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Hepatoprotective effect of chitooligosaccharides (COSs) with different molecular weights was inves-
tigated against tert-butylhydroperoxide (t-BHP)-induced damage in Chang liver cells. For that, we
evaluated the cell viability, inhibition of production of reactive oxygen species (ROS), lipid peroxidation
inhibition, glutathione (GSH) contents and the levels of antioxidant enzymes including catalase (CAT),
superoxide dismutase (SOD) and glutathione peroxidise (GPx) under oxidative damage by t-BHP. COSs
does not have any harmful or inhibitory effect against cell growth at concentrations ranging from 0.1 to

Ic(?i/:‘(;z;idgs(;saccharides 1.0 mg/mL. Under oxidative damage, COSs increased the cell viability in Chang liver cells exposed to t-
tert-BHP BHP and significantly (p <0.05) reduced ROS generation and lipid peroxidation. In addition, COSs assisted

Oxidative damage to increase the GSH content and antioxidant enzyme activity. Hence, these results indicate that COSs
ROS protected Chang liver cells against oxidative damage induced by ¢t-BHP via inhibiting production of ROS

Antioxidant enzymes

and lipid peroxidation, and the elevation of the levels of antioxidant enzymes.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Reactive oxygen species (ROS) such as hydroxyl radicals (HO®),
super oxide radicals (O,~) and H,O, are generated in living sys-
tems via aerobic metabolism or via exogenous sources such as
ultra violet light, ionizing radiation, pollution systems and drugs
(Briviba & Sies, 1994). Hydroxyl radicals are generated from H;0;
or from O, radicals in the presence of transition metal ions
such as Fe2* and may cause oxidative modifications in biological
molecules such as protein, lipid and nucleic acid (Chevion, 1988).
In biological systems, there are various endogenous and exogenous
defense mechanisms to minimize/or alleviate the overproduction
of ROS and the damage caused by them (Ames, Shigenaga, & Hagen,
1993). These include antioxidant enzymes such as superoxide dis-
mutase (SOD), catalase (CAT), glutathione peroxidase (GPx) and
many non-enzymatic antioxidant compounds such as polyphe-
nol, glutathione, tocopherol, ascorbic acid, and other thiol protein
groups to protect the functional and structural integrity of the
biomolecules (Anderson & Phillips, 1999; Tavazzi et al., 2000). It
has been reported that the unbalanced between overproduction of
ROS and antioxidant defense systems are associated with patho-
physiological conditions such as artherosclerosis, aging, arthritis,
neurodegenerative cancer and rheumatoid diseases (Briviba & Sies,
1994; Knight, 1997; Rice-Evans & Burdon, 1993).
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Chitosan is a natural polymer which is produced by deacetyla-
tion of chitin that is a major shell component of crustaceans such as
crabs and shrimps. It has been considered as biomaterial because
of its biocompatible, biodegradable, and less toxic nature. Chi-
tooligosaccharides (COSs), derivatives of chitosan, can be obtained
by either enzymatic or acidic hydrolysis. COSs has been the choice
of interest among many researchers due to their potential biologi-
cal activities such as immunity enhancing and antitumor (Suzuki et
al., 1986), antioxidant and radical scavenging activity (Castagnino
etal., 2008; Ngo, Kim, & Kim, 2008; Park, Je, & Kim, 2004) and so on.
However, there is scanty information with respect to hepatoprotec-
tive effect of COSs against t-butylhydroperoxide (t-BHP)-induced
oxidative stress. In this study, as a part of our ongoing investigation
on biological properties of COSs, we prepared COSs with differ-
ent molecular weights and evaluated their hepatoprotective effect
against t-BHP-induced hepatic damage on Chang liver cells.

2. Materials and methods
2.1. Materials

Fluorescence probes 2/, 7’-dichlorodihydrofluorescin diacetate
(DCFH-DA), Diphenyl-1-pyrenylphosphine (DPPP), and monobro-
mobimane (mBBr) were purchased from Sigma Co. (St. Louis, USA).
Chang liver cell line (CCL-13) was obtained from American Type
of Culture Collection (Manassas, VA, USA). Dulbeco’s modified
Eagle’s medium (DMEM), penicillin/streptomycin, and other mate-
rials required for culturing of cells were purchased from Gibco
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BRL (Paisley, UK). Enzyme assay commercial kits were supplied
by Biovision (CA, USA). Other chemicals used were in analytical
grade.

2.2. Preparation of chitooligosaccharides (COSs)

COSs were prepared from 90% deacetylated chitosan as
described in our previous report, and further fractionated into three
kinds of COSs using an ultrafiltration membrane system (Park et al.,
2004). COSs were designated based on their molecular weights as
COS1(5-10kDa), COS II (1-5kDa) and COS III (below 1 kDa).

2.3. Cell culture and treatment

Chang liver cells purchased from ATCC was cultured in DMEM
medium containing heat-inactivated 10% fetal bovine serum, strep-
tomycin (100 wg/mL) and penicillin (100 unit/mL) at 37°C in an
incubator under a humidified atmosphere of 95% air and 5% CO,.
Adherent cells were detached by trypsin-EDTA and plated onto 6-
or 96-well plates at 70-80% confluence. COSs were dissolved in PBS
to make 1.0, 2.0, 5.0 and 10 mg/mL concentrations, and cells at the
confluence were treated with the presence or absence of various
COSs at final concentrations of 100, 200, 500 and 1000 .g/mL.

2.4. Cell viability assay

The cell viability was estimated by MTT assay, which is a test
of normal metabolic status of cells based on the assessment of
mitochondrial activities (Hansen, Nielsen, & Berg, 1989). Chang
liver cells were seeded in 96-well plate at a concentration of
4.0 x 10° cells/mL. After 16h, the cells were treated with differ-
ent concentrations of various COSs, and incubated in a humidified
incubator at 37°C for 1 h. Then, 150 wM ¢t-BHP was added as final
concentration, and incubated for 24 h. Thereafter, a 50 wL of MTT
stock solution (2 mg/mL) was added and incubated for 4 h. Then,
the supernatants were aspirated and the formazan crystals in each
well were dissolved in 150 w.L of DMSO. Absorbance was measured
by ELISA reader (SpectraMax® M2/M2€, CA, USA) at a wavelength
of 540 nm. Relative cell viability was determined by the amount
of MTT converted to the insoluble formazan salt. The optical den-
sity of the formazan formed in the control cells was taken as
100%.

2.5. Intracellular ROS determination by DCFH-DA

Intracellular formation of ROS was assessed as described pre-
viously using oxidation sensitive dye DCFH-DA as a substrate
(Takahashi, Shibata, & Niki, 2001). Chang liver cells were seeded
in 96-well plate at a concentration of 4 x 10° cells/mL. Cells grow-
ing at confluency were labelled with 25 wM DCFH-DA in Hank’s
balanced salt solution (HBSS) and incubated for 30 min in CO,
incubator at 37 °C. Non-fluorescent DCFH-DA dye, that is freely
penetrate into cells get hydrolyzed by intracellular esterase to 2/,7'-
dichlorofluorescin (DCFH), and traps inside the cells. Cells were
then treated with different concentrations of various COSs and
incubated for 1 h. After washing the cells with HBSS for three times,
150 wM t-BHP was added. The formation of 2/,7’-dichlorofluorescin
(DCF)due to oxidation of DCFH in the presence of ROS was read after
every 30 min at a excitation wavelength of 485 nm and a emission
wavelength of 535nm using a spectroflurometer (SpectraMax®
M2/M2¢).

2.6. Lipid peroxidation inhibitory assay

Chang liver cells were seeded into 96-well plate at a concentra-
tion of 4.0 x 10° cells/mL. Cells growing at confluency were labelled

with DPPP (in DMSO) at a final concentration of 25 wM and incu-
bated in a humidified CO, incubator at 37°C for 30 min in the
dark (Takahashi et al., 2001). Cells were then treated with differ-
ent concentrations of various COSs and incubated another 1h at
37°C. Then, cells were washed three times with HBSS and treated
with 100 pL of 150 wM t-BHP except blank cells and incubated at
37 °C for 30 min. Fluorescence intensity was measured with a spec-
troflurometer (SpectraMax® M2/M2¢) at an excitation wavelength
of 351 and an emission wavelength of 380 nm.

2.7. Determination of intracellular GSH level

Cellular GSH level was determined using monobromobimane
(mBBr) as a thiol-staining reagent via the method described by
Poot, Verkerk, Koster, and Jongkind (1986) with slight modi-
fications. Chang liver cells were seeded at a concentration of
4.0 x 10° cells/mL and following confluency, treated with different
concentrations of various COSs for 1h. Cells were then labelled
with 40 .M mBBr for 30 min in a CO, incubator at 37°C in the
dark. After staining, mBBr-GSH fluorescence intensity was mea-
sured at an excitation wavelength of 360nm and an emission
wavelength of 465 nm using a spectroflurometer (SpectraMax®
M2/M2¢). In another set of experiment, cells were exposed to t-BHP
after treatment with various COSs and followed the same method.
The average fluorescence values of cell populations were plotted
and compared with blank group in which cells were grown without
treatment of COSs.

2.8. Preparation of cell lysate and determination of protein
content

Chang liver cells were seeded in 6-well plates at a concentration
of 4.0 x 10° cells/mL. At 70-80% confluence, the cells were treated
with different concentrations of various COSs except for blank and
control cells, and incubated in a humidified CO, incubator at 37 °C
for 1 h. Then, 150 M t-BHP was added as final concentration to the
cells except for blankcells, and incubated for another 12 h at 37 °C.
Cells were collected and washed three times in HBSS. Then, HBSS
were removed and cells were lysed in 400 L lysis buffer (50 mM
Tris-HCl, pH 7.5, 0.5% Triton X-100) for 2 h. The supernatants were
obtained by centrifugation at 8000 rpm at 4 °C for 10 min and the
protein content was determined via BSA assay kit (BioRad, CA, USA),
using bovine serum albumin as a standard.

2.9. Determination of antioxidant enzymes

2.9.1. Catalase (CAT) activity

Catalase (E.C.1.11.1.6) activity of cell lysates was determined
using a commercially available kit (Biovision). One unit of catalase
was defined as the amount of enzyme required to decompose 1 .M
of Hy05 in 1 min. The rate of decomposition of H, O, was measured
spectrophotometrically at a wavelength of 570 nm and the enzyme
activity was expressed as mU/mg protein.

2.9.2. Superoxide dismutase (SOD) activity

Superoxide dismutase (E.C.1.15.1.1) level in cell lysates was
estimated using commercial kit supplied by Biovision (CA, USA).
Xanthine and xanthine oxidase were used to generate superox-
ide anion, which react with tetrasolium chloride to form a yellow
color formazan dye. SOD activity was measured at a wavelength of
450 nm and the enzyme activity was expressed as U/mg protein.

2.9.3. Glutathione peroxidase activity (GPx)

The enzyme reaction in the tube, which contains NADPH,
reduced glutathione, glutathione reductase, was initiated with the
addition of cumene hydroperoxide, and the change in absorbance
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at a wavelength of 340 nm was monitored by a spectrophotometer.
GPx (E.C. 1.11.1.9) activity was determined using a commercial kit
supplied by Biovision and the activity was given as mU/mg protein.

2.10. Statistical analysis

The results were expressed as mean + SD, and all statistical com-
parisons were made by means of one-way analysis of variance
(ANOVA) followed by Duncan’s test. The difference showing a P
level of 0.05 was considered to be statistically significant.

3. Results and discussion
3.1. Hepatoprotective effect by COSs

COSs were evaluated for its hepatoprotective effect against
t-BHP-induced toxicity employed in Chang liver cells. Prior to eval-
uate hepatoprotective effect, toxicity of COSs was evaluated by
MTT cell viability assay, and was not toxic to the cells at the
concentration range used (0.1 to 1 mg/mL) (Fig. 1A). In order to
determine cytotoxic dose of t-BHP, various concentrations of t-BHP
(50-200 wM)were exposed to Chang liver cells,and a 150 M ¢t-BHP
was selected as optimal concentration to make a oxidative damage
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Fig. 1. Effects of cell viability of Chang liver cells by (A) chitooligosaccharides and
(B) t-BHP. Cell viability was assessed by MTT assay and data were expressed as the
mean +S.E.

120
I 0.2 mg/mL
1 0.5 mg/mL
100 - _ e 1.0 mg/mL
;;- 80 - I
- T
g T
% 60 -
o
QO 40
20 -
0 T T T T 23
N © & oY »
6\9 00‘\\- GO C’o OOG-’

Fig. 2. Increase in viability of Chang liver cells by COSs. Cells (4 x 10° cells/mL)
were cultured in DMEM medium for 16 h and exposed to t-BHP for 24 h after pre-
incubation with various COSs for 2 h. Control cells treated with 150 wM t-BHP alone
for 24 h. Cell viability was assessed by MTT assay and data were expressed as the
mean +S.E.

to Chang liver cells (Fig. 1B). As shown in Fig. 2, cell viability of t-
BHP exposed Chang liver cells (control group) decreased to around
50% compared to the blank group. However, pre-treatment of COSs
significantly (p <0.05) increased the cell viability up to 70% at all
concentrations. Hence, it was found that the reduction of cell via-
bility was greatly mediated by pre-treatment of cells with various
COSs. However, no significant effect was observed between COS I,
COS I and COS 111

The reaction between superoxide radical and superoxide dis-
mutase as well as some other enzymes such as amino acid oxidase
produce H,05 and it can cause membrane damage to release arachi-
donic acid which in turn responsible for prolonged cell damage
(Park et al., 2003). Other than that H;0, can penetrate the cell
membrane and react with Fe?* and generate most reactive HO*
radicals through Fenton reaction that may cause cell damage lead-
ing to various age related diseases (Halliwell & Gutteridge, 1989).
In this study, we demonstrated that COSs prevent such deleterious
effects and protect cells from oxidative damage.

3.2. Effect of COSs on ROS production and lipid peroxidation

Direct measurement of ROS was performed using a redox-
sensitive fluorescent dye, DCFH-DA. DCFH-DA itself is not a
fluorescent but in the cells it is converted into DCFH by intracellular
esterase. DCFH can react with ROS and convert into the fluores-
cent DCF which can be measured using spectroflurometer. When
DCFH-DA-labelled cells were incubated with t-BHP for 2 h, a sud-
den increment in fluorescence intensity occurred and it indicated
the oxidation of DCFH-DA by intracellular radicals (Fig. 3A). The
fluorescence intensity was increased up to 1200 in control cells
compared to 100 in blank cells after exposure to t-BHP. However,
fluorescence intensity was significantly (p <0.05) decreased in the
cells pre-treated with COSs before exposure to t-BHP indicating the
scavenging of ROS by COSs. Further, reduction of ROS production
was in dose and time dependent fashion (time dependent data not
shown). In this case, COS I (MW 5-10 kDa) exhibited superior activ-
ity toward the inhibition of ROS production than that of COS Il (MW
1-5kDa) and COS III (MW below 1 kDa).

Many studies have been conducted to investigate antioxi-
dant effect of chitosan and COS compounds, and found that they
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Fig. 3. Effect of COSs on the inhibition of intracellular generation of ROS (A) and
lipid peroxidation (B). Intracellular formation of ROS was assessed using oxidation
sensitive dye, DCFH-DA. Formation of DCF due to oxidation of DCFH was read at an
excitation wavelength of 485 nm and an emission wavelength of 535 nm. Lipid per-
oxidation was evaluated using oxidative sensitive dye, DPPP. All statistical analysis
was performed with three independent experiments and data were expressed as
means + S.E.

have shown significant results in ROS production (Mendis, Kim,
Rajapakse, & Kim, 2007). In this study too, we have proved from
the results obtained that COSs are potential source that can be
used in medical or pharmaceutical related fields. ROS can read-
ily damage biological molecules such as lipid, protein and DNA
which can finally lead to apoptic or necrotic cell death (Jang &
Surh, 2001). Therefore, removal of those excess ROS or suppres-
sion of their generation by antioxidants defense mechanisms may
be effective in preventing oxidative cell death. Hence, these results
suggest that a significant inhibition of t-BHP-induced ROS produc-
tion by COSs may contribute to restoring the viability in Chang liver
cells. Further, results obtained in this study were in lines with pre-
vious studies reported by Mendis et al. (2007) and Liu et al. (2009)
on human melanoma cells and human umbilical vein endothelial
cells, respectively. However, we could not conclude whether COSs
elicited a direct quenching effect on t-BHP-induced ROS or by some
other mechanisms.

Unsaturated fatty acids and their esters are easily prone to
oxidize producing hydroperoxides at the initial stage of lipid per-
oxidation. Hydroperoxides have attracted much attention as one of
the factors that might be associated with some diseases and aging
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Fig. 4. Effect of COSs on the regulation of GSH level in Chang liver cells. Cells were
treated with different concentrations of various COSs and incubated for 30 min. GSH
level was determined using mBBr as a thiol-staining reagent. The average fluores-
cence values of cell populations were plotted and the data were expressed as the
mean + S.E. (A) Without ¢t-BHP treatment; (B) with t-BHP treatment.

(Meerson, Kagan, Kozlov, Belkina, & Arkhipenko, 1982). Hence,
the prevention or reduction of lipid peroxidation enhances the
personnel health, and the role of antioxidants has received exten-
sive attention. Inhibitory effect of COSs on oxidative damage in
Chang liver cells induced by t-BHP was evaluated by lipid peroxida-
tion assay using fluorescence sensitive compound, DPPP (Fig. 3B).
DPPP reacts with lipid hydroperoxides selectively and stoichio-
metrically, and the resulting DPPP oxide can be measured in a
solution, cultured cells, and tissues (Takahashi et al., 2001). When
cells were exposed to t-BHP, fluorescence intensity of DPPP=0,
which is the index of lipid peroxidation, was significantly increased
but reduced when cells were pre-treated with COSs before expos-
ing to t-BHP. Further, activity was doe-dependent, thus, COSs were
able to prevent the oxidative damage, indicating that it provides
an antioxidant protection for Chang liver cells in the concentration
range used.

3.3. Effect of COSs on GSH content

GSH reduce endogenously produced ROS in the presence of
selenium-dependent glutathione peroxidase to prevent the oxida-
tive stress and another important function of GSH is detoxification
of xenobiotics and their metabolites. GSH plays a crucial role in cell
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Fig. 5. Effect of COSs on CAT, GPx, and SOD activity in t-BHP-induced Chang liver cells. Each bar represents the mean + S.E. of three independent experiments. *p <0.05 vs.

control.

defense against ROS, free radicals and other metabolites (Kedderis,
1996). However, a severe GSH depletion may cause oxidative
damage by those radicals and, increase protein thiolation or oxi-
dation of SH groups which may eventually cause for alterations
in cellular homeostasis (Estrela, Ortega, & Obrador, 2006). Further,
primary mechanism of t-BHP-induced toxicity in the cultured cells
is decrease of GSH level (Martin et al., 2001). Therefore, the poten-
tial of COSs to maintenance the GSH at high levels could be of great
importance against t-BHP-induced toxicity. In order to evaluate the
effect of COSs against t-BHP-induced stress, intracellular GSH con-
tent was estimated either absence or presence of various COSs and
t-BHP. Firstly, pre-treatment of COSs with various concentrations
without t-BHP to Chang liver cells clearly showed an enormous
enhancement in the total cellular GSH content (Fig. 4A). We also
evaluated GSH levels of Chang liver cells by exposing to t-BHP after
pre-treatment with various COSs, and found that t-BHP depleted
the GSH level significantly (p <0.05) compared to that of blank cells
but it was effectively restored by pre-treatment with various COSs
in a dose-dependent manner (Fig. 4B). Hence, the results obtained
in this study revealed that GSH is up-regulated in the presence of
various COSs.

3.4. Effect of COSs on antioxidant enzyme activities

Generally, cells respond to oxidative stress with adaptive
changes aimed at preventing cellular damage and increasing their
survival. The toxicity of ROS varies with cell density, components in
the incubation medium, and cell type studied (Weber et al., 1998).
Marked cellular damage was observed in response to t-BHP as com-
pared to the blank cells. However, pre-treatment of Chang liver
cells with COSs elevated the enzyme activity as can be seen in
Fig. 5A-C. t-BHP treatment reduced the CAT activity to 30 mU/mg
protein; however, pre-treatment of cells with COS I restored the
CAT activity above 70 mU/mg protein. In regards to SOD activ-
ity, COS I pre-treatment exhibited 0.3 U/mg protein compared to
0.35U/mg protein in blank cells while t-BHP treatment reduced
the SOD activity to 0.05U/mg protein. Exposure of cells to t-BHP
decreased the GPx activity to 7mU/mg protein but restored the
activity to 25 mU/mg protein with the pre-treatment of various
COSs which was a higher level than that shown by the blank cells
(12mU/mg protein). Therefore, COSs significantly enhanced the
intracellular activities of SOD, CAT and GPx than those of the cells
treated only with ¢t-BHP. The results showed that COSs enhanced
the enzyme activities that may be related to the inhibition of the
production of ROS. CAT and SOD are of enormous important in lim-
iting ROS-mediated cell damage, however, needed second line of
antioxidant enzymes which include heme oxygenase 1(HO-1) and
quinone oxidoreductase 1 (NQOT1) to prevent the activity of highly

reactive ROS (Siegel et al., 2004). We didn’t investigate the activity
of those enzymes. Recently it has been reported that COSs function
as an antioxidants through the induction of antioxidant enzymes,
such as glutathione S-transferases and SOD (Liu et al., 2009). Hence,
we can suggest that COSs may help up-regulation of antioxidant
enzymes in mediating oxidative stress in Chang liver cells.

4. Conclusions

The results revealed in this study indicate that COSs exhibit
antioxidant properties through its ability to enhance the cell via-
bility, mediation of production of ROS, lipid peroxidation and GSH
content. Further, this study suggests that increased antioxidant
enzyme activity induced by COSs could contribute to defense mech-
anisms against t-BHP induced oxidative damage in Chang liver cells
and it may contribute beneficial effect in the treatment of diseases
related with oxidative stress through enhancement of antioxidant
defense mechanisms after extensive experiments in vivo.
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