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Abstract

Silver tungstate nanoparticles have been presenting attractive characteristics that could allow its usage in the biomedical sci-
ences. In this study, Ag, WO, nanoparticles with an average size of 242 nm were obtained and radiolabeled with technetium-
99m with high labeling-yield as well as high stability. Biodistribution studies were carried out in healthy and tumor-bearing
mice to determine the nanoparticle’s in vivo behavior. The results revealed an important tumor-to-muscle ratio, reaching
values above than 1.5, demonstrated the ability of this nanomaterial in accumulating preferentially in tumor tissue. All
results together, converge to consider the Ag,WO, nanoparticles as a potential system against cancer and a potential new

radiolabeled probe for tumor identification and uptake.
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Introduction

The use of silver and silver ions in medicine is nothing new:
their applicability dates back to the Neolithic revolution
and owing to its bactericidal properties, their medicinal use
is reported since the eighth century. Silver nitrate aqueous
solutions were used for the topical treatment of infections
throughout the nineteenth century [1, 2]. From that time
onwards, the use of silver has extrapolated that sole purpose
and several other silver compounds have been developed for
and employed in different areas, such as material science,
engineering, and biomedicine.

Among silver compounds, silver tungstate, a monovalent
tungstate with the minimum formula Ag,WO,, has attracted
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considerable attention in recent years due to their physical
and chemical properties that enable a wide range of applica-
tions. Silver tungstate (herein mentioned as a-Ag,WO,) is a
ceramic material that presents structural polymorphism with
three different crystalline phases in which the a phase, is the
thermodynamically more stable [3-6].

a-Ag,WO, nanomaterials have been extensively recog-
nized for their photoluminescence and ability to degrade
organic pollutants under UV light irradiation [5, 7-13].
Besides, a-Ag,WO, nanoparticles have also been applied
as gas sensors with good sensitivity even at low ozone and
acetone concentrations [14, 15]. Moreover, interesting bio-
logical properties have been demonstrated for this type of
metal oxide and it has been used as antimicrobial and anti-
cancer agents [16—19]. Since this type of nanoparticle has
shown promising results for biological applications, espe-
cially in the cancer therapy and diagnosis field, it is essen-
tial to have a deep understanding of their in vivo behavior
[20-22]. However, to date, no studies on the biodistribution
profile of this material, either in healthy or tumor-bearing
animals have been carried out. In this context, herein, we
have synthesized and characterized Ag, WO, nanoparticles
and radiolabeled with technetium-99m. The in vivo fate of
the radiolabeled nanoparticles in healthy and tumor-bear-
ing mice was evaluated aiming to study the potential use
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of [*™Tc]a—Ag, WO, nanoparticles as a new tool for tumor
identification and uptake.

Experimental
Materials

Sodium tungstate dihydrate (purity > 99%), was pur-
chased from Specsol (Sao Paulo, Brazil) and silver nitrate
(purity > 99.8%) was obtained from Alphatec (Sao Paulo,
Brazil). Stannous chloride was purchased from Sigma-
Aldrich (Sio Paulo, Brazil). Sodium chloride (NaCl) was
obtained from Merck (Rio de Janeiro, Brazil). Sigma-
Aldrich (Sao Paulo, Brazil). Technetium-99m was obtained
from an alumina-based *Mo/**™Tc generator. Water was
purified using a Milli-Q apparatus (Millipore, Billerica,
USA). All other chemicals and reagents used in this study
were of analytical grade. Ehrlich cell line was purchased
from American Type Culture Collection (ATCC® CCL-
77™, Manassas, USA). Trypan blue dye was purchased from
Sigma-Aldrich (Sao Paulo, Brazil). Whatman™ 3MM chro-
matography paper was acquired from Sigma-Aldrich (Sao
Paulo, Brazil). Female Swiss mice (6—8-week-old) were
obtained from CEBIO-UFMG (Belo Horizonte, Brazil).

Ag,WO0, nanoparticles synthesis

Silver tungstate (a-Ag,WO,) nanoparticles were pre-
pared through microwave-assisted hydrothermal synthe-
sis (MAHS) following a previously described method by
LONGO and co-workers with some modifications [15].
Briefly, 1.0x 10~2 mol of tungstate sodium dihydrate and
2.0x 107 mol of silver nitrate were separately dissolved
in 20 mL deionized water and heated to 80 °C for 10 min,
with constant stirring. The resultant solutions were then
mixed and, the obtained suspension was added to a Teflon
container and then exposed to microwave oven operating
at a frequency of 2.45 GHz (800 W) at 130 °C for 60 min
(heating rate of 15 °C min_l). After cooling, the obtained
precipitate was centrifuged 5 X (32,000Xg—5 min) and
resuspended with 40 mL deionized water (5x) and 40 mL of
acetone (1x). The resultant solid was classified (<400 nm)
through 0.4 um filter. Finally, the obtained material was
dried at 70 °C for 4 h.

Physicochemical characterization
X-ray diffractometry
The identification of the main phase present in the nanopar-

ticles was conducted through X-ray Diffraction (XRD) tech-
nique, using a Rigaku wide-angle SmartLab equipped with a
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vertical goniometer. The analysis was made applying CuKa
radiation (A=1.54060 nm) measured in step scan mode with
steps of 0.02°2’ @ and a scan speed of 1.00° s~! from 10 to
80°2' 8. The crystallite size was calculated from the simple
and well-known Scherrer equation. The main peak was used
for the procedure, take into account the value of 0.9 radians
for the constant 5 [23].

Raman spectroscopy

Raman spectra were performed on Micro Raman spectrom-
eter (HORIBA THR 320) with a 320 nm wavelength cou-
pled with a microscope (OLYMPUS BX-41). To obtain the
Raman spectra, the samples were placed on a polished glass
surface on the stage of a microscope. The Raman spectra
were excited by a solid-state laser producing highly polar-
ized light at 633 nm and collected at a resolution of 2 cm™!
and a precision of +1 cm™' in the range between 50 and
1000 cm™!. Repeated acquisitions, using the highest mag-
nification (50 X), were carried out to improve the signal-to-
noise ratio in the spectra. Spectra were calibrated using the
520.5 cm™! line of a silicon wafer.

Mean size, polydispersity index and zeta potential analyses

The average hydrodynamic size (AHS), size distribution and
zeta potential (§) were determined using dynamic light scat-
tering (DLS) and phase analysis light scattering (PALS) in
a Zetasizer Nano—ZS equipped with 40 mW, 633 nm laser
(Model ZEN 360, Malvern Instruments Ltd, Malvern, UK).
The mean size and polydispersity index of the a-Ag,WO,
were evaluated by DLS, at 25 °C, and an angle of 90°. The
zeta potential was determined by DLS associated with elec-
trophoretic mobility, at pH 7.4, and an angle of 90°. All
analyses were performed in a Nano ZS Zetasizer (Malvern
Instruments Ltd, Worcestershire, UK). Triplicates of dis-
persion at 1 pg mL™! of a-Ag,WO, were prepared with
ultra-pure water (120 +20 pS cm™ of conductivity). The
mean size, polydispersity index, and zeta potential data were
obtained after to vigorous shaking in a vortex.

Radiolabeling and radiochemical purity evaluation

The radiolabeling procedures were carried out as previously
described by Monteiro et al. [24], with a few modifications.
Briefly, an aliquot of 100 pL of the a-Ag,WO, (2 mg mL™")
was added to 200 pL of acidic SnCl, aqueous solution
(1 mg mL™"). Then, the pH was adjusted to 7.0, the vial was
sealed, and the air was removed with a syringe. Afterward,
100 pL of sodium pertechnetate ([*™Tc]NaTcO,) (37 MBq)
in 0.9% (w/v) NaCl was added and the mixture was kept at
room temperature for 15 min. The labeling vial was rinse
with 500 pL of saline (0.9% w/v NaCl) and the content was
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transferred to an Eppendorf tube and then centrifuged at
10,000xg for 10 min for sample purification. The superna-
tant was then removed, and the pellet was resuspended with
500 pL of saline using an ultrasonic bath.

Radiochemical yield was evaluated through thin layer
chromatography (TLC) method using Whatman™ chroma-
tography paper (Whatman™ 3MM, GE Whatman, Maid-
stone, United Kingdom) before and after purification by cen-
trifugation. Methylethylketone was used as mobile phase to
quantify the free [**™Tc]TcO,~ (Ry=0.9; whereas [*°™Tc]
TcO, and [*™Tcla-Ag,WO, show R,=0.0-0.2). The radio-
activity was quantified by a gamma counter (Wallac Wizard
1470-020 Gamma Counter; PerkinElmer Inc., Waltham,
Massachusetts, USA). The obtained solution was purified
from [**™Tc]TcO, during the centrifugation step described
above, and the radiochemical yield was calculated through
the difference in the radioactivity according to the equation:

% labeling = (pellet/(pellet + supernatant)) x 100 (1)

In vitro radiolabeling stability evaluation

In vitro studies were performed to evaluate the radiola-
beling stability of [*™Tc]a—Ag,WO,. The procedure was
previously conducted according to studies of Oda et al.,
[25]. The radiolabeling stability was tested in NaCl 0.9%
(w/v) at room temperature and in mouse plasma (100 pL of
[®"Tcla—Ag,WO,—10 ug, 3.7 MBq in 1 mL of fresh mouse
plasma) at 37 °C, both under agitation. Aliquots of 5 pL.
were taken out at 1, 2, 4 and 24 h, and analyzed by TLC.
Additionally, the AHS of radiolabeled Ag,WO, nanoparti-
cles was determined using DLS technique.

Blood clearance evaluation

100 pL of [99mTc]oc—Ag2WO4 (10 pg, 3.7 MBq) was injected
to healthy Swiss female mice (n="7) through tail vein injec-
tion, and blood samples (10 pL) were collected at 1, 5,
10, 15, 30, 45, 60, 90, 120, 240, 480 and 1440 min post-
administration. Then, each sample was weighed, and the
associated radioactivity was determined in an automatic
scintillation apparatus (Wallac Wizard 1470-020 Gamma
Counter; PerkinElmer Inc., Waltham, Massachusetts, USA).
The percentage injected dose per gram (%ID g') and its
mean + SD were determined, and the data is plotted as a
function of time.

In vitro tumor model

The procedure was based on previous studies conducted by
Soares et al., [26]. Ehrlich ascites carcinoma cells (1.0 x 10°
cells) were intraperitoneally injected into the abdominal

cavity of Swiss female mice. Ascites fluid was collected on
the 10th day after tumor cells injection. The Ehrlich cells
were washed twice and then resuspended in 5 mL of saline
solution (0.9% w/v NaCl). An aliquot of the cell suspension
was stained with trypan blue (1:1) and counted in Neubauer
chamber to determine cell viability. An aliquot of 100 pL,
containing 1x 107 cells, were then injected subcutane-
ously into the right thigh of Swiss female mice (6—8 weeks,
n=14). The mice were kept in groups of seven animals per
cage, with free access to food and water under a light—dark
cycle of 12 h (beginning at 06:30 a.m.) and controlled tem-
perature (24 +1 °C) for 8 days until the tumor reached a
mean tumor volume of 103 + 17 mm?>. Ehrlich tumor-bearing
mice were used for biodistribution studies. All animal stud-
ies were approved by the local Ethics Committee for Animal
Experiments (CEUA/UFMG) under the protocol number
376/2016.

Biodistribution studies

Healthy and Ehrlich tumor-bearing Swiss female mice were
used in the biodistribution studies. To each animal, an ali-
quot of 3.7 MBq of [*™Tc]a-Ag,WO, (10 pg, n="7) was
injected intravenously. After 1 h and 4 h, mice were anesthe-
tized with a mixture of xylazine (15 mg kg™!) and ketamine
(80 mg kg~!) and euthanized by cervical dislocation. Liver,
spleen, kidney, stomach, heart, lungs, thyroid, intestines,
brain and muscle were removed, dried on filter paper, and
placed in pre-weighed plastic test tubes. The radioactivity
was measured using an automatic gamma counter. A stand-
ard dosage containing the same injected amount was counted
simultaneously in a separate tube, which was defined as
100% radioactivity. The results are expressed as the per-
centage of injected dose/g of tissue (%1D/g).

Statistical analysis

The characterization data were analyzed employing Origin
Pro 8.5 (OriginLab Corporation, Massachusetts, USA). Stu-
dent # test was applied in the biodistribution studies and, the
tumor accumulation ratio evaluation. One-way ANOVA and
Tukey post hoc test were used in the in vitro stability study
of [*™Tc]a—Ag2WO, employing the GraphPad Prism® 5.0
Software. Data were expressed as mean + standard deviation
(SD). Statistical significance was accepted when p <0.05.

Results and discussion

a-Ag,WO, nanoparticles were synthesized through the
microwave-assisted hydrothermal synthesis (MAHS)
approach, following a two-step method. In the first step,
sodium tungstate and silver nitrate salts were separately
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dissolved in ultra-pure water in which the ionization reac-
tions (2) and (3) occurred. The aqueous solution containing
the Ag* ions was added to the WO, aqueous solution using
a magnetic stirring for mixing. A pale-yellow suspension
was instantaneously obtained (Fig. 1) and a white precipitate
could be promptly observed as the solid product described
in the reaction (4).

2AgNO; ) — 2Ag(*;1q) +2NO5,, )
Na, WOy - 2H,0() = 2Nal,, + WO, + 2H,0)  (3)
gl 4 WO, = AENOL 0

In the second step, the obtained precipitate was hydro-
thermally treated in a microwave oven at 130 °C for 60 min
The resulting suspension presented a gray appearance, which
was maintained even after the complete material drying.

Since the pioneering work of Gedye et al. [29] and
Giguere et al. [30] the MAHS approach has been estab-
lished as a good alternative method for synthesis, espe-
cially for allowing the possibility of obtaining particles with
high purity and crystallinity, in the nanoscale, in a much
less time consuming process [13, 27-30]. Da Silva and
co-workers [15] synthesized a-Ag,WO, nanorods through
MAHS approach and reported important properties of the
obtained material for applications such as the gas detection

Fig. 1 Ag,WO, nanoparticles suspension obtained by MAHS method
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in biological samples and potential non-invasive diagnosis
of diabetes. Analysis of gaseous metabolites has been used,
over the past years, as a useful tool for the noninvasive diag-
nosis and monitoring of a broad range of diseases [31, 32].
Acetone, for example, has been used as a specific marker for
the diabetes diagnosis and efforts have been made towards
the discovery of novel acetone-sensing devices.

Recent studies have demonstrated interesting biological
properties for a-Ag, WO, nanoparticles. Longo and co-work-
ers [16], i.e., have demonstrated potent antibacterial activity
for this material against methicillin-resistant S. aureus. Con-
sidering the cancer research field, Muthamizh and co-work-
ers [33] revealed a dose-dependent decrease in the viability
of mice melanoma cells treated with silver tungstate nano-
particles. Besides, the biocompatibility of this nanoparticles
was tested on normal skin cell line (human keratinocyte),
with promising results. Silver tungstate exhibited no sig-
nificant cytotoxicity effect against human keratinocyte cell
line [19]. However, studies involving the toxicity effects of
these nanoparticles are scarce and more investigations need
to be conducted to evaluate adequately the potential risks.

Physicochemical characterization
Xrd

The structural ordering at long range of the a-Ag,WO,
crystals was evaluated by XRD patterns analysis and
the results are available in Fig. 2. The intense and well-
defined peaks can be correlated to the orthorhombic phase,
non-centrosymmetric space group Pn2n, point-group of

(231
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Fig.2 XRD patterns of a-Ag,WO, nanoparticles prepared through
MAHS at 130 °C. The vertical lines (I) indicate the positions and
intensities found in ICSD card no. 4165, which corresponds to the
a-Ag,WO, phase
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symmetry C10/2v and two molecular formulas per unit
cell (Z=2) of a-Ag,WO,. All the diffraction peaks are in
accordance with the Inorganic Crystal Structure Database
(ICSD) no. 4165 pattern and indicates the phase purity of
the samples.

Scherrer’s equation was used to calculate the average
crystallite size of a-Ag, WO, samples. The results revealed
an average crystallite size of 47.7 + 5.56 nm. This result is
following recent works published by Pinatti et al. [34] and
He et al. [35], where they synthesized Ag,WO, nanorods
through co-precipitation method. In these works, the
authors calculated the crystallite size around 32 nm and
38 nm, respectively.

Raman spectroscopy

Raman spectroscopy is an excellent technique that allows
the observation of structural defects and the crystalline
organization of the nanomaterial at short and medium-
range. A previous study conducted by Turkovic et al. [36]
revealed twenty-one vibrational modes for this material in
which was correlated to an orthorhombic structure (6A,,,
5A,4, 5By, and 5B,,). In this study, 11 vibrational modes
were identified, and the results are available in Fig. 3. The
weak bands in the range of 200-800 cm™~! was attributed
to the stretching mode of the [WO,] cluster, whereas the
intense peak at 874 cm~! was attributed to the bending
modes of the Ag—O-W. It is possible to observe in the
range of 50-100 cm™!, similar band to those reported by
Basiev and co-workers [37], which was attributed to move-
ments of the silver cation, relative to the anionic molecular
cluster [WO4]2_ (external vibrational modes).

Relative intensity (a.u.)

T T T T T T T T T T T T T T T T T T
100 200 300 400 500 600 700 800 900 1000
Wavenumber (cm™)

Fig.3 Raman spectra of the hydrothermally synthesized a-Ag,WO,
nanoparticles

Mean size, polydispersity index and zeta potential analysis

According to the photon correlation spectroscopy technique,
a-Ag,WO, nanoparticles presented an average hydrody-
namic diameter of 242.40 + 11.89 nm. Furthermore, the
syntheses procedures allowed obtaining a monodisperse col-
loidal system with a significantly negative charge (Table 1).

It is well known that nanoparticles have different phar-
macokinetic behavior and biodistribution profile when com-
pared to small molecules, leading to potentially different
therapeutic and toxicity characteristics. Importantly, not only
its biodistribution but also the interaction between the nano-
particle and the target cells can be affected by its composi-
tion and physicochemical properties such as size, shape and
zeta potential [38]. Zeta potential, the net charge on a surface
of a particle, is a major influential physical factor impacting
pharmacokinetics and biodistribution of nanoparticles and is
known to affect the nanoparticles internalization at different
cells lines [39].

Radiochemical purity and stability

a-Ag,WO, nanoparticles were successfully labeled with
9mTe with a radiochemical yield of 94.98 +2.38%. Radio-
chemical impurities [99“’TC]TCO4_ and [gngC]TCOZ) were
quantified as 1.39+0.65% and 3.68 +1.83%, respectively.
[**™Tc]TcO, was further eliminated by the centrifugation
process leading to a radiochemical purity higher than 95%
(98.34 £ 1.06%). The radiolabeled nanoparticles exhibited
a high in vitro stability (Fig. 4) within 24 h of incubation
(n=15) in saline and mouse plasma. The AHS of radiolabeled
Ag,WO, nanoparticles was determined before and after of
incubation process and no significant differences were found
in the obtained results, revealing important stability of nano-
particles during the incubation time.

Radiochemical purity higher than 90%, achieved for all
tested timepoints in which no statistically significant dif-
ferences were observed among tested groups. These results
are important for in vivo studies, such as biodistribution
and scintigraphic images since a non-stable compound
can release the radioisotope in the bloodstream allowing to
obtain false results regarding the in vivo complex behav-
ior. Furthermore, the presence of radiochemical impurities
can result in poor quality images due to high background

Table 1 Polydispersity index and Zeta potential of a-Ag,WO, nano-
particles. The analyses were carried out in ultra-pure water at a con-
centration of 0.9 mg mL~!, in pH 7.4. All measurements were per-
formed in triplicates at 25 °C

Samples Polydispersity index  potential (mV)

a-Ag,WO, 0.191+0.02 —26.25+7.28
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Fig.4 In vitro stability of [*™Tc]a—Ag,WO, in 0.9% saline solution
(circles) at room temperature (25 °C) and in mouse plasma (triangles)
at 37 °C. Data expressed as mean =+ SD of the mean (n=15)

radiation around the tissues and the blood and exposes the
patient to an unnecessary dose of radiation [40].

The direct radiolabeling of nanosystems with **™Tc has
been applied to various types of nanoparticles [41-43].
Still in 2004, Fu and co-workers successfully conducted the
direct radiolabeling of ferrite nanoparticles with technetium-
99m [44]. Wang et al. [45] conducted a more detailed study
where ferrite nanoparticles were direct radiolabeled with
[**™Tc]NaTcO,, with radiochemical purity over than 92%.
According to the authors, technetium atoms can be cova-
lently bonded with the Fe;O, nanoparticles since they have
hydroxyl groups in which can easily conjugate with techne-
tium-99m atoms. Otherwise, technetium atoms can conju-
gate to nanoparticles by Van Der Waals forces, in which low
stability can be observed [45]. In this sense, based on the
same described mechanism and the radiolabeling stability
obtained, we hypothesized a similar behavior for Ag,WO,
nanoparticles, where **™Tc atoms were covalently bonded
to the oxygen atoms of crystalline structure. However, addi-
tional studies must be conducted to elucidate, in details, the
main mechanism involved in this radiolabeling reaction.

Blood clearance and biodistribution studies

In Fig. 5 is available the blood clearance profile obtained
from healthy Swiss female mice after intravenous (i.v.)
administration of [**™Tc]a—-Ag,WO,. Blood levels declined
following biphasic pattern with an « half-life of 0.83 min
and a f half-life of 111.6 min.

In this study, the biodistribution investigations were
conducted aiming to assess the location of the [*°"Tc]
a—Ag, WO, nanoparticles. The biodistribution profile at 1
and 4 h after i.v. injection of the radiolabeled nanosystem
into healthy and tumor-bearing mice (Erhlich carcinoma)
are available in Figs. 6 and 7, respectively. An important
uptake in kidney, liver, and spleen was detected in all studied
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Fig.5 Clearance profile of [*™Tc]a—Ag, WO, obtained from healthy
mice injected i.v. route. The data are expressed as mean percentage of
injected dose + SD of the mean (n=7)

times that can be attributed to regular physiological routes of
elimination. On the other hand, only discrete uptake in the
stomach or thyroid was observed, which are regular sites of
accumulation of the radiolabeling impurities, such as [**™Tc]
TcO,~ [24]. Based on this fact we can hypothesized that low
amounts of [99“‘TC]TCO4‘ are present. These results are in
agreement with the results obtained in the radiochemical
purity test. As expected, biodistribution studies on healthy
and tumor-bearing mice showed high uptake in liver and
spleen in all tested animals. Such uptake and retention might
be attributed to the actions of phagocytic cells belonging
to the Mononuclear Phagocyte System (MPS) abundantly
present in these organs. In this sense, the uptake observed
in the lungs could be attributed to this same reason [25].

In this work, the tumor accumulation behavior can be
related to Enhanced Permeability and Retention Effect
(EPR effect), where the nanoparticle system can be signifi-
cantly retained in tumor region due to fenestrations raging
7-400 nm, observed in blood vessels of tumor region [46,
47]. This effect was firstly described by Maeda and Mat-
sumura in 1986 and despite over past 33 years, some ques-
tions remain unsolved such as: How phenotype and size of
the tumor can influence the EPR effect? How the extension
tissue perfusion, necrosis grade, vascularity can alter the
drug/nanoparticle uptake? [47, 48]. However, today is well-
defined that the EPR effect is controlled by diverse chemical
mediators such as cyclooxygenase, tumor necrosis factor-o,
vascular epidermal growth factor, matrix metalloproteinase,
bradykinin, and etc. For Ehrlich tumor-bearing mice, the
tumor-to-muscle ratios obtained from the biodistribution
data were calculated for 1 and 4 h and the results revealed
ratios of 1.21 after 1 h and 2.74, after 4 h (Fig. 8).

Particularly, in these animals, although the tumor
uptake was lower than organs such as liver, spleen, kid-
neys, and lungs, the values for tumor tissue was consist-
ently higher than those observed for muscle in the same
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Fig.6 Biodistribution profile
obtained at 1 and 4 h after i.v.
administration of [*™Tc]o—
Ag,WO, in healthy mice. The
data are expressed as the aver-
age percentage of the injected
dose of [*™Tc]o—Ag, WO, per
gram of tissue + SD of the mean
(n=T7)

Fig. 7 Biodistribution

profile obtained at 1 and 4 h
after i.v. administration of
[®™Tcla—Ag,WO, in Ehrlich
tumor-bearing mice. The data
are expressed as the average
percentage of the injected dose
of radiolabeled nanoparticles
per gram of tissue + SD of the
mean (n="7)

animal (considered as surround control tissue). However,
more detailed studies can reveal the detailed mechanism
involved in this preferential tumor accumulation as well
as to amplify the knowledge of the use of inorganic nano-

carriers as radiolabeled probes.

60 -

40 1

%IDIg
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401

E=3 4 Hours

1 Hour
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Conclusions

In this study, a-Ag,WO, nanoparticles were success-
fully obtained through microwave-assisted hydrothermal
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EE 4 Hours

Tumor-to-muscle

Fig. 8 Tumor-to-Muscle Ratios obtained at 1 and 4 h after i.v. admin-
istration of [®™Tcloa—Ag,WO,. The data are expressed as average
percentage of injected dose of radiolabeled nanoparticles per gram of
tissue +SD of the mean (n=7). Asterisks indicate statistically signifi-
cant differences between 1 and 4 h (p<0.05) analyzed through non-
parametric Student t-test (two-tailed; unpaired test in which unequal
variance was assumed)

synthesis. The Raman spectroscopy and X-ray diffractom-
etry data revealed compounds with an important struc-
tural organization in the long- and short-range order. The
analysis of the polydispersity index and zeta potential sug-
gests that silver tungstate forms a monodisperse and stable
suspension in an aqueous medium. Furthermore, the nano-
particles were successfully labeled with technetium-99m
with a high radiolabeling yield and biodistribution studies
indicated that, although silver tungstate also accumulates
on phagocytic cells, the nanoparticles preferentially accu-
mulated in tumor tissue rather than in normal tissues, pos-
sibly due to EPR effect. Thus, [*™Tc]a—Ag,WO, can be
considered a potential new tool for tumor identification
and uptake aiming either cancer diagnostic or therapeu-
tic approaches. Nonetheless, since biological properties
of a-Ag,WO, nanoparticles are still poorly explored in
the literature, future detailed in vitro and in vivo studies
to assess detailed biocompatibility of these nanoparticles
are warranted.
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