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Abstract Polysaccharide extracted from Hizikia fusiformis (Hf-PS-1) exhibited

protective effects against ethanol-induced peptic injury. In in vivo
assay, the ethanol group exhibited decrease of total glutathione
(GSH) and increase of jun N-terminal kinase (JNK) phosphorylation
relative to the control group, whereas levels were significantly
increased and decreased, respectively, in the Hf-PS-1 group. Hf-PS-1
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reduced ethanol-induced gastric injury. In in vitro assay, ethanol
induced IEC-6 cells’ death in a dose-dependent manner. Ethanol
decreased the phosphorylation of Shc and the binding of Grb2 to
Shc, and Hf-PS-1 pretreatment increased them. Ethanol also induced
the phosphorylation of JNK and extracellular signal-regulated
kinase (ERK), whereas Hf-PS-1 pretreatment decreased JNK activa-
tion but not ERK. Co-treatment with JNK inhibitor and ethanol
decreased GSH levels, indicating that JNK phosphorylation is a
critical factor during ethanol-induced injury. Therefore, Hf-PS-1
may be useful to protect against ethanol-induced gastrointestinal
injury.

I. INTRODUCTION

Marine algae have provided great biological diversity for sampling in the
discovery phase of drug development (Munro et al., 1987). Marine organ-
isms in general have been an important source of compounds with poten-
tial antiviral and anticancer activities (Von Vaupel Klein, 1987). Certain
seaweeds are not only significant sources of essential proteins, vitamins,
and minerals, but several species of algae also produce or contain second-
ary metabolites, polysaccharides, and glycoproteins with antitumor, anti-
viral, or immunostimulatory activity (Sheu et al., 1996; Shin et al., 2006;
Yamamoto et al., 1987). Yuan and Walsh (2006) reported that extracts of a
variety of edible seaweeds had antioxidative and antiproliferative activ-
ities, while Bae and Choi (2007) suggested that a methanol extract of the
seaweed Gloiopeltis furcata induced G2/M arrest and inhibited cyclooxy-
genase-2 activity in HepG2 cells. Furthermore, Kang et al. (2005) and Ara
et al. (2005) reported the biological activities of ethanol extracts from
Callophyllis japonica and Spatoglossum asperum, respectively.
Gastrointestinal disorders such as gastric and peptic ulcers, inflamma-
tion of gastric mucosa, and gastritis are important causes of human
morbidity in nonindustrialized countries. The pathophysiology of gastric
ulcers is dependent on the balance between aggressive and protective
factors in the stomach. When aggressive factors such as acid—pepsin,
secretin, and mental stress predominate over protective factors like cellu-
lar regeneration, prostaglandins, and epidermal growth factors (EGFs),
ulcers are likely to be present. Many pharmaceutical products have been
developed for the treatment of gastrointestinal symptoms such as hemor-
rhages and perforations (Higham et al., 2002). However, despite recent
pharmaceutical advances, many pharmaceutical products are relatively
expensive and associated with various medical problems. Drugs that
relieve pain, heal ulcers, delay ulcer recurrences, and even cure disease
have been developed, but they generally have important side effects.
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Hence, in the search for effective treatments for gastrointestinal disease,
many researchers have begun to investigate the natural products that are
less likely to produce side effects.

Various botanical products such as Laurus nobilis seeds (Afifi et al.,
1997), Anchusa strigosa roots (Disi et al., 1998), Camellia sinensis (Maity et al.,
1995), and Picrorhiza kurroa (Banerjee et al., 2008) possess antiulcer proper-
ties. Borrelli and Izzo (2000) suggested that an extensive number of
chemical compounds isolated from medicinal plants have such proper-
ties. Hizikia fusiformis is a widely consumed brown alga in the coastal
regions of Korea, China, and Japan. This alga possesses a number of
potential compounds, including antioxidants (Siriwardhana et al., 2004)
and anticoagulants (Kim et al., 1998). It also contains inorganic arsenic,
which is carcinogenic to humans (Nakamura et al., 2008; Watanabe et al.,
1979). Furthermore, the extracts of H. fusiformis markedly stimulate the
proliferation of human lymphocytes (Shan et al., 1999). Brown seaweeds
also contain various soluble polysaccharides in the form of alginates,
fucans, and laminarins (Lahaye and Kaeffer, 1997; Mabeau and Kloareg,
1987). For example, Li et al. (2006) verified the precise structure of a
fucoidan obtained from the hot water extract of H. fusiformis. Although
many studies have been conducted on this species, the health effects of
dietary H. fusiformis remain scientifically unclear, especially with regard
to its possible protective effects.

Several investigators have described the use of medicinal plants
against ulcer diseases in traditional medicine (Afifi et al., 1997; Borrelli
and Izzo, 2000; Disi et al., 1998; Maity et al., 1995; Schmeda-Hirschmann
and Yesilada, 2005).

Seaweeds have been widely used as a food source and in medicine;
their consumption has been strongly promoted for children and pregnant
women as well-balanced, harmless, and natural sources of highly bio-
available trace elements (Booth, 1964). The reason is that marine organ-
isms have proven to be rich sources of structurally novel and biologically
active natural compounds. These compounds have served as important
chemical compounds for the discovery of new drugs in the treatment of
various human diseases (Usami, 2009; Zhang and Kim, 2009). Yang et al.
(2010) suggested that the extracts from Laurencia okamurae, Garrya elliptica,
Spiraea thunbergii, G. furcata, and H. fusiformis may be considered as
possible candidates for anti-inflammatory agents. They revealed that
extracts should inhibit the production of proinflammatory mediators
such as nitric oxide, prostaglandin E2, interleukin-6, and tumor necrosis
factor-a.. Especially, Shan et al. (1999) determined the effect of eight sea-
weed extracts on human lymphocytes, among them, the activity of
H. fusiformis associated with polysaccharides which were extracted with
ethanol. In this chapter, potential effects of polysaccharide from H. fusi-
formis, Hf-PS-1, against ethanol-induced peptic injury in rats is discussed.
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Il. THE EFFECT OF HF-PS-1 AGAINST ETHANOL-INDUCED
GASTRIC DAMAGE IN RATS

A. Preparation and effect of Hf-PS-1in SD rats

The abuse of ethanol is associated with detrimental effects on several
bodily organs and is one of several factors causing gastrointestinal dis-
orders. For the treatment of gastrointestinal symptoms such as ulcerative
hemorrhages and perforations, many pharmaceutical products (e.g., non-
steroidal anti-inflammatory drugs, NSAIDs) have been developed
(Higham et al., 2002). However, NSAID group presents many important
medical problems relating to their expense and side effects, despite recent
pharmaceutical advances that have generally improved their therapeutic
effects. Therefore, many researchers are investigating the natural materi-
als that have pharmaceutical effects with fewer side effects. Among these
natural materials, seaweed compounds, many of which are polysacchar-
ides, have been studied for their various pharmaceutical effects and
diverse biological activities. Sulfated galactans from the red marine alga
Champia feldmannii show acute anti-inflammation, anticoagulation, and
antinociceptive activities (Assreuy et al., 2008). Hong et al. (1997) reported
that porphyran from Porphyra yezoensis decreases cholesterol levels and
possesses antimicrobial and antitumor activities. Fucoidans from Ecklonia
kurome have anticoagulation and antitumor properties (Nishino ef al., 1991).

Brown seaweeds contain various soluble polysaccharides, including
alginates, fucans, and laminarins, together with the insoluble fibers made
of cellulose (Lahaye and Kaeffer, 1997; Mabeau and Kloareg, 1987). Recent
studies have suggested that H. fusiformis contains a variety of biological
benefits including antioxidative properties (Kim ef al., 1998) and immune
modulation (Okai ef al., 1998). We hypothesized that the polysaccharides
from H. fusiformis have some biological effects.

The powdered H. fusiformis sample consisted of 6.7 & 0.0% moisture,
11.8 £ 0.0% protein, 1.8 £ 0.3% fat, 35.1 £ 0.1% ash, and 17.5 £ 0.0%
salt. A 3.527 g of the crude polysaccharide extract, Hf-PS, which contained
0.073 g protein, was isolated. The protein level decreased to 0.011 g after
pronase treatment to produce Hf-PS-1 (Fig. 11.1). The powdered Hf-PS-1
contained 7.34 £ 1.16% moisture and 76.01 & 1.00% carbohydrate, but no
detectable protein or fat (Table 11.1). The samples were fractionated by
electrophoresis on agarose gels, and polysaccharide was visualized by
toluidine blue staining (Fig. 11.2; upper band Hf-PS-1, lower band Hf-PS).

Ethanol is commonly used to study gastrointestinal damage (Birdane
et al., 2007, Hernandez-Munoz et al., 2000). Therefore, gastrointestinal
damage was induced using a simple ethanol treatment in SD rats.
For the most part, no significant changes in total body and gastric weights
among the three experimental groups of animals were observed.



The Effect of a Polysaccharides from H. Fusiformis

| Hizikia fusiformis |

| Hot air drying (50°C) |

Homogenization

| Extraction (100°C, 12hr) |

| Centrifugation (8,000rpm, 30min) |

Precipitate Supernatant

added ethanol
precipitation

ion (3hr
| Centrifugation (2,500pm, 20min)

Supernatant Precipitate

| Hot air drying (50°C) |

Homogenization

|Pronase digest (37°C, 20hr)|

| Incubation (4°C, 12hr) |

| Centrifugation (2,500rpm, 20min) |

| Precipitate | | Supernatant |
added ethanol
precipitation
ncubation (3hr)
| Centrifugation (2,500pm, 20min) |

I
Precipitate Supernatant

| Hot air drying (50°C) |

Homogenization

FIGURE 11.1 Purification procedures of Hf-PS-1 from H. fusiformis.
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TABLE 11.1 Proximate composition of H. fusiformis powder and Hf-PS-1 (%)

Crude

Moisture Crude lipid protein Crude ash Carbohydrate’

H. fusiformis 427 +£0.12 1.76 £ 0.07 12.94 + 19.18 + 0.09 61.85 £ 3.56
3.61

Hf-PS-1 7.34 £ 1.16 Trace’ Trace’ 16.65 + 0.16 76.01 £ 1.00°

Results are means & SD (1 = 3) on wet weight basis. Significant differences between the means were
determined by an independent #-test.

* Means significant (P < 0.05).

? 100 — (moisture + crude lipid + crude protein + crude ash).

HF-PS Hf-PS-1

FIGURE 11.2 Electrophoresis bands of Hf-PS-1. Hf-PS-1 was separated by 0.6% agarose
gel electrophoresis and analyzed by toluidine blue staining for polysaccharide.

In long-term experiments (3 weeks), the feed efficiency ratio decreased in
ethanol-treated animals because digestion capacity, absorption capacity,
and caloric efficiency declined (Ko et al., 2002), but in short-term experi-
ments like ours, body weight changes were not observed (Kim et al., 2004;
Park et al., 2005). Ethanol intake produces pathological states such as
infection of the gastric mucosa, gastritis, and gastric and acute peptic
ulcers (Franke et al., 2005; Hernandez-Munoz ef al., 2000; Lee et al., 2000;
Taylor and Rehm, 2005). The intestinal surface of stomach samples
derived from rats in the ethanol-only group indicated hemorrhaging
and other damage that was not evident in samples from the control
group (Fig. 11.3). Comparable samples from the ethanol + Hf-PS-1
group exhibited the least signs of gastric damage.
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FIGURE 11.3 Photography of stomach. Hf-PS-1 protects against ethanol-induced hem-
orrhage on the inner surface of stomach. (A) Control group. (B) Treated with only alcohol
(40%, 8.0 ml/kg BW). (C) Treated with alcohol (40%, 8.0 ml/kg BW) after Hf-PS-1

(300 mg/kg BW) pretreatment.

The epithelial cells of the gastric surface produce mucus that protects
against gastric mucosal injury from ethanol, NSAIDs, and other sub-
stances (Allen ef al., 1986; Hingson and Ito, 1971). Generally speaking,
corrosion of the gastric mucosal membrane is not directly related to
ulceration because of epithelial cell restoration of the necrotic state with
mucus and fibrin (Lacy and Ito, 1984; Morris and Wallace, 1981). At the
epithelial surface, mucus cannot effectively protect against harmful
agents such as ethanol or aspirin (Allen et al., 1986). Ethanol induced
surface epithelial cell destruction and loss of the surface mucosa layer
compared to the control group, but co-treatment with Hf-PS-1 had pro-
tective effects against these damages (Fig. 11.4).

Caspases exist as inactive precursors known as procaspases. When
procaspases are cleaved and activated, they induce DNA fragmentation
and death receptor activation. Caspase-3 is an effector caspase that
cleaves other protein substrates under apoptotic processes, and caspases
8 and 9 are the initiator caspases that cleave inactive proforms of effectors.
Caspase-8 is activated in the formation of death-inducing signaling com-
plex, and caspase-9 is activated within the apoptosome (Kaufmann and
Earnshaw, 2000). Caspase cascades include death pathways and mito-
chondrial pathways. Caspase-9 is related to the mitochondria-dependent
apoptosis and activates caspase-3. Furthermore, PARP is a primary sub-
strate of caspase-3. In agreement with the apoptotic results described
above, exposure to 40% ethanol at 80 ml/kg body weight resulted in
significant activation of caspases 3, 8, and 9, and co-treatment with
Hf-PS-1 inhibited this activation (Fig. 11.5). Additionally, ethanol
administration produces reactive oxidants and oxidant-induced DNA
fragmentation (Sehirli et al., 2008). In our experiment, ethanol treatment
induced DNA fragmentation but co-treatment with Hf-PS-1 did not
(Fig. 11.6).
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FIGURE 1.4 Photographs of epithelium of stomach by H&E staining. (A, B) Control
group (200x, 400 x); (C, D) ethanol treatment group (40%, 8.0 ml/kg BW; 200x, 400x)
induced some loss of surface mucosa layer; and (E, F) ethanol (40%, 8.0 ml/kg BW) and
Hf-PS-1 co-treatment group (300 mg/kg, BW; 200, 400 x) appeared a complete surface
mucosa layer.

Cleaved caspase-9

Cleaved caspase-8

Cleaved caspase-3

PARP | — e — -|

factin | ————
Ethanol (40%, 8.0ml/kg) - + +
Hf-PS-1 (300mg/kg B.W.) - - +

FIGURE 11.5 Effects of Hf-PS-1 on ethanol-induced gastric damage. Animals were
treated and gastric tissues were collected. Protein of tissues was extracted with lysis
buffer and the expression of caspases, PARP, and [-actin proteins were analyzed by
Western blot analysis. B-Actin was the loading control. Each lane represents a sample
from an individual rat.

B. Protective effect of Hf-PS-1 against ethanol-induced
oxidative stress

Glutathione (GSH), a tripeptide found in many mammalian tissues, plays
a major protective role as a scavenger of free radicals that combine with
nonprotein thiols at the GSH reactive center to abolish free radical toxicity
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(Swierkoszet al., 1995; Vane et al., 1994). Antioxidation by GSH protects the
body from many diseases and conditions such as damage by H,O,, etha-
nol, and numerous other insults and toxins. GSH levels decreased by 34%
in the ethanol-only group relative to the control group (100%), whereas
they increased to 103.9% in the ethanol 4+ Hf-PS-1 group (Fig. 11.7).
Mitogen-activated protein kinases (MAPKs) mediate apoptosis and cell
growth, and jun N-terminal kinase (JNK) in particular is activated by
oxidative stress. Yang et al. (2008) suggested that JNKs/SAPKs and p38
MAPK are classic oxidative stress-activated protein kinases, and Kim et al.
(2004) observed that treatment with selenite increased intracellular reactive
oxygen species (ROS) levels and JNK1 phosphorylation in Chang liver cells.

Ethanol (40%, 8.0ml/kg) - + +
Hf-PS-1(300mg/kg B.W.) - - +

FIGURE 11.6 Effects of Hf-PS-1 on ethanol-induced gastric damage by DNA fragmen-
tation. Animals were treated and gastric tissues were collected. DNA of tissues was
extracted with 10 mM Tris—HCl (pH 7.4), 10 mM EDTA, and 1% Triton X-100 and
electrophoresis in 1% agarose gels and visualized by ethidium bromide staining with a UV
transilluminator. Each lane represents a sample from an individual rat.
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FIGURE 11.7  Effects of Hf-PS-1 on ethanol-induced oxidative damage. Animals were
treated and gastric tissues were collected. One gram of tissue was used to measure the
GSH levels. The GSH level was analyzed as per manufacturer’s instruction. Each value
represents the mean + SD of 10 rats. Different alphabets are significant values among
the group by Duncan’s multiple range test.
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Ethanol (40%, 8.0ml/kg) - +
Hf-PS-1(300mg/kg B.W.) -

FIGURE 11.8  Effects of Hf-PS-1 on MAPK protein expression. Animals were treated and
gastric tissues were collected. Protein of tissues was extracted with lysis buffer and
MAPK protein expression was analyzed by Western blot analysis. f-Actin was the loading
control. Each lane represents a sample from an individual rat.

Zhang et al. (2007) reported the ethanol-induced oxidative stress and further
activation of the MAPKSs, JNK, extracellular signal-regulated kinase (ERK),
and p38 kinase. In agreement with these results and others (e.g., Villegas
et al., 2006), JNK was activated in the ethanol-only treated group. Co-
treatment with Hf-PS-1 and ethanol decreased JNK activation, but phos-
pho-ERK levels were not significantly different among the three groups.
These results suggested that the protective effect of Hf-PS-1 was primarily
associated with the inhibition of JNK phosphorylation (Fig. 11.8).

lll. EFFECTS OF HF-PS-1 AGAINST ETHANOL-INDUCED
INJURY TO IEC-6 CELLS

A. Hf-PS-1 protects the ethanol-induced injury to IEC-6 cells

MTS assays of IEC-6 cells after exposure to 100-1000 png/ml Hf-PS or
Hf-PS-1 showed no cytotoxicity (Fig. 11.9). Furthermore, Hf-PS-1, but
not Hf-PS, appeared to protect against ethanol-induced cytotoxicity
(Fig. 11.10A). When cell viability assays were performed on cells after
exposure to 0-500 pg/ml Hf-PS-1 for 3-24 h followed by exposure to 5%
ethanol for 1 h, Hf-PS-1 was found to have a concentration- and time-
dependent protective effect (Fig. 11.10B). Results of MTS assays showed
that ethanol treatment induced the death of the IEC-6 cells and that
pretreatment with Hf-PS-1 for 6-24 h counteracted this effect. Morpho-
logical studies also confirmed protection against ethanol toxicity by
Hf-PS-1. Ethanol treatment induced cell shrinkage and decreased the
number of viable cells (Fig. 11.11), but Hf-PS-1 pretreatment inhibited
this damage. These results indicate that Hf-PS-1 pretreatment is
protective against ethanol-induced cell death.
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FIGURE 11.9  Effect of Hf-PS and Hf-PS-1 on cell viability. IEC-6 cells were incubated
with Hf-PS or Hf-PS-1 at the indicated concentrations for 24 h. The results indicated
mean + SD in three independent experiments. Different alphabets are significant values
among the group by Duncan’s multiple range test.
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FIGURE 11.10  Protective effect of Hf-PS-1 on ethanol-induced damage. (A, B) Cells were
incubated with SFM or Hf-PS-1 at the indicated concentrations and times and treated
ethanol for 1 h. Cell viability was measured with MTS assay kit as manufacturer’s
instruction. Data were represented % of control (100%). Values are the mean + SD.
Different alphabets are significant values among the group by Duncan’s multiple range
test. (C) Cell morphology (400x). ‘@’ control; ‘b’ treated only ethanol; ‘c’ treated ethanol
(5%, 1 h) after Hf-PS-1 (500 pg/ml) pretreatment.
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FIGURE 11.11  Effect of ethanol and Hf-PS-1 on IGF-IR and Shc phosphorylation in IEC-6
cells. Cells were pretreated with Hf-PS-1 (500 pg/ml) and ethanol (5%) or with ethanol
only (5%) after incubation with SFM for 12 h. Cell lysates were immunoprecipitated with
anti-IGF-IR, Shc antibody and the immune complexes were then analyzed by electro-
phoresis and immunoblotting with anti-phosphotyrosine, or anti-IGF-IR, Shc, Grb2 anti-
body. This gel photograph is representative of three experiments. Values are the

mean =+ SD. Different alphabets are significant values among the group by Duncan’s
multiple range test.

B. Hf-PS-1 inhibits ethanol-induced damage by
downregulating JNK

Since binding of insulin-like growth factor-I (IGF-I) to its receptor, IGF-IR,
activates multiple signal transduction cascades by activating tyrosine
phosphorylation, whether IGF-IR was phosphorylated in response to
ethanol and Hf-PS-1 was examined. Oh ef al. (2008) recently demonstrated
that ethanol treatment causes IGF-IR activation by inducing the expres-
sion and secretion of IGF-1. When IGF-1 binds to IGF-IR, the latter
becomes phosphorylated on tyrosine residues, with effects on Shc and
MAPKs. In studying the mechanism of ethanol-induced damage, the
MAPK signaling pathway was focused, which has been proposed as an
important part of the mechanism (Lee et al., 2007; Zhou et al., 2005). The
oxidative metabolism of ethanol elicits the production of ROS and other
oxidative mediators associated with MAPK signaling. For example, etha-
nol-induced generation of ROS affects MAPKSs in hepatocytes (Aroor and
Shukla, 2004; Lee and Shukla, 2005; Lee et al., 2006; Lieber, 2000;
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FIGURE 11.12  Effects of Hf-PS-1 on MAPK signaling pathway in IEC-6 cells. Cells were
pretreated with Hf-PS-1 (500 pg/ml) and ethanol (5%) or with ethanol only (5%) after
incubation with SFM for 12 h. Whole-cell extracts were prepared and analyzed by
Western blotting using anti-phospho-ERK1/2, anti-phospho-JNK, anti-phospho p38, and
anti-B-actin antibodies. This gel photograph is representative of three experiments.
Values are the mean + SD. Different alphabets are significant values among the group by
Duncan’s multiple range test.

Venugopal et al., 2007, Wang et al., 2008; Zhang et al., 2007). Although
ethanol pretreatment induced IGF-IR activation, Hf-PS-1 pretreatment
enhanced this activation. In contrast, Shc phosphorylation and the associ-
ation between Shc and Grb2 were decreased by ethanol treatment,
but increased by Hf-PS-1 pretreatment (Fig. 11.12). Activated Shc binds
the adaptor protein Grb2 in an IRS-1-independent manner, leading to
the activation of the MAPK pathway. Because several investigators have
suggested that ethanol affects the MAPK signaling cascade, the possible
activation of ERK1/2, JNK, and p38 were investigated. Ethanol treatment
induced JNK and ERK phosphorylation, and Hf-PS-1 pretreatment
decreased JNK activation (Fig. 11.13), but p38 was not detected.

Moreover, GSH levels were observed to determine if Hf-PS-1 influ-
enced the effect of ethanol metabolism on cellular redox status. Since a
Western blot analysis demonstrated the activation of JNK by ethanol, the
relationship between ethanol toxicity and JNK activation using the JNK
inhibitor SP600125 was examined and found that ethanol treatment
decreased GSH levels to 72.72% (414.84%) of the control level, but co-
treatment with ethanol and either Hf-PS-1 or SP600125 increased GSH
levels to 118.18% (£10.49%) or 95.45% (£9.09%), respectively, of the
control level (Fig. 11.14). These results suggest that Hf-PS-1 protects
against ethanol-induced damage by inhibiting JNK phosphorylation
and that JNK plays an important role in ethanol-induced toxicity.
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FIGURE 11.13  Effect of Hf-PS-1 on ethanol-induced oxidative stress. (A) GSH levels were
measured as described in the materials and methods. Data were represented % of
control (100%). Values are the mean + SD. Different alphabets are significant values
among the group by Duncan’s multiple range test. (B) JNK phosphorylation by Hf-PS-1 or
SP600125 pretreatment. Whole-cell extracts were prepared and analyzed by Western
blotting using anti-phospho-JNK and anti-f3-actin antibodies. This gel photograph is
representative of three experiments.
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FIGURE 11.14 The proposed model of Hf-PS-T's protective mechanism on ethanol-
induced damage in IEC-6 cells.

A scheme summarizing the findings in a study is presented in
Fig. 11.14. Ethanol induces the phosphorylation of IGF-IR but decreases
the phosphorylation of Shc and the association between Shc and Grb2.
Furthermore, although ethanol induces phosphorylation of JNK and ERK,
Hf-PS-1 pretreatment decreases the phosphorylation of JNK but not of
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ERK. Since the JNK inhibitor SP600125 inhibits ethanol-induced oxidative
stress, the JNK activation is a critical factor in ethanol cytotoxicity.
Hf-PS-1 pretreatment suppresses ethanol-induced cell death by increas-
ing the phosphorylation of Shc and its association with Grb2 and by
decreasing JNK phosphorylation. Therefore, the effect of Hf-PS-1 against
ethanol-induced damage is a result of JNK downregulation. Hence, we
suggest that Hf-PS-1 might provide a new, natural treatment option for
ethanol-induced gastric damage in humans.

IV. CONCLUSION

Misuse of ethanol is associated with detrimental effects on several body
organs and is one of several predisposing factors for gastrointestinal
disorders. The pathophysiology of the gastric ulcer centers on an imbal-
ance between aggressive and protective factors in the stomach; when
aggressive factors (such as secretion of acid, pepsin, and emotional stress)
have stronger effects than those of protective factors (such as cellular
regeneration, prostaglandins, and EGF), gastric ulcer may occur. Many
pharmaceutical products have been developed to treat gastrointestinal
diseases such as ulcer hemorrhage and perforation (Higham et al., 2002).
An increase in these disorders has been attributed to the increased use of
NSAIDs, which have significant side effects despite the large amount of
money and effort poured into their development by pharmaceutical com-
panies. Hence, there is a need for new therapeutic compounds without
side effects.

Polysaccharide extracted from H. fusiformis (Hf-PS-1) exhibited protec-
tive effects against ethanol-induced peptic injury and related mechanisms
in rats. Experimental animals were divided into three groups: control,
ethanol-only, and ethanol + Hf-PS-1. The ethanol-only group exhibited
decreased levels of total GSH and increased levels of JNK phosphoryla-
tion relative to the control group, whereas levels were significantly
increased and decreased, respectively, in the ethanol + Hf-PS-1 group.
The ethanol-only group also exhibited increased levels of ERK 1/2 phos-
phorylation relative to the control group; these levels were not signifi-
cantly different in the ethanol + Hf-PS-1 group. Hf-PS-1 appeared to
reduce ethanol-induced gastric injury.

The signaling pathways related to the ethanol-protective effect of
Hf-PS-1 in IEC-6 cells. Ethanol induced the death of IEC-6 cells in a
dose-dependent manner, and pretreatment with Hf-PS-1 abrogated the
ethanol toxicity. When examined whether the effect of Hf-PS-1 on ethanol
cytotoxicity was associated with IGF-IR signaling pathways, involving
MAPK, it was found that ethanol treatment decreased the phosphoryla-
tion of Shc and the binding of Grb2 to Shc, and Hf-PS-1 pretreatment
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increased them. Ethanol treatment also induced the phosphorylation of
JNK and ERK, whereas Hf-PS-1 pretreatment decreased JNK activation
but not ERK activation. Using a JNK inhibitor (SP600125), GSH levels
were evaluated to determine whether Hf-PS-1 pretreatment might protect
against ethanol-induced gastric intestinal damage by downregulating
JNK. Co-treatment with SP600125 and ethanol decreased GSH levels,
indicating that JNK phosphorylation is a critical factor during ethanol-
induced injury and that the effect of Hf-PS-1 occurs via JNK downregula-
tion. Therefore, Hf-PS-1 may be useful as a biofunctional food source to
protect against ethanol-induced gastrointestinal injury.

REFERENCES

Afifi, F. U., Khalil, E., Tarnimi, S. O., and Disi, A. (1997). Evaluation of the gastroprotective
effect of Laurus nobilis seeds on ethanol induced gastric ulcer in rats. J. Ethnopharmacol.
58, 9-14.

Allen, A., Hutton, D. A., Leonard, A. J., Pearson, J. P., and Sellers, L. A. (1986). The role of
mucus in the protection of the gastroduodenal mucosa. Scand. |. Gastroenterol. 21, 71-77.

Ara, J., Sultana, V., Qasim, R., Ehteshamu-Haque, S., and Ahmad, V. U. (2005). Biological
activity of Spatoglossum asperum: A brown alga. Phytother. Res. 19(7), 618-623.

Aroor, A. R. and Shukla, S. D. (2004). MAP kinase signaling in diverse effects of ethanol. Life
Sci. 74, 2339-2364.

Assreuy, A. M., Gomes, D. M., da Silva, M. S, Torres, V. M., Siqueira, R. C., Pires Ade, F.,
Criddle, D. N., de Alencar, N. M., Cavada, B. S., Sampaio, A. H., and Farias, W. R. (2008).
Biological effects of a sulfated-polysaccharide isolated from the marine red algae Cham-
pia feldmannii. Biol. Pharm. Bull. 31(4), 691-695.

Bae, S.]. and Choi, Y. H. (2007). Methanol extract of the seaweed Gloiopeltis furcata induces
G2/M arrest and inhibits cyclooxygenase-2 activity in human hepatocarcinoma HepG2
cells. Phytother. Res. 21(1), 52-57.

Banerjee, D., Maity, B., Nag, S. K., Bandyopadhyay, S. K., and Chattopadhyay, S. (2008).
Healing potential of Picrorhiza kurroa (Scrofulariaceae) rhizomes against indomethacin-
induced gastric ulceration: A mechanistic exploration. BMC Complement. Altern. Med. 8, 3.

Birdane, F. M., Cemek, M., Birdane, Y. O., Gulcin, I., and Buyukokurog’u, M. E. (2007).
Beneficial effects of Foeniculum vulgare on ethanol-induced acute gastric mucosal injury
in rats. J. Gastroenterol. Hepatol. 23, 976-984.

Booth, E. (1964). Trace elements and seaweeds. In “Proceedings of the 4th International
Seaweed Symposium”, (A. D. De Virville and J. Feldmann, Eds), pp. 385-393. Macmillan,
London.

Borrelli, F. and Izzo, A. A. (2000). The plant kingdom as a source of anti-ulcer remedjies.
Phytother. Res. 14, 581-591.

Disi, A. M., Tanmimi, S. O., and Abuereish, G. M. (1998). Effects of Anchusa strigosa root
aqueous extract on gastric ethanol-induced ulcer in laboratory animals. ]. Ethnopharmacol.
60, 189-198.

Franke, A., Teyssen, S., and Singer, M. V. (2005). Ethanol-related disease of the esophagus
and stomach. Dig. Dis. 23, 204-213.

Hernandez-Munoz, R., Montiel-Ruiz, C., and Vazquez-Martinez, O. (2000). Gastric mucosal
cell proliferation in ethanol-induced chronic mucosal injury is related to oxidative stress
and lipid peroxidation in rats. Lab. Invest. 80, 1161-1169.



The Effect of a Polysaccharides from H. Fusiformis 159

Higham, J., Kang, J. Y., and Majeed, A. (2002). Recent trends in admissions and mortality due
to peptic ulcer in England: Increasing frequency of haemorrhage among older subjects.
Gut 50, 460-464.

Hingson, D. J. and Ito, S. (1971). Effect of aspirin and related compounds on the fine structure
of mouse gastric mucosa. Gastroenterology 61, 156-177.

Hong, S. P, Koo, J. K., and Kim, D. S. (1997). Physicochemical characteristics of water or
alcohol soluble extracts from laver, Porphyra yezoensis. J. Korean Soc. Food Sci. Nutr. 26(1),
10-16.

Kang, K. A., Bu, H. D,, Park, D. S., Go, G. M,, Jee, Y., Shin, T., and Hyun, J. W. (2005).
Antioxidant activity of ethanol extract of Callophyllis japonica. Phytother. Res. 19(6),
506-510.

Kaufmann, S. H. and Earnshaw, W. C. (2000). Induction of apoptosis by cancer chemother-
apy. Exp. Cell Res. 256(1), 42-49.

Kim, K. I, Seo, H. D., Lee, H. S., Cho, H. Y., and Yang, H. C. (1998). Studies on the blood
anticoagulant polysaccharide isolated from hot water extracts of Hizikia fusiforme.
Korean |. Food Sci. Nutr. 27, 1204-1210.

Kim, Y. S., Jhon, D. Y., and Lee, K. Y. (2004). Involvement of ROS and JNK1 in selenite-
induced apoptosis in Chang liver cells. Exp. Mol. Med. 36(2), 157-164.

Ko, M. S,, Shin, K. M., and Lee, M. Y. (2002). Effects of Hizikia fusiforme ethanol extract on
antioxidative enzymes in ethanol-induced hepatotoxicity of rat liver. . Korean Soc. Food
Sci. Nutr. 31(1), 87-91.

Lacy, E. R. and Ito, S. (1984). Rapid epithelial restitution of the rat gastric mucosa after
ethanol injury. Lab. Invest. 51(5), 573-583.

Lahaye, M. and Kaeffer, B. (1997). Seaweed dietary fibers: Structure, physiochemical and
biological properties relevant to intestinal physiology. Sci. Aliments 17, 563-584.

Lee, Y. ]J. and Shukla, S. D. (2005). Pro- and anti-apoptotic roles of c-Jun N-terminal kinase
(JNK) in ethanol and acetaldehyde exposed rat hepatocytes. Eur. J. Pharmacol. 508, 31-45.

Lee, E. A., Kim, J. B, Kim, B. S., Baek, S. Y., Yoon, S., Moon, Y. S., Kim, Y. H., Kim, T. W.,
Huh, E. Y., and Hong, H. N. (2000). Morphological effect of chronic ethanol drinking
upon the gastric mucosa of rats. Korean J. Anat. 33(5), 519-527.

Lee, M. S, Kim, M. S., Park, S. Y., and Kang, C. W. (2006). Effects of betaine on ethanol
stimulated secretion of IGF-I and IGFBP-1 in rat primary hepatocytes: Involvement of
p42/44 MAPK activation. World ]. Gastroenterol. 12, 1718-1722.

Lee, S. M., Alam, R., Ho, C. ], Kim, J. H,, Kang, C. W., Park, J. H., and Lee, M. S. (2007).
Involvement of p42/44 MAPK in the effects of ethanol on secretion of insulin-like growth
factor (IGF)-I and insulin-like growth factor binding protein (IGFBP)-1 in primary
cultured rat hepatocytes. Int. |. Neurosci. 117, 187-201.

Li, B.,, Wei, X. J., Sun, J. L., and Xu, S. Y. (2006). Structural investigation of a fucoidan
containing a fucose-free core from the brown seaweed, Hizikia fusiforme. Carbohydr.
Res. 341(9), 1135-1146.

Lieber, C. S. (2000). Hepatic, metabolic, and nutritional disorders of alcoholism: From
pathogenesis to therapy. Crit. Rev. Clin. Lab. Sci. 37, 551-584.

Mabeau, S. and Kloareg, B. (1987). Isolation and analysis of the cell of brown algae: Fucus
spiralis, Fucus ceranodies, Fucus serratus, Bifurcaria bifuracata and Laminaria digita.
J. Exp. Bot. 194, 1573-1580.

Maity, S., Vedasiromoni, J. R., and Ganguly, D. K. (1995). Anti-ulcer effect of the hot water
extract of black tea (Camellia sinensis). J. Ethnopharmacol. 46, 167-174.

Morris, G. P. and Wallace, J. L. (1981). The roles of ethanol and acid in the production of
gastric mucosal erosion in rats. Virchows Arch. B Cell Pathol. 38, 23-38.

Munro, M. H. G., Luibrand, R. T., and Blunt, J. W. (1987). The search for antiviral and
anticancer compounds from marine organisms. In ““Bioorganic Marine Chemistry”,
(P.J. Scheuer, Ed.), Vol. 1, pp. 93-176. Verlag Chemie, Berlin.



160 Hye-Jung Hwang et al.

Nakamura, Y., Narukawa, T., and Yosinaga, J. (2008). Cancer risk to Japanese population
from the consumption of inorganic arsenic in cooked Hijiki. |. Agric. Food Chem. 56,
2536-2540.

Nishino, T., Aizu, Y., and Nagumo, T. (1991). Antithrombin activity of a fucan sulfate from
the brown seaweed Ecklonia kurome. Thromb. Res. 62, 765-773.

Oh, Y. I, Kim, J. H.,, and Kang, C. W. (2008). Effects of ethanol on insulin-like growth factor-I
system in primary cultured rat hepatocytes: Implications of J]NK1/2 and alcohol dehy-
drogenase. World |. Gastroenterol. 14, 4324-4331.

Okai, Y., Okai, K. H., Ishizaka, S., Ohtani, K., Yuasa, I. S., and Yamashita, U. (1998). Possible
immunomodulating activities in extract of edible brown alga Hizikia fusiformis (Hiziki).
J. Food Agric. 76, 56-62.

Park, H.J., Lim, S. C.,,Kim, D. H., Lee, J. H., Kang, H. O., and Choi, ]. W. (2005). Effect of Rosa
rugosa extract on rats with ethanol-salicylate-induced gastropathy. Korean J. Pharmaco-
gen. 36(1), 38-43.

Schmeda-Hirschmann, G. and Yesilada, E. (2005). Traditional medicine and gastroprotective
crude drugs. J. Ethnopharmacol. 100, 61-66.

Sehirli, O., Tatlidede, E., Yuksel, M., Erzik, C., Cetinel, S., Yegen, B. C., and Sener, G. (2008).
Antioxidant effect of alpha-lipoic acid against ethanol-induced gastric mucosal erosion in
rats. Pharmacology 81(2), 173-180.

Shan, B. E., Yoshida, Y., Kuroda, E., and Yamashita, U. (1999). Inmunomodulating activity of
seaweed extract on human lymphocytes in vitro. Int. J. Immunopharmacol. 21(1), 59-70.

Sheu, J. R, Hung, W. C,, Lee, Y. M., and Yen, M. H. (1996). Mechanism of inhibition of
platelet aggregation by rutaecarpine, an alkaloid isolated from Evodia rutaecarpa. Eur. J.
Pharmacol. 318(2-3), 469-475.

Shin, H. C., Hwang, H. J., Kang, K. J., and Lee, B. H. (2006). An antioxidative and antiin-
flammatory agent for potential treatment of osteoarthritis from Ecklonia cava. Arch.
Pharm. Res. 29(2), 165-171.

Siriwardhana, N., Jeon, Y.]., Kim, S. H., Ha, J. H., Heo, S.]., and Lee, K. W. (2004). Enzymatic
hydrolysis for effective extraction of antioxidative compounds from Hizikia fusiformis.
Algae 19(1), 59-68.

Swierkosz, T. A., Mitchell, J. A., Warner, T. D., Botting, R. M., and Vane, J. R. (1995).
Co-induction of nitric oxide synthase and cyclo-oxygenase: Interactions between nitric
oxide and prostanoids. Br. |. Pharmacol. 114, 1335-1342.

Taylor, B. and Rehm, J. (2005). Moderate ethanol consumption and diseases of the gastroin-
testinal system: A review of pathophysiological processes. Dig. Dis. 23, 177-180.

Usami, Y. (2009). Recent synthetic studies leading to structural revisions of marine natural
products. Mar. Drugs 7(3), 314-330.

Vane, J. R, Mitchell, J. A., Appleton, I, Tomlinson, A., Bishop-Bailey, D., and Croxtall, J.
(1994). Inducible isoforms of cyclooxygenase and nitric oxide synthase in inflammation.
Proc. Natl. Acad. Sci. USA 91, 2046-2050.

Venugopal, S. K., Chen, J., Zhang, Y., Clemens, D., Follenzi, A., and Zern, M. A. (2007). Role
of MAPK phosphatase-1 in sustained activation of JNK during ethanol-induced
apoptosis in hepatocyte-like VL-17A cells. J. Biol. Chem. 282, 31900-31908.

Villegas, S. N., Njaine, B., Linden, R., and Carri, N. G. (2006). Glial-derived neurotrophic
factor (GDNF) prevents ethanol (EtOH) induced B92 glial cell death by both PI3K/AKT
and MEK/ERK signaling pathways. Brain Res. Bull. 71(1-3), 116-126.

Von Vaupel Klein, J. C. (1987). The search for antiviral and anticancer compounds from
marine organisms. In “Bioorganic Marine Chemistry”, (P. J. Scheuer, Ed.), Vol. 1,
pp- 93-176.

Wang, S. F,, Yen, ]J. C,, Yin, P. H., Chi, C. W., and Lee, H. C. (2008). Involvement of oxidative
stress-activated JNK signaling in the methamphetamine-induced cell death of human
SH-SY5Y cells. Toxicology 246, 234-241.



The Effect of a Polysaccharides from H. Fusiformis 161

Watanabe, T., Hirayama, T., Takahashi, T., Kokubo, T., and Ikeda, M. (1979). Toxicological
evaluation of arsenic in edible seaweed, Hizikia species. Toxicology 14, 1-22.

Yamamoto, I., Maruyama, H., and Moriguchi, M. (1987). The effect of dietary seaweeds on
7,12-dimethyl-benz(a)anthracene-induced mammary tumorigenesis in rats. Cancer Lett.
35, 109-118.

Yang, R., Liu, A, Ma, X,, Li, L., Su, D., and Liu, J. (2008). Sodium tanshinone IIA sulfonate
protects cardiomyocytes against oxidative stress-mediated apoptosis through inhibiting
JNK activation. J. Cardiovasc. Pharmacol. 51(4), 396—401.

Yang, E. J., Moon, J. Y., Kim, M. J., Kim, D. S, Kim, C. S., Lee, W. ], Lee, N. H., and
Hyun, C. G. (2010). Inhibitory effect of Jeju endemic seaweeds on the production of
pro-inflammatory mediators in mouse macrophage cell line RAW 264.7. |. Zhejiang
Univ. Sci. B (Biomed. Biotechnol.) 11(5), 315-322.

Yuan, Y. V. and Walsh, N. A. (2006). Antioxidant and antiproliferative activities of extracts
from a variety of edible seaweeds. Food Chem. Toxicol. 44(7), 1144-1150.

Zhang, C. and Kim, S. K. (2009). Matrix metalloproteinase inhibitors (MMPIs) from marine
natural products: The current situation and future prospects. Mar. Drugs 7(2), 71-84.
Zhang, J., Tiller, C., Shen, J., Wang, C., Girouard, G. S., Dennis, D., Barrow, C. J., Miao, M.,
and Ewart, H. S. (2007). Antidiabetic properties of polysaccharide- and polyphenolic-
enriched fractions from the brown seaweed Ascophyllum nodosum. Can. J. Physiol.

Pharmacol. 85, 1116-1123.

Zhou, Y., Wang, Q., Evers, B. M., and Chung, D. H. (2005). Signal transduction pathways
involved in oxidative stress-induced intestinal epithelial cell apoptosis. Pediatr. Res. 58,
1192-1197.



	Protective Effect of Polysaccharide from Hizikia fusiformis Against Ethanol-Induced Toxicity
	Abstract
	Introduction
	The Effect of Hf-PS-1 Against Ethanol-Induced Gastric Damage in Rats
	Preparation and effect of Hf-PS-1 in SD rats
	Protective effect of Hf-PS-1 against ethanol-induced oxidative stress

	Effects of Hf-PS-1 Against Ethanol-Induced Injury to IEC-6 Cells
	Hf-PS-1 protects the ethanol-induced injury to IEC-6 cells
	Hf-PS-1 inhibits ethanol-induced damage by downregulating JNK

	Conclusion
	References


