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Bystander Effect of Sonodynamic Therapy in the presence of 
Gold Nanoparticles: An in-vitro study 

INTRODUCTION 

Cancer is a global disease that affects life of many 
people in the world. Standard cancer treatment              
options include chemotherapy, radiotherapy and  
immunotherapy (1). Unlike traditional therapies,  
stimuli-responsive therapies can be controlled to  
increase targeted responses and decrease side effects 
(2). Sonodynamic therapy (SDT) is one of them that 
combines ultrasound (US) wave with chemotherapy 
drugs called as sonosensitizers (3). This treatment 
leads to generation of reactive oxygen species (ROS) 
such as hydrogen peroxide (H2O2), hydroxyl radicals 
(OH), and hydroperoxyl radicals which disrupts       
cancerous cellular function and damages to it (4). 
Deeply penetration of US waves in SDT is a                        
major therapeutic advantage over other stimulus-
responsive treatment for the destruction of deeper or 
larger tumours (5). 

In recent years, diagnosis and treatment of                 
cancers have been revolutionized with the advent of 
various nanoparticles (6,7). The unique properties of 
nanoparticles compared to chemotherapeutic agents, 
as well as their synergistic effects when combined 

with US waves, make them good candidates to                 
substitute chemotherapeutic agents (8). Gold                     
nanoparticles (GNPs) with low toxicity, a unique 
physical and chemical properties and good                     
biocompatibility is an excellent option for SDT (3,8,9).  

Despite researchers' best efforts to improve the 
quality of cancer treatment, clinicians often couldn’t 
be achieving the desired results. This could be due to 
existence of secondary radiation effects such as               
bystander (B.s) phenomenon (10). It is accepted that 
direct collision of radiation with a cell can damage its 
DNA and lead to biological effects. Nevertheless, they 
are not the only radiation effects, and non-targeted 
cells can also respond to the radiation (11). Some        
studies have been shown that this phenomenon             
reduces cancerous cell survival by affecting their DNA 
and signaling molecules (12). However, in other some 
studies known that the B.s effects have negative effect 
on cancer treatment due to creating cell death              
resistant, sustaining proliferative signaling, evading 
growth suppressors, avoiding immune destruction 
tumor-promoting inflammation and genome               
instability and mutation (10,13,14). The existence of 
these effects indicates that the occurrence of any  
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ABSTRACT 

Background: Bystander (B.s) effect can influence non-irradiated cells and affect the 
desired effect in cancer treatment. This study was conducted to assess this effect on 
simultaneous administration of ultrasound (US) and Gold nanoparticles as a 
sonodynamic therapy (SDT) which is an important newly stimuli-responsive method in 
cancer treatment. Materials and Methods: Firstly, the appropriate concentration of 
Gold nanoparticles (GNPs) and US intensity for SDT on melanoma cancer cells (A375) 
were evaluated. After treatments, the target cell culture was transferred to the 
bystander cells and the induced bystander effects including cell viability, apoptosis, 
expression of P53 (a promoter of apoptosis gene) and HO-1 (an inhibitor of apoptosis 
gene) were examined. Results: According to the MTT results, 50 µg/ml concentration 
of GNPs and 1.5 W/cm2 intensity of US wave were selected. Our results revealed that 
SDT induced B.s effect can alter the cell viability and apoptosis up to 20% and 51.61%, 
respectively. Moreover, a 2.9-fold increase in p53 gene expression and a decrease in 
OH-1 gene expression to 0.181-fold in comparison to the control groups were 
observed. Conclusions: These results confirmed that B.s effect of sonodynamic can 
reduce the cancerous cell viability. Our finding showed that this treatment can 
potentially be an alternative to traditional treatment modalities. 
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biological effect is not solely related to the number of 
irradiated cells (15). Therefore, studying and                
considering B.s effect in different fields such as          
protection, radiotherapy, and side effects in normal 
tissues seems to be necessary (16,11). 

The B.s effect has been studied for different         
cancer treatment such as ionizing radiation,              
photodynamic treatment (17), chemotherapeutic 
drugs (18), and radiofrequency waves (19) but there are 
no studies on B.s effect in SDT as an important              
stimulus-responsive treatment. Therefore, this study 
was performed to investigate the B.s effects on             
melanoma cancer cells when treated with SDT. 

 
 

MATERIALS AND METHODS 
 

Experimental design 
In this study, we used the target cell growth      

medium transfer technique to induce the B.s effect in 
non-irradiated cells (20). At the first step, we tried to 
find the proper component of GNPs concentration 
and US intensity for SDT on A375 cells using MTT 
assay.  

After obtaining the appropriate combination of US 
waves with GNPs, target cells were treated in              
different groups including US, GNPs, and US+GNPs 
and their cell culture medium was harvested and 
added to the non-irradiated cells. Finally, the viability 
of all B.s groups was measured with MTT assay, and 
for each group that showed change in cell viability, 
the apoptosis, and gens expressions (P53 and HO-1 
genes) assays were performed. The outline of the 
experiment, intervention, and the time interval             
between them are shown in figure 1. 

Cell culture  
A375 (human melanoma) cell line was purchased 

from Pasteur Institute in Tehran, Iran. A375 was            
cultured in RPMI 1640 medium (Roswell Park            
Memorial Institute1640, Gibco, Germany) containing 
10% Fetal Bovine Serum (FBS, Gibco, Germany), 
streptomycin (1 µg/ml, Biosera, France) and               
penicillin (100 units/ml, Biosera, France) and it was 
incubated at 37 °C in an atmosphere with 5% CO2 .  

 

Synthesis and characterization of GNPs 
The synthesis of GNPs was done according to the 
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same method which described in our previous study 
(21). At first, 50 mL of 0.01% HAuCl4 solution was 
heated to boiling temperature while being stirred in a 
100 mL round bottom flask. Then, 400 µL of 1%  
trisodium citrate solution was added. The size and 
morphology of GNPs were determined using               
Transmission Electron Microscopy (TEM, Philips 
em208s, 100kV, Netherlands), and particle size          
distribution was evaluated by using Dynamic Light 
Scattering (DLS, Nanoparticle Analyzer, SZ-100,           
Horiba Company, Japan). 

 

Evaluation of GNPs cytotoxicity in target cells 
To determine the optimal concentration of GNPs, 

the cells were seeded in a 96 microwell plate 
(Zhejiang Sorfa Life Science Research Co., Ltd.,             
Huzhou, China) at a density of 12 × 103      and then 
they were incubated for 24 h. Afterwards, the culture 
medium of the cells was replaced with media               
containing GNPs at different concentrations (0.5, 1, 
10, 20, 30 to 100 μg/ml) and were incubated for 2 h. 
Then, the culture medium was removed and the cells 
were washed twice with PBS. The cells were                  
incubated with a fresh medium for 24 h. Finally, the 
effect of GNPs on cell viability was measured by MTT 
assay. 

 

Assessment of cellular internalization 
The amount of internalized GNPs to the melanoma 

cells was determined using the ICP-OES assay. The 
A375 cells were seeded at a density of 1×106 cells/
well in a 6-well plate (Zhejiang Sorfa Life Science  
Research Co., Ltd., Huzhou, China) and were               
incubated overnight. Afterwards, the cell culture          
medium was replaced by a fresh medium containing 
optimum concentrations of GNPs. After 2 h, the            
culture medium was removed and the cells were 
washed three times using PBS. After that, the cells 
were detached by trypsin, counted and collected by 
centrifugation. Then, they were lysed in 3 mL of a 
solution containing 3:1 (v/v) hydrochloric acid (12.5 
M) and nitric acid (5 M)). The amount of GNPs uptake 
per cell was measured using ICP-OES (Varian            
Vista-Pro, Australia). 

 

US generator system and exposure set up 
The US system used in this study was a 1 MHz 

therapeutic unit in a continuous mode (215A; a 
coproduct of Novin Medical Engineering Co, Tehran, 
Iran; and EMS Co, Reading, Berkshire, England) with 
a 29.8 mm diameter probe and 7.0 cm2 effective           
radiation area.  

For US exposure, the unfocused transducer was 
fixed in a hole at the bottom of the water tank; then 
the 12-well plate (Zhejiang Sorfa Life Science           
Research Co., Ltd., Huzhou, China) was placed in            
far-field (out of the near field) for uniform intensity 
exposure so that the distance between cells adhered 
to the floor of the plate and the US transducer was 15  
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Figure 1. The general schematic of the experiment,                       
intervention, and the time interval between them. 
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cm as shown in figure 2.   

US exposure of target cells with and without GNPs 
The cells were cultured in 12-well plates (5 × 104 

cell/well) and were incubated for 24 h. In the group 
of GNPs with the US, the target cells were treated 
with nanoparticles for 2 h. After this time, the cell 
culture was completely removed and washed three 
times with PBS. Then, they were exposed to 1 MHz US 
at 0.5, 1, 1.5, and 2 W/cm2 intensities (ISATA) for 5 
min. 

 

Induction of the bystander effect 
After target cells treatment in different groups, 

the target cells culture medium was transferred to B.s 
cells to evaluate their effects on them. For this reason, 
one hour after the US exposure, the cell culture             
medium was collected and passed through a filter 
(0.22 μm) and transferred to the specified B.s cell 
plates. The B.s cells were incubated for 24 h after  
receiving the target group culture medium. Then, the 
cell viability was measured using MTT assay, and 
each group that showed a B.s effect was further 
examined by apoptosis and Real-time PCR assays.  

 

MTT assay 
The MTT test (5 mg/mL) (Sigma, St. Louis, MO, 

USA) was performed to investigate the percentage of 
cell viability. In the MTT assay, the mitochondria of 
live cells were colored and analyzed by a microwell 
plate reader to calculate the cell viability rate. For 
this reason, the cell culture media of each well were 
removed, the cells were washed and a mixture of 100 
μl RPMI with 10 μl of MTT solution (5 mg/mL) was 
added to them. After that, the cells were incubated for 
4 hours. Then, the MTT solution was removed, and 50 
μl of DMSO (Sigma, USA) was added to each well and 
was incubated again for 15 min. Finally, optical          
densities (ODs) of these wells were measured at 570 
nm by a microwell plate reader (Bio-RAD 680, USA). 
The cell viability was determined using eq. 1: 

 
    (1) 
 

Apoptosis in B.s cells  
Apoptosis was detected by the eBioscienceTM           
Annexin V Apoptosis Detection Kit II (Invitrogen, 
USA). After B.s cell treatments, the culture medium of 

each well was collected.  The cells were washed once 
with cold and fresh PBS, then 100 μl of buffer (1x) 
with 2 μl of annexin-V and 2 μl of propidium iodide 
(PI) were added to the cells and were incubated for 
20 min at room temperature in the dark. Finally, 300 
microliters of buffer were added and 10,000 cells for 
each sample were recorded on a flow cytometer.  

 
RNA extraction and Real-time PCR 

Total RNA was isolated from cells using BioFACT 
Total RNA prep Kit (BioFACT, Korea) according to the 
manufacturer’s instructions. Isolated RNA quantity 
and quality were determined by measuring                    
absorbance at 260 nm and 280 nm with a 2000 
nanodrop (Thermo Scientific, USA). The RNA samples 
were treated with DNase I (Thermo Scientific, USA) 
to avoid potential contamination with genomic DNA. 
Five micrograms of total RNA were used to                  
synthesize cDNA using BioFACT 2X Onestep               
Real-time PCR Master Mix kit (BioFACT, Korea) and 
oligo (dT) primers. The primers for all assayed genes 
were used according to Table 1. The Real-time               
polymerase chain reaction was performed using              
BioFACT 2X Real-time PCR Master Mix (High ROX) 
containing SYBR Green (BioFACT, Korea) and the 
StepOne Plus™ Real-time PCR detection system 
(Applied Biosystems, Foster City, CA, USA). GAPDH 
was used as an endogenous control, and the                
expression level of each target gene was calculated as 
2−ΔΔCt. 

Data analysis 

Statistical calculations were performed with the 
GraphPad Prism (version 7.01.; GraphPad Software, 
La Jolla, CA, USA). The Kolmogorov-Smirnov                  
normality test indicated that all data had normal             
distribution. Therefore, one-way ANOVA, Tukey’s 
multiple comparisons and Dunnett’s tests were             
utilized at P < 0.05. Each experiment was repeated at 
least three times. All data are expressed as mean ± SD 
in the figures. 

 
 

RESULTS 

 
Characterization and cytotoxicity of GNPs  

At the first step, we synthesised and characterized 
the GNPs. The result of GNPs characterization is 
shown in figure 3. DLS results demonstrated that 
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Figure 2. General schematic of ultrasound exposure setup for 
uniform irradiation. 

Gene Forward Reverse 
Primer 
Length 

GAPDH 
TGGTATCGTG-
GAAGGACTC 

AG-
TAGAGGCAGGGAT

GATG 
130bp 

P53 
TCTGACTGTACCAC-

CATCCACTA 
CAAAACGCAC-

CTCAAAGC 
146bp 

HO-1 
CAACAAAGTGCAA-

GATTCTG 
AAAGCCCTACAG-

CAACTG 
134bp 

Table 1. Sequences (5’ to 3’) of the primers used in the             
detection of different genes. 
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GNPs are uniformly dispersed with a particle size of 
~13 nm (figure 3(A)), and TEM showed GNPs have a                
spherical shape (figure 3(B)). 

According to figure 4 which show the result of 
GNPs cytotoxicity, the effect of different                            
concentrations of GNPs on melanoma cancer cells 
indicated that concentrations below 50 µg/ml have 
no significant differences from the control group 
(P>0.05) and all of them almost show the same              
effects. In addition, the cell viability was dramatically 
reduced at concentrations above 50 µg/ml. For this 
reason, we used this concentration (50 µg/ml) for 
subsequent experiments. 

The ICP-OES results showed that the GNPs have 
significantly penetrated the A375 cells during 2 h (3.8 
µg/106 cells).  

 
Effect of different intensities of the US with and 
without GNPs (50 µg/ml) on the targeted cells 

After selecting the concentration of 50 µg/ml of 
GNPs for our study, we evaluated the effect of                  
different intensities of the US waves with and without 
presence of GNPs on the target cell. The figure 5            
represent these result. According to figure 5, when US 
intensity (with or without GNPs) was increased, cell 
viability in target groups was reduced. There are           
significant differences in target cell viability between 
1 W/cm2 (80%), 1.5 cm2 (74%) and 2 W/cm2 (60%) 
US intensities with control group (P<0.05).  

Moreover, adding the GNPs on studied intensities 
reduces their target cell viability by 2%, 12%, and 
16% more. Among them, combination of GNPs with 
1.5 and 2 W/cm2 showed significant differences from 
US-only group (P<0.05). 

 Considering that the combination of GNPs (50 µg/
ml) with 1.5 W/cm2 US waves showed significant       
differences with US-only and control groups, we 
chose this combination as the first candidate to            
evaluate the B.s effect on melanoma cells. 

Effect of GNPs (50 µg/ml), US (1.5 W/cm2), and 
their combination on B.s cells 

MTT assay 
We first used the MTT assay to evaluate the effects 

of GNPs, US and their combination on B.s cells. The 
viability of B.s cells, which received the culture              
medium of target cells with GNPs-only, had no                 
significant differences from non-targeted cells 
(P>0.05). These results are shown in figure 6. 

According figure 6, the viability of the B.s cells 
with or without GNPs (50 µg/ml) for 1.5 W/cm2 US 
intensity shows a significant difference (P<0.05) from 
the control group. In addition, MTT results indicated 
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Figure 3. Characterization of the GNPs with (A) DLS and (B) 
TEM image. 

Figure 4. Percentage viability of the targeted cells were            
treated with different concentrations of GNPs for 2 h followed 

by 24 h incubation. GNPs: gold nanoparticles. 

Figure 5. Cell viability in target cells with and without GNPs 
after different US intensities measured by MTT assay after 24 
h. The * indicated the groups that have significant differences 
(*p <0.05 and **p <0.01) with a control group, and Δ indicated 

the combination group that has significant differences from 
the US-only group (p<0.05). US= ultrasound, GNPs: gold            

nanoparticles. 
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that adding GNPs to US waves can reduce the viability 
of the B.s cells up to 20% which is 7% more than the 
US alone group, and both of them have significant 
differences together (P<0.05). 

 

 
 
 
 

Apoptosis assay 
The figure 7 show the result of B.s cells flow            

cytometry in different group. In this figure, the lower 
and upper right quadrants show early and late                
apoptosis, respectively. The total percentage of  
apoptosis in B.s cells according to the flow cytometry 
is showen in figure 8. The percentages of apoptosis in 
the B.s groups after US (1.5 W/cm2) exposure with or 
without 50 µg/ml GNPs are 51.61% and 34.01%,  
respectively. As shown in figure. 8, the percentage of 
apoptotic B.s cells which received the target cell          
culture in different conditions indicated that all 
groups have significant differences from each other 
(P<0.05). 

Expression of p53 and HO-1 genes in target and B.s 
cells 

To confirm the previous results, the expression 
level of p53 and HO-1 genes in target and B.s cells 
were also examined. The Figure 9 represent this          
result. According to figure 9(A), the p53 gene                  
expression in US exposure without GNPs in target 
and B.s groups in comparison to the control group 
showed a 5.2 and 2.7-fold increase, respectively. In 
addition, the expression of p53 in target and B.s 
groups in US exposure with GNPs had 6.36 and 2.9 
fold increases (P<0.001).  

Figure 9(B) illustrated a reduction in HO-1             
expression after US exposure without GNPs in target 
and B.s groups. The level of HO-1 gene expression in 
these groups had 0.17 and 0.42 fold decreases.              
Moreover, in US exposure with GNPs, HO-1 gene          
expression in target and B.s groups had 0.064 and 
0.181 fold decreases, respectively. The reduction of 
gene expression in the target cells is higher than 
those of the B.s cells. In other words, the use of US 
(1.5 W/cm2) wave with and without GNPs (50 µg/ml) 
had significant differences in genes expression in B.s 
groups (p<0.05).   

Shanei et al. / Bystander effect of sonodynamic therapy 395 

Figure 6. Percentage of cell viability in target and bystander 
groups at different conditions with MTT assay after 24 h (*p 

<0.05 and **p <0.01). US= ultrasound, GNPs: gold                      
nanoparticles. 

Figure 7. Contour diagrams of Annexin V/PI flow cytometry of 
A375 cells in the different Bystander groups: (A) control (B) 

only therapeutic US wave (1.5 W/cm²) (C) therapeutic US (1.5 
W/cm²) with GNPs (50 µg/ml) pre-treatment. US= ultrasound, 

GNPs: gold nanoparticles. 

Figure 8. Percentage of apoptosis in Bystander groups after 24 
h (**p<0.001). US= ultrasound, GNPs: gold nanoparticles. 
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DISCUSSION  
 

Considering that, it is necessary to know about the 
different biological effects of cancer treatment to 
make the right decision about their principle and 
proper use, this study was conducted to evaluate the 
B.s effect on melanoma cancer cells when treated 
with SDT. For this purpose, we first found the                 
optimum concentration of GNPs, US intensity, and 
their combination effect on target cells, and then 
their B.s effect on the cells was evaluated.  

Our results showed that the target cell viability is 
inversely related to the GNPs concentration and the 
US intensity (Figures 4 and 5). In addition, the                 
concurrent administration of US and GNPs can cause 
synergistic effects. Therefore, adding GNPs with 50 
µg/ml concentration to 1.5 W/cm2 US intensity can 
reduce cell target viability by 38% (figure 5). This 
effect was observed in our pervious study on HeLa 
cells (22). Kosheleva et al. (8) reported that US waves 
with or without GNPs cause lung cancer cell death, 
but adding GNPs to the culture media before US           
exposure enhances the damage of target cells up to 
30.7%. US waves can generate inertial cavitation  
inside a tumor region (23). Inertial cavitation process 
consists of nucleation, growth to near resonance size, 
and the collapse of bubbles (24, 25). The collapse of  
microbubbles is induced mechanical shock waves 
and produces high temperature and pressure focal 

points  (3, 25). These events lead to the formation of 
free radicals species and apoptotic initiators (23).           
According to previous studies, radical species                   
including hydrogen peroxide (H2O2), hydroxyl              
radicals (OH), and hydroperoxyl radicals (HOO) that 
induced some chemical events were identified after 
cavitation (4). All of these events can cause cell        
damage and death (4, 23-25). Although the exact         
mechanism of the synergistic effect of GNPs in              
combination with US is not well known (26), however, 
the reduction of the threshold required for the               
cavitation production in US wave is one of the most 
important reason. In addition, Brazzale et al. (27)             
believed that GNPs have a high sonoluminescence 
absorption coefficient and the absorption of light 
generated in cavitation can lead to an increase                
rapidly their temperature and causes more ROS             
production. 

After medium transfer technique for all groups 
(US, GNPs, US+GNPs) the MTT assay for bystander 
cells was performed. As expected, because the               
nanoparticles had no effect on the target cells, no  
effect was observed on the B.s cells (figure 6). This 
result was in agreement with the study of Rostami et 
al. that was done with a combination of nanoparticles 
and ionizing radiation (28). 

The use of US wave can lead to B.s effect on the 
melanoma cancer cells, and adding GNPs to it can 
reduce the B.s cells viability to 83% compared to the 
control (figure 6). The results of flow cytometry            
confirmed our results of MTT assay (figure 7). The 
percentage of apoptosis in the B.s groups after 1.5 W/
cm2 US exposure with 50 µg/ml GNPs is 51.61% 
(figure 8). This result indicates that GNPs can            
increase the B.s effect on melanoma cancer cells. 

Although the exact mechanism of the B.s effect is 
not completely discovered, the study on ionizing             
radiation indicated that oxidative stress plays a really 
important role in the generation, release and                 
propagation of these B.s signals, which finally can 
alert cell function and biological effects (29). The           
interaction of DNA with ROS lead to creating different 
types of DNA oxidation. DNA oxidation as well as cell 
death through necrosis and apoptosis stimulate              
inflammatory responses and oxidative stress, causing 
further DNA damage in B.s cells (30, 31). Exosomes are 
microvesicles that can be secreted in normal and  
cancerous cells. These microvesicles can be as signals 
and affect cell function. The content of exosomes and 
its impact on other cells highly depend on the                
damaged cell type. Exosome release is increased in 
irradiated cells and they affect ROS production and 
DNA damage in B.s cells (30, 32). For these reasons and 
more detailed investigation and to prove our results, 
the transcription changes in target and B.s group 
cells were assessed using Real-time PCR and                  
examined two p53 and HO-1 genes expressions as 
responses to the B.s effect.  

The  p53  gene contributes  to the DNA repair,  cell  

396 Int. J. Radiat. Res., Vol. 21 No. 3, July 2023 

Figure 9. (A) Level of P53, and (B) HO-1, genes expression in 
target and bystander groups. (*p<0.05 and **p<0.001) 

US= ultrasound, GNPs: gold nanoparticles. 
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cycle regulation, and apoptosis. The most important 
effect of p53 is arresting damaged cells in G1/S phase 
to extend G1 phase. This arrest gives the chance to 
cells for repairing their DNA damages and prevents 
the transmission of damaged gene to the daughter 
cells (14). According to figure 9, the expression of p53, 
in target and B.s groups treated with 50 µg/ml GNPs 
and 1.5 W/cm2 were 6.36 and 2.9 fold increase, 
respectively. 

The results of the study that was conducted by 
Bohari et al. [33] in 2017 showed that a more than 5 
fold increase level of p53 gene expression in directly 
exposed MCF-7 cells after US. We also encountered 
the same effects in target cells. In their experiments 
with ionizing radiation on the HepG2 cell line, Olsson 
et al. (34) observed increased p53 gene expression  
levels in B.s cells. Koturbash et al. (35) in 2008               
investigated the B.s effects in a mouse model. They 
irradiated a part of the scalp of a mouse with ionizing 
radiation while covering the rest of the body with 
lead shields. Their results showed a significant            
increase in p53 gene expression in the spleen cells as 
the B.s tissue.  

Another gene which evaluated in this study was 
HO-1. HO-1 is an antioxidant enzyme that exhibits 
significant anti-inflammatory and anti-apoptotic 
functions (36). The level of HO-1 expression in various 
types of cancer cells has been reported to be high, 
which may indicate that the increasing growth rate of 
cancer cells (37). Therefore, in these cancers, HO-1  
inhibition or downregulation may lead to reduced 
tumor growth (38). Halina et al. showed that HO-1 
overexpression increased tumor cell proliferation 
and improved angiogenic capability. In addition, HO-1 
causes cell resistance against oxidative stress. They 
claimed these events cause aggressive and metastasis 
nature of melanoma cancer both in vitro and in-vivo. 
Therefore, down-regulation of HO-1 might be                 
beneficial in the melanoma treatments, and may           
increase apoptosis in melanoma cells (39). 

According to figure 9, U.s with or without GNPs 
inhibits the expression of the HO-1 gene in target 
cells. Moreover, HO-1 expression in B.s cells that          
received the US exposed cell culture with or without 
GNPs was reduced. Increasing the apoptotic rate of 
B.s cells is in agreement with changes in p53 and          
HO-1 genes expressions. In the other words, the 
apoptosis in B.s cells may be correlated with in            
creasing p53 expression as a promoter of apoptosis 
and decreasing HO-1 expression as an apoptosis           
inhibitor. 

 
 

CONCLUSION 
 

Our result revealed that B.s effect of SDT can            
reduce the cancerous cell viability and this treatment 
is showing promise as a potentially vital alternative 
to traditional treatment modalities.  
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