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In this study, we reported on the synthesis and biological evaluation of radiolabeled fluorescent dye conju-
gated bovine serum albumin nanoparticles within the size range 190-210 nm. The bovine serum albumin
nanoparticles (BSANPs) were prepared using a desolvation method, and chemical cross-linking was
performed using gluteraldehyde. Furthermore, pheophorbide-a (PH-A) was loaded on the BSANPs. The
results obtained from dynamic light scattering and electron microscopy have proved that nanoparticles
are highly monodisperse and near-spherical shaped. The photo-physical properties of the PH-A-BSANPs
were obtained using the spectrophotometric techniques. According to the results, PH-A and BSANPs
show high non-covalent interaction. PH-A loaded nanoparticles were labeled with ®®™Tc and the radio-
Drug delivery systems labeling efficiency was determined as 90 + 1.2%. Biodistribution studies of *™Tc labeled PH-A-BSANPs
MCF-7 and PH-A were carried out using female Albino Wistar rats, and %™Tc-PH-A-BSANPs showed a signif-
99mTc icantly higher uptake in the breast and uterus than 9°™Tc-PH-A. Cell culture study was carried out in
MCF-7 cell line (human breast adenocarcinoma cell line). According to the cell culture studies, 9°™Tc-
PH-A-BSANPs showed a higher uptake than *™Tc-PH-A. Moreover, PH-A-BSANPs demonstrated good
photo-physical properties and BSANPs increased the uptake of PH-A on to the MCF-7 cell line. These
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results confirm that 9°™Tc labeled PH-A-BSANPs could be utilized for radioimaging.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Recent advances in nanotechnology have stimulated novel
applications in cancer therapy and diagnosis where nanoparticles
are used to achieve colloidal drug delivery systems. The major goals
of in colloidal drug delivery systems are controlled transport of the
drug to target cells and tissues at a therapeutically optimal rate
and dose regimen. Thus, they can prevent the unwanted toxic side
effects of the drug and improve its therapeutic effects (Crommelin
and Schreier, 1994; Zhang et al., 2004; Hans and Lowman, 2002).
Nanoparticles are useful drug delivery systems for the selective
transport of the drug to the target cells and tissues. Therefore, they
may be combined with targeting ligand, imaging-probes and poly-
mers via adsorption or conjugation (Wang et al., 2010; Yang et al.,
2010; Lin et al., 1999; Cho et al., 2008).

Nanoparticles can be prepared using a variety of materials such
as proteins, synthetic polymers and lipids. The selection of mate-
rials is dependent on size and surface characteristics, toxicity, and
the biodegradability of nanoparticles (Wang et al., 2010; Mohanraj
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and Chen, 2006). Among polymer materials, those based on pro-
teins are particularly preferred such as serum albumin and gelatin,
which are widely used for the preparation of nanoparticles in drug
delivery systems (Ofokansi et al., 2010; Labhasetwar et al., 1996).
Since, they are non-toxic, biodegradable, easy to prepare, and their
size distribution can be easily monitored. Moreover, proteins have
some functional groups such as amino, carboxylic and hydroxyl,
and these groups make easy the bonding process between drug
and protein based nanoparticles through covalent linking and non-
covalent adsorption (Weber et al., 2000).

Nanoparticulate colloid systems have been improved for the
diagnosis of cancer. For example, strong fluorescence emitting
materials, super-paramagnetic iron oxide (SPIO) and gadolinium
chelates are loaded on the nanoparticles for the imaging of tar-
get tumors (Yang et al., 2010). One different approach for tumor
imaging is to use radiolabeled (°*™Tc, 67Ga, 111In etc.) agent con-
jugated nanoparticles such as hematoporphyrin derivatives and
porphyrin analogues bearing albumin nanoparticles. These agents
demonstrate good localization in tumors, and they can easily
form a complex with radionuclide for having chelating proper-
ties (Yang et al., 2010; Babbar et al., 2000; Josefsen and Boyle,
2007; Murugesan et al., 2002). Furthermore, many photosensitizer
compounds exhibit hydrophobic characteristics, thus they can be
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combined with nanoparticles for effective distribution in the body
(Chatterjee et al., 2008).

Albumin is a major protein in blood plasma, and it has a great
potential as a nanocarrier in drug delivery systems. It is widely
used in nanoparticulate colloid systems due to its non-toxic and
biodegradable properties. Many organic and inorganic molecules
can interact easily with albumin nanoparticles owing to their
proper functional groups on the particle surface. In addition, albu-
min is a protein which is soluble, and stable in a wide range of pH
and up to 60°C. So, it is a suitable protein for preparing nanoparti-
cles, which are widely used in colloidal drug delivery systems (Chen
et al., 2009; Kratz, 2008; Sharman et al., 2004). The desolvation
process is commonly used to prepare polymer based nanoparti-
cles such as BSANPs. The addition of desolvating agents such as
ethanol causes a better controlled separation and precipitation of
the particles (Jun et al., 2011).

Chlorophyll derivatives are colored compounds and possess
well-known naturally occurring photosensitizing properties. PH-
A is synthesized from chlorophyll-a by the elimination of phytol
and magnesium (Keller etal., 1996). PH-A is an efficient photosensi-
tizer agent and extensively used in photodynamic therapy. Previous
research results demonstrated that PH-A can be used for the treat-
ment of a number of tumors and microbial infections. It has been
considered as for anti-tumor and anti-inflammatory agents. Some
photosensitizers (T3, 4BCPC, Photosan-3) like PH-A were labeled
with 9¥MTc¢ and their potential for murine tumors was evaluated,
and it was found useful for monitoring cancer (Chen et al., 2009;
Jori et al., 2006; Aprahamian et al., 1993). On the other hand PH-A
was labeled with Tc-99m by Ocakoglu et al. and its potential was
evaluated in infection imaging (Ocakoglu et al., 2011).

Recently, numerous photosensitizer linked albumin nanoparti-
cles have been synthesized and evaluated for tumor imaging and
PDT. However, in this paper PH-A was prepared from a biological
material, and it was loaded on protein based nanoparticles. The gen-
erated structure is commonly natural, and it was prepared using
easy synthesis methods. Due to all these important advantages
of PH-A, in current study, bovine serum albumin nanoparti-
cles (BSANPs) was prepared using a desolvation technique, and
PH-A was loaded on BSANPs by non-covalent adsorption. Then,
BSANPs-PH-A nanoparticles were labeled with 99™mTc. Additionally,
the radiopharmaceutical potential of radiolabeled photosensitizer
linked bovine serum albumin nanoparticles was examined in
female Albino Wistar rats and MCF-7 cells.

2. Materials and methods
2.1. Materials

TH NMR measurements were performed on a Bruker 400 MHz
spectrometer using residual solvent peaks as internal standards.
Absorption spectra were recorded on a 1 cm path length quartz cell
on a Shimadzu UV-2102 UV-vis spectrophotometer. Mass analysis
was performed using a Waters LCT Premier (ESI).

Bovine serum albumin (BSA) was supplied by Sigma Aldrich
Chemical Co. (Steinheim am Albuch, Germany). The RPMI 1640,
Trypsin-EDTA, fetal bovine serum, L-glutamine, penicillin and
streptomycin were from Biological Industries Ltd. (Haemek, Israel).
The WST-1 reagent (2-(4-iodophenyl)-3-(4-nitrophenyl)-5-(2,4-
disulfophenyl)-2H-5-tetrazolium, monosodium salt) was from
Roche. MCF-7 (a human breast adenocarcinoma cell line) was
obtained from the Department of Medical Biology, Ege University.
Na%mTc0, was supplied by the Department of Nuclear Medicine,
Ege University, as an eluent of 2°Mo/?*™Tc generator (Monrol,
Istanbul, Turkey). Analytical grade glutaraldehyde (50% solution),

ethanol and other reagents were purchased from Merck Chemical
Co. (Darmstadt, Germany).

2.2. Synthesis of pheophorbide-a (PH-A)

The PH-A (methyl 132-demethoxycarbonylpheophorbide-a)
was synthesized from chlorophyll-a, which was isolated from Spir-
ulina maxima algae, according to a known literature procedure
(Smith et al., 1985; Huber et al., 2008). Starting with 500 g of algae,
approximately 2 g of PH-A was obtained, and then the synthesized
product was characterized by NMR, UV-vis spectrophotometer and
mass spectrometry.

2.3. Preparation of BSA nanoparticles

The desolvation technique was used for preparation of BSA
nanoparticles (BSANPs). BSA (200 mg) was dissolved in 2 mL of dis-
tilled water. Ethanol (8 mL) was added a drop by drop with a pump
controlled system (1 mL/min) into the 10% BSA solution stirring
continuously. After the desolvation process, 235 uL of 8% glu-
taraldehyde solution in water was added to the solution (10% BSA)
to carry out the particle cross-linking. The cross-linking was per-
formed by continuous stirring of the suspension over a time period
of 24 h at room temperature (Langer et al., 2003). The suspension
was centrifuged and the pellets were solidified by a freeze-drying
process.

2.4. Preparation of PH-A-BSANPs

The PH-A was loaded onto the BSA nanoparticles by non-
covalent drug adsorption. The BSANPs (27.89 mg) were dispersed
in distilled water (1 mL), and 60 g PH-A (from the solution of
1 mg/mL PH-A in ethanol) was added to the suspension. And the
suspension was mixed using a magnetic stirrer for 5 min. Then the
suspension was adjusted to 2 mL with distilled water, and it was
incubated for 10 min by ultrasonication at room temperature (Chen
et al,, 2009). After the adsorption process, the optical property of
the PH-A-BSANPs was evaluated using steady-state fluorescence
and UV-vis absorption spectroscopy.

2.5. Characterization of BSANPs and PH-A-BSANPs

2.5.1. Determination of particle size, zeta potential and
morphology

The particle size, zeta potential and morphology of the BSANPs
and PH-A-BSANPs were measured using dynamic light scattering
(DLS) (Malvern Zetasizer Nano ZS, Malvern, UK) and scanning elec-
tron microscope (SEM) (FEI Quanta250 FEG) instruments. For the
measurement of DLS, the particles were dispersed in distilled water
and measured at a scattering angle of 90° at room temperature. In
order to obtain SEM images, the nanoparticles were solidified by
a freeze-drying process, and then the solid nanoparticles were put
on the surface of special mica discs.

2.5.2. Steady-state fluorescence and UV-vis absorption
spectroscopy
The photophysical properties of the PH-A and PH-A-BSANPs
were investigated by UV-vis absorption and fluorescence emis-
sion spectroscopy. The steady-state fluorescence emission spectra
of the PH-A and PH-A-BSANPs were recorded using a Varian Cary 50
spectrophotometer (Aex: 514 nm) in ethanol at room temperature.
After the adsorption process, the PH-A-BSANPs were washed
three times, and UV-vis absorption measurements were taken at
670 nm for each wash-water. The efficiency of adsorption of PH-A
onto BSANPs was determined in respect of the results.
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2.6. Radiochemical synthesis of 9™Tc-PH-A and
99mTc-PH-A-BSANPs

The PH-A was labeled with 9°™Tc according to the stannous (II)
chloride method. The PH-A (1 mg) was dissolved in 1 mL ethanol
and mixed with 100 L SnCl,-2H,0 (1 mg/mL) in the vial. 37-74
MBq Na*™TcO,4 was slowly added and the mixture was incubated
at 60-70°C in a water bath for 25 min (Langer et al., 2003). The
radiochemical efficiency of °*™Tc-PH-A was determined using thin
layer chromatography. 2™Tc-PH-A was spotted onto aluminum-
coated plastic sheets (1 cm x 10 cm) (Merck 5565) and developed
in two different mobile phases, depending upon the chromato-
graphic method. The first mobile phase was ACD (citrate-dextrose
buffer solution), and the second one was methanol/water (80/20)
(Ocakoglu et al., 2011). After developing, the sheets were dried.
Then, they were scanned using a BioScan TLC-scanner (Bioscan
AR-2000 Washington DC). The R¢ values and labeling efficiency of
99mTc_PH-A were then determined.

Radiolabeling of PH-A-BSANPs with 2°™Tc was performed
according to labeling procedure of PH-A. After labeling proce-
dure, 9°MTc-PH-A-BSANPs were washed three times. Each washing
process, 99MTc-PH-A-BSANPs and supernatant were counted with
Cd(Te) detector. Consequently, the radiolabeling efficiency was
determined.

The stability of 9™Tc-PH-A-BSANPs was tested in a pH 7 phos-
phate buffer solution (PBS) at 37 °C shaken continuously. Sample
(500 L) was taken from the upper phase at 30, 60, 90, 120 min and
its radioactivity was counted using a Cd(Te) RAD 501 single channel
analyzer. In this process, the radioactivity of ®™Tc in upper phase
was counted, and the temporal stability of 9°™Tc-PH-A-BSANPs was
calculated.

2.7. Biodistribution study on rats

The protocol was approved by the Animal Ethics Commit-
tee of Ege University. Biodistribution studies were performed
using female healthy Albino Wistar rats (body mass 200-220g).
99mTc-PH-A-BSANPs (specific activity: 10.24 GBq/wmol/rat) and
9mTc-PH-A (specific activity: 0.88-1.76 GBq/wmol/rat) were
injected the tail vein of the rats. The rats were sacrificed under
intense ether atmosphere at 30, 60 and 120 min post injection.
The organs and tissues (kidneys, large intestine, ovary, breasts and
uterus) were excised, weighed and their radioactivity was counted
using a Cd(Te) RAD 501 single channel analyzer. The results were
expressed as a percentage injected dose per gram of each organ
(%ID/g) for various selected organs as the mean value of the rats. In
this biodistribution study, three rats were used for each time point.

2.8. Cell culture studies on MCF-7 cell line

Cell uptake studies were carried out using a MCF-7 cell line, a
human breast adenocarcinoma cell model. The cells were grown in
T-75 flasks as a monolayer at 37°C in a 5% CO, humidified incu-
bator using RPMI-1640 medium with 10% fetal bovine serum, 1%
L-glutamine, 100 IU/mL penicillin and 10 mg/mL streptomycin.

2.8.1. Cytotoxicity assay of PH-A

The dark red-colored WST-1 reagent (2-(4-iodophenyl)-3-(4-
nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium, monosodium
salt), was used to monitor PH-A toxicity on MCF-7 cells. The cells
were placed in a 96-well culture plate (20 x 10 cells in each well)
and the IC5g dose of PH-A was determined using different PH-A con-
centrations (100-0.01 wM) with the MCF-7 cell line for 24-96 h.
The number of living cells was determined by adding 20 L cell
proliferation reagent, WST-1, to each well. After 20, 40 and 60 min,
yellow-colored formazan salt was formed and the absorbance was

measured in a micro plate reader (Thermo) at 450/630 nm. Then
the percentage of cytotoxicity was calculated.

2.8.2. Intracellular uptakes of %°™Tc-PH-A and
99mTc-PH-A-BSANPs

The in vitro cellular uptake of 99™Tc labeled PH-A and PH-A-
BSANPs was performed using the MCF-7 cell line. MCF-7 cells were
placed in 24-well culture plates (1 x 10° cells in each well). The
cells were rapidly washed three times with 0.9% NaCl. 9°™Tc-PH-A
and 9°MTc-PH-A-BSANPs were added to the cells in the RPMI-1640
and counted with a Cd(Te) detector equipped with a RAD 501 sin-
gle channel analyzer. The cells were incubated for 10, 30, 60, 90
and 120 min at 37°C in darkness. The same amount of PH-A was
used for 99MTc-PH-A and 99™Tc-PH-A-BSANPs (4 j.g) to observe
the efficiency of bovine serum albumin nanoparticles on uptake
into the cell. Specific activity was determined to be an average of
0.022 GBq/p.mol for each well. At the end of the incubation times
the 99™MTc-PH-A and 2°™Tc-PH-A-BSANPs were removed and then
the cells were washed three times with 0.9% NaCl solution to elim-
inate the free 99MTc and other free materials. The radioactivity of
each well was again counted with a Cd(Te) detector.

2.9. Statistical analysis

Differences in the mean values of measured activities were eval-
uated statistically using the SPSS 16.0 program (Univariate Variance
Analyses and Pearson Correlation). Probability values of p<0.05
were considered to be significant.

3. Results and discussion
3.1. NMR, UV-vis spectrometry and mass spectrometry

The chemical structure of PH-A was checked with TH NMR and
MS (ESI). UV (CH>C15) Amax: 666 (0.36), 610 (0.06), 538 (0.063),
508 (0.07), 412 (0.79), 'H NMR (400 MHz, CDCl3) & ppm: 9.57 (s,
1H, CH-5), 9.45 (s, 1H, CH-10), 8.64 (s, 1H, CH-20), 7.99 (q, 1H,
J=6.4Hz, 31), 6.25, 6.19 (q, 1H+1H, J=16.8 Hz, 32), 5.25, 5.14 (d,
1H+1H, J=20Hz, 132-CH,), 4.51 (dq, 1H, J=2 Hz, CH-18), 4.32 (dt,
1H, J=8.4Hz, CH-17), 3.67 (s, 3H, COOCH3), 3.61 (s, 3H, CH5-121),
3.55 (q, 2H, J=8Hz, CH»-81), 3.41 (s, 3H, 21-CH;), 3.23 (s, 3H,
CH3-71), 2.58-2.55, 2.34-2.27 (m, 2H+2H, 17-CH,CH,), 1.83 (d,
J=7.2Hz, CH3-181), 1.67 (t, J=7.6Hz, CH3-82), —0.37, —2.07 (br,
1H+1H, NH). MS (ESI): m/z for C34H3gN4O3 (M+H)*: 548. PH-A
(Fig. 1) (Ocakoglu et al., 2011).

3.2. Characterization of BSANPs and PH-A-BSANPs

3.2.1. Determination of particle size, zeta potential and
morphology

The size of the BSANPs and PH-A-BSANPs was determined to be
in the range 190-210nm by DLS and SEM (Fig. 1). The loading of
PH-A slightly increased the size of the BSANPs. Particle size and size
distribution are the most important characteristics of colloidal drug
delivery systems. Organ distribution and tumor targeting efficiency
are affected by particle size. Particles with this size are suitable for
use in drug delivery systems. According to the previous studies, if
the nanoparticles are smaller than 100 nm they are non-selective
for most tissues and tumors. Moreover, smaller nanoparticles have
aggregation problems when they are delivered into the target tis-
sue and they can move into the blood capillaries. However, larger
particles can be more quickly eliminated from the blood (Cho et al.,
2008; Chen et al., 2009; Wacker et al., 2010).

According to the SEM images (Fig. 1), the nanoparticles are
highly monodisperse and near-spherical, although there are no
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Fig. 1. (A) Schematic illustration of ™ Tc-PH-A complex (right) attached BSA nanoparticles for use as a cancer targeting agent (left). (B and C) SEM images of a representative
BSANPs and PH-A-BSANPs, respectively. (D) Particle size distribution of BSANPs (dashed line) and PH-A-BSANPs (solid line).

changes in SEM images in the appearance of BSANPs before and
after PH-A loading.

The significant increases were observed in the zeta potential
from —52.3 mV to —36.6 mV for BSANPs and PH-A-BSANPs, respec-
tively. These results indicate that the loading of PH-A caused
changes in the surface potential of BSA nanoparticles (Yang et al.,
2010; Wacker et al., 2010). Zeta potential is quite important for
colloids and nanoparticles in suspension. Its value is closely related
to suspension stability and particle surface morphology. Therefore,
it is widely used to explain adsorption or derivatization of active
materials with nanoparticles (Mohanraj and Chen, 2006; Yang et al.,

2010). In our study, the zeta potential of the BSANPs was —52.3 mV
and changed to —36.6 mV after adsorption with PH-A. This change
in the zeta potential of BSANPs is indicative of successful adsorption
with PH-A.

3.3. Photophysical properties of the PH-A-BSANPs

It is possible to see an almost identical pattern for emission
spectra as well. For easy comparison, PH-A and PH-A-BSANPs in
solution were also shown in Fig. 2. The maximum for PH-A loaded
BSANPs (PH-A-BSANPs) slightly shifts to 678 nm compared to that
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Fig. 2. Steady-state fluorescence (A) and UV-vis absorption spectra (B) of PH-A (solid line) and PH-A-BSANPs (dashed line) measured in ethanol. Data are normalized at Soret

band maximum.

of PH-A at 673 nm. These observations can be considered as a first
indication of dye aggregation processes inside or on the surface of
nanoparticles.

The absorption spectra of PH-A and PH-A-BSANPs in ethanol can
be seen in Fig. 2. It reveals a pronounced bathochromic shift in the
Qy band from 665 nm (PH-A in solution) to 674 nm (PH-A-BSANPs).
This shift is very characteristic for PH-A whenever it is attached to
large molecules such as dendrimers or nanoparticles (Wacker etal.,
2010).

The efficiency of adsorption of PH-A on BSANPs surface was
determined according to the UV-vis absorption measurements (A:
670 nm). The amount of unabsorbed PH-A in wash water was deter-
mined and the efficiency of adsorption was found to be 97 4+ 2.3%.

PH-A was successfully loaded onto non-covalent BSA nanopar-
ticles and this complex remained stable during the in vivo and in
vitro studies. In the study carried out by Chen et al. Pheo molecules
were loaded on HSA nanoparticles by non-covalent drug adsorp-
tion. And they indicated that PH-A-BSANPs are stable for several
days without losing their photophysical properties (Chen et al.,
2009). Wacker et al. demonstrated that the drugs were adsorbed to
HSA nanoparticles. As it is known drugs can be incorporated within
the particle matrix, absorbed on the particle surface or bound by
covalent linkage. The adsorption binding has an advantage which
can be indicated in a fast drug release from the carrier leading to a
high activity in terms of photosensitization (Wacker et al., 2010).

3.4. Quality controls of radiolabeling

The labeling efficiency of PH-A was determined using the RTLC
method. Ry values of reduced 9°™Tc and 9°™Tc-PH-A were deter-
mined to be 0.85 and 0.05 by RTLC respectively when mobile phase
1 (ACD) was used. For mobile phase 2 (methanol/water, 4:1) the R¢
values of reduced 2*™Tc and 9°™Tc-PH-A were 0.01 and 0.5, respec-
tively. Radiolabeling yields of 9°™Tc-PH-A at the reaction condition,
100 g SnCl,, pH 7,60-70°C, 25 min, were determined as 90 & 3.2%
(Ocakoglu et al., 2011).

The radiochemical purity of 99mTc-PH-A-BSANPs was found to
exceed 90+ 1.2% as seen in Fig. 3. According to the results, a very
small amount of the radioactivity was passed into the supernatant.
The stability of 2*™Tc-PH-A-BSANPs was tested in pH 7 PBS shak-
ing continually. The stability results show that approximately 1-2%
of radioactivity was determined in the upper phase over incuba-
tion. According to the results, 9™ Tc-PH-A-BSANPs remained stable
during incubation at 37 °C for up to 120 min in pH 7 PBS.

In aqueous solution technetium can exist in any oxidation state
(0S) from +VII to +I, but the most stable OS are +IV and +VII. The

OS is considered to be one of the main parameters determining
the chemical nature of the complexes. Reduced 2°™Tc can easily
form chemical bonds with electron donor atoms, such as oxygen,
nitrogen and sulfur in order to get a technetium complex. In our
study, the radiolabeling efficiency of *™Tc-PH-A was found to be
90 4 3.2% according to the chromatograms (Ocakoglu et al., 2011).
In the previous studies, PH-A and some photosensitizers similar to
PH-A (T3, 4BCPC, Photosan-3) were labeled with 9°™Tc. Moreover,
Smith et al. used different metal complexes of PH-A (Ni, Cu, Zn etc.),
and Yang et al. prepared %™Tc-hematoporphyrin linked albumin
nanoparticles (Smith et al., 1985; Yang et al., 2010).

3.5. Biodistribution results

In vivo organ distribution of 2°™Tc-PH-A-BSANPs and 99™Tc-
PH-A were performed using female Albino Wistar rats. According
to the biodistribution results (Fig. 4), the uptake of 9°™Tc-PH-A-
BSANPs reached also a high in the kidney (%ID/g: 0.340, p <0.05),
large intestine (%ID/g: 0.966, p <0.05), breast (%ID/g: 0.188,p <0.05)
and uterus (%ID/g: 0.262, p<0.05) at 120 min.

As seen in Fig. 4(B), the uptake of 9MTc-PH-A in kidney
(1.43%ID/g, p<0.05) and . intestine (1.10%ID/g, p <0.05) reached
the highest values at 60 min after post injection. In contrast, the
uptake was low in ovary, breast and uterus during the experi-
mental period. According to the data in Fig. 4(B), the uptake of
99mTc_PH-A in ovary and uterus was maximum at 120 min after the

Bl PH-A-BSANPs
1 Supernatant

100+

10 11.5

135

% Radioactivity
g

15! Washing 2"¢Washing 3™ Washing

Fig. 3. Radiolabeling results of PH-A-BSANPs.
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Fig. 4. Biodistribution results of 9™Tc-PH-A-BSANPs (A) and 9°™Tc-PH-A (B).

administration of the compound. The uptake values were measured
inthe order of %ID/g: 0.02 (p <0.05)and 0.05 (p < 0.05), respectively.
On the other hand, the radiolabeled PH-A uptake reached maxima
at 60 min in breast (%ID/g: 0.03, p <0.05). Our results demonstrated
that, 99MTc-PH-A-BSANPs have a significant uptake in the uterus
and breast at 120 min due to the fact that PH-A has a high affinity for
these organs. At the same time, it was demonstrated that the uptake
of 99MTc-PH-A-BSANPs was almost the same after 30 min. While the
elimination of 99™Tc-PH-A-BSANPs carried out by the urinary sys-
tem organs, there was an increased uptake of 9°™Tc-PH-A-BSANPs
in the breast and uterus at 120 min. These results indicated that
99mTc_PH-A show localization potential for the breast and uterus
and BSANPs increased uptake of 9°™Tc-PH-A in these organs. In
summary, 9°MTc-PH-A-BSANPs showed good localization in uterus
and breast.

The clearance of 9°MTc-PH-A-BSANPs and 9°™Tc-PH-A from
the body were occurred via urinary system organs (kidney and 1.
intestine). Other studies also proved that many photosensitizers
similar to PH-A, such as T3, 4BCPC, Photosan-3, were removed
from body via urinary system (Murugesan et al., 2002; Aprahamian
et al., 1993).

On the other hand, it is reported by Yang. et al. that 9°™Tc-
hematoporphyrin linked albumin nanoparticles (°°™Tc-HP-ANP)
indicated very different pharmacokinetic properties than 9°mTc-
hematoporphyrin (?°™Tc-HP), and 2°™Tc-HP was uptake in the
body afterinjection and excreted rapidly via the kidneys. They show
that the formulation with nanoparticle affect the retention time of
hematoporphyrin (Yang et al., 2010). We obtained similar results
to theirs.

3.6. Cell culture studies on MCF-7 cell line

3.6.1. Cytotoxicity assay

According to WST-1 cytotoxicity test results, the cell 50% via-
bility was observed at a concentration of 25 wM PH-A. ICsq value
of PH-A has been accepted as 25 uM for MCF-7 cell line. Con-
versely, BSA is a common protein in plasma, and it is non-toxic

Fig. 5. Fluorescence microscopy image of PH-A-BSANPs inside MCF-7 cells.

and non-antigenic (Chen et al., 2009; Kratz, 2008). Consequently,
in this study, the cytotoxicity experiment in the MCF-7 cell line was
performed only for PH-A.

3.6.2. The uptake of 9°MTc-PH-A and 9™ Tc-PH-A-BSANPs in
MCF-7 cell line

As seen in Fig. 5. PH-A-BSANPs penetrated inside the MCF-
7 cells. Furthermore, the results for the cellular uptake of both
the °MTc-PH-A and 2°™Tc-PH-A-BSANPs are shown in Fig. 6. Our
results demonstrated that 9°™Tc-PH-A-BSANPs showed an efficient
uptake compared to 2*™Tc-PH-A in human breast tumor cells.

The MCF-7 breast cancer cell model was used for in vitro evalu-
ation of 99MTc-PH-A-BSANPs. According to the results of the cell
culture studies, 9™Tc-PH-A showed a similar uptake to 99™Tc-
PH-A-BSANPs within 10 min. Conversely, in the other stages of
incubation the localization of #™Tc-PH-A and 9°™Tc-PH-A-BSANPs
changed during incubation. This situation can be explained by
the presence of different mechanisms of penetration of PH-A and
BSANPs-PH-A into the cell. Accordingly, PH-A penetrates from the
membrane into the cell by diffusion due to its low molecular weight.
Conversely, 2™Tc-PH-A-BSANPs are localized into the cells by
endocytosis (Chen et al., 2009). The results obtained show that the
intracellular uptake of 99mTc-PH-A-BSANPs is significantly more
efficient than the intracellular uptake of 9™MTc-PH-A. In a previ-
ous study, Yang et al. demonstrated that, 9™Tc-HP-ANP increased

#MTc-PH-A
Bl °°"Tc-PH-A-BSANPs

Intracellular Uptake (%)

Incubation Time (min)

Fig. 6. Intracellular uptake of 9™Tc-PH-A and 9°™Tc-PH-A-BSANPS in MCF-7 cells
after different incubation times.
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penetration in murine lung tumors, which was induced by CT-26
colon cancer cells, compared to normal lungs. As a result, albu-
min nanoparticles increased the accumulation of hematoporphyrin
in cell lines, and 9°™Tc-HP-ANP demonstrated good radioimag-
ing properties according to the scintigraphic application in rabbits
(Yang et al., 2010). In another study related to PH-A loaded human
serum albumin nanoparticles (PHSA), after 24 hiincubation in Jurkat
cells, PHSA showed a higher phototoxicity than Pheo (Chen et al.,
2009). Obtained are similar to their results.

4. Conclusions

In this study, BSANPs were prepared by a desolvation method
and a photosensitizer (PH-A) was successfully loaded onto the
nanoparticles’ surface. The size of the particles was measured in
the range from 190 to 210 nm. The biodistribution of 9°™Tc-PH-A-
BSANPs in healthy female rats showed high uptake in the breast
and uterus. 9™MTc-PH-A-BSANPs might therefore be used in scinti-
graphic tumor imaging for the organs. °™Tc-PH-A-BSANPs were
taken up to human breast adenocarcinoma cell line (MCF-7). 2¥™Tc
-PH-A-BSANPs showed a higher cellular uptake compared to 9°™Tc-
PH-A in the cell line. Moreover, BSANPs may increase the ability
of PH-A to target tumor cells. Hence, side effects and unwanted
chemical reactions are kept to a minimum, and PH-A is protected
from in vivo degradation. The result of the studies are significantly
encouraging enough to bring about further evaluation of radiola-
beled photosensitizer linked BSANPs as a possible imaging agent for
breast and uterus tumors. In conclusion, ®™Tc-PH-A-BSANPs are
suitable for imaging and drug delivery in the field of nanomedicine,
and may be used as site-specific tumor imaging agent.
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