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Abstract 

Hepatocellular carcinoma (HCC) has reported high prevalence rates recently in Egypt and worldwide. Livin is one of the 

apoptotic inhibitor genes and its silencing increases the apoptotic incidence and hence the resistance to cancer proliferation. 

Resveratrol (Res) and gold nanoparticles (Au-NPs) have been documented for their antitumor activities. In the present study, 

we used hepatocarcinoma as a model to investigate the combination of Res and Au-NPs (Res-Au-NPs) antitumor activity, via 

their effect on the expression of livin’ and A-fetoprotein genes (AFP).  Au-NPs (size: 50.0±2.0 nm) were produced by the 

seeded growth technique. The HCC rat model was administered with Res, Au-NPs, and their combination for two months. 

Livin and AFP gene expressions, DNA damage, and pathological changes in the liver tissues were assessed. Our results 

revealed a significant reduction in livin’ and AFP mRNA expression levels in HCC rats treated with a combination of Res and 

Au-NPs compared to those treated with Res or Au-NPs alone. This reduction was accompanied by increased DNA damage in 

the same group. The histological examination revealed an improvement in parenchymal structure with decreased degenerated 

hepatocytes in the Res-Au-NPs treated group compared to HCC, Res, and Au-NPs groups. In conclusion, the combination of 

Res and Au-NPs might be more effective in HCC treatment than using Res or Au-NPs alone due to the synergetic effects of 

both, which might be a prospective directed approach for the treatment of HCC. 
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________________________________________________________________________________________________________ 

1. Introduction 

Hepatocellular carcinoma (HCC) is the sixth 

most widespread cancer disease universally and it 

ranks fourth among the cancer diseases causing death 

[1]. Egypt is the third most popular country in the 

prevalence of Hepatocellular carcinoma (HCC) 

among African countries [2]. The increased survival 

rate of cirrhosis and incidence of HCV are considered 

the main risk factors for developing HCC [3-5]. 

Livin or Baculoviral IAP repeat-containing 

7 (BIRC7) is one of the apoptosis protein family 

inhibitors (IAP), which may develop many types of 

cancer via disturbing cell cycle and cell proliferation 

by inhibiting the programmed cell death, it is thought 

to be an antiapoptotic oncogene. Besides, it is a key 

regulator of apoptosis, cytokinesis, and signal 

transduction [6-8]. BIRC7 protein is composed of one 

zinc-binding ring domain and one Baculovirus IAP-

Repeat (BIR) domain consisting of 70 amino acids 

which are responsible for the inhibitory effect via 

reacting withAPAF1 and caspases together with 

cytochrome C to arbitrate caspase 9 activation [9]. 

Livin protein was detected to be overexpressed in 

many cancer types especially those associated with 

chemoresistance and malignancy in colorectal cancer, 

renal carcinoma, papillary thyroid carcinoma, 

adrenocortical tumors, hepatocellular carcinoma, and 

prostate cancer [10-16]. Livin is considered as a new 

biomarker for colorectal and colon cancer screening 

as it can detect colon cancer at the early stage 

accurately [17, 18]. Recently, elevated expression of 

livin was reported to be associated with cell 

migration, invasion, proliferation, aggressiveness of 

tumor,  metastasis and poor prognosis in colon cancer 
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[16, 17].  Moreover, an association between 

overexpression of livin and bad prognosis with low 

survival rate in HCC associated with HCV was 

recently reported [19]. 

Biomarkers are well known for their 

significant role as a predictive and prognostic tool 

[20]. A-fetoprotein (AFP) is a serum biomarker used 

for the diagnosis and monitoring of HCC 

postoperatively [21]. Thus AFP is considered one of 

the most popular diagnostic tools for HCC, with 

some limitations as its level was reported to be 

elevated in testicular cancer, pregnancy, and some 

chronic diseases like cirrhosis and hepatitis [22]. 

 Resveratrol (Res), a natural polyphenol 

phytoalexin compound found in grapes, berries, and 

peanuts has been recently detected to have a 

management role in many cancer types like B-cell 

malignancies, oral squamous cell carcinoma, 

lymphangioleiomyomatosis, and triple-negative 

breast cancer through different genomic pathways 

[23-26]. Res was previously reported to be a vital 

inducer of autophagy and a good regulator of the 

epigenome and transcriptome [27-32]. Further, Res 

has demonstrated to be involved in DNA damage-

induced cancer cell aging via regulating the p53-

CXCR2 pathway through increasing the reactive 

oxygen species (ROS) production and thus DNA 

damage response (DDR) protein in U2OS cells [33]. 

Moreover, in xenograft mice, the tumor was inhibited 

via enhancing apoptosis by inhibiting VEGF, COX-2, 

and cyclin D1[34]. 

The advent of nanomedicine has steered 

away from chemotherapy to highlight treatment on 

the molecular level as a powerful agent to fight tumor 

resistance and intractable diseases [35, 36]. Gold 

nanoparticles (Au-NPs) tiny size permit their passage 

to the cancer cell through its leaky blood vessels and 

lymphatic system which facilitates their uptaking and 

accordingly, Au-NPs accumulation that improves 

their retention effect  [37]. The great ratio of surface 

area relative to the volume of Au-NPs offers a special 

platform to label or coat numerous functional objects 

on their surface. Various functionalization of (Au-

NPs) offered them wide application in nanomedicine, 

bioimaging, drug delivery and cancer treatment. For 

example, Au-NPs proved their efficiency as an 

antitumor agent and as a delivery system of siRNA to 

prostate cancer [38]. Several recent invitro studies 

have reported the inhibitory, antineoplastic and 

antioxidant effects of Au-NPs Cervical, Melanoma 

Cancer Cell, and MCF-7 cell line Lines [39-

41].Interestingly, several shapes and sizes of Au-NPs 

have been reported for their efficiency in gene 

silencing [42-44]. 

The present study aimed to assess the 

efficiency of silence livin gene by resveratrol 

formulated gold nanoparticles (AuNPs) in vivo, as a 

therapeutic tool to treat HCC using 

Diethylnitrosamine-induced hepatocellular carcinoma 

rat as a model. 

2- Experimental 

 Chemicals 

Analytical-grade chemicals were obtained from 

Sigma Aldrich Company. Cairo, Egypt. We bought 

Molecular Kits from Thermo Scientific, Inc. in the 

USA. 

Preparation and characterization of AuNPs 

AuNPs with 50 ± 2.0 nm size were synthesized by 

seeded growth method; where 5ml of 0.2M CTAB 

solution and 1.5ml HAuCl4 (1M) were mixed and 

vigorously stirred under dark condition. For 

production of seeded solution, 0.6 mL of 0.01M ice-

cold (0.01 M) NaBH4 was added to the solution 

resulting in converting the color of the solution into 

brownish yellow with continuing vigorous stirring for 

another two minutes at 25°C [45]. At 25 °C, 0.35 mL 

of 0.004 M AgNO3 was gently mixed with 10 mL of 

growth solution containing 5 ml of 0.001M HAuCl 

and 5 ml of 0.20 M CTAB in a clean test tube, 

followed by the addition of 70 ml of 0.0788 M 

ascorbic acid and 5 ml of 1 M HCl. Finally, 12 uL of 

the previously prepared seed solution were added at 

the center of the growth solution resulting in 

changing the colour of the solution progressively 

within 10 to 20 minutes. Throughout the steps of the 

preparation experiment, the growth solution's 

temperature was maintained at 27- 30°C. 

High-resolution transmission electron microscopy 

was used to characterize the physico-chemical 

properties of AuNPs (HR-TEM, Tecnia G2, Super 

twin, double tilt, FEI, Netherlands). Inductively 

Coupled Plasma-Optical Emission Spectroscopy 

(ICP-OE) particle size analyzer and Zeta potential 

measurements (Zeta sizerananoseries'zs', Malvern, 

UK) were used to.  

Animals  

From the National Cancer Institute (NCI) 6-week-

old Wistar albino male rats weighting 120-150 g 

were purchased. All experimental methods were 
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carried out in compliance with the international 

standards for the care and use of laboratory animals.  

 Before the experiment began, rats were given one 

week to acclimatize after being randomly assigned to 

plastic cages with sawdust bedding upon arrival. 

They were given access to food and water ad libitum 

and housed in a typical environment of room 

temperature (22-24 °C), humidity (45-65%), and light 

(12 hr. light/12 hr. dark cycles). Six equal groups of 

six rats each were assigned by the following labels:  

-ve HCC, -ve Res untreated, HCC, Res, Au-NPs, 

and Res +Au-NPs. 

Experimental design 

Rats were divided into six groups; -ve HCC 

group: rats received single intraperitoneal injection of 

saline followed by subcutaneous injections of corn oil 

twice weekly for 12 weeks, -ve Res group: rats orally 

received 0.5% aqueous solution of carboxymethyl 

cellulose (CMC) daily for 15 day  before tumour 

progression and after HCC for two weeks, HCC 

group: rats receive single intraperitoneal injection of 

diethyl nitrosamine (200 mg/kg body weight), next 

CCl4 injections subcutaneously (3mL/kg body 

weight)twice weekly for 12 weeks, Res group: rats 

orally  received 20 mg/kg of Resveratrol (Res) 

dissolved in 0.5% aqueous solution of CMC daily for 

15 days after tumour progression for two weeks, Au 

NPs group:after tumor progression rats were treated 

with 0.5ml of Au-NPs for two weeks, Res-AuNPs 

group: tumour bearing rats orally received 20 mg/kg 

of Res dissolved in 0.5% aqueous solution of CMC 

daily for two weeks simultaneously with intravenous 

injection of  Au-NPs in tail vein of rat after tumor 

progression. 

Expression levels of the AFP and Livin genes 

By using Thermo Scientific RNA Purification Kit, 

total RNA was isolated from frozen samples of liver 

tissue then was kept at -80 according to the 

manufacturer's recommendations. Remaining 

genomic DNA was removed using DNase I treatment 

before EDTA treatment. cDNA synthesis was 

performed using 1 mg extracted RNA according to 

the manufacturer’s recommendation of RevertAid 

First Strand cDNA Synthesis Kit. The produced 

cDNA was utilized to measure the expression levels 

of AFP and Livin genes using DreamTaq Green PCR 

Master Mix (2x) via Real-time PCR in 25 ml total 

volume reaction [46]. The thermal cycler PCR 

(Techne TC-3000) was used to run the reaction for 35 

cycles at annealing temperature 60 
o
C for AFP, Livin, 

and GAPDH. Table 1 lists the amplification primers 

that were employed. Gene values were scaled to 

GAPDH as an internal control where samples for 

each gene were prepared in triplicate.  

 

Table 1: Primer sequences used for QRT-PCR 

 

Antisense 3`-5` Sense 5`-3` Gene 

GGTAACCAGGCGTCCGATAC CCGCTCTTCTTGTGCAGTG GAPD

H 

AATGTAAATGTCGGCCAGTCCCT TCTGAAACGCCATCGAAATGCC AFP 

GGTAACCAGGCGTCCGATAC CCGCATCTTCTTGTGCAGTG LIVIN 

 

 

Normal Comet assay  

The single cell gel electrophoresis (SCGE)/normal 

comet assay was carried out to assess the apoptotic 

cells as described by [47, 48] . Briefly, pieces of liver 

tissue from each animal of each experimental group 

were minced in 0.5 ml cold mincing solution, mixed 

with 0.5% low melting agarose (Sigma) and spread 

on frosted pre-coated slide with 1% normal melting 

agarose. After air drying, they were deep in cold lysis 

buffer for 1h in darkness. Following that, slides were 

incubated for 20 minutes at 4°c in TAE buffer (1x) 

then electrophoresed for 30 minutes at 300 mA and 

25 V. and electrophoresed for 30 min at 24 V, then 

washed with tap water twice before staining with 

ethidium bromide. Apoptotic cells characterized by 

large fan-like tails and small heads and intact cells 

were scored in one 50 cells per animal using 

fluorescent microscope (Carl Zeiss Axioplan with 

epifluorescence filter 15 BP546/12, FT580, and 

LP590). The extent of DNA migration in each sample 

was assessed using Ltd.'s Komet 5 image analysis 

software (Liverpool, UK). A Closed-Circuit Digital 

(CCD) camera was used to capture the images of 

comets. 

Histopathological examination of liver tissue 

For pathological examination, 10% formal saline 

was used as a fixative solution for liver tissue 

samples for 24 hours. Following the usual steps of 
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dehydration and embedding in paraffin wax, 4 um 

tissue sections were cut before being dewaxed, 

rehydrated, and finally stained with hematoxylin and 

eosin (H and E) then viewed under light microscope 

for histological examination. 

 

Statistical analysis  

The current data were analyzed using (SPSS) 

version 18.0. To compare gene expression and DNA 

damage among groups, the Student's t-test or analysis 

of variance (ANOVA) were used. A P-value of ˂0.05 

was considered statistically significant. 

2. Results 

    Characterization of Au-NPs 

High-resolution transmission electron microscope 

(HR-TEM) was utilized for Au-NPs characterization 

which revealed that these particles have an average 

size of 50.0 ± 2.0 nm with a long shape as shown in 

Figure 1A. Figure 1B shows the number frequency of 

particle size data in linear scale. The peak shows that 

the average size of Au-NPs is 69.67 nm, the Zeta 

potential of Au-NPs was shown with particles 

carrying a charge of 21.5mV. Zeta potential value 

was strongly positive (Figure 1C). 

 

 

Figure 1: A: Image by HR-TEM image of the synthesized Au-NPs shows the rod shape of 50.0 ± 2.0 nm Au-

NPs. B: Graph of particle size distribution of the synthesized AuNPs with average size 69.67 nm using particle 

size analyzer. C: Zeta potential of Au-NPs. 

 

Quantitative analysis of mRNA expression 

Treatment with Res and Au-NPs combination 

caused a significant (p˂0.05)   downregulation of the 

expression levels of AFP and Livin genes in Res-Au-

NPs group in comparison with all other treated 

groups (Figure 2).

 

 
Figure 2: Quantitative analysis of mRNA expression of AFP (A) and Livin (B) genes using QRT-PCR extracted 

from liver tissue of HCC rat model treated with Res, Au-NPs and combination of Res and Au-NPs 

(Res-AuNPs). Expression levels were normalized to GAPDH. Data are expressed as the mean ± 

SEM. *P≤ 0.05 compared with the control. 
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Normal Comet assay 

 Table 2,3 showed the effect of resveratrol and/or 

Au-NPs on DNA damage in liver tissues after one 

month and two months of induction. Group treated 

with Res- AuNPs resulted in statistically marked (P≤ 

0.05) elevation parameters tail length, %DNA in tail 

and tail moment measurements in comparison to 

those treated with Res alone or with Au-NPs. 

Moreover, it’s obvious that prolonged treatment for 

two months caused further significant increase in the 

same parameters, where Res-AuNPs revealed the 

highest significant DNA damage in comparison to all 

other treated groups (Figure 3). 

 

Table 2: Effect of resveratrol and/or Au-NPs on DNA damage in liver tissues after one month of induction 

 

 

   

 

 

 

 

 

 
 

 

 

 

 

-All values are represented as Mean ± Standard error of mean (SE)   

- There is a significant difference between groups by using one-way ANOVA at P≤ 0.05 followed by Duncan 

multiple comparison test. 

- The same letter means that there is no significant difference between the two groups by using Duncan multiple 

comparison test (P> 0.05). 

-The different letters mean that there is a significant difference between the two groups by using Duncan multiple 

comparison test (P≤ 0.05). 

- 
* 
Statistically significant compared with normal (negative control) using student t- test. 

- 
#
Statistically significant compared with HCC (positive control) using student t- test. 

  

Table 3: Effect of resveratrol and/or Au-NPs on DNA damage in liver tissues after two months of induction. 

 
 
Groups  

Tail length (µm) 
(Mean ± SE) 

% DNA in Tail 
(Mean ± SE) 

Tail Moment (µm) 
(Mean ± SE) 

-ve Res 3.12 ± 0.08
a,#

 3.54 ± 0.19
a
 0.13 ± 0.01

a
 

-veHCC  
3.23 ± 0.09

a,#
 

 
3.67 ± 0.15

a
 

 
0.15 ± 0.02

a
 

HCC  
 

 
4.96 ± 0.49

b, *
 

 
4.82 ± 0.43

a
 

 
0.46 ± 0.15

a,b
 

Resv.  
8.31 ± 0.16

C, *, #
 

 
11.61 ± 0.45

b, *, #
 

 
2.05 ± 0.17

c, *, #
 

Au-NPs       11.49 ± 0.72
d, *, #

 4.13 ± 0.67
 a

 0.52 ± 0.06
b, *

 

Resv.+Au-NPs 18.23 ± 0.45
e, *, #

 7.34 ± 1.15
c, *, #

 1.59 ± 0.07
d, *, #

 

 
-All values are represented as Mean ± Standard error of mean (SE). 

- There is a significant difference between groups by using one-way ANOVA at P≤ 0.05 followed by Duncan 

multiple comparison test. 

- The same letter means that there is no significant difference between the two groups by using Duncan multiple 

comparison test (P> 0.05). 

 
Groups 

Tail length (µm) 
(Mean ± SE) 

% DNA in Tail 
(Mean ± SE) 

Tail Moment (µm) 
(Mean ± SE) 

-ve Res 3.48 ± 0.13
a, #

 2.21 ± 0.24
a, #

 0.071 ± 0.02
a, #

 

-veHCC  
3.57 ± 0.12

a, #
 

 
2.3 ± 0.26

a, #
 

 
0.081 ± 0.01

a, #
 

HCC  
 

 
7.04 ± 0.08

b, *
 

 
4.5 ± 0.14

b, *
 

 
0.3 ± 0.01

b, *
 

Resv.  
10.18 ± 0.06

c, *, #
 

 
5.2 ± 0.09

b, *
 

 
0.53 ± 0.01

c, *,  #
 

Au-NPs        
10.20±0.17

c, *, # 

 

 
5.19±0.85

b, *
 

 
0.53±0.08 

c, *, #
 

Resv.+Au-NPs 14.6±0.05
d,*, #

 7.24±0.06
c, *, #

 1.05±0.01 
d, *,  #
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-The different letters mean that there is a significant difference between the two groups by using Duncan multiple 

comparison test (P≤ 0.05). 

- 
* 
Statistically significant compared with normal (negative control) using student t- test. 

- 
#
Statistically significant compared with HCC (positive control) using student t- test. 

 

 

   
 

   
 

Figure 3: Representative photomicrographs showing typical nuclei with various degrees of DNA damage 

observed as comet induced by treating HCC with resveratrol or Au-NPs. Combined treatment induced the highest 

degree of DNA damage compared with undamaged DNA of control groups. A: -ve Res, B: -ve HCC, C: HCC, D: 

Res, E: Au-NPs and F: Res-Au-NPs. Magnification 400X. 
 

Histopathological examination of the liver 

tissues   

         Histopathological examination of liver 

revealed normal parenchyma with normal portal area, 

hepatic artery, portal vein, central vein and blood 

sinusoid in both –ve Res and -ve HCC groups (Figure 

4 A and B). While untreated HCC group showing 

diffuse hepatic degeneration, vacuolated hepatocytes, 

disorganized hepatic cords, congested central vein 

with hemorrhage and degenerated endothelial lining, 

pleomorphic nuclei and diffuse area of coagulative 

necrosis (Figure 4 C). Treatment with Res or Au-NPs 

decreased the degenerated hepatocytes with 

congestion in hepatoportal blood vessels with 

degenerated endothelial lining and degeneration in 

the adjacent hepatocytes (Figure 4 D and E). 

However, combined treatment with Res and Au-NPs 

demonstrated an improved hepatic parenchyma with 

apparently normal hepatocytes and decrease in 

degenerated hepatocytes compared to HCC group 

(Figure 4F). 

 

4.Discussion 

As far as we know, there is no report on the 

efficiency of combined treatment with resveratrol and 

gold nanoparticles in vivo. Thus, in the present study 

we investigated the efficiency of simultaneous 

treatment with Res and Au-NPs as antitumor agents 

together against HCC and shed light on their possible 

synergistic effect on silencing livin gene. 

Livin was reported to be highly expressed during 

early stages of HCC [49]. Interestingly, livin is not 

expressed in normal tissue while it is highly 

expressed in tumor cells, which rationalize the reason 

behind apoptotic induction in tumor cells only in 

response to down regulation of livin expression [50, 

51].

 

A B C 

D E F 
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Figure 4: Photomicrographs for histopathological examination of liver sections of control and treated HCC rat 

model. A and B: (-ve Res and -ve HCC) showing normal hepatic architecture with normal portal area, hepatic 

artery, portal vein, blood sinusoid and bile duct (H and E X 400). C: (+ve HCC) showing diffuse hepatic 

degeneration, vacuolated hepatocytes (star) with disorganized hepatic cords, congested central vein (thick arrow) 

with haemorrhage (arrowhead) and degenerated endothelial lining (line), pleomorphic nuclei (arrows) and diffuse 

area of coagulative necrosis (N) (H and E X 400). D: Res treated group showing apparently normal hepatocytes, 

wide blood sinusoids, and haemorrhage in the portal vein (arrowhead) (H and E X 400). E: Au-NPs group 

showing decrease in the degenerated hepatocytes with severe congestion in hepatoportal blood vessel (thick 

B A 

C D 

E F 
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arrow) with degenerated endothelial lining (line) and degeneration in the adjacent hepatocytes (d) (H and E X 

200). F: Res-Au-NPs group showing improved hepatic parenchyma with apparently normal hepatocytes, central 

vein and blood sinusoids (H and E X 400). H = hepatocytes, CV = central vein, S = sinusoids, N= necrosis. 

 

       This is in harmony with our findings, where livin 

expression reported a significant elevation in HCC 

group. Caspase is the target protein for Livin, where 

livin directly combines with it enabling other 

inhibitory apoptosis proteins (IAP) family members 

to combine with caspase via Smac/DIABLO protein 

which inhibit apoptosis of the cells [52, 53]. As the 

elevation of livin resulted in apoptosis inhibition, 

comet assay could confirm this suggestion by the low 

DNA damage percentage reported during first and 

second month in HCC group treated with diethyl 

nitrosamine to induce HCC model. 

Our data revealed that an administration of Res 

could decrease livin expression and elevated the 

DNA damage in HCC induced rats (Res group), 

while normal cells in control groups (-ve HCC and -

ve Res) showed intact DNA. Our findings agree with 

those of several authors who found that Resveratrol-

loaded gold nanoparticles enhanced the anti-tumor 

effectiveness of free Res due to activating the 

intrinsic pathway of apoptosis and consequently 

could be a potential anti-tumor agent against 

pancreatic cancer cells [54]. Furthermore, a 

combination of resveratrol with matrine could induce 

significant antiproliferative properties by several 

mechanistic pathways one of them is through 

encouraging apoptosis via caspase-3 and caspase-9 

activation [55]. Moreover, mitochondrial apoptosis 

has been reported as another mechanistic way of Res 

action [56]. These studies could rationalize the 

reported DNA damage in HCC due to elevation of 

livin, and intact DNA in normal cell because of 

silencing of livin gene and inhibition of oxidative 

DNA damage by Res [57]. 

Au-NPs could induce intracellular ROS mediated 

apoptosis that prevented the proliferation of HepG2 

cells [58]. This also agrees with the recent findings 

stated that Au-NPs exerts its apoptotic effect through 

activation of Bax, Bid, caspases and inhibition of 

anti-apoptotic bcl-2 [59]. Our results are consistent 

with previous observations that have demonstrated 

that HCC induced rats treated with Au-NPs showed 

elevated apoptosis confirmed by increased tail length 

in Au-NPs treated group. However, the present study 

suggested another pathway for activation of apoptosis 

through inhibition of livin expression. 

Taken together, simultaneous treatment with Res 

and Au-NPs could efficiently inhibit livin gene in 

Res-AuNPs group more than using each treatment 

separately, may be due to the synergetic effect of 

both which in turn could restore the apoptotic ability 

of the tumor cell. Many reports suggested that livin 

silencing reduced the apoptotic resistance in HCC 

cells with and diminishes markedly the propagation 

and invasiveness of HCC cells [60-62]. 

The efficiency of Res-AuNPs treatment could be 

assessed via measuring the expression level of AFP 

as being the most common diagnostic and prognostic 

tool for treated HCC [22]. The present findings 

revealed that Res-AuNPs group reported the most 

reduction of the AFP expression level in comparison 

to untreated HCC group. 

Abnormal histological signs combined with HCC 

could significantly be improved after treatment either 

with Res or Au-NPs, whereas a combination of both 

has reported the most effective attenuation of the 

histological damaged of HCC. This may be attributed 

to the antioxidative effect of Res that prevent the 

oxidative DNA damage and enhance the antioxidant 

enzymes GSH and SOD and the anti-inflammatory 

effect represented by the decreased level of TNFα in 

liver tissue [57, 63].For Au-NPs,  recent studies have 

demonstrated their toxic effects in several organs via 

oxidative stress and interacting with cellular 

macromolecules inducing histocytotoxicity [64, 65], 

these effects were not obviously reported in our 

experiment may be because the effect of Au-NPs is 

dose, shape, and size dependent [65, 66]. 

 

5. Conclusion 

our study has shown that the combination of 

resveratrol and gold nanoparticles was more efficient 

as an apoptotic inducer agent through inhibition of 

livin gene expression in hepatocellular carcinoma rat 

model which might be a prospective directed 

approach for the treatment of HCC. 
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