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ABSTRACT
Objective: The present study is designed to investigate the preventive and therapeutic effects of nano curcumin (Nano Cur) against
diethylnitrosamine (DEN) induced hepatocellular carcinoma (HCC) in rats.
Methods: Thirty rats were divided into five groups. Group I served as control. Group II were induced with HCC by I.P injection of DEN (200 mg/kg
bw), 2 weeks later rats received (2 ml/kg bw) CCl4 orally. Group III rats received Nano Cur (20 mg/kg bw) 3 days a week by gavage for 32 weeks.
Group IV and V rats were received DEN and CCl4 and treated with Nano Cur either simultaneously or post-treated after 16 weeks from DEN and CCl4
administration.
Results: Administration of DEN to rats in group II significantly increased relative liver weight, serum liver function enzymes, serum sialic acid,
vascular endothelial growth factor and hepatic thiobarbituric acid reactive substances this was accompanied by significant decrease in serum
albumin and tissue antioxidants (GPx, GST, SOD, CAT and GSH). Nano Cur treatment significantly improved such biochemical changes especially in
group IV. Also, RFLP-PCR analysis using p53 primers showed high percentage (50%) of polymorphic DNA bands in group II. Rats in group V
expressed only 25% polymorphic DNA bands this percentage decreased to 20% in group IV. These biochemical and genetic observations were
supported by histopathological study of liver sections.
Conclusion: These findings suggested that Nano Cur could be a potential compound in combating the oxidative damage of hepatic cells and
eliminating DEN induced HCC with more protective rather than therapeutic action.
Keywords: Hepatocellular carcinoma, Therapeutic effect, Chemoprevention, Nano curcumin, Diethylnitrosamine, Antioxidant enzymes, p53 gene.

INTRODUCTION
Hepatocellular carcinoma (HCC) is the sixth most common cancer
and the third leading cause of cancer mortality worldwide [1].
Since over 80% of deaths are in developing countries, liver cancer
has been a major public health problem in these parts of the world.
The rate of HCC has been increasing in Egypt with a doubling in
the incidence rate in the past few years [2]. The majority of HCC
cases are attributable to underlying infections caused by hepatitis
B and C viruses [3]. However, several other risk factors, including
alcohol consumption, obesity, iron overload, environmental
pollutants, as well as several dietary carcinogens, such as
aflatoxins and nitrosamines, have been shown to be involved in its
etiology [4]. Currently, there is no proven effective systemic
chemotherapy for HCC. Considering the limited treatment and
grave prognosis of liver cancer, chemoprevention has been
considered to be the best strategy in lowering the current
morbidity and mortality associated with this disease [5].
Diethylnitrosamine (DEN) is a well known hepatocarcinogenic
agent present in tobacco smoke, ground water, cured and fried
meals, cheddar cheese, alcoholic beverages, occupational settings,
cosmetics, agriculture chemicals and pharmaceutical products [6,
7]. The rat model of DEN-induced HCC is considered as one of the
most accepted and widely used experimental models to study
hepatocarcinogenesis [8]. Human livers metabolize nitrosamines
similar to that of rat liver and also exhibit considerable similarities
with regard to morphology, genomic alterations and gene
expression, despite their different disease etiologies [9]. DEN
metabolism in the liver by cytochrome isoform 2E1 (CYP 2E1)
generates reactive oxygen species (ROS) causing oxidative stress
[10]. DEN, being a gentoxic carcinogen, forms alkyl DNA adducts,
induces chromosomal aberrations, micronuclei and sister
chromatid exchanges in the rat liver [11]. These mutations
induced by DEN are responsible for the development of
hepatocarcinogenesis [10].

The conventional therapy of hepatocarcinoma including
chemotherapy, radiation, surgical resection and ablation gives
little hope for restoration of health because of poor diagnosis
and serious side effects. Therefore, developing more effective
and less toxic anti-cancer agents, including natural products, is
necessary
to
prevent
or
retard
the
process
of
hepatocarcinogenesis
[12].
Administration
of
herbal
antioxidants has been shown to be preventive agents against
DEN induced hepatocarcinoma [10].
Curcumin (1, 7-bis (4-hydroxy-3-methoxy-phenyl)-1, 6heptadiene-3, 5-dione; diferuloylmethane) is a hydrophobic
polyphenol, yellow, natural, lipid-soluble compound extracted
from the plant Curcuma Longa with no discernible toxicity [13].
Curcumin has been used as a dietary supplement as well as a
therapeutic agent in Chinese medicine and other Asian
medicines for centuries [13, 14]. Curcumin possesses diverse
pharmacologic effects including anti-inflammatory, anti-oxidant,
anti-proliferative,
anti-carcinogenic,
and
anti-angiogenic
activities. Accumulated experimental evidence suggests that
curcumin interferes with a variety of molecular targets and
processes involved in cancer [15].
Recent studies have shown that curcumin, either alone or in
combination with other anticancer agents, has potent anticancer
effects [16]. Curcumin exhibits anticarcinogenic effects on
leukemias, lymphomas, multiple myeloma, brain cancer and
melanoma as well as skin, cervix, lung, prostate, breast, ovarian,
bladder, liver, gastrointestinal tract, pancreatic and colorectal
epithelial cancers [17]. It is also a potent tumor-inhibitory agent
with chemopreventive properties against intestinal and colon
cancers [16, 18]. However, the therapeutic applications of
curcumin in human are limited by its high metabolic instability
as well as poor absorption and bioavailability [14]. Synthetic
analogs and formulations of curcumin have been developed,
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including its combination with polymeric micelles or
nanoparticle-based encapsulation that exhibit greater chemical
stability, systemic bioavailability and antitumoral activities than
naturally occurring curcumin [19-20]. Therefore, the purpose of
this study was to develop nano curcumin (Nano Cur) particles, to
increase curcumin bioavailability and to investigate its
therapeutic and preventive effects on DEN induced HCC in
Sprague Dawley rats.
MATERIALS AND METHODS
Chemicals
Diethylnitrosamine (DEN), N-acetyl neuraminic acid (NANA),
malonaldehyde bis (dimethyl acetal) (MDA), reduced
glutathione, 5’ 5’ dithio-bis (2-nitrobenzoic acid) (DTNB), 1cholro 2, 4-dinitrobenzene (CDNB), and curcumin were
purchased from Sigma–Aldrich (St. Louis, USA). Nitroblue
tetrazolium were obtained from Fluka (Switzerland), pyrogallol
were obtained from Merck (Germany), proteinase K, RNase A,
and ethidium bromide, were obtained from Roche Applied
Science, (Germany). DNA marker: A 100-bp DNA ladder obtained
from Invitrogen (USA). Other chemicals used were of analytical
reagent grade.
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Preparation of highly basic nano curcumin salt
To prepare curcumin nanoparticles, 1M curcumin with low solubility in
water was mixed with 4M sodium bicarbonate buffer, then grinded using
mechanical ball mill (350 round/Sec) for 8 hrs. The colour of curcumin
changed from yellow to red as a result of the curcumin sodium salt
formation. Curcumin nanoparticles were then dispersed into 50 ml of
distilled water making aqueous solution which was filled in a reactor
that was immersed in a water bath adjusted at 11ºC. Afterwards, this
reactor was placed in an ultrasound apparatus (VCX-750 commercial
sonicator) and sonication was applied in continuous mode at 100 Watt
in a glass reaction vessel with thin and indented bottom for uniform and
more efficient energy transmission.
Animals
Male Sprague-Dawley rats each weighing about 150–180 g, were
obtained from the animal house of the National Research Center,
Egypt. The animals were housed in cages at a temperature of 26-28
°C, relative humidity of 60% and 12-hr. light/dark cycle. The animals
were fed with a commercial pellet diet and had access to water ad
libitium. All the rats used in this study received proper care and handling
in compliance with the institutional animal ethics committee of the
National Research Centre., Egypt, registration No. 13/105.

Experimental design
After 1 week on based diet the experimental animals were randomly divided into five groups, with 6 animals in each group for a study
period of 32 weeks.
Group I
Group II
Group III
Group IV
Group V

Control normal healthy rats.
HCC was induced in rats by I.P injection of DEN in normal saline (200 mg/kg bw), 2 weeks later rats received (2 ml/kg bw)
CCl4 orally at 1:1 dilution in corn oil as a promoter of carcinogenic effect. DEN and CCl4 injections were repeated once again
after 1 month from first DEN injection.
Rats were received Nano Cur (20 mg/kg bw) 3 days a week by gavage.
Rats were received DEN and CCl4 injections as group II and simultaneously treated with Nano Cur as group III.
Rats were post-treated with Nano Cur as group III after 16 weeks from the administration of DEN and CCl 4 as group II and
continued untill the end of the experiment

Blood and tissue sampling
At the termination of the experiment, rats were weighed and
complete autopsies were performed after the rats had been
sacrificed by decapitation under ether anesthesia. Blood was
collected and centrifuged at 3000 rpm for 15 min. The resulting
serum were collected and used for biochemical determinations.
Liver was removed, washed in ice-cold saline then final liver weight
was recorded and relative liver weight (RLW) was calculated for each
rat. The liver then divided into three portions, a portion of the liver was
immediately fixed in 10% formalin for histopathological analysis.
Another portion was snap-frozen at -80 °C for gene expression. The
remaining portion of the liver was homogenized in 0.1 M potassium
phosphate buffer (pH 7.4) using Omni tissue master homogenizer in the
ratio of 1:10 w/v to be used for biochemical assays.
Biochemical analysis
Serum aspartate transaminase (AST) and alanine transaminase
(ALT), were assayed using kits provided by Biorexfars, UK. Serum
alkaline phosphatase (ALP) was estimated using kits supplied by
Stanbio, USA, whereas serum glutamyltranspeptidase (GGT) and
albumin (Alb) were measured using kits supplied by Reactivos GPL,
Spain. Also serum vascular endothelial growth factor (VEGF)
concentration was estimated using the
enzyme-linked
immunosorbent assay (ELISA) kits supplied from Koma biotech Inc,
Korea. According to the instructions supplied with the commercial
assay kits. Serum total sialic acid (TSA) was also estimated by
periodate-resorcinol microassay as described by Surangkul et al.
[21]. The degree of lipid peroxidation in liver was determined by
measuring thiobarbituric acid reactive substances (TBARS)
according to Lefèvre et al. method [22]. Reduced glutathione
(GSH) was estimated according to the method of Beutler et al. [23] in
part of liver homogenate, after precipitating proteins with 10% MPA.
Superoxide dismutase (SOD) activity was also estimated in another

part of the homogenate centrifuged at 10,000 rpm for 20 min at 4oC
according to the method of Minami and Yoshikawa [24]. The rest of the
homogenate was centrifuged at 2000 rpm for 10 min and the obtained
supernatant was used to estimate glutathione peroxidase (GPx),
glutathione-s-transferase (GST), and catalase according to the methods
of Necheles et al. [25], Habig et al. [26] and Sinha [27] respectively.
DNA extraction
Rats genomic DNA was extracted using phenol-chloroform according
to Sambrook et al. [28], with some modification. Briefly, 0.2 g of liver
sample was homogenized with 500 μl of extraction buffer containing
50 μL of proteinase K (10 mg/μl). The samples were incubated
overnight at 55 °C with continuous shaking. After incubation, the
samples were treated with 30 μl of RNase A (10 mg/μl). The mixture
was left at room temperature for 15-20 min, centrifuged at 13,000
rpm for 5 min then the supernatant was transferred to a clean tube.
DNA was extracted twice with phenol-chloroform-isoamyl alcohol
(PCI; 25:24:1), once with chloroform-isoamyl alcohol (CI; 24:1), and
then precipitated twice with ethanol at -20 °C. The dried pellet was
re-suspended in 50-100 μl of Tris-EDTA and stored at -20 °C for
further use. DNA concentration and purity were determined by
measuring the absorbance of the diluted DNA solution at 260 nm
and 280 nm. The quality of the DNA was determined using 0.8%
agarose gel electrophoresis stained with ethidium bromide.
PCR-RFLP analysis and Enzyme digestion
PCR amplification was carried out using primers of the p53 exon 8
for rats [29]. PCR amplifications were performed using an Applied
Biosystems Thermal Cycler (USA) with 31 cycles of the following
steps: 94 °C for 40 s, 60 °C for 1 min; preceded by initial
denaturation at 95 °C for 5 min and followed by a final extension for
7 min at 72 °C. PCR reactions contained a final volume of 25 μl
consisting of 18.0 μl of autoclaved distilled water, 2.5 μl of 10× PCR
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buffer (10 mM Tris-HCI, pH 9.1, 50mM KCI, 0.01% Triton TM X-100,
1.5 mM MgCl2), 0.08 mM dNTP mix, 0.1 μM of forward primer and
corresponding reverse primer, 1.25 U of Taq polymerase and 2 μl of
cDNA template. PCR products were visualized on 2% agarose gels
stained with ethidium bromide as described by Jenkins et al. [29]. DNA
samples (5-10 mg) were digested to completion overnight at 37 °C using
100 units of MspI restriction enzyme. DNA was then electrophoresed on
2% TAE agarose gels. Details of the restriction enzyme employed in this
study to detect p53 mutation, the PCR primer sequences and the
amplification conditions are summarized in Table (1)
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section of 5 μm thickness were prepared from each liver sample
then mounted onto glass slides and stained with hematoxylin and
eosin (H&E) [30]. The slides were observed under a Leica
photomicroscope.
Statistical analysis

Histopathological investigation

All the grouped data were evaluated with SPSS/19 software.
Hypothesis testing methods included one way analysis of variance
(ANOVA) followed by least significant difference (LSD) test which
was used to identify differences between group means. P values of >
0.05 were considered as the minimum level of significant.

Fragments of liver tissue previously fixed in 10% formalin were
dehydrated in graded ethanol and embedded in paraffin. Microtome

The data were expressed as mean ± S.E with six animals in each
group.

Table 1: It Shows details of the restriction enzyme employed to detect p53 mutations, the PCR primer sequences and the amplification conditions
p53 exon
Restriction enzymes
Digestion temp. (°C)
Forward primer
Reverse primer
PCR product size (bp)
Anneal temp. (°C)
Cycle number

Exon 8
Msp I CCGG
37
CCTCTTGCTTCTCTTT TCCTATCC
CTTGGTCTCCTCCAC CGCTTCTTG
262
60
31

RESULTS
Characterization of Nano Cur
Transcdental electron microscopy (TEM) of the formed
nanocurcumin sodium salt revealed average particle size of 20-70
nanometer (fig.1). Basicity showed high pH = 9.5 due to the formed
Nano cur sodium salt and excess of sodium bicarbonate. This high
basicity has been characterized by quick solubility in water and its
high penetration through cell wall.

20,14, 7 and 23 % increase in the activities of these enzymes as
compared with DEN/CCl4 group. Also, Alb level significantly
increased by 48 and 60 % in the liver of groups received Nano
Cur simultaneously and post treated, respectively as compared
to DEN/CCl 4 group. Nano Cur supplementation alone showed no
significant changes from control group (Table 3).
Effect of Nano Cur on GGT/ALT, TSA and VEGF as tumor
indicators
DEN/CCl 4 group had a significant decrease in GGT/ALT by 52%
and significant increase in VEGF and TSA by 50 and 26 %
respectively as compared to the control animals. On the other
hand Nano Cur treatment simultaneously with DEN/CCL 4
resulted in a complete reversal in GGT/ALT, VEGF and TSA to
control levels. Nano Cur post-treatment led to significant
decrease in VEGF and TSA by 30 and 13%, respectively but no
significant change in GGT/ALT was observed as compared to
DEN/CCl 4 group.
Nano Cur supplementation alone showed non-significant change
from the control group (Table 4).
Effect of Nano Cur on lipid peroxidation and antioxidant status in
liver

Fig. 1: It shows TEM image of nanocurcumin showing particles
size 20-70 nanometer.
Effect of Nano Cur on relative liver weight
DEN treatment caused a significant increase in RLW. In DEN/CCl4
treated animals, as compared to control animals. Nano Cur
administration, in simultaneously or post-treated groups, led to a
significant reduction in RLW in comparison to DEN/CCl4 group. No
obvious changes were observed between control animals and Nano
Cur group (Table 2).
Effect of Nano Cur on serum liver function
Serum liver function tests (Alb, ALP, AST, ALT and GGT) were
significantly changed in all groups received DEN/CCl 4 as
compared to control animals. Nano Cur treatment
simultaneously with DEN/CCL 4 caused a significant decrease in
the activities of ALP, AST, ALT and GGT enzymes by 37, 55, 55
and 27 % respectively, while Nano Cur post treatment caused

All groups treated with DEN/CCl 4 had significant increase in the
levels of TBARS as compared with control animals, which could
be a tumor burden. Administration of Nano Cur, in
simultaneously or post-treated groups, caused a significant
decrease in TBARS levels by 52 and 22 % respectively, compared
with DEN/CCl 4 group. Besides, animals treated with Nano Cur
alone did not show any significant changes as compared to
control animals (Table 5). DEN/CCl 4 treated groups exhibited a
significant decrease in the activities of the antioxidant enzymes
(GPx, GST, SOD and CAT) as well as reduction in GSH level as
compared with control animals. Nano Cur treatment
simultaneously with DEN/CCl 4 caused a significant increase in
the activities of GPx, GST, SOD and CAT enzymes by 95, 37, 82
and 92 % respectively, while Nano Cur post treatment caused
92, 19, 64 and 75 % increase in the activities of these enzymes as
compared with DEN/CCl 4 group. Also, GSH level significantly
increased by 36 and 26 % in the liver of groups received Nano
Cur simultaneously and post treated, respectively as compared
to DEN/CCl 4 group. No adverse effect was observed in Nano Cur
group (Table 5).
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Table 2: It shows effect of Nano Cur on relative liver weight (RLW).
Groups
I. Control
II. DEN/CCl4
III. Nano Cur
IV. DEN + Nano Cur (simultaneously)
V. DEN+Nano Cur (post-treated)

% change in RLW
27.31
2.00
4.20
5.88

RLW
2.38 ± 0.05
3.03 ± 0.19 a
2.31 ± 0.03 b
2.48 ± 0.03 b
2.52 ± 0.05 b

Liver weight (g)
6.54 ± 0.22
9.17 ± 0.15
7.45 ± 0.27
7.57 ± 0.46
7.17 ± 0.21

RLW = liver weight/final body weight x100, Results are expressed as mean ± S.E. six rats in each group, a Statistical significance at P< 0.001 as
compared with group I, b Statistical significance at P< 0.001 as compared with group II
Table 3: It shows effect of Nano Cur on serum Alb, ALP, AST, ALT, and GGT in HCC rats.
Groups
I. Control
II. DEN/CCl4
III. Nano Cur
IV. DEN+Nano Cur
(simultaneously)
V. DEN+Nano Cur
(post-treated)

Alb
(g/dl)
3.49 ± 0.23
1.17 ± 0.60 a
3.03 ± 0.09 b
2.45 ± 0.05 a b

ALP
(U/L)
157.02 ± 14.38
285.68 ± 25.39 a
170.30 ± 8.83 b
179.88 ± 7.36 b

AST
(U/L)
20.00 ± 1.31
78.83 ± 3.50 a
21.5 ± 1.25 b
35.13 ± 2.85 a b

ALT
(U/L)
25.66 ± 0.98
77.33 ± 2.01 a
24.50 ± 1.02 b
34.83 ± 1.53 a b

GGT
(U/L)
15.9 ± 1.03
29.29 ± 1.34 a
15.6 ± 0.94 b
21.32 ± 0.88 c b

1.96 ± 0.17 a b

229.48 ± 7.70 c e

67.33 ± 3.10 a d

72.00 ± 1.82 a e

22.56 ± 1.50 a b

Results are expressed as mean ± S.E. six rats in each group,a Statistical significance at P< 0.001 as compared with group I,b Statistical significance at
P< 0.001 as compared with group II ,c Statistical significance at P< 0.01 as compared with group I ,d Statistical significance at P< 0.01 as compared
with group II ,e Statistical significance at P< 0.05 as compared with group II
Table 4: It shows effect of Nano Cur on serum GGT/ ALT, VEGF and TSA
Groups

GGT/ALT
0.64 ± 0.03
0.31 ± 0.02 a
0.63 ± 0.05 b
0.61 ± 0.03 b

VEGF
(pg/ml)
77.50 ± 2.14
156.66 ± 13.33 a
78.33 ± 2.10 b
85.00 ± 4.83 b

TSA
(µg/ml)
32.28 ± 1.92
43.83 ± 2.08 a
31.6 ± 2.26 b
35.87 ± 1.69 d

I. Control
II. DEN/CCl4
III. Nano Cur
IV. DEN+Nano Cur
(simultaneously)
V. DEN+Nano Cur
(post-treated)

0.37 ± 0.01 a

110.00 ± 3.65 c b

38.14 ± 1.77 e

Results are expressed as mean ± S.E. six rats in each group ,a Statistical significance at P< 0.001 as compared with group I,b Statistical significance at
P< 0.001 as compared with group II ,c Statistical significance at P< 0.01 as compared with group I,d Statistical significance at P< 0.01 as compared
with group II ,e Statistical significance at P< 0.05 as compared with group II
Table 5: It shows effect of Nano Cur on liver TBARS, GPx, GST, SOD, CAT and GSH.
Groups

TBARS
(mole/g tissue)

GPx
(µM /min/g tissue)

GST
(nM/min/ml)

SOD
(µg/ml)

GSH
(mg/g tissue)

156.43 ± 8.26
86.58 ± 7.77 a
160.00 ± 7.05 b
128.56 ± 6.70 b c

CAT
(µM /min/
g tissue)
323.83 ± 11.99
203.16 ± 4.71 a
301.66 ± 17.96 b
299.66 ± 11.85 b

I. Control
II. DEN/CCl4
III. Nano Cur
IV. DEN+Nano Cur
(simultaneously)
V. DEN+Nano Cur
(post-treated)

283.82 ± 27.55
712.9 ± 1.65 a
285.43 ± 14.00 b
341.9 ± 12.61 e b

78.37 ± 0.16
70.9 ± 0.58 a
77.93 ± 0.26 b
75.83 ± 0.50 a b

183.31 ± 13.45
23.00 ± 1.94 a
157.91 ± 10.36 b
68.88 ± 5.90 b c

555.9 ± 3.60 a b

72.62 ± 0.17 a d

35.57 ± 7.08 a

101.47 ± 2.89 a

244.33 ± 1.38 a f

0.08 ± 0.007 a d

0.30 ± 0.01
0.03 ± 0.009 a
0.26 ± 0.01 b
0.11 ± 0.004 a b

Results are expressed as mean ± S.E, six rats in each group, a Statistical significance at P< 0.001 as compared with group I, b Statistical significance at
P< 0.001 as compared with group II, c Statistical significance at P< 0.01 as compared with group I, d Statistical significance at P< 0.01 as compared
with group II, e Statistical significance at P< 0.05 as compared with group I, f Statistical significance at P< 0.05 as compared with group II

Table 6: It shows detected polymorphism using restriction marker for PCR-RFLP
Groups
I. Control
II. DEN/CCl4
III. Nano Cur
IV. DEN+Nano Cur
(simultaneously)
V. DEN+Nano Cur
(post-treated)

Polymorphism detected at Msp I marker system
Monomorphic
Unique
Polymorphic
8
4
3
7
8
7
1
2

Total
8
14
8
10

Polymorphism %
50
20

7

12

25

2

3
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Effect of Nano Cur on genotoxicity
The results revealed that the administration of DEN/CCl 4 group
resulted in a total of 7 DNA polymorphic bands out of a total of 14
DNA bands (50%). Also there were only 4 monomorphic bands and
3 unique bands. The control and Nano Cur groups had no
polymorphic bands with 8 monomorphic bands (Table 6). On the
other hand, rats treated with Nano Cur simultaneously with
DEN/CCl4 had a total number of 10 DNA bands; two of these bands
were polymorphic presenting 20% polymorphism and 1 unique
band. Furthermore, Nano Cur post treated group had 12 DNA bands;
three of them were polymorphic presenting 25% polymorphism and
2 unique bands (Table 6). Figure 2 indicates high polymorphic DNA
bands in DEN/CCl4 group. Rats treated with DEN/CCl4
simultaneously with Nano Cur expressed lower polymorphic DNA
bands in which this rate of polymorphism decreased further when
rats post-treated with Nano Cur.

Fig. 2: It shows PCR-RFLP analysis of p53 gene digested by Msp I
restriction enzyme. M: marker; Lane 1: control rats; lane 2: DEN
group; lane 3: Nano Cur group; lane 4: DEN/CCl4+ Nano Cur
(simultaneously); lane 5: DEN/CCl4 + Nano Cur (post-treated).

Effect of Nano Cur on histopathological investigation of liver
sections
The hepatic lobules are the structural units of the liver; each is
formed of cords of hepatocytes and blood sinusoids in-between. The
hepatocytes are polyhedral cells with one or rarely two spherical
nuclei and abundant cytoplasm. The cytoplasm of such cells is
granular and strongly eosinophilic. The nuclei of the hepatocytes are
large with peripherally dispersed chromatin and prominent nucleoli
(Fig 3A). The portal lobule is considered the functional units of the
liver tissue. Each portal lobule is a triangular mass of liver tissue
which has the portal area at its centre and is outlined by lines that
connect the central veins of the three hepatic lobules which
surround this portal area (Fig. 3B). In rats treated with DEN/CCl 4,
sections of liver showed areas of aberrant hepatocellular phenotype
with variation in nuclear size, hyperchromatism, and irregular
sinusoids (Fig. 3C).
On the other hand, abnormal hepatocellular histology with
prominent hyperbasophilic preneoplastic focal lesions and the
presence of eosinophilic and clear cell foci were seen (Fig. 3D). Also,
examination of liver of rat treated with DEN/CCl4 indicated
trabeculae of hepatocellular carcinoma that were consisted of highly
pleomorphic tumor cells and degenerated tumor cells. These cells
are characterized by eosinophilic cytoplasm, large or binucleated
nuclei and prominent nucleoli. Intercellular bile canaliculi were
present (Fig. 3E).
Histopathological investigation of the liver of rats treated Nano Cur
simultaneously with DEN/CCl4 showed the portal areas that appear
more or less like the control one. The activated Kuppfer cells were
noticed (Fig. 3F). On the other hand, the hepatic lobule appeared
more or less like the control one (Fig. 3G). Microscopic examination
of liver sections of rats post-treated with Nano Cur showed many of

the hepatocytes that appear more or less like normal and the other
showed necrosis.
The dilated hepatic sinusoids that are associated with the
activated Kuppfer cells were noticed (Fig. 3H). In some rats, liver
appeared more or less like the control one (Fig. 3I). While, rats
administered Nano Cur only, sections of their liver showed that
the hepatic lobules appeared more or less like the control one
(Fig. 3J).
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Fig. 3: It shows photomicrographs (H&E stain, Scale bar: 100 µm) of
various liver tissues from control and experimental animals. A)
shows the architecture of a hepatic lobule of control rats. The central
vein (CV) lies at the centre of the lobule surrounded by the
hepatocytes (HC) with strongly eosinophilic granulated cytoplasm
(CY), and distinct nuclei (N). Between the strands of hepatocytes the
hepatic sinusoids are shown (HS), B) shows the portal lobule and the
portal tract control rats that includes portal vein (PV), portal artery
(PA) and bile duct (BD), C) shows area of aberrant hepatocellular
phenotype of DEN/CCl4 group with variation in nuclear size,
hyperchromatism, and irregular sinusoids, D) shows abnormal
hepatocellular histology of DEN/CCl4 group with prominent
hyperbasophilic preneoplastic focal lesions and eosinophilic clear
cell foci, E) shows trabeculae of hepatocellular carcinoma in
DEN/CCl4 group consists of highly pleomorphic tumor cells and
degenerated tumor cells, F) shows the portal lobules of DEN/CCl 4 +
simultaneous Nano Cur group that appear more or less like the
control one. Notice the activated Kuppfer`cells, G) shows hepatic
lobule of DEN/CCl4 + simultaneous Nano Cur group resembling
control one, H) shows many of the hepatocytes in DEN/CCl 4 + post
treated Nano Cur group appear more or less like normal and the
other show necrosis, I) shows dilated hepatic sinusoids in DEN/CCl 4
+ post treated Nano Cur group that associated with the activated
Kuppfer cells, J) shows the hepatic lobule of Nano Cur group that
appear like the control one (H & E stain, Scale bar: 100 µm).
DISCUSSION
Liver cancer is one of the major health problems, which have a high
mortality rate for human, and its occurrence varies with respect to
age, sex, invasiveness, metastatic potential, and response to
prognosis of treatment [31, 32]. The limited progress achieved by
cancer therapy in the last three decades has increased the interest of
researchers in cancer chemoprevention [33], especially using
nutraceuticals derived from nutritional sources which are naturally
multitargeting, less expensive, safer and immediately available [34].
The most important types of such nutraceuticals are plant
polyphenols derivatives that have been characterized in several cell
culture and animal cancer models with antitumor effects [35].
Relative liver weight is an important parameter in judging the
pathological condition of the liver. Therefore, lowering in the
relative liver weight of rats by Nano Cur treatment is an indication of
the pathological improvement of the liver, which is in agreement
with Ghosh et al. [36]. These results were confirmed by the
histopathological results.
Data presented in the current study demonstrate that DEN
significantly decreased serum albumin. Vandenberghe [37] reported
that, hypoalbuminemia may result from liver disorders, which are
accompanied by a reduction in albumin synthesis. Cross et al. [38]
attributed the hypoalbuminemia state to the increased rate of
catabolism rather than impairment of synthesis due to the highly
toxic effect of carcinogens, which leads to increase in formation of
ROS. These free radicals are capable of damaging biological
molecules such as proteins that have an impact on cell activities as
well as membrane functions and structure. Treatment of curcumin
reverted the albumin level back to normal, which reflects the wellfunctioning of hepatocytes in protein.
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Our data also showed that DEN increased serum indices of liver
function enzymes. Such elevations in the transaminases are
considered as the most sensitive markers in the diagnosis of
hepatocellular damage and loss of functional integrity of the
membrane [39]. Ramakrishnan et al. [40] attributed the increases in
serum aminotransferase enzyme activities to their intracellular
location in the cytosol, so toxicity affecting the liver with subsequent
breakdown in membrane architecture of the cells leads to their
spillage into serum where their concentration rises. ALP, another
key hepatic marker enzyme, its elevated activity in serum indicates
pathological alterations in bile flow. Studies have shown that
dividing cells shed more of ALP as they are located in the bile
canalicular plasma membrane [41]. Moreover, GGT elevation reveals
cholestasis and bile duct necrosis. This significant elevation of GGT
in sera may be attributed to its liberation from the plasma
membrane into the circulation as it is located on the outer
membrane of the hepatic cells, indicating damage of the cell
membrane as a result of carcinogenesis [42]. The overproduction of
these enzymes in tumor cells may cause increased permeability of
the cell membrane which leads to such drastic rise of enzymes in
serum [43]. Fascinatingly, Nano Cur supplementation prevented the
increase in such hepatic enzymes, especially in groups received
Nano Cur simultaneously with DEN, suggesting that Nano Cur may
have a potential protective effect against DEN-induced liver damage.
In the present study, the rate of GGT/ALT was calculated to diagnose
liver cancer and it was found to be significantly lower in both group
II and group V when compared to the control group, this was in
accordance with Dan et al. [44] who reported that the rate of
GGT/ALT might have a valuable role in diagnosis of primary liver
cancer. On the contrary, Nano Cur treatment in group IV resulted in
a complete reversal of GGT/ALT decrease to control values which is
a sign of the liver improvement to normal state.
Sialic acid, a cell surface glycoconjugate, plays an important role in
regulating cell proliferation and epithelial growth [45], and appears
to be highly sensitive marker for the progression of tumor growth
[46]. Previously, Rachesky et al. [47] reported an increased level of
glycoproteins in animals exposed to DEN carcinogen. Data from our
study revealed that DEN/CCl4 significantly increased TSA, such
elevation in TSA could be due to neoplastic transformation through
TSA shedding from the tumor cell surface or possibly as a product of
the tumor itself [48]. Administration of Nano Cur either
simultaneously or post-treated leads to significant decrease in TSA.
Consequently, this suggests that Nano Cur plays an important role
against DEN-induced hepatocarcinogenesis by maintaining TSA
status.
Tumor angiogenesis performs a critical role in tumor progression
through which the tumor establishes an independent blood supply,
consequently facilitating tumor growth and favoring the transition
from hyperplasia to neoplasia [49]. Researchers have found out that
VEGF seems to be the most potent and predominant angiogenic
cellular factor sustaining tumor growth [50]. Simultaneously, Poon
et al. and Wills et al. [51, 52] reported that over expression of VEGF
and its receptor VEGFR could be used widely as a biomarker for
angiogenic activity in cancer. Our results show that there was over
production of VEGF after administration DEN/CCl4 especially in
positive control group. This is in concurrence with Torimura et al.
[53] whom stated that VEGF was over expressed and localized
around the periportal area of liver sections intoxicated with DEN.
Inhibition of tumor growth by neutralization of VEGF has been
verified, underlining the importance of VEGF in tumor formation
[54]. In our study, quantification of growth factor VEGF indicated a
decreased amount of VEGF in groups received Nano Cur either
simultaneously or post treated, thereby inhibiting the formation of
new blood vessel and tumor growth. This finding is in agreement
with [55] who stated that curcumin treatment decreased the levels
of the angiogenic biomarker VEGF in hepatocelluar carcinoma cells,
and resulted in a reduction in tumor neocapillary density compared
to the untreated cells.
It has been suggested that the uncompromised generation of free
radicals and ROS in the liver may be responsible for disturbing the
antioxidant status and ultimately leading to oxidative stress and

59

Hassan et al.

paving the way to carcinogenesis [56]. Oxidative stress is associated
with damage to a wide range of macromolecular species including
lipids, proteins, and nucleic acids thereby producing major
interrelated derangements of cellular metabolism including
peroxidation of lipids [43]. Lipid peroxidation plays an important
role in carcinogenesis [57], and may lead to the formation of several
toxic products, such as MDA and 4-hydroxynonenal. These products
can attack cellular targets, thereby inducing carcinogenicity [58].
Recently, the increase in lipid peroxidation was reported during
DEN induced hepatocarcinogenesis [43]. In our study, all groups
treated with DEN/CCl4, have a significant increase in the levels of
TBARS as compared with normal group animals. The inhibition of
peroxidation by curcumin is mainly attributed to the scavenging of
the reactive free radicals involved in the peroxidation [59]. Animals
in groups received Nano Cur either simultaneously or post-treated
exhibited significantly low levels of TBARS, when compared with
animals treated with DEN/CCl4. This verifies the antilipid
peroxidative role of Nano Cur by its ability to scavenge free radical
generation.
For the purpose of preventing cellular damage induced by ROS,
there is a lot of antioxidative defense system. The anti-oxidative
defense system may scavenge ROS that play an important role in the
initiation of lipid peroxidation and, therefore, play a protective role
in cancer development [33]. This defense system operates through
enzymatic (including SOD, GPx, GST and CAT), and nonenzymatic
components (mainly GSH) [12, 60]. SOD is the primary step of
defense mechanism in the antioxidant system against the oxidative
stress, as it dismutates the highly toxic superoxide anions (O 2-) to O2
and H2O2. Gpx and catalase can scavange H2O2 and convert it into
harmless byproducts, thereby providing protection against ROS [61].
Also, GPx has a high potency in scavenging reactive free radicals in
response to oxidative stress and detoxifies peroxides and
hydroperoxides that lead to the oxidation of GSH [62]. Furthermore,
GST catalyzes the conjugation of the thiol functional groups of GSH
to electrophilic xenobiotics, leading to elimination or conversion of
xenobiotic-GSH conjugate [63]. GSH is the most important nonenzyme antioxidant in mammalian cells [64]. GSH is said to be
involved in many cellular processes including the detoxification of
endogenous and exogenous compounds and efficiently protects cells
against deleterious effects of oxidative stress by scavenging free
radicals, removing H2O2, and suppressing lipid peroxidation [65].
In the present study, the cancer bearing rats showed decreased
activities of enzymatic antioxidants (SOD, CAT, GPx, and GST) and
non-enzymatic antioxidants (GSH) in liver tissue in comparison with
normal animals. Our data are consistent with previous findings [36,
66]. Pradeep et al. [67] reported that such subsequent decrease in
the antioxidant defense is due to the decreased expression of these
antioxidants during hepatocellular damage. On the other hand, there
is a significant increase in the enzymatic and non-enzymatic
antioxidant guard in the liver of the animals administered both Nano
Cur and carcinogen when compared with animals administered
carcinogen alone. This increase is due to the ability of curcumin to
prevent the formation of free radicals, enhance the endogenous
antioxidant activity beyond its free radical scavenging property and
the reduction of hepatic lipoperoxide formation [68].
The p53 gene acts as a guardian of the genome and is one of the
major factors controlling cell proliferation, growth suppression and
transformation. Inactivation of the p53 tumor suppressor gene is a
frequent event in tumorigenesis. Interestingly, mutations in the p53
gene were shown to occur at different phases of malignant
transformation, thus contributing differentially to tumor initiation,
promotion, aggressiveness, and metastasis [69]. Moreover, Levine et
al. [70] stated that alterations in p53 gene seem to be critical for
hepatocarcinogenesis. In the present study, administration of
DEN/CCl4 as a hepatocarcinogen produced a total of 14 DNA bands.
These were higher than those observed in the control normal rats, in
which seven bands were polymorphic presenting 50%
polymorphism. According to Hilde et al. [69], DEN reduced p53
levels in rat liver. It has been suggested that the actual signals for
p53 expression are DNA-strand breaks, induced directly by this
genotoxic compound. This might explain the induction of p53 by
DEN because it is clastogenic in the rat liver due to formation of
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different types of DNA–adducts which have very different effects on
distortion of the DNA–helix, DNA–replication and induction of gene
mutations. On the other hand, our results revealed that, low
mutations in the p53 gene were observed when Nano Cur was
supplemented with DEN/CCl4 treatment in rats particularly when
taken simultaneously. This may be due to curcumin promotes de
novo synthesis of p53 protein or some other proteins for the
stabilization of p53, indicating that curcumin can induce cancer cell
killing predominantly via p53-associated signaling pathway [16].
Moreover, Balasubramanyam et al. [71] previously demonstrated
that curcumin could inhibit p300-specific acetylation of p53, which
may be helpful in the acetylation-dependent regulation of p53
function; this causes curcumin, which targets p300 to serve as a lead
compound in cancer suppression. Therefore, we can conclude that
one of the curcumin pathways which play a role in cancer
suppression is modulations of the transcriptional co-activating
proteins mediating the p53 gene.
Changes occurring in the biochemical parameters were confirmed
by the histopathological observation. The histopathological picture
of the liver of rats received DEN/CCl4, showed aberrant
hepatocellular phenotype with variation in nuclear size,
hyperchromatism, and irregular sinusoids with prominent
hyperbasophilic preneoplastic focal lesions and eosinophilic clear
cell foci. Moreover, highly pleomorphic and degenerated tumor cells
are also found. This agrees with Sreepriya et al. [72] who stated that
the presence of atypical nuclei is a marker of hepatocellular
carcinoma. On the other hand, animals received Nano Cur, either
simultaneously or post-treated their hepatocytes, appeared with
portal areas and hepatic lobules that were more or less like the
control ones, indicating liver regeneration; This observations is in
agreement with Ghosh et. al. [36] who proofed that Cur maintains
the normal liver cell function.
CONCLUSION
Nano Cur appeared to be an effective free radical quencher with
antioxidant activities, and capable of inhibiting oxidative stress. Also
it could protect rat liver from DEN induced altered hepatic
functioning, and prevent DEN induced hepatocellular carcinoma
formation in rat with renovation potential of liver tissue. Given these
promising findings, we suggest that nanocurcumin, which is a
potentially safe and inexpensive for clinical use, may be considered
as an effective chemopreventive agent against HCC with more
protective rather than therapeutic action.
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