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Objective: Gelidium amansii is one sort of edible red alga distributed along the coast of Northeast Asian countries. G. amansii has been consumed as an important food source as well as a traditional medicine which was known for its regulatory effects against blood pressure and blood glucose. In this study, antioxidative activity of G. amansii ethanol extract (GAEE) was
investigated through analysis of reactive oxygen species (ROS) formation and the induction of antioxidative enzymes in human gingival fibroblast-1 (HGF-1) cells.
Methods: ROS scavenging assay and cell viability were used to analyze the antioxidative activity of GAEE in HGF-1 cells. In
order to estimate the expression of antioxidative enzymes, Western blot analysis was applied.
Results: GAEE significantly scavenged lipopolysaccharide isolated from Porphyromonas gingivalis stimulated intracellular
ROS production in a dose-dependent manner without any cytotoxicity. To estimate the antioxidative capacity of GAEE as a
potent ROS scavenger, tert-butyl hydroperoxide was applied to induce oxidative initiated cell damage in HGF-1 cells and
cell viability was also significantly attenuated by GAEE treatment. Therefore, heme oxygenase-1 (HO-1) and NAD(P)H:quinone oxidoreductase 1 (NQO1), have known for their potent antioxidative activity, were analyzed whether they were induced by GAEE treatment or not. Both antioxidative enzymes were also significantly induced by GAEE treatment. In addition, GAEE treatment stimulated the activation of the transcription factor for antioxidative enzymes, nuclear factor erythroid
2-related factor 2 (Nrf2).
Conclusion: Consequently, GAEE strengthened HO-1 and NQO1 mediated antioxidative potential through the regulation of
Nrf2 pathway in HGF-1 cells.
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Introduction
Increased formation of free radicals and reactive oxygen species (ROS) can cause oxidative stress and damage to cellular
lipid, proteins, and nucleic acids. They can be an important promoter for the development of numerous lines of pathogenic disorders including atherosclerosis, hyperlipidemia, and cancer
[1]. In order to alleviate the risks from oxidative stress, intra-
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cellular antioxidative enzymes should be activated as a potent
scavenger of ROS [2]. Nuclear factor erythroid 2-related factor
2 (Nrf2) induces and upregulates the antioxidant response element (ARE)-responsive genes encoding heme oxygenase-1
(HO-1) and NAD(P)H:quinone oxidoreductase 1 (NQO1) [3].
Therefore, Nrf2 can be regarded as one of the important regulators for the induction of antioxidative enzymes against oxidative stress [4].
Many seaweeds have known for their beneficial effects on
human health since abundant nutrients such as polyphenols,
carotenoids, and vitamins. Gelidium amansii, an edible red alga
distributed in Northeast Asian coast, has been consumed as one
of the popular desserts and traditional medicine against the regulation of blood pressure, blood lipid and blood glucose [5].
Many reports have investigated about its antioxidative, immunomodulatory and antiobesity effects. By the way, only the
1,1-diphenyl-2-picrylhydrazyl assay was conducted to evaluate the antioxidative effect of G. amansii [6]. Especially, the
antioxidative effect of seaweeds in the field of oral biology has
not analyzed at all so far. Therefore, this study tried to evaluate
the antioxidative activity of G. amansii thorough the regulation
of Nrf2-mediated antioxidative enzymes in human gingival fibroblast (HGF) cells.

Materials and Methods
1. Reagents
Dulbecco’s modified eagle medium (DMEM) and fetal bovine serum (FBS) were obtained from Hyclone (Logan, UT,
USA). Porphyromonas gingivalis lipopolysaccharide (LPSPG) was purchased from Invivogen (San Diego, CA, USA). G.
amansii ethanol extract (GAEE) was obtained from Jeju
Biodiversity Research Institute (Jeju, Korea). Dimethyl sulfoxide, tert-butyl hydroperoxide (t-BHP), and sodium dodecyl
sulfate (SDS) were obtained from the Sigma-Aldrich Co. (St.
Louis, MO, USA). Antibodies against HO-1, NQO1, Nrf2, actin and the horseradish peroxidase (HRP)-conjugated anti-rabbit immunoglobulin G (IgG) were purchased from Santa Cruz
Biotechnology (Santa Cruz, CA, USA) and Cell Signaling
Technology (Dallas, TX, USA).

2. Cell culture and treatment
The HGF-1 cell was obtained from American Type Culture
Collection (CRL-2014; Rockville, MD, USA) and cultured in
DMEM supplemented with 10% FBS and 2 mM L-glutamine.
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3. Cell viability
Cell viability was determined using the WST-1 cell proliferation assay kit purchased from Daeil Lab Service (Seoul,
Korea). Cells were incubated with WST-1 for 1 hour and quantified by measurement at OD450.

4. Intracellular ROS formation assay
HGF-1 cells were stained with 50 M of dichloro-dihydrofluorescein diacetate for 2 hours. The cells were then pre-incubated with GAEE for 2 hours and subsequently incubated
with t-BHP (0.5 mM) for 30 minutes to induce the ROS
generation. The dye fluorescence was measured in a multi-detection reader (Bio-Tek Instruments Inc., Winooski, VT, USA)
at an excitation and emission wavelength of 485 nm and 530
nm, respectively.

5. Western blot analysis
6

Cells (2×10 cells/dish) in 100-mm dishes were pre-incubated with and without indicated concentrations of each sample for 2 hours, and then incubated with LPS-PG (1 g/ml) for
18 hours. The cells were washed twice with phosphate buffer
saline, scraped into 0.4 ml of protein extraction solution
(M-PER; Thermo Fisher Scientific, Waltham, MA, USA) for
10 minutes at room temperature. The lysis buffer containing the
disrupted cells was centrifuged at 13,000 ×g for 10 miutes.
Protein samples (25 g) from each lysate were separated on a
10% SDS-polyacrylamide gel and electrotransferred to polyvinylidene difluoride membrane (Merck Millipore, Billerica,
MI, USA). Membranes were blocked for 1 hour at room temperature with 5% nonfat dry milk in tris-buffered saline solution.
The reactions were then incubated at 4°C overnight with a
1:1,000 dilution of each primary antibody. After overnight incubation, the membranes were washed and then further incubated with a 1:1,000 dilution of HRP-conjugated anti-rabbit
IgG for 2 hours at room temperature. The blots were developed
with ECL developing solution (Thermo Fisher Scientific), and
data were quantified using the Gel Doc EQ System (Bio-Rad,
Hercules, CA, USA).

6. Statistical analysis
Oneway ANOVA with Duncan’s multiple range test was performed using the IBM SPSS program ver. 25.0 (IBM Co.,
Armonk, NY, USA). All data were expressed as mean±standard
deviation of three independent experiments. The p<0.05 was
considered statistically significant.
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Results
1. GAEE significantly scavenged LPS-PG-induced
oxidative stress in HGF-1 cells
In order to identify the antioxidative activity of GAEE, radical scavenging assay was conducted in HGF-1 cells. LPS-PG
was applied to induce ROS production, which was significantly
diminished by GAEE treatment in a dose-dependent manner in
concentrations of 250 and 500 g/ml (Figure 1). This result suggests that GAEE has the potent ROS scavenging activity in
HGF-1 cells.

2. Pretreated GAEE protected HGF-1 cells
against oxidative stress-induced cell death
Excessively generated ROS can damage cellular components including lipid, protein, and DNA, which can be led cell
death. This study tried to investigate whether GAEE pretreated
cells have the protective potential through the induction of antioxidative enzymes against oxidative damage initiated by an organic hydroperoxide, t-BHP. HGF-1 cells were pretreated with
various concentrations (50, 100, 250, 500 g/ml) of GAEE for
12 hours in order to induce antioxidative enzymes. The untreated and GAEE treated cells were exposed to 0.5 mM of
t-BHP for 3 hours to induce a cytotoxic damage. Figure 2 shows
sharply diminished cell viability by t-BHP exposure was sig-

Figure 1. Gelidium amansii ethanol extract (GAEE) scavenged
lipopolysaccharide isolated from Porphyromonas gingivalis (LPSPG)-induced reactive oxygen species (ROS) production in human
gingival fibroblast-1 cells. The cells were stained with 50 M of
dichloro-dihydro-fluorescein diacetate for 2 hours. Then, the cells
were pre-incubated with either GAEE for 2 hours and subsequently
incubated with LPS-PG (1 g/ml) for 30 minutes to induce the ROS
formation. Data represent the mean±standard deviation of
triplicate experiments. Values sharing the same superscript are not
significantly different at p＜0.05 by Duncan’s multiple range test.

nificantly attenuated by GAEE treatment, which means
GAEE-induced antioxidative enzymes scavenged ROS-initiated cellular damage.

3. GAEE induced HO-1 and NQO1 expressions
in accordance with the activation of Nrf2 in
HGF-1 cells
Cells have developed delicate defensive mechanisms in order to eliminate oxidative stress and the Nrf2-mediated antioxidative pathway is one of them [7]. Nrf2 has known to play
a critical role in the induction of the ARE-encoding phase II enzymes including HO-1, NQO1, and glutamate cysteine ligase
catalytic subunit [3]. Figure 3 and 4 show that HO-1 and NQO1
expressions were significantly induced in a dose-dependent
manner, which was in accordance with the activation of Nrf2
in HGF-1 cells. Consequently, these results suggest that the
Nrf2 mediated HO-1 and NQO1 expressions by GAEE treatment fortified the antioxidative potential against the t-BHP-induced oxidative damage in HGF-1 cells.

Discussion
The oral cavity is the first tissues to be exposed to various
xenobiotic stimuli including cigarette smoke and plays a critical
role in maintaining periodontal homeostasis [8]. Harmful stimuli can affect the integrity of gingival fibroblast which is one
of the major types of cells for composing the oral tissues.

Figure 2. The antioxidative potential of Gelidium amansii ethanol
extract (GAEE) against the tert-butyl hydroperoxide (t-BHP)-induced
oxidative damage in human gingival fibroblast-1 cells. The cells
were treated with GAEE at the indicated concentrations (0, 50, 100,
250, or 500 g/ml) for 12 hours. The untreated and the GAEE treated
cells were exposed to 0.5 mM t-BHP for 3 hours. The data represent
the mean±standard deviation of triplicate experiments. The values
sharing the same superscript are not significantly different at p
＜0.05 by Duncan’s multiple range test.
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Figure 3. Gelidium amansii ethanol extract (GAEE) induced heme
oxygenase-1 (HO-1) and NAD(P)H:quinone oxidoreductase 1
(NQO1) protein expressions in human gingival fibroblast-1 (HGF-1)
cells. (A) GAEE induced HO-1 and NQO1 protein expressions as a
function of concentration. HGF-1 cells were treated for 12 hours
with GAEE at the indicated concentrations (0, 50, 100, 250, or 500
g/ml). The HO-1 protein expression was analyzed by Western blot
analysis. The relative induction of the phase II enzymes expression
was quantified by densitometry and actin was used as an internal
control. The data represent the mean±standard deviation of
triplicate experiments. The values sharing the same superscript are
not significantly different at p＜0.05 by Duncan’s multiple range
test.

Gingival fibroblast cells are sensitive against xenobiotic oxidative stress that can increase ROS production which may result
in cellular damage leading to death. The previous report revealed that oxidative stress in HGF was counteracted by active
compounds derived from plants through ROS elimination [9].
This study designed to analyze the antioxidative activity of
GAEE through the evaluation of cytoprotective effect against
t-BHP induced oxidative damage and further investigate the
mechanism of Nrf2-mediated HO-1 and NQO1 expressions in
HGF-1 cells. LPS-PG-induced oxidative stress caused a sharp
increase of ROS production in accordance with the accelerated
cytotoxicity, which was significantly attenuated by GAEE
treatment (Figure 1).
The t-BHP, an organic peroxide used in various oxidative
processes, utilized as a model substance to elucidate the antioxidative activity in cells and tissues. Generated peroxyl and
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Figure 4. Gelidium amansii ethanol extract (GAEE) induced
nuclear factor erythroid 2-related factor 2 (Nrf2) activation in
human gingival fibroblast-1 cells. The cells were treated for 4 hours
with GAEE at the indicated concentrations (0, 50, 100, 250, or 500
g/ml). The Nrf2 activation was determined by Western blot
analysis. The relative induction of Nrf2 was quantified by
densitometry and actin was used as an internal control. The data
represent the mean±standard deviation of triplicate experiments.
The values sharing the same superscript are not significantly
different at p＜0.05 by Duncan’s multiple range test.

alkoxyl radicals give toxic effects and initiate a lipid peroxidation leading to cell death [10]. Therefore, t-BHP was applied
to examine the antioxidative capacity induced by GAEE
treatment. A sharp increase in cytotoxicity was shown in Figure
2 as a result of the toxic effects of radicals and lipid peroxidation,
which was significantly attenuated by GAEE treatment. These
results suggest that GAEE can play a role of a potent ROS scavenger against oxidative damage and has enough activity to
strengthen the antioxidative potential against t-BHP-induced
oxidative stress. Therefore, further investigation was conducted in order to identify the antioxidative mechanism initiated by GAEE treatment in HGF-1 cells.
The HO-1 expression is induced by various factors such as
ROS and natural antioxidants. Many types of research reported
that this enzyme can be induced as a cellular defense mechanism
in response to dietary phytochemicals [11]. HO-1 degrades
heme to generate carbon monoxide, free iron, and biliverdin,
which have shown the protective function against oxidative
stress [12]. Biliverdin reductase converts biliverdin to bilirubin
which has antioxidative activity through the scavenging peroxy
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radicals and inhibition of lipid peroxidation [13]. Iron is essential for mammalian cell growth and proliferation. Ferritin works
as an intracellular iron repository and overexpressed ferritin reduced the accumulation of ROS in response to oxidative stress
[14]. Carbon monoxide, a gaseous by-product of heme catabolism, exhibits vasodilatory effects through the regulation cyclic
guanosine monophosphate and potassium channels [15].
NQO1 is one of the cytosolic enzymes which plays a defensive role in the cellular antioxidative mechanism. This enzyme plays a role for detoxification through the conversion of
reactive quinones and quinone-imines to less reactive and less
toxic hydroquinones. The two-electron reductase can prevent
the ROS formation via the bypass of semiquinone production
[16,17]. Nrf2, one of the transcription factors, localized in the
cytoplasm as an inactive form anchored by a cytosolic repressor, Kelch-like ECH-associated protein 1. Extracellular stimuli
including oxidative stress and antioxidants make Nrf2 free from
inhibitory protein. Segregated Nrf2 translocates into the nucleus and then binds to cis-elements having common core sequences, known as Maf recognition element (MARE), ARE, or
electrophile/stress response elements (EpRE/StRE), leading to
the expression of phase II enzymes [18]. In this study, HO-1 and
NQO1 were significantly induced by GAEE treatment in a
dose-dependent manner, which was in accordance with the activation of Nrf2 in HGF-1 cells. These results suggest that
GAEE-induced antioxidative enzymes strengthened the antioxidative potential against oxidative stress in HGF-1 cells.

Conclusion
This study tried to analyze the anti-oxidative activity of
GAEE in HGF-1 cells. GAEE treatment significantly scavenged
LPS-PG-induced ROS production and restored cell viability
against t-BHP initiated cell death. HO-1 and NQO1 were analyzed because of their potent antioxidative capacity, which was
significantly induced by GAEE treatment. In addition, GAEE
treatment stimulated the activation of Nrf2. Consequently,
GAEE strengthened HO-1 and NQO1 mediated antioxidative
potential through the regulation of Nrf2 pathway in HGF-1 cells.
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