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A B S T R A C T

Nanotechnology is a promising era of medicine for developing targeted drug delivery system. Chitosan nano-
particles (CNPs) have attracted increasing attention for their wide applications as anticancer drugs. This article is
concerned with the therapeutic index of chitosan nanoparticles against diethyl nitrosamine (DEN) induced
hepatocellular carcinoma (HCC). HCC was induced in rats via repeated DEN administration in a dose of 200mg/
kg BW IP, 2 weeks later rats received (2ml/kg BW) CCl4 orally for 2 months followed by daily treatment with
chitosan nanoparticles in an oral dose of 12mg/kg for 1 month. Then the gene expression of glycogen synthase
kinase-3 (GSK-3), (c-FOS), nuclear factor kappa-B (NFκB) and tumor necrosis factor- α (TNF-α) were reported in
rats sera and the correlation between GSK-3, C-Fos, NFƘB and TNF-α and liver tumorigenesis was investigated.
The results elucidated that DEN significantly increased serum levels of alanine aminotransferase (ALT) and
aspartate aminotransferase (AST). Marked increments in serum malondialdehyde (MDA) and nitric oxide (NOx)
levels along with a slight reduction of glutathione (GSH) level were evidenced in HCC. Liver injury triggered an
inflammatory response by enhancing the mRNA gene expression of NFκB and TNF-α. DEN effectively activated
apoptotic markers GSK-3 and c-FOS. Oral administration of CNPs alleviated the oxidative, inflammatory and
apoptotic hazards induced via DEN. The histopathological examination reinforced these results. The present
study highlights the anti-inflammatory and anti-apoptotic potentials of CNPs against DEN-induced HCC.

1. Introduction

HCC is potentially one of the leading causes of death worldwide.
Nowadays treatment strategies for cancer include radiation and che-
motherapy [1].

Conventional chemotherapy lack selectivity and can inflect damage
also on healthy tissue [2].

In order to surpass adverse effects of chemotherapies, nano-
technology became urgent in tumor targeted drug delivery with
harmless effect to normal cells [2]. Nanoparticles with dimensions
1–100 nm are attractive in cancer therapy pointed to their small size
and stability [3,4]

Chitosan nanoparticles (CNPs) chitin derivative is a widely utilized
biopolymer in food and pharmaceutics. It can enhance immunity and is
utilized as anticancer. CNPs positive charge elucidates higher affinity
for negatively charged biological membranes [4].

The GSK-3 regulates glycogen synthesis. GSK-3 functions in a wide
range of cellular processes. GSK-3 was implicated in many human

pathologies including: Cancer [5].
GSK-3 regulates the activity of other transcription factors including

NF-κB. GSK-3 modifies the activity of other transcription factors fre-
quently implicated in cancer including: activation protein 1 (AP-1); (C-
Fos and C-Jun). GSK-3 can phosphorylate NF-κB [5].

HCC, express c-Fos, as pointed out by Karin et al, [6]. Transcription
factors such as NF-κB and AP-1 play an important role in HCC devel-
opment [6].

TNF-α induces specific signaling pathways in hepatocytes leading to
activation of transcription factor NF-κB that promotes survival [7,8].

An important role in the prevention of hepatocyte death is exercised
by NF-κB transcription factors, which upon activation can protect he-
patocytes from apoptosis induced by TNF-α [9,10].

The aim of the present study is designed to investigate the potential
effect of CNPs on modulating the signaling pathways of GSK-3, c-FOS,
NFƘB and TNF-α in diethyl nitrosamine induced hepatocellular carci-
noma.
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2. Materials and methods

2.1. Chemicals

CNPs (particle size 40 nm) [Nanostreams-Egypt; Lot#NS0115] and
diethyl nitrosamine was purchased from Sigma-Aldrich Co (St. Louis,
MO, USA). Diagnostic kits utilized were obtained from Randox
Company (UK). Primers used in real time- PCR analysis were purchased
from Qia Gene (USA). All other chemicals are of highest analytical
grade.

The size distribution of the NPs in the suspension (hydrodynamic
size) and the zeta potential were analyzed with a Brookhaven 90 Plus
particle size analyzer. Scanning electron microscopy (SEM) was used to
evaluate the size of CNPs.

2.2. Animals

30 Male albino Westar rats, weight ranging 170–200 gm, from the
animal house of National Research Center (Dokki, Giza, Egypt) were
utilized in this study. Animals were housed in cages and kept at stan-
dardized conditions (22 ± 5 °C, 55 ± 5% humidity, and 12 h light/
dark cycle). They were allowed free access to water and ad libitum.

All procedures regarding animal care and treatments adhered
strictly to the ethical procedures approved by Animal Care and Use
Committee of National Research Center, and complied with the Guide
for Care and Use of Laboratory published by the US National Institute of
Health.

2.3. Experimental design

1 week post acclimatization, animals were randomly divided into
three groups (each of 10 animals):

Group1: Animals received saline and served as a normal control
group.

Group 2: DEN - intoxicated animals that received repeated DEN
doses of 200mg/kg BW IP, 2 weeks later rats received (2ml/kg BW)
CCl4 orally for 2 months [11].

Group 3: DEN - intoxicated animals that received repeated DEN
administration in a dose of 200mg/kg BW IP, 2 weeks later rats re-
ceived (2ml/kg BW) CCl4 orally for 2 months followed by daily treat-
ment with chitosan nanoparticles in an oral dose of 500mg/kg for 1
month [4].

Note: Diethyl nitrosamine was dissolved in saline while CCl4 was
dissolved in olive oil in a ratio 9:1.

2.4. Blood sampling and liver tissue preparation

At the end of the experimental period, rats were weighed, slightly
anesthetized and blood samples were collected from the sublingual
vein. Sera were separated by centrifugation at 4,000 rpm for 10min and
were kept at − 80 °C for subsequent estimation of biochemical para-
meters.

Animals were sacrificed by cervical dislocation and liver tissue was
separated and kept in 10% formaldehyde, for histopathological ex-
amination.

2.5. Measured parameters

2.5.1. Histopathological examination
Deparaffinized sections of liver tissues 4 μm were stained with he-

matoxylin and eosin (H&E) and examined under light microscope as a
confirmatory analysis for HCC incidence [12].

2.5.2. Serum liver function and antioxidants
Serum alanine and aspartate aminotransferases (ALT & AST)

activities were estimated spectrophotometrically using commercially

available kits provided from Randox Company [13]. Serum mal-
ondialdehyde (MDA) was measured using kit provided by Randox
Company according to the manufacturer’s instructions [14]. Serum
total Nitrite/Nitrate (NOx) was measured according to the method of
Miranda et al. [15], using kit provided by Randox Company. Serum
glutathione (GSH) level was estimated using kit provided by Randox
company [16].

2.5.3. Quantitative RT-PCR analysis
Total RNA was isolated using Tripure Isolation Reagent (Roche)

according to the manufacturer’s instructions. Complementary DNA
(cDNA) was generated using Superscript Choice systems (Life
Technologies, Breda, Netherlands) according to the manufacturer’s in-
structions. To assess the mRNA expression of GSK-3, C-Fos, NF-κB and
TNF-α, quantitative real-time PCR was performed using SYBR green
PCR Master Mix (Applied Biosystems, CA, USA) as described by the
manufacturer. Reaction volume of 25 μl, 5 μl of cDNA were added to
12.5 μl of 2x SYBR green Master Mix and 200 ng of each primer. The
primers sequences are described in Table 1.The temperature was: 94◦C
for 3min, 94 °C for 20 s, 58 °C for 20 s and 72 °C for 10 s for 40 cycles
[17].

2.6. Statistical analysis

Statistical analysis was performed using Instat-3 computer program
(Graph pad software Inc, San Diego, CA, USA). One way analysis of
variance (ANOVA) by SPSS 12 program followed by Post HOC test to
determine the variance within different groups was performed. Data
were expressed as means ± SEM. The level of significance was set at
p<0.05 using Tukey ҆s test.

3. Results

3.1. Characterization studies

CNPs had a mean hydrodynamic diameter potential of
43.58 ± 1.5 nm and zeta potential of +9 to+ 20mV. The average size
reported by TEM was 40 ± 12 nm, the remaining particles showed no
agglomerates. Sample Code: NS0115. Particle size 40 nm s; with fine
nanostructure of few nanometers particles. Concentration: 30mg/ml
equivalent to 3% wt/Vol. Dispersion Medium: water. CNPs posses
narrow particle size distribution without agglomeration. Fig. 1 showed
TEM image of CNPs.

3.2. Biochemical findings

3.2.1. Inhibition of DEN -induced liver injury
Our results showed that, DEN intoxication significantly increased

serum ALT and AST levels by 110% and 50%, respectively as compared
to the control values. On the other hand, CNPs groups reduced the le-
vels of liver enzymes comparatively to that of DEN intoxicated group,
implying the possible protective effects of CNPs on hepatocytes as
presented in Fig. 2.

Table 1
primers sequence used in RT-PCR analysis.

Gene sequence

GSK-3β forward 5’-GGAACTCCAACAAGGGAGCA- 3’
GSK-3β Reverse 5’-TTCGGGGTCGGAAGACCTT A-3’
c-FOS forward 5′- GGGACAGCCTTTCCTACTACC-3′
c-FOS Reverse 5′- GATCTGCGCAAAAGTCCTGT-3
TNF-α forward 5'-CCAGACCCTCACACTCAGATCA-3'
TNF-α Reverse 5'-TCCGCTTGGTGGTTTGCTA-3'
NFƘB forward 5'- CATGAAGAGAAGACACTGACCATGGAAA- 3'
NF ƘB Reverse 3'-TGGATAGAGGCTAAGTGT AGACACG-5'
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3.2.2. Modulation of oxidative stress biomarkers
DEN intoxication revealed oxidative stress evidenced by a slight

lowering in serum GSH along with an increment of MDA and Nox levels
as compared to the control (Fig. 3). Administration of CNPs slightly
elevated GSH values as compared to animals intoxicated with DEN
alone. It is worthy to note that CNPs exhibited a pronounced effect in
this regard. Meanwhile, the MDA value was elevated reaching 200.2%

as compared to DEN intoxicated group. Obviously, NOx was also de-
creased reaching 190.8% as compared to DEN intoxicated group dis-
playing thus a pronounced antioxidant effect of CNPs.

3.2.3. Impact of CNPs on NFκB expression and inflammatory cytokines
Fig. 4 diduced that DEN intoxication caused a significant up- reg-

ulation in the gene expression of NFκB by almost 5-fold as compared to
the control value. Nevertheless, a significant down- regulation was
apparent in rats treated with CNPs.

As demonstrated in Fig. 4, mRNA level of TNF-α was significantly
increased in DEN group, significantly this level was reduced post CNPs
treatment as compared to DEN intoxicated group.

3.2.4. Impact of CNPs on apoptosis
As demonstrated in Fig. 4, DEN intoxication produced a significant

up regulation in C- FOS and a significant down regulation on GSK-3
gene expression amounted to 4 and 0.5 folds respectively, as compared
to the control value.

CNPs administration counteracted these changes by inducing a
significant down regulation in C-FOS activity that reached 1.5 folds, as
compared to DEN group. Additionally, CNPs significantly elevated GSK-
3 level by 0.5 folds as compared to DEN group.

3.2.5. Histopathology of liver in animal experimental model
Fig. 5 showed control group with normal hepatocytes (A). On the

other side, DEN intoxicated group displayed malignant hepatocytes
showing large polyhedral cells with eosinophilic cytoplasm with en-
larged nuclei arranged in cords and acinar pattern (B). However, CNPs
groups showed regeneration of many of degenerated hepatocytes with
some cellular infiltration. Finally, apparently normal liver architecture
was seen in the group receiving the CNPs regimen (C).

4. Discussion

Hepatocellular carcinoma (HCC), is the most propagated liver
cancer worldwide and fifth most common cause of mortality [7,1].

DEN, induce disturbance in DNA replication and is used as hepa-
tocarcinogen in animal models [8]. DEN is metabolized to active ethyl
radical that interacts with DNA causing mutation, leading to carcino-
genesis [18].

In the current study, the therapeutic assessment of CNPs on DEN-
CCl4 induced HCC was reported in addition to the crosstalk between the

Fig. 1. TEM of chitosan nanoparticles.

Fig. 2. Effect of chitosan nanoparticles on serum ALT and AST in DEN induced
hepatocellular carcinoma. Data are expressed as means ± SEM (n=10).
p<0.05 is considered significant. Groups having the same letter are not sig-
nificantly different from each other, while those having different letters are
significantly different.

Fig. 3. Effect of chitosan nanoparticles on serum MDA, NOx induced hepato-
cellular carcinoma. Data are expressed as means ± SEM (n=10). p<0.05 is
considered significant. Groups having the same letter are not significantly dif-
ferent from each other, while those having different letters are significantly
different.

Fig. 4. Effect of chitosan nanoparticles on mRNA gene expression of GSK-3,
TNF-α, NFƘB and C-Fos following DEN induced hepato-cellular carcinoma.
GAPHD was used as an internal control for calculating mRNA fold changes.
Data are expressed as means ± SEM (n=10). P-value< 0.05 is considered
significant. Groups having the same letter are not significantly different from
each other, while those having different letters are significantly different from
each other.
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signaling pathways partially related to its action.
The present study revealed that DEN-CCl4induced a significant

elevation in liver function enzymes including ALT and AST activities as
compared to the control value. Meanwhile, treatment with CNPs sig-
nificantly modulated this elevation.

Liver injury was confirmed histopathologically by the appearance of
malignant hepatocytes showing large polyhedral cells with eosinophilic
cytoplasm with enlarged nuclei arranged in cords and acinar pattern in
DEN-CCl4 group. Increased liver enzymes in DEN intoxicated group was
pointed to cellular leakage and loss of functional integrity of liver cell
membranes [19].

In this context, the present study elucidated that the IP adminis-
tration of DEN-CCl4caused a significant increment in the serum levels of
MDA and NOx along with a significant reduction in GSH levels.
Meanwhile, treatment with CNPs significantly modulated these effects.

In harmony, DEN is metabolized to active ethyl radical that interacts
with DNA causing mutation, leading to carcinogenesis. DEN cause
oxidative stress and cellular injury due to enhancing the formation of
free radicals [18,20].

Antioxidant effect of CNPs plays a vital role in human health.

Previous researchers, concluded that CNPs has a direct antioxidant
activity by lowering oxidative stress also it inhibited MDA elevation and
glutathione depletion via activation of Nrf2. CNPs significantly sup-
pressed NO, iNOS, and NF-κB [22,23].

GSK-3 catalyzes the transfer of a phosphate group from ATP to
target substrates [24]. The phosphorylation process regulates various
biological activities, including cell signaling, apoptosis and intracellular
communication. GSK-3 plays a crucial role in cancer progression [25].
It may act as a tumor suppressor in some tumor types, meanwhile, it is
associated with tumor progression in other tumor types by stabilizing
the β-catenin complex [5].

Arouna et al. [21], reported that the over expression of c-Fos level
was correlated with higher nuclear levels of inactive GSK-3β.

c-Fos is an important member of AP-1 involved in proliferation and
apoptosis [26].

The present study revealed that DEN-CCl4 induced a significant
upregulation in the apoptotic marker C-Fos along with a significant
down regulation in GSK-3 gene expression as compared to the control
value. Meanwhile, treatment with CNPs significantly modulated these
deviations.

Fig. 5. (A): Control group showing normal hepatocytes, preserved architecture and liver cells arranged in thin plates (B) DEN group showing, malignant hepatocytes
showing large polyhedral cells with esophilic cytoplasm and enlarged nuclei arranged in cords and acinar pattern (arrows). (C) Chitosan group, showed hepatic tissue
with loss architecture, hepatocytes arranged in thick plates (black arrow) and sinusoids (yellow arrow), portal tracts contain one bile duct, one artery and one vein
(red arrow), infiltration of hepatocytes in portal tracts and in between hepatocytes (green arrow) (H&E, x200, x400).
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According to Bakiri and Wagner [8], c-Fos is expressed, in HCC. c-
Fos contributes to premalignant transformation of hepatocytes. DEN
experimental HCC model; demonstrate that c-Fos is essential for he-
patocyte transformation and HCC development [27,28] which may be
contributed to the stabilization of Cyclin D1 [29–31].

Meanwhile, CNPs can act on tumor cells and interfere with cell
metabolism and cause cell apoptosis [32]. Positively charged CNPs
have neutralizing effects on the tumor cells [30].

Oxidative stress could also trigger the activation of NF-κB, which
displays a crucial role in the inflammatory cascade by initiating the
gene transcription of many proinflammatory cytokines including TNF-
α, IL-1β, IL-6, COX-2 and iNOS [33,34].

The present study revealed that DEN-CCl4 induced a significant
elevation in the gene expression of inflammatory markers NFƘB and
TNF-α as compared to the control values. Meanwhile, treatment with
CNPs significantly reduced their levels.

NFκB is activated via oxidative stress, which then triggers in-
flammatory cascade by initiating the gene transcription of many
proinflammatory cytokines TNF-α, IL-6, cycloxygenase (COX-2) and
intrinsic nitric oxide synthase (iNOS) [33,34]

NF-κB elucidates survival of mutated hepatocytes, leading to ma-
lignancy and cancer development [35].

Ma et al. [7], verified that CNPs could significantly decrease the
gene expression of NF-κB by blocking the degradation of inhibitory
kappa B alpha (IκB-α) protein and translocation of NF-κB from cyto-
plasm to the nucleus [7].

CNPs, significantly inhibit proinflammatory cytokines TNF-α, IL-1
MIF and IL-8 by inhibiting NF-κB, TLR-4 and c-fos activation [36].

CNPs, significantly inhibit proinflammatory cytokines TNF-α and
IL-8 through blockade of mitogen activated protein kinase (MAPK) and
phosphoinistol kinase (PI3K/Akt) signaling pathways and suppressing
the activation of NFκB [7].

5. Conclusion

Chitosan NPs, elucidated a significantly modulatory effect on
proinflammatory cytokines, oxidative stress and apoptotic markers and
it may be recommended as a promising cancer therapy.
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