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ABSTRACT
Objective(s): The waves of ultrasound and laser in the presence of nanoparticles are introduced as desirable 
candidates for the thermal treatment of cancer due to having fewer side effects, more speed, and superior 
treatment efficiency. Here, 2D Graphene oxide nanoparticle is used as a thermal nano-convertor for 
increasing the yield of thermal cancer therapy.
Materials and Methods: The temperature of GO (in 0.2 and 0.4 mg/ml concentrations) and deionized water 
regarding heater, bath sonicate, probe sonicate (at a power range of 2-3.5 W), and laser properties at 808 nm 
with continuous wave (at a power of 0-2 W) in 10 min are investigated. Based on the experimental results, 
the effect of laser and ultrasound radiation on the temperature is simulated using a data mining approach.
Results: Experimental and simulation results show that GO nanoparticle in this form is unsuitable for 
converting ultrasound waves into heat. But it is a strong absorber for electromagnetic waves at 808 nm and 
can raise the temperature to 85 °C. The results indicate that the laser + GO enhances the mortality percentage 
and treatment yield of MG63 cancerous cells by up to 85%. Also, GO uptake is analyzed by fluorescent 
microscopic images.
Conclusion: This analysis confirmed that GO is important when laser radiation is used but not when 
Ultrasound is employed. Also, GO is an excellent photothermal nanoparticle for localized thermal therapy of 
osteosarcoma cancer cells by laser at 808 nm with low side effects.
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INTRODUCTION
Osteosarcoma is the most common primary 

cancer tumor of the bone, which is more common 
among children and young people. Unfortunately, 
current treatments for osteosarcoma often are not 
effective enough. Multiple drug resistance related 

to the toxicity of therapeutics in osteosarcoma 
increases the risk of side effects when using an 
increased dose of chemotherapy drug. Therefore, 
these factors limit the effectiveness of current 
treatments [1, 2]. Therefore, the use of heat as 
a localized treatment for cancer cells not only 
reduces drug resistance but also reduces side 
effects and damage to healthy tissues [3]. The 
idea of using heat for cancer treatment has been 
considered for a long time, but efforts have led to 
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its implementation in recent years. The main reason 
for this delay is the ability to create the optimal 
temperature rise in the localized point, so as not to 
damage the healthy cells and tissues of the body. 

Thus, heat as a localized treatment for cancer 
cells reduces drug resistance and side effects in 
healthy tissues. Nowadays, different sources of 
heat have achieved this goal, like radio frequency 
[4], laser [5-8], and ultrasound [9]. 

The use of electromagnetic radiation to treat 
cancer has raised many hopes. However the main 
problem with using lasers is that they are non-
selective, and their healthy and cancerous tissue 
is damaged in the radiation path; additionally, 
high power density is needed to destroy tumors 
[10]. To overcome these problems, the group of 
nanoparticles has entered this field and made 
the selectivity photo thermal method possible 
at lower powers and less time of radiation with 
higher efficiency [8, 11]. 

Ultrasound is also longitudinal waves with 
a frequency of more than 20 kHz that require 
a material environment to propagate [12]. As 
research shows, these mechanical waves have 
thermal and cavitation effects on cancerous tissues 
and can be used in the treatment of cancers such as 
prostate, pancreas, and breast [2, 9, 12, 13]. With 
the propagation of ultrasound waves, contraction 
and expansion areas are created in the tissue, so 
the local areas experience an alternative increase 
and decreased pressure. So, the gas bubble is 
formed and enlarged, called cavitation [14]. Then, 
as the ultrasonic wave cycles enhance, the volume 
of the drop increases and collapses. So, bubble 
energy released into the tissue environment 
increases the temperature, and tissue is thermally 
damaged [15]. Since cavitation is performed at 
high intensities, and ultrasonic waves at high 
intensities can damage healthy tissues [16], 
nanoparticles in the environment can create 
centers for cavitation bubbles. Thus, the intensity 
threshold of the cavitation waves is reduced, and 
healthy tissues are protected from the destructive 
effects of ultrasound at high intensities.

Of all the thermal therapeutic nano agents, 
graphene oxide (GO) has attracted much attention 
due to its unique properties. It has been considered 
due to its excellent mechanical, electrical, thermal, 
and optical properties, high surface area, and 
the possibility of controlling all these properties 
through chemical functionalization [16-20]. 

The first success in using carbon nanoparticles 
for photothermal treatment was achieved by Liu 
et al. in 2010 in vivo with intravenous injection and 

application of GO-PEGylated [21]. They found that 
PEGylated nano sheets effectively treated photo 
thermal in mice irradiated with near-infrared (NIR) 
wavelength at laser power 2 W/cm2. Dia’s research 
in 2011 is another example of photothermal 
therapy based on reduced GO sheets with high 
absorption at NIR [22]. A group in Italy used a 
pulse laser at 808 nm as a phase switch to control 
the release of drug-loaded on GO in vivo in 2014 
[23]. They examined the release rate of DOX by 
changing various laser parameters, including pulse 
rate, flux, and spot size. Also, the impact of laser 
power and irradiation time in the NIR range and 
nanoparticle concentration GO were investigated 
to study chemo-photo thermal therapy of breast 
cancer in 2020 [5]. This study showed that 
the method of photothermal treatment has a 
higher efficiency than chemotherapy. Jane et al. 
investigated the effect of ultrasound on superficial 
tumors; also, they reported that ultrasound could 
increase the temperature of tumors and provide 
the conditions for their destruction in 1982 [24]. 
Gelet et al. found that high-intensity ultrasound 
was an effective treatment for prostate cancer 
in 1999 [25]. Also, Kaczmarek showed that 
using magnetic nanoparticles with ultrasound 
waves increased the yield of thermal therapy in 
2018 [26]. The GO sonosensitizing effect and its 
comparison with gold and iron oxide nanoparticles 
were first analyzed by Beik et al. in 2016 [27]. They 
showed that gold nanoparticles are more potent 
Sonosensitizer agents than GO, and GO is stronger 
than iron oxide nanoparticles [28]. Also, Chen et 
al. synthesized a hybrid transonic base on reduced 
GO to SDT/hyperthermia cancer treatment under 
the low-power focus ultrasound condition [29].

As mentioned, separate studies have been 
performed on the thermal effects of lasers and 
ultrasounds in the presence of graphene oxide. So, 
in this study, researchers, for the first time, tried to 
investigate the thermal effect of laser at 808 nm 
and ultrasonic wavelengths on GO nanoparticles 
at the same condition and then compare them 
with each other. Also, the best result is used for 
the thermal treatment of MG63 cells. According 
to this, the thermal effect of laser and ultrasound 
devices is investigated in various powers and times 
of radiation at different concentrations of GO. 
Then, their therapeutic effect on osteosarcoma 
cancer is analyzed by the MTT test.

MATERIALS AND METHODS 
GrapheneX supplied GO with 0.7-1.4 nm thickness 

and lateral size of approximately 5-100 μm (mean size 
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35 μm). Ethanol (493511, C2H5OH, molecular weight 
of 46.07 g⁄mol), HCL 37% (320331), Polyethylene 
glycol bis amine (PEG,14502), 3-[4,5-dimethylthiazol-
2-yl]-2,5-dipheny-ltetrazolium bromide (MTT, M5655) 
were provided by Merck and N-[3- dimethylamino 
propyl-N0-ethylcar-bodiimide] hydrochloride (EDC, 
03449) by Sigma Co.

A Jenway 6715 spectrophotometer was 
employed to record UV-Vis spectra ranging from 
190-900 nm with 0.4 nm resolution. A 2 W- CW 
GaAs laser OEMDL-808[FC] by OElabs, was selected 
with good stability to carry out the laser exposure 
on the samples. Also, a bath sonicator (ELMASONIC 
S30H) and probsonicator (ChromTech-Taiwan) were 
exploited to investigate the sonodynamic effect. 

GO PEGyltion
Briefly, the PEGylating of GO was performed by 

adding 72 mg of NaOH into GO and sonicating for 4 
hours. Then, after adding HCl and removing the salts, 
PEG and EDC were injected into the solution. Next, 
another EDC was recharged to the solution and was 
stirred overnight at room temperature. Finally, it was 
centrifuged for removing any aggregates [5]. 

Characterization of GO
 Zeta potential was evaluated by Brookhaven 

Corp Instruments (Holtsville, NY). Also, the images 
were captured by scanning electron microscopy 
(model EM3200, KYKY, China). For this purpose, 
the sample was coated with a gold layer after 

creating a thin film layer on the glass plate. 
Also, for preparing the sample for AFM, a drop 
of suspension was put on the mica surface and 
incubated for 5 minutes after making a suspension 
in ethanol or water. Then, the drop was removed 
by an airflow. Also, preparation of the sample for 
FTIR analysis was performed by the KBr plates. 

Cell culture and statistical analysis
The cell line of MG63 cancerous was taken from 

Pasteur Institute (Tehran, Iran). Standard conditions 
for culturing these cells included DMEM medium 
(Gibco, Grand Island), 10% FBS (fetal bovine serum) 
(Gibco Grand Island), penicillin–streptomycin 
(Gibco, Grand Island) under 37˚C and 5% CO2. In 
vitro evaluation of cellular uptake was performed 
according to reference [30, 31].

Also, the experiments were repeated 5 times 
for each data point and all data were statistically 
significant (P-value <= 0.05). 

RESULT AND DISCUSSION 
Characteristics of GO and GO-PEG 

Fig. 1a shows FTIR spectra of GO and GO-
PEG in the presence of peaks at 3447, 1632, and 
1450 Cm-1 due to OH, C=O, and C=C vibrational 
bands, respectively. In addition, the bands at 3507 
cm-1 are revealed due to N-H stretched GO-PEG 
vibrations [32]. Fig. 1b shows the properties of GO 
and GO-PEG.

Vis-UV spectra of GO have three peaks at 230, 

Fig. 1. (a) FTIR of GO and GO-PEG. The peak at 3507 cm-1 due to N-H vibrational bands confirms the binding of PEG to GO. (b) UV-Vis 
absorption spectra of GO and GO-PEG show increasing GO-PEG absorption versus GO. (c) SEM image of GO depicts the sheets of this 

nanoparticle and the presence of PEG on the PEGylated GO sheets. (d) AFM image of interest nanoparticles
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300, and 364 nm; the strongest one appears at 
236 nm and is usually due to the transition π → 
π* from the aromatic planer network of GO, While 
the peak of 300 nm shows the transition n → π* 
[33]. However, the peak of 364 nm represents the 
fine dispersion of the sheets and usually does not 
appear easily [34]. Fig. 1b also displays that GO 
absorption is increased at all wavelengths after 
PEGylation, which is apparent by changing the 
color of the GO-PEG from brown to darker.

SEM images of GO and GO-PEG in Fig. 1c shows 
that the presence of polymer on the GO surface 
according to PEGylation can separate the sheets, 
decrease the thickness, and increase the stability 
of nanoparticles in water. 

Fig. 1d presents an AFM image of GO 
nanoparticles. According to it, the lateral size of GO 
nanoparticles is about 4.0 µm, and its thickness is 
about 3 nm. Since the thickness of each GO sheet 
is about 0.2-1 nm [35], this thickness indicates that 
each GO nanoparticle contains 3-10 sheets.

Fig. 2 Presents the zeta potential of GO and GO-
PEG at pH=4.5. The Zeta potential of the GO peak 
is about -75 MV. GO-PEG Zeta potential exhibits to 
be more positive than GO due to the presence of 
amine groups at the edges of GO-PEG sheets. 

Also, for selecting suitable concentrations of 
nanoparticles, the toxicity of GO-PEG was analyzed 
on MG63 cells by MTT test. Fig. 3 shows that 
PEGylated-GO represents less than 20% toxicity 
to low-concentration MG63 cells. Therefore, 2.0 
and 4.0 mg/ml concentrations of GO-PEG were 
selected for the subsequent experiments due to 
their lower toxicity.

The effect of bath sonicator and heater 
The effects of bath sonicate and heater on 

the temperature variations of GO-PEG and its 
surrounding water bath were investigated to 
compare the ultrasound effects (Fig. 4). 

For this purpose, a microtube containing one 
milliliter of GO was placed in a glass vial filled with 
deionized water. The sample was warmed up with 
a heater, recorded the temperature of GO-PEG, 
and deionized for 10 min.  

According to Fig. 5a, the temperature of GO-
PEG and deionized water increases within 10 min, 
but the rate of temperature rise of deionized 
water is greater than GO-PEG. Over time, the rate 
of temperature rise of both samples decreases, 
which is depicted in Fig. 5a by elevating the 
graph’s slope. But this slope reduction is slighter 
for deionized water. Therefore, the temperature of 
both samples is close to each other after 10 min.

Since the heat flux is from the heater to the 
deionized water, GO-PEG inside the microtube 
reaches it through heat conduction and causes its 
temperature to rise. As a result, in the beginning, 
the temperature of GO-PEG is significantly lower 

Fig. 2. Zeta potential of two components. It shows that the zeta 
potential is more positive due to the bonding of amine groups 

at PEG-GO 

Fig. 3. Viability of MG63 cells versus Go-PEG concentration 
(0.1-0.7 mg/ml) for 48 hr 

Fig. 4. Heating the GO-PEG solution by (a) heater and (b) bath 
sonicate



317Nanomed. J. 10(4): 313-322, Autumn 2023

N. Hosseini Motlagh et al. / Comparison of laser and ultrasound thermal effects for cancer therapy

than the temperature of the deionized water 
because of this heat flux and the microtube wall. 
However, this temperature difference decreases 
during that time insofar as the temperature of the 
water and GO-PEG are almost equal. 

Also, to analyze the effect of bath sonicate, 1 
ml of GO-PEG in 0.2 and 0.4 mg/ml concentrations 
and 1 ml of deionized water were placed 
separately in a bath sonicate simultaneously for 
30 minutes. The temperature variation between 
them was measured (Fig. 5b). According to Fig. 5b, 
the water temperature and the temperature of 
typical GO-PEG i. e. (0.2 and 0.44 mg/ml), increase 
linearly under 0-10 min. Also, the temperature 
rise of typical GO-PEG concentrations is higher 
than in deionized water. It is worth noting that 
Fig. 5b shows a temperature rise in terms of the 
concentration of GO-PEG, too. This phenomenon 
can be related to the increasing number of GO 
thermal conductive layers. Overall, there is an 
insignificant difference between increasing the 
temperature of the GO-PEG and water. 

The effect of ultrasound 
Like before, 1 ml of GO-PEG in 0.2 and 0.4 mg/

ml concentrations and 1 ml of deionized water 
was ready for irradiation with ultrasound waves 

(Fig. 6a) at a power range of 2-3.5 W under 0-10 
min. Fig. 7a-c depicts the temperature rise of GO-
PEG and deionized water in terms of the exposure 
time at various ultrasound powers. In general, the 
temperatures of the samples increase in terms 
of concentration, exposure time, and ultrasound 
power exponentially (in contrast to the linear 
increase in temperature of the samples with bath 
sonicate and heater). Also, the graphs in all three 
samples get almost smooth after ten minutes. It 
must be mentioned that the temperature rise of 
the typical samples is not significantly different, 
and the presence of GO-PEG nanoparticles has 
not considerably increased the thermal effect of 
ultrasound, as shown in Fig. 7d. 

In fact, the effect of ultrasonic waves at 2.3, 
2.5, and 2.7 W power on temperature changes of 
deionized water and GO-PEG (0.2 mg/ml) have been 
almost the same, which can be attributed to various 
factors such as the distribution of nanoparticles, 
power, cavitation, hydrogen bonding obtained from 
the active groups of GO surface. 

These results confirm the study of Beck In 2016 
[27], which showed that GO at a concentration of 
0.25 mg/ml irradiated by ultrasound waves at 1 
W power can increase the temperature to only 
2 oC and has less effect than gold nanoparticles. 

Fig. 5 The temperature rise of GO-PEG in various concentrations of 0.2 and 0.4 mg/ml and deionized water by (a) heater and (b) bath 
sonicate.  The graph slopes are almost linear, and the temperature of the GO-PEG is close to deionized water over time

Fig. 6. Heating the GO-PEG solution by (a) probe sonicate and (b) laser.
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Additionally, Shanei [14] investigated the synergistic 
effect of silver nanoparticles and 1MHz ultrasound 
on the rate of MCF-7 cell deaths. They reported 
that the silver nanoparticles can enhance the 
cytotoxicity of ultrasound waves and consequently 
increase cell death. Metal nanoparticles such as 
gold and silver are better converters than GO to 
convert ultrasound waves into heat. 

The effect of laser radiation
The temperature rise of the GO-PEG and 

deionized water depends on concentrations of 
nanoparticles and laser properties such as average 
power and exposure time. Fig. 8a-c depicts the 
temperature rise of deionized water and GO-
PEG regarding the exposure time at various laser 
powers. Generally, GO-PEG does show a significant 

Fig. 7. Temperature rise of (a) deionized water and GO-PEG nanoparticles at concentrations (b) 0.2 and (c) 0.4 mg/ml varying at 2-3.3 
w ultrasound power during time 10 min. (d) The comparison between temperature changes of these three samples in 4, 6, and 10 

min at a max of power (3.5 W). It is evident that there is a significant temperature difference

Fig. 8. Temperature variation of (a) water and GO-PEG at 0.2 (b) and 0.4 (c) mg/ml concentrations varying at 0.2-2 W laser power 
under 0-10 min. (d) comparing the temperate of water and interested GO-PEG concentration, i.e.. 0.2 and 0.4 mg/ml at 1.5 W for 4, 

6, and 10 min 
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temperature rise in terms of concentration, 
laser power, and irradiation time in contrast to 
deionized water.

According to Fig. 8a, the diode laser at 808 
nm raises the water temperature to less than 4  ̊C 
at 2 W under 10 min. This result confirms that a 
laser at 808 nm cannot significantly increase water 
temperature at a power of less than 2 W. 

Fig. 8b and c depict that the temperature of 
GO-PEG increases higher than 50 °C. The GO-PEG 
concentration at 0.2 ml/mg was irradiated at 1 W after 
5 min and at 0.4 ml/mg at 0.7 W after 3 min, which is 
the desired temperature for cancerous cell death.

Fig. 8d indicates that the laser cannot increase 
the water temperature to an acceptable level, 
and GO-PEG significantly affects the conversion of 
electromagnetic waves at 808 nm to heat. These 
results confirm our previous studies in the field of 
heat transfer by GO and laser [5].

Simulation and comparison of temperature 
between laser and ultrasound using a data 
mining approach

In each experiment, different factors affect 
the temperature of the solution. For instance, 
the GO concentration or radiation time can be 
used in different temperature values. However, 
investigating different parameters increases 
experimental time and cost. Simulation techniques 
can be used to build a computational model for 
measuring the effect of different values on the 
temperature to reduce cost and time. A regression 
tree is a famous data mining approach for simulation 
and predicting the most optimal situation [36, 37]. 
In this research, two regression trees are created 

to predict the Temperature values based on the 
amount of GO, Power, and Time of radiation of 
Laser and ultrasound. In the first regression tree, 
the model is created based on the effect of laser 
radiation. The overview of the three levels of the 
tree is depicted in Fig. 9. In the second tree, the 
effect of ultrasound is illustrated in Fig. 10. The 
regression tree is built on the training data points 
earned from the actual experiment. For example, 
“time=6 min, GO=0.2 mg/ml, power=0.9 W, and 
the temperature=51.5oC” is one of the data points 
for the laser experiment. In laser and Ultrasonic 
experiments, 248 and 160 sample data points are 
earned and used to build the trees consequently.

In each tree node, a parameter is checked, and 
based on its value, a child node (left or right node)
is selected. Each path from the root node to the 
leaf nodes can predict the temperature value. For 
example, the path indicated by dashed arrows in 
Fig. 9 shows: “if (GO>0.1 mg/ml) and (power <=0.8 
W) and (time <5.5 min) then the temperature is 
predicted as 35.857 with Mean Square Error 
(MSE)=40.486”. 

The nodes of a regression tree are chosen 
to look for the optimum orders of parameters. 
For that purpose, different criteria exist. Gini 
and Entropy are two famous criteria for building 
trees. The critical parameters appear on the top 
of the tree using these criteria. For instance, 
in the laser tree, the concentration of GO is the 
most critical parameter because it is checked at 
the root node, and in the ultrasound tree, the 
radiation time is most important. Note that the GO 
concentration does not appear in the ultrasound 
tree, which means this parameter is not essential 

Fig. 9.  Regression tree with three levels for simulating temperate under laser radiation. The GO parameter appears in the tree’s root, 
which shows GO is essential in predicting temperate.
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for temperature prediction.
Although GO nanoparticles did not play an 

influential role in converting ultrasound waves 
into heat, the results of this section show that this 
nanoparticle is a great photothermal nanoparticle 
and can convert infrared waves into heat as well. 
This feature can be completely effective in the 
photothermal therapy of cancer cells with fewer 
side effects. Therefore, the impact of laser and 
GO-PEG nanoparticles on Osteosarcoma cancer 
cell (MG63) death was investigated to confirm the 
laboratory results.

Simultaneous effect of laser and GO nanoparticles 
on cancerous cells

Notably, the wavelength at 808 nm is within 
the therapeutic window [6], and is expected not 
to heat and damage the cells effectively. This is 
confirmed by irradiating MG63 cells under laser 
exposure times 3, 6, and 10 min at various powers 
0.75, 1.5, and 2 W. Fig. 11 illustrates the cell 

viability in terms of laser irradiation emphasizing 
slight cell mortality, especially at a laser power of 
less than 2 W and the cell viability is more than 
90%. This result shows that a laser at 808 nm is 
suitable for penetrating cancerous tissue without 
damaging surrounding healthy cells. The final step 
is the simultaneous effect of nanoparticles and 
laser on the mortality of MG63 cancerous cells. 
Laser power at 0.7 and 1 W and irradiation time 
of 5 and 10 min are selected for investigating the 
photothermal effect of laser and GO-PEG. 

Fig. 12 shows the cell viability for various 
concentrations of GO-PEG (0.2 and 0.4 mg/ml) 
under laser exposure at multiple powers. The cells 
undergo a notable reduction of viability of ∼ 46% 

Fig. 10. Regression tree with three levels for simulating temperate under Ultrasonic radiation. The time parameter appears in the 
tree’s root, which shows time is an important factor in predicting temperature

Fig. 11. Cell viability under laser irradiation at 0.73, 1.5, and 
2 W on MG63 cells. As it is evident, the laser at less than 2 W 

power cannot damage the cell

Fig. 12. In vitro synergistic effect of laser-treated GO-PEG on 
MG63 cells for two GO-PEG concentrations (0.2 and 0.4 mg/ml) 

at 0.7 and 1 W. Irradiation time is 5 and 10 min 

Fig. 13. Cellular uptake image of MG63 (a) GO-PEG-DIAL (b) 
Dapi and (c) merge of a and b
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after 5 min and 15% after 10 min exposure time at 
power 1 W. Also, for the power of 0.7 W, viability 
is 40% after 5 min and 18% after 10 min. These 
results emphasize that increasing radiation time 
can lead to better cell death. 

Also, Fig. 13 illustrates the uptake of GO-PEG 
after 24 hr by a fluorescent microscope so that the 
nanoparticles were stained with Dial and the cell 
with DAPI. Fig.13a-c shows the fluorescent image 
of GO, the nucleus of cells, and the presence of 
nanoparticles around the nucleus, respectively, 
which confirm the successful penetration of 
nanoparticles into the cells. 

CONCLUSION 
In this paper, we investigated the synergistic 

effect of GO-PEG nanoparticles with ultrasound and 
laser waves at 808 nm for the thermal treatment 
of osteosarcoma cancer cells (MG63). At first, the 
thermal effect of the heater and bath sonicate was 
studied on deionized water and GO-PEG.

The results show that the temperature 
increases linearly in the two environments. 
Additionally, the temperature of water and GO-
PEG have a slight difference of about 1 ° C; over 
time, both temperatures converge.

Ultrasound waves of probe sonicate can 
raise water and GO-PEG temperature. Unlike the 
heater and sonicate, this increase is exponential 
and depends on the GO–PEG concentration, 
emphasizing the more GO-PEG concentration 
increases the temperature at a specific power 
and time. It is worth noting that the effect of GO-
PEG on expanding the solution temperature is 
negligible compared to deionized water, and the 
increasing concentration of this nanoparticle can 
only increase the temperature by almost 3 or 4o 
C. It seems that GO-PEG is not a good absorber 
for ultrasound waves, and their conversion to heat 
that data mining simulation confirms it. The other 
form of GO may make the GO a better convertor 
for ultrasound waves.   

To investigate the interaction of laser and GO-
PEG, deionized water, and typical concentration of 
GO-PEG i. e. 0.2 and 0.4 mg/ml were irradiated by 
a continuous diode laser at 808 nm for 10 min with 
different powers of 0.1 - 2 W. The results showed 
that GO-PEG is a good photothermal agent for 
wavelength at 808 nm, unlike the ultrasound wave, 
while the temperature rise is exponential. Using 
GO photoexcitation increases the temperature 
above 60 °C, which is desirable for thermal 

therapy. Finally, the photothermal effect of GO 
was assessed on osteosarcoma (MG63) cells, 
which indicates cell mortality of more than 85%. 

The preliminary results reported here suggest 
using the other form of GO or other nanoparticles 
to enhance the ultrasound effect. In comparison, 
GO is an excellent photothermal nanoparticle for 
localized thermal therapy of osteosarcoma cancer 
cells by laser at 808 nm with low side effects.
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