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A   B   S   T   R   A   C   T 
 

Globally, hepatocellular carcinoma (HCC) is the second-ranked cause of cancer-related deaths. 
Induction of anti-angiogenesis and apoptosis are highly effective strategies for treating HCC. 
Emergence of the anti-angiogenic and apoptotic properties of silver nanoparticles (AgNP) is a 
developing policy in cancer therapy. The present study was conducted to evaluate the therapeutic 
effects of polyvinylpyrrolidone (PVP)-capped AgNPs on chemically-induced HCC in rats. Induction 
of HCC model in male albino Wistar rats (220-250 g) was initiated by a single intraperitoneal 
injection of diethylnitrosamine (DEN; 200 mg/kg), then after 2 weeks promoted intraperitoneally 
with carbon tetrachloride (CCl4) solution (CCl4/olive oil; 1:1; 1 ml/kg) three times weekly for 6 
weeks. HCC was confirmed through significant reductions in survival rates, serum albumin, 
elevations in serum alanine aminotransferase (ALT), aspartate aminotransferase (AST) and alpha-
fetoprotein (AFP) levels and hepatic vascular endothelial growth factors (VEGF), platelet-derived 
growth factors (PDGF), nitric oxide (NO), interleukin (Il)-4 and -8, and tumor necrosis factor-alpha 
(TNF-α) levels, in addition to the histopathological dysplastic changes. PVP-AgNPs (30, 125, and 
300 mg/kg/day) were given through oral gavage for 28 days. PVP-AgNPs therapy showed significant 
amelioration of these injurious effects with enhancement in the hepatic caspases activities, translated 
histopathologically to a marked improvement in the hepatic architecture. PVP-AgNPs 125mg/kg/day 
regimens displayed the best therapeutic effects, which considered a therapeutic modality for HCC 
regarding their anti-inflammatory, antiangiogenic, and caspase-dependent apoptotic effects. 
Advanced targeted molecular studies for use of single or combined regimens of PVP-AgNPs with 
different chemotherapeutics are recommended. 

Key Words:  Alpha-fetoprotein, Angiogenesis, Apoptosis, Carbon tetrachloride, Diethylinitrosamine, 
Hepatocellular Carcinoma, Polyvinylpyrrolidone-capped silver nanoparticles. 

Corresponding Author: Samah M. Elaidy  Email: semsemologist@yahoo.com 
   samah_elaidi@med.suez.edu.eg 

 
1. INTRODUCTION 

Hepatocellular carcinoma (HCC), the fifth most 
common malignancy, is the second-most common cause 
of cancer-related deaths worldwide, due to its poor 
general prognosis (Njei et al., 2015; Yu, 2016). 

The HCC is an extremely vascularized tumor, in 
which angiogenesis has a critical role in the progression, 
metastasis, and recurrence (Yang et al., 2014; Muto et 
al., 2015). 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), IL-8, and tumor necrosis factor-
alpha (TNF-α) (Sanz-Cameno et al., 2010; Muto et al., 
2015).  

Furthermore, dysregulated apoptosis has a crucial 
role in HCC tumorigenesis and acquired resistance to 
chemotherapy. Caspase-3 cleavage is a mutual step in the 
intrinsic (mitochondrial), and extrinsic apoptotic cellular 
pathways, with dependent roles of caspase-9 and TNF-
α/caspase-8, respectively (Fabregat, 2009; Wong, 2011; 
Yin et al., 2015).  

The hepatic-drug targeting, as well as handling of the 
different apoptotic and anti-angiogenic cascades 
resulting in evidenced anti-proliferative effects, are 
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possessing remarkable HCC therapeutic promises 
(Bishayee and Darvesh, 2012; Yang et al., 2014; Muto 
et al., 2015).  Moreover, with Food and Drug 
Administration (FDA) limited approval for HCC 
valuable effective therapeutic options due to marked 
adverse effects and the emergence of resistance, new 
drug regimens are in crucial need, as a seldom entity or 
as an adjuvant for enhancement and resistance reduction 
(Fornari et al., 2017).  

Silver nanoparticles (AgNPs), are the best-recognized 
nanoproducts that have been applied widely especially as 
antimicrobial agents (Hussein and Sarhan, 2014). The 
AgNps are displaying selective hepatic deposition with 
enhanced hepatic first-pass effects after in-vivo oral 
administration (Kim et al., 2010; Jiménez-Lamana et 
al., 2014), with remarkable engulfment by the malignant 
cells, away from the surrounding normal cells, and a 
lacking recovery from their effects (AshaRani et al., 
2009; Perrault et al., 2009; Prabhu et al., 2011). 

The AgNP prevents VEGF-stimulated angiogenesis 
as well as cellular proliferation and migration induced by 
activated phosphatidylinositol-3-kinases/Protein kinase 
B (PI3K/Akt) signaling pathways (Gurunathan et al., 
2009; Kalishwaralal et al., 2009). Moreover, different 
cytotoxic effects and reduction in cellular viabilities 
ending in anti-proliferative effects through oxidative 
stress-apoptotic pathways were recognized by using 
AgNP both in various cancer cell lines including human 
hepatocellular carcinoma HePG-2 cell line (Zhu et al., 
2016), and other in vivo cancer models regardless HCC 
models (Hsin et al., 2008; çIftçI et al., 2013; Sun et al., 
2013).   

These special characters of AgNP fulfill the criteria 
of the effective HCC anticancer agents regarding the 
hepatic targeting, anti-angiogenic properties, and 
apoptotic cytotoxicity, with low cost synthesis. Thus, the 
current study rationale was about the possible therapeutic 
roles of AgNP in different doses on in vivo HCC animal 
model. 

2. MATERIALS AND METHODS 
2.1. Drugs and chemicals 

 Diethylnitrosamine (N-nitrosodiethylamine; DEN; 
purity, 99.0%), carbon tetrachloride (CCl4), and nitric 
oxide (NO) colorimetric assay kits were purchased 
from Sigma-Aldrich Company, St. Louis., USA.  

 The PVP-AgNp was provided by Nanotech 
Company, Egypt.  

 The enzyme-linked immunosorbent assay (ELISA) 
kits for IL-4, VEGF, PDGF-BB, and TNF-α were 
obtained from Quantikine® ELISA, R&D systems, 
Minneapolis, MN, USA, while those for alpha-
fetoprotein (AFP), and IL-8 was purchased from 
MyBioSource Company, San Diego, USA.  

 Caspase-3, -8 and -9 colorimetric assay kits were 
purchased from Abcam Company; Cambridge, U.K.  

 All other chemicals and drugs were purchased from 
Sigma-Aldrich Company, St. Louis., USA. 

2.2. Animals  

Male albino Wistar rats (220 - 250 g) were brought 
from the Egyptian Organization for Biological Products 
and Vaccines, Cairo, Egypt. Rats were allowed free 
access to food and water and were maintained under 
standard conditions (normal light/dark cycle, and 
temperature 25 ± 3 °C). Animals were left to acclimatize 
for one week before starting the experiment. All 
experimental dealings were approved by the Institutional 
Animal Care and Use Committee of the Suez Canal 
University, which is following the National Institutes of 
Health guide for the care and use of laboratory animals 
(Maryland, USA) as a benchmark. 

2.3. Experimental protocol 

2.3.1. Polyvinylpyrrolidone-capped silver nanoparticles 
preparation and characterization 

Polyvinylpyrrolidone (PVP) capped-AgNP was 
supplied as a transparent grayish yellow-water-soluble 
liquid (5 ml, 512mg/ml phosphate buffer saline, 99.98% 
purity), after chemical reduction preparation method as 
reported by (Lee and Meisel, 1982) and (Pacioni et al., 
2015). Briefly, a solution of AgNO3 was used as Ag1+ 
ions precursor, while sodium borohydride (NaBH4) and 
PVP was used as mild reducing, and stabilizing agents, 
respectively. The color of the solution slowly turned into 
grayish-yellow; indicating the reduction of the Ag1+ ions 
to Ag nanoparticles.  

The PVP-AgNP was in a uniform spherical-shaped 
particles with particle size around 20 nm, which was 
characterized using transmission electron microscopy 
(TEM; JEOL JEM-2100 high-resolution TEM at an 
accelerating voltage of 200 kV), as shown in Figure 
(1A). The ultraviolet visual (UV-Vis) absorption 
spectrum (λmax) was at 403 nm; Figure (1B), was 
obtained on an Ocean Optics USB2000+VIS-NIR Fiber 
optics spectrophotometer. Before each use, the solution 
was sonicated for 10 min to ensure uniform distribution 
of the nanoparticles. 

2.3.2. Chemical induction of HCC 
Induction of HCC was through two consecutive 

stages: initiation and promotion by DEN and CCl4; 
respectively (Zalatnai and Lapis, 1994; Abdel aziz et 
al., 2011; Motawi et al., 2016). For initiation, DEN was 
administered in a single intraperitoneal (IP) dose of 200 
mg/kg dissolved in normal saline 0.9% at a final volume 
of 1ml/kg. Two weeks after DEN challenging, CCl4 
solution (CCl4/olive oil; 1:1; 1 ml/kg) was administered 
IP three times weekly for 6 consecutive weeks.  
2.3.3.  Study groups 

The PVP-AgNPs were used in three different doses: 
a dose of 30 mg/kg/day representing the No Observed 
Adverse Effect Level (NOAEL), a dose of 125 
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mg/kg/day, and a dose of 300 mg/kg/day which was 
considered the Lowest Observable Adverse Effect Level 
(LOAEL) for 28 days in two different rat species 
according to safety profiles mentioned by (Kim et al., 
2010; Jiménez-Lamana et al., 2014). Experimental rats 
were randomly divided into 8 groups of 12 animals each. 
Normal-untreated group; where normal rats were not 
given any medications, PVP-AgNPs (30)-, (125)- and 
(300)-control groups; where PVP-AgNPs were given by 
oral gavage in a dose of 30, 125 and 300 mg/kg/day for 
28 days, respectively (Kim et al., 2010), and finally 
DEN/CCl4-control group where included rats who 
developed HCC were not given any treatment. By the 
start of the 9th week after DEN injection, rats were 
subjected for 28 days to daily oral gavage of normal 
saline. PVP-AgNPs (30)-, (125)- and (300)-treated 
groups; After induction of HCC, PVP-AgNPs were daily 
given by oral gavage in doses of 30, 125 and 300 mg/kg 
body weight from the start of the 9th week for 28 days.  

2.4. Blood and hepatic sampling and processing 
Twenty-four hours after the last injections, blood 

samples for biochemical and biological analyses were 
collected from individual anesthetized rats through retro-
orbital plexus, then cervical decapitation was done. 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), and AFP levels. 
Each liver was dissected out, washed in cold normal 
saline, and dissected into two parts. One part was 
embedded in 10% neutral buffered formalin for the 
histopathological examinations, while the other was 
rapidly frozen in liquid nitrogen and kept in -80ºC for the 
further measurement of hepatic NO, Il-4, -8, VEGF, 
PDGF-BB, and TNF-α levels and caspase-3, -8 and -9 
assays.  
2.5. Assays for serum liver enzymes, and AFP levels  

Serum liver enzymes were measured 
spectrophotometrically with the Hitachi 912 (Roche 
Diagnostics Co., Mannheim, Germany) as previously 
instructed (Huo et al., 2011). AFP, a commonly used 
tumor marker for HCC assays was measured according 
to the manufacturer instructions (Billmire et al., 2014).  
2.6. Total hepatic No, VEGF, PDGF-BB, IL-4, IL-8, 

and TNF-α assays 

Each liver tissue was weighed, homogenized in 
phosphate buffer saline (PBS), centrifuged at 14000×g 
for 10 min (4°C) and the supernatant was used for further 
analyses. Liver content of NO was measured according 
to the previous method described by Montgomery et al.  
(1962) using the manufacturer kits. For quantification of 
VEGF, PDGF-BB, IL-4, IL-8, and TNF-α contents, each 
liver homogenate was assessed as instructed in the 
commercial ELISA kits using an ELISA reader 
(Metertech, M960) (Chen et al., 2008). 

2.7. Colorimetric assay of the protease activity of 
caspase-3, -8 and -9  

Caspases apoptotic activities measurement was 
performed using colorimetric kits in accordance with the 
manufacturer’s instructions (Abcam Company; 
Cambridge, U.K).  

2.8. 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 cuts 
stained with hematoxylin and eosin (H&E) stains. A 
histopathological modified score of HCC was applied 
according to a histopathological score. This score 
evaluated the hepatic architecture as 0 for preserved 
architecture and 1 for disturbed architecture. The nuclear 
to cytoplasmic (N/C) ratio was assessed as (0) for normal 
ratio (1:4), (1) for mild increased ratio (1:3), (2) for 
moderate increased ratio (1:2), and (3) for markedly 
increased ratio (≥1:1). The degree of pleomorphism was 
assessed as grade (0) for no findings to minimal nuclear 
irregularity, grade (1) for hyperchromatism, prominent 
nucleoli, and some irregular nuclei, grade (2) for changes 
more than grade (1) besides angulated nuclei, and grade 
(3) for noticeable pleomorphism with anaplastic giant 
cells  (Paradis, 2013). Finally, the degenerative hydropic 
changes or steatosis was scored as (0) for < 5%, (1) for 
5%-33%, (2) for ˃ 33%-66%, and (3) for ˃ 66% (Kleiner 
et al., 2005).  

2.9. Statistical analysis 

Results were collected and expressed as a mean ± 
standard error of the mean (SEM) then analyzed using the 
statistical package for the social sciences (SPSS 
Software, SPSS Inc., Chicago, USA), version 23. One-
way analysis of variance (ANOVA) followed by post-
hoc multiple comparisons; Bonferroni test was used to 
test the significance of the difference between 
quantitative variables. Other categorical values were 
assessed by using Chi-square test with Yates's correction. 
Survival data were assessed by the Kaplan–Meier 
analysis using Log-Rank test. A p-value < 0.05 was 
considered to be statistically significant. 

3. RESULTS 
3.1. Effects of PVP-AgNPs on the survival 

percentages 

As shown in Figure (2), the survival rates were 
plotted. The survival rates of the AgNPs control groups 
revealed insignificant changes in comparison to the 
control-untreated group (not shown; p > 0.05).  In 
DEN/CCl4-control group, a low survival percentage 
(58%) were found, which was significantly lower than 
the normal control group's survival percentage (100%; p 
< 0.05). After DEN/CCl4-challenging, treatments with 
AgNPs (30), (125), and (300) showed higher significant 
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survival percentages, 67%, 92%, and 83%; respectively, 
with significant differences between the therapeutic 
modalities (p > 0.05).   

3.2. Effects on serum liver enzymes, albumin, and 
AFP levels 

        As shown in Table (1), in normal healthy rats, 
the oral daily administration of PVP-AgNPs in doses of 
30 and 125 mg/kg didn't induce significant changes in 
means serum liver enzymes, albumin, and AFP levels 
when compared to the normal-untreated group (p > 0.05). 
While, the PVP-AgNPs in a dose of 300 mg/kg/day 
showed a significant elevation in means serum liver 
enzymes, and a significant reduction in means serum 
albumin levels in comparison to the normal untreated 
group (p < 0.05), without significant alterations in the 
AFP levels (p > 0.05). The DEN/CCl4-challenging 
displayed significantly higher levels of means serum 
liver enzymes, and AFP, and lower levels of mean serum 
albumin (p < 0.05), which ameliorated by the 
administration of PVP-AgNPs in different doses. The 
PVP-AgNPs in a dose of 125mg/kg/day showed the most 
ameliorated levels in comparison to PVP-AgNPs (30)-, 
and (300)-treated groups (p < 0.05). 

3.3. Effects on hepatic NO, VEGF, PDGF-B, Il-4, Il-
8, and TNF-α levels 

The PVP-AgNPs administration in different doses did 
not alter the mean hepatic levels of the pro/angiogenic 
mediators including NO, VEGF, and PDGF-B, beside Il-
4, Il-8, and TNF-α in comparison to the normal-untreated 
group (p > 0.05). The challenging with DEN/CCl4 
displayed significant elevations in means hepatic levels 
of VEGF, PDGF-B, and Il-4, Il-8, and TNF-α compared 
to the normal-untreated rats (p < 0.05). Different 
regimens of PVP-AgNPs significantly ameliorated these 
deleterious changes-induced by DEN/CCl4 (p < 0.05), to 
be comparable to the normal-untreated group (p > 0.05). 
Furtherly, the PVP-AgNPs in a dose of 125 mg/kg/day 
revealed the most significant improvements compared to 
the other treated groups (p < 0.05), Figure (3A) and (B). 

 

 

 

 

 

 

 

 

 

 

3.4.  Changes in total hepatic caspase-3, -8 and -9 
activities 

In normal healthy rats, after administration of the 
PVP-AgNPs (125), and (300), the hepatic activities of 
caspase-3, -8 and -9 were augmented significantly in 
comparison to the normal-untreated group (p < 0.05). 
Administration of DEN/CCl4 showed insignificant 
increases in the hepatic caspases activities (p ˃ 0.05). 
Therapeutic regimens with different doses of PVP-
AgNPs showed amplifications in these proteolytic 
activities (p < 0.05), which were most evident after the 
PVP-AgNPs (300) administration (p < 0.05), Figure (4). 

3.5. Effects on DEN/CCl4-induced hepatic 
histopathological changes 

As shown in Figure (5) and Table (2), the normal-
untreated, the PVP-AgNP (30), (125)-, and (300)-control 
groups showed normal hepatocytes arranged in plates of 
one/two cell thickness, surrounding patent sinusoids with 
abundant eosinophilic cytoplasm, central vesicular 
nucleus with inconspicuous nucleoli (N/C ratio of 1:4). 
After DEN/CCl4 challenging, high histopathological 
scores with disturbed architecture with thick plates, nests, 
and sheets of hepatocytes were evidenced. The 
hepatocytes exhibited markedly enlarged nuclei, 
markedly increased N/C ratio of 1:1 or more, and coarse 
chromatin-containing nuclei. Some hepatocytes showing 
more than one prominent nucleolus, and scattered 
binucleated and multinucleated cells. There was 
moderate pleomorphism with few apoptotic and necrotic 
cells. The PVP-AgNP (30)-treated groups showed mild 
improvement in the architecture, while the PVP-AgNP 
(300)-treated group showed moderate restored 
architecture. The PVP-AgNPs (125)-treated group 
showed marked restoration of lobular architecture and 
normal characteristics of the hepatocytes, Figure (5) and 
Table (2). 
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Table (1): Changes in means serum liver enzymes activities, albumin, and AFP levels in different study groups. 

Study Groups  
(n=12) 

Serum ALT 
(U/L) 

Serum AST 
(U/L) 

Serum albumin 
(g/dl) 

Serum AFP 
(IU/L) 

Normal-untreated group 18.58 ± 0.18 70.13 ± 0.86 3.92 ± 0.09 0.29 ± 0.02 
PVP-AgNPs (30)-control group 18.38 ± 0.19 68.26 ± 0.82 3.94 ± 0.12 0.30 ± 0.01 

PVP-AgNPs (125)-control group  18.71 ± 0.19 72.41 ± 0.90 3.88 ± 0.10 0.28 ± 0.01 

PVP-AgNPs (300)-control group 21.19 ± 0.15 a 81.42 ± 0.84 a 3.22 ± 0.11 a 0.27 ± 0.01 

DEN/CCl4-control group 71.09 ± 0.39 a 320.33 ± 2.95 a 1.05 ± 0.09 a 2.97 ± 0.04 a 
PVP-AgNPs (30)-treated group  56.66 ± 0.22 a,b 233.50 ± 2.65 a,b 1.38 ± 0.09 a 1.97 ± 0.03 a,b 
PVP-AgNPs (125)-treated group  28.66 ± 0.32 a,b,c 168.92 ± 1.73 a,b,c 2.09 ± 0.11 a,b, c 0.67 ± 0.02 a,b,c 
PVP-AgNPs (300)-treated group  30.86 ± 0.55 a,b,c 187.29 ± 0.64 a,b,c,d 1.92 ± 0.10 a,b,c,d 0.86 ± 0.01 a,b,c,d 

Data were expressed as means ± SEM. ap < 0.05 compared to the normal-untreated group. bp < 0.05 compared to DEN/CCl4–control group.  cp < 0.05 compared to PVP-
AgNPs (30)-treated group. dp < 0.05 compared to PVP-AgNPs (125)-treated group. 
 
 

Table (2): Effects of PVP-AgNP on DEN/CCl4-induced HCC regarding the histopathological scoring. 

Study Groups 
(n=12) 

Hepatic 
architecture 

N/C ratio Degree of pleomorphism Steatosis 

0 1 Total 0 1 2 3 Total 0 1 2 3 Total 0 1 2 3 Total 

Normal-untreated group 12 0 12 12 0 0 0 12 12 0 0 0 12 12 0 0 0 12 

PVP-AgNPs (30)-control group 12 0 12 12 0 0 0 12 12 0 0 0 12 12 0 0 0 12 

PVP-AgNPs (125)-control group  12 0 12 12 0 0 0 12 12 0 0 0 12 12 0 0 0 12 
PVP-AgNPs (300)-control group 11 1 12 12 0 0 0 12 12 0 0 0 12 10 2 0 0 12 a 
DEN/CCl4-control group 1 6 7 a 0 0 1 6 7 a 0 0 3 4 7 a 0 0 2 5 7 a 
PVP-AgNPs (30)-treated group  4 2 8 a,b 1 1 5 1 8 a,b 1 3 4 0 8 a,b 4 3 1 0 8 a,b 
PVP-AgNPs (125)-treated group  10 1 11 b,c 9 2 0 0 11 b,c 10 1 0 0 11 a,b,c 9 1 1 0 11 a,b,c 
PVP-AgNPs (300)-treated group  8 2 10 a,b,c,d 6 3 1 0 10 a,b,c,d 7 2 1 0 10 a,b,c,d 6 2 2 0 10 a,b,d 
n=12. Chi-square test with Yates's correction was used to analyzed data. ap < 0.05 compared to the normal-untreated group.  bp < 0.05 compared to DEN/CCl4–control 
group.  cp < 0.05 compared to PVP-AgNPs (30)-treated group. dp < 0.05 compared to PVP-AgNPs (125)-treated group. N/C ratio: Nuclear/cytoplasmic ratio; DEN: 
Diethylnitrosamine; CCl4: carbon tetrachloride; PVP-AgNPs: polyvinylpyrrolidone capped-silver nanoparticles.  
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Figure 1: The characterization of PVP-AgNP. (A): TEM photographs of PVP-AgNP with a particle size of 20 nm. 
(B): The UV-Vis absorption spectrum presented a narrow peak (λmax) at 403 nm, which indicated monodispersed, 
uniform, and spherical shaped nanoparticles. 
 

 

 

Figure 2: Effects of the PVP-AgNPs-(30), (125), and (300) on the survival rates. Values were analyzed by Kaplan–
Meier analysis, using Log-Rank test. n= 12.  The mean difference was statistically significant at p < 0.05. ap < 0.05 
compared to the normal-untreated group. bp < 0.05 compared to DEN/CCl4–control group.  cp < 0.05 compared to 
PVP-AgNPs (30)-treated group. dp < 0.05 compared to PVP-AgNPs (125)-treated group. 
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Figure 3: Changes in means hepatic (A) No, Il-4, Il-8, and (B) VEGF, PDGF-BB, and TNF-α levels in different 
study groups. n=12. ap < 0.05 compared to the normal-untreated group. bp < 0.05 compared to PVP-AgNPs (30)-
control group. cp < 0.05 compared to PVP-AgNPs (125)-control group. dp < 0.05 compared to DEN/CCl4–control 
group.  ep < 0.05 compared to PVP-AgNPs (30)-treated group. fp < 0.05 compared to PVP-AgNPs (125)-treated group.  
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Figure 4: The hepatic activities of caspase-3, -8, and -9 in different study groups. n=12. ap < 0.05 compared to 
the normal-untreated group. bp < 0.05 compared to PVP-AgNPs (30)-control group. cp < 0.05 compared to PVP-
AgNPs (125)-control group. dp < 0.05 compared to DEN/CCl4–control group.  ep < 0.05 compared to PVP-AgNPs 
(30)-treated group. fp < 0.05 compared to PVP-AgNPs (125)-treated group.  
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Figure (5): Hepatic histopathological photomicrographs of different study groups stained with hematoxylin & eosin (H&E, 400X and 100X). 
Normal-untreated group, and the PVP-AgNP (30)-, (125)-, and (300) control groups showed hepatocytes arranged in thin plates with preserved architecture, 
small nuclei and patent sinusoids. DEN/CCl4-control group displayed marked disturbed architecture of thick plates, nests and sheets of hepatocytes, which 
displayed markedly enlarged nuclei, increased nucleo-cytoplasmic ratio (1:1 or more), and nuclei's coarse chromatin, with more than one prominent 
nucleolus, moderate pleomorphism, and few apoptotic and necrotic cells. The PVP-AgNP (30)-, and (300)-treated groups showed mild, and moderate 
improvements in the architecture; respectively. The PVP-AgNPs (125)-treated group showed marked improvements with almost restored lobular 
architecture and hepatocytes with small nuclei and abundant eosinophilic cytoplasm. Arrows: Normal hepatocytes or hepatocytes with increased N/C ratio, 
Arrow head: Nucleus with inconspicuous nucleoli or prominent nucleoli. 
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4. DISCUSSION 
In the DEN/CCl4-chemical model of HCC in animals, 

a multi-step hepatic carcinogenesis is performed, where 
the DEN-initiation phase is followed by the CCl4-
promotion phase. The DEN is an N-nitroso alkylating 
agent, which is rapidly metabolized and accumulated in 
the liver, ending in the formation of various DNA adducts 
as the O4-ethyldeoxythymidine, and finally mutations 
(Zalatnai and Lapis, 1994; Motawi et al., 2016). The 
promotion with CCl4 is leading to the hepatic cirrhosis, 
carcinogenesis, and HCC mimicking the human 
histopathological and clinical pictures (Uehara et al., 
2013). 

In the current rat model of HCC-induced by 
DEN/CCl4-challenging, the evaluation of the 
antiangiogenic and apoptotic properties of the PVP-
AgNPs were assessed, in addition to serum liver 
functions, albumin, and AFP levels, as well as how these 
parameters were affecting the survival rates. 

In the present study, the used PVP-AgNPs particles 
were administered orally. They were in the spherical 
shape of 20 nm diameter. In general, various capping 
agents, as PVP which is a safe water-soluble polymer 
(Kang et al., 2011; Lima et al., 2012), could be added 
to nanoparticles for thermodynamic stabilization, 
prevention of the aggregation and enhancing the 
solubility (Singh et al., 2009; Seabra and Durán, 2010). 
Additionally, in normal rats, the orally administered 20 
nm AgNPs are absorbed extensively in the micelles and 
are subjected to an extensive hepatic first-pass effect, 
with a final biliary excretion. The deposition of the un-
excreted 20 nm AgNPs was evidenced mainly in the 
kupffer cells, and sinusoidal endothelium, with an 
unremarkable deposition in other tissues (Kim et al., 
2010; Jiménez-Lamana et al., 2014). Furtherly, the 
small-sized AgNPs (20 nm) display selective deep tumor 
cells' permeations in comparison to the larger sized 
particles (60 and 100 nm) (AshaRani et al., 2009; 
Perrault et al., 2009; Prabhu et al., 2011).  

Presently, the DEN/CCl4-challenging revealed 
reductions in the rats' survival rates and serum albumin 
levels, and increases in serum ALT, AST, and AFP 
levels. During the previously evidenced DEN/CCl4-
induced carcinogenesis, significant reductions in survival 
rates, and impairments in liver functions, and serum 
albumin were reported, which were due to oxidative 
burden, lipid peroxidation of the hepatocytes' cellular and 
mitochondrial membranes, and the DNA damage 
(Uehara et al., 2013; Ding et al., 2017). Moreover, 
clinically, AFP is considering a non-invasive diagnostic 
and prognostic factor for HCC, which implicates the 
HCC incidence, the response to treatment, and the 
recurrence (Cheng et al., 2014).  

Of notice, in Dalton's lymphoma ascites tumor mice 
model, AgNPs enhanced the survival rates by 50% in 
comparison to the model controls (Sriram et al., 2010). 
In the current study, the DEN/CCl4-induced carcinogenic 
deleterious effects were ameliorated by the daily oral 
PVP-AgNPs with higher survival rates. Three different 
doses of 30, 125, and 300 mg/kg/day were used, from 
which the dose of 125mg/kg/day exhibited the most 
therapeutic effects. This could be explained as the 
therapeutic roles of AgNPs in cancers are evidenced 
cytotoxic effects which could be obtained starting from 
the LOAEL (125 or 300 mg/kg/day) in different rat 
species, and via the oxidative/apoptotic effects on the 
dysplastic hepatocytes (Hsin et al., 2008; Sun et al., 
2013), with remaining of the normal survivors of 
surrounding hepatocytes.  

Upon gut absorption, the AgNPs could behave into 
two alternative pathways. The first is belonging to the 
stability of the AgNPs in the Nano-forms, whereas the 
other pathway is directed into oxidative dissolution with 
Ag release (Loeschner et al., 2011; Vandebriel et al., 
2014). The earlier study demonstrated that the 
accumulation and penetration of AgNps into the hepatic 
pool is a concentration-dependent regardless the 
administration duration. With higher AgNPs 
concentrations, the hepatocellular mitochondrial 
saturation occurs, leading to marked AgNPs 
accumulation in the residual cellular parts. Moreover, Ag 
oxides, which form insides the cells, has the ability to 
initiate complexes with the abundant proteins in the 
cellular environment, especially the cysteine-rich 
residues. These proteins have a major role in the 
activation/suppression of various growth factors and their 
receptors at the cellular levels (Coyle et al., 2002; 
Jiménez-Lamana et al., 2014). 

In the current study, the DEN/CCl4-challenging 
revealed increases in the hepatic angiogenic factors; NO, 
Il-4, Il-8, VEGF, and PDGF. In HCC, poor prognosis is 
associated with upregulated angiogenic factors 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 (Zhu et al., 2011, 2015; Muto et al., 
2015; Otto et al., 2017).  

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 (Fantappiè et 
al., 2015; de Oliveira et al., 2017). Of the most 
important regulating, prognostic, and aggressive 
angiogenic factors are VEGF, and PDGF which are 
promising therapeutic targets in HCC. In HCC, VEGF, 
via its receptors, is correlated with higher dysplastic 
grades, and vascular invasion (Sanz-Cameno et al., 
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2010; Coulouarn and Clément, 2014; Zhu et al., 2015). 
Whereas, PDGF is stabilizing the new vascular 
architecture through regulation of the endothelial tubular 
investment with pericytes and mural cells ( Zhu et al., 
2011; Muto et al., 2015; Talaat et al., 2016).  

In the present work, PVP-AgNPs administration 
displayed significant reductions in the DEN/CCl4-
induced angiogenesis. Preceding results on the cellular 
effects of AgNPs showed disruption in the Hypoxia-
inducible factor-1/VEGF signaling pathway by which the 
inhibition of angiogenesis and cancer cell growth were 
obtained (Yang et al., 2016). In accordance, in bovine 
retinal endothelial cells, AgNPs reduced the VEGF-
induced cellular proliferation and migration through 
enhanced caspase-3 activity and reduction in PI3K/AKT 
dependent pathway (Kalishwaralal et al., 2009). In 
contrast to the present results, Kang and colleagues 
(2011) reported that PVP-AgNPs particles in a diameter 
of 2.3 nm induced endothelial cell tube formation with 
upregulation of VEGF, and NO in a vitro endothelial cell 
line, SVEC4-10. The differences of AgNPs particles 
diameter with extensive permeation and the lake of 
paracrine signals for HCC could explain this discrepancy.     

Regarding IL-4, higher levels are evidenced by the 
different stages of HCC. Of note, IL-4 is enhancing the 
angiogenesis, and the tumor growth and metastasis and 
are suppressing the cytotoxic T-lymphocytes-derived 
apoptosis and the M2 macrophages polarization with the 
formation of tumor-associated macrophages (Fan et al., 
2014; Gao et al., 2015; Ouyang et al., 2016; Akkari 
and Lujambio, 2017; Guo et al., 2017). In addition, IL-
8, an effective pro-inflammatory cytokine, could enhance 
the VEGF expression through the expressional 
upregulation of hypoxia-inducible factor-1, nuclear 
factor-κB, and Signal Transducer and Activator of 
Transcription-3 transcriptional factors (Martin et al., 
2009; Chen et al., 2014; Zhu et al., 2015). 

 In the present work, significant reductions in hepatic 
IL-4, and IL-8 were evident after different therapeutic 
regimens of PVP-AgNPs. Park et al. (2010) concluded 
that AgNps in a size of 42nm could elevate serum IL-4 
with the repeated administration for 28 days. 

As an inflammatory, apoptotic, and angiogenic 
cytokine, TNF-α 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-α production (Park et 
al., 2010; Zhu et al., 2011; Shalini et al., 2015; Talaat 
et al., 2016). Presently, PVP-AgNPs regimens decreased 
the hepatic TNF-α levels, which could explain the 
reduction in the hepatic VEGF, and IL-8 levels, and 
activation of hepatic caspase-8.  

In HCC, the growth and proliferation of dysplastic 
hepatocytes, and activated Kupffer cells, and the 
oxidative/inflammatory/angiogenic signaling pathways 
are facilitating the primary tumor dissemination and are 
protecting its survival with dysregulation of the apoptosis 
(Fabregat, 2009). The dysregulated apoptosis expanses 
the cancer cells mass with consequent therapeutic 
resistance (Im et al., 2017). In the current work, 
DEN/CCl4-challenging revealed insignificant elevations 
in hepatic caspases activity. The caspases-dependent 
apoptosis is an important therapeutic pathway in cancer. 
The caspase-3 is an executioner one, which activated 
through various signaling pathways by caspase-8 or 
caspase-9 (Chang et al., 2015; Shalini et al., 2015; Ding 
et al., 2017).  

Through its cytotoxic effects, AgNPs could enhance 
the proteolytic activities of different caspases 
(Kalishwaralal et al., 2009; Gaiser et al., 2013). These 
findings are in agreement with our outcomes, where 
PVP-AgNPs augments the hepatic caspases-3, -8, -9 
activities. Earlier, PVP-AgNPs administration revealed 
that the apoptosis cascades of PVP-AgNPs could be 
through the generation of reactive oxygen specious and 
c-Jun N-terminal kinases (JNK) (Hsin et al., 2008).  

Of notice, the dampening of inflammation is evident 
in the apoptotic course through inactivation of different 
inflammatory pathways (Martin et al., 2012; Creagh, 
2014). This furtherly mitigates the TNFR1 and other 
death receptors stimulations result in further caspases 
activations (Creagh, 2014). These finding could explain 
how AgNPs could modulate the inflammatory/apoptotic 
pathways in HCC milieu.  

In accordance with previous histopathological 
findings (Abdel aziz et al., 2011; Motawi et al., 2016; 
Ding et al., 2017), the challenging with DEN/CCl4 
revealed marked distortion in the hepatic architecture and 
higher dysplastic changes. In obvious manners, 
significant ameliorations in these dysplastic changes and 
restoration of hepatic architectures were evident after the 
therapeutic regimens of PVP-AgNPs, mainly in the dose 
of 125 mg/kg/day. These outcomes were consistent with 
the above current results of PVP-AgNPs regarding the 
serum liver enzymes, albumin, and AFP levels, and the 
inflammatory, apoptotic, and angiogenic parameters.    

5. CONCLUSION 
 In conclusion, PVP-AgNPs in a dose of 

125mg/kg/day could be considered a cytotoxic therapy 
for HCC with anti-inflammatory, anti-angiogenic, and 
apoptotic proprieties, in addition to the improvement in 
survival rates. Further studies are in need for targeting 
other molecular signaling pathways related to PVP-
AgNPs therapeutic approaches in HCC. Moreover, 
additional chronological studies should be done for 
assessment of the therapeutic effects of PVP-AgNPs 
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alone and in combination with other chemotherapeutic 
regimens used for HCC treatment.    
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