
Jundishapur J Nat Pharm Prod. 2017 November; 12(4):e65055.

Published online 2017 November 30.

doi: 10.5812/jjnpp.65055.

Research Article

Identification and Quantification of Phthalate Pollution in Holothuria

atra: A Sea Cucumber from the Persian Gulf (Iran)
Mohsen Sharifi,1 Afsaneh Yegdaneh,1,* Seyyed Ebrahim Sajjadi,1 and Mohammadreza Shushizadeh2

1Department of Pharmacognosy, School of Pharmacy and Pharmaceutical Sciences and Isfahan Pharmaceutical Sciences Research Centre, Isfahan University of Medical
Sciences, Isfahan, IR Iran
2Marine Pharmaceutical Science Research Center, Department of Medicinal Chemistry, Ahvaz Jundishapur University of Medical Sciences, Ahvaz, IR Iran

*Corresponding author: Afsaneh Yegdaneh, Department of Pharmacognosy, School of Pharmacy and Pharmaceutical Sciences and Isfahan Pharmaceutical Sciences Research
Centre, Isfahan University of Medical Sciences, Isfahan, IR Iran. Tel: +98-3137927130, Fax: +98-3136680011, E-mail: yekdaneh@pharm.mui.ac.ir

Received 2016 September 28; Revised 2017 January 21; Accepted 2017 February 25.

Abstract

In recent years, microplastics have accumulated in oceans and sediments worldwide. Due to their small size, microplastics may be
ingested by low trophic fauna, with uncertain consequences for the health of the organism. Sea cucumbers are one of the major
echinoderms from the class Holothuroidea that ingest plasticizers in their mouth and filter the water. Regarding the recent inter-
ests on probable pollution of medicinal plants and other natural medicines, like marine organisms to phthalates, in this study a
phthalate ester was isolated from Holothuria atra of Persian coasts for the first time. The structure of the compound was elucidated
using spectroscopic data (IR, NMR and MS) and the compound was used as a standard for quantification of microplastic in H. atra, a
marker of pollutant in the Persian Gulf. Quantification was done by high performance thin layer chromatography and the amount
of bis (2-ethylhexyl) phthalate (BEHP) was 0.15 ± 0.08 mg/g.
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1. Background

In the current modern society, the use of plastic ma-
terial has become a critical condition with extensive uses
in commercial, industrial, medicinal and other fields. Be-
cause of the free release and extensive dispose of plastic
waste, it has accumulated in the environment in very high
amounts. It is easily transported due to its lightweight and
reaches the coasts. Therefore, this durable material has be-
come a common element of marine habitat (1).

Recently, inconspicuous microscopic plastic particles
have been identified as a universal component of marine
detritus. During the last four decades, they have been in-
creasing in oceans over the world (2).

Most commonly used phthalate esters, such as bis(2-
ethylhexyl) phthalate (BEHP) and di-isononyl phthalate
(DINP), are one of the main groups of plastics that may
cause severe side effects for human health (3). These phtha-
lates effect the endocrine systems, such as sex hormones
and thyroids (4). Previous studies also indicate that phtha-
lates could exhibit inflammation, early puberty in girls, ox-
idative stress, asthma, and allergic reactions (5-7). Further-
more, induction of toxicity in the liver, lungs, kidneys and
testis has been reported for these compounds (3).

Because of microplastic accumulation in marine en-

vironments, they become in contact with deposit- and
detritus-feeding organisms and may be ingested. Marine
organisms, such as omnivorous amphipod Orchestia gam-
marellus and the deposit feeding polychaete Arenicola ma-
rina have been reported to ingest microplastic (8). Lit-
erature also reported microplastic ingestion in the ben-
thic holothurians (sea cucumbers), Thyonella gemmate, Cu-
cumaria frondosa, Holothuria floridana and H. grisea (9).

Sea cucumbers are echinoderms from the class
Holothuroidea. They are marine organisms covered
with a leathery skin and a worm-like gelatinous body with
a single, branched gonad. They are found in oceans around
the world. There are 1717 holothurian species worldwide
that are mainly distributed in the Asia-Pacific region. Until
now, 1,400 species of sea cucumbers have been identified
and reported worldwide (10). Sea cucumbers are benthic
animals with diverse and useful medicinal properties
(11). Therefore, the isolation, structure elucidation, and
screening of their bioactive compounds has received
increasing attention. They are useful for their potential
anti-inflammatory and anti-tumorigenic properties and
also used for treatment and prevention of other human
diseases, including cancers. Due to their natural origin,
long history of use as food, and lack of toxic effects,
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these compounds are good candidates in pharmaceutical
researches.

Sea cucumbers may be intermediate organisms in ph-
thalate conversion from the marine environment to a bi-
ological media. Phthalate esters, in particular BEHP, have
been detected in worldwide marine environments. Re-
cently, their distribution in the environment and potential
human health risks have been well-documented. The con-
centrations and distribution of phthalate esters in the ma-
rine habitat have become the focus of much attention and
reported in the different countries, such as the Klang River
Basin, Malaysia (12), the Rieti District, Italy (13), Urdaibai Es-
tuary of Gernika, Spain (14), and the False Creek Harbor of
Vancouver, Canada (15). The current literature highlights
the importance of determining phthalate derivatives in
Holothuria atra to determine the status of environmental
contamination. The main purpose of the present study
was to investigate the isolation, structure elucidation, and
quantification of a phthalate ester in a sea cucumber from
the Persian Gulf, as a marine food and medicinal resource
for the first time.

2. Methods

2.1. Sample Collection and Extraction

Holothuria atra was collected from the Persian Gulf,
Bushehr province, Iran during October, 2015. Identifica-
tion of sea cucumber was carried out by Dr Seyyed Moham-
mad Bagher Nabavi from the Khoramshahr Marine Science
and Technology University. The sample was identified as
Holothuria atra sp. as shown in Figure 1. The animal (about
1.4 kg wet weight) was cut into pieces, dried by a freeze
drier, and extracted four times with EtOAc-MeOH (1:1). The
solvent was evaporated by a rotary evaporator. One mil-
ligrams of the extract was dissolved in methanol and used
for quantitative analysis of BEHP in this sea cucumber and
the remaining was used in the isolation pathway.

2.2. Isolation of Bis(2-ethylhexyl) Phthalate

The extract was partitioned to hexane,
dichloromethane, butanol, and water with the Kupchan
partitioning method (16). In this method, the extract was
partitioned between MeOH 90% and hexane, MeOH 80%
and dichloromethane, respectively. Finally, the MeOH
solvent was removed completely and the remaining water
was partitioned with ButOH. The hexane partition was
further fractionated by MPLC. Silica gel was used as the sta-
tionary phase and the column was eluted with a gradient
solvent system from 100% hexane to pure EtOAc. The elu-
ates were monitored by TLC and 1HNMR and divided to 10
fractions (Frs. 1-10; Fr. 1 contained BEHP). Bis(2-ethylhexyl)

Figure 1. Sea cucumber Holothuria atra sp.

phthalate (150 mg) was isolated by HPTLC separation (100%
MeOH) and used for NMR analysis and also as a standard
of quantification.

2.3. Quantification of Bis(2-ethylhexyl) phthalate in Holothuria
atra

To determine the amount of BEHP, 10 mg of BEHP was
dissolved in 10 mL of methanol in a volumetric flask to
prepare a stock solution. The solution was diluted by two
folds with the same solvent to obtain a 0.5-mg/mL con-
centration. A calibration plot was obtained by applying
different volumes (lL) of the stock solution on the plates.
Bis(2-ethylhexyl) phthalate and sample solutions were ap-
plied on the plates (silica gel 60 HF254 + 366) by means of
Camag Nanomat. Samples were applied to the plates by
means of disposable fine glass capillaries. The spots were
dried completely and the plates were developed using of
toluene + ethyl acetate (10:1, v/v), as a solvent system. Af-
ter development, the plates were dried by air and detected
under UV365 light inside a UV-cabinet or by iodine vapor.
Bis(2-ethylhexyl) phthalate bands were scanned and quan-
tified by a Camag TLC Scanner, operated in reflectance–ab-
sorbance mode using a deuterium lamp. The maximum
absorption wavelength (280 nm) of the compound was de-
termined by means of the UV absorption spectrum of iso-
lated BEHP, using the spectrum mode of the scanner. The
WINCATS software from Camag was used for scanner con-
trol and data processing (17).

2.4. Nuclear Magnetic Resonance Spectroscopy Analysis

The isolated compound obtained from column chro-
matography was analyzed for nuclear magnetic resonance
spectroscopy (NMR) analysis. The 1H NMR experiments
were performed on Bruker Unity 400 MHz using TMS as
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an internal standard. The spectra were obtained using the
standard Bruker software. The observed chemical shift (δ)
values were given in ppm and the coupling constants (J)
in Hz. To elucidate the chemical structures of the promis-
ing active compound, it was analyzed using infrared, mass
and nuclear magnetic resonance spectroscopy. The IR spec-
trum of the pure compound was performed with KBr pel-
lets.

3. Results

Overall, 1.4 Kg of H. atra from the Persian Gulf was ex-
tracted with MetOH: EtOAc (1:1) and partitioned sequen-
tially to give 0.9 g of hexane, 5 g dichloromethane, 4 g bu-
tanol, and 10 g water fractions. Hexane partition was fur-
ther fractionated and isolated using column chromatogra-
phy and finally yielded a pure compound. The structural
elucidation was carried out by detailed interpretation of
NMR, Mass and IR spectroscopic data.

The DEHP was obtained as a colorless oily liquid, which
is soluble in hexane. The IR spectrum of this compound
showed a characteristic peak of the carbonyl group (C =
O) at 1728 cm-1(?). Other peaks appeared at 2956 cm-1 (-
CH2 stretch), 2860 cm-1 (-CH3 stretch), 1464 and 742 cm-1

(methylene C-H bend and (CH2) n-rocking), respectively,
and 1122 cm-1 (C-O stretch). The 1H-NMR spectrum of the
compound showed aromatic protons at δ:7.71 and 7.55, two
protons at δ:4.23, one proton at δ:1.43, and two methyl res-
onances at δ:0.95. Also, the characteristic signals of the
methylene groups, and the existence of only two aromatic
protons in the molecule were shown in the 1H-NMR spec-
trum. This suggested that the compound must have an
ortho-disubstituted benzene ring bearing the same substi-
tuted in both protons. The H-NMR spectrum of the com-
pound also confirmed the symmetry of the molecule. The
molecular weight was established by GC-MS as [M+] 390. By
comparison of 1H-NMR data to those published in the lit-
erature, the compound was identified as Bis(2-ethylhexyl)
phthalate (BEHP) (Figure 2) (18).

The isolated bis (2-ethylhexyl) benzene-1, 2-
dicarboxylate was analyzed further by TLC (RF= 0.85)
and used as a standard marker for quantification of BEHP
pollution in the sea cucumber extract. Figure 3 shows the
calibration curve of BEHP (17). The amount of BEHP in H.
atra was 0.15 ± 0.08 mg/g.

3.1. Bis(2-ethylhexyl) Phthalate. 1H NMR (CDCl3, 400 MHz)

δ 7.71 (2H, m, H1,2), δ 7.55 (2H, m, H3,6), δ 4.23 (4H, m, 11,
5.6 Hz, H9,19), δ 1.72 (2H,m, H10,20), δ 1.46 (4H, m, H11,21), δ
1.40 (4H, m, H13,23), δ 1.36 (8H, m, H12,22,15,25), δ 0.96 (6H,
t, 6.3 Hz, H14,24), δ 0.94(6H, t, 5.0 Hz, H16,26)
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Figure 2. Structure of bis(2-ethylhexyl) Benzene-1,2-Dicarboxylate
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Figure 3. Calibration Curve of bis (2-ethylhexyl) Benzene-1,2-Dicarboxylate

4. Discussion

Currently, isolating bioactive compounds from nat-
ural food sources for producing pharmaceutical agents
has become the focus of attention. Bioactive compounds
found in marine organisms, such as seaweeds, soft corals,
sponges, mollusks, phytoplanktons, tunicates, echino-
derms, and bacteria have shown wide variety of appli-
cations in medicinal fields (19, 20). Holothurians have
been used for centuries as an anti-inflammatory and anti-
disease food source and for treating different ailments in
South East Asian countries, such as Korea, Japan, Indone-
sia, and China (21, 22). They are nutrient-rich invertebrates,
similar to cucumber with a leathery skin and gelatinous
body (23).

More than 50 years ago, production of plastics in the
environment was started and currently these durable com-
pounds are widespread all over the planet. From the liter-
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ature, it is obvious that holothurians ingest plastic in dif-
ferent shapes and sizes. Besides, sea cucumbers are a use-
ful model for studying plastic ingestion in deposit-feeding
organisms (9). In fact, considered non-selective feed-
ers ingest high amounts of sediment into their mouths
for extracting nutrition from biofilms, organic debris,
and microorganisms. It is estimated that deposit-feeding
holothurians around Lizard Island, Australia, ingest the
top 5.0 mm of sediments each year in a 1000 m2 area, an av-
erage daily volume exceeding 8.3 × 106 m3 (24). Currently,
there is a lack of studies on bioaccumulation of plastics in
marine environments. Since invertebrates accumulate mi-
croplastics, they are likely to transport them to the food
web. No previous study has studied the amounts of plas-
tic found in Holothuria atra, as a biomarker of the level of
pollutant in the Persian Gulf, yet different researches have
incidentally noted the presence of these toxic compounds
in other marine vertebrate and invertebrate samples in dif-
ferent coastal areas. Lusher et al. found microplastics in
36.5% of fish belonging to 10 species sampled from the En-
glish Channel, irrespective of habitat (25). Adebola et al.
analyzed fish samples as a biomarker of pollutant in a river
from Nigeria and phthalate level was reported to be 181
µg/g (24). Other studies demonstrate that field-collected
marine invertebrates contain microplastics. Mytilus edulis
and Arenicola marina contained on average 0.2 ± 0.3 and
1.2 ± 2.8 particles per gram of tissue, respectively (26). In
two other papers, microplastics were detected in wild and
aquaculture populations of M. edulis and Crassostrea gigas
(27, 28). Various factors affect the ingestion of microplas-
tics by a marine organisms. Particle size seems to be an
effective factor to determine whether a plastic will be in-
gested and also the number of particles that will be in-
gested. The literature has reported that Holothuria grisea
sea cucumbers ingested the highest amount of plastic and
sand (9), yet if the particles are small enough, other aspi-
dochirotid and dendrochirotid species would be able to fit
them in their mouth and ingest plastic particles. When sea
cucumber tentacles come in contact with a particle, if the
plastics are comparable in size to other readily ingested
sediments, the particle will be pulled from the sediment,
and transported to the mouth. In addition, the amount of
microplastics ingested is dependent of the type of inverte-
brates. For example, Thyonella gemmata sea cucumbers in-
gested approximately 17 times more plastic than expected
(29). The current results demonstrate that H. atra of Per-
sian Gulf coasts of Iran contains high quantity of DEHP as
a marker of pollutant in this region. It is suggested to an-
alyze other species of Holothuria from different regions of
the Persian Gulf and quantify their phthalate compounds
to compare plastic pollution in this area. Sea cucumber ex-
tracts are interesting candidates with a promising future

to be used as functional foods. These extracts could be po-
tential candidates for the prevention and treatment of dis-
ease such as cancers but individual agent analysis must
be performed to determine microplastic concentrations
for their use in pharmaceutical or food industries. On the
other hand, using ecosystems containing this animal and
even increasing their amount may result in a decrease in
the plasticizers in the environment that will be advanta-
geous for other organisms living in the area.
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