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ABSTRACT 

 
Binding nanoparticles with antibodies that have protein with affinity cancer cells, then insert them into a diseased tissue, the 

antibodies will lead the nanoparticles to the region with malignant cells [1]. Being possible to see the committed region, the size of 

tissue involvement and if is occurring metastasis with diagnostic imaging methods. This study aimed to evaluate how you distributed 

the contrast range of a set of concentrations of gold nanoparticles (NP) using existing protocols in clinical computed tomography 

equipment. For the irradiation of NP was made a suport in HDPE . Different concentrations of NP form prepared ranging from 0.01 to 

10 mg / ml , and samples of distilled water , and calcium. The standard protocols of cranium and abodmen of a Toshiba equipment 

Aquillion 64 were used for obtaining the CT numbers (HU). The theoretical HU value of Gold  nanoparticles for beam energy used 

was 47.4 HU calculated and compared with the values found . Of the results was not possible to notice a growing response from the 

HU NP as a function of increasing concentration, however you can view a range of HU according to these concentrations . Of 

different concentrations of 5 mg / mL is the one closest to the theoretical value obtained. These results are promising and demonstrate 

that there is a need for further experiments with the NP and the tomograph. 

 

 

1. INTRODUCTION 

 

 

When nanoparticles are linked to specific antibodies that have protein with affinity cancer cells. And so these 

are introduced into the diseased tissue, the antibodies lead the nanoparticles to the region with the malignant 

cells [1]. 

 

Submitting the region of interest to diagnostic imaging methods it is possible to know the region, the size of 

commitment tissue and if is occurring metastasis. The general objective of this work is to check within the scale 
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of contrast of the computed tomography method, the visibility difference between the Au nanoparticles in 

different concentrations and of other materials (air, bone and high density polyethylene (HDPE)).   

Considering that the CT is based in a Hounsfield scale (HU), water is a basic element in this scale, as bone is 

the maximum HU, and the air is being the smallest HU in the scale [2], all these elements were placed on the 

acquisition of the image to place the NPs within the scale which the equipment works. Was used as a support 

for the imaging process a bloc made of HDPE which can be employed for the image method chosen, because 

this does not produce artifacts in the images. The aim of the exposure was to determine the best tomography 

technique of imaging that provides the most nanoparticles contrast. Was also quantified the difference of 

contrast of other materials (air, bone and HDPE). 

 

Nanotechnologies enable visualization of molecular markers that identify specific types and stages of cancer, 

allowing physicians to see cells and molecules undetectable by conventional imaging techniques. The use of 

nanoparticles can assist in detecting tumors. Therefore it is important to know how these are expressed in an 

image of diagnostic imaging. 

 

 

2. CONCEPTUAL BASIS 

2.1.  Nanoparticles 

 

The development of the nanoparticles, it can be said that was started in the mid of 1970 [3] for the purpose of 

delivering substances in organisms, tissues, cells or even decreasing the toxicity of substances in the transport 

body and giving improved treatment therapeutic. NPs are polymeric colloidal systems, when considered 

nanometer feature size less than 100 nm [4]. 

 

With the development of nanotechnology study on new materials used in the diagnosis rose, including gold, 

especially in studies involving cancer treatment. Some studies have found that the gold NPs have a lesser 

degree of toxicity compared to other materials [5]. But even if it is less offensive to the human body, the use of 

gold nanoparticles in the detection or treatment of cancer is not yet technically possible. Because their use 

would be feasible only if the NPs are presented in capsules [1] so as to prevent them decompose in the body 

and compromise the health of the patient. 

 

To evaluate the potential toxicity is extremely important when it comes to clinical applications. So in specific 

applications of NPs toxicity is determinant. There are, at present, several methods of producing nanoparticles, 

and the method that is described in this paper is just the laser ablation, used for fabrication of gold 

nanoparticles. 

  

 

2.2  Laser Ablation 

 

The manufacturing process used to produce the gold NPs was LaSiS (Laser Ablation in Shyntesis Solution). 

This process is focused a beam of high energy on a target (Au) immersed in liquid (water). NPs are the result of 

the explosion that happens in the process. Thus, the colloid is produced with NPs already present in the liquid 

medium [6]. To answer symmetry, the shape is spherical. Basically light from a pulsed laser is placed on a solid 

material which is submerged in the liquid medium.  

 

The laser light is focused on the surface of the material where the energy is absorbed to produce vaporization 

occurs, followed by a plasma plume of high temperature. Occurs simultaneously vaporizing, explosion and 

photoionization of the material resulting in the formation of nanoparticles [6]. 
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Figure 1:  Experimental setup for laser ablation. A: laser, B: control, C: Lens and mirror, D: sample and 

handling system [6]. 

 

 

2.3  Computed tomography and Hounsfiel scale  
 

Computed tomography (CT) is a diagnostic imaging techniques frequently applied in clinical routine today, due 

to the time of image acquisition is less and the possibility of reconstructing the images in three planes. Around 

1972 the British electrical engineer Godfrey Newbold Hounsfield developed the working principle of computed 

tomography [7]. Image acquisition occurs very quickly providing anatomical information and physiological 

information as possible in a few fractions of seconds. 

 

The CT equipment makes use of an X-ray source, a set of detectors and a computer system to acquire and 

display images of the human body. Regardless of generation CT scanner, this usually consists of three parts, the 

gantry, the control electronics and the control console (work station). 

After the interaction of radiation with the sample an array of pixels and voxels is created, each one with an 

attenuation coefficient [8]. The attenuation coefficients are determined from the intensities of all the beams that 

crossed the field at different angles. One advantage of CT is that there is no overlapping structures. A device 

produced on a CT image is displayed in the form of thin slices (a cross section) obtained from multiple 

absorption measurements of X-ray detectors positioned externally by the patient [9]. 

 

It is a scale that aims to define a range of contrast , the computed tomography method , where shades ranging 

from black to white with shades of gray . 

Is picked as the attenuation value of the irradiated tissue in different structures and densities , will be generated 

scale of contrast. Thus, for each structure will be a value of attenuation. Very clear pictures , tending to white, 

can be characterized as hyperdense . Have pictures with shades tending to black are characterized as hypodense 

and who present with same density are called isodense [10]. Using equation ( 1 ) [11] could calculate the ideal 

number Hounsfield (HU). 

 

 

𝐻𝑈 = 𝑘 ∗
(

𝜇

𝜌𝐴𝑢
−

𝜇

𝜌𝑤𝑎𝑡𝑒𝑟
)

𝜇

𝜌𝑤𝑎𝑡𝑒𝑟

 
(1) 

 

where:  

μ- attenuation coefficient (cm2)  

ρ - density (g)  

          k - factor in contrast scale. 1000 is the value used in the Hounsfield scale in clinical tomographys. 

 

 

Thus, although to implement the calculation of the optimal HU number was analyzed the energy used for 

exposure. This was equivalent to 120 kVp (E). The effective energy of the beam after hardening is about 1/3 of 

the energy used. Because in the CT X-ray the beam is heterogeneous (polyenergetic) [8]. Approaches are 

required to meet the Beer-Lambert equation. Thus: 
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𝐸

3
= 40 𝑘𝑉𝑝 

 

(2) 

 

The maximum attenuation coefficient numbers and water densities are described below [12]: 

 

𝜇

𝜌𝐴𝑢
= 0,2683

𝑐𝑚2

𝑔
 (3) 

 

𝜇

𝜌𝑤𝑎𝑡𝑒𝑟
= 12,98

𝑐𝑚2 

𝑔
 (4) 

 

Substituting the values in equation (1) of Hounsfield could be found for 40 kVp the ideal equal to 47, 4 HU. 

 

 

3. METHODS 

 

For the tests were used gold NPs with concentrations of 0, 01mg/mL until 10 mg/mL produced by laser ablation 

process. The material used as calcium sample was obtained from shells of powdered eggs, due to the density be 

similar to bones on the tomographic image [13]. 

Further, this is a source of calcium powder of high biological value and easily accessible, so the choice for this 

job. For powder production the shells were taken to a conventional electric oven for about 8 minutes for 

dehydration. After being dehydrated were put in a blender and processed to become a powder quite thin. 

 

The support for the samples was built on a bloc of High Density Polyethylene (HDPE). In this bloc were 

inserted the NPs in different concentrations along with air and bone samples within eppendorfs of 2 ml each, 

which are plastic test tubes. The adjust of height of the bloc was by machining.   

 

 

 
 

Figure 2:  Top view of bloc of HDPE, support of NPs 

 

 

Figure 1 shows a top view of the bloc, which has 12 cylindrical openings  of  5,25mm radius each in the scope 

of the internal symmetry line. 

More externally, in the scope of the second line of symmetry, four cylindrical openings of the same radius, 

totaling 16 openings that served as support for the eppendorfs of 2 ml each. 

 

The four eppendorfs who were more externally were filled with air and bone samples concentrations 

interspersed. And the others eppendorfs were placed with Au NPs concentrations in ten of these, and one of  

water and one of air. It is showing on Figure 2 the eppendorfs used and the support of NPs. 
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Figure 3:  The eppendorfs and the suport of NPs. 

 

 

Thus, the imaging of the Au NPs was using two different protocols, the Abdomen Protocol and Cranium 

Protocol. The computed tomography used for the exposure of the samples was ceded by private clinics in the 

region of Curitiba. 

Data were collected from scientific visualization field template that brings Average values, using OSIRIX for 

MacOSX to assign the values of the average of each sample into the amount of energy used during the 

exposure. 

 

3.1  Abdomen Protocol 

 

In this protocol the section thickness is 0.5 mm. The tomographic technique used to acquire the images was 120 

kVp with 100 mAs, with: 

- X-ray tube current ( x = 250 mA )  

- Time of exposure ( t = 400 ms) 

where: 

 

𝑡. 𝑥 = 100 𝑚𝐴𝑠 
(5) 

There were a total of 653 acquiring images, consisting of 512 rows and 512 columns, all reconstructed in 

coronal sections. The window defines the number of gray shades between the numeric value in HU white and 

black. As the center of the window used was 40 HU and width 400 HU window. The images were acquired in 

DICOM format. 

3.2  Cranium Protocol 

 

In this protocol the section thickness was 0.5 mm. The tomographic technique used to acquire the images was 

120 kVp with 125 mAs. because: 

- X-ray tube current ( x = 250 mA ) tube 

- Exposure time = ( t = 500 ms ) 

where: 

 

𝑡. 𝑥 = 125 𝑚𝐴𝑠 
(6) 

 

There acquiring a total of 441 images, consisting of 512 rows and 512 columns, all reconstructed in coronal 

sections. As the center of the window used was 350 HU and width 2700 HU window. The images were acquired 

in DICOM format. 
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3. RESULTS 

 

 

Were found values for the samples of water, air and bone within the templates in which the computed 

tomography equipment works. The values found were compared with reference values that, for the bone is 

between +300 HU to +1000 HU, the air is -1000 HU and water is zero HU. The values found on cranium 

protocol and abdomen protocols are presented in tables 1, 2, 3 and 4 below. 

 

Table 1:  Bone values 

 

Bone samples Abdomen protocol Cranium Protocol 

Average (HU) Deviation 

(HU) 
Average (HU) 

Deviation 

(HU) 

Bone (HU) 834,593 76,512 937,824 121,703 

Bone 2 (HU) 995,453 93,276 1119,39 91,487 

 

 

Table 2:  Air values 

 

 

Air samples 

Abdomen protocol Cranium Protocol 

Average 

(HU) 

Deviation 

(HU) 

Average 

(HU) 

Deviation 

(HU) 

Air 1 (HU) -1003,212 10,732 -1040,47 19,174 

Air 2 (HU) -1002,116 5,064 1038,202 19,441 

Air 3 (HU) -1000,462 5,809 -1047,108 18,977 

 

 

Table 3:  Water values 

 

 

 

Water samples 

Abdomen protocol Cranium Protocol 

Average 

(HU) 

Deviation 

(HU) 

Average 

(HU) 

Deviation 

(HU) 

-0,526 17,117 9,507 29,336 

 

 

Table 4:  NPs values 

 

Au NP  Abdomen protocol Cranium Protocol 

Concentrations 

(mg/mL) 

Average 

(HU) 

Deviation 

(HU) 

Average 

(HU) 

Deviation 

(HU) 

0,01 14,453 5,427 16,776 22,597 

0,02 13,606 8,051 24,72 29,778 

0,05 16,989 10,885 34,162 25,76 

0,1 5,518 30,888 27,492 26,138 

0,2 4,624 21,965 26,229 21,127 

0,5 7,246 22,128 12,444 25,341 

1 17,086 10,43 22,077 24,704 

2 17,351 10,529 29,555 21,262 

5 38,708 8,968 40,476 22,939 

10 39,405 35,611 68,646 26,244 

 

 

 

3. CONCLUSIONS  
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After the interpretation of the data, it was revealed that there was no linear response of the nanoparticles . This 

behavior was contrary to that predicted by the literature which states that the relationship between 

concentrations of NPs with the scale of Hounsfield numbers should have linear growth. 

 

Materials and techniques used favored the results of images. The support piece of HDPE proved effective for 

use in irradiation CT images, it didn’t produced artifacts in the images or any damage for the experience. 

Proved to be robust and easy handling for the experiment.  After the completion of this work it is possible to 

evaluate a difference of HU (contrast) to different concentrations of NP. Being from the concentration of 5 

g/mL the values will be approaching to the theoretical HU value. 

 

This work was very important for the further development of this theme, since featured in the method of 

computed tomography contrast a scale, which can contribute to clinical applications . Difficulties arising from 

further studies are needed to understand the pattern of the concentration of NP and scale found. 
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