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Abstract 
      Gold nanoparticles are characterised by their small size to volume ratio and extensive thermal stability. Gold 

nanoparticles (AuNPs) are an obvious choice in medical application due to their amenability of synthesis and 

functionalization, less toxicity and ease of detection. The present paper focuses on treatment of the breast cancer by high 

energy photons of gamma ray (12MeV.) and gold nanoparticles while preserving the shape of the breast and prevents 

the risk of recurrence of breast cancer. This of course in a minimum dose given for patient i.e. enhancing the 

radiotherapy that is used in breast cancer treatment due to pair production phenomena.  
 

 

ميكا  21علاج سرطان الثدي باستخدام جسيمات متناهية الصغر )نانوية( من الذهب و فوتونات اشعة كاما ذات طاقة 
   الكترون فولت
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 قسم الفيزياء –كمية العموم  –جامعة الكوفة               النجف الاشرف -معهد الفارابي لمدراسات العميا
 

  الخلاصة

هو اختيار جسيمات الذهب النانوية تتميز بالقياس الصغير نسبة إلى الحجم ومستقرة حراريا.إن اختيار جسيمات الذهب النانوية في التطبيقات الطبية 
عنصر ثقيل نسبة إلى  جيد بسبب القدرة عمى تصنيعها , لا يتفاعل مع النسيج الحيوي, لا يتأكسد فلا ينتج آثار سمية في النسيج الحي أيضا من مميزاته انه

داخل النسيج الحيوي وضمان حدوث ظاهرة إنتاج الزوج الالكتروني عند تفاعل الذهب مع فوتونات كاما ذات  عناصر النسيج الحيوي لذا سهولة الكشف عنه 
عة كاما ذات الطاقة العالية ميكاالكترون فولت. في هذا البحث سنركز عمى كيفية علاج سرطان الثدي بواسطة فوتونات أش 21الطاقة العالية  

العلاج ميكاالكترون فولت( عند تفاعمها مع جسيمات الذهب النانوية مع البقاء عمى شكل الثدي دون استئصاله , أيضا منع خطورة إعادة المرض بعد 12)
ج سرطان الثدي بالاعتماد عمى ظاهرة إنتاج هذا بالطبع بأقل جرعة من الإشعاع تعطى لممريض . بعبارة أخرى تحسين العلاج بالإشعاع المستخدم في علا

 الزوج الالكتروني .
 

1-Introduction 
 

       Breast cancer is the most common type of cancer 

among women worldwide. “Global Breast Cancer 

Statistics” has reported that breast cancer is the most 

common form of cancer for women[1]. Breast cancer is 

the most frequently diagnosed cancer and the second 

most common cancer following only lung cancer cause 

of death for women[2]. Breast cancer is a malignant 

tumor that starts from cells of the breast. A malignant 

tumor is a group of cancer cells that may grow into 

(invade) surrounding tissues or spread (metastasize) to 

distant areas of the body. The disease occurs almost 

entirely in women, but men can get it, too.Female 
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breast cancer is a major medical problem with 

significant public health, Major advances have been 

made in the past 40 years in understanding the biologic 

and clinical nature of the disease[3]. Gold nanoparticles 

(AuNPs) are used in therapeutics due to their unique 

properties of small size, large surface area to volume 

ratio, high reactivity to the living cells, stability over 

high temperatures and translocation into the cells, 

etc[4]. GNPs are the colloidal suspension of gold 

particles of nanometer sizes[5] .The size of GNPs is 

determined mainly by the salt concentration, 

temperature and rate of addition of reactants resulting in 

size range of 10–25 nm. However, the size range of 1–

100 nm or more can also be achieved by varying the 

salt concentration and temperature [6]. Therapy 

combined with metallic nanoparticles is a new way to 

treat cancer, in which gold nanoparticles (GNPs) are 

injected and bound to tumor sites. When an external 

photon-ray source hits these nanoparticles, particles can 

subsequently generate radicals that damage cancer cells 

and induce cell apoptosis. Results have shown 

improvement in the treatment effects on cancer cells 

with little or no increase in harm to normal surrounding 

tissues in mice models. In a translation study, GNPs 

were used to enhance cancer apoptosis by 

radiotherapy[7]. 

 

2-Theoretical Models 
2-A: Equation derivation 

 
       Photons may undergo various possible interactions 

with atoms of an attenuator (photo electric effect, 

Compton scattering and pair production); the 

probability (cross-section) for each interaction depends 

on the energy of the photon and on the atomic number 

Z of the matter(attenuator) . When the energy of photon 

12MeV. and the attenuator is the gold (Z=79) the pair 

production(electron and positron) process is prevailing 

these electrons and positrons generate free radicals then 

cause damage to DNA of cancer cells [8]. The linear 

attenuation coefficient (µ) relate with probability for 

pair production interaction (cross section σ .in unit cm2 

or barn, 1barn=10-24 cm2)   by the following 

relation:[8] 

 µ = ΝA σ /A ……………………….. (1) 

µ:  linear attenuation coefficient (cm-1), NA is 

Avogadro’s number, σ: the microscopic cross section 

for reaction (cm2 ) and A is weight Number [9]. 

Equation (1) for one gram and for several grams eq.( 1) 

becomes  

µ = ΝA σ w /A …………………….….. (2) 

w: is the mass (gram). 

Dividing both sides by ρ ( g/cm3) 

µ/ ρ = ΝA σ w/ ρ A …………………… (3) 

 µ/ ρ: mass attenuation coeff. (cm2/g) 

From eq.(3) we get 

 σ  
 µ  ρ  ρ 

Ν     
…………………………….. (4) 

the  equation of irradiation by photons is given by 

N =  t No σt ………………………..…. (5) 

N:  The number of cells remains after irradiation , : is 

the flux of particles (photon/ cm2.sec.) the number of 

particles per unit time per unit solid angle, t: is the time 

of exposure to radiation (second ) ,No: is the number of 

cells cancer per unit volume (cell/cm3), σt: total cross 

section of interaction (photoelectric effect, Compton 

scattering and pair production) [10], [11]. 

For photons of high energy (12MeV.) and the attenuator 

is the gold (Z=79) the pair production(electron and 

positron) process is prevailing  therefore the equation of 

irradiation becomes:  

N =  t  No  σp.p. ……………………...………(6) 

Where σp.p. is cross section of pair production only. By 

substitute eq.4 in eq.6 we get the final eq. for irradiation 

         
 µ  ρ  ρ 

Ν     
…………………………..… (7) 

Equation (7) is represent the irradiation equation as a 

function of photon energy and concentration of gold 

nanoparticles. 

 

2-B: Theoretical Calculation and results 
       The mass attenuation coefficient for gold and 

breast can be calculated through the photon energy and 

number of atoms. From the National Institute of 

Standards and Technology (NIST2004) [12] and The 

National Institute of Standards and Technology 

(NIST1998), [13] and encyclopedia of medical devices 

and instrumentation, [14]. Fractionation was assumed to 

create a favorable therapeutic ratio because the 

tolerance of normal tissues increased relative to that of 

tumors and because malignant cells had a greater 

reproductive capacity and were, therefore, more likely 

to be in a radiosensitive phase [15]. Computer 

simulation  was developed in Fortran (power station 90) 

using equation (7) for a breast without Gold 

nanoparticles (GNPs). The energy of incident photon 

was 12MeV.  The flux was 1018 (photon/cm2.s) and 

time of irradiation was 1200 sec.(20 min.). The results 

were in agreement with those of fractionation in 

radiotherapy[15]. 
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The results in table (1) were in agreement in dose 

fractionation with the dose fractionation of 

radiotherapy. [16]And agreement in result with world 

results where The 44-62 Gy dose of irradiation gives 

low damage in nucleus of cancer cells [16].When we 

applied the same equation (7) with gold nano-particles 

in weights of 

(0.001;,0.01;0.1;0.002;0.02;0.2;0.003;0.03;0.3;0.004;0.

04;0.4;0.005,0.05;0.5 ) grams , the energy of incident 

photon 12MeV. , the flux is 10
18

, and the time of 

irradiation 1200 sec. By using Fortran program then we 

find enhancement in radiotherapy and this result in 

agreement with literatures in the world 

[7][17][18][19][20][21]. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1: Radiotherapy for breast cancer irradiated by 12MeV gamma photons without gold nanoparticles. 

 

Table-2(A) : Number of destroyed cancer cells by  dose fractionation when photon energy 12MeV.,flux 10
18

 (photon/cm
2
.sec.), 

irradiation time 1200 sec. ;  gold density 19.32 g/cm
3
  ,photon energy ; mass number of gold 196.97 ; breast average atomic 

weigh (A) 9.673, breast density 0.960 g/cm
3
,cocentration of gold nanoparticles(0.001-0.04)g. 
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Notes: 1- W: represent the concentration of gold nanoparticles in gram.            2- S.Sh. : Single shot, F.: Fractionation. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Notes: 1- W: represent the concentration of gold nanoparticles in gram.            2- S.Sh. : Single shot, F.: Fractionation. 

Table-2(B) : Number of destroyed cancer cells by  dose fractionation when photon energy 12 MeV.,flux 10
18

 (photon/cm
2
.sec.), 

irradiation time 1200 sec. ;  gold density 19.32 g/cm
3
  ,photon energy ; mass number of gold 196.97 ; breast average atomic 

weigh( A) 9.673, breast density 0.960 g/cm
3
,cocentration of gold nanoparticles(0.05-5)g. 
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4-Discussion  
From the results in table 2( A and B) we note that 

when we apply equation 7 with gold nanoparticles by 

Fortran program(power station 90) and input the 

parameters the number of breast cancer cells, the flux of 

incident photons equal 10
18

 (photon/cm
2
.sec.) and time 

of irradiation 1200 second there were increasing in 

number of distroyed cancer cells this result due to 

existence of gold nano-particles in cancer cells with  

high concentration[22]. Gold nanoparticles (GNPs)  

have biocompatibility and ability to increase dose 

deposited because of their high mass energy absorption 

coefficient[23] , which in turn caused breaks in DNA 

by generating free radicals that damage cancer cells . 

Results have shown improvement in the treatment 

effects on cancer cells. Maximum damage noted in 

weights (0.001; 0.002; 0.003; 0.004; 0.005) respectively 

because these nanoparticles formed in size to become 

capable to enter inside the cancer cells and make 

maximum damage in single shot (S.Sh.).  

 

5-Conclusions 
We have developed a method for enhancing the 

treatment of breast cancer by using gold nanoparticles 

as a colloidal to achieve targeted delivery at the breast 

cancer cells. Our results showed that gold nano-

particles (GNPs) with high energy photons (12 MeV.)   

significantly enhancing the radiotherapy . Where we 

note increase in number of distroyed cancer cells i.e. 

destroy large number from cancer cells in minimum 

dose that given to patient our results can be arranged in 

three benefits from using gold nano particles with high 

energy photons : 

1) Compared to GNPs, localized delivery a higher 

local concentration of GNPs in breast cancer cells. 

2) GNPs can increase absorption of the radiation. 

Thus, lower doses of radiation can be used, avoiding the 

risk of side effects. 

3) Local damage to normal tissue surrounding the 

cancer is decreased because the concentrations of gold 

nanoparticles increase in cancer cells.  
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