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Introduction: In this study, we aimed to identify the benefits in image contrast enhancement of Folic acid-
Cysteamine conjugated gold nanoparticles (FA-Cys-AuNPs) by comparing Contrast to Noise ratio (CNR) of
gold nanoparticles (AuNPs) to iodinated compound CT images. The CNR was assessed in different tube
voltages, concentrations, and incubation times in nasopharyngeal KB cancer cells.

Material and Methods: FA-Cys-AuNPs and Omnipaque suspension were scanned at different concentration
ranges (500-2000 pg/ml) and energy ranges (80- 140 kVp) with CT imaging modality. FA-Cys-AuNPs and
AuNPs were incubated in nasopharyngeal cancer cells at different incubation times (6, 12, and 24 h) and
concentration ranges (200-500 uM). Finally, the contrast enhancement was assessed using CNR value at
different tube voltages.

Results: Results showed that the formed FA-Cys-AuNPs with an Au core size of 15 nm in all concentrations
and tube potentials from 80 to 140 kVp display greater CNR than Omnipaque. The CNR value was increased
by increasing concentration and energy. At 140 kVp and 2000 pg/ml, the CNR value of FA-Cys-AuNPs was
2.25 times greater than Omnipaque. At 140 kVp, 500 uM and 24 h incubation, the CNR values of targeted
cells were approximately 1.5 times higher than non-targeted cells. At 140 kVp, and 500 pM, the CNR value
of targeted cells with 24 h incubation time was 2.66 times greater than the targeted cells incubated with 6 h.
Conclusion: These findings suggested that the designed FA-Cys-AuNPs could be a good candidate contrast

agent for molecular CT imaging.
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Introduction

Molecular Imaging (MI) technique provides to
directly or indirectly monitor and record the
biological process at the molecular and cellular
levels[1]. Among several of MI technologies,
Computed Tomography (CT) can afford superior
density and spatial resolution to other imaging
systems. Furthermore, it is the most generally applied
imaging modality in hospitals, cost-effective and it has
good deep tissue penetration[2]. For effective CT
scanning applications, contrast media are necessary to
improve high sensitivity and specificity. To date,
iodine-based compounds (e.g., Omnipaque) are used,
but it has several disadvantages such as short half
time, nephrotoxicity, non-specificity, and non-selected
in tumor targeting[3]. To reduce these disadvantages,
contrast media must have a high atomic number and
electron density, easy control of the size,
biocompatibility and must be targeted to increase
sensitivity[4]. Recent studies indicated that
nanotechnology using increasing the sensitivity of
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images can be used in MI technologies. In particular,
gold nanoparticles (AuNPs) are preferred rather than
iodine-base contrast agents due to; their high atomic
number (Z=79), and high electron density that leads
to a strong X-ray attenuation coefficient. Furthermore,
AuNPs are reported to be biocompatible in
determined concentration ranges and easily tunable
surface modification with functional ligands such as
specific biomarkers, peptides, antibodies, and folic
acid (FA) or folate for the specific goal of MI
applications [5-8]. Finally, the suitable surface
modifying can help AuNPs to reduce elimination using
the reticuloendothelial system (RES); therefore, it can
prolong half-time and circulation time[9]. Specific
targeting method or active targeting means to the
accumulation of targeted contrast media because of
the use of adhesion ligands at a specific site. One
promising active and specific targeting method is
utilized using folic acid (C19 Hi9 N7 O¢ (Mw=441.4 Da).
The FA is water-soluble and exists in cancer and
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normal cells because of its FA-receptor. FA is mainly
protected by immune system in normal cells, but is
exposed largely expressed in different cancer cells,
including nasopharyngeal [8, 10-12]. It overexpresses
of FR vitamin on cancer cells rather than normal cells
and its feasible conjugation with AuNPs can be used to
be actively targeted with FA-linked imaging[12]. In
this study, Cysteamine was used as a linker to easily
attach to AuNPs because of the presence of -SH (thiol
group), and non-toxicity. In our previous studies, the
cytotoxicity of folic acid conjugation AuNPs through
cysteamnie (FA-Cys-AuNPs) was evaluated using
colony and MTT assay, Flow cytometry for evaluating
cell cycle and apoptosis, and Hematoxylin-Eosin
(H&E) stain in both in vitro and in vivo studies|[6, 13].
The characterization of NPs was done using
Transmission electron microscopy (TEM), Dynamic
Light Scattering (DLS), UV-visible, and Fourier-
transform infrared spectroscopy (FTIR) analyses. The
X-ray attenuation intensity of targeted and non-
targeted of NPs was measured in various
concentrations, X-ray tube voltages, and incubation
times [6, 13]. In the present study, we studied the
contrast enhancement using contrast to noise ratio
(CNR) value at different concentrations, incubations
times and X-ray energy tube for both FA-Cys-AuNPs
and AuNPs. Finally, the CNR value of targeted NPs was
compared with iodine based contrast media
(Omnipaque) at the same concentration and X-ray
tube potential. Based on our knowledge, it is the first
study that evaluated the CNR value of targeted AuNPs
versus non-targeted AuNPs at various concentrations,
X-ray tube potential, and incubation time.

Materials and Methods

Materials

In the previous study, we synthesized and
characterized FA-Cys-AuNPs  and AUNPs[6].
Transmission electron microscopy (TEM) was done
(Zeiss EM 900, Germany) to assess the size and shape
of the FA-Cys-AuNPs and AuNPs. Dynamic Light
Scattering (DLS) was used to determine the
hydrodynamic size of NPs. The concentration of NPs
was determined by inductively coupled plasma optical
emission spectrometry (ICP-OES). UV-visible was done
by a SPEKOL 2000 (JENA, UK) spectrophotometer. In
the previous study, the cytotoxicity of NPs was done
using colony and MTT assays, Flow cytometry for
evaluating cell cycle and apoptosis, and Hematoxylin-
Eosin (H&E) stain. KB cells were acquired from Pasteur
Institute in Tehran, Iran.

Contrast to Noise Ratio (CNR) value of FA-Cys-
AuNPs versus AuNPs in KB cancer cells

The density of 1x10° KB cells/well were seeded in
6-well plates[6]. After that, the KB cells were incubated
with targeted and non-targeted AuNPs at the
concentration of (0-500 pM) for 6, 12, and 24 h at 5 %
COand 37 °C. Afterwards, the cells were washed three
times with PBS and trypsinized, and suspended in 0.5
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ml Eppendorf vial and placed into polymethylmetacrylic
(PMMA) phantom. The vials were imaged using a CT
imaging modality (GE Light Speed VCT 64 slice CT
scanner) by the parameter of: Peak kilovoltages of 80,
100, 120, and 140kVp; pitch 1; slice thickness: 0.625
mm; tube current time: 200 mAs, and display field of
view: 130130 mm. The CNR value of FA-Cys-AuNPs
was compared with AuNPs nanoparticles at different
concentrations, X-ray tube potentials, and incubation
times.

Contrast to Noise Ratio (CNR) value of FA-Cys-
AuUNPs versus Omnipaque in phantom

The CNR value of FA-Cys-AuNPs and iodine-based
contrast agent (Omnipaque 300 mg/ml) solutions were
evaluated with various concentrations (250, 500, 1000,
1500, and 2000 pg/ml) in a 0.5 ml Eppendorf vial that
placed in a self-designed phantom (made of PMMA).
The vials were imaged using a CT imaging modality
(GE Light Speed VCT 64 slice CT scanner) by the
parameter of: Peak kilovoltages of 80, 100, 120, and
140kVp; pitch 1; slice thickness: 0.625 mm; Tube
current time: 200 mAs, and display field of view:
130%x130 mm.

Image and statistical analysis

After CT imaging, Images were loaded to standard
software (DICOM viwer :Medixant company, Poland)
and analyzed by placing a uniform circular region of
interest (ROI) and obtaining an attenuation value in the
mean Hounsfield Units (HU) in three slices in each vial
(three samples in each concentration). The mean HU
values and standard deviations were recorded for both
AuNPs and Omnipaque at each concentration, X-ray
tube potentials, and incubation times. The noise was
defined as the standard deviation of the ROI pixels in
the water region. Contrast to Noise Ratio (CNR) was
calculated from the recorded HU using plotting the ROI
analysis across the images[14]. The CNR formula was
calculated via the following equation:

Statistical analysis was done using SPSS software
version 22. One-way analysis of variance and Tukey’s
multiple comparison tests were used to assess the
significance of the data. A P-value less than 0.05 was
considered statistically significant.

CNR property of the FA-Cys-AuNPs versus Omnipaque
in phantom

The Contrast to Noise Ratio (CNR) value of the formed
FA-Cys-AuNPs was compared with an iodine-based small
molecular CT contrast agent at different concentrations of
elements and X-ray tube potentials. , The axial CT images
of FA-Cys-AuNPs and conventional iodine-based is shown
in Fig. 1 (A). By increasing of Au or iodine molecules
concentration, the CT images brightness is increased[6]. In
Fig. 1 (B) the CNR value of both FA-Cys-AuNPs and

Iran J Med Phys, Vol. 20, No. 1, January 2023



Sara Khademi, et al.

fpp

CNR of Targeted GNPs in CT images

conventional iodine-based is increased by increasing in
concentration from 500 to 2000 pg/ml. however, the
increasing trend of targeted NPs is higher in CNR value
than that of Omnipaque at the same concentration. At 140
kVp and 2000 pg/ml, the CNR value of FA-Cys-AuNPs is
approximately 2.25-times higher than that of iodine-based
molecular contrast agent. At 140 kVp and 1500 pg/ml, the
CNR value of FA-Cys-AuNPs is approximately 1.75-times
higher than that of iodine-based molecular contrast agent.
At 140 kVp and 1000 pg/ml, the CNR value of FA-Cys-
AuNPs is approximatelyl.66—times higher than that of
iodine-hased molecular contrast agent. At 140 kVp, the
CNR value of targeted NPs at 2000 pg/ml was found to be
approximately 4.5-times higher than the CNR value at 500
pg/ml. At 140 kVp, the CNR value of Omnipaque at 2000
pg/ml was found to be approximately 4-times higher than
the CNR value at 500 pg/ml.

In Figure 2, the CNR value of FA-Cys-AuNPs is
compared with Omnipaque at different X-ray energies. As
shown in Fig. 2, the CNR value of both targeted NPs and

A FA-Cys-AuNPs

iodine-based molecular contrast agents is increased by
increasing in X-ray tube potential from 80 to 140 kVp. At
140 kVp and 2000 pg/ml, the CNR value of FA-Cys-
AUNPs is approximately 2.25-times higher than that of an
iodine-based molecular contrast agent. At 120 kVp and
2000 pg/ml, the CNR value of FA-Cys-AuNPs is
approximately2-times higher than that of iodine-based
molecular contrast agent. At 80 kVp and 2000 pg/ml, the
CNR value of FA-Cys-AuNPs is approximately1.88-times
higher than that of iodine-based molecular contrast agent.
At 2000 pg/ml, the CNR value of targeted NPs at 140 kVp
was found to be approximately 2.64-times higher than the
CNR value of targeted NPs at 80 kVp. At 2000 pg/ml, the
CNR value of targeted NPs at 120 kVp was found to be
approximately 1.76-times higher than the CNR value of
targeted NPs at 80 kVp. At 2000 pg/ml, the CNR value of
Omnipaque at 140 kVp was found to be approximately
2.22-times higher than the CNR value of Omnipaque at 80
kVp. At higher kVp, the CNR value was increased at
higher concentration ranges.
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Figure 1. A) CT images of FA-Cys-AuNPs and Omnipaque at different X-ray tube potentials (80, 100, and 120 k\/p) and at the different concentrations of
1:2000 (pg/ml), 2: 1500 (pg/ml), 3: 1000 (pg/ml), 4:500 (pg/ml), 5: 250 (ug/ml). B). The CNR value of FA-Cys-AuNPs versus Omnipaque at different

concentrations (500, 1000, 1500, and 2000 (ug/ml)) and the X-ray tube potential of 140 kVp.
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Figure 2. The CNR value of FA-Cys-AuNPs versus Omnipaque at different X-ray tube potentials (80, 120, and 140 kVp) and the concentration of 2000

ug/ml.
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CNR property of the FA-Cys-AuNPs versus AuNPs in
nasopharyngeal cancer cells

In this study, we assessed the possibility to apply the
complex of FA-Cys-AuNPs for molecular CT imaging of
KB cells. The nasopharyngeal cancer cells were incubated
with targeted and non-targeted nanocomples at various
concentrations (0-500 uM) and incubation times (6, 12, and
24 h). The samples were scanned using a CT imaging
system at various X-ray tube potentials (80, 100, 120, and
140 kVp). The CNR value was measured at different
concentrations, X-ray tube potentials, and concentrations of
NPs. As shown in Fig. 3, the CNR value is increased by
increasing in the concentration of both targeted and non-
targeted NPs. At 140 kVp, 500 puM, and 24 h incubation,
the CNR value of targeted NPs is approximately 1.5-times
rather than of non-targeted cells (P<0.05). At 140 kVp, 500
1M, and 12 h incubation, the CNR value of targeted NPs is
approximately 1.6-times rather than non-targeted cells. At
140 kVp, 500 uM, and 6 h incubation, the CNR value of
targeted NPs is approximately 1.5-times rather than non-
targeted cells. At 500 uM, the CNR value of targeted NPs
at 24 and 12 h incubation time was found to be
approximately 2.66-times and 2-times higher than the CNR
value of targeted AuNPs at 6 h incubation time,
respectively. At 500 uM, the CNR value of non-targeted
AUNPs at 24 and 12 h incubation time was found to be
approximately 2.8-times and 2-times higher than the CNR
value of non-targeted AuNPs at 6 h incubation time,
respectively. At 500 uM, the CNR value of targeted NPs at
24 h incubation time was found to be approximately 1.25—
times and 2.66-times higher than the CNR value of targeted
AUNPs at 12 and 6 h incubation time, respectively. The
highest CNR value was obtained at higher concentration
and incubation time in targeted AUNPs.

50
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x 30 - %
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Figure 3. The CNR value of KB cells incubated with FA-Cys-AuNPs and
AuNPs at different concentrations (200, 300, 400, and 500 uM), incubation
times (6, 12, and 24 h), and at the tube voltage of 140 kVp.

Figure 4, shows obtained CNR value of targeted
AuNPs and non-targeted AuNPs as a function of X-ray
tube potentials and incubation times. By increasing the X-
ray tube potentials and incubation time, the CNR value
increases for both targeted and non-targeted AuNPs. The
highest CNR value was obtained for targeted AuNPs at 140
kVp and 24 h incubation time (P<0.05). At 140 kVp, and
24 h incubation, the CNR value of targeted AuNPs is
approximately 1.66 and 2.66-times higher than 12 and 6 h
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incubation times, respectively. At 120 kVp, and 24 h
incubation, the CNR value of targeted AuNPs is
approximately 1.13 and 1.92-times higher than 12 and 6 h
incubation times, respectively. At 100 kVp, and 24 h
incubation, the CNR value of targeted AuNPs is
approximately 1 and 1.66-times higher than 12 and 6 h
incubation times, respectively. At 80 kVp, and 24 h
incubation, the CNR value of targeted AUNPs is
approximately 1.28 and 1.8-times higher than 12 and 6 h
incubation times, respectively.
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Figure 4. The CNR value of KB cells incubated with FA-Cys-AuNPs and
AuNPs at different X-ray tube voltage (80, 100, 120, and140 kVp),

incubation times (6, 12, and 24 h), and at the concentration of 500 pM.

Discussion

In this study, we have shown that FA-Cys-AuNPs
have a greater CNR than conventional iodine-based
contrast media (Omnipaque) at different concentrations
and X-ray tube potentials. The CNR value of both FA-
Cys-AuNPs and conventional iodine-based were
increased by increasing in concentration. However, the
increasing trend of FA-Cys-AuNPs was higher in CNR
value than that of Omnipaque at the same concentration.
At 140 kVp and 2000 pg/ml, the CNR value of FA-Cys-
AuUNPs was approximately 2.25-times higher than that
of an iodine-based molecular contrast agent.
Furthermore, it was found that the CNR value of
targeted NPs at 140 kVp was found to be approximately
2.64-times higher than the CNR value of targeted NPs at
80 kVp. Theoretically, gold nanoparticles have a higher
X-ray attenuation coefficient than Omnipaque because
of higher atomic number (Z=79) versus (Z=53) and
electron density (19.32 g/cm?®) versus (4.9 g/cm®) rather
than iodine-based contrast media[15]. The photoelectric
absorption effect (PAE) is mainly dependent on the
atomic number of materials that interacted with X-ray
photons that are proportional to Z*[8] .These results
propose higher CNR value of the targeted AuNPs than
that of iodine-based contrast media is important for an
excellent-sensitivity X-ray imaging application. Several
studies have revealed the highest CT contrast
enhancement of AuNPs versus conventional iodine-
based contrast media. Jackson et al[16]. evaluated the
CNR value of AuNPs and iodine contrast media at
different concentrations and X-ray tube potentials. Their
results indicated that by increasing kVp the contrast
enhancement of both contrast media was increased.
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Their results indicated that the CNR value for AuNPs
was approximately 114% higher than iodine-based
contrast media at the X-ray tube potential of 140 kVp.
Galper et al[17]. revealed that the CNR value of AuNPs
was nearly 1.9 times greater than the iodine-based
contrast agent at the X-ray tube potential of 120 kVp.
Harun et al[14]. showed that AuNPs at the size of 1.9
and 15 nm and iodine contrast media had the highest
CNR at 140 kVp. The best interaction of X-ray energy
happened at the higher K-edge value. Kim et al [18].
evaluated the CNR value of polyethylene glycol (PEG)-
AUNPs versus iodine-based contrast media in the range
of 1-3 M. Their results indicated that the CNR value of
AUNPs was 1.9 times greater than iodine contrast media
(Ultravist). Our findings agree with all the above-
mentioned research.

AuNPs and FA-Cys-AuNPs suspensions were
synthesized and characterized in the current study.

The CNR values of AuNPs and FA-Cys-AuNPs
were evaluated at different concentrations, incubation
times and kVp. At 140 kVp, and 24 h incubation, the
CNR value of targeted AuNPs is approximately 1.66
and 2.66-times higher than 12 and 6 h incubation times,
respectively. The highest CNR value was obtained at
higher concentration, incubation time, and X-ray tube
potential. Due to the ability of active targeting of FA,
the contrast media increased in the cancer cells in
contrast to the normal cells, and the uptake of cells was
increased at a higher concentration range of NPs[3]. The
nasopharyngeal cancer cells treated with FA-Cys-
AUNPs revealed a higher CNR value than those
incubated with the AuNPs at the same concentration, X-
ray tube potential, and incubation time. With the
increase in the incubation time of AuNPs with
nasopharyngeal cancer cells, the mass of AuUNPs
gradually increased. Recently, the use of FA targeting
has been assessed in cancer diagnosis. For example, HU
et al[19]. evaluated the multifunctional FA-Fes0.@Au
NPs for targeted Magnetic Resonance Imaging (MRI)
and CT imaging. The TEM analysis was applied to
evaluate the targeting potential of the NPs to the Hella
cells. Their results indicated that higher X-ray
attenuation of the Hella cells was attributed to the higher
cellular uptake of FA conjugated NPs in cancer cells
overexpressing higher FA receptors. These findings
suggest that FA as the targeting molecule, can much
uptake of AuNPs due to bindings with FA receptors on
the surface of nasopharyngeal cancer cells. Therefore,
its property led to a higher CNR value than non-targeted
AuUNPs cells in CT images. It must be mentioned that
these results were obtained by hospital CT imaging, that
it has a low resolution (0.625 mm) compared to micro
(W-CT (45 um), therefore because of p-CT has not
been practically used in the clinic, these results have a
good potential for hospital applications.

Conclusion

Through this study, we have shown that utilizing
gold nanoparticles with great X-ray attenuation
properties in conjugated with folic acid targeting
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presented a CT-based molecular probe and suggested a
targeted CT scanning strategy for specific diagnosis of
cancer cells. Attachment of FA augmented the AuNPs
accumulation in the nasopharyngeal cancer cells in
comparison to the non-targeted cells due to the active
targeting capability of FA. Our results showed that
nasopharyngeal cancer cells can be detected under CT
scanning after incubation with the FA-Cys-AuNPs in
vitro. The CNR value is strongly dependent on
concentration, active targeting, incubation time of
(AuNPs) and X-ray tube potential. The higher CNR
property of FA-Cys-AuNPs than that of AuNPs enables
effective targeted imaging of KB cells under the same
concentration contrast agent and a higher CNR value
was provided using FA-Cys-AuNPs compared to
Omniapque. With  the facile  Cysteamine
nanotechnology and surface conjugation chemistry
properties, different active targeted AuNPs-Cysteamine
could be synthesized for actively targeted imaging of
various types of tumor cells. In our future endeavor, the
CNR value of in vivo study and radiation dose
enhancement will be evaluated.
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