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In  this  study,  the  ability  of  aminoethylation  of  chitooligomers  (COS)  to inhibit  the  proliferation  of  AGS
human  gastric  adenocarcinoma  cells  was  evaluated  using  COS  with  lower  molecular  weight  (<1  kDa).
As  water-soluble  aminoderivatized  COS  derivatives,  aminoethyl-COS  (AE-COS),  dimethyl  aminoethyl-
COS  (DMAE-COS)  and  diethyl  aminoethyl-COS  (DEAE-COS)  were  synthesized  and  confirmed  by  their IR
spectra results  in comparison  to previous  study.  Aminoderivatized  COS-induced  cell death  was  char-
acterized  by  cell  viability,  changes  in nuclear  morphology  and  cell  morphology.  All  aminoderivatized
minoethyl chitooligomers
poptosis
GS

COS  significantly  inhibited  cell  proliferation  of AGS  cancer  cells  in  a dose-dependent  manner.  Moreover,
protein  and  gene  expression  levels  of  the  regulators  involved  in  apoptosis  pathway  such  as  Caspase-9,
Bax,  p53 and  p21  were  examined  using  RT-PCR  and Western  blot  analysis.  The  exposure  of synthesized
COS  derivatives  to  AGS  cells  induced  apoptotic  activity.  Therefore,  the present  results  suggest  that  all
aminoderivatized  COS  derivatives  have  a  promising  potential  as  valuable  as  cancer  chemopreventive
agents.

© 2011 Elsevier Ltd. All rights reserved.
. Introduction

Chitosan, a natural nontoxic heteropolysaccharide composed of
-1,4-d-glucosamine and N-acetyl-d-glucosamine has been widely
pplied in the biomedical and pharmaceutical industries, due to
ts anti-microbial activity (Jeon, Park, & Kim, 2001; Kong, Kim,
hn, Byun, & Kim, 2010), anti-viral activity (Artan, Karadeniz,
aragozlu, Kim, & Kim, 2010), antioxidant effect (Park, Je, & Kim,
004) and anti-diabetic value (Karadeniz, Artan, Kim, & Kim, 2008)
nd anti-cancer significance (Kim & Rajapakse, 2005). Recent stud-
es on chitosan have shown that there is interest in converting
t into soluble chitooligomers (COS) obtained by either chemical
epolymerization (Defaye & Guillot, 1994; Horowitz, Roseman, &
lumenthal, 1957; Tsukada & Inoue, 1981) or enzymatic hydrolysis
f chitosan (Izume & Ohtakara, 1987; Muzzarelli, 2010; Muzzarelli,
tanic, & Ramos, 1999; Muzzarelli, Terbojevuch, Muzarelli, &
rancescangeli, 2002; Muzzarelli, Tomasetti, & Ilari, 1994). The

owest oligomers of chitosan are not only water-soluble but are
lso even more versatile than chitosan (Qin, Du, Xiao, Li, & Gao,
002).

∗ Corresponding author at: Department of Chemistry, Pukyong National Univer-
ity, Busan 608-737, South Korea. Tel.: +82 51 629 7094; fax: +82 51 629 7099.

E-mail address: sknkim@pknu.ac.kr (S.-K. Kim).

144-8617/$ – see front matter ©  2011 Elsevier Ltd. All rights reserved.
oi:10.1016/j.carbpol.2011.09.034
Apoptosis is the principal form of programmed cell death,
contributes to the development and the proper functioning of mul-
ticellular organisms through the removal of virus-infected cells
and cancer cells (MacFarlane, 2003). Although most of the current
anti-cancer therapies rely on the eradication of tumor cells, drugs
promoting apoptosis may  be effective against many cancers and
should become an important strategy to counteract cancer (Fesik,
2005).

Gastric cancer is one of the most frequent causes of death:
although the incidence and mortality have been decreasing, it is
still the second most frequent cause of death around the world,
after lung cancer (Lee, Yang, & Ahn, 2002). Sub-types of gastric
cancer exist and this classification depends on the tissues where
they originate: adenocarcinoma is the most common gastric can-
cer, being reported as cause of death in 95% of diagnosed subjects.
The AGS cell line is a human gastric adenocarcinoma, widely used
as a model system for evaluating cancer cell apoptosis (Liu et al.,
2003).

In a previous study, water-soluble aminoderivatized COS with
medium molecular weight were synthesized with different sub-
stituent groups and, new biological activities were evaluated

(Karagozlu, Kim, Karadeniz, Kong, & Kim, 2010). Scope of the
present study is the enhancement of the ability of aminoethy-
lated COS to inhibit adenocarcinoma cell proliferation and to induce
apoptosis.

dx.doi.org/10.1016/j.carbpol.2011.09.034
http://www.sciencedirect.com/science/journal/01448617
http://www.elsevier.com/locate/carbpol
mailto:sknkim@pknu.ac.kr
dx.doi.org/10.1016/j.carbpol.2011.09.034
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Fig. 1. Synthesis and chemical structure of aminoet

. Materials and methods

.1. Synthesis of samples

Aminoethyl COS derivatives (Fig. 1) were synthesized by previ-
us method (Je & Kim, 2006). 2-Aminoethyl chloride hydrochlo-
ide (Sigma–Aldrich Corp., St. Louis, MO,  USA) for AE-COS,
-(dimethylamino)ethyl chloride hydrochloride (Sigma–Aldrich
orp., St. Louis, MO,  USA) for DMAE-COS and 2-(diethylamino)ethyl
hloride hydrochloride for DEAE-COS (Sigma–Aldrich Corp., St.
ouis, MO,  USA) were used to prepare for their COS derivatives.
OS (0.40 g) were mixed with 20 ml  of 3.0 M amino hydrochloride
nd stirred at 50 ◦C. After 2 h, 20 ml  of 3.0 M NaOH was added to
he reaction mixture dropwise, and continuously stirred for 48 h.
he reaction mixture was acidified with 0.1 M HCl and dialyzed
gainst water. After 2 days, the product was freeze dried and COS
erivatives were collected as fluffy brown powder. Synthesized
OS was characterized by infrared spectrometer (Shimadzu IR-408,
okyo, Japan) TLC and 1H NMR  (Jeol JNM-ECP-400, Tokyo, Japan)
nalysis.

.2. Cell culture

Human gastric adenocarcinoma cell line AGS was  cultured as
onolayer in T-75 tissue flasks (Nunc, Roskilde, Denmark) in

PMI-1640 supplemented with 10% heat-inactivated fetal bovine
erum (FBS, Gibco BRL, Gaithersburg, MD,  USA), 2 mM l-glutamine
nd 100 �g/ml penicillin–streptomycin. The cells were grown in

 humidified atmosphere containing 5% CO2 at 37 ◦C and sub-
ultured by detaching with trypsin–EDTA solution 1–2 times each
eek at about 70–80% confluent.

.3. Cell viability assay

To determine cell survive after exposure to different con-
entration of COS derivatives, cell proliferation was performed
y 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
MTT) assay as reported in our previous studies with a slight modifi-

ation (Kong et al., 2010). Briefly, cells were seeded in 96-well plates
t a density of 1 × 104 cells/well. After incubation for 24 h, cells
ere treated with 0, 50 and 500 �g/ml concentrations of different

amples and MTT  was determined by measuring the absorbance at
40 nm using a microplate reader (GENios microplate reader, Tecan
ustria GmbH, Salzburg, Austria). The percentage of untreated cell’s
iability was taken as control to calculate relative cell viability.
S derivatives (AE-COS, DMAE-COS and DEAE-COS).

2.4. Morphological analysis and Hoechst staining

AGS cells treated by various concentrations of different sam-
ples were washed twice and fixed in 4% paraformaldehyde
(Sigma–Aldrich Corp., St. Louis, MO,  USA) in PBS (phosphate
buffered saline) for 10 min at room temperature. The fixed
cells were washed with PBS and their morphological changes
were detected by a light microscope (CTR 6000; Leica, Wetzlar,
Germany). Furthermore, nuclear deformation was detected by
Hoechst 33342 staining. For Hoechst 33342 assay, AGS  cells were
treated by various concentrations of the samples for 12 h. Then,
cells were washed twice and fixed in 4% paraformaldehyde in PBS
for 10 min  at room temperature. After washing with PBS, cells were
stained with 1 �g/ml of the fluorescent DNA-binding dye, Bisbenz-
imide Hoechst 33342 (Sigma–Aldrich Corp., St. Louis, MO, USA) and
incubated for 1 h at room temperature to reveal nuclear conden-
sation/aggregation. The Hoechst-stained cells were visualized and
photographed under fluorescence microscope (CTR 6000; Leica,
Wetzlar, Germany).

2.5. Flow cytometric assay

Fluorescence associated cell sorting assay was performed to
determine apoptotic activity of the samples on AGS cells. The cells
(5 × 105 cells/ml) were grown in culture flask for 24 h. Then vari-
ous concentrations of COS samples were treated. After 24 h, cells
were collected and washed with cold PBS. Cells (1 × 106 cells/ml)
were re-suspended with binding buffer (BD Diagnostic Systems,
Cockeysville, MD,  USA) and 100 �l of the mixture transferred to
5 ml  culture tube. Five microliters of both FITC Annexin V and PI
(BD Diagnostic Systems, Cockeysville, MD,  USA) were added to the
tubes. Mixtures were gently vortexed and incubated for 15 min  at
room temperature in dark. Finally, 400 �l of binding buffer was
added to the tubes and mixtures were analyzed by flow cytometer
(BD Diagnostic Systems, Cockeysville, MD,  USA) within 1 h.

2.6. RNA extraction and reverse transcription-polymerase chain
reaction (RT-PCR) analysis

Total RNA was extracted using a Trizol reagent (Invitrogen Co.,
Foster City, CA, USA) as reported in manufacturer’s manual. Two
micrograms of total RNA was  reverse transcribed using M-MLV

reverse transcriptase to give cDNA and a PCR reaction was per-
formed using specific primers as reported previously (Karagozlu et
al., 2010). The amplified PCR products were run in 1% agarose gels
and visualized by ethidium bromide (EtBr) and visualized by UV
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DMAE-COS and DEAE-COS are shown in Fig. 4a. According to the
results, the number of attached cells was remarkably reduced with
increasing doses of aminoderivatized COS. Especially under high
concentration of aminoethylated COS exposure, we observed that
M.Z. Karagozlu et al. / Carbohyd

ight using AlphaEase gel image analysis software (Alpha Innotech,
an Leandro, CA, USA).

.7. Protein isolation and Western blot analysis

AGS cells were grown at a density of 3 × 104 cells in cultured,
reated with various concentrations of the samples for 24 h and
rotein of each group was collected. Equal amounts of protein
ere separated by sodium dodecyl sulfate–polyacrylamide gel

lectrophoresis (SDS–PAGE) then transferred onto polyvinylidene
uoride membrane (Amersham Pharmacia Biotech., Amersham,
ngland) and blocked in 5% (w/v) skim milk. The membrane was
hen incubated for 2 h at room temperature with primary antibody
iluted 1:2000. Membrane-bound horseradish peroxidase-labeled
rotein bands were visualized by chemiluminescence assay kit
Amersham Pharmacia Biotech., Amersham, England) using LAS-
000 image analyzer (Fujifilm Life Science, Tokyo, Japan).

.8. Statistical analysis

The data were presented as mean ± SD (n = 3). Differences
etween the means of the individual groups were assessed by one-
ay ANOVA with Duncan’s multiple range tests. Differences were

onsidered significant at p < 0.05. The statistical software package,
AS v9.1 (SAS Institute Inc., Cary, NC, USA), was  used for these
nalyses.

. Results and discussion

.1. Synthesis of aminoethylated COS derivatives

The structures of aminoderivatized COSs such as AE-COS, DMAE-
OS and DEAE-COS were confirmed from the IR spectra results
ith comparison with previous study (Je & Kim, 2006; Karagozlu

t al., 2010). In the FT-IR spectrum of synthesized derivatives,
he peaks of absorptions at 2965 cm−1 due to C–H stretching and
000–1150 cm−1 due to C–O–C stretching were observed, support-

ng the occurrence of substitution. According to comparison, it was
stimated that the C-6 hydroxyl group of COS was replaced by
he substitution group of AE, DMAE and DEAE for AE-COS, DMAE-
OS and DEAE-COS, respectively (data not shown). Moreover, The
tructures of aminoderivatized COSs such as AE-COS, DMAECOS
nd DEAE-COS were confirmed from the 1H NMR  spectrum results
Fig. 2) with comparison with previous study (Je & Kim, 2006). 1H
MR  spectrum of our samples showed a peak 2.9 ppm for methyl
nd characteristic (–CH2CH2N–) groups of substituted AE, DMAE
nd DEAE, although the substituted group’s peak was  not observed
n 1H NMR  spectrum of COS.

.2. Cell viability

In order to compare the effects of COS and aminoderivatized
OS derivatives (AE-COS, DMAE-COS and DEAE-COS) on cell prolif-
ration, the cells were exposed to increasing concentrations of COS
nd aminoderivatized COS derivatives for 24 h and cell viability was
xamined by MTT  viability assay (Fig. 3). Exposure of AGS cells to
ncreasing concentrations of aminoderivatized COS resulted in a
ose-dependent decrease in cell viability relative to control cells.
reatment with COS for 24 h inhibited the proliferation with rates of
pproximately 8% and 23% at concentrations of 50 and 500 �g/ml,
espectively. AE-COS inhibited the cell proliferation with rates of

pproximately 22% and 84% at concentrations of 50 and 500 �g/ml,
espectively. DMAE-COS inhibited cell proliferation with rates of
pproximately 45% and 85% at concentrations of 50 and 500 �g/ml,
espectively. Finally, DEAE-COS inhibited the cell proliferation with
Fig. 2. H NMR  analysis of aminoethyl-COS derivatives (AE-COS (A), DMAE-COS (B)
and DEAE-COS (C)) prepared from COS with low molecular weight.

rates of approximately 68% and 86%, respectively, under same expo-
sure conditions. According to results of MTT  assay, when 500 �g/ml
of sample was  treated, inhibitory effects on the proliferation of
AGS cells for all three samples are quietly same. However, when
the treated dose of the sample decreased, DEAE-COS shows maxi-
mum  activity while AE-COS shows minimum activity. On the other
hand, results of cell viability assay showed that aminoethylation
of COS (below 1 kDa) significantly enhanced the anti-proliferative
effect of COS (below 1 kDa) on AGS human adenocarcinoma
cells.

3.3. Morphological changes and Hoechst 33342 staining

Morphological changes and the cell death of AGS cells were
characterized using light microscope. The morphological changes
after 24 h exposure to various concentrations of COS, AE-COS,
Fig. 3. Antiproliferative effects of COS and aminoderivatized COS derivatives in AGS
cell line. Cells were treated with different concentrations of COS and aminoderiva-
tized COS derivatives for 24 h. a–dSymbolize that the different letters in the each
sample are significantly different (p < 0.05) by Duncan’s multiple range test.
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Fig. 4. Morphological changes in AGS cells by treatment with COS and aminoethyl-COS derivatives (AE-COS, DMAE-COS and DEAE-COS). Cells were grown and treated with
COS  and aminoethyl COS derivatives for 12 h. The medium was removed and attached cells were fixed with 4% paraformaldehyde and washed with PBS. Cell morphology
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as  detected by light microscope (viewed at magnification of 100×) (A) and staine
y  fluorescence microscope (viewed at magnification of 400×) (B).

ost of the cell was detached. Also, morphological changes in
ttached cells were observed. Treatment with aminoethylated COS
aused shrinking on cell shape. The comparison analysis exhib-
ted that aminoethylation of COS enhanced the anti-proliferative
ffect on AGS cells. Furthermore, in order to determine whether
he inhibitory effect of aminoderivatized COS on cell prolifera-
ion was due to the apoptotic cell death, AGS cells were stained
ith Hoechst 33342 dye after sample treatment for 12 h and

he morphological changes of nuclear were observed under flu-
rescence microscope (Fig. 4b). The nuclear degradation of AGS
ells can be observed under fluorescence lighting. Hence, the
uclei with chromatin concentration and apoptotic bodies were

bserved in the cells exposed to COS-derivatives with increasing
f concentrations. This observation exhibits that aminoderivatized
OS induce cell death in AGS cells through a typical apoptotic
athway.
 Hoechst 33342 dye in PBS for 1 h in the dark and nuclear condition was  detected

3.4. Fluorescence activated cell sorting

An Annexin V binding assay was conducted to evaluate the
apoptotic response in AGS cells. After 24 h treatment of samples,
AGS cells stained for Annexin V binding assay and analyzed by
FACS (Fig. 5). According to results, increased Annexin V stain-
ing was  seen in AGS cells in the presence of aminoethylated
COS for 24 h. The percentage of living cells which are at late
apoptotic phase increased in a dose-dependent manner. For COS
treated AGS cells, living cell ratio was  87.7%, 73.4% and 67.2%
at concentrations of 0, 50 and 500 �g/ml, respectively. On the
other hand, the results of living AGS cell ratio were 87.7%, 74.3%

and 24.3%, respectively, in AE-COS treated cells. The ratios were
87.7%, 81.3% and 19.2%, respectively, in DMAE-COS treated cells,
and were 87.4%, 31.3% and 12.7%, respectively, in DEAE-COS
treated cells. However, the induction of apoptosis was  higher
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Fig. 5. Detection of Annexin V staining by FACS in AGS cells treated with COS and aminoethyl-COS derivatives (AE-COS, DMAE-COS and DEAE-COS) for 24 h. In all panels,
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ells  in the lower left quadrant are alive, cells in the lower right quadrant are in ear
re  necrosis.

hen the cells were exposed higher concentration of the sam-
les but the there was no significantly induction of necrosis. While
ells were detected at lower right quadrant under exposure to
igher concentration of COS, at that time cells were detected at
pper right quadrant under higher concentration of aminoethy-

ated COS. These results suggest that aminoethylation of COS
nhance anti-proliferative effect of COS by decreasing effectiveness
ime.
.5. Apoptotic effect on gene and protein expression levels

The change rates of Caspase-9, Bax, p53 and p21 as an important
egulator involved in apoptosis were characterized to examine the

ig. 6. Apoptotic effect of COS (A), AE-COS (B), DMAE-COS (C) and DEAE-COS (D) in apopto
evels  of p21, p53, Bax and Caspase-9 m-RNA were detected using RT-PCR. GAPDH was  u
ptosis, in the upper right are in late apoptosis, and cells in the upper left quadrant

apoptotic issues by Western blot (Fig. 6) and using RT-PCR (Fig. 7)
analysis. While GAPDH was  used as internal standard for RT-PCR,
�-tubulin was  used as internal standard for Western blot analysis.
According to results of Western blot assay, aminoethylated COS
derivatives induced the up-regulation for Caspase-9, Bax, p21 and
p53 proteins levels in a dose-dependent manner. According to RT-
PCR assay results, p21, p53, Bax and Caspase-9 mRNA expression
levels complies with the results of Western blot assay results. These
results suggested that COS and aminoderivatized COS derivatives

induced apoptosis in AGS cancer cells by mitochondrial pathways,
via the up-regulation of Bax expression and activation caspases.
In comparison to mitochondria of normal cell, the mitochondria of
cancer cells involves more negative charge on surface which can be

sis related genes. AGS cells were incubated with samples for 24 h and the expression
sed as an internal standard.
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Fig. 7. Apoptotic effect of COS (A), AE-COS (B), DMAE-COS (C) and DEAE-COS (D) in apoptosis related proteins. AGS cells were incubated with samples for 24 h and the
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xpression levels of p21, p53, Bax and Caspase-9 protein were detected using West

argeted by positively charged molecules (Fantin, Berardi, Scorrano,
orsmeyer, & Leder, 2002). In this study, COS was modified by addi-

ion of aminoalkyl group at the C-6 position in order to develop the
ater-solubility and quantity of free amino group. It has been know

hat electric charge density due to the free amino groups in COS
ffects the cancer cell viability (Huang, Mendis, Rajapakse, & Kim,
006; Qin et al., 2002). Replacement of amino group in COS caused
o leading to increment of cationic charge, which might induce
lectrostatic interactions with the cancer cell surface. In compara-
ive analysis, the modified COSs exhibited similar anti-proliferative
ffects at concentration of 500 �g/ml. In case of treatment with
0 �g/ml of the modified COS, the anti-proliferative effect was in
he order of DEAE-COS ≥ DMAE-COS > AE-COS. The upgrade of the
nti-proliferative activity of COS with DEAE group might be due
o hydrophobic interactions between DEAE group and cancer cell
urface.

. Conclusion

In this study, water-soluble aminoethylated COS derivatives,
E-COS, DMAE-COS and DEAE-COS, were synthesized using
OS with lower molecular weight (below 1 kDa) and their
nti-proliferative effects were evaluated in AGS human gas-
ric cancer cells. Exposure of AGS cells to the aminoethylated
OS derivatives induced the inhibition of cell proliferation in

 dose-dependent manner. Among them, DEAE-COS exerted
 higher anti-proliferative activity. These results suggest that
minoethyl addition to COS enhances its apoptotic activity on
GS human carcinoma cells and aminoderivatized COS deriva-

ives would be useful candidates in cancer chemopreventive
herapy.

cknowledgement
This research was supported by a grant from Marine Biopro-
ess Research Center of the Marine Biotechnology Program funded
y the Ministry of Land, Transport and Maritime, Republic of
orea.
ot analysis. �-Actin was  used as an internal standard.

References

Artan, M.,  Karadeniz, F., Karagozlu, M.  Z., Kim, M. M.  & Kim, S. K. (2010). Anti-HIV-1
activity of low molecular weight sulfated chitooligosaccharides. Carbohydrate
Research,  345, 656–662.

Defaye, J. & Guillot, J. M.  (1994). A convenient synthesis for anomeric 2-
thioglucobioses, 2-thiokojibiose and 2-thiosophorose. Carbohydrate Research,
253,  185–194.

Fantin, V. R., Berardi, M.  J., Scorrano, L., Korsmeyer, S. J. & Leder, P. (2002). A novel
mitochondriotoxic small molecule that selectively inhibits tumor cell growth.
Cancer Cell, 2, 29–42.

Fesik, S. W.  (2005). Promoting apoptosis as a strategy for cancer drug discovery.
Nature Review Cancer, 5, 876–885.

Horowitz, S. T., Roseman, S. & Blumenthal, H.  J. (1957). The preparation of glu-
cosamine oligosaccharides. I. Separation. Journal of American Chemical Society,
79,  5046–5049.

Huang, R., Mendis, E., Rajapakse, N. & Kim, S. K. (2006). Strong electronic charge as
an important factor for anticancer activity of chitooligosaccharides (COS). Life
Sciences,  78,  2399–2408.

Izume, M.  & Ohtakara, A. (1987). Preparation of d-glucosamine oligosaantccharides
by the enzymatic hydrolysis of chitosan (biological chemistry). Agricultural and
Biological Chemistry,  51,  1189–1191.

Je, J. Y. & Kim, S. K. (2006). Antimicrobial action of novel chitin derivative. Biochimica
et  Biophysica Acta (BBA): General Subjects, 1760, 104–109.

Jeon, Y. J., Park, P. J. & Kim, S. K. (2001). Antimicrobial effect of chitooligosaccharides
produced by bioreactor. Carbohydrate Polymers, 44,  71–76.

Karadeniz, F., Artan, M.,  Kim, M.  M.  & Kim, S. K. (2008). Prevention of cell damage
on pancreatic beta cells by chitooligosaccharides. Journal of Biotechnology, 136,
539–540.

Karagozlu, M. Z., Kim, J. A., Karadeniz, F., Kong, C. S. & Kim, S. K. (2010). Anti-
proliferative effect of aminoderivatized chitooligosaccharides on AGS human
gastric cancer cells. Process Biochemistry, 45,  1523–1528.

Kim, S. K. & Rajapakse, N. (2005). Enzymatic production and biological activ-
ities of chitosan oligosaccharides: A review. Carbohydrate Polymers, 62,
357–368.

Kong, C. S., Kim, J. A., Ahn, B., Byun, H. G. & Kim, S. K. (2010). Carboxymethylations
of  chitosan and chitin inhibit MMP  expression and ROS scavenging in human
fibrosarcoma cells. Process Biochemistry, 45,  179–186.

Lee, H. J., Yang, H. K. & Ahn, Y. O. (2002). Gastric cancer in Korea. Gastric Cancer, 5,
0177–0182.

Liu,  J. D., Lin, S. Y., Ho, Y. S., Pan, S., Hung, L. F. & Tsai, S. H. (2003). Involvement
of  c-jun N-terminal kinase activation in 15-deoxy-�12,14-prostaglandin J2- and
prostaglandin A1-induced apoptosis in AGS gastric epithelial cells. Molecular
Carcinogenesis,  37,  16–24.
MacFarlane, M.  (2003). TRAIL-induced signalling and apoptosis. Toxicology Letters,
139,  89–97.

Muzzarelli, R. A. A. (2010). Enhanced biochemical efficacy of oligomeric and partially
depolymerized chitosans. In F. Columbus (Ed.), Chitosan: Manufacture, properties
and usages.  New York: Nova Publishers.



rate P

M

M

M

M.Z. Karagozlu et al. / Carbohyd

uzzarelli, R. A. A., Stanic, V. & Ramos, V. (1999). Enzymatic depolymerization of
chitins and chitosans. In C. Bucke (Ed.), Methods in biotechnology: Carbohydrate
biotechnology protocols. Totowa: Humana Press.

uzzarelli, R. A. A., Terbojevuch, M.,  Muzarelli, C. & Francescangeli, O. (2002). Chi-

tosans depolymerized with the aid of papain and stabilized as glycosylamines.
Carbohydrate Polymers, 50,  69–78.

uzzarelli, R. A. A., Tomasetti, M.  & Ilari, P. (1994). Depolymerization of
chitosans with the aid of papain. Enzyme and Microbial Technology, 16,
110–114.
olymers 87 (2012) 1383– 1389 1389

Park, P. J., Je, J. Y. & Kim, S. K. (2004). Free radical scavenging activities of differently
deacetylated chitosans using an ESR spectrometer. Carbohydrate Polymers, 55,
17–22.

Qin, C., Du, Y., Xiao, L., Li, Z. & Gao, X. (2002). Enzymic preparation of water-soluble

chitosan and their antitumor activity. International Journal of Biological Macro-
molecules, 31,  111–117.

Tsukada, S. & Inoue, Y. (1981). Conformational properties of chito-oligosaccharides:
Titration, optical rotation, and carbon-13 N.M.R. studies of chito-
oligosaccharides. Carbohydrate Research, 88,  19–38.


	Aminoethylated chitooligomers and their apoptotic activity on AGS human cancer cells
	1 Introduction
	2 Materials and methods
	2.1 Synthesis of samples
	2.2 Cell culture
	2.3 Cell viability assay
	2.4 Morphological analysis and Hoechst staining
	2.5 Flow cytometric assay
	2.6 RNA extraction and reverse transcription-polymerase chain reaction (RT-PCR) analysis
	2.7 Protein isolation and Western blot analysis
	2.8 Statistical analysis

	3 Results and discussion
	3.1 Synthesis of aminoethylated COS derivatives
	3.2 Cell viability
	3.3 Morphological changes and Hoechst 33342 staining
	3.4 Fluorescence activated cell sorting
	3.5 Apoptotic effect on gene and protein expression levels

	4 Conclusion
	Acknowledgement
	References


