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Abstract— In this study, gold nanoparticles (Au NPs) were successfully synthesized using the pulsed laser ablation technique with an
Nd:YAG laser. The successful formation of these nanoparticles was evidenced by the color change of the colloid from translucent to
purple. The synthesized Au NPs were then evaluated and compared to iodine-based contrast agents at three different kVp settings: 80
kVp, 100 kVp, and 120 kVp. When applied as CT contrast agents, Au NPs exhibited superior performance, as demonstrated by the
maximum CT Number value of 7.43 HU and the maximum Contrast-to-Noise Ratio of 2.85, which significantly surpassed the
performance of the widely used iodine-based contrast agent across the tested kVp variations. The results in this experiment hints that
Au NPs hold significant potential as effective contrast agents for CT-Scan imaging techniques.
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I. INTRODUCTION

Computed tomography (CT) is a widely used diagnostic modality that is employed in both clinical and preclinical
applications. This is due to the fact that CT possesses a high degree of diagnostic efficiency, enabling the provision of detailed
anatomical information about tumors, as well as its ease of accessibility [1]. While CT provides detailed anatomical information,
it frequently necessitates the utilization of contrast agents to effectively visualize structures with comparable radiographic
densities. Molecular contrast agents are commonly administered during CT scans, serving to enhance image clarity and enable
the delineation of specific anatomical structures [2,3]. Commercially available iodinated contrast agents are the most frequently
utilized contrast agents in routine clinical practice [4]. However, these agents exhibit several limitations, including short blood
circulation times attributed to rapid renal clearance, which often constrains their utility for targeted imaging and angiography.
Furthermore, high doses of iodinated molecules can induce significant adverse effects in patients [5]. In this case, novel variations
of X-ray computed tomography contrast agents are garnering increased research interest.

Metallic nanoparticles with high atomic numbers and excellent X-ray attenuation properties, including gold nanoparticles,
are being investigated as potential contrast agent alternatives. Notably, these nanoparticles demonstrate good biodistribution,
low toxicity, and favorable pharmacokinetics, as well as resulting in longer circulation times compared to iodine-based contrast
agents, and can also be used for a wider range of target tissues [6,7,8]. The synthesis of gold nanoparticles commonly employs
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both chemical and physical methods. Chemical methods such as microemulsion, turkevich method, and others are frequently
utilized [9,10]. Additionally, physical methods such as pulsed laser ablation in liquid media offer an alternative synthesis
approach. In contrast to chemical synthesis method, the pulsed laser ablation method offers a simpler process, is more
environmentally sustainable, and can generate nanoparticles with higher purity levels [11]. Most important factors in evaluating
capability of nanoparticles as contrast agents are CT number or Hounsfield Unit (HU) value, and Contrast-to-Noise Ratio (CNR).
HU value represents degree of X-ray attenuation, while CNR reflects contrast difference between different tissues [12,13].

In this study, an Nd:YAG pulsed laser will be employed to produce gold nanoparticles (Au NPs) with high purity. The Au
NPs will be synthesized in distilled water as the liquid media. Furthermore, the produced nanoparticles will be further
investigated for their potential application as a computed tomography contrast agent. The primary objective of this research is to
assess and compare the contrast performance of the Au NPs with the widely used iodine-based contrast agents. This evaluation
will be conducted by analyzing and comparing the HU values and CNR of the two contrast agent formulations.

II. EXPERIMENTAL PROCEDURE
2.1. Materials

Gold plates with 99.95% purity were used as the bulk material. An Nd-YAG laser with a wavelength of 1064 nm and laser
energy of 80 mJ was employed to ablate the gold plates. Beaker glass, vial tube, distilled water, and alcohol were used in the
experiment procedure.

2.2. Au Nanoparticles Synthesis

The gold plates, measuring 2 x 2 cm?, were initially cleaned with distilled water and subsequently washed with 70% alcohol
to remove any impurities on the plates. Afterward, the plates were then rinsed again with distilled water to eliminate the residual
alcohol. Following the washing process, the cleaned plates were dried and then placed into a beaker containing 10 mL of distilled
water. The sample preparation is shown in Figure 1.
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Fig. 1. Preparation for the synthesis of Gold nanoparticles (Au NPs)

Au NPs were synthesized using the pulsed laser ablation technique in distilled water as the liquid medium. An Nd:YAG laser
operating at a wavelength of 1064 nm, energy of 80 mJ, focal distance of 10 cm, pulse width of 7 ns, and frequency of 10 Hz was
directed onto the gold plates submerged in distilled water for 3 hours, leading to the formation of colloidal nanoparticle. Figure 2
illustrates the schematic of the synthesis process for Au NPs colloids in distilled water.
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Fig. 2. Setup for the synthesis of Gold Nanoparticles (Au NPs)

2.3. Gold Nanoparticles (Au NPs) Applied as Contrast Agent Computed Tomography

The synthesized Au NPs were loaded into vial tubes for further evaluation. These vial samples were then exposed to X-rays
in a computed tomography scanner, enabling the measurement of their HU values and CNR. To perform the HU and CNR
analyses, regions of interest were first defined on the indoQCT system. The acquired data was then plotted and compared against
the performance of widely utilized iodine-based contrast agents in CT imaging.

III. RESULT AND DISCUSSION

Au NPs were synthesized using the pulsed laser ablation technique with an Nd-YAG laser. The formation of the nanoparticles
using the pulsed laser ablation Nd-Y AG method is further demonstrated in Figures 3. Figure 3a shows the liquid medium before
laser irradiation. In contrast, Figure 3b shows liquid medium after the gold was irradiated with a laser, which resulted in the
formation of gold nanoparticles exhibiting a distinctive purple coloration. The successful formation of gold nanoparticles is
indicated by the color change from clear to purple [14,15].
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Fig. 3. Gold nanoparticles in distilled water media (a) liquid medium before laser irradiation (b) liquid medium after the
formation of gold nanoparticles (Au NPs)
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Fig 4. Graphs of CT Number for Au NPs and Iodine with Fig. 5. Graphs of CNR for Au NPs and Iodine with variations
variations of 80 kVp, 100 kVp, and 120 kVp of 80 kVp, 100 kVp, and 120 kVp

The efficacy of the synthesized Au NPs as a CT contrast agent was evaluated by comparing their HU values and CNR to the
widely employed iodine-based contrast agent. HU and CNR measurements were analyzed using IndoQCT software, with scanning
performed at standard tube voltages of 120 kVp, 100 kVp, and 80 kVp, and a background CT number of 0 HU. As shown in Figure
4, Au NPs exhibited higher HU values than the iodine-based contrast agent at equivalent concentrations. Specifically, the HU values
for Au NPs were 7.43, 4.29, and 4.19, while the iodine-based contrast agent values were 7.23, 4.02, and 3.39. This can be attributed
to the higher atomic numbers of gold compared to iodine, leading to enhanced X-ray attenuation and improved contrast in the CT

images [15,8]. The study found that HU values decreased with increases in kVp, as the higher energy photons could penetrate the
tissue with less attenuation [16].

Furthermore, Au NPs exhibited a higher CNR values compared to the iodine-based contrast agent, as shown in Figure S. The
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CNR values for Au NPs were 1.82, 2.83, and 2.85, while the iodine-based contrast agent had CNR values of 1.42, 0.73, and 0.14.
Overall, a higher tube voltage (kVp) produced superior CNR values across all the CT scanners. Specifically, there were significant
increases in CNR values when the voltage was raised from 80 to 120 kVp. The impact of kVp on image quality, as measured by
CNR, was as expected, with elevated kVp increasing photon penetration and the radiation component, even though the radiation
component is not directly proportional to kVp. As a result, the noise is reduced, and the CNR is enhanced [17].

IV. CONCLUSIONS

Gold nanoparticles were successfully synthesized using the pulsed laser ablation technique with an Nd:YAG laser, as
evidenced by the color change of the colloid from translucent to purple. These nanoparticles demonstrated exceptional performance
as a computed tomography contrast agent, achieving a maximum Hounsfield Unit value of 7.43 and a maximum Contrast-to-Noise
Ratio of 2.85, surpassing the widely employed iodine-based contrast agent. The enhanced X-ray attenuation and contrast
characteristics of gold nanoparticles can be attributed to their higher atomic numbers compared to iodine, leading to greater X-ray
absorption and scattering. This improved X-ray interaction resulted in enhanced contrast in the CT images, positioning the tantalum-
doped gold nanoparticles as a promising candidate for CT imaging applications.
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