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Extraction of lipophilic substances from shells and spines of green sea urchins (Strongylocentrotus

droebachiensis) was studied. It was found that the extraction time had the greatest influence on the yield of

lipophilic substances whereas temperature and extraction modulus had insignificant effects. Ethanol (95%)

was chosen as the extractant affording the maximum amount of lipophilic substances. Optimization of the

defatting step established that the maximum yield of lipophilic substances (1.2%) was attained after extraction

for 3 h at 55°C with a 1:8 raw-material—extractant ratio. Free fatty acids (57%), phospholipids (~7%),

diglycerides, sterols, triglycerides, and hydrocarbons were detected in the lipophilic extract. Phospholipids in

the lipophilic extract were represented mainly by phosphatidylcholine. Lysophosphatidylcholine,

lysophosphatidylethanolamine, phosphatidylinositol, and phosphatidylethanolamine were detected in trace

quantities. The (poly)hydroxynaphthoquinone pigment content after purifying the raw material of lipophilic

substances was 98.5% according to HPLC.

Keywords: lipids, extraction, Strongylocentrotus droebachiensis, optimization, (poly)hydroxynaphtho-

quinone.

Several biologically active compounds (BACs) isolated

from marine animals, algae, and bacteria possess high phar-

macological activity [1]. Sea urchins are bottom dwellers

that inhabit practically all (with the exception of low-salt)

seas and oceans and belong to the class Echinoidea. Several

sea urchin species are commercial products. Mainly their go-

nads, the mass of which is ~10% of the sea-urchin mass, are

used as food. Extracts of sea-urchin gonads exhibit anti-in-

flammatory and antidiabetic properties [2]. Wastes from

commercial processing (shells and spines) could be a rich

source of unique BACs [3]. Shells are calcareous structures.

Pigments, i.e., naphthoquinone derivatives, give the shells

different colors. The total contents of polyhydroxylated

1,4-naphthoquinone pigments (PHNQPs) in shells is

121 – 163 mg/g [4]. They differ from naphthoquinones of

other marine animals by several free hydroxyls in the

quinone molecule. As a result, they have clearly pronounced

antioxidant properties [5]. The preparation Histochrome,

which possesses antimicrobial, cardioprotective, and antioxi-

dant activity, is based on echinochrome A, which was first iso-

lated from the flat echinoid Scaphechinus mirabilis [6].
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Fig. 1. Effect of solvent polarity on yield of lipophilic substances.
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Spinochromes B and D and dimers based on them exhibited

antiradical [7], antiallergic [8], and antidiabetic properties [9].

Therefore, the development of the optimal technology

for isolating pure dimeric PHNQPs from green sea urchin

shells is critical. Preliminary experiments showed that the

extract obtained via demineralization of native shells con-

tained significant amounts of lipid impurities that destabi-

lized the pigment. The goal of the present work was to opti-

mize the extraction of PHNQPs from S. droebachiensis

shells by removing extraneous lipid impurities and increas-

ing the purity of the final product.

EXPERIMENTAL PART

Shells and spines of green sea urchin S. droebachiensis

gathered in Barents Sea in 2015 were studied. Shells from

dissection of the animals were rinsed with tap water to re-

move traces of internal organs, dried in air for 1 d, ground,

and used for further studies.

Extraction of lipophilic substances. Dried and ground

shells with spines (20 g) were treated with extractants

(160 mL) of different polarity (95% EtOH, 2-PrOH, Me
2
CO,

hexane), stirred, and left to extract at room temperature for

3 h. When the extraction was finished, the extractant was

separated, concentrated in vacuo in a rotary evaporator, and

dried to constant mass. The yield of lipophilic substances

was estimated gravimetrically. The remaining shells were

dried in air at room temperature and used for further isolation

of PHNQPs.

Contents of total free fatty acids calculated as oleic acid

were determined by titration [10].

Contents of total phospholipids calculated as phosphati-

dylcholine were determined spectrophotometrically on a

UV-1700 spectrophotometer (Shimadzu, Japan) at 475 nm

with phosphatidylcholine (Sigma, USA) as a standard using

the reaction with ammonium ferrothiocyanate [11].

The qualitative lipid composition was determined by

TLC on Silica gel 60 F
254

plates (Merck, Germany) using

solvent systems petroleum-ether—Et
2
O—HOAc (8:2:0.1,

v/v) for analysis of neutral lipids [12] and CHCl
3
—

MeOH—HOAc—H
2
O (7:2:0.8:0.5, v/v) for analysis of

phospholipids [13]. Solutions of test compounds (20 mg/mL)

were prepared in CHCl
3
—MeOH (2:1, v/v); of standards

(1 mg/mL), in MeOH.

Plates were detected by immersing in phosphomolybdic

acid solution (2%) in MeOH for 5 sec, drying horizontally to

remove the excess of solvent from the surface, and heating

on a TLC Plate Heater at 120°C. Detection used a TLC Scan-

ner 3 spectrodensitometer (Camag, Switzerland). Contents of

identified compounds were calculated using internal normal-

ization.

PHNQP purity was estimated by HPLC with a diode-ar-

ray detector using a linear gradient of trifluoroacetic acid so-

lution (0.03%) and MeCN at flow rate 1.0 mL/min. The sam-

ple volume was 20 �L. The detection wavelength was

330 nm. Chromatograms were recorded and processed using

LabSolution software (Shimadzu, Japan). The PHNQP con-

tents were estimated using internal normalization [14].

Optimization of lipophilic substance extraction used

Box—Wilson experimental design. The optimization was

performed using a fractional replica (1/4) with two levels of

five variables in order to check the significance of effects

from the factors. The independent variables were X1, the de-

gree of grinding (fractions passing through a sieve of the cor-

responding size) (mm); X2, the duration of the extraction (h);

X3, ultrasound effect; X4, temperature regime; and X5,

raw-material—extractant ratio (extraction modulus). The

process yield (Y) was defined as the yield of lipophilic sub-

stances (percent of raw-material weight). Table 1 lists the

main factors and their variation ranges.

Multivariate regression analysis of the obtained results

used the Statgraphics 5.0 program (Statpoint Technologies,

Inc., USA).

RESULTS AND DISCUSSION

Solvent polarity effects on the yield of lipophilic sub-

stances was studied first (Fig. 1).

It was found that a nonpolar solvent (hexane) extracted

less (~0.35%) lipophilic substances from sea-urchin shell

than polar solvents (2-PrOH, 95% EtOH) (up to 0.7 – 0.9%).

The lipid extraction efficiency depended largely on the

chemical classes of the lipophilic substances and the types of

complexes formed by them in this system. Polar solvents de-

stroyed H-bonds and weakened electrostatic interactions of

the lipids with proteins, which facilitated the most efficient

extraction of the lipids [15]. Figure 1 shows that 95% EtOH

had the maximum extraction capacity for this system. This

solvent extracted the maximum amount of lipophilic sub-

stances. Therefore, it was chosen for further experiments.

The optimization consisted of determining the process

parameters that gave the maximum yield of lipophilic sub-

stances. Table 2 presents results from executing the experi-

mental design matrix.

Statistical processing of results from the factorial experi-

ment produced a regression equation in actual units:

Y = 0.0769X2 + 0.0080X4 + 0.0062X5.

The model was informative and significant according to

the Fisher criterion (F
exp

= 56.60 > F
table

= 4.9). The determi-

nation coefficient of Y was 97.14%; significance level

p = 0.0003.

A check of the significance of the coefficients in these

equations using the Student t-criterion at confidence proba-

bility 0.95 showed that coefficients X1 and X3 were statisti-

cally insignificant for the equation (Y), i.e., the degree of

grinding and ultrasound effect did not significantly affect the

yield of lipophilic substances.

The equation gave an impression about the quantitative

effect of each significant factor on the yield of lipophilic sub-
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stances. Dispersion analysis found that the extraction time

(factor X2) had the greatest effect on Ywhereas the effects of

temperature (X4) and extraction modulus (X5) were not as

important.

The lack of an effect from the degree of grinding the raw

material (X1) on the yield of lipophilic substances was inter-

esting. This probably occurred because lipophilic substances

in the shell could accumulate only in the film lining its inside

[16]. As a result, only a thin layer of the shell inner surface

was accessible for lipid extraction. In this instance, grinding

did not affect the surface area in contact with the extractant

that was required to attain complete extraction. This was ob-

served experimentally.

The lack of an effect from another process parameter,

i.e., ultrasound (factor X3), could also be related to this

structural feature of sea-urchin shell.

The optimal process conditions that resulted from the

steepest ascent method gave the maximum yield of lipophilic

substances for treatment of the raw material for 3 h at 55°C

with raw-material—extractant modulus 1:8. Under these

conditions, the extract gave a yield of ~1.2% lipophilic sub-

stances. A comparison of the experimental yields of

lipophilic substances from the shells with the literature

(0.76%) [4] led to the conclusion that the extraction under

the optimized conditions gave the most complete extraction

of lipids from the shell.
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TABLE 1. Main Experimental Variables and Their Variation

Ranges for Extraction of Lipophilic Substances from Shells and

Spines of Sea Urchin S. droebachiensis

Plan characteristic

Variables

X1 X2 X3 X4 X5

Main level (X0) 6 2 0 40 5.5

Variation step 4 1 0 15 2.5

Upper level, X(+) � 10 3 + 55 8

Lower level, X(–)  2 1 – 25 3

min

Fig. 2. HPLC chromatogram of a dimeric polyhydroxynaphtho-

quinone.

TABLE 3. Composition of Lipophilic Substances in Lipid Extract

as Estimated from Neutral Lipid Analysis

Spot

No.

Lipid

class
Rf

Content,

%

View of plate

obtained from study

of lipids using neu-

tral lipid analysis

8 Squalene, hydrocar-

bons (paraffins and

olefins)

0.92 0.65

a) test solution,

b) �-tocopherol

standard solution

7 Sterol and wax esters 0.88 2.74 � 0.23

6 Triglycerides 0.47 1.14 � 0.08

5 Fatty acids 0.21 40.14 � 3.88

4 Sterols 0.14 9.62 � 0.95

3 1,3-Diglycerides,

1,2-diglycerides

0.09 10.54 � 1.01

2 1-O-Monoalkyl glyc-

erin esters

0.04 23.72 � 2.21

1 Monoglycerides 0.01 11.46 � 1.12

TABLE 2. Plan and Factorial Experiment Results for Optimization

of Lipophilic Substance Production from Shells and Spines of Sea

Urchin S. droebachiensis

Expt.

Experimental

factor

Yield of

lipophilic

substances

(Mean ± s.d.)

X1,

mm

X2,

h

X3, ultra-

sound

X4,

°C

X5,

modulus

Y,

%

1 10 3 + 55 1:8 0.86 � 0.02

2 2 1 + 55 1:8 1.08 � 0.01

3 2 3 + 25 1:3 0.79 � 0.01

4 10 1 + 25 1:3 0.64 � 0.03

5 10 3 – 25 1:8 0.94 � 0.03

6 2 1 – 25 1:8 0.85 � 0.01

7 2 3 – 55 1:3 0.85 � 0.01

8 10 1 – 55 1:3 0.74 � 0.03

Finish

Origin

a b



The lipophilic extract produced under the optimized con-

ditions contained ~57% free fatty acids and ~7%

phospholipids. TLC identified in the lipid extract neutral

lipids (Table 3) and phospholipids (Table 4). Pure com-

pounds or groups were identified based on the literature

[12 – 15].

The lipid composition of sea-urchin gonads included

phospholipids, cholesterol, lecithin, free fatty acids, di- and

triglycerides, and sterol esters [2, 12].

Free fatty acids were primarily identified in the lipid ex-

tract of shells and spines under the conditions for analyzing

neutral lipids. Sterols, triglycerides and diglycerides, and hy-

drocarbons were detected in trace quantities. The studies of

the lipid extract showed that it contained phosphatidylcho-

line, phosphatidylethanolamine, lysophosphatidylcholine,

and lysophosphatidylethanolamine. The dominant constitu-

ent was phosphatidylcholine.

Defatted shell that was purified of lipophilic substances

was hydrolyzed. A series of pigments was produced and

characterized by HPLC as a highly pure (98.5%) dimeric

polyhydroxynaphthoquinone (Fig. 2).

Thus, an optimized process for isolating a purified

dimeric polyhydroxynaphthoquinone was developed and the

optimum conditions for isolating lipophilic substances were

found. The pigment obtained after purifying the raw material

of lipophilic substances was 98.5% pure according to HPLC.
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TABLE 4. Composition of Lipophilic Substances of Lipid Extract

as Estimated from Phospholipid Analysis

Spot

No.

Lipid

class
Rf

Content,

%

View of plate

from study of lipids

using phospholipid

analysis

7 Neutral lipids 0.95 –

1.00

1.36 � 0.11

a) test solution,

b) lysophospha-

tidylcholine stan-

dard solution

6 Cerebroside 0.83 3.10 � 0.31

5 Phosphatidylethanola

mine

0.56 16.59 � 1.68

4 Phosphatidylinositol 0.46 14.55 � 1.42

3 Phosphatidylcholine 0.36 36.45 � 3.62

2 Lysophosphatidyletha

nolamine

0.29 10.48 � 1.02

Finish

Origin

a b
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