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Abstract

Objective: Radiolabeling of nanoparticles has potential benefits for personalized treatments and thera-
nostic applications, which have been on the agenda in recent years. Hydroxyapatite nanoparticles (HANP),
which have a great similarity to bone tissue, stand out as a biocompatible nanoparticle. The different biodis-
tribution properties of hydroxyapatite molecules in different nanosizes may create new opportunities for
their use, especially in bone imaging and in the treatment of bone tumors. This study aims to investigate the
labeling of hydroxyapatite molecules smaller than 50 nanometers obtained from eggshells with techne-
tium-99m (*"Tc) and the in vivo distribution of this molecule in rabbits. Materials and Methods: Characte-
rization of nanohydroxyapatite particles obtained from eggshells was performed using scanning electron
microscopy (SEM), energy dispersive X-ray (EDX), and X-ray diffraction (XRD). Radiolabeling of HANP smal-
ler than 50nm with *"Tc radionuclide, stability of the labeled product, and biodistribution profile in rabbits
were investigated. Results: The radiochemical purity of the *"Tc-HANP was obtained as 96%. The in vitro
stability of *"Tc labeled HANP was examined for up to 12 hours and showed excellent in vitro stability for the
first 4 hours in saline. Technetium-99m-HANP remained stable in vivo during the 6-hour imaging period. In
quantitative analysis, ”"Tc-HANP showed accumulation in bone tissue in the second hour. Conclusion: Tech-
netium-99m-HANP nanoradiopharmaceuticals with sizes less than 50 nanometers (20-31nm) showed high
uptake in bone tissue in rabbits. Therefore, HANP can be developed as imaging radiopharmaceuticals in bo-
netissue and bone cancers.

Hell JNuclMed 2025, 28(1):61-70 Epub ahead of print: 7 April 2025 Published online: 30April 2025

Introduction

ith the rapid development of the theranostic definition, the diagnostic and

therapeutic agents were loaded into the nanoparticles, and the definition of

"nano theranostics" was born. Nanotheranostics applies nanomedicine stra-
tegies for advanced theranostics. Nanotheranostics provides a convenient window for
monitoring the pharmacokinetics and pharmacodynamics of the drug injected into the
body. With the help of nanostructures, an appropriate diagnosis and therapeutic inter-
vention can be achieved by simultaneouslytargeting diseased cellsand imaging the pat-
hological regions after the systemiccirculation of thedrug[1].

The goal of theranosticsis to optimize the efficacy and safety of treatment, as well as to
facilitate the entire drug development process [2]. Nanomedicine has demonstrated ex-
cellent results in gene therapy, drug delivery, and clinical research [3]. Although there is
no official definition of nanoparticles (NP), which are the basic elements of nanotech-
nology, they are called colloidal or polymeric particle systems with particle sizes ranging
from 1to 1000nm prepared with polymers of natural or synthetic nature (Figure 1) [4].

Different molecules have been investigated for the pharmacokinetics and biodistribu-
tion of NP [5, 6]. Nanoparticles design flexibility provides adjustable in vivo pharmaco-
kinetics to improve delivery efficiency and reduce non-specific organ uptake by modify-
ing size, charge, and surface modification. Nanoparticles with a diameter of about 100nm
show prolonged blood circulation and relatively low mononuclear phagocyte system up-
take [6, 7]. This dimension, which is between the macroscopic and molecular levels, also
occupies a critical position at the cellular level. Therefore, nanosystems can be designed
to have some superior properties. However, the residues of nanomaterials can have a det-
rimental effect on human health. The analysis of NP in different matrices should not be li-
mited. Because the potential toxicity and behavior of NP can be affected by a wide variety
of factors such as particle number, charge, size and size distribution, chemistry and reacti-
vity, surface area, structure and shape, aggregation state, and elemental composition [8].
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Figure 1. Nanoscale of nanoparticles and biomolecules®. *This figure was uploaded by Wich Research Lab.The content may be subject to copyright.

Different molecules have been investigated for the phar-
macokinetics and biodistribution of NP [5, 6]. Nanoparticles
design flexibility provides adjustable in vivo pharmacokine-
tics to improve delivery efficiency and reduce non-specific
organ uptake by modifying size, charge, and surface modifi-
cation. Nanoparticles with a diameter of about 100nm show
prolonged blood circulation and relatively low mononuc-
lear phagocyte system uptake [6, 7]. This dimension, which is
between the macroscopic and molecular levels, also occupi-
es a critical position at the cellular level. Therefore, nanosys-
tems can be designed to have some superior properties.
However, the residues of nanomaterials can have a detrimen-
tal effect on human health. The analysis of NP in different
matrices should not be limited. Because the potential toxicity
and behavior of NP can be affected by a wide variety of fac-
tors such as particle number, charge, size and size distribu-
tion, chemistry and reactivity, surface area, structure and
shape, aggregation state, and elemental composition [8].

The use of nanosized particles in nuclear medicine pro-
vides numerous advantages in diagnosis and treatment. Ra-
diopharmaceuticals obtained using nanomaterials provide
an excellent platform for molecular imaging, diagnosis, and
treatment of cancer [9]. When drug imaging agents are per-
formed, drug delivery systems ensure safe, controlled and
effective delivery of diagnostic imaging and/or therapeutic
agents to the target organ or tissue. Due to the use of nano-
drugs in drug delivery systems, various anatomical and bio-
logical structures such as the blood-brain barrier, bron-
chioles in the respiratory system, and tight junctions in the
skin are overcome and the transported substance is delive-
red to the target tissue [10]. For example, nanosensors can
measure a wide variety of biomarkersin a small sample volu-
me [11, 12], and thanks to nanomedicine, drugs with low si-
de effects can be administered in higher doses by active tar-
geting of the blood vessels to the tumor site or receptor [12].

There are two main radiolabeling strategies for nanopar-
ticles. The first is to make the NP structure itself radioactive,
either at the surface or in the core. The other approach is to

radioactively capture the charge encapsulated in the NP.
Both approaches are commonly used for radiolabeling of
NP.The technetium-99m (*"Tc) radionuclide generator pro-
ductis labeled with NP by the direct labeling method with a
gamma energy of 140keV [13]. With the advent of multimo-
dal nuclear medicine imaging, which combines both anato-
mical and physiological information, improved spatial reso-
lution, increased detection sensitivity, and the availability of
quantitative data have provided new opportunities for an
accurate and precise diagnosis of cancer [14].

Calcium orthophosphate biomaterials have wide applica-
tions in medicine. Among them, synthetic hydroxyapatite
[Ca,, (PO,), (OH).] is promising for its use in medicine due to
its biocompatibility and bioactivity. Hydroxyapatite nano-
particles (HANP) can be developed as nanoradiopharmace-
uticals due to their physicochemical properties[15, 16]. Hyd-
roxyapatite nanoparticles stands out as a biocompatible
nanoparticle that shows great similarity to bone tissue [17].
Nanohydroxyapatite is an osteoconductive material that
can stimulate bone matrix regeneration after surgical treat-
ment of osteosarcoma [18]. Hydroxyapatite nanoparticles
are easily synthesized by many different methods [19]. Ano-
therimportant feature of HANP is that, as a crystalline mate-
rial, it is also possible to combine this material with other
metals to give nanoparticles new properties, such as the
combination with radioisotopes to provide theranostic pro-
perties [20]. Currently, inorganic nanoparticles such as hyd-
roxyapatite, BaSO, NPs, Ag-NPs, LaPO, NPs, TiO, and super-
paramagnetic iron oxide NP are being examined as carrier
molecules for diagnostic or therapeutic purposes in nuclear
medicine. Hydroxyapatite has already been labeled with ra-
dionuclides such as *"Tc and fluorine-18 (*F) for diagnostic
purposes in nuclear medicine. Technetium-99m labeled
HANP are shown as a potential candidate imaging agent for
bone cancer imaging [21]. Due to the potential position of
HANP in radionuclide diagnosis and treatment, more rese-
arch is needed in this area that can be translated into the cli-
nic.
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This study consists of two parts. In the first part, we investi-
gated the radiolabeling strategy of sub-50nm hydroxyapa-
tite NP produced from eggshells with *"Tc radionuclide and
the stability of the labeled NP. In the second part, we exami-
ne the biodistribution profile of this radiopharmaceutical in

rabbits by scintigraphicimaging.

Materials and Methods

All reagents to be used for the synthesis and quality control
of HANP and *"Tc-HANP radiopharmaceuticals were obta-
ined from Sigma-Merck in high purity pharmaceutical grade.
The Mon-Tek brand molybdenum-99 (*Mo)/*"Tc commer-
cial generator available in the radiopharmacy laboratory of

ourdepartmentwas used in the studies.

Nanohydroxyapatite synthesis
For hydroxyapatite nanoparticles synthesis, the eggshells
were first separated from their membranes, then thoro-
ughly washed with distilled water, and then the eggshells
were dried. The eggshells were crushed and calcined at
900°C for 3 hours in a still air environment. Distilled water
was added to the calcined egg shells to be used in the syn-
thesis of the hydroxyapatite material and mixed for 60 mi-
nutes atroom temperature in amagnetic stirrer [22]. The pH:
11 adjusted solution using NH,OH was heated to 90°C and
the reaction stirred for 2 hours. Cooled to room tempera-
ture, the solution was aged for 20 hours. The obtained nano-
particles were dried by filtration. The characterization of the
obtained nanohydroxyapatites was performed using scan-
ning electron microscopy (SEM), energy dispersive X-ray
(EDX), and X-ray diffraction (XRD).
Nanohydroxyapatite radiolabelling with *"Tc
To provide optimal conditions for *"Tc maximum radiola-
beling efficiency, different experiments were performed by
varying reaction parameters such as *"Tc-HANP, HANP con-
centration, pH of the reaction mixture, and incubation time.
In a reaction volume of TmL, the amount of HANP used for
radiolabeling ranged from 1 to 7mg and radiolabeling yields
were determined in each case. The effect of change in pH on
radiolabeling efficiency at room temperature was investi-
gated at different pH values using the NaHCO, solution of
the reaction mixture. The incubation time required to achi-
eve maximum labeling efficiency was optimized by perfor-
ming reactions for different times (0, 5, 10, 15, 20 minutes) at
room temperature and determining theyields in each case.

For the labeling process, nanoparticles smaller than 50nm
were obtained by passing them through a 0.45nm filter. Re-
ady-to-mark solutions with *"Tc were obtained by mixing
hydroxyapatite with stannous chloride (SnCl,) at room tem-
perature. One hundred pCi (approximately 300uL) of *"Tc elu-
ate was used to label the optimal amount of HANP with *"Tc
radionuclide.

Whatman paper No1 was used to characterize the labeled
nanoparticles. Thin layer chromatography (TLC) was perfor-
med using 2L of each labeled sample in acetone (Sigma-Al-

drich) as the mobile phase. The radioactivity on the papers
was confirmed in the Comecer brand dose calibrator. Radio-
labeled product stability was determined by incubation for
up to 12 hours while monitored by paper chromatography
as detailed above.

The morphological structure of ®"Tc-HANP, the synthesis
product of the study, was microanalytically analyzed at the
Advanced Technology Application and Research Center of
our University. The 12-hour stability and particle degradation
of ”"Tc-HANP were investigated by SEM and EDX. For this
purpose, selected samples for scanning electron microscopy
analysis (Quorum Q150R-ES) were photographed at a magni-
fication of 100.00X and EDX analysis was examined. The ma-
terial was coated with 80% Au and 20% Pd. Au/Pd is used to
ensure conductivity under the electron microscope (SEM).
Image analyzes were performed on a secondary electron de-
tector (SE2) on a Zeiss Supra 40Vp at a voltage of 30 KV.

Animal experiments procedure

This preclinical study was conducted after obtaining ethical
approval from the Animal Experimentation Ethics Commit-
tee (24 May 2021; 2021/05). During the experiments, nati-
onal and international directives were followed. The gender
of the rabbits was not considered a factor in the experimen-
tal design. All rabbits were kept in separate cages with 12-
hour day and night cycles at 25°C during treatments and fed
ad libitum.

Six New Zealand rabbits (Oryctolagus cuniculus) weighing
2300-3000g were divided into 2 groups: *"Tc-HANP (n=3)
and *"Tc (n=3). All rabbits were injected intramuscularly with
35mg/kg ketasol (Ketasol 10mL, Richterpharma, Austria) and
xylazine 5mg/kg (Rompun 25mL, Bayer, USA) to induce ge-
neral anesthesia. To determine the biodistribution of *"Tc-
HANP in rabbits, three rabbits were injected intravenously
with 37MBq/kg of *"Tc-HANP through the ear vein after anes-
thesia. The imaging was performed with a dual-detector hyb-
rid gamma camera coupled to flat panel computed tomogra-
phy (CT) with a low-dose X-ray tube (2.5mA, 120kVp; Philips
Brightview XBT) in the same portal (Cleveland, Ohio, USA).
Whole body static images were obtained at 10, 20, 30, 40, 50,
60, 120, 240, and 360 minutes from rabbits lying in prone
position under the Gamma Camera. For comparison, 37MBq/
kg of *"Tc was injected into the ear vein of the other three
rabbits after anesthesia and static images of the whole body
were obtained at 10, 20, 30,40, 50, 60, 120, 240, and 360 minu-
tes. The regions of interest were drawn in the regions of the
heart, lung, liver, spleen, kidney, bone, muscle, and thyroid of
the images obtained from the *"Tc- HANP rabbits and the
*"c group rabbits. Counts taken between 10 minutes and 6
hours for each organ were recorded in count/pixel. Time (mi-
nute)/radioactivity (counts/pixels) curves were created for all
organs and the biological distribution of *"Tc-HANP and " Tc
was examined for 6 hours. The biodistributions of *"Tc-HANP

99m-

and ""Tcin rabbits were compared with each other.

Statistical analysis

Data were analyzed with SPSS 24.0 software package (IBM,
Armonk, NY, USA). Continuous variables are given as mean+
standard deviation and categorical variables are given as fre-
guency and percentage.
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Results

Hydroxyapatite nanoparticle synthesis
The morphology and elemental analyzes of the obtained
hydroxyapatite nanoparticles were confirmed by SEM, EDX
(Scanning Electron Microscope/Energy Dispersion XRD)
with FEI Quanta 400F device at our University Advanced
Technology Application and Research Center (Figure 2).
After the samples were coated with 3nm thick gold-palla-
dium, images of the supports and immobilized supports
prepared with field emission electron gun were taken at ro-
om temperature under high vacuum conditions (Figure 3).
XRD patterns of synthesized nanoparticles were obtained
using 80 XRD diffractometry (XRD) APD 2000 PRO diffracto-
meter instrument (GNR, Novara, Italy) in the range of 5° to
90° 20 with Cu Ka beam (A=1.54 A) (Figure 4). The Joint Com-
mittee on Powder Diffraction Standards (JCPDS) XRD data
analysis card was compared with the obtained XRD spectra.
The size of the obtained hydroxyapatite nanoparticels were
calculated according to the Debye-Scherer equation [23].
Debye Scherrer equation:

b— kA
_ECG.';E'

D; Average crystallite size, K; a constant equal to 0.94, A, to the
wavelength of X-rays radiation (0.154nm), 3; The width of the
apex of the crown slit (in radians) and 26; It corresponds to the
Bragg angle (degrees).

Labeling of nano-hydroxyapatite particles with *"Tc

The effect of the change in the amount of HANP used in ra-
diolabeling on the *"Tc-labeled HANP yield is shown in Fi-
gure 5a. A radiolabeling efficiency of 75%+1 was achieved
with Tmg of HANP in a TmL reaction volume, while it incre-
ased to 96%=0.5 when 5mg of HANP were used. As a result,
5mg/mL was accepted as the optimal ligand concentration
for further studies. Other parameters were performed at
pH~5 at room temperature. Below pH 4 and after pH 6 the
radiolabeling efficiency was found to be poor (Figure 5b).
When the radiolabeling efficiency was determined at diffe-
rent incubation times during the reaction, it was observed
that the yield gradually increased with the reaction time
when the reactants were left to incubate for 15 minutes at

roomtemperature.

Figure 2. SEM analysis images of HANP (SEMimages; 200nm, Mag x25000, EHT 30.00KV)

cps/ev

Zn

Figure 3. EDXanalysis for hydroxyapatite nanoparticles from eggshell.
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Figure 5.a) Effect of the change in the amount of HANP on radiolabeling efficiency, b) Effect of pH on radiolabeling efficiency.

In vitro, stability studies were performed using the TLC
method. Hydroxyapatite nanoparticles labeled with *"Tc
showed excellent in vitro stability in saline for up to 12h. In
theTLC method, the free TcO, in the strips leaves the labeled
complexatthe bottom of the strip and migrates towards the
front. The radiolabeled complex remains at the point of ap-
plication. The excess of stannous chloride used for the re-
duction of pertechnetate causes the formation of undesi-
rable radiocolloids. Therefore, the percentage of radiocol-
loid was determined using pyridine: acetic acid: water (3:5:
1.5). The free pertechnate and the labeled complex moved
to the front of the strip, while the colloids remained at the
bottom of the strip. The net amount of *"Tc-HANP was cal-
culated by subtracting the activity fraction migrating in ace-
tone from the mixture of pyridine: acetic acid: water. The ra-
diochemical purity of *"Tc-HANP used in animal studies was
calculated as 96%.

The binding of *"Tc-labeled HANP was examined for struc-
tural degradation for 12 hours (Figure 6). SEM analyzes show-
ed that *"Tc-HANP nanoradiopharmaceutical remained in
the original size range at first labeling but underwent structu-
ral degradation at 12 hours.

Biodistribution of “"Tc-HANP in rabbits
When the biodistribution of *"Tc and *"Tc-HANP in rabbits
was visually evaluated, uptake was not observed in the thy-

99m:

roid gland and gastrointestinal tract in the ™" Tc-HANP ima-

99m:

ges.In ""Tc biodistribution images, uptake of activity in the
thyroid gland and gastrointestinal tract increased as expec-
ted.

In ""Tc-HANP images, increased activity uptake was de-
tectedintheliver, spleen, kidney, and bone tissue compared
to”"Tc physiological distributionimages (Figure 7).

In quantitative data; When the time/radioactivity curve is
examined, it is observed that *"Tc and *"Tc-HANP have si-
milar biodistribution curves in bone tissue until the second
hour. However, after the second hour, ”"Tc-HANP shows stab-
le uptake in bone tissue compared to *"Tc. After the second
hour, the uptake of *"Tcin bone tissue decreased (Figure 8).

When the time/radioactivity curve generated by the thy-
roid gland was examined, *"Tc uptake in the thyroid gland
increased until the 50" minute and then slowly washed out.
No “"Tc-HANP uptake was observed in thyroid tissue for 6
hours (Figure 7). It created a blood-pool-like washout curve
(Figure9).

The relative biodistribution of *"Tc-HANP in the rabbit body
according to the organs is shown in the graph (Figure 10).

In heart and lung biodistribution images, *"Tc-HANP up-
take in heart and lung was observed to be lower than *"Tc
until the second hour.They then draw a similar washout cur-
ve.

No accumulation of *"Tc-HANP was observed in the intes-
tines. This shows that labeled HANPs are not excreted thro-
ughtheliver/bile (Figure 7).

99m:
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Table 1. Stability analysis with HANP with *"Tc.

Time in hours

(%) 0 1 2 4 8 12
Labeling 96,0

Analysis-1 96,0 95,0 95,0 94,0 90,0 50,0
Analysis-2 96,0 95,5 94,0 94,0 89,5 51,0
Analysis-3 95,5 95,5 94,5 93,0 90,0 45,0
Average 95,7 95,3 94,5 93,7 89,7 48,5

Figure 6. a) SEM analysis images of ""c-HANP (SEM images; 200nm, Mag x25000, EHT 20.00KV), b) 12" hour stabilityimage (SEM images; 200nm, Mag x40000, EHT

20.00KV)
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Discussion

Hydroxyapatite (HA) is the natural mineral component of the
bone matrix. Hydroxyapatite is biocompatible and biodeg-
radable. It can be easily labeled with radionuclides. As a bio-
logical agent, its half-life is longer than that of the radionuc-
lides studied. Hydroxyapatite particles are converted to Ca"
and PO, ions by natural metabolic processes and are elimi-
nated within 6 weeks, ensuring biocompatibility [24-26]. Hyd-
roxyapatite is the main inorganic component of dental ena-
mel and biological bone and shows excellent biocompatibi-
lity and bioactivity. It is used as a biomedical material in ortho-
pedics and dental implants. Hydroxyapatite nanoparticles ha-
ve highly active surfaces and are used as carriers in drug deli-
very systems [22]. Interestingly, HANP can inhibit the growth
of some cancer cells [27, 28]. In an experimental study, the he-
aling of a bone defect treated with HANP was visualized scin-
tigraphically with *"Tc-bisphosphonates [29]. We synthesized
HANP from the egg shell. This method is both cheap and easy.
Previously, Siddharthan and his colleagues synthesized Hyd-
roxyapatite nanoparticles from eggshells using a similar met-
hod [30]. The surface of HANP was examined morphologi-
cally from the SEM image of nanosized hydroxyapatite obta-
ined from eggshells in a basic medium. As a result of the exa-
mination, it was determined that the particles were dispersed
on a nanoscale, spherical, and homogeneous manner and the
particle sizes were 20-31nm on average. Our results were con-
sistent with those of Sopyan et al. (2009) [31]. The size, shape,
and surface properties of HANPs are important for biodistri-
bution. Agents administered parenterally below the glome-
rular filtration limit (<5nm in diameter) are rapidly excreted by
the kidneys. Larger NP remain in circulation longer. It often ac-
cumulates in the liver and spleen, whereas micrometer-sized
particles become stuck in capillary beds and in the pulmo-
nary vasculature. The surfaces of nanoparticles are often mo-
dified with a polysaccharide or polymer; coatings increase the
circulation time of the particle and provide greater uptake in
regions of interest. Highly charged and hydrophobic particles
increase the diameter of the nanoparticle and enable it to be
recognized by the reticuloendothelial system. Particles below
100nm in diameter can persist in circulation for longer peri-
ods, allowing nonspecific imaging of disease sites through
enhanced permeability and retention effect (EPR) [32].

The EDX spectrum of the hydroxyapatite nanoparticles is
shown in Figure 2. The presence of calcium, phosphate, and
oxygen elements in the structure of the prepared HANP is
clearly seen in the figure. The findings obtained from the
EDX analysis are also in agreement with the results of the
SEMand XRD analysis.

The XRD (powder) method was used to determine the
crystal formation of the synthesized nanoparticular hydro-
xyapatite. Figure 4 shows the nanohydroxyapatite X-rays
model. According to the COD library, it was determined that
the hydroxyapatite nanoparticles obtained from the eg-
gshell were hexagonal in structure and the lattice parame-
ters were a=9.416, c=6.874 (COD card number: 96-900-12
34). The average particle size calculated according to the
Debye-Scherrer formulais approximately 16.45nm [23].

In the development of a radiopharmaceutical, all neces-

sary parameters such as radiochemical purity, stability, and
reproducibility should be examined, as well as the ability to
obtain it with highyield. In our study, *"Tc-labeled high-effi-
ciency HANP were obtained, and it was determined that ra-
diopharmaceuticals could be easily applied by a radiophar-
macist in nuclear medicine laboratories, and radiation sa-
fety was provided. In vivo stability of radiolabeled particles
is important in visualizing the uptake of the labeled radio-
pharmaceutical in relevant tissue. Since the separation of
the nanoparticles from the radionuclide will shorten its life
in the biological system, its in vitro stability should be at le-
astas long as the physical half-life of the radionuclide. In our
study, we obtained nanoradiopharmaceuticals with a 96%
binding percentage to HANP produced from eggshell and
*"Tc radionuclide. Albernaz et al. (2014) [33] developed ra-
diolabeled nanoparticles with *"Tc and studied bone can-
cerimaging. Their results indicate that labeling of nanopar-
ticles is possible because of the hydroxyapatite and its phy-
sicochemical properties. They stated thatit is possible to de-
velop nanoradiopharmaceuticals for bone. In their study,
they made labeling in radiochemical yield compatible with
our study. Our in vitro stability results showed that *"Tc-
HANP can be used clinically in short-term [4-hour] stability
studies, but the nanoparticle undergoes structural degra-
dation at equilibrium with a half-life of *"Tc at 12 hours. This
result is consistent with the low percentage of binding at 12
hoursin the experimental results of the labeling activity.

In our study, we visualized the biodistribution of *"Tc-

99m:

HANP by scintigraphy. We injected only ""Tc into rabbits in
the control group. By comparing *"Tc-HANP and *"Tc ima-
ges, we evaluated the pharmacokinetics of *"Tc-HANP as
more reliable. We also examined the in vivo stability of *"Tc-
HANP by observing thyroid and stomach uptake in the
*"Tc-HANP group ata 6-hour follow-up.

The radiopharmaceutical *"Tc-HANP, obtained by labe-

99m:

ling HANPs smaller than 50 nanometers with ~"Tc, had high
uptakeinthe liver and spleen. Anincrease in "Tc-HANP up-
takein boneswas observed atthe 120" minute.

The only study similar to ours is the Albernaz et al. (2014)
[33]in mice that showed a 5-minute distribution. Inimaging
targeting bone tissue, we think that 5 minutes of imaging ti-
me is too short to evaluate biodistribution. Therefore, our 6-
hour biodistribution study is more valuable in terms of me-
asuring the in vivo distribution and stability of the radio-
pharmaceutical. Monitoring high metabolism in the liver
and spleen may decrease uptake in the target tissue. High li-
ver uptake of ”"Tc-HANP may cause problems in imaging
and treatment. Therefore, by labeling different nanosizes of
hydroxyapatite with radionuclides, optimal bone/liver or
bone/background uptake ratios can be discovered. Additio-
nally, using different administration methods, such as local
administration of the radiopharmaceutical instead of pa-
renteral administration, can prevent nanoradiopharmace-
uticals from being metabolized in the liver or liver toxicity
when used in treatment. The absence of uptake in the thy-
roid gland and gastrointestinal tract in *"Tc-HANP biodistri-
bution images in six hours of imaging indicates that the ra-
diopharmaceutical maintainsits stability in vivoin 6 hours.

When the diagnostic and treatment potentials of nano-
hydroxy apatite for bone cancer are reviewed, it can be com-
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pared with a Swiss army knife. In studies conducted on ma-
ny cell lines and animal models, HANP have natural antitu-
mor effects. Reduction of tumor cell adhesion, induction of
apoptosis and cell cycle arrest, and downregulation of telo-
merase activity are known antitumor mechanisms [34]. Na-
nohydroxy apatite is used as a good filling material and inor-
ganic skeleton to repair operated bone cancers. After bone
resection, residual tumor tissue must be treated with che-
motherapy or radiation therapy. These treatments are hig-
hly toxic treatments.To reduce this toxicity, HANP can be de-
signed as antitumor drug delivery systems. Thus, the effecti-
veness of the drug is increased and its toxicity is reduced.
Hydroxyapatite nanoparticles have promising results in this
field, due to their simultaneous antitumor, osteogenesis,
and sustained drug release effects [35]. Photothermal thera-
py (PTT) and magnetic hyperthermia (MFH) are new treat-
ment methods applied with the help of HANP in bone can-
cers[36,37].

In the theranostic approach, HANP can be labeled with ima-
ging agents (""Tc, "°F) and therapeutic radionuclides that emit
beta and alpha radiation (”’Lu, '“Ho, ®Sr, *’P,*’Ra) [26, 38].

One of the most important advantages of HANP is that
they can be produced at the desired nanoscale. While smal-
ler molecules are more useful for systemic treatments, larger
HANP molecules that cannot pass through capillaries and
reach the lymphatic system can be used in treatments such
as radiation synovectomy, such as transarterial radioembo-
lization (TARE).

The easy and inexpensive production of HANP is one of its
mostimportantadvantages. In our study, eggshell was used
as araw material. The eggshellis an easily accessible and in-
expensive material.

Hydroxyapatite nanoparticles are a natural substance al-
ready found in bone structure and do not causeimmune re-
actions. It is easily metabolized and excreted. It does not le-
ave wasteinthe organism.

Hydroxyapatite nanoparticles have great potential, espe-
cially in cancer diagnosis and treatment. Today, very few
preclinical studies have been translated into the clinic. How-
ever, we predict that clinical applications related to HANP
willincrease rapidly.

In conclusion, ”"Tc-HANP nanoradiopharmaceuticals with
dimensions less than 50 nanometers (20-31nm) showed
higher uptake in bone tissue in rabbits from the 120" mi-
nute. Therefore, HANP can be developed as an imaging
agent in bone tissue and bone cancers. Due to its 6-hour in
vivo stability, it provides sufficient conditions for imaging.
The low in vitro stability of *"Tc-HANP at 12 hours and their
high uptake into the liver in in vivo imaging constitute a di-
sadvantage in terms of being a potential treatment agent.
This situation can be resolved by producing HANP in diffe-
rent sizes and different modifications. Producing HANP from
eggshells is advantageous in terms of cost. Additionally, it
can be easily labeled with radionuclides, which makes it ha-
ve a theranostic potential. When produced in different mole-
cular sizes and by adding different surface features, HANP
can open new horizons in the diagnosis and treatment of
bone cancerand some othercancers.
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