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Abstract 

Background: The aim of the present study was to evaluate the inhibition of α-glucosidase 

and antioxidant properties of different tissues of sea urchin Echinometra mathaei. 

Methods: α-glucosidase inhibition was determined using p-Nitrophenyl-a-D-

glucopyranoside as a substrate, and the antioxidant properties were evaluated by 2,2'-azino-

bis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS),1,1-diphenyl-2-picrylhydrazyl (DPPH), 

and nitric oxide radicals scavenging. Also, antioxidant potential was evaluated by the ferric 

reducing antioxidant power (FRAP) method.  

Results: Among the studied tissues, the highest α-glucosidase inhibition was revealed by the 

ethyl acetate extract of the shell and Aristotle’s lantern (IC50 = 3.7 and 4 mg/mL, respectively). 

Shell had the highest ABTS (IC50 = 183) and DPPH (IC50 = 208 μg/mL) radicals scavenging, 

respectively. And, gonad had the highest antioxidant potential by the FRAP method (1140 μg 

ASA/mg) and NO radical scavenging (70.68%), respectively.  

Conclusion: Antidiabetic potentials of the ethyl acetate extracts of sea urchin tissues suggest 

that these extracts can be used as antidiabetic drugs. 

 

 

Introduction 

Epidemiological studies have indicated that daily intake of 

antioxidant substances is inversely correlated with mortality 

from coronary heart diseases. Although most antioxidants, such 

as vitamin E, vitamin C, polyphenols, β-carotene, α-carotene, 

lutein, and zeaxanthin, are from familiar plant sources, there are 

sea sources (animals and plants) that are generally less well-

known (1). 

Electron acceptors, such as molecular oxygen, react easily 

with free radicals. Then, these electron acceptors became 

radicals, which are known as reactive oxygen species (ROS). 

The ROS include superoxide anions (O•-
2), hydrogen peroxide 

(H2O2), and hydroxyl radicals (•OH) (2). There are considerable 

evidences indicating that free radicals induce oxidative 

damages to biomolecules such as lipids, proteins, and nucleic 

acids, which eventually cause atherosclerosis, ageing, arthritis, 

cancer, diabetes mellitus, inflammation, 

acquired immunedeficiency syndrome (AIDS), liver, 

Alzheimer’s and Parkinson’s diseases in humans (3,4). 
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Diabetes mellitus is a chronic metabolic disorder, which is 

identified by high levels of blood glucose. One therapeutic 

approach for treatment of diabetes is retardation of the 

absorption of glucose by inhibition of the enzymes, such as α-

glucosidase (5,6). α-glucosidase (α-d-glucoside 

glucohydrolase) is an exo-type carbohydrate widespread in 

microorganisms, plants, and animal tissues (7), which causes 

the liberation of α-glucose from the non-reducing end of the 

substrate. Retardation of this enzyme (with declining 

absorbance of the reaction) decreases the elevation of blood 

sugar after a carbohydrate meal (8). This enzyme is a 

membrane-bound enzyme present in the epithelium of the 

small intestine, to enable the absorption of glucose by small 

intestine through hydrolyzing oligosaccharides into absorbable 

monosaccharides (9). 

Nowadays, the occurrence of type 2 diabetes mellitus is 

rising worldwide. Type 2 diabetes is caused by the interaction 

between a genetic predisposition and behavioral and 

environmental risk factors (10). Although the genetic basis of 

type 2 diabetes has not been recognized yet, there are strong 

evidences indicating that risk factors such as obesity and 

physical inactivity are the most important non-genetic 

determinants of this disease (11,12). Impaired glucose tolerance 

(IGT) is an intermediate link between normal glucose tolerance 

and overt diabetes (13,14), which can be recognized by an oral 

glucose tolerance test (OGTT). Individuals with IGT have an 

increased risk of type 2 diabetes (15), thus, they form a major 

target group for preventing diabetes (12,16). The Finnish 

Diabetes Prevention Study was conducted to evaluate the 

feasibility and the effects of changes in lifestyle planned to 

prevent or delay the onset of type 2 diabetes in individuals with 

IGT. 

Sea urchins are marine invertebrates which belongs to the 

phylum Echinodermata and live on the floor of ocean. Up to 

now, more than 800 species of sea urchins have been identified 

and their gonads are used as high-priced food in Japan. 

However, after removal of the edible gonads, the remaining 

shell with spines, which comprise 40.7-47.9% of the sea 

urchins weights, are generally discarded as waste (17,18). 

Shells with three-dimensional meshwork architectures are 

porous with single crystal of calcite. Calcium carbonate, the 

main component of the shell (80-96% of shell weight), can be 

consumed as a calcium source. Also, the sea urchin shells are 

composed of polyhydroxylated naphthaquinones pigments, 

which have antioxidant properties (19). In crude calcium 

carbonate form, shells have low solubility, without acid 

treatment previously, but they can be consumed as a calcium 

source to obtain other calcium salts like lactate. Calcium lactate 

can be consumed as a drug and human nutritional supplement 

because of its high solubility and bioavailability (20). 

The aim of the present study was to evaluate the antioxidant 

properties of ethyl acetate and methanol extracts of purple sea 

urchin E. mathaei species by 2,2′-azino-bis(3-

ethylbenzothiazoline-6-sulphonic acid) (ABTS), 1,1-diphenyl-

2-picrylhydrazyl (DPPH), and nitric oxide (NO) radicals 

scavenging activities, and the ferric reducing antioxidant power 

(FRAP). Antidiabetic properties of the samples were evaluated 

by α- glucosidase inhibition of three tissues including gonad, 

shell, and Aristotle'slantern of purple sea urchin E. mathaei 

species. Two different solvents including methanol (ME) and 

ethyl acetate (EA) were used for extraction, while examining 

for the most efficient sea urchin extraction method. 
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Materials and Methods  

Chemistry  

Butylated hydroxyl toluene (BHT), α- glucosidase, 1,1-

diphenyl-2-picrylhydrazyl (DPPH), 2,2'-azino-bis(3-

ethylbenzothiazoline-6-sulphonic acid) (ABTS) were 

purchased from Sigma-Aldrich. All other reagents were 

obtained from Merck Chemical company.  

 

Collection and preparation of sea urchin  

The purple sea urchin E. mathaei species were collected 

from Olive Park (Qeshm Island, Hormozgan province, Iran) 

located in the intertidal zone of the Gulf coastline during low 

tide, in December 2012. Then, the samples were immediately 

transported to the laboratory and rinsed with filtered seawater. 

After dissection phase, the shells, gonads, and Aristotle's lantern 

(mouth parts) were collected and freeze-dried (model FD-10V) 

in darkness. The dried samples were ground thoroughly and 

used for further experiments. 

 

Preparation of tissues extracts of sea urchin  

By increasing the solvents polarity, dried tissues of E. 

mathaei were immersed in ethyl acetate and methanol (1:6 

w/v). Initially, for each sample, 200 g of tissues powder was 

blended with ethyl acetate and hold at room temperate for 48 

hours. The mixture was filtered using a Whatman filter paper 

No. 2. The obtained ethyl acetate extract was concentrated 

using a rotary evaporator at 40°C, weighted and stored in 5 mL 

glass vials. Similarly, the tissues’ samples remaining on the 

filter were immersed in methanol, incubated at room temperate 

for 48 hours under shaking, and were filtered again. The 

obtained extracts (totally 30 ml) were reserved at 4°C for later 

experiments. 

α- glucosidase inhibition activity 

α- glucosidase inhibition of sea urchin samples was 

examined using the method described by Mccue et al. (21). In 

this method, the mixture of 5 μL of α-glucosidase (25 unit/mL, 

1 unit equals to 10 mg/ml, the enzyme final concentration was 

equal to 1.25 mg/mL) and 125 μL of phosphate buffer (pH 6.9, 

0.1 M) and p-Nitrophenyl- α-D-glucopyranoside (11 mM) in 

phosphate buffer (pH 6.9) was used as the substrate solution. 

Different concentrations of test extracts (20 μL) were 

mixed with enzyme solution in microplate wells, and then, put 

at 37°C for 15 min. The reaction was initiated by adding 20 μL 

of the substrate solution, and then, incubated for another 15 

min. By adding 80 μL of 0.2 M sodium carbonate solution, the 

reaction was stopped. 

The absorbance of the wells was measured by a microplate 

reader at 405 nm, while the reaction system without sample 

extracts was used as the control. The system without α-

glucosidase was used as the blank, and acarbose was used as 

the positive control. All determinations were performed in 

triplicate (21). The rates of enzyme inhibition by the samples 

were calculated as follows: 

Inhibition (%) = [(control absorption - sample absorption) / 

control absorption] × 100 

 

Antioxidant activity 

ABTS+ radical scavenging activity 

ABTS radical scavenging assay is a method for 

determining the antioxidant activity by hydrogen donation and 

chain breaking of oxidants. The hydrogen, donated by 

antioxidant components of the sea urchin extracts, reacts with 

ABTS radicals provided in the assay, and the antioxidant 
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activities can be determined by the absorption of the samples at 

734 nm (22). 

The ABTS radical scavenging of sea urchin extracts was 

determined using the method described by Arnao et al. (22). 

The sea urchin extracts were tested at concentrations of 200, 

400, 800, 1600, and 3200 μg/mL except ethyl acetate extract of 

shell, which was tested at concentrations of 25, 50, 100, 200, 

and 400 μg/mL. The stock solution was prepared by mixing 7.4 

mM ABTS and 2.6 mM potassium persulfate in equal 

quantities, then, ABTS+ solution was put in darkness for 16 

hours at room temperature. The prepared solution was diluted 

by mixing 1 mL ABTS+ solution and methanol 96% to obtain 

an absorbance of 1.00 at 734 nm. For the assay, sea urchin 

extract (200 μL) was allowed to react with 1 mL of fresh 

ABTS+ solution for 6 min in darkness, and the absorbance was 

determined at 734 nm. The percentage of inhibition was 

calculated using the following formula: 

Scavenging activity (%) = [1-(Aa) / (Ac)] × 100 

Where Aa and Ac are the absorbance of the test (or standard) 

and the absorbance of the control (without extract), 

respectively. BHT was used as a standard, and the antioxidant 

capacities of the samples and the standard were shown as IC50 

(mg/mL) value, representing the concentration of the samples 

scavenged 50% of ABTS+ radicals (22). 

 

Ferric reducing antioxidant power (FRAP) activity 

Another method for evaluating antioxidant activities is 

ferric reducing antioxidant power (FRAP) assay, which 

measures the reducing capacities of antioxidants or the 

existence of reduced compounds in the samples. These 

compounds reduce the Fe3+/ferric cyanide complex to its Fe2+ 

form (23). 

The FRAP power of sea urchin extracts were measured 

using the method described by Benzie and Strain (23). The sea 

urchin extracts were tested at concentrations of 50, 100, 200, 

400, 800, and 1600 μg/mL. the FRAP solution was prepared by 

mixing acetate buffer (300 mM, pH 3.6), 10 mM TPTZ (2, 4, 6 

tripyridyl-S-triazine solution in 40 mM HCl), and 20 mM FeCl3 

in the ratio of 10:1:1, v/v/v, respectively. The mixture was 

warmed at 37°C prior to use. For the assay, 150 μL of sea urchin 

extract was mixed with 2850 μL of fresh FRAP solution, and 

the solution was put at room temperature for 30 min. The 

absorbance of the reaction mixture was determined at 595 nm.  

Ascorbic acid was used as a standard, and the results of the 

FRAP method (reducing activity) were expressed as 

microgram ascorbic acid equivalent per milligram (μg 

ASA/mg) dried extracts at a concentration of 1 mg/mL. The 

antioxidant capacities of the samples and the standard were 

shown as IC50 (mg/mL) value, indicating the concentration 

required for 50% reduction of Fe3+/ferricyanide complex to its 

Fe2+/ferrocyanide complex (23). 

 

DPPH radical scavenging activity 

The free radical scavenging activity of the sea urchin 

extracts was evaluated using 1,1-diphenyl-2-picrylhydrazyl 

(DPPH) according to the method described by Duan et al. (24). 

The sea urchin extracts were tested at concentrations of 50, 100, 

200, 400, 800, 1600, and 3200 mg/mL, but methanol and ethyl 

acetate extracts of shell were tested at concentrations of 25, 50, 

100, 200, 40, and 800 mg/mL. For the assay, the sea urchin 

extract (100 μL) was permitted to react with 0.1 mL of DPPH 

solution (0.5 mM). After mixing, the mixture was put in 

darkness for 30 min, and the absorbance was determined at 490 

nm (24).  
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Control contains methanol instead of the pigment extract 

and blank contains methanol instead of DPPH solution. The 

inhibition of DPPH radical by the extracts was calculated 

according to the following formula: 

DPPH scavenging activity (%) = [1- (As –A0 /A] × 100 

Where As is the absorbance of the reaction mixture, A0 is the 

absorbance of the blank, and A is the absorbance of the control. 

BHT was used as a positive control. IC50 (mg/mL) value, 

representing the concentration of the samples required for 50% 

scavenging of DPPH, was calculated (24). 

 

Nitric oxide radical scavenging activity 

Nitric oxide (NO) radical scavenging was measured 

according to the method which was previously reported 

(25,26). The sea urchin extracts were tested at a concentration 

of 0.2 mg/mL. For the assay, 50 µL of 10 mM sodium 

nitroprusside in phosphate buffer (0.2 M, pH 7.4) was mixed 

with 50 µL of each sample and put at 27°C for 150 min. 

Afterwards, 100 µL of Griess reagent was added to each 

sample, and then, incubated for another 5 min at room 

temperature. Finally, the absorbance of the mixture was 

measured at 542 nm (25). Nitric oxide radical scavenging was 

determined as the following: 

Nitric oxide radical scavenging (%) = [(Acontrol – Asample) / 

Acontrol] × 100 

Control did not contain any sample. 

 

Statistical analyses 

All tests were performed in triplicate, and the results of the 

experiments were expressed as mean ± standard deviation 

(SD). One-way analysis of variance (ANOVA) and Duncan’s 

test were used to compare the possible differences among the 

means. Statistical significant level was considered at P<0.05. 

All statistical analyses were performed using SPSS version 21 

(SPSS Inc., USA). 

 

Results  

In vitro α–glucosidase inhibition 

Different extracts of gonad, shell, and Aristotle’s lantern of 

sea urchin were tested to determine the α-glucosidase inhibitory 

property using colorimetric method. The highest α-glucosidase 

inhibition was presented in 40 mg/mL of gonad ethyl acetate 

extract (Table 1). Only ethyl acetate extracts could inhibit α-

glucosidase, and methanol extracts did not show any α-

glucosidase inhibition (Table 1).  

 

Table 1. Percentage of α-glucosidase inhibition by various concentrations of methanol and ethyl acetate extracts of different tissues of sea urchin of E. 

mathaei 

Species 

Inhibition of Methanol Extracts (%) Inhibition of Ethyl Acetate Extracts (%) 

2.5 5 10 20 40 mg/mL 2.5 5 10 20 40 mg/mL 

Gonad 

Shell 

Aristotle’s lantern 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

 

36.08±0.12 

46.27±0.24 

36.04±0.48 

48.09±0.43 

51.44±0.57 

52.08±0.81 

50.02±0.75 

59.78±0.91 

64.06±0.37 

66.24±0.64 

67.05±0.82 

79.12±0.47 

81.31±0.85 

78.18±0.42 

86.04±0.58  
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In this study, the highest α-glucosidase inhibition was 

shown by the ethyl acetate extract of the shell (IC50= 3.7 ± 0.57 

mg/mL, Figure 1) and Aristotle’s lantern (IC50= 4 ± 0.1 mg/mL, 

Figure 1) with α-glucosidase inhibition of 46-78% and 36-86%, 

respectively, which are higher than the inhibition by acarbose 

(IC50 = 24.2 ± 0.38 mg/mL, Figure 1). The lowest inhibition of 

α-glucosidase (IC50= 9.8 ± 0.49 mg/mL, Figure 1) was 

observed by the ethyl acetate extract of E. mathaei. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. IC50 values of α-glucosidase inhibition of sea urchin ethyl acetate extracts and acarbose. Significant differences between samples are 

indicated by different letters as determined by Duncan's post-hoc multiple comparison (P<0.05). 

 

ABTS+ radical scavenging activity 

ABTS radical scavenging of sea urchin extracts depended 

on the tested concentrations (200 to 3200 μg/mL). For ABTS 

radical scavenging of sea urchin ethyl acetate extract, these 

concentrations were from 25 to 400 μg/mL. The IC50 values of 

the ABTS radical scavenging of the samples depended on the 

organs and solvents (P<0.05, Figure 2). The methanol and ethyl 

acetate extracts of shell (IC50= 183 ± 0.1 and 182 ± 0.3 μg/mL) 

and methanol extract of gonad (IC50 = 2426 ± 0.8 μg/mL) 

showed the highest and lowest scavenging activities, 

respectively. The methanol (IC50 = 183 ± 0.045μg/mL) and 

ethyl acetate (IC50 = 182 ± 0.06μg/mL) extracts of E. mathaei 

shell, respectively, exhibited higher ABTS radical scavenging 

than BHT (IC50 = 750 ± 0.1μg/mL, P<0.05, Figure 2). 
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Figure 2. IC50 values of ABTS radical scavenging of sea urchin E. mathaei extracts in comparison to BHT as a standard. Significant differences 

between samples are indicated by Duncan’s post-hoc multiple comparison (P<0.05). 

 

FRAP reducing activity 

The reduction of Fe3+ to its Fe2+ form was studied using 

various sea urchin extracts. All the samples showed a reduction 

activity at concentrations of 50 to 1600 μg/mL (data not 

shown). The highest reduction activities were observed in the 

methanol extract of gonad of E. mathaei (1140 ± 0.2μg 

ASA/mg) and the lowest reduction activities were observed in 

methanol and ethyl acetate extracts of E. mathaei shell (74 ± 0.9 

and 68.3 ± 0.3μg ASA/mg), respectively. Statistical analyses 

showed significant differences in reduction activities of the 

samples (1 mg/mL) based on the solvents used for extraction 

(P<0.05, Figure 3). 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Reduction activities (μg ASA/mg) of sea urchin E. mathaei extracts at a concentration of 1 mg/mL by the FRAP method. Significant 

differences between samples are indicated by Duncan’s post-hoc multiple comparison (P<0.05). 
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DPPH radical scavenging activity (DPPH-RSA) 

The DPPH radical scavenging by different concentrations 

of sea urchin extracts is shown in Figure 3. The reactions of the 

samples with DPPH led to a change in color from purple to 

yellow color. DPPH-RSA of sea urchin extracts was performed 

depending on the tested concentrations of the sea urchin 

extracts (50 to 3200 μg/mL). These concentrations for 

methanol and ethyl acetate extracts of shell were 25 to 800 

μg/mL. 

The methanol extracts of shell (IC50 = 208 ± 0.2 μg/mL) 

and Aristotle’s lantern (IC50 = 2426 ± 0.1 μg/mL) showed the 

highest and lowest scavenging activities, respectively. BHT as 

an antioxidant (IC50 = 108 ± 0.13μg/mL), exhibited higher 

DPPH-RSA than all of the sea urchin E. mathaeiextracts. The 

IC50 values of the DPPH-RSA of the extracts of sea urchin E. 

mathaei showed significant differences between species 

(P<0.05, Figure 4). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. IC50 values of DPPH radical scavenging of sea urchin E. mathaei extracts in comparison to BHT as a standard. Significant differences 

between samples are indicated by Duncan’s post-hoc multiple comparison (P<0.05). 

Nitric oxide radical scavenging activity 

The highest nitric oxide scavenging was observed in 

methanol extract of gonad (70.68 ± 0.21%), which was higher 

than BHT (42%). The lowest nitric oxide scavenging was 

observed in ethyl acetate extract of Aristotle’s lantern of E. 

mathaei (30.52 ± 0.28%). Statistical analyses showed 

significant differences in nitric oxide scavenging between 

different samples at a concentration of 200 µg/mL (P<0.05, 

Figure 5). 
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Figure 5. Nitric oxide radical scavenging of sea urchin E. mathaei extracts at a concentration of 200 µg/mL. Significant differences between samples 

are indicated by Duncan’s post-hoc multiple comparison (P<0.05). 

Discussion 

The present study investigated the antioxidant properties 

and α-glucosidase inhibition of methanol and ethyl acetate 

extracts of gonad, shell, and Aristotle’s lantern of sea urchin. 

Deleterious free radicals-mediated oxidation occurs in 

aerobic organisms (27). As a general definition, an antioxidant 

is any substance which is capable of preventing oxidation. 

However, as the use of synthetic antioxidants is restricted, the 

interest in finding natural sources for therapeutic approaches 

has been increased (28,29). 

In this study, different tissues extracted with different 

solvents showed a range of antioxidant capacities. 

Antioxidant properties of different samples were 

determined by ABTS, DPPH, and NO radicals scavenging, and 

antioxidant properties were also determined by the FRAP 

method. Methanol and ethyl acetate extracts of shell revealed 

the highest ABTS radical scavenging (IC50 = 183 ± 0.1 µg/mL, 

Figure 2). Ethyl acetate extract of gonad showed the lowest 

ABTS radical scavenging (IC50 = 2426 ± 0.8 µg/mL, Figure 2). 

Using the FRAP method, the highest reduction capacities were 

observed in methanol and ethyl acetate extracts of E. mathaei 

shell (74 ± 0.9 and 63.8 ± 0.3 µg ASA/mg), respectively (Figure 

3). The methanol extracts of shell (IC50= 208 ± 0.2 µg/mL) and 

Aristotle’s Lantern (IC50= 2426 ± 0.1 µg/mL) revealed the 

highest and lowest DPPH radical scavenging, respectively 

(Figure 4). 

Based on the other studies, the highest DPPH radical 

scavenging of sea urchin was found in Stomopneustes 

variolaris (IC50 = 57.81 ± 0.07 µg/mL) (36). The highest and 

lowest NO radical scavenging were observed in methanol 

extract of gonad (70.68 ± 0.21%) and ethyl acetate of 

Aristotle’s lantern (30.52 ± 0.28%), respectively (Figure 5). 

The control of postprandial hyperglycemia is one of the 

approaches to treat diabetes (30, 31). It can be performed by 

decreasing the absorption of glucose through the inhibition of 

α-amylase and α-glucosidase, as carbohydrate hydrolyzing 

enzymes in the digestive system (32). Approximately, all of the 
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ethyl acetate extracts revealed inhibitory effects on α-

glucosidase.  

Among echinoids, the activity of α-glucosidase was 

different (33). The ability of α-glucosidase to cleave linkages in 

carbohydrates, would seem to be of nutritional value to 

echinoids (34). 

The low levels of α-galactosidase activity are consistent 

with the lack of α-galactans in natural foods. Disaccharides 

such as melibiose and raffinose are found at low levels and are 

distributed randomly through the territory of the plant. An 

ability to digest these carbohydrates would be of little value to 

echinoids. 

Ethyl acetate extracts of Aristotle’s lantern and gonad of sea 

urchin revealed the highest inhibition of α-glucosidase (86.04 ± 

0.58% and 81.3 ± 0.85%) at 40 mg/ml, respectively (Table 1). 

Methanol extracts of the samples could not inhibit α-

glucosidase (Table 1).  

Conclusion 

The results of this study could suggest a basis for future 

investigation on the isolation of antidiabetic and antioxidant 

compounds from the sea urchin extracts.  
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