RESEARCH ARTICLE

Nanomed Res J 1(1): 53-58, Summer 2016

Preparation and Evaluation of anticancer activity D-glucosamine
Nanoparticles on Metastatic cancer Model in vivo

Neda Soleimani**, Masoumeh Tavakoli Yaraki ?, Baharak Farhangi *

1 Department of Microbiology, Faculty of Biological Sciences, Shahid Beheshti University, Tehran, Iran

2Department of Biochemistry, School of Medicine, Iran University of Medical Sciences, Tehran, Iran

3 Department of Molecular Genetics, Faculty of Biological Sciences, Tarbiat Modares University, Tehran, Iran

ARTICLE INFO

ABSTRACT

Article History:
Received 17 March 2016
Accepted 14 June 2016
Published 1 July 2016

Keywords:

Anticancer activity
D-glucosamine nanoparticles
Cancer

Cytokine assay

Objective(s): Breast cancer imposes a highest rate of malignancy among the
women all around the world. Chitin and its derivatives such as D-glucosamine-
carboxymethyl chitin and Di-hydroxy propyl chitin have immune-modulating
effects and influence on innate and acquisitive immunity which lead to cell
activity enhancement. The aim of this study was investigating the effect of
D-glucosamine nanoparticle on immune responses such as the changes in
cytokines type 1 and 2 level in tumoral mice.

Methods: Nanoparticles were synthesized by ionic gelation method and
characterized by DLS and SEM methods. Tumors were induced in experimental
mice and subsequently treated with nanoparticles. Then, the production of
cytokine interferon-y (IFN-y) and interleukin 4 (IL-4) were evaluated.

Results: The obtained results showed a significant increase in the level of IFN-y
production in the mice group treated with nanoparticles compared to control
groups. Additionally, there was a reduction in the level of IL-4 and tumor size
in the test group.

Conclusions: D-glucosamine nanoparticles can be proposed as a stimulator of
the immune system and a promising compound for cancer treatment in the

future.
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INTRODUCTION

The uncontrolled cell proliferation caused by
environmental factors and genetic defects can
leads to cancer initiation. Various viruses and
bacteria are attributed to trigger carcinogenesis
as well as other risk factors including chemicals,
UV rays, and radiation [1]. Breast cancer imposes
the highest rate of malignancy among the women
worldwide and is considered as a major cause of
death in developed and developing countries [3].

The incidence rate of breast cancer is relatively
low in Iran compared to other developing
countries; however, due to the recent increased
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prevalence of breast cancer, it can be considered
as the most common malignancy among the
women [2]. In spite development of different
treatments, surgery is still the first line of therapy
for breast cancer. Current therapies of cancer are
mostly done with the aim of reducing tumor size;
however, their effects fade away after a while, and
are not practically effective in survival due to the
possibility of recurrence [3,4].

Considerable side effects, low specificity, and
the possibility of recurrence are the limitations of
these methods. Therefore, there is an increasing
demand for alternative treatments being more
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efficient and specific with minimum side effects
[5,6]. The high prevalence of breast cancer and
additional problems caused by disease at young
ages, emphasize how critical it is to introduce new
therapeutic compounds with immunomodulatory
properties and less negative side effects. One of
the most-considered compounds in this issue is
D-glucosamine [7].

Chitin  and its  derivatives including
D-glucosamine- carboxymethyl chitin and Di-
hydroxy propyl chitin have immune-modulating
(immunomodulatory) effects and can affect innate
and acquisitive immunity which leads to increase
cell activity and the secretion of cytokines and
chemikones [8,9]. Given the fact that chitin and
its derivatives do not exist in the human body,
their presence can stimulate the immune system
through the of immune cells surface receptors such
as Detectin-1, TLR-2, and mannose [10].

D-glucosamine suspensions and particles
are able to stimulate the immune system via
chemotaxis, macrophages activation, and cytokines
secretion. These polymers can increase antibody
response and activate cytotoxic T cells and natural
killer cells. It has been shown that D-glucosamine
has low toxicity in normal cells [10, 11]. This
polymer is a biocompatible and biodegradable
compound with minimum systemic toxicity [11].
These nanoparticles are effective in directing the
immune system to create a specific type of response
and enhance the immune response.

In the present study, we aimed to evaluate the
immune system responses, especially attenuation
of humoral immune as a major factor in anti-tumor
defense, toward D-glucosamine nanoparticles in
mice model. We have investigated the role of the
cell-mediated immunity response cytokines type 1
and 2 (interferon-y (IFN-y) and interleukin 4 (IL-
4)) in the mice model with metastatic tumor after
administrating D-glucosamine nanoparticles as the
candidate treatment.

MATERIALS AND METHODS
Materials

Medium-molecular-weight Chi with a degree
of deacetylation of about 89% was purchased from
Primex (Karmoy, Norway). Sodium nitrite (NaNO,),
PE sodium tripolyphos- phate (TPP), hydrochloric
acid, glacial acetic acid, sodium hydroxide (NaOH),
sodium metabisulfite, were all purchased from Merck
(Darmstadt, Germany). 3-(4,5-dimethylthiazol-2-
yD)-2,5-diphenyltetrazolium bromide) (MTT) was
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purchased from Sigma- Aldrich (St Louis, MO). The
mice were obtained from Pasteur Institute (Tehran,
Iran). All chemicals were of analytical grade.

Preparation of Nanoparticles

In order to produce nanoparticles, a 1 mg/mL
solution of D-glucosamine in acetic acid (1%)
was prepared and placed on stirrer (300 rpm) at
room temperature. The Tripolyphosphate (TPP)
0.1 % was dissolved in distilled water and added to
D-glucosamine solution all at once (flush mix). The
volume ratio of D-glucosamine solution to TPP
was 1:2. The reaction was continued for one hour in
stable condition. Nanoparticle-free D-glucosamine
fragments were removed by centrifugation at
18,000 rpm for 30 min at 15 ° C [18, 20].

Characterization of Nanoparticles
Electric charge

Electric charge, homogeneity and distribution of
D-glucosamine nanoparticles were measured using
ZETA SIZER (Malvern) at pH 6

Scanning electron microscopy (SEM)

The shape and size of nanoparticles was studied
using SEM (Iranian Research Organization for
Science and Technology) at pH 6. [12, 13, 15].

Animal model studies

Animal studies have been conducted according
to relevant national and international guidelines
of the Weatherall report, and Institutional Animal
Care and Use Committee (IACUC) in Pasteur
Institute, Tehran, Iran. 30 female 5-6 weeks old
BALB /c mice were obtained from the Pasteur
Institute of Iran and were divided into three groups
of test and control [14].

Tumor Cell cultured

Mice breast tumor cells (4T1) were obtained
from the Pasteur Institute (Tehran, Iran). Cells were
grown at 37 °C in an atmosphere of 5% CO, and
95% air condition. The 4T1 cell lines were cultured
in RPMI 1640 medium supplemented with 10%
FBS [17, 18, 19].

Inducing Tumor model and stimulation

The number of 7.10° cells were injected to
right flank of each mouse. The first group of mice
with tumors was treated with D-glucosamine
nanoparticles. The second group containing mice
with tumors, received normal saline; and the third
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group of mice was healthy mice without tumors.
The growth rate of tumors was measured daily. For
assessing survival rate, the various groups of mice
were monitored and investigated during a period
of 45-60 days.

Isolation and culture of spleen cells

18 days after treatment with D-glucosamine
nanoparticles and saline, the mice were sacrificed
and spleen cells were extracted subsequently. Red
blood cells were removed using lysis solution.
Then a suspension of spleen cells was plated in 24-
well culture plates (5 x10° cells/mL) and cultured
in the presence of enriched RPMI medium. The
plates were incubated in an incubator containing
5% CO,at 37°C for 72 hours. Finally, the
supernatant was collected and stored at 70 °C.
[16].

Cytokine assay

The culture supernatant was collected and the
production of cytokines (IFN-y and IL-4) in spleen
cells was evaluated by ELISA method. Measuring
range was less than 3 pg/mL and less than 4 pg/mL
for IL-4 and IFN-y, respectively. [17].

Statistical analysis

Statistical analysis was performed using SPSS
(windows version 15, SPSS Inc., Chicago, IL, USA).
For multiple comparisons, data were analyzed
by one-way analysis of variance (ANOVA) and
followed by LSD test. The p-value less than 0.05
was considered significant. The results have been
expressed by mean + standard deviation (SD).

RESULTS
Nanoparticle Size

The size, dispersion and homogeneity of
D-glucosamine nanoparticles was measured by
Dynamic Light Scattering (DLS) (Malvern). The
average size of D-glucosamine nanoparticles at pH
6 were determined to be 210 nm (Fig. 1). DLS data
of this sample demonstrated that more than 95%
of the particles were at 210 nm size range, whereas
about 5% of the samples had a size range from 20
to 70 nm.

Electric charge

Electric charge, homogeneity, and distribution
of D-glucosamine nanoparticles were investigated
using zeta sizer (Malvern). The Fig. 2 shows the
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g. 1. The size distribution of D-glucosamine nanoparticle measured by Dynamic Light Scattering (DLS)
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Fig. 2. D-glucosamine nanoparticles electric charge analysis with zeta sizer
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Fig. 3: SEM image of D-glucosamine nanoparticles carrying
protein

electric charge of D-glucosamine nanoparticles at
pH 6 measured in triplicate by applying a potential
of about +11 mV. DLS data indicated a single
peak in the curve that showed all particles had
homogeneous distribution.

Scanning electron microscope SEM

The result was show that D-glucosamine
nanoparticle has spherical shape and the size of
nanoparticle was in agreement with the estimated
size obtained from DLS analysis in Fig. 3.

Cytokine assay

To evaluate the effect of D-glucosamine nanoparticles
on the immune response in the mice model with
tumor, the cytokine production level was measured
in spleen cell culture supernatant of mice groups.
According to the results in Fig. 4, the level of IL-4
in treated mice with nanoparticles was significantly
decreased in comparison with control group (p <
0.05).

The IFN-y level of different mice groups is
also shown in Fig. 5. According to the results, the
mice group treated with nanoparticles has shown
significant increase in the levels of IFN-y compared
to untreated mice and normal group of mice
(p<0.05).

Tumor size and survival study

In this study, before and after each treatment, the
size of tumors was measured with digital calipers
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device and their volume were also determined., The
results obtained 12 days after final treatment with
D-glucosamine Nanoparticle (in the end of five
doses) showed that these nanoparticles significantly
inhibited the tumor growth in comparison with
the control group (P<0.05). To evaluate the tumor
treatment efficacy of this compound, the tumor
volume was measured by a digital caliper device
day by day. As shown in Fig. 6, a time related
increase in tumor volume was observed in the
control untreated group until day 56.

DISCUSSION

The data obtained from chemical properties of
D-glucosamine have revealed that this polymer can
be used for drug delivery, especially for releasing
macromolecules [6,7]. From a technical point of
view, chitosans properties such as solubility in
water and positive surface charge are very valuable
in biomedical applications [12]. These features
enable D-glucosamine polymer to contact with
negatively charged macromolecules or charged
cell membrane in aqueous environments. The
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Fig. 4: The production of IL-4 levels in different mice groups
under study (mean+SD) (P> 0.05)
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Fig. 5: The production of IFN- y levels in different mice groups
under study (mean+SD) (P> 0.05)
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Fig. 6. 4T1 Xenograft tumor cells growth (average volume of
the tumor (mm3) + standard error)

use of polymers such as D-glucosamine for drug
delivery to the appropriate location is substantial for
biological systems. The application of D-glucosamine
nanoparticles in some study was shown that as a drug
carrier [20]. D-glucosamine nanoparticles were
used as protein carrier for tetanus vaccine by Vila
et al. [21]. Hosseinzadeh et al. used D-glucosamine
nanoparticles as a drug delivery system for cancer
treatment [22].

In this study, we have examined the effects of
D-glucosamine nanoparticles on breast cancer in
mouse and its possible effect on the immune system
response in vivo. Nanoparticles in the size range
of 100-300 nm can stimulate the immune system.
D-glucosamine nanoparticles were determined with
a size of about 210 nm. The SEM analysis revealed
the same particle size range as that obtained by DLS.

As acid TPP solutions contains both H+ and
multivalent tripolyphosphate ions, free amine
group on chitosan molecule will be protonated
when chitosan contacts acid TPP solution. Then
the protonated amine groups on different or same
chitosan molecules can be cross-linked by negative
charged multivalent TPP ions and was created self-
assemble nanoparticle.

D-glucosamine nanoparticles can stimulate the
immune system through chemotaxis, macrophages
activation, and phagocytosis. The nanoparticles
with the size mentioned above can induce the
production and secretion of cytokines such as IL-4
and IFN- y. The level of IL-4 in treated mice with
nanoparticles was significantly decreased (p<0.05)
in comparison with mice of control group. This
cytokine plays an important role in humoral
immune system, as the diminution in production/
secretion of this cytokine shows that the immune
system shifts to the immune response type 1. The
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IFN-y is a representative of secretory cytokines
in cell-mediated immunity; and its production
has indicated the stimulation of this system [23].
The mice with tumor which were treated with
D-glucosamine nanoparticle showed a significant
reduction in the size of tumor compared to other
mice groups. This phenomenon can be explained
due to the secretion of IFN-y which was triggered
by D-glucosamine nanoparticle [24]. The protective
role of IFN-y has been reported in many types of
tumors, therefore IFN-y has been proven to have
anti-proliferative and pro-apoptotic effects on a
large number of tumor cells containing its receptor
[25]. These effects depend on the activation
of STAT1 (signal transducers and activators
of transcription) pathway. In addition, IFN-y
can prevent tumor development by inhibiting
angiogenesis and inducing the production of some
chemokines such as IP 10 (interferon inducible
protein 10) and Mig (monokine induced by IFN-y),
which play a key role in limiting the angiogenesis
process [26, 27]. It has been well-evidenced that a
direct connection exists between anti-angiogenic
properties and adjustments of immune responses

type 1.

CONCLUSION

Our results have shown that D-glucosamine
nanoparticles can as well as increase IFNy level and
decrease of IL4level. Itis cause of reduction in tumor
size. Represent the anti-angiogenic properties that
is the first evidence in this regards. The unique
features of D-glucosamine nanoparticles make
them remarkable candidates for various types of
drug delivery as well as promising candidates for
cancer therapy alongside with other therapeutic
options.

REFERENCE

1.Duffy MJ. CA 15-3 and related mucins as circulating markers
in breast cancer. Ann Clin Biochem. 1999;36:579-86.

2Jotti GS, Bombardieri E. Circulating tumor markers in breast
cancer (review). Anticancer Res. 1989;10(1):253-8.

3.Kahlenborn C, Modugno F, Potter DM, Severs WB. Oral
contraceptive use as a risk factor for premenopausal breast
cancer: a meta-analysis. Mayo Clin Proc. 2006;81(10):1290-
302.

4.Nelson HD, Zakher B, Cantor A, Fu R, Griffin ], O’'Meara ES,
et al. Risk factors for breast cancer for women aged 40 to
49 years: a systematic review and meta-analysis. Ann Intern
Med. 2012;156(9):635-48.

5.Jiang M, Ouyang H, Ruan P, Zhao H, Pi Z, Huang S, et
al. Chitosan derivatives inhibit cell proliferation and

57



induce apoptosis in breast cancer cells. Anticancer Res.
2011;31(4):1321-8.

6.Pinto AC, Ades F de Azambuja E, Piccart-Gebhart M.
Trastuzumab for patients with HER2 positive breast cancer:
delivery, duration and combination therapies. Breast.
2013;22:S152-5.

7.De Jong WH, Borm PJA. Drug delivery and nanoparticles:
applications and hazards. Int ] Nanomedicine. 2008;3(2):133-
49.

8.Wimardhani YS, Suniarti DE Freisleben HJ, Wanandi SI, C.
Siregar N, Ikeda MA. Chitosan exerts anticancer activity
through induction of apoptosis and cell cycle arrest in oral
cancer cells. ] Oral Sci. 2014;56(2):119-26.

9.Vinsova J, Vavrikova E. Chitosan derivatives with
antimicrobial, antitumour and antioxidant activities-a
review. Curr Pharm Des. 2011;17(32):3596-607.

10.Mahmoudzadeh M, Fassihi A, Dorkoosh F, Heshmatnejad
R, Mahnam K, Sabzyan H, et al. Elucidation of Molecular
Mechanisms Behind the Self-Assembly Behavior of
Chitosan Amphiphilic Derivatives Through Experiment and
Molecular Modeling. Pharm Res. 2015;32(12):3899-915.

11.Xu Q, Guo L, Gu X, Zhang B, Hu X, Zhang J, et al. Prevention
of colorectal cancer liver metastasis by exploiting liver
immunity via chitosan-TPP/nanoparticles formulated with
IL-12. Biomaterials. 2012;33(15):3909-18.

12. Tahamtan A, Tabarraei A, Moradi A, Dinarvand M, Kelishadi
M, Ghaemi A, et al. Chitosan nanoparticles as a potential
nonviral gene delivery for HPV-16 E7 into mammalian cells.
Artif Cells Nanomed Biotechnol. 2015;43(6):366-72.

13.Ferreira DP, Conceigdao DS, Fernandes F, Sousa T, Calhelha
RC, Ferreira ICFR, et al. Characterization of a Squaraine/
Chitosan System for Photodynamic Therapy of Cancer. J
Phys Chem B. 2016;120(7):1212-20.

14.Qi L-E Xu Z-R, Li Y, Jiang X, Han X-Y. In vitro effects of
chitosan nanoparticles on proliferation of human gastric
carcinoma cell line MGC803 cells. World ] Gastroenterol.
2005;11(33):5136-41.

15.Soleimani N, Mobarez AM, Olia MS], Atyabi E Synthesis,
characterization and effect of the antibacterial activity
of chitosan nanoparticles on vancomycin-resistant
Enterococcus and other gram negative or gram positive
bacteria. Int ] Pure Appl Sci Technol. 2015;26(1):14-23.

16.Yousofi A, Daneshmandi S, Soleimani N, Bagheri K, Karimi
MH. Immunomodulatory effect of Parsley (Petroselinum
crispum) essential oil on immune cells: mitogen-activated

58

splenocytes and peritoneal macrophages. Immunopharm
Immunot. 2012;34(2):303-8.

17.Daneshmandi S, Hajimoradi M, Soleimani N, Sattari
M. Modulatory effect of Acetobacter xylinum cellulose
on peritoneal macrophages. Immunopharm Immunot.
2011;33(1):164-8.

18.Soleimani N, Daneshmandi S, Sattari M, Pourfathollah AA.
Immuno-modulatory and anti-tumor effects of cuminum
cyminum essential oil. AMUJ. 2011;13(4):22-9.

19.Soleimani N, Mohabati Mobarez A, Teymournejad O,
Borhani K. Cytotoxicity effect of recombinant outer
membrane inflammatory protein (oipA) of Helicobacter
pylori on a breast cancer cell line. MJMS : Pathobiology.
2014;17(3):57-66.

20.Zhang S, Zhang FS, Li AQ, Liu L, Wu W, Li C, et al. [Study
on adjuvant effect of oral recombinant subunit vaccine
formulated with chitosan against human enterovirus 71].
Bing du xue bao. 2014;30(3):221-5.

21.Vila A, Sénchez A, Janes K, Behrens I, Kissel T, Jato JLV, et
al. Low molecular weight chitosan nanoparticles as new
carriers for nasal vaccine delivery in mice. Eur J Pharm
Biopharm. 2004;57(1):123-31.

22.Hosseinzadeh H, Atyabi F, Dinarvand R, Ostad SN.
Chitosan-Pluronic nanoparticles as oral delivery of
anticancer gemcitabine: preparation and in vitro study. Int J
Nanomedicine. 2012;7:1851-63.

23.Ikeda H, Old L], Schreiber RD. The roles of IFNYy in protection
against tumor development and cancer immunoediting.
Cytokine Growth Factor Rev. 2002;13(2):95-109.

24 Ebbinghaus C, Ronca R, Kaspar M, Grabulovski D, Berndt A,
Kosmehl H, et al. Engineered vascular-targeting antibody-
interferon-y fusion protein for cancer therapy. Int J Cancer.
2005;116(2):304-13.

25.Ruiz-Ruiz C, Mufioz-Pinedo C, Lopez-Rivas A. Interferon-y
treatment elevates caspase-8 expression and sensitizes
human breast tumor cells to a death receptor-induced
mitochondria-operated apoptotic program. Cancer Res.
2000;60(20):5673-80.

26.Li G, Liu Z, Liao B, Zhong N. Induction of Th1-type immune
response by chitosan nanoparticles containing plasmid
DNA encoding house dust mite allergen Der p 2 for oral
vaccination in mice. Cell Mol Immunol. 2009;6(1):45-50.

27.Lee D-Y, Choi I-S, Han J-H, Yoo H-S. Chitosan and
D-glucosamine induce expression of Thl cytokine genes in
porcine spleen cells. J Vet Med Sci. 2002;64(7):645-8.

Nanomed Res J 1(1): 53-58, Summer 2016



