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Abstract The objective of the present work was to eval-
uate the toxic effect of nonylphenol (NP) on the anti-
oxidant response and antitumor activity of Gracilaria
lemaneiformis. An obvious oxidative damage was ob-
served in this study. The thallus exposed to NP showed
1.2–2.0-fold increase in lipid peroxide and displayed a
maximum level of 16.58 μmol g−1 Fw on 0.6 mg L−1

for 15-day exposure. The activities of antioxidant en-
zymes such as superoxide dismutase (SOD) and catalase
(CAT) enhanced significantly by 1.1–3.2-fold and sub-
sequently diminished at the high concentrations and
prolonged exposure. The results of DNA damage in
comet assay also supported that NP was obviously toxic
on G. lemaneiformis with increasing the percentage of
tail DNA in a dose-dependent manner. Furthermore, the
ethanol extract of G. lemaneiformis (EEGL) did exhibit
antitumor potential against HepG-2 cells. While

decreased in cell inhibition, ROS generation, apoptosis,
and caspase-3 in HepG-2 cells treated with the EEGL
were observed when G. lemaneiformis was exposed to
NP for 15 days, and which were related to exposure
concentration of NP. These suggested that NP has
strongly toxic effect on the antitumor activity of
G. lemaneiformis. The results revealed in this study im-
ply that macroalgae can be useful biomarkers to evalu-
ate marine pollutions.
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Introduction

Marine macroalgae, as a key component of primary producer,
have been a focus in recent studies for their pivotal role in
coastal and estuarine ecosystems (Wang et al. 2014). Some
bioactive substances from macroalgae are regarded economi-
cally important. It was documented that macroalgae were po-
tential algicide against the growth of harmful algae blooms
(HABs) (Ye et al. 2014). Serial experiments proved that
microalgae were efficient in bioremediation of eutrophic wa-
ters to improve water quality through absorbing nutrients
(Neori et al. 1996; Yang et al. 2015). And some important
biologically active compounds with antitumor potential have
been extracted from macroalage and are expected to be a nov-
el anticancer drug against cancer (Fan et al. 2012). However,
the environment changes, such as temperature, salinity, solar
radiation, and hazardous substances, exert an effect on the
physiological and biochemical response of seaweeds (Wang
et al. 2014).
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Nonylphenol (NP), as a kind of typical endocrine
disrupting chemicals (EDCs), had been detected in various
environmental matrices and was of particular concern for hu-
man as well as for aquatic environment because of its persis-
tent toxicity. Nonylphenol is the main biodegradation product
of nonylphenol ethoxylate (NPEO) which is massively used in
industry and agriculture. In recent years, a higher level of NP
had been found at coastal areas. Due to its lipophilicity, NP
can accumulate in organisms and pose threat to other organ-
isms through food chains’ biomagnification (Lai et al. 2002).
Nice et al. (2000) reported that the lethal concentration of NP
for oyster larvae was 100 μg L−1. Nonylphenol presented in
the environment could be bioconcentrated in microalgae
Isochrysis galbana and then produced toxic effect on other
organisms through the trophic chain (Correa-Reyes et al.
2007). Liu et al. (2010) also reported that NP may inhibit
the growth of marine diatom Navicula incerta with the EC50

value of 0.2 mg L−1 (96 h) and will enhance risk to settled
larvae. For its persistent toxicity, NP had been included in the
list of 27 persistent toxic substances by the United Nations
Environment Program (Ibrahim et al. 2002).

Gracilaria lemaneiformis, an edible red alga cultivated in a
large scale along southeast coastal region of China for fast
growth, are broadly used in food additive, pharmaceutical,
and cosmetic industries. It is one of the economically impor-
tant alga not only for the effective role in the remediation of
eutrophication but also for strong growth-inhibiting effect on
HABs, for the important raw material of agar extraction and
the extractions of other natural products (Wang et al. 2014; Xu
and Gao 2012; Ye et al. 2014). Also, the fresh thalli can be
used as high-quality feed for abalone or other marine animals
and processed into nutrient and healthy sea vegetables for
human consumption. Recently, some studies concerning
G. lemaneiformis were focusing on the severe effects of envi-
ronmental conditions’ alteration and pollutants which were
strongly phytotoxic and biodegradation-resistant, such as ul-
traviolet radiation, metal, and NiO nanoparticles (Han et al.
2012; Simioni et al. 2014; Xia et al. 2004). It has been reported
that heavy metals from seawater can accumulate in
G. lemaneiformis obviously and increase oxidative damage
in G. lemaneiformis through the accumulation of toxic reac-
tive oxygen species (ROS) and malondiadehyde (MDA) be-
cause of lower antioxidant enzyme activities, such as super-
oxide dismutase (SOD) and glutathione reductase (GR)
(Huang et al. 2013; Wang et al. 2014). Other reports also
proved that macroalgae is an important species to evaluate
the toxicity of contaminants (Babu et al. 2014). But limited
studies on the effect of NP on physiological property of
G. lemaneiformis were conducted. Various studies revealed
that water, methanol, ethanol, or ethyl acetate extracts from
macroalgae were found to possess cell proliferation-inhibiting
effects in cancer (Patra and Muthuraman 2013; Sundaram
et al. 2012; Zandi et al. 2013). However, the influence of toxic

pollutants on the antitumor activity of macroalgae has not
been reported.

In the present study, we investigated (i) the existence of
NP-induced oxidative stress by determining lipid peroxidation
and antioxidant enzyme activities, (ii) DNA damage in
G. lemaneiformis induced by NP, and (iii) whether there are
any adverse effects on antitumor activity ofG. lemaneiformis.
To the best of our knowledge, the toxic effects of NP on
macroalgae and their antitumor potential were reported for
the first time.

Material and methods

Algal culture and treatment

G. lemaneiformis were collected from Nanao Island
Cultivation Zone (116.6° E, 23.3° N), Shantou, Guangdong,
China. After harvesting, the thalli were washed with sterile
artificial seawater (ASW) to clean the attached sand, and the
rhizoidal portions were removed to eliminate microbial con-
tamination. The cleaned and healthy thalli were acclimatized
to laboratory conditions for a week in VSE medium with the
pH and salinity of 8.0 and 30‰, respectively. During the
acclimatization period, the medium was replenished every
other day and the culture conditions were maintained under
an illumination of 2000 lx with a 12:12 h light/dark cycle at
20 ± 1 °C. After pre-culture, about 4 g wet weight of healthy
thalli was cultured in flask containing 1 L fresh Von Stosch
enriched sterile ASW supplemented with different concentra-
tions of NP ranging from 0.2, 0.4, 0.6, 0.8, and 1.0 mg L−1

(three replicates per concentration) for 3, 7, and 15 days. And
other culture conditions were staying the same with the accli-
matization period. Stock solution of NPwas prepared in meth-
anol to a concentration of 2 g L−1 and stored at −20 °C. The
final concentration of methanol in medium was controlled
below 0.05% (v/v) (no observed effect concentration), and
there were a set of flasks spiked with 0.05% (v/v) methanol
used as control. Thus, two controls were set in all experiments,
namely blank control (CK 1) and methanol control (CK 2),
respectively.

Determination of lipid peroxidation, superoxide
dismutase, and catalase

Extracts for detecting lipid peroxidation (LPO), superoxide
dismutase (SOD), and catalase (CAT) were prepared under
ice bath cooling in phosphate buffer at a proportion of 1:9
(w/v). The tissue homogenates were centrifuged at 4000 rpm
for 15 min at 4 °C, and the supernatants were used to assay.
The lipid peroxidation was determined by thiobarbituric acid
reactive substance (TBARS) assay as described by Uchiyama
and Mihara (1978). The activities of SOD and CAT were
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detected according to the manufacturer’s instructions. Total
superoxide dismutase (T-SOD) assay kit (No. A001-1) and
CAT assay kit (No. A007-1) were purchased from Nanjing
Jiancheng Bioengineering Institute, China. And the soluble
protein was estimated according to Bradford method
(Bradford 1976).

Protoplast isolation and comet assay

Protoplast isolation

Protoplast isolation and purification were performed follow-
ing previous study with some modifications (Gupta et al.
2011). Briefly, the washed fresh thalli with 15-day exposure
to NPwere chopped into small pieces (≤1mm thin). And then,
the chopped tissues were rinsed several times in sterile ASW
supplemented with 2% NaCl to remove debris prior to plas-
molysis. The cleaned tissues were incubated in an enzyme
medium (1:10 w/v) composed of 60% sterile ASW (30‰ ster-
ile ASW diluted with Milli-Q water), 40% deionized water,
2% cellulase, 0.01% agarase, and 0.4 M mannitol and buff-
ered with 50 mM Tris-HCl (pH 7.0) for 6 h on a rotary shaker
(50 rpm) in the dark at 25 °C. After enzyme digestion, the
protoplasts were filtered through a 300-mesh cell strainer
and then centrifuged at 300×g for 10 min. The precipitates
were rinsed and centrifuged twice and re-suspended in
enzyme-lacking medium and kept at 4 °C. The protoplast
numbers were estimated using hemocytometer. To achieve
plasmolysis effectively, the tissues were treated for 30 min
in plasmolysis medium consisting of 60% sterile ASW, 40%
deionized water, and 1.0 M mannitol at 25 °C in the dark on a
rotary shaker (50 rpm) before enzymatic digestion.

Comet assay

The method of comet assay was performed according to the
manufacturer’s instructions of comet assay kit (No. KGA240-
100) purchased fromKeygen Biotech. The protoplast solution
(about 1 × 103 protoplasts) was mixed with 0.7% low-melting
temperature agarose (LMA) at a proportion of 1:1 (v/v).
Eighty-five microliters of the mixture solution was laid on a
slide pre-coated with 100 μL of 0.5% normal-melting temper-
ature agarose and covered with a coverslip and left at 4 °C for
10 min to the solidification of agarose. Subsequently, the cov-
erslip was slipped off gently and horizontally, and the third
agarose layer (70 μL, 0.7% LMPA) was layered. And then,
the slide covered with a new coverslip was left at 4 °C for
another 10 min, removed the coverslip, and the slides were
submerged in lysis solution for 2 h at 4 °C. After lysis, the
slides were rinsed twice in cold distilled water and set in a
horizontal electrophoresis tank with cold electrophoresis buff-
er for 60 min at room temperature to DNA unwinding.
Electrophoresis was accomplished at 25 V and 300 mA in

electrophoresis tank under ice bath cooling for 30 min. After
electrophoresis, the slides were neutralized in 0.4 M Tris-HCl
(pH 7.5) buffer and dyed with 20 μL of propidium iodide (PI).
The samples were analyzed using inverted fluorescence mi-
croscope (Olympus IX 53) with an excitation wavelength of
515–560 nm.

Determination of antitumor activity

Preparation of algal extract

Fresh G. lemaneiformis treated with different concentrations of
NP for 15 days was rinsed with distilled water and shade dried.
Ethanol extract of G. lemaneiformis (EEGL) was prepared as
described by Sundaram et al. (2012). The dried alga was ex-
tracted in ethanol solution at a proportion of 1:10 (w/v). The
extract was filtered usingWhatman paper No. 1 filter paper and
sterilized by Millipore filter with 0.22-μm pore size and stored
at −20 °C. The crude extract was diluted with phosphate-
buffered saline (PBS) to 1000 μg mL−1 prior to use.

Cell culture

HepG-2 cells were cultured in DMEM (Gibco) supplemented
with 10% fetal bovine serum (FBS) and 1% antibiotics
(100 U mL−1 penicillin and 100 μg mL−1 streptomycin) and
incubated at 37 °C in the presence of 5% CO2 incubator.

Methyl thiazolyl tetrazolium assay test

Methyl thiazolyl tetrazolium (MTT) assay test was conducted
to evaluate cytotoxicity of EEGL against HepG-2 cells. The
cells treated with EEGL (100 μg mL−1) were incubated in a
96-well microplate for 24 and 48 h at 37 °C. Tenmicroliters of
MTT solution (5 mg mL−1) was added to medium, and the
cells were incubated at 37 °C for another 4 h. The supernatant
was transferred, and 100 μL of DMSOwas added. Finally, the
microplate was put on a rotary shaker in the dark for 10 min.
The absorbance was read by microplate reader (SYNERGY
H1) at 490 nm.

Generation of reactive oxygen species

The detection of intracellular ROS was conducted with
DCFH-DA method using Reactive Oxygen Species Assay
Kit (No. S0033) purchased from Beyotime Biotechnology
according to the manufacturer’s instruction. DCFH-DA can
pass through cell membrane into cells and be hydrolyzed to
DCFH, and then, DCFH may be oxidized by intracellular
ROS to form highly fluorescent DCF. Briefly, the HepG-2
cells treated or untreated with EEGL (100 μg mL−1) for 6 h
in 6-well plate were collected and washed in PBS and then
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stained with DCFH-DA. ROS levels were detected by flow
cytometry (Gallios, USA).

Analysis of cell apoptosis

HepG-2 cells treated or untreated with EEGL (100 μg mL−1)
for 48 h in 6-well plate were collected and washed in PBS,
followed by the measurement of apoptosis using FITC
Annexin VApoptosis Detection Kit I (No. 556547) purchased
from BD Biosciences as per the manufacturer’s instruction.
Cells were re-suspended in binding buffer and stained with
Annexin V-FITC and PI. Apoptosis was detected by flow
cytometry (Gallios, USA).

Determination of caspase-3 activity

Caspase-3 can react with acetyl-Asp-Glu-Val-Asp p-
nitroanilide (Ac-DEVD-pNA) to produce yellow p-
nitroanilide (pNA), while pNA shows strong absorption at
405 nm. The detection of caspase-3 activity was performed
according to the manufacturer’s instruction of Caspase-3
Activity Assay Kit (No. C115) purchased from Beyotime
Biotechnology. HepG-2 cells were incubated with EEGL
(100 μg mL−1) for 48 h. Cells collected were washed in
PBS and lysed with lysis solution on ice for 15 min. After
centrifugation, 50 μL supernatant with 10 μL 2 mM Ac-
DEVD-pNA (200 μM final concentration) was incubated at
37 °C for 2 h in 96-well plate. The absorbance was measured
at 405 nm by microplate reader (SYNERGY H1), and
caspase-3 activity was calculated according to pNA standard
curve.

Statistical analyses

All results are represented as mean ± standard deviation. And
significant differences were evaluated using one-way analysis
of variance (ANOVA) with the three replicates. The values
where P < 0.01 or P < 0.05; difference were considered
significantly.

Results

Effect of NP on antioxidant system in G. lemaneiformis

To evaluate the oxidative stress induced by NP, LPO
expressed in terms of MDA level, SOD, and CAT activities
were determined after 3, 7, and 15-day treatment.

Lipid peroxidation

It can be observed from Fig. 1a that the MDA level in all
groups increased significantly by 1.2–2.0-fold when com-
pared to controls, indicating that NP did produce oxidation
damage to G. lemaneiformis. Its level increased linearly with
the increase of concentrations after 3 and 7-day exposure to
NP. At the end of 15 days, the MDA increased and showed a
maximum level with the increase of 200.24% on 0.6 mg L−1

and decreased thereafter gradually, but significant increases
could be observed in all the experimental groups (P < 0.05).
In the last exposure day, there was a tendency of decrease at
high concentrations maybe because of the rot in algae body
which causes the inactivation of corresponding enzymes.

Superoxide dismutase

The effect of NP on superoxide dismutase (SOD) in
G. lemaneiformis is presented in Fig. 1b. The SOD activities
in the groups exposed to NP were higher than control group,
and the trend of variations both in concentration and time was
similar to MDA. Under the exposure of NP, the SOD activity
was increased continuously in a dose-response and time-
response manner, but there was a slight decrease on
1.0 mg L−1 of 15 days. It was worth mentioning that the
SOD activity attains a peak value with the increase of 3.24-
fold on 0.8 mg L−1 of 15 days (P < 0.01).

Catalase

From Fig. 1c, no obvious variation of CATactivity was observed
in the treatment of 3 days, while the CAT level varied evidently
under the pressure of NP in the exposure of 7 and 15 days. For
7 days, the CAT activity was gradually induced with increase of
exposure dose and reached amaximumat 9.48Umg−1 protein in
the concentration of 0.8 mg L−1. However, with the increase of
concentrations, the CAT level was increased initially and subse-
quently decreased invariably for 15 days, and the value in the
concentration of 1.0 mg L−1 was 0.31 Umg−1 protein which was
much lower than control group.

Effect of NP on DNA damage in G. lemaneiformis

From the comet assay, it was evident that NP may induce
DNA damage in their tissues with increasing the percentage
of tail DNA (Fig. 2). There was significant difference between
the groups with higher concentrations of NP exposure and the
control group (P < 0.05). And the percentage of tail DNA
increased by 1.29–9.59-fold compared to the control.
Furthermore, the percentage of tail DNA increased invariably
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with the increase of NP level, showing that DNA damage was
occurred in a dose-dependent manner. These results demon-
strated that NP has potential to pose genotoxicity to
G. lemaneiformis.

Effect of NP on antitumor activity of G. lemaneiformis

Cell viability in vitro

Cell viability was monitored by MTT assay test in order to
assess the impact of NP on the algal extract against HepG-2
cells after 24 and 48-h treatment with EEGL (Fig. 3). The
results indicated that EEGL has cell proliferation-inhibiting
effect on HepG-2 cells. And cell inhibition increased slightly
with the increase of exposure time at the same exposure dose.
However, the extracts of G. lemaneiformis which were ex-
posed to NP may lead to significant reduction in cell prolifer-
ation inhibition effect and somehow showing apparent dosage
effect connection.

The generation of intracellular ROS

ROS is a key role in the modulation of cellular functions, such
as the pathways of oxidative signal transduction (Sunassee
and Davies-Coleman 2012) and cell damage and apoptosis
(Erkekoglu et al. 2010). Figure 4 illustrates the generation of
ROS in HepG-2 cells treated with EEGL for 6 h. The results
indicated that EEGL plays a significant role in increasing the
level of ROS which may result in oxidative stress and then
induce cell apoptosis. ROS production increased ∼1.7-fold in
the group of CK 1 and CK 2 (P < 0.01). However,

Fig. 2 Tail DNA damage in NP-treated thallus. Data were presented as
mean ± SD of three replicates. *P < 0.05, **P < 0.01

Fig. 1 Effects of NP on a MDA, b SOD activity, and c CAT activity in
G. lemaneiformis. Data were presented as mean ± SD of three replicates.
*P < 0.05, **P < 0.01
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G. lemaneiformis treated with high concentrations of NP for
15 days had a lower effect on the generation of ROS when
cells treated with the same dose of EEGL.

Cell apoptosis

The active compounds with antitumor potential extracted
from macroalgae can induce cell apoptosis (Patra and
Muthuraman 2013). To assess the impact of NP on antitumor
activity of G. lemaneiformis, we examined apoptosis in
HepG-2 cells following exposure to EEGL for 48 h by flow
cytometry using Annexin V-FITC conjugate and PI labeling.
HepG-2 cells were induced to undergo apoptosis significantly
by treatment with EEGL compared with the control group
(Figs . 5 and 6) . In teres t ingly, the ext rac t f rom

G. lemaneiformis without exposure to NP induced a higher
level of apoptosis in HepG-2 cells (Fig. 5b–c), whereas the
apoptosis induced by EEGL decreased significantly with the
inc r ea se o f exposu r e concen t r a t i on s o f NP to
G. lemaneiformis (Fig. 5d–h). Those were also supported by
the investigations of a higher caspase-3 activity (about 2.7–
2.9-fold; Fig. 7) (P < 0.05) when G. lemaneiformis was not
exposed to NP and a decreased caspase-3 activity (about 1.1–
2.3-fold) when G. lemaneiformis was exposed to NP. The
results indicated that NP may exert toxicity effect on antitu-
mor potential of G. lemaneiformis via reducing cell apoptosis
and the activity of caspase-3.

Discussion

Recently, marine macroalage has received much attention for
their positive effects in energy transformation, nutrient cy-
cling, phytoremediation, and medicine (Mendes et al. 2013;
Raize et al. 2004; Yeh et al. 2012). The present study indicated
that NP may increase the oxidant damage and decrease the
antitumor activity of G. lemaneiformis. Thereby, the levels of
ROS generation, apoptosis, and caspase-3 in tumor cells treat-
ed with EEGL were cut down after NP exposure to
G. lemaneiformis for 15 days.

Antioxidant system plays a vital role in protecting organ-
isms from damage by free radicals. Oxidative stress is one of
the important mechanisms involved in the prevention of injury
induced by pollutants. Earlier studies have presented enough
evidences on the correlation of elevated level of antioxidant
enzymes and increased tolerance to toxicity (Kumar et al.
2010; Zhao et al. 2014). SOD is a key enzyme in antioxidant
system involved in the process of catalyzing reactive oxygen
free radicals to H2O2, and subsequently, the produced H2O2

could be eliminated to water and molecular oxygen by CAT
(Nordberg and Arner 2001). The results showed that the level
of SOD increased notably and were much higher than the
control group though there was a slight reduction when ex-
posed to 1.0 mg L−1 at the end of 15 days. As to CAT, al-
though there was no marked variation in the first day, it was
increased sharply and then reduced with the increase of expo-
sure dose and time. Elevated levels of SOD and CATactivities
in G. lemaneiformis following the NP treatment can be con-
sidered as these enzymes could act in combination to adapt the
extreme stress against the impact of NP toxicity and oxidative
damage (Reddy et al. 2005). Therefore, the reduction of SOD
and CAT activities was probably due to the inactivation of
enzymes being influenced by the accumulated ROS, which
caused damage to antioxidant system through impairing their
ability to remove toxic reactive oxygen free radicals and per-
oxides (Verma and Dubey 2003). The altered antioxidant en-
zymes were also found in response to the increased oxidative
stress on seaweeds with copper and cadmium treatments

Fig. 3 Cytotoxic of EEGL in HepG-2 cells after 24 or 48-h incubation
when G. lemaneiformis was exposed to different concentrations of NP.
Data were presented as mean ± SD of three replicates. *P < 0.05,
**P < 0.01

Fig. 4 Effect of EEGL on intracellular ROS generation in HepG-2 cells
after 6-h incubation when G. lemaneiformis was exposed to different
concentrations of NP. Data were presented as mean ± SD of three repli-
cates. *P < 0.05, **P < 0.01
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(Babu et al. 2014). MDA, one of the important toxic products
in lipid peroxidation, may accelerate the membrane damage.
And it resulted from free radicals attacking the polyunsaturat-
ed fatty (PUFA) in cell membrane by non-enzymatic systems
(Papadimitriou and Loumbourdis 2002). Hence, the MDA
level can reflect the degree of oxidative damage caused by
free radicals indirectly. Results obtained from this study
showed that the lipid peroxidation level increased obviously

in the majority of experimental groups, indicating that oxida-
tive damage to G. lemaneiformis was elicited following the
exposure to NP. However, the MDA quantity was decreased
under the high concentration exposure of 15 days that was
probably due to the rot in algae which causes relevant en-
zymes inactive.

Alkaline single-cell gel electrophoresis (comet assay) mod-
ified by Singh et al. (1988) had been regarded as a useful tool
in environmental toxicology to evaluate genotoxicity of pol-
lutants (Papis et al. 2011). In this work, very distinct DNA
damages were observed when G. lemaneiformis was exposed

Fig. 5 EEGL-induced apoptosis after 48-h incubation of HepG-2 cells when G. lemaneiformis was exposed to different concentrations of NP deter-
mined by flow cytometer. a Control. b CK 1. c CK 2. d 0.2 mg L−1 NP. e 0.4 mg L−1 NP. f 0.6 mg L−1 NP. g 0.8 mg L−1 NP. h 1.0 mg L−1 NP

Fig. 6 Effect of EEGL on apoptosis in HepG-2 cells after 48-h
incubation when G. lemaneiformis was exposed to different
concentrations of NP. Data were presented as mean ± SD of three
replicates. *P < 0.05, **P < 0.01

Fig. 7 Effect of EEGL on caspase-3 activity in HepG-2 cells after 48-h
incubation when G. lemaneiformis was exposed to different
concentrations of NP. Data were presented as mean ± SD of three
replicates. *P < 0.05, **P < 0.01
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to NP (P < 0.05). Babu et al. (2014) also reported that DNA
damage was observed in marine macroalgae (Acanthophora
spicifera,Chaetomorpha antennina, andUlva reticulata) with
the tail DNA (%) of 12–63% approximately after exposure to
cadmium and copper metals. As shown in Fig. 2, the increase
of NP concentration increases the percentage of tail DNA in a
dose-dependent manner. It turned out that comet assay can be
an efficient tool to evaluate the genotoxicity of increasing NP
contamination. The results showed that the low concentration
of NP induced lower DNA damage in G. lemaneiformis. The
possible reason was that the enhanced enzymatic or non-
enzymatic antioxidants can prevent the generation of ROS
and inhibit DAN damage consequently. Therefore, the higher
concentrations of NP-induced DNA damage significantly ow-
ing to the synergistic effect of antioxidants were not enough to
eliminate the generation of ROS and then the DNA stability
impaired.

The previous reports demonstrated that marine macroalgae
are a promising natural product for cancer treatment due to the
high antitumor potential against cancer cells (Sundaram et al.
2012). The bioactive components of Gracilaria had been
researched and were mainly divided into water, ethanol, meth-
anol, or ethyl acetate extracts (Yeh et al. 2012). Extracts exhib-
ited different cytotoxicity in antiproliferative effect for the dif-
ference in extracted solvents or nature products. Patra and
Muthuraman (2013) described that the ethanol extract of
Gracilaria edulis showed strongly cytotoxic effect against
Ehrlich ascites tumor (EAT) cells with the IC50 of
45 μg mL−1 (72 h). Yeh et al. (2012) also reported that the
IC50 value of the methanol extract of Gracilaria tenuistipitata
for Ca9-22 oral cells was 326 μg mL−1 (24 h). And the ethyl
acetate extract of Colpomenia sinuosa, Galaxaura oblongata,
and Halimeda discoidae for liver cancer (HuH-7) cells were
112.38, 123.54, and 230.53 μg mL−1 (72 h), respectively
(Huang et al. 2005). Considering the fact that NP exhibited
serious toxicity on G. lemaneiformis, we attempted to evaluate
whether or not there is toxicity on antitumor activity of algae.
Accordingly, the EEGL was isolated, and the toxic effects of
NP on antitumor activity of EEGLwere evaluated in this study.

To validate this hypothesis, the inhibition of cell prolifera-
tive was primary considered and it was verified byMTTassay
test in HepG-2 cells. A previous study indicated that the ex-
tract of Indigofera linnaei Ali has a chemopreventive role in
liver HepG-2 cell proliferation, which was in agreement with
this study (Kumar et al. 2011). By comparing the activities
against HepG-2 cells, the result pointed out that EEGL shows
less efficience in inhibiting cell proliferative when
G. lemaneiformis was exposed to different concentrations of
NP. Patra and Muthuraman (2013) reported that the increased
apoptosis in EAT cells after treatment with the bioactive ex-
tract of seaweeds was positively correlated with the elevation
of ROS. The results from this study showed that ROS gener-
ated in cells may mediate oxidative stress and subsequently

lead to cell apoptosis. However, the current study demonstrat-
ed that ROS generation and cell apoptosis were depleted sig-
nificantly following the NP treatment toG. lemaneiformis in a
dose-response manner. Accordingly, decrease in ROS gener-
ation and cell apoptosis in this work clearly indicated that NP
did cause irreversible damage to the antitumor activity of sea-
weed. To further test the negative role in apoptosis, the
caspase-3 signaling pathway was also examined. Caspase-3
is a key enzyme in the process of cell apoptosis. A noticeably
decreased caspase-3 activity noted in this work was positively
correlated with decreased ROS and apoptosis following NP-
treated thallus, which may confirm the results of damage to
antitumor potential. In summary, the results indicated that the
short-time exposure to NP exhibited oxidative toxicity to
G. lemaneiformis and seriously impaired its potential against
HepG-2 cells in vitro. However, there are still some limitations
in this study. A further research should be conducted to re-
search these at cellular and molecular level or evaluate the
bioaccumulation of NP in G. lemaneiformis and its effect on
other organisms through food chain.

Conclusion

Results from this study indicated that NP had negative effect
on G. lemaneiformis which may result in oxidative stress and
DNA damage. In addition, the ethanol extract of
G. lemaneiformis was a potential drug against tumor cells
in vitro and did exert role in inhibiting cell proliferation via
inducing apoptosis. On the other hand, it was important to
mention that the antitumor activity was depleted significantly
following the exposure of NP to macroalgae. It suggested that
macroalage can be considered as useful biomarkers of NP
contamination and efficient bioindicators to evaluate the
genotoxicity of increasing contaminations in marine
ecosystem.
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