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ABSTRACT 

Accurate simulation of temperature distribution in tumors induced by gold nanoparticles during laser 

photothermal therapy relies on precise measurements of thermal distribution of temperature on the tumor region. We find 

that there is effect of laser intensity on the changing the temperature .This behavior is predicated to control on the 

temperature distribution in at the tumor. The simulation of the photothermal  treatment processes is achieved by using mat-

lab program with using the numerical method is called as(Finite difference method). 
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INTRODUCTION  

Recent years, laser photothermal therapy processes by using gold nanoparticles have been studied as a 

hyperthermia approach due to its capability to control and confine adequate thermal dosage to tumors[1].The 

computational simulation may give a detailed description of temperature distribution in the tumor and help obtain a better 

understating of the one-dimensional heat transfer in tumors during laser photothermal therapy[2].Modeling laser-tissue 

interaction is beneficial for analyses and optimization of the parameters determining laser energy absorption[1-3]. 

The tumors are heated byusing laser incident on the top surface of the tumor. The investigation of the effect of 

laser light is enhanced by the presence of nanostructures is limited [4]. Our study has attempted to find the relation 

between temperature variation with depth under limit time and the effect of laser intensity on the temperature translation in 

the tissue of cancer. 

THEORY 

There are many dynamics and mechanism that are noticed in the photothermal therapy by laser of tumor. Laser 

irradiation on the tissue is the first factor in these processes.The surface of the tumor with the nanoparticles injection was 

then irradiated by the laser operating at a wavelength of visible light [1]. Thelaser light at the tumor surface was fixed at 

powerof Watts for many minutes. Then the heating protocolin this that lead to treatment of the tumor. Laser use in thermal 

therapy has long held great promise, but has never been carried out with great success. Tissue penetration, inability to 

selectively heat the target, and alack of predictive heat control have prevented its widespread clinical use[4,5]. Recently, 

goldnanoparticles (GNPs) have been proposed to enhance the treatment efficacy of photo-thermal treatment by laser[7-

10].When electrons in matter are exposed to light, they are set in motion by the electric field[11,12]. If the frequency of 

light matches the natural frequency of oscillation of the particles, theyabsorb significant energy[8-10]. Therefore, the 
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intensity of the incident light field is attenuatedas it passes through the medium, depositing energy throughout. There are a 

multitude of effects on matter that can occur when laser light is applied to biological tissues [8,9]. The type of effects that 

actually occur are not only heavily dependent ontissue properties but also on various laser parameters: power, focal spot 

size, wavelength,and exposure time. These effects are categorized into: photo-ablation, photo-disruption,photochemical 

interactions, plasma-induced ablation, and thermal interactions [6].Figure (1) represents the photo-thermal processes to 

treatment the cancer cells[8]. 

 

Figure 1: Photo-Thermal Processes [8] 

Photo-Thermal Effects 

Photo-thermal effects are one of the first laser-tissue interactions to be studied, as it doesnot require short laser 

pulses [1]. Photo-thermal effectsare unique among other effects as there is no specific reaction pathway required to 

achievedamage; heat can be absorbed by any biomolecule and lead to tissue damage. Photothermaleffects are also unique 

in the sense that tissue damage is only dependent on thetemperature that is reached and the duration at which it remains at 

that temperature[10-12].The Pennesbioheat equation is used to simulate the variation for temperature fields of the tumors. 

This equation with effect of laser on the tumor is given by[8,10-11]: 

 

where correspond to the density , specific heat, and thermal conductivityof the medium, 

respectively. correspond to the density, specific heat, and perfusion rate of blood, respectively. 

correspond to the arterial blood temperature  

KTb 300=
 

and 
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Where
ελ ..ClA opt=

, 
optl

is the optical path, C is the molar concentration for gold nanoparticles and 

ε
is the molar extinction coefficient. 

The cross section of nanoparticle is given by: 

810.
A

particles N

εσ =
 

RESULTS AND DISCUSSIONS 

The parameters of the results of this paper are summarized on Table (1) and table (2). We study the variationof the 

temperature under depth of tumor with different times as shown in figure (2) and figure(3).Figure(4) represent the effect of  

variation of temperature with time at the same parameters as shown in table(1) and table(2)  .The effect of intensity of laser 

light (I (W/cm-2)) for the behavior of temperature with depth that appears on figure(5) and the variation of temperature 

with time for the same limits (figure(6)). 

Table 1: The Physical Properties Parameters Model [10-11] 

Thermal Conductivity 

(K) KmW ./  

Specific 
Heat(C) 

KkgJ ./  

Density 
3/ mkg  

 

0.28 3500 1000 Lung 
0.6 4200 1000 Blood 

 

Table 2: Simulation Parameters Absorption Processes 

η
 

λA
 

Intensity of 
Laser Light  

(
2/ −cmW ) 

0.98 0.0127 50 



108                                                                                                                                                                                               H.T.Hamd 

 

 

Index Copernicus Value: 3.0 - Articles can be sent to editor@impactjournals.us 

 

 

Figure 2: Variation of the Temperature under Depth of Tumor with Different Times  

 

Figure 3: Three Dimensional Plot (Variation of the Temperature under Depth of Tumor with Different Times) 

 

Figure 4: Variation of the Temperature with Time 



Photothermal Therapy of Cancer by Laser Light with Nanoparticles Induction: Simulation and Predications                                            109 

 

 

www.impactjournals.usThis article can be downloaded from  -8207Impact Factor(JCC): 1. 
 

 

Figure 5: Variation of the Temperature under Depth of Tumor on the Different Values of Intensity of Laser Light 

 

Figure 6: Variation of the Temperature with Timeon the Different Values of Intensity of Laser Light 

CONCLUSIONS 

The simulation of photon propagation in a spherical tumor to examine the effects of the absorption and scattering 

coefficients of PC3 tumors on the generated heating pattern in spherical tumors. The laser generated energy deposition 

distribution is then incorporated into 1-Dimension -finite difference lung tumors implanted on its flanks to simulate 

temperature elevations during laser photothermal therapy using gold nanoparticles. In the previous results we observed the 

effect of the intensity of laser light and the behavior of temperature as a function of time and depth. 
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