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1. Introduction

Metal nanoparticles (MNPs) are in demand as drug
delivery materials and radiosensitizers due to their
unique physical and chemical properties [1]. Compared
to other high atomic number materials, such as
gadolinium, platinum, silver, and hafnium, gold
nanoparticles (GNPs) are particularly promising because
they are inert metals that exhibit excellent
biocompatibility and low toxicity [2, 3]. They can be
precisely controlled in terms of size and shape to match
the microenvironment of the targeted tumor, and their
surface can be modified to enhance their targeting ability.
For preclinical and clinical applications, a quantitative
imaging modality is required for determining the in vivo
biodistribution of GNPs.

X-ray fluorescence (XRF) imaging is a technique that
measures XRF photons emitted from a target material.
Using the XRF photons generated through the interaction
between GNP and labeled medical radioisotopes, such as
125] 186Hp, and '"7Lu, is a promising approach for
effective clinical treatment applications [4, 5]. An XRF
imaging system, which uses GNPs as a contrast agent, is
configured as a benchtop setup and enables the
evaluation of biodistribution and the quantitative
analysis of GNP concentration.

In this study, CT-26 tumor-bearing BALB/c mice were
injected with *®I-labeled GNP solutions at different
radioactivity. A calibration curve for the correlation
between radioactivity and photon counts was acquired
using a multi-pinhole XRF imaging system. The residual
radioactivity was quantitatively evaluated according to

the injection time based on the obtained calibration curve.

These results demonstrate the validity and feasibility of
using the XRF imaging system to evaluate the in vivo
biodistribution and quantification of 1%I-labeled GNP.

2. Materials and Methods

XRF photons passed through a tungsten multi-pinhole
collimator (four pinholes, 2 mm inner diameter) and are
recorded with a 160 x 160-pixel cadmium telluride
(CdTe) detector with pixel pitch of 250 pm. The object-
to-collimator and collimator-to-detector distances were
set to 15 cm and 5 cm, respectively, yielding 3x
minification.

A solution of 1%°I-labeled GNP was prepared using two
BALB/c mice bearing CT-26 tumor. To acquire a
correlation between radioactivity and photon counts, the
initial radioactivity of the injected solution was set to 3.9,
7.8,15.6,31.3,62.5, 125, 250, 500, and 1,000 puCi. XRF
images were then acquired under each condition with a
scan time of 10 minutes. Then, the quantitative
correlation between radioactivity and photon counts was
evaluated.

After evaluating the calibration curve, intratumoral
injection of 500 uCi of the *%°I-labeled GNP solution was
conducted, and XRF images were acquired at 0, 3, 24, 48,
72, and 96 hours. The calibration curve was then used to
quantify residual radioactivity in the tumor over time.

3. Result and Discussion

Fig. 1 shows multi-pinhole XRF images
corresponding to different levels of radioactivity. A
multi-pinhole  collimator generated four pinhole
projections. Even under the lowest radioactivity
condition of 3.9 puCi, clear images could be obtained,
confirming the performance of this XRF imaging system.

Fig. 1. Multi-pinhole XRF images of a '?I-labeled GNP
with different radioactivity.
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Fig. 2 shows the calibration curve indicating the
quantitative relationship between photon counts and
radioactivity, measured using '?1-labeled GNP solutions
having different radioactivity. The photon counts
corresponding to each radioactivity showed good
linearity (R? = 0.998), enabling the quantification of
radioactivity according to photon counts.
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Fig. 2. Calibration curve of radioactivity and photon
counts.

Fig. 3 shows the excretion curve of radioactivity in the
tumor over time after 500 pCi solution injection. After
reaching a maximum immediately after injection, the
radioactivity decreases continuously over time due to the
effects of metabolism and excretion processes in the
body. This curve was obtained by applying the
previously acquired calibration curve to convert the XRF
photon counts at each time point into radioactivity,
demonstrating that the residual amount of ?°|-labeled
GNP can be evaluated and quantified.
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Fig. 3. Excretion curve of radioactivity in the body after
the injection.

4. Conclusion

This study demonstrated that imaging and quantitative
analysis of 1?I-labeled GNP is applicable using the XRF
imaging system. Imaging the signal at a low radioactivity
of 3.9 uCi showed the good performance of the proposed
measurement configuration. The calibration curve was

acquired under different initial radioactivity conditions,
and these were applied to quantitatively evaluate the
residual radioactivity in the tumor over time after
intratumoral injection. The limitations of this study
include the small number of subjects (n=2) and a
measurement condition (e.g., short scan time, single
measurement). In further studies, it is necessary to
improve the measurement condition and cross-validation
with other quantitative analysis methods, such as
inductively coupled plasma mass spectrometry.
Additionally, adding computed tomography to the
system will not only overcome the functional
information from the XRF imaging system but also
provide anatomical information [6]. Overall, this study
demonstrated the feasibility of the evaluation and
quantification of %°I-labeled GNP using the XRF
imaging system.
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