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Abstract

Chitosan nanoparticles (CNPs) have demonstrated anticancer activity in vitro and in vivo by a few recent researches. However, the mechanisms involved in their
potential to reduce the neovascularization of tumors remain to be elucidated. In this study, the effects of CNPs on tumor neovascularization growth were investigate
during a model of female mice bearing solid Ehrlich carcinoma (EC) in the neck region. After 7 days of Ehrlich ascites carcinoma cells for solid tumor induction
CNPs were orally administered via gavages to mice for a period of 15 consecutive days at a dose of 0.5 mg/kg body weight. Tumor size was monitored. Oxidative stress
markers were assessed and histo-pathological changes in tumor tissues were studied under light microscope. Also, Apoptotic and necrotic examination were studied
under fluorescent microscope. In addition, the angiogenic markers concentrations were evaluated. In vitro, CNPs showed high antitumor activities. The results of our
work showed that CNPs gavages to the experimentally EC-bearing mice, significantly reduced tumor size, increased in MDA level and decreased in GSH level in
tumor tissues. Histopathologically, treatment of female mice bearing EC with CNPs recorded great destruction of tumor tissue represented by the appearance of dead
and necrotic cells, underwent apoptotic cells and apoptotic zone produced a significant decrease in the levels of angiogenic markers (TNF-o, PDGF and VEGF)
which are represented as angiogenic markers. In conclusion: Chitosan nanoparticles have a role in reduce tumor growth and may represent a novel class of anti-cancer

drug may represent a novel class of antiangiogenic cancer drug.

Introduction

Cancer is a serious disease where cells lose its ability to do regular
cellular proliferation. Cancer ranks a second cause of mortality after
the cardiovascular disease. According to world health organization
(WHO). Only 5-10% of all cancer cases can be regarded to genetic
defects, whereas the remaining 90-95% is regarded to the environment
and lifestyle. In healthy tissues, cell differentiation, proliferation and
programmed cell death (apoptosis) are closely regulated processes in
maintaining organ homeostasis [1]. Tumor growth is the breakdown
of these controlled processes. Tumor cells have an important
qualities which are contributed to their survival, Loss of regulated
cellular proliferation, loss of regulated cell differentiation, sustained
cell division, evasion or inhibition of apoptosis, invasion of other
tissue and organs (metastases) and angiogenesis [2]. Angiogenesis, a
physiological process involving the growth of new blood vessels from
pre-existing vessels, contributes to the development and progression
of various pathological conditions including tumor growth and
metastasis, cardiovascular diseases and inflammatory disease. Down-
regulation of angiogenesis has been considered to be advantageous
for prevention of neoplastic growth and inflammation. Recently,
anti-angiogenic strategies are based on inhibition of endothelial
cell proliferation, interference with endothelial cell adhesion and
migration, and interference with metalloproteinases [3]. Kobayashi
and Lin [4]. Reported that tumor growth and progression depend
on tumor angiogenesis, the growth of tumor blood vessels, therefore,
targeting tumor angiogenesis is a very important for controlling tumor
growth and/or causing regression. Nanoparticles have been shown to
be delivered to specific sites by size-dependent passive targeting [5,6].
Chitosan, the deacetylate derivative of chitin, is one of the abundant,
renewable, nontoxic and biodegradable carbohydrate polymers, and
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available largely in the exoskeletons of shellfish and insects. Chitosan
has been widely applied as a functional biopolymer in food and
pharmaceutics. Chitosan has various biological activities including
immunoenhancing effects, antitumoral, antifungal, and antimicrobial
activities [7-9]. The unique characteristics of chitosan nanoparticles
provide a higher affinity for negatively charged biological membranes
and site-specific targeting in vivo [10]. Chitosan nanoparticles could
elicit dose-dependent inhibitory effects on the proliferation of various
tumor cell lines, while low toxicity against normal human liver cells
[11]. Our study was carried out to evaluate the anti-angiogenic efficacy
of Chitosan nanoparticles on mice suffering from Ehrlich carcinoma.

Material and methods

Chemicals and reagents used in the study were of high analytical
grade. Chitosan with the deacetylation degree (DD) of > 85% and the
molecular weight (Mwt) of 200 kDa was purchased from Meron (New
Delhi, India). Glutaraldehyde 25% C,H,O, was purchased from Merck
(Germany). Sodium bis (2-ethylhexyl) sulfosuccinate (AOT) 96%, were
purchased from Fluka (USA). Tris (hydroxymethyl)aminomethane
Hydrochloride (C,H, NO,.HCI) with Mwt of 121.14 was purchased
from Qualikems fine chemicals Co. (New Delhi, India). Hexane 95%
was purchased from Egyptian Petroleum Research Institute EPRI
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(Cairo, Egypt). Acetic acid 96% and ammonia 33% were purchased
from El Nasr pharmaceutical chemicals Co. (Cairo, Egypt). Propidium
Iodide with Mwt of 668.4 was purchased from MP Biomedicals Co.
(France) and Acridine Orange was purchased from LOBAL chimie Co.
(France. A cell line of Ehrlich ascite carcinoma cells (EACs) was used
in this study. EACs were obtained from the Egyptian National Cancer
Institute (NCI), Cairo University. The tumor line was maintained in
female Swiss albino mice by weekly intraperitoneal inoculation of 2.5
million cells per mouse. The EACs were counted before intraperitoneal
injection using the bright line hemocytometer and dilution were made
by physiological sterile saline solution and desired numbers of cells
were injected in a volume of 0.2 ml. Adult female Swiss albino mice
of 8 weeks old and 22-25g weight purchased from the breeding unit
of the Egyptian Organization for Biological Products and Vaccines
were used in this study. The animals were maintained on a commercial
standard pellet diet and tap water. Animal maintenance and treatments
were conducted in accordance with the National Institute of Health
Guide for Animal, as approved by Institutional Animal Care and Use
Committee (IACUC). Sandwich Enzyme-Linked Immunosorbent
Assay (ELISA) for Quantitative Detection of Mouse TNF alpha, VEGF
and PDGF concentrations in serum.

Preparation of nanoparticles

CNPs were prepared by Banerjee T et al. [12]. Briefly, dissolve the
surfactant sodium bis(2-ethylhexyl) sulfosuccinate (AOT) in n-hexane.
400 pl of 0.1% w/v chitosan solution dissolved in acetic acid was
added to 40 ml of 0.04 M AOT solution with continuous stirring at
room temperature. Evaporated the solvent off in a rotary evaporator
and dry the mass in 20 ml of Tris—HCI buffer (pH 8.0) by sonication.
Add 4 ml of 30% CaCl, solution to precipitate the surfactant as calcium
salt of diethyl-hexyl-sulpho-succinate. The precipitate was pelleted
by centrifugation at 6000 rpm for 15 min at 4 °C. The cake of Ca was
dissolved in 10 ml n-hexane and washed two to three times with 1 ml
of Tris-HCl buffer. The phase-separated aqueous layer was drained out
and centrifuged. Dialyzed the total aqueous dispersion of nanoparticles
and lyophilized. Size and morphology of nanoparticles were done by
using transmission electron microscopy (TEM). Samples for TEM were
prepared using the clear solution of nanoparticles. The sample solution
was put on a formvar coated grid. On this grid, a drop of the sample
solution (containing dispersed nanoparticles) was placed and allowed
to air-dry. A TEM picture was taken by a JOEL JEM 2000 EX200
microscope.

In vitro study

Chemosensitivity of nanoparticles (Cell viability): Antitumor
effect of nanoparticles was assessed by observation of changes with
respect to viable and nonviable tumor cell count. Cytotoxicity effects
of the nanoparticles on tumor cells were determined according
to the method of El- Merzabani et al. [13]. In order to detect the
cytotoxicity of nanoparticles, EACs were treated with nanoparticles at
the concentrations of 1,2,3,4,5,6,7,8,9,10, 20, 30, 40, 50, 60, 70, 80, 90
and 100 pug/ml. The EACs were obtained by needle aspiration of ascites
fluid from the pre-inoculated mice under aseptic condition using ultra
violet laminar air flow system. The percentages of non-viable cells
were determined by counting dead and viable EACs. To differentiate
between dead and viable EAC cells, trypan blue stain was used. Then
the percentages of non-viable cells (NVC) were calculated according to
the following equations % NVC= C/T X 100, where (C) is number of
non-viable cells and (T) is total number of viable cells.
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In vivo study

To asses a solid mass of Ehrlich tumor, 0.2 ml EAC cells containing
2.5 x I0%ells/mouse were inoculated subcutaneously in the neck
region of female mouse. After 24-hour from tumor inoculation
the experimental animals were subdivided into 2 groups having 10
animals in each group. T-G: Female Swiss albino mice bearing Ehrlich
carcinoma and CNPs-G: Swiss albino mice bearing Ehrlich carcinoma
that given chitosan nanoparticles at a dose level 0.5 mg/kg /day for 7
days.

Monitoring the tumor size

Tumor size was monitored twice or thrice weekly throughout
the experiment. The tumor size being measured regularly using
Vernier calipers and represented in terms of tumor size. The tumor
size was estimated using the following formula: Tumor size (mm?)
=4 (A/2) (B/2)* = 0.52 AB?, where A is the major axis and B is the
minor axis (Ghoneum et al.) [14]. The mean tumor size with the
corresponding standard error was calculated in each experimental
group. Two weeks ATI, experiment was terminated, and all animals
were sacrificed.

Sample preparation

15" days ATI of final treatment of each group, experimental animals
were sacrificed. Immediately Ehrlich tumor excised and rinsed in
saline. Small part from tumor were placed in 10 % phosphate-buffered
formalin for used in histopathological and apoptotic and necrotic
examinations. The rest of the Ehrlich tumor tissues were homogenates
in 0.25 M ice-cold isotonic sucrose to be used for the estimation of the
biochemical assessed parameters.

Histopathological examination

A paraffin slide sections from tumor tissue was stained with
Hematoxylin and eosin.

Apoptosis and necrosis examination

For apoptosis and necrosis examination according to Bank (1988)
paraffin positive slides were stained in 50 pg/ml of propidium iodide
and 50 pg/ml of acridine orange in phosphate-buffered saline and
examined under fluorescence microscopy [15].

Biochemical analysis

All biochemical analysis was performed in Ehrlich tumor
homogenate. The level of malondialdehyde (MDA), the end
product of lipid peroxidation was measured according to the
method of Yoshioka et al. [16]. Glutathione concentration (GSH)
was determined by the method of Beulter et al. [17]. Also, serum
(TNF-a, VEGF and PDGF) were assayed by the standard sandwich
enzyme-linked immune-sorbent assay (ELISA) technique using
for Quantitative Detection of Mouse TNF alpha, VEGF and PDGF
Concentrations in Serum.

Statistical analysis

The obtained data were expressed as mean + standard error
(SE). All data were analyzed statistically using one-way analysis
of variance (ANOVA) followed by Student’s t-test. Statistical
significance was considered at P < 0.05. Statistical Package for Social
Sciences (SPSS) for Windows version 12.0 software was used for this
analysis.
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Results
Characterization of nanoparticles

Figure 1. Represents the morphology and size of chitosan
nanoparticles. TEM Observations revealed that Chitosan have a
spherical shape. However, chitosan nanoparticles of cross-linking
(10%) appear as small aggregates. Ultrafine chitosan nanoparticles,
as shown by the TEM images, spherical shaped uniform solid dense
structure and have nearly uniform particle size distribution, which
is very important for drug delivery. Average particle size of chitosan
nanoparticles (CNPs) is 60 nm + 19 nm and the size for distribution
ranged from 40 to 100 nm.

In vitro studies

Chemosensitivity of nanoparticles on Ehrlich ascite carcinoma:
The tumoricidal effect of different concentrations of CNPs on
Ehrlich cells viability was evaluated in Table 1 and Figure 1. The low
concentration (10 pg/ml) of CNPs decreases the tumor cells viability
by 20%.

The cytotoxicity of nanoparticle not only led to the death of Ehrlich
carcinoma cells, but also led to burst of these dead cells at certain doses.
Nanoparticles led to the rupture of cells content after their death.
The median lethal concentration of CNPs was 20 pg/ml for Ehrlich
carcinoma cells.

Table 1 and Figure 1 shows the cytotoxicity of CNPs on Ehrlich
carcinoma cells. For concentration of 20 pug / ml Chitosan nanoparticles

CNPs

Figure 1. Morphology and size of nanoparticles

Table 1. The effect of Chitosan nanoparticles (CNPs) on the viability of Ehrlich asciet
carcinoma cells

CNPs
Nanoparticles
concentration % of viable cells % of dead cells | % of burst cells
(ug/mL)

0 99 1 -
9 90 10 -
10 80 20 -
20 50 50 25
30 0 100 80
40 0 100 80
50 0 100 95
60 0 100 100
70 0 100 100
80 0 100 100
90 0 100 100
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-~
Figure 2. The effect of Chitosan nanoparticles (CNPs) on the viability of Ehrlich asciet
carcinoma cells. A) Photomicrograph of Ehrlich carcinoma cells line representing 100 % of
viable cells (1). B) Photomicrograph of Ehrlich carcinoma cells line as affected by CNPs.
Notice: underwent apoptotic ascite carcinoma cells (1), rupture ascite carcinoma cells (A)
and dead cells (curved arrow).

led to the death of 50% of Ehrlich carcinoma cells and 25% of these cells
appeared to be burst. At concentration of 60 ug / ml CNPs all Ehrlich
carcinoma cells appeared to be burst (Figure 2).

Monitoring of Ehrlich carcinoma tumor size: Ehrlich tumor size
is represented in Figure 3, it is clear that the inoculation of 2.5 million
of Ehrlich ascites carcinoma (EAC) cells in 2 ml physiological saline in
the neck region of healthy normal mice produced a solid tumor with
a mean size of 175 + 3.4 mm’® on the 7" day after tumor inoculation
(ATI). EC size exceeds 300 mm?® on the 9" day ATI. The increase of EC
size proceeds by days reaching 1733 + 19.2 mm®on the 21" days ATL
When mice bearing Ehrlich carcinoma gavages with 0.5 mg/kg /day
CNPs for 15 days begins from the 7" day ATI. A significant reduction in
tumor size was recorded 45 + 5.1 mm?® on the 9* day ATI and reaching
463 + 5.5mm’on the 21" days ATL

Oxidative stress markers level in different animal’s groups:
Tumor MDA and GSH levels are represented in Table 2. Treatment of
the experimental mice-bearing EC with CNPs produced a significant
increase in tumor MDA by 23.6 % and significant decrease in tumor
GSH by 45.5 % against Ehrlich Carcinoma-bearing group.

The level of different angiogenic markers (TNF-a, PDGF and
VEGF) in different animals’ groups: As shown on Table 3. The data
obtained from the Ehrlich Carcinoma-bearing group, the mean value of
TNF-alevel was 177.7 £ 5.3, PDGF level was138.5 + 5.0 and VEGF level
was 207.9 + 7.7. Treatment of the experimental mice-bearing EC with
Chitosan nanoparticles produced significant decrease in the TNF-a
level by -26.1%, PDGF level by -33.4% and VEGF level by -52% against
Ehrlich Carcinoma-bearing group.

Histopathological examinations

Histopathological examination of the Ehrlich carcinoma tumor
under light microscope showed compactness and aggregation of the
tumor tissue cells spread subcutaneously within the soft tissues in the
neck region. Ehrlich carcinoma tumor showed groups of large, round
and polygonal cells, with pleomorphic shapes, hyperchromatic nuclei
and binucleation. Several degrees of cellular and nuclear pleomorphism
were seen (Figure 4A). Treatment of female mice bearing Ehrlich
carcinoma tumor by CNPs recorded great destruction of tumor tissue
represented by the appearance of dead (arc) and necrotic cells (star)
(Figure 4B).

Apoptotic and necrotic examination of the Ehrlich carcinoma

Apoptotic and necrotic examination of the Ehrlich carcinoma
under a fluorescent microscope was evaluated in Figure 5 Control
section of Ehrlich carcinoma represents vital tissue stained in green
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stain with no zones of necrosis (orange cells) or apoptosis (yellow cells)
(Figure 5A). Treatment of female mice bearing Ehrlich carcinoma
7days ATI for 15 days with CNPs represents many zones of sporadic
underwent apoptotic cells in addition to the presence of apoptotic
zone (Figure 5B).

Discussion

Nanoparticles may be defined as submicronic colloidal systems
that are generally composed of polymers. In recent years, nanoparticles

2000 -
T CNPs ,
£
[
500
All data are the means of 6 records (mm3) + SE. Days ATI
bj: Values are very high significant (P < 0.001).

Figure 3. Effect of Chitosan-nanoparticles Ehrlich Carcinoma (EC) tumor size

Figure 4. Photomicrograph represents control Ehrlich carcinoma in mice (A), treated by
Chitosan nanoparticles (B). (H & E x 100).

Table 2. Effect of Chitosan nanoparticles on Tumor tissue TBARS level (pmol/gm wet
tissue homogenate) and GSH level (mgGSH/1gm fresh tissue) of mice bearing Ehrlich
carcinoma

Groups E.C E. CNPs
Parameter
Mean + SE 107.4+1.0 132.8+ 1.1 b}
MDA % of change from
E.C 0 23.6
Mean = SE 3.3+0.09 1.8 £0.09 b#
GSH % of change from
E.C 0 -45.5

Values are expressed as Means of 6 records + standard Error (M + SE) bf: very highly
significant against EC at (P < 0.001).

Table 3. Effect of Chitosan nanoparticles on TNF-o, PDGF and VEGF levels (pg/ml) of
mice bearing Ehrlich carcinoma

Groups E.C E. CNPs
Parameter
Mean + SE 117.7+53 87 +2.4 bt
TNF-a level 9
0 leve! % of change from 0 261
E.C
Mean + SE 138.5+5.0 922+5.1bt
PDGEF level 9
eve % of change from 0 334
E.C
VEGEF level Mean + SE 207.9+17.7 99.8 +£11.8 b}
% of change from
E.C 0 -52

Values are expressed as Means of 6 records + standard Error (M+SE) b*: very highly
significant against EC at (P<0.001).
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Figure 5. Fluorescent imaging of sections in Ehrlich carcinoma stained by Acridine orange
/ propidium iodide stain. A: Control Ehrlich carcinoma. B: Ehrlich carcinoma treated by
CNPs. All magnifications x 250. Propidium iodide (dead cells, red, astric), acridine orange
(living cells, green and apoptoic cells, yellow, 1)

have been explored with some success in maintaining or improving the
anti-tumor activity of the anticancer agents. Chitosan is an interesting
natural material occurring in abundance in the environment. Its
excellent biocompatibility and several advantages due to its unique
polymer cationic character render it highly useful for pharmaceutical
application [18,19]. Chitosan nanoparticles (CNPs) have been
previously synthesized as drug carriers [20-23].

In the present study the cytotoxicity of CNPs on Ehrlich carcinoma
cell line was carried out. The present study demonstrated that chitosan
nanoparticles could exert a high cytotoxicity against Ehrlich ascite
carcinoma cell line. The median lethal concentration of CNPs was 20
pg/ml and at concentration of 60 pg / ml CNPs all Ehrlich carcinoma
cells appeared to be burst. The cytotoxicity effect of nano particles is due
to their adherence to the cell membrane, particle internalization and
degradation of products in the cell culture medium or inside the cells
reported that due to chitosan biocompatibility and biodegradability,
chitosan nanoparticles could exert a high cytotoxicity against Ehrlich
ascite carcinoma cell line [24,25]. On the other hand, CNPs are
positively charged due to the cationic characteristics of chitosan [26].
Chitosan nanoparticles could be first adsorbed onto the negatively
charged tumor cell membrane by electron interaction, then exhibit
antitumor effects by damaging membrane and disrupting organelle, and
finally lead to cell death with the structure breakdown [11]. Another
studies, found that chitosan nanoparticles are capable of changing the
composition of the cell membrane of malignant cells. The investigators
found that CNPs also neutralized the surface charge of human liver
tumor cells and altered the charge of the membrane surrounding the
cells’ mitochondria [27].

Mitra et al. studied the in vivo efficacy of using chitosan
nanoparticles as a drug carrier and suggest that encapsulation of the
conjugate in nanoparticles not only reduces the side effects, but also
improves its therapeutic efficacy in the treatment of solid tumors [28].
In the present study when experimental animal’s gavage with CNPs,
delay in tumor size was recorded. In the present study the increase of
EC size proceeds by days reaching 1733 + 19.2 mm?®on the 21 days ATI
meanwhile when mice bearing Ehrlich carcinoma gavages with 0.5 mg/
kg /day CNPs for 15 days begins from the 7* day ATI, 463 + 5.5mm?’on
the 21" days ATI463 + 5.5mm?®on the 21" days ATIL.

The mechanism of nanoparticles in reducing the tumor size may
be through the long-circulating nanoparticulate carriers. They are
able to efficiently deliver the chemotherapeutics to solid tumors by
exploiting the enhanced permeability and retention effect and thus
can significantly enhance the therapeutic index of the drug or improve
reducing undesirable side effects. Studies recorded that ultra-low size
particles made of hydrogel polymer such as chitosan can efficiently
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be targeted to the tumor tissue through the combined effects of
extravagation and long circulation in blood [29].

On the other hand, context with the finding of Zhang et al. [30] and
consensus with the role of CNPs in tumor destruction, treatment of the
experimental animals with CNPs great destruction and appearance of
dead and necrotic cells represents many zones of sporadic underwent
apoptotic cells in addition to the presence of apoptotic zone were
detected in Ehrlich carcinoma.

There are many evidences showing that nanoparticles increase ROS
production in different types of cancer cells [31-34]. In the present
study treatment of experimental animals bearing Ehrlich carcinoma by
CNPs recorded a significant increase in tumor MDA level compared
to untreated tumor bearing group influenced by CNPs treatments.
The inverse linear relationship between the ROS level and the GSH
level indicated that free radical species were generated by exposure
to nanoparticles which reduced intracellular antioxidant levels [35].
Treatment of experimental animals bearing Ehrlich carcinoma by
CNPs developed a significant decrease in tumor GSH level compared
to the level in tumor tissue of mice bearing Ehrlich carcinoma group.
Furthermore, depletion cause mitochondrial dysfunction and changes
in expression of distinct genes and pathways related to inflammatory
responses and apoptosis including MAPK/ERK kinase, NFjB, MIP-2,
caspase- 3, Bcl-2 [36-38].

The present study shows that the treatment of the experimental
mice-bearing EC with CNPs produced a significant decrease in the
levels of TNF-a, PDGF and VEGF which are represented as angiogenic
markers, against Ehrlich Carcinoma-bearing group.

It has been demonstrated in many in vivo studies that angiogenesis
is responsible for tumour growth and metastasis. thus, inhibiting
angiogenesis and tumor growth are diminished.35-38MMP-3 plays a
crucial role in angiogenic switching by increasing VEGF bioavailability.
PDGF and VEGF were the most potent inducer of tumor angiogenesis
[39-40]. PDGF, VEGF and TNF-a levels were analyzed in the sera of EC
bearing mice and found to be decreased (p<0.05) by CNPs exerting the
anti-angiogenic activity. This result was fortified with the prevention
of blood vessel in peritoneal lining of EC bearing Swiss albino mice.
TNF-a was the major mediator of inflammatory response [41,42].

Our study showed reduced TNF-a level in the sera of CNPs treated
mice. The decrease in TNF-a levels suggests an anti-inflammatory
effect which might delay cancer progression [43].

In EC bearing mice, the elevated cytokine (TNF-a) level may be
attributed to oxidative stress. This might have initiated the immune
response and activated transcriptional factor NFkB which in turn
elevated TNF-a levels. Treatment with CNPs decreased the TNF-a
increased MDA level and decreased GSH level of EC bearing mice
which rejuvenated the scavenging process to remove any ROS or free
radical formed during tumor progression [44].

In conclusion, CNPs have a role in targeting Ehrlich tumor cells
and showed to be prospective drug for inhibiting the production of new
vacuolization.
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