69 

50 0.401 0.398 0.396 2.4 0.243 0.245 0.252 42.10 64.68 

25 0.552 0.570 0.583 1.2 0.441 0.438 0.450 17.37 35.61 
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Figure 3: Antioxidant Activity of Sea Urchin Gonad Fraction 

 
 

Conclusion 

Based on the tests' results, the gonad extract of sea urchins has 

antioxidant activity. Therefore, it could be a source of natural 

antioxidants that could be used to prevent premature ageing (anti-

ageing). The most promising fraction of the sea urchins gonad against 

free radicals is the n-hexane categorized as a potent antioxidant. 
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