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ABSTRACT

Today, computed tomography (CT) has a special place among medical imaging modalities. Conventional intravascular contrast agents of
CT have a short blood half-life and make adverse reactions. To overcome the problems, recently, nanomaterials with high capabilities for
diagnostic and therapeutic purposes have been developed as CT contrast agents. In this study, bismuth oxide/bovine serum albumin/5-
Fluorouracil nanocomposite was synthesized and characterized to investigate its efficiency for contrast enhancement of CT imaging as
well as loading anticancer drug. CT was performed using 256 slices dual source clinical scanner with both single and dual source mode.
The effect of bismuth oxide/bovine serum albumin nanocomposite and its 5-Fluorouracil loaded form on cell viability of A549 cell line
was investigated. The average size of the nanocomposite was measured around 20-30 nm. The X-ray attenuation ability of the
nanocomposite in single and dual CT imaging was obtained more than 2000 Hounsfield units (HU) in the highest concentration. In
similar concentrations, the CT contrast enhancement of the nanocomposite was 1.2 times higher than lohexol (Omnipaque) as
conventional CT contrast agent. 5-Fluorouracil loaded nanocomposite showed 63% Kkilling of cancer cells while the unloaded
nanocomposite showed high cytocompatibility even at the highest concentration. This study offers the novel bioapplication of synthetic
bismuth oxide/bovine serum albumin/5-Fluorouracil nanocomposite as a potential contrast agent in CT with capability for anticancer
drug loading.
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1. INTRODUCTION

X-ray computed tomography (CT) is one of the most usable

and available tools in medical imaging [1].CT provides three-
dimensional images instead of two-dimensional radiography and
overcomes the problem of overlapping anatomical structures in
conventional radiography. Comparing with MRI and PET, CT has
a higher temporal and spatial resolution but lower sensitivity.
Moreover, CT is more abundantly available and has a lower cost
than those modalities [2]. Dual energy computed tomography
(DECT) is a technique that combines imaging information
acquired with two different X-ray energies. Subsequently,
Photoelectric and Compton effects analyzed; and therefore, it
enables to material differentiation [3]. There are different
acquisition methods to produce dual energy. One of these methods
is using of dual source computed tomography (DSCT) [4]. Dual
source scanners have two separate tubes for high and low kVp
with a ~90° angle to each other. High kVp tube has a fixed kVp
(240 or 150) depending on scanner model. On the other hand, low
kVp tube depends on the examination type and patient size can
operate at different kVps from 70 to 100 kVp [5]. The third
generation of DSCT has added some new features such as produce
of higher X-ray tube currents, a thicker tin filter for the high kVp
tube and additional dual energy tube voltage [6].
Image contrast of CT depends on attenuation of X-ray beam
during photons pass through patient's body and intensity of X-ray
beam reduces. X-ray attenuation is related to the attenuation
coefficient (W) as following equation:

pZ* .
n= 15 Equation 1
Where p is density, Z is atomic number and A is atomic mass of
the material. E is related to the X-ray energy [7].CT contrast
media employ materials with high atomic number. lodine () based
contrast agents and oral barium sulfate (BaSO,) are the commonly
used contrast materials for CT. However, usage of iodized contrast
agents in many cases can lead to allergic reactions [8].
Additionally, iodine based agents have a short blood half-life
which limits the time of imaging [9]. To overcome the problems,
high atomic number nanomaterials such as bismuth (Bi), gold
(Au), gadolinium (Gd) and others have been investigated for CT in
recent years [10]. These nanomaterials can passively accumulate
at the tumor site, prolong circulation time for in vivo experiments,
provide easy surface modification [11] and allow to spectral CT
imaging [12]. Bismuth based nanoparticles have attracted great
attention for CT imaging. Bismuth nanoparticles and bismuth
oxide (BiyO3) [13], bismuth sulfide (Bi,S;) [14] and bismuth
selenide (Bi,Ses) [15]forms have been investigated as a part of
nanostructures which used for CT contrast enhancement.
Comparing to iodine (Z=53), bismuth nanoparticles (Z=83) have
advantages of higher atomic number, lower toxicity and cost [16].
Besides, bismuth has higher attenuation coefficient (5.74 cm’kg™
at 100 KeV) than iodine (1.94 cm®kg™at 100 KeV) [17] and shows
fewer changes in CT value across various kVp settings relative to

iodine and barium [18]. In addition to intravenous administration
Page | 4101


https://doi.org/10.33263/BRIAC94.101106

Mohsen Zeini, Baharak Divband, Davood Khezerloo, Nahideh Gharehaghaji

of bismuth based nanostructures, they have been used as oral
contrast agent for imaging of the gastrointestinal tract [19].

Bovine serum albumin (BSA) is a protein which is usually used as
a template for preparation of nanocomposites. Because of high
number of binding sites, BSA has a high potential to bind many
drug moieties comparing to other substrates [20]. In addition, BSA
has excellent biocompatibility, and good water solubility and
colloidal stability[21].BSA commonly uses for the surface
modification of nanoparticles [22]. Therefore, BSA has a large
application in various types of imaging modalities, especially CT
scan. For instance, in a study, BSA@BIi,S; nanoparticles were
compared with BaSQ, in vitro and showed higher CT value.
Besides, orally administered BSA@BI,S; nanoparticles were
introduced as a promising agent for 3D CT imaging of
gastrointestinal tract of mice [23]. In other study, BSA-Au
nanoclusters were used for 2D and 3D CT imaging for
visualization of mouse kidney and diagnosing of disease [24].
5-Fluorouracil (5FU) is an anticancer drug which inhibits DNA
formation with blockage of the thymidylatesynthetase enzyme
[25]. It is used to treatment of ocular [25], head and neck,
colorectal and breast cancers [26]. Comparing to other anticancer

2. MATERIALS AND METHODS

2.1. Chemistry.

Bismuth (I11) nitrate (Bi(NOs)3), nitric acid (HNO,), citric acid
(CsHgO5), bovine serum albumin (BSA), 5-Fluorouracil, poly
ethylene glycol (PEG) 4000, ammonia ( NH3) and ethanol (96%)
were supplied by Merck.

2.2. Synthesis of Bi,O3z/BSA/5FU nanocomposite.

In the first step, Bi,O; nanoparticles were synthesized using a
polymer degradation technique in which 4.6 g Bi(NO;); was
dissolved in nitric acid (2M), then 20 ml of acid citric (1M) was
added to the solution and stirred for 2 hours. Next, distilled water
was added to the solution to reach 135 ml in volume. Then PEG
was added to the solution and stirred for 2 hours. Finally, with the
help of ammonia (NHs), the pH of the whole solution was fixed at
9. Gradually, yellow color sediment was obtained by increasing
the pH, and then by adding distilled water and ethanol the
impurities were washed. The resulting product was dried at 80 °C
and calcinated for 3 hours at 500 °C, the obtained nanoparticles
were bismuth oxide (Bi,Os3).

For the synthesis of Bi,Os/BSA nanoparticles in a typical process,
BSA was selected as a template protein. In this level, the certain
amount of BSA and ascorbic acid were added to Bi,O;
nanoparticles and the bonding of these materials was completed by
ultrasound and 45° C. The final product was separated and washed
by centrifuge, and Bi,Os/BSA nanoparticles were produced.
5FU-loaded Bi,Os/BSA nanoparticles were prepared as described
elsewhere [28]. Briefly, 0.2 g Bi,O3/BSA in 2.0 mL aqueous drug
solution, titrated to the desired pH and incubated at room
temperature. It was converted to the nanoparticles by adding
ethanol as a desolvating agent, at the rate of 1.0 mL/min and under
stirring (550 rpm) at room temperature. Then,the cross-linking
process was performed by addingglutaraldehyde aqueous solution

agents such as IFN (interferon alfa-2b) and MMC (mitomycin C),
5FU has lower frequent dosing regimen and cancer treatment cost.
Moreover, its solutions are stable at 25°C for several weeks [25].
So far, different bismuth based nanoparticles have been
investigated for CT imaging.Hyaluronic acid-functionalized Bi,O3
(HA-BIi,03) nanoparticles have been introduced as a theranostic
agent for CT guided radiotherapy [13]. Polyvinylpyrrolidone
(PVP) coated porous bismuth (pBi) nanospheres with doxorubicin
(DOX) have shown theranostic properties for CT and combined
photothermal therapy, radiotherapy and chemotherapy [27].
Besides, polydopamine (PDA)/HSA/DOX coated bismuth
selenide (Bi,Ses) nanoparticles have been also introduced as
multifunctional agent for CT and infrared thermal imaging as well
as thermo-chemotherapy [15]. However, based on our knowledge,
integration of Bi,O3 nanoparticles, BSA and 5FU in the form of
Bi,0s/BSA/5FU nanocomposite has not been investigated as a CT
contrast agent with capability for loading of 5FU.

The aim of this study was the synthesis of novel Bi,Os/BSA/5FU
nanocomposite and investigation of its potential for CT imaging
and 5FU anticancer agent loading applications.

(8% wi/w) to induce particle cross-linking under stirring overnight.
The final product was Bi,03/BSA/5FU nanocomposite.

2.3. Measurements.

X-Ray diffractometry (XRD: Philips diffractometer), transmission
electron microscopy (TEM: Zeiss LEO 912 Omega) and MAP of
scanning electron microscopy (Philips ES 30 KW) were done for
Bi,0s/BSA/5FU to determine the physicochemical properties of
the nanocomposite.

2.4. MTT (methyl thiazolyltetrazolium) assay.

In this study, in vitro cytotoxicity of the nanocomposite was
checked out by using the typical methyl thiazolyltetrazolium
(MTT) assay on A549 alveolar adenocarcinoma cells. The cells
were incubated in 96-well plates (8x10° cells per well) and
cultured at 5% CO, and 37° C for 24 hours. Different
concentrations of the nanocomposite (0.06, 0.11, 0.14, 0.18, 0.22
mM) were added to the culture media and the cells incubated for
24 hours. Then, 50 pL of 2 mg/ml MTT solution and 150 pL
culture medium were added to each well and incubation was
carried out for a 4 hours at 37° C and 5% CO,. In the next step,
plate wells were washed withPhosphate-buffered solution and
residual media removed. After adding dimethyl sulfoxide and
Sorensonbuffer as solubilizer to each well, the absorbance was
measured at 570 nm using an ELISA plate reader (BioTeck, Bad
Friedrichshall, Germany).

2.5. CT protocol and imaging.

Different concentrations (6, 12, 24, 36 and 50 mg/ml) of
Bi,0s/BSA/5FU and lohexol (Omnipaque, New York, USA) as
conventional CT contrast agent were prepared. CT was performed
at 18° C using 256 slices (2x128) dual source clinical scanner
(SOMATOM Definition Flash — CT scanner — Siemens
Healthiness Global, Germany) to prepare single and dual source
imaging. The parameters of the single source imaging were as
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follow: kVp: 120, mAs: 110, scan time: 1.13 s, rotation time: 0.28
s, FOV: 250 mm? Pitch: 0.5, increment: 0.6, slice thickness
(collimation): 128x0.6 mm. The Hounsfield units of the samples
were obtained for all concentrations of the nanocomposite and

3. RESULTS

3.1. Measurements.

XRD pattern showed the peaks related to Bi,Os/BSA/S5FU (figure
1) confirming the succes synthesis of the nanocomposite.
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Figure 1. XRD pattern of Bi,Oz/BSA/5FU nanocomposite.

TEM image indicated the average size of the nanocomposite was
20-30 nm (figure 2). The size was higher than the threshold for
filtration of Kkidneys, therefore, the blood half-life of the
nanocomposite is enough high to provide appropriate imaging
time.

Figure 2. TEM image of Bi,03/BSA/5FU nanocomposite.

The homogenous dispersion of Bi, carbon (C) and oxygen (O) in
the Bi,Os/BSA/5FU was shown by MAP in figure 3. The figure
illustrates higher amounts of carbon (figure 3B) compared to
oxygen (figure 3C) and bismuth (figure 3A) in the nanocomposite.
This finding is related to the presence of carbon in the structure of
BSA and 5FU. Although oxygen exists in the structure of Bi,Os,
BSA and 5FU, its amount is lower than carbon. On the other hand,
Bi amount in the nanocomposite was less than other elements.
This finding is in agreement with the TEM results. Bismuth atoms
are seen as dark points in the TEM image (figure 2) because of its
high atomic number while carbon and oxygen form bright points.
Therefore, the dark area of the figure is less than the bright area.

lohexol using CT scanner workspace. The above steps were
repeated with dual source scanner using 80 and 140 kVp and 0.28
s rotation time.

Cc

Figure 3. MAP of A) Bismuth, B) Carbon and C) Oxygen.

3.2. MTT assay.

Figure 4 demonstrated the MTT assay results for Bi,Os/BSA/5FU
and Bi,O3/BSA. Decreasing of cell viability as a function of both
nanocomposites concentration is seen in the figure. The cell
viability of Bi,O03/BSA/5FU was lower than BiO3/BSA
nanocomposite for all of the concentrations. At the first part of the
chart (low concentrations up to 0.14 mM), the differences between
the two nanostructures were low but it was significant for higher
concentrations. This phenomena is related to the low amount of
5FU loading and subsequently lower release of the drug. For
Bi,03/BSA nanocomposite, the cell viability for all concentrations
was higher than 80%, confirming its high compatibility for cell
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culture. On the other hand, the cell viability with Bi,Os/BSA/5FU
nanocomposite was higher than 80% only for the lowest
concentration (0.11 mM). The cell killing effect was increased
with increasing Bi,Os/BSA/5FU nanocomposite concentration, so
that, it was 63% for concentration of 0.22 mM. This finding
confirms the successful loading of 5FU to Bi,O3/BSA
nanocomposite that leads to high capacity of the Bi,O3/BSA/5FU
for killing A549 alveolar adenocarcinoma cancer cells.
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Figure 4. A549 alveolar adenocarcinoma cell viability after incubation

with different concentrations of Bi,Oz/BSA/5FU (dashed columns) and

Bi,03/BSA (green solid columns)nanocomposites.

Control

3.3. Phantom imaging.

Figure 5 illustrates the phantom images of Bi,Os/BSA/5FU
nanocomposite (5A) and lohexol (5B) at different concentrations
prepared with single source CT. According to the figure, as the
concentration of the nanocomposite and lohexol was step by step
increased, the X-ray attenuation of the samples, and therefore, the
brightness of the images were also increased. However, in similar
concentrations, the brightness for Bi,Os/BSA/5FU was higher than
that of lohexol as conventional CT contrast agent. Figure 5C
shows the plot of CT value (HU) versus concentration for the
samples. The amount of X-ray attenuation for the both substances
was increased linearly with increasing of concentration, but higher
line slope was obtained using Bi,Os/BSA/5FU nanocomposite.
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Figure 5. Phantom images of A) Bi,Os/BSA/5FU nanocomposite, and B)
lohexol, C) The plot of CT value versus concentration forBi,Oz/BSA/5FU
nanocomposite and lohexol.

Increasing of the nanocomposite concentration leads to increasing
Bi,O; content in the samples. Therefore, change in the mass ratio
between Bi,O; and water molecules makes concentration-
dependent effect. lohexol is an iodine based contrast agent which
is widely used for contrast enhanced CT. Since bismuth has higher
atomic number than iodine (Z=83 for bismuth and 53 for iodine),
based on equation one, attenuation coefficient (p) for
Bi,0s/BSA/5FU nanocomposite is higher than the iodine based
contrast agent. Therefore, bismuth oxide based nanocomposite

indicates higher X-ray attenuation. The linearity between CT
values and concentrations of the nanocomposite with high slope
reveals high efficiency of the nanocomposite for enhancing of CT
contrast. Thus, the nanocomposite can provide equal X-ray
attenuation in lower doses comparing to the conventional iodine
based contrast agent. Moreover, our nanocomposite benefits from
loading of 5FU as anticancer drug. Comparing to other Bi,O3
based nanostructure, X-ray attenuation of Bi,Oz/BSA/5FU
nanocomposite is higher than hyaluronic acid-functionalized
bismuth oxide (HA-Bi,O3) nanoparticles [13] in similar
concentrations.

The graph of X-ray attenuation at different concentrations of
Bi,0s/BSA/5FU nanocomposite produced by 80 and 140 kVp
voltages in dual source CT is shown in figure 6. Increasing of X-
ray attenuation as a function of concentration is seen for the both
kilovoltages. Although high X-ray attenuation was obtained for
both of the voltages, the CT values for 80 kVp was higher than
140 kVp in similar concentrations.
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Figure 6. X-ray attenuation at different concentrations of
Bi,03/BSA/5FU nanocomposite produced by 80 and 140 kVp in dual
source CT.

Based on equation 1, the attenuation coefficient is proportional to
the third power of energy. Therefore, decreasing in attenuation
coefficient occurs when energy increases from 80 to 140 kVp.
Although differences of CT values are seen between 80 and 140
kVp, confirming the capability of Bi,O3/BSA/5FU nanocomposite
for DSCT needs more investigations. Comparison the results of
DSCT in the present study with a study [29]on Bi using 80 and
140 kVp shows slightly higher X-ray attenuation for
Bi,03/BSA/5FU nanocomposite.

The results of this study indicate that Bi,Os/BSA/5FU
nanocomposite has a high potential to use as CT contrast agent
with capability of loading 5FU as anticancer drug. Additionally,
the results can be used to design future in vivo study in animal
model. Since the nanocomposite size is higher than 8nm
(threshold for glomerular filtration), the nanocomposite is not
rapidly excreted by the kidneys [30], and therefore, it may be
useful to detect liver lesions in future in vivo studies. Additionally,
the nanocomposite size and hydrophilic property provide its
longer stay in blood circulatory system and there will be a longer
imaging time for X-ray imaging modalities.
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4, CONCLUSIONS

As a conclusion, in this in vitro study, Bi,O3/BSA/5-
Fluorouracil nanocomposite was successfully synthesized and
characterized to consider its efficiency to attenuate X-rays with the
photon energies used in single and dual source CT scan as well as
loading anticancer drug. According to the high X-ray attenuation
of the nanocomposite compared to the conventional iodinated
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