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ABSTRACT

Objective: Hepatic cancer is known as primary liver cancer and hepatocellular carcinoma (HCC). Newly silver nanoparticles gained importance due
to its advantages and multiple potential such as molecular imaging agent, antimicrobial, wound healing, anti-inflammatory and anticancer activity.
The current study deals to assess therapeutic property silver nanoparticles (AgNPs) against diethylnitrosamine (DENA), and carbon tetrachloride
(CCL4) induced hepatic cancer.

Methods: Thirty male albino rats (200-250g) were distributed into four groups and hepatic cancer was induced with a single intraperitoneal dose
of 200 mg/kg body weight of DENA. Two weeks later, animals received subcutaneous injections of CCl4 once a week in a dose of 3 ml/kg body
weight for 6weeks. Serum biomarkers, antioxidants enzymes, inflammatory markers were evaluated to find the anti-proliferative potential of silver
nanoparticles. Histological evaluation and microscopic reports were also done to document the results of the current work.

Results: AgNPs significantly recover the serum marker enzymes of hepatic parameter AST, ALT, ALP, and total bilirubin and also decreased the levels of NO,
IL-6 and TNF-a. Histopathological features also exhibited recovery of a hepatic architecture in cancer-induced rats. Moreover, the immunohistochemical

investigation demonstrated that the levels of PCNA, and Caspase-3, which are hepatocarcinogenic markers, were significantly improved by AgNPs.

Conclusion: These results concluded that AgNPs showed promising curing effects on hepatocellular ailments.
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INTRODUCTION

The liver is the largest solid organ and one of the most vital organs that
functions as xenobiotic and drug, energy, protein and amino acid
metabolism, storage of glucose in the form of glycogen, storage of
vitamins, and regulation of hormonal functions. Ozougwu stated that a
total loss of liver function might lead to death within minutes,
indicating the liver's great importance. Hepatocellular carcinoma
(HCC) is a life-threatening neoplasm that originated from hepatocytes,
representing approximately 80% of liver cancer and 34 most common
cancer-related death [1]. HCC is an extremely vascularized and
malignant tumor that is responsible for poor survival and rapid
recurrence in patients [2]. Human cancers are related to chronic
inflammation caused by chemical, biological and, physical factors. The
effect of inflammation-fibrosis-carcinoma axis acts as a bridge from
inflammation to cancer, and therefore promotes inflamed liver
development to fibrosis/cirrhosis and HCC [3]. Upon exposure to risk
factors like alcohol, viruses, parasites and, toxic substances, the hepatic
injury resulted in the degeneration and inflammation, leading to
chronic liver diseases, which may further progress to different stages
of fibrosis, cirrhosis, and HCC. HCC is the final stage of this process [3].

Drug-induced liver cancer in rats is an important tool to study
primary HCC such as Ethanol, carbon tetrachloride (CCls), afatoxin,
nitrosamines, amino azo dyes, aromatic amine and so on all are used
to induce HCC in animal models. Diethylnitrosamine (DENA) is
amongst the most essential natural carcinogenic agents, which is
known to cause changes in the enzymes required in DNA repair
replication and is regularly utilized as a cancer-causing agent to
prompt liver carcinogenesis in mouse models [4].

DENA is a well-known potent hepatocarcinogenic agent present in
tobacco smoke, water, cured and fried meals, cheddar cheese,
agricultural chemicals, cosmetics, and pharmaceutical products [5].
In experimental induction of HCC in animal models, we use the two-

stage application of chemicals for the initiation and promotion of
hepatocellular tumors. The initiator in this protocol is a single
injection of a dose of DENA. Two weeks later, animals received
subcutaneous injections of CCls for 6 w to promote the carcinogenic
effect of DENA. Uehara et al. reported that DENA/CCls mouse model
differs from animal models utilizing either agent alone in that the
resultant chronic liver fibrosis is accompanied by a dramatic
increase in the liver tumor incidence, with 100% of the mice in the
co-treatment group developing liver tumors by 5 mo of age.

The HCC is an extremely vascularized tumor, in which angiogenesis
has a critical role in the progression, metastasis, and frequency [6].
One of the angiogenic stimulating factors is oxidative
stress/inflammatory cascade. It enhances the vascular permeability
and chemokine-mediated enrolment of leukocytes and platelets with
major angiogenic cytokines and growth factors release. The most
important of these are nitric oxide (NO), vascular endothelial growth
factor (VEGF), platelet-derived growth factor (PDGF), interleukin-4
(IL-4), interleukin-8 (IL-8) and tumor necrosis factor-alpha (TNF-a)
[7]. Furthermore, dysregulated apoptosis has a crucial role in HCC
tumorigenesis and acquired resistance to chemotherapy.

Nanotechnology, a concept in the field of science and technology in
recent years, has also been likely to grow based on their demand,
like other technologies. Nanoparticles are usually a cluster of atoms
ranging between 1-100 nm in size and they exhibit new properties
based on their size, distribution and morphology [8]. Many materials
are synthesized in nanosize for various applications, including
medicine, mechanical, biomedical, and electronics. Though the
biological method is commonly adopted for the creation of silver
nanoparticles, the use of plant extracts is widely spread studied due
to its advantages over others [9].

Among the nanoparticles, nanosilver has potential applications in the
field of biomedicine since silver has a disinfecting effect and has found
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uses in traditional medicines for a long time [10]. The AgNPs prevents
VEGF-stimulated angiogenesis as well as cellular proliferation and
migration induced by activated phosphatidylinositol-3-kinases/Protein
kinase B (PI3K/Akt) signaling pathways [11, 12]. Moreover, different
cytotoxic effects and reduction in cellular viabilities ending in anti-
proliferative effects through oxidative stress-apoptotic pathways were
recognized by using AgNPs both in various cancer cell lines, including
human hepatocellular carcinoma cell line HepG2 [13] and other in vivo
cancer models regardless HCC models.

Among different plants, the seeds of Nigella sativa had shown to
exhibit various medicinal properties such as anti-diabetic [14], anti-
allergic [15], anti-inflammatory, antibacterial, antioxidant and
anticancer activity [16]. The aim of the present investigation was the
therapeutic effect of synthesizing silver nanoparticles using seeds of
Nigella sativa as a reducing agent on DENA/CCl4-induced liver
cancer in animal models through contemplating the biochemical
parameters, immune histology and histopathology of tissues.

MATERIALS AND METHODS
Drugs and chemicals

Diethylnitrosamine (N-nitrosodiethylamine; DENA; purity, 99.0%)
and CClswere purchased from Sigma-Aldrich Company, St. Louis.,
USA. DENA was diluted in saline (0.9% NaCl) while CCls was diluted
in corn oil. AgNPs were synthesized using a green biosynthesis
method by reducing the AgNO3 solution with aqueous extract of
Nigella sativa according to [9].

Preparation of aqueous silver nitrate

Silver nitrate solution (1 M) was prepared and stored in an amber-
colored bottle.

Preparation of extract from seeds of nigella sativa

The seeds of Nigella sativa were washed several times with deionized
water. The extract used for the synthesis of silver nanoparticles was
prepared by adding 20 g to 100 ml of distilled water. The suspension
was homogenized and centrifuged, after that the supernatant was
collected and the extract obtained was filtered through Whatman No. 1
filter paper, finally, the filtrate was stored at 4 °C

Synthesis of silver nanoparticles

Five different aliquots of the seed extracts (1-5 ml) were taken
separately and 10 ml of 1 mmol silver nitrate solution was added
with constant stirring and exposed to sunlight radiation. The color
change of the solution was checked periodically; from yellow to dark
brown indicated that the silver nanoparticles were synthesized.

Induction of hepatocellular carcinoma

Induction of HCC was through two consecutive stages: initiation and
promotion by DENA and CCls; respectively [17]. For initiation, DENA
was injected i. p to each rat in a single dose of 200 mg/kg b. wt [18].
Two weeks later, animals received subcutaneous injections of CCls
(CCls/olive oil; 1:1; 1 ml/kg) once a week in a dose of 3 ml/kg b. wt
for 6 w to promote the carcinogenic effect of DENA [19].

30 adult male albino rats were employed in the present study. They
were obtained from the Serum and Antigen Laboratories at Helwan.
Their weight ranged between (200-250g). The experimental
protocols were carried out corresponding to the guidelines for the
animal experiment, which was approved by the Ethical Committee of
the Medical Research Center. Giza. Egypt (registration number:
13/165). Animals were allowed a one-week pre-experimentation
period to adapt to laboratory conditions in order to avoid any
complications along the course of the experiment. After one week
acclimatization period, the rats divided into four groups; group I (5
rats): normal control, group II (5 rats): solvent control group: Rats
were injected i. p. with 1 of ml olive oil for 6 w, group III (10 rats):
DENA/CCl4-treated group (HCC group): Rats received a single dose
of DENA (200 mg/kg b. wt i. p). Two weeks later, animals received
subcutaneous injections of CCl4 once a week in a dose of 3 ml/kg b.
wt for 6 w. Group IV (10 rats): DENA/CCls/AgNPs-treated group:
After induction of HCC, AgNPs were daily given by oral gavage in a
dose of 300 mg/kg b. wt from the start of the 9t week for 21 d.
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Blood and liver sampling

At the end of the experiment, blood samples for biochemical and
biological analyses were collected from the heart in clean, dry test
tubes. The collected blood was left to coagulate. After centrifugation
at 4000 r. p. m. for 10 min (4 °C), sera were separated and used for
determination of aspartate aminotransferase (AST), alanine
aminotransferase (ALT), alkaline phosphatase (ALP), total bilirubin,
nitric oxide (NO) markers, interleukin (IL-6) and tumor necrosis
factor-alpha (TNF-a). Each liver was dissected out, washed in
normal cold saline, and dissected into two parts. One part was
embedded in 10% neutral buffered formalin for the
histopathological and the part for immune-histochemical
examinations.

Biochemical analysis

The activities of AST and ALT were assayed by the method of[20],
while serum activity of ALP was determined according to the
procedure of [21]. The colorimetric method of [22] was applied for
the determination of serum contents total bilirubin. IL-6 was
determined using Abcam’s Rat ELISA Kit (ab119548). Serum TNF-a
was measured by ELISA. The VEGF was determined using an
enzyme-linked immunosorbent assay (ELISA) kit.

Histopathological examinations

Liver tissues, preserved in neutral buffered formalin 10% solution,
were processed to obtain Formalin Fixed Paraffin Embedded (FFBE)
blocks. Changes were assessed in histopathological sections at 3-
micron and then stained with haematoxylin and eosin (H and E).

Immuno-histochemical study
Proliferating cell nuclear antigen (PCNA)

Five-Im-thick neutral buffered formalin-fixed sections were
deparaffinized in xylene, hydrated in a descending series of ethanol to
phosphate-buffered saline (PBS; pH 7.5). Sections were prepared to
quantify proliferating cell nuclear antigen (PCNA) and protein
expression. The avidin-biotin complex immunoperoxidase staining
system was used. Primary antibodies used were: monoclonal mouse
anti-proliferating cell nuclear antigen (PCNA; clone PC 10; Dako
Corporation, Carpentaria CA, Denmark). Tissue refreshment was
performed using 3% H202for 30 min at 100 °C and washed in two
changes of PBS. The primary antibodies were then marked with
biotinylated goat anti-mouse IgG antibody for 35 min at room
temperature, washed in two changes of PBS; then the sections were
incubated with streptavidin-conjugated peroxidase for 35 min. After
washing in PBS, the reaction was colored by exposing sections to 3,3-
diaminobenzidine (DAB) solution for 10 min, then washed in distilled
water (2 changes) and counterstained with 1% methy1 green stain. After
washing in tap water, the sections were dehydrated, cleared in xylene
and mounted with Canada balsam. Control reaction was carried out by
removing specific primary antibodies for PCNA.

Caspase-3

Immunohistochemical staining performed on 4-um, formalin-fixed,
paraffin-embedded sections using caspase 3 antibodies at 1:50
dilution. Antigen retrieval was performed in all cases by steam
heating the slides in a 1-mmol/l solution of EDTA (pH 8.0) for 30
min. After blocking of endogenous biotin, staining was performed
using an automated immunostainer (DAKO) followed by detection
by using a streptavidin-biotin detection system. Positive and
negative control sections used for each assay.

Statistical analysis

Data were coded and entered using the statistical package for the
Social Sciences (SPSS) version 25 (IBM Corp. Armonk, NY, USA).
Data were summarized using mean and standard error of the mean
(SEM) for quantitative variables. Comparisons between groups were
done using analysis of variance (ANOVA) with multiple comparisons
post hoc test for comparison between every two groups [23].

RESULTS
Impact of AgNPs on serum liver enzymes and total bilirubin

It was evident from the table 1, fig. 1, and fig. 2 that DEN/CCl4
control group showed an elevated level of all hepatic parameters i.e.
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AST, ALP, ALT and serum total bilirubin with respect to a normal
control group. DENA/CCls induced hepatic cancer group when
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treated with AgNPs significantly declined the levels of all hepatic
serum markers.

Table 1: Effects of AgNPs on liver enzymes activities and total bilirubin levels in rats

Groups Normal control (NC) Solvent control (SC) HCC group HCC+AgNPs group (300 mg/kg)
Parameters

ALT (ng/ml) 27.67+0.56 28.33+1.17 239.67+9.64 *# 64+5.3 *#$

AST (ng/ml) 38.5+1.36 42.67+0.92 265+7.96 *# 86.33+2.01 *#$

ALP (mg/ml) 57.5+1.12 68+0.73 263.33+5.58 *# 89.67+3.66 *#$

Total bilirubin(mg/ml)  21.33+1.52 32+1.1 206.67+9.19 *# 71+3.71 *#$

Values are presented as mean+SEM*: statistically significant compared to corresponding value NC group (P<0.05) #: statistically significant
compared to the corresponding value in SC group (P<0.05) $: statistically significant compared to the corresponding value in HCC group (P<0.05)

Impact of AgNPs on serum I1-6, TNF-aand VEGF levels

Table 2 and fig. 3 speaks about the proinflammatory cytokines (TNF-
a, IL-6) and the raised level of TNF-a and IL-6 in DEN/CCl4-induced
rats was significantly decreased by AgNPs administration manner

toward the finish of the experiment. In other words, VEGF showed
the same result as that of TNF a and IL-6. DENA/CCls induced
hepatocarcinogenesis demonstrated the elevated level of VEGF with
respect to a normal control rats.

Table 2: Effects of AgNPs on serum I1-6, TNF-aand VEGF levels in rats

Groups Normal control (NC) Solvent control (SC) HCC group HCC+AgNPs group (300
parameters mg/kg)

IL-6 (pg/ml) 96+1.93 107.67+2.49 364.33+14.77 " 167.67+5.73 "#$
TNF-alpha (pg/ml)  96£1.93 110.33+3.66 474.33+22.85 " 173.33%9.19 *#$

VEGF (pg/ml) 53.67+4.4 63.67+2.84 432+28.59 * 116.67£13.82°%

Values are presented as mean+SEM*: statistically significant compared to corresponding value NC group (P<0.05) #: statistically significant
compared to the corresponding value in SC group (P<0.05) $: statistically significant compared to corresponding value in HCC group (P<0.05).

Table 3: Effects of AgNPs on nitric oxide (NO) levels in rats

Groups Normal control (NC) Solvent control (SC) HCC group HCC+AgNPs group (300
parameters mg/kg)
NO pmol/l 52.67£0.92 54.67+0.56 108.83+3.56 # 85.83+1.83 "#$

Values are presented as mean+SEM*: statistically significant compared to corresponding value NC group (P<0.05) #: statistically significant
compared to the corresponding value in SC group (P<0.05) $: statistically significant compared to the corresponding value in HCC group

Impact of AgNPs on serum nitric oxide (NO) levels

DENA/CCls induced rats affirmed the enhanced level of NO, when
contrasted with normal control rats. AgNPs treatment revealed the
dose-dependent lessening in NO, which confirms the antioxidant
property of treatment (table 3 and fig. 4).

Impact of AgNPs on DENA/CCls-induced  hepatic
histopathological changes

Histopathological examination of liver sections of a normal control
group (Group I) stained with H and E showed normal hepatic
configuration. The liver cells are arranged in the form of cords

T

radiating from the central vein to the periphery (fig. 5). Liver
sections of Groups II, which was administered with olive oil without
the induction of HCC, also showed the features of normal liver,
indicating that there is no adverse effect of the olive oil on the liver
(Fig.6). In contrast, the sections of the liver from HCC control group
(Group III) showed a loss of lobular architecture. It also evidenced
the features of necrosis, apoptosis, and diffused macrosteatosis (fig.
7, 8). It also revealed the dilatation and proliferation of bile duct and
fatty degeneration. DENA/CCls/AgNPs-treated group in a dose of
(300 mg/kg body weight) showed marked improvements with
almost restored lobular architecture and reduction in fatty
degeneration (fig. 9).

ALT AST

® Normal control (NC)

® Solvent control (SC)

® HCC group » HCC+AgNPs group (300 mg/kg)

Fig. 1: Effects of AgNPs on liver enzymes activities in rats
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Normal Solvent HCC group HCC group
control (NC) control (5C)

Fig. 2: Effects of AgNPs on total bilirubin levels in rats

Fig. 5: (Control): high power view showing average portal tract (black arrow) with average portal vein (PV), average bile ducts (blue
arrow), average hepatic artery (red arrow), and average hepatocytes in peri-portal area (yellow arrows) (HandE X 400). Fig. 6: (SC group)
shows liver showing average portal tract (black arrow) with average portal vein (PV) and average bile ducts (BD), average central veins
(blue arrow) and average hepatocytes (yellow arrow) (HandE X 200). Fig. 7: (HCC group) bile duct proliferation and hemorrhage (red
arrow) more apoptotic nucleus ((black arrow) and show necrotic area (yellow arrows) (HandE X 400). Fig. 8: (HCC group) liver section
showed diffused macrosteatosis (black arrow) and apoptotic nuclei (yellow arrows) (HandE X 400). Fig. 9: (HCC+AgNPs group) high
power view showing marked improvement with portal tract with dilated congested portal vein (PV), average bile ducts (BD), and
hepatocytes showing mild micro-vesicular steatosis in peri-portal area (black arrows) (HandE X 400)
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Immunohistochemical results

Proliferating cell nuclear antigen (PCNA) immune staining reaction
was confined to the nuclei. The reaction product was present in
different patterns from a faint to strong densely stained nuclear
granular reaction filling the whole nucleus. Only moderately to
strongly stained nuclei were considered as positive. Sections for the
control reaction gave a negative PCNA stain. In the normal control

Int ] Pharm Pharm Sci, Vol 12, Issue 9, 1-8

liver sections, there were a few numbers of PCNA positive nuclei (fig.
10). Examination of liver sections in group II after receiving olive oil
injection showed few numbers of PCNA positive nuclei the same as
the normal group. Examination of liver sections of HCC group
showed more predicted number of PCNA positive nuclei with strong
intensity of immunostaining (fig. 11 and 12). After AgNPs
administration there was an obvious decrease in the number of
PCNA positive nuclei as compared with HCC group (fig. 13).

Fig. 10: (control and SC groups): liver section of normal control rat showing few PCNA positive hepatocytes nuclei (arrows), (X 400).
Fig. (11and12): (HCC group): Liver section post DEN/CCL4injection showing increase in the number of PCNA positive nuclei (arrows),
(X 400). Fig. 13: (HCC+AgNPs group) Photomicrographs of hepatic sections revealed mild expressions of PCNA cells of hepatocyte,
(arrows), (X 400)

Immunohistochemistry was used for the detection of caspase-3-
positive cells in liver samples. Immunohistochemical analysis of liver
sections of the normal control group showed classical
immunoreactivity to cleaved caspase-3 (fig. 14). In contrast, the liver
sections of the hepatic cancer-induced group (HCC group) showed
increased immunoreactivity to cleaved caspase-3 compared to the

normal control group (fig. 15), Immunoreactivity of caspase-3
toward hepatocytes in the liver sections of the group treated with
AgNPs was analyzed to compare the efficacy of the target of green
biosynthesized of AgNPs by the seeds of Nigella sativa. Many
hepatocytes showed decreased immunoreactivity to cleaved
caspase-3 (fig. 16).

Fig. 14: hepatic section of control and solvent control rats showing low expressions of caspase-3 immune reactive cells as cytoplasmic
brownish color, (arrow), (HandE X 400). Fig. (15): hepatic tissues of HCC rats showing wide spread of positive immune reactive cells for
caspase-3 (arrows), (HandE X 400). Fig.(16): Photomicrographs of hepatic sections of HCC rats treated with AgNPs showing low
expression for caspase-3, (arrows), (HandE X 400)

DISCUSSION

Hepatocarcinogenesis is a multistage process with the intervention
of multiple risk factors such as chemical exposure [24]. In the
DENA/CCls-chemical model of HCC in animals, a multi-step of

hepatic carcinogenesis is achieved, where the DENA-initiation stage
is followed by the CCls-promotion stage. DENA is an N-nitroso
alkylating agent which is quickly metabolized and collected in the
liver, finishing in the formation of numerous DNA adducts such as
the Os-ethyldeoxythymidine and lastly mutations [17]. The
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promotion with CCls is the hepatic cirrhosis, carcinogenesis, and HCC
simulating the human histopathological and clinical pictures [6]. The
present study was an endeavor to the silver nanoparticles of a plant
extract with a result to control the development of hepatic cancer in
rats.

In the present study, DENA/CCls-induced oxidative stress can induce
liver tissue damage and hence modify its function. Zhao et al
recorded that the AST, ALT, ALP,and total bilirubin serum levels are
indicators for hepatic function, their increase is correlated with the
hepatic injury. DEN hepatic injury is related to the disturbance in
hepatocytes membrane instability and metabolism resulting in
alterations of the serum levels of these enzymes. Al-Rejaie et al
mentioned that increase of ALT and AST levels are specific to
hepatocellular disturbance [41]. ALP is a liver function enzyme that
related to the membrane lipid in canalicular ducts. ALP increase in
serum reflects the biliary flow disturbance. So, the extra or intra-
hepatic interference with the bile flow leads to the elevation of ALP
serum levels. Also, various studies documented the increase in ALT
and AST levels may be due to the spillage of these cytosolic enzymes
and, moving towards the circulatory system occurred because of
hepatic destruction after DEN introduction. This is beginning of
hepatocellular destruction because of the hypofunction of liver and
interruption in the biosynthesis of these serum markers enzymes,
with changing the penetrability of the liver cell membrane [26].

The current result revealed a significantly reduction in the levels of
these enzymes after AgNPs administration because of changing the
permeability and integrity of liver membrane. Such a result runs in
full agreement with that of [27].

Bilirubin is produced as a metabolic product of haemoglobin, which
involves in conjugation with glucuronic acid in hepatocytes.
Estimation of serum bilirubin imparts a main role in estimation of
hepatic capacity, and any irregular increment in the levels of serum
bilirubin demonstrates hepatobiliary illnesses and inflammation of
liver function[28]. Also, Rajkapoor et al. reported that a significant
increase in the level of serum bilirubin might be due to the mass
hindrance of the conjugation response and release of unconjugated
bilirubin from damaged hepatocytes [29]. Treatment with AgNPs
decreased the content of serum bilirubin and involves in the
regeneration of normal activity of liver.

IL-6 is an immunoregulatory cytokines produced by cancer cells and
associated macrophages, its high serum level is associated with
specific immune and metabolic alterations that lead to cancer
cachexia, one of the main causes of death in cancer. During
inflammation, IL-6 regulates the response of certain liver-specific
transcription factors [30]. In addition, IL-6 is a positive regulator of
growth and play a role in the proliferation, differentiation, and
apoptosis of myeloid cells [31]. It inhibits apoptosis in cancer cells
and stimulates angiogenesis. It regulates growth in solid tumors
through paracrine and autocrine actions Also, IL-6 is associated with
the stage of tumor and survival. IL-6 acts as a mutagenic, motogenic,
morphogenic, proneoangiogenic, and hepatocyte growth factor in
HCC and thus plays a role in HCC carcinogenesis. Jin et al. reported
that IL-6 is produced by Kupffer cells and stimulates compensatory
regeneration which may be important in DENA-induced
hepatocarcinogenesis [32]. IL-6 is considered to be an
hepatoprotective cytokine, although it has also been shown that
persistent high levels of IL-6 cause liver damage.

HCC is likely to produce angiogenic factors. VEGF is considered the
strongest stimulator for angiogenesis, and plays an important role in
the course of carcinogenesis and metastasis [33]. VEGF is
significantly elevated in HCC as HCC is a highly vascular tumor, and
tumor angiogenesis is critical for both its growth and metastasis
[35]. As an inflammatory, apoptotic, and angiogenic cytokine, TNF-a
has various important roles in HCC pathogenesis. It leads to
superoxide formation, with either activation of the caspase-8,
and/or induction of necroptosis. The necroptosis cell death is a
consequence of caspase inactivity with the engagement of death
receptors mainly TNF receptor-1 (TNFR1). Moreover, the
upregulated expression of VEGF/VEGF receptors and IL-8 are
evidenced after TNF-a production [36]. Recently, Aboubakr et al
reported that circulating pro-inflammatory cytokines, such as TNF-a
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and IL-6 which triggers hepatic injury, were increased at least in
part by a free-radical-mediated apoptotic mechanism [37].

In the current study, the DENA/CCls-challenging showed increases in
the NO. In HCC, poor prognosis is associated with upregulated
angiogenic factor and excessive tumor vasculature. In dynamic
paracrine and autocrine manners, the hepatic stromal, tumor and
stellate cells are considering major sources of these angiogenic
factors [38]. The higher hepatic NO production is playing very
important roles in neoplastic transformation and progression
through DNA damage. Moreover, the hepatic cancer cells with
multidrug resistance protein-1 (MDR1) phenotype display marked
inducible nitric oxide synthase expression and NO levels. In this
investigation, we observed that AgNPs decreased NO levels in
DENA/CCls induced liver cancer. These manifested that AgNPs can
lessen reactive oxygen species and diminishing oxidative destruction
to the hepatic tissues other than enhancing the action of enzymatic
antioxidant parameters.

In this study, the histological study of the livers of those rats exposed
to DENA/CCls showed the existence of several histological changes,
including areas of necrosis, apoptotic cells which are extremely rare
in normal livers which might be due to the excessive free radicals
generation during DENA/CCls administration. Such findings strongly
suggest the ability of DENA to initiate hepatocarcinogenesis with the
interactive effect of CCls. The same observation was documented by
many authors [39, 40]. The histological features suggested that
AgNPs are effective in reducing DEN-induced hepatocarcinogenesis.

Immunohistochemistry was used for the detection of PCNA and
caspase-3-positive cells in liver samples. PCNA is a cofactor of DNA
polymerase-delta and an index of the rate of cell turnover or cell
proliferation [41]. PCNA is involved in protein-protein interactions
[42] and in the DNA damage tolerance pathway known as post-
replication repair [43]. The present work demonstrated that PCNA
immuno-histochemically as potential molecular biomarkers. These
investigations were done to improve our understanding of
histopathological changes. It was suggested that cancer associated
with elevated levels of PCNA whose levels were used as a predictive
marker in various cases [44].

Caspases are aspartate-specific cysteine proteases and members of
the interleukin-1 (IL-1) B-converting enzyme family. These enzymes
are produced in inactive forms and are activated in a protease
cascade. Caspases are often classified into initiators (caspase-1, -2,
-4, -5, -8, -9, -10, -11, -12) and effector caspases (caspase-3, -6,
-7). The latter ones, with caspase-3 being considered the most
important member, are responsible for the execution of apoptosis or
programmed cell death [45]. Apoptosis is a form of programmed cell
death characterized by DNA fragmentation, cytoplasmic shrinkage,
membrane changes, and cell death without lysis or damage to the
neighboring cells. Apoptosis is important during development, for
normal tissue homeostasis, and as a protective mechanism to get rid
of damaged cells owing to diseases or toxins. On the contrary,
inappropriate apoptosis has been implicated in the development of
cancer, neurodegenerative disorders, and autoimmune diseases
[46]. Caspases take part in both the intrinsic and extrinsic apoptosis
pathways. However, caspase-3, also known as the executioner
caspase, is responsible for the morphological changes such as
chromatin condensation, DNA breakdown and laddering, and
breakdown of membrane proteins [47].

Many attempts have been made to use AgNPs as an anticancer agent
and they have all turned up to be positive [48]. The size reduction of
nanoparticles plays an important role in improving their bio-
availability and compatibility for therapeutical applications in
diseases like cancer. Developing more effective and less toxic
anticancer agents, including natural products, are necessary to
prevent or delay the process from hepatocarcinogenesis [49]. AgNPs
have been recorded to extend chemopreventive activities by
controlling the tumor in vivo [50]

CONCLUSION

In conclusion, based on the present study results, we suggest the
therapeutic effect of AgNPs synthesized by the green method using
Nigella sativa against diethylnitrosamine and carbon tetrachloride-
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induced hepatocellular carcinoma in rats. AgNPs would exert a
chemopreventive effect by restoring the activities of hepatic marker
enzymes and lessen reactive oxygen species and diminishing oxidative
destruction to the hepatic tissues during hepatocarcinogenesis.
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