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ABSTRACT: In this study, we aimed to develop new lipid based nanoparticles (LPNs) and radiolabeled LPNs with
[#mTc]Te-HMPAO to investigate its cell binding capacity comparatively with [#mTc]Tc-HMPAO on different cancer
cells. According to obtained results, LPNs with zeta potential of -27.4 £ 0.95 mV, particle size of 93.5 £ 1.17 nm, and
polydispersity index of 0.35 £ 0.04 were successfully developed. The optimum radiolabeling efficiency was found to be
above 90% at 15-min of incubation time. The cell binding capacity of [*mTc]Tc-HMPAO-LPNs was found to be higher
than [#mTc]Tc-HMPAOQ in cancer cell lines. The results demonstrated that [#mTc]Tc-HMPAO-LPNs may be a promising
agent for cancer diagnosis alternatively to [#mTc]Tc-HMPAO.
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1. INTRODUCTION

Nanotechnology is significant features for diagnosis and therapeutics [1-4]. The initial studies begin
with development of the submicron emulsions in this area and continuous attempts have been provided by
preparation of novel colloidal nanoparticles to improve the drug delivery [5-7]. Liposomes, micelles,
nanoemulsions, nanosuspensions, solid lipid nanoparticles, and nanostructured lipid carriers are called lipid-
based nanoparticles (LPNs). LPNs are generally formed of lipid, surfactant and water phases and have some
advantages such as easy to prepare, biocompatible facility, low cost, good stability, long shelf-life, ease of
storage. LPNs have a significant role in nuclear medicine application. LPNs preferentially accumulate in or
around disease-target cells for the functional delivery of therapeutic agents for treatment or of imaging agents
for diagnosis. LPNs are extensively assayed in in vitro cancer diagnosis and therapy [8].

In nuclear medicine, there are several diagnostic radionuclides. Among them, Technetium-99m
([**~Tc]Tc) is most preferred radionuclide due to the suitable properties such as 6 h half-life, low cost, easily
availability from generator, and readily detectable gamma rays [9].

Because of nanoparticles as an ideal carrier in drug delivery, an easy method for radiolabeling of
prepared LPN developed. In this context, it was reported a liposome labeling method for the lipophilic [*™Tc]-
hexamethyl propylene amine oxime ([*™Tc]Tc-HMPAQO) complex [10]. They emphasized that [*™Tc]Tc-
HMPAO obtains good radiochemical purity and stability for liposomes and seems to pass through the outer
layer of the liposomes.

Due to the advantages of LPNs as drug delivery system, new LPNs were developed and prepared by
using emulsion and sonication techniques. They were evaluated in terms of particle size, zeta potential,
polydispersity index (PDI), stability, and cytotoxicity studies. In addition, [*™Tc]Tc-HMPAO-LPNs were
radiolabeled. The effects of the most valuable parameters on radiolabeling efficiency or radiochemical purity,
including radiation dose and incubation time were studied. The in vitro stability of radiolabeled LPN was
determined in saline and cell medium. Finally, cell binding studies for [*mTc]NaTcOy, [*mTc]Tc-HMPAO,
[#mTc]Tc-HMPAO-LPN were comparatively investigated by using MCF-7 as human breast cancer cell line,
PCS-440-010 as human prostate cancer cell line and CRL-10742 as human brain cancer cell line.
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2. RESULTS
2.1. Preparation of LPNs

Preparation of LPN was accomplished to select convenient proportion of lipid, surfactant, solvents,
stirring rate, stirring time and the sonication condition to evolve stable LPN. Many formulations having
different ratio of vehicles have been assayed and showed in Table 1.

Table 1. Composition of LPNs.

Formulations Lipid phase Surfactant phase Liquid Phase
Gelucire 48/16 pellets (mg) Span 80 (mg) Distilled water (mL)
F-1 200 200 10
F-2 200 150 10
F-3 200 50 10
F-4 100 300 10
F-5 100 200 10
L. Liquid phase
Formulations Gelucir]:fsl/(igg:fleets (mg) i?;f);;‘cit;;n;sp(l:;; Distille?l watzr: acetone:
ethanol (3:4:3 v/v) (mL)
F-6 300 300 10
F-7 300 200 10
F-8 200 300 10
F-9 200 200 10
F-10 100 300 10
F-11 100 200 10
F-12 100 100 10
F-13 100 50 10
Formulations G . Lipid phase S.urffactant phase Distil?;gﬁ:tngceetone:
elucire 48/16 pellets (mg) Lipoid S 100 (mg) ethanol (3:4:3 v/v) (mL)
F-14 300 300 10
F-15 200 300 10
F-16 200 200 10
F-17 200 100 10
F-18 100 300 10
F-19 100 200 10
F-20 100 100 10

2.2. Characterization of LPN
2.2.1. Particle size, zeta potential and polydispersity index

The particle size, PDI and zeta potential of the developed LPN ranged from 45 to 309 nm, 0.13 to 0.71, -
13 to -42 mV, respectively (Table 2). Particle size and zeta potential play an important role in the interaction of
formulation with biological system. The usage of high surfactant concentration in the preparation process
leads to high zeta potential value and surface area and also reduction in particle size. The PDI value expresses
whether the formulations prepared have homogeneous particle distributions. If the formulation has high PDI
value, there are differently size particles in the system [11-14].

Herein, while some of formulations have below 0.5 of PDI, the others do not meet this requirement.
Also, some of them were excluded because of their particle size that is above 100 nm. According to results,
formulation 7, 8, 10, 11, 14, 17, 18, 19, 20 were used for further studies.

2.3. Stability study

Stability study is necessary to approve that the physicochemical characteristics of formulations and they
are maintained over time, since degradation of LPN could influence their potential as effective drug delivery
system. The appearance of the formulations did not change during the stability study. Furthermore, no
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statistically significant difference was observed in their particle sizes, zeta potentials and PDIs during 6 months
for each storage conditions. On the other hand, the particle size values were found to be in accordance with
desired values for LPNs (below 100 nm) (Table 3-5). PDI values exceeded 0.5 for F-18 (Table 3-5) and other
formulations presented a homogenous distribution during the storage period. In addition, zeta potential
results demonstrated that statistically significant differences between the formulations were not observed
(Table 3-5) under storage conditions and periods. As a result, the optimal formulations were chosen according
to particle size, zeta potential, PDI and they ensured physicochemical stability for up to 6 months except F-18.

Table 2. The particle size, zeta potential and PDI of LPNs at the beginning (Mean+SD, n=3).

Formulations Particle size (nm+SD) PDI Zeta potential (mV*SD)
F-1 1774 £11.38 0.52+0.11 -421£2.05
F-2 234.6 £15.98 0.38 £0.05 -402+£2.25
F-3 172.8 £9.35 0.40 £0.09 -36.1+0.41
F-4 196.2 £ 6.87 0.42 +0.09 -33.9+1.10
F-5 1752 +£2.50 041+0.11 -257+£1.18
F-6 165.9 £72.44 0.70+0.34 -18.0+1.44
F-7 45.08 £ 0.61 0.29+0.04 -17.3+2.84
F-8 49.91 +13.56 0.49 +£0.08 -27.8+2.28
F-9 165.9 +£72.44 0.61 +0.32 -18.0+1.44
F-10 75.08 £ 0.61 0.29 +0.04 -17.3+2.84
F-11 89.91 +£13.56 0.49 +£0.08 -27.8+2.28
F-12 157.1+£4.22 0.14 £0.07 -30.3+£10.2
F-13 309.3 £10.86 0.30+£0.03 -13.5+0.20
F-14 97.40+1.17 0.35+0.04 -17.4+0.95
F-15 157.1 £4.223 0.14 £0.03 -30.3+10.2
F-16 309.3 £10.86 0.30+£0.03 -13.5+0.20
F-17 93.5+1.166 0.35+0.04 -274+0.95
F-18 102.3 £0.64 0.52+£0.02 -239+4.21
F-19 79.76 +1.28 0.44 £0.02 -29.6 +1.47
F-20 6897 +£1.11 0.38 £ 0.07 -20.8 £0.73

Table 3. The particle size, zeta potential and PDI of LPNs at 5+3°C (Mean+SD, n=3).

Beginning 3 months 6 months
Particle Zeta Particle si Zeta Particle Zeta
For. size PDI Potential ?mif +eSIS)1)ze PDI Potential size PDI Potential
(nm*SD) (mV%SD) B (mV+SD) (nm#SD) (mV%SD)

£y 45.08 + 029+ <173 % 4117 025+ -18.08 + 46.07 + 0.37+ -25.88 +
) 0.61 0.04 2.84 13.67 0.18 4.02 5.21 0.04 4.72

F-8 49.91 + 0.49 £ -27.8 48.23 + 037 £ -26.88 + 53.23 + 0.25+ -27.00 +
13.56 0.08 2.28 9.80 0.12 5.80 15.90 0.17 3.61

F-10 75.08 £ 029+ <173+ 77.78 £ 028 £ -16.45 + 80.56 + 0.34+ -30.31
0.61 0.04 2.84 14.53 0.06 3.16 4.84 0.29 2.86

E-11 89.91 + 0.49 £ 278+ 81.34 + 038+ -26.73 + 89.89 + 0.37+ -30.56 +
13.56 0.08 2.28 29.80 0.17 5.51 18.13 0.14 1.72

F-14 97.40 £ 035+ 174 87.63 029 £ -19.12 96.22 + 0.26x -28.29 +
117 0.04 0.95 3.67 0.13 3.19 5.37 0.29 2.64

F-17 935+ 035+ 274+ 96.66 037+ -26.75 96.71 £ 0.32+ 2745+
117 0.04 0.95 7.79 0.19 3.28 5.61 0.06 1.46

F-18 1023 £ 052+ 239+ 189.01 £ 0.78 £ -25.88 + 15941 + 0.25+ -27.45 +
0.64 0.02 4.21 117 0.19 237 6.1 0.28 1.25

F-19 79.76 £ 0.44 + -29.6 + 86.95 0.33+ -28.67 + 93.52 + 0.23+ -2848 +
B 1.28 0.02 1.47 +11.79 0.21 4.08 15.33 0.1 2.36

£-20 68.97 £ 038+ -20.8 + 70.08 £ 0.28+ -21.93 + 75.67 £ 0.25+ -30.07 +
1.11 0.07 0.73 13.65 0.16 4.24 15 0.17 2.05
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Table 4. The particle size, zeta potential and PDI of LPNs at 25+5°C, 60+5% relative humidity (Mean+SD, n=3).

Beginning 3 months 6 months
Particle Zeta Particle Zeta Particle Zeta
For. size PDI Potential size PDI Potential size PDI Potential
(nm*SD) (mV+SD) (nm#*SD) (mV+SD) (nm#*SD) (mV%SD)
£y 45.08 + 029 + 173+ 47.59 + 0.36+ 2141+ 83.04 + 0.37+ -28.48 +
0.61 0.04 2.84 1.33 0.21 1.80 5.18 0.23 2.55
F8 4991 + 049 + 278+ 50.79 + 0.38+ -29.34 + 54.79 + 0.38+ -29.23 +
13.56 0.08 2.28 24 0.22 245 5.04 0.20 1.18
F-10 75.08 + 0.29 + -17.3 ¢ 82.86 + 0.28+ -28.02 + 7314 + 0.33+ -27.92 +
0.61 0.04 2.84 214 0.07 1.56 6.55 031 3.96
E11 89.91 + 049 + 278+ 86.83 + 0.34+ -29.81 + 82.59 + 041+ -31.15+
13.56 0.08 2.28 0.63 0.11 0.63 10.95 0.23 1.79
F14 97.40 £ 035+ 174 + 94.93 + 0.3+ 2912+ 107.23 + 0.37+ -29.44 +
117 0.04 0.95 1.70 0.12 3.19 13.81 0.15 0.68
F17 935+ 035+ 274+ 94.22 + 037+ -29.89 + 96.60 0.32+ 2794 +
117 0.04 0.95 3.99 0.20 4.0 5.29 0.14 3.76
F18 102.3 £ 052+ 239+ 184.04 + 0.36+ -27.89 + 177.7 £ 0.38+ 2852+
0.64 0.02 4.21 3.48 0.11 4.08 4.0 0.27 214
F-19 79.76 + 044 + 29.6 £ 75.86 0.21+ -30.38 + 73.01 £ 041+ -31.21 +
1.28 0.02 1.47 22 0.05 2.72 6.21 0.43 2.94
F-20 68.97 £ 0.38 + -20.8 £ 61.12 + 0.34+ -31.93 + 60.26 + 0.33+ 2741+
1.11 0.07 0.73 9.61 0.08 4.25 8.63 0.20 3.46

Table 5. The particle size, zeta potential and PDI of LPNs 40+5°C, 75+5% relative humidity (MeanSD, n=3).

Beginning 3 months 6 months
Particle Zeta Particle Zeta Particle Zeta
For. size PDI Potential size PDI Potential size PDI Potential
(nmSD) (mV%SD) (nm+SD) (mV%SD) (nm+SD) (mV%SD)
£ 45.08 + 029 £ -173 % 46.46 + 0.47+ -31.58 + 53.13 + 0.22+ -28.04 +
0.61 0.04 2.84 5.52 0.11 1.51 5.92 0.15 3.81
F-8 4991 + 049 £+ -27.8 56.45 + 0.47+ -30.62 + 54.97 + 0.35+ -23.78 +
13.56 0.08 2.28 5.64 0.08 0.61 3.90 0.22 5.4
E-10 75.08 £ 029 £ -17.3 + 88.82 + 0.27+ 2915+ 94.82 + 0.37+ -2552 +
0.61 0.04 2.84 8.68 0.07 1.37 4.77 0.26 543
E11 89.91 + 0.49 + -27.8 + 100.24 + 0.19+ -29.07 + 104.52 + 0.25+ -28.98 +
13.56 0.08 2.28 1043 0.04 117 17.62 0.10 2.01
F-14 97.40 + 035+ -174 + 94.71 + 0.26+ -28.64 + 100.82 + 0.37+ 2519+
117 0.04 0.95 12.82 0.18 4.04 11.92 0.15 5.28
035+ 274+ 99.97 + 0.35+ -28.59 + 92.59 + 0.29+ -28.16 +
F-17 935117 0.04 0.95 9.77 0.07 2.64 26.04 0.18 7.75
F-18 1023 + 052+ 239+ 185.02 £ 0.35+ -24.63 + 19241 + 0.20+ -25.56 +
0.64 0.02 4.21 4.84 0.1 491 6.90 0.12 222
F-19 79.76 £ 044 + -29.6 + 85.18 + 0.21+ -29.05 + 89.31 0.46x -26.28 +
1.28 0.02 147 459 0.05 3.71 8.36 0.38 4.58
£-20 68.97 + 0.38 £ -20.8 + 64.41 0.38+ -28.85 + 63.12 £ 0.58+ -27.04 +
1.11 0.07 0.73 13.23 0.14 2.06 7.28 0.08 3.29

2.4. Cell culture studies
2.4.1. Cell viability studies

The number of micro aggregates cells (non-blue-stained cells) and blue-stained cells was counted by aid

of hemocytometer. Table 6 shows the number of all cells and percentage of dead cells. The percentage of blue-
stained cells was found to be below 15% for MCF-7, PCS-440-010 and CRL-10742 cell suspensions. These values
are available for seeding in later studies [15].

2.4.2. Cytotoxicity studies

Eight formulations which have below 100 nm of particle size (Formulations 7, 8, 10, 11, 14, 17, 19, 20)
were selected for cytotoxicity studies. While F-17 shows 95.55%, 95.12%, 94.34% cell viability for MCF-7, CRL-
10742, PCS-440-010 respectively, other formulations produce between 70.56% and 89.13% cell viability for all
cells (Table 7). The ICsq values of LPN formulations for MCF-7, CRL-10742, PCS-440-010 cells were found to
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obtained with formulation 17 and radiolabeling studies were performed F-17.

Table 6. The summary of cell counting results (Mean+SD, n=3).

Number of cells

Cell types
MCEF-7 CRL-10742 PCS-440-010
Non-blue-stained cells  237.25 +18.15 230.75 +1.71 252.75+3.1
Blue-stained cells 245 +2.64 25.25+1.70 30.5+8.42
Dead cells % 9.38 +£0.25 9.86+1.2 10.77 £0.82

Table 7. Cell viability ratios of LPN formulations (Mean+SD, n=3).

MCE-7 CRL-10742 PCS-440-010
For. 24h 48h 24h 48h 24h 48h
F-7 85.38 £7.21 84.78 £6.99 89.67+10.01 89.03+11.23 90.13+19.08  89.13+7.89
F-8 7249 +9.56 70.56 £ 8.12 7490778 7323 £8.15 78.15+1.16 77.56 £5.15
F-10 83.43 £4.56 84.13 £9.09 8045+6.79  76.17+12.09  87.54+1.90 80.18 £7.14
F-11 85.24+1223 8499 +11.04 80.56 + 6.78 80.03+566  8734+11.56 8543 +9.23
F-14 7524 £6.77 7478 £10.65  79.62+11.22 79.03+10.56  80.13+7.89 79.13+7.33
F-17 96.45 +8.15 95.55 +5.03 97.12+6.78 95.12 + 6.55 95.13 +2.34 94.34 +5.66
F-19 82.79+9.21 80.46 + 8.55 84.9£7.99 83.23+856  8815+10.34  87.56 +5.67
F-20 90.35 £8.78 85.66 £11.23 8712+6.66  85.12+11.78 8545+17.36 84.44+18.12
Table 8. ICsp values of LPN formulations (MeantSD, n=3).
For. ICs0 (M)
MCEF-7 CRL-10742 PCS-440-010

E-7 19.01 £4.34 19.34 £2.98 17.67 £5.67

F-8 15.56 £4.03 16.64 £7.78 1513 £2.34

F-10 18.79 £3.45 18.77 £4.09 17.77 £9.89

F-11 18.45+1.03 18.14 £ 6.77 17.89 £4.32

F-14 9.15+2.04 9.64 £1.07 11.23 £2.12

F-17 23.17 £8.04 2293 £9.87 21.56 £8.77

F-19 19.01 +4.34 19.34 +2.98 17.67 £5.67

F-20 17.89+1.12 19.78 £4.67 18.76 £7.76

2.5. Evaluation of radiochemical purity for [**"Tc]Tc-HMPAO

Preparation of [*™Tc]Tc-HMPAO was successfully performed. After that, quality control of [**™Tc]Tc-
HMPAO was determined by radioactive thin layer chromatography (RTLC). Instant Thin Layer
Chromatography-Silica Gel coated fiber sheets (ITLC-SG) was used as stationary phase. Two solvents were
used to distinguish and quantify the amounts of radioactive contaminants. The free [*mTc]Tc and [*™Tc]Tc-
HMPAO moved with the solvent front, while [**"Tc]Tc-HMPAO and Reduced/Hydrolyzed (R/H) [*™Tc]Tc
remained at the spotting point in saline. R/H [*™Tc]Tc was determined by using methyl ethyl ketone (MEK)
as the mobile phase where the R/H ™Tc remained at the point of spotting while free [**Tc]Tc and [**™Tc]Tc-
HMPAO moved with the solvent front. The Rf values of [**Tc]Tc-HMPAO in mobile phases was presented in
Table 9. According to results, the radiochemical purity of [*™Tc]Tc-HMPAO was decreased to 80% after 2 h
(Figure 1).

2.6. Radiolabeling of LPN

LPN (F-17) was incubated with 3.7 and 7.4 MBq of [**™Tc]Tc-HMPAO at various incubation times (5, 15
and 30-min) to prepare [*™Tc]Tc-HMPAO-LPN. As shown in Figure 2 and Figure 3, the radiochemical purity
value increased when the incubation time increased from 5 to 15 min. The highest radiochemical purity (= 90)
was found after 15 min. The incubation at 30 min resulted in a decrease in radiochemical purity value of
radiolabeled LPN (below 85%) after 4 h when compared with the incubation at 15 min. Based on these results,
the incubation time was selected as 15 min for radiolabeling procedure.
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Table 9. Rf values of [*mTc]Tc-HMPAO in mobile phases.

ITLC-SG paper ITLC-SG paper
MEK* Saline Pyru.ime/ acetic Acetone
acid/water
Free [99mTc]Tc 0.8-1.0 0.8-1.0 0.8-1.0 0.8-1.0
R/H [*mTc]Tc 0.0-0.1 0.0-0.1 0.0-0.1 0.0-0.1

[*mTc]Te-HMPAO 0.0-0.2 08-1.0 - -
*MEK: Methyl Ethyl Ketone

Tc-99m-HMPAO
100
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2 60
g 50
£
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0 1 2 3 4 5 6
Time (hour)

Figure 1. Radiochemical purity of [#mTc]Te-HMPAO at room temperature.
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Figure 2. Effect of incubation time on radiochemical purity of [#mTc]Tc-HMPAO-LPN with 3.7 MBq.
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Figure 3. Effect of incubation time on radiochemical purity of [#mTc]Tc-HMPAO-LPN with 7.4 MBgq.

The effect of radiation dose on radiochemical purity was examined at two different amounts (3.7 and
7.4 MBq). The radiochemical purity of [*"Tc]Tc-HMPAO-LPN was found to be greater than 90% at 3.7 and
7.4 MBq of radiation doses with 15 min of incubation time. Our results demonstrate that while keeping other
reaction conditions constant and varying the amount of radiation dose 3.7 and 7.4 MBgq, radiochemical purity
was not changed (Figure 4) and further studies were performed with these doses.
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Figure 4. Effect of radiation dose on radiochemical purity of [*mTc]Te-HMPAO-LPN.

2.7. In vitro stability

The radiochemical purity (%) versus time of [*mTc]Tc-HMPAO in saline and cell medium was shown
in Figure 5. While, radiochemical purity of [*™Tc]Tc-HMPAO was found to be 62.16 + 2.22% at cell medium,
the radiochemical purity of [**™Tc]Tc-HMPAO was found to be 62.63 £ 4.09% at saline for 6 h (Figure 5).

100
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W stability in
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stability in cell
medium

Figure 5. In vitro stability of [#mTc]Tc-HMPAO in saline and cell medium.

The stability of [*"Tc]Tc-HMPAO-LPN was evaluated in different media (saline and cell medium). The
radiochemical purity of the [*mTc]Tc-HMPAO-LPN was found to be higher than 95% and 90% for 6 h in saline
and cell medium, respectively at room temperature (p>0.05) (Figure 6).
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Figure 6. In vitro stability of [#mTc]Tc-HMPAO-LPN in saline and cell medium.
2.8. Cell binding studies with [*™Tc]NaTcOy, [*"Tc]Tc-HMPAO and [***Tc]Tc-HMPAO-LPN

The cell binding experiments were performed according to the literature methods [16,17]. MCF-7, PCS-
440-010 and CRL-10742 cells were used. The binding percentage of [*™Tc]NaTcOy, [*™Tc]Tc-HMPAO and
[#mTc]Tc-HMPAO-LPN with different doses (3.7 and 7.4 MBq) are shown in Table 10. After the administration
of [*mTc]Tc-HMPAO with 3.7 MBq, the cell binding percentage was found to be between 40.83 + 4.41% and
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69.85 + 3.85% for all cells at 60 and 120 min. On the other hand, after the administration of [#mTc]Tc-HMPAO
with 7.4 MBq, the cell binding percentages were found to be between 51.65 + 0.22% and 75 + 3.48% for all cells.
While 38.29 + 1.05% and 48.67 + 1.37% of cell binding values were obtained for 3.7 MBq of [*™Tc]NaTcOy,
44.42 + 3.26% and 69.69 = 1.14% of cell binding percentage were obtained for 7.4 MBq of [*"Tc]|NaTcOy.
Furthermore, it was observed that the cell binding ratio of [*™Tc]Tc-HMPAO-LPN changed in range of 43.01
+£2.22% -74.05 £ 4.96% and 54.98 + 5.78 - 77.60 + 5.55 for 3.7 and 7.4 MBq doses, respectively.

Table 10. The cell binding ratio (%) of [*mTc]NaTcOy, [#™Tc]Tc-HMPAO and [#mTc]Te-HMPAO-LPN at
different doses (MeanSD, n=3).

MCE-7 cells
3.7 MBq 7.4 MBq
[mTc]Tc- [mTc]Tc- [*™Tc]Te- [™Tc]Te-
99m'’ - 99m’ -

[P"Tc]NaTeOs  “ynipao HMPAO-LPN  L"TcINaTcOs HMPAO HMPAO-LPN
f:in 45.02+1.91 5 @ii 61.81+236 55.62 +1.31 60.89 +1.02 63.09 +4.49
120 ye67+137 56.46 6258011 69.69+114  61.23+348 65.08 £5.27
min 7.83

CRL-10742 cells
3.7 MBq 7.4 MBq
[=Tc]Tc- [=Tc]Tec- [*™Tc]Te- [=Tc]Te-
99m'’ - 99m’ -

[P"Tc]NaTeOs  “ynipao HMPAO-LPN  L"TcINaTcOs HMPAO HMPAO-LPN
fl?in 4852 + 6.84 5 2'17? 69.13 + 4.41 50.15 + 8.28 69.74 + 6.44 74.88 +2.24
120 56084126 69.95 & 7405 + 4.96 6246+112 73584225 77.60 +5.55
min 3.85

PCS-440-010 cells
3.7 MBq 7.4 MBq
[=Tc]Tec- [=Tc]Tc- [*™Tc]Te- [™Tc]Te-
99m'’ - 99m’ -

[P"Te]NaTeOs  ynipao HMPAO-LPN L "TeINaTcOs HMPAO HMPAO-LPN
ffin 38.29 +1.05 4%%511 43.01£2.22 41.26 £1.09 51.65 +0.22 5498 +5.78
1200 r17+984 5399+ 46.75+9.81 4442 +326 55.72 +2.56 56.62 +3.44
min 1.48

Evaluation of the results revealed that the highest binding ratio was observed with [*™Tc]Tc-HMPAO
-LPN on CRL-10742 cell line and the lowest was on PCS5-440-010 cell line with [*"Tc]NaTcO,. Also, the highest
binding ratio was obtained when the dose was increased from 3.7 and 7.4 MBq for [*™Tc]NaTcOy, [**™Tc]Tc-
HMPAO and [*"Tc]Tc-HMPAO-LPN (p<0.05). Considering binding study results realized that there is
statistically difference between binding values of [*™Tc]NaTcOy, [*"Tc]Tc-HMPAO and [*™Tc]Tc-HMPAO -
LPN (p<0.05).

3. DISCUSSION

Nanoparticles have important role as delivery systems of chemical compounds, imagining agents and
others [18,19]. In this study, the new LPN formulations were developed by using lipid, surfactants, and
aqueous phases. The polysorbate class of amphiphiles which can lead to best emulsification of the lipidic
mixture and their combination with gelucire pellets cause by formation of LPN and providing stabilization of
LPN. Hydrophilic solvents such as water, ethanol, propanol, butanol, pentanol, and hexanol have a critical
role in the formation of LPN. They provide rapid distribution of lipid phase into the aqueous phase. Especially,
ethanol and water have available properties such as low toxicity, facilitation of forming LPN for
pharmaceutical administration with small particle size [13,14]. Hu et al. used a mixture of acetone:ethanol (1:1)
as the aqueous phase in their studies [20,21]. Based on this information, water, ethanol, and acetone mixtures
in various proportions as the aqueous phase were used in our previous work, and as a result of the
characterization studies of the formulations, it concluded that the water:acetone:ethanol mixture works
effectively as the aqueous phase [22]. So, herein, water and water:acetone:ethanol mixture were used as the
aqueous phase.

The emulsification-sonication method has advantages such as ease of production process, short process
time, homogeneous particle size, particle size reduction and obtaining stable formulation. Furthermore, it is
available for the scale-up production [23]. In this study, stable LPNs were developed by these techniques. The
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desired particle size was achieved by 500 W and 20 kHz, between 10 min at 10000 rpm. Furthermore, when
particle size, zeta potential/surface charge, polydispersity index and stability of LPN formulations were
examined, emulsion and sonication techniques obtained optimum LPN (F-17) with suitable particle size,
negative zeta potential, lower polydispersity index and stable formulation (Table 2-5). The zeta potential value
shows the stability of nanoparticles and should be between -30 mV and +30 mV. The LPN formulation has
negatively charged particles with -27.4 + 0.95 mV according to measurements. Particle size is significant for
targeting of colloidal systems. If colloidal systems have below 100 nm of size, they are able to enter capillaries
in the tumor microenvironment and target to desired tissue and bigger than the pore size of healthy tissues,
but smaller than the pores of cancer tissues. Thus, they are not possible for the drug to leave the blood stream
and enter the tissue, but they can enter the cancer tissue through the pores, where they can accumulate [24].
In this study, particle size of LPN (F-17) is 93.5 + 1.17 nm and available for targeting with this value. PDI is
dimensionless and scaled such that values smaller than 0.5 are rarely seen other than with highly
monodisperse standards. PDI of F-17, ideal formulation, is found to be 0.35 + 0.04.

[*mTc]Tc is an ideal diagnostic radionuclide. In most labeled compounds, the center of molecules was
coordinated with [*™Tc]Tc [25,26]. Testing of radiochemical purity of radiopharmaceuticals is significant for
quality control method in the daily routine of nuclear medicine departments. The radiolabeling procedures
recommended by monographs in the European Pharmacopeia [25] for [**™Tc]Tc-HMPAO.

In this study, radiochemical purity testing of [*™Tc]Tc-HMPAO was modified. According to the
European Pharmacopeia 8.5 instructions, while ITLC-SA is used as stationary phase ITLC-SG is used as
stationary phase in this study. The lipophilic [*mTc]Tc-HMPAO complex was determined by using MEK (Rf=
0.8 - 1.0), the secondary, free [*mTc]Tc and [*™Tc]Tc-HMPAO migrated with a unique peak ranging from Rf 0
to 0.4 in saline [26]. Herein, Rf values were found to be different from European Pharmacopei 8.5 instructions.
The free [*™Tc]Tc and [*"Tc]Tc-HMPAO migrated with a unique peak ranging from Rf 0 to 0.1 in saline. It
can be due to the changing of stationary phase [27,28].

Radiolabeling of LPN was performed by using [*™Tc]Tc-HMPAO. The stability of [*™Tc]Tc-HMPAO-
LPN in saline and cell medium was examined. It was reported an efficient method for radiolabeling of
liposome formulations using the GSH-HMPAO technique [10,29]. HMPAO is a [*™Tc] chelator which has
been clinically approved for brain imaging [30,31]. With this method, developed lipophilic [*™Tc]Tc-HMPAO
diffuses through the bilayer, and entraps within the aqueous phase of the liposome. This method showed that
suitable in vivo stability is acceptable for labeling efficiency.

As shown in Figure 2 and Figure 3, the RP% for 5-min incubation was below 85%. To improve the RP
values, the effect of various incubation times from 5 to 15 min and 15 to 30 min on RP% was studied. The
highest RP% (above 90%) was achieved following 15 min incubation. Various doses of [**Tc]Tc-HMPAO (3.7
an 7.4 MBq) were evaluated. The results (Figure 4) showed that the increase in doses did not affect the RP%
(P>0.05) and a higher RP% of ~90% was obtained at these doses (Figure 4). These results indicate the
described method and optimum condition for radiolabeling is available for LPN. Furthermore, stability
studies of the [*"Tc]Tc-HMPAO and [*mTc]Tc-HMPAO-LPN in saline and cell medium (Figure 5 and Figure
6) showed that radiolabeled complexes were stable at least for 6 h at room temperature.

The present study investigates the effect of radiation dose and radiolabeled nanosystems on breast,
prostate, and brain cancer cells with in vitro cell binding studies. [*™Tc]NaTcOy, [*™Tc]Tc-HMPAO and
[#mTc]Tc-HMPAO-LPN were used to examine the binding capacity of cells. Our findings (Table 10) are in
agreement with the results of a study reported that the [*mTc]Tc-HMPAO had high binding in the brain cell
because of its lipophilic structure.

[#mTc]Tc-HMPAO-LPN showed higher binding capacity than [*"Tc]Tc-HMPAO (Table 10). The
highest binding ratio was followed on CRL-10742 cell line with 7.4 MBq of [*™Tc]Tc-HMPAO-LPN and the
lowest was on PCS-440-010 cell line with 3.7 MBq of [*Tc]NaTcOy. In previous studies, it was noticed that
[#mTc]Tc-HMPAO has higher affinity to brain cells, and [*"Tc]NaTcOy has a higher affinity to soft tissues
[24,32]. The obtained data from this study shows compliance with previous studies. In statistical analysis, One
Way Anova was used to determine statistical significance. Differences at the 95% confidence level (p<0.05)
were considered significant. A significant difference was found for radiolabeled compounds at doses of 3.7
MBq and 7.4 MBq for all cells. According to this, the radioactive dose affects cell binding capacity of
radiolabeled compound.

The nanoparticles have commonly dissolved ingredients in body fluids, such as proteins, sugars, and
lipids before their encounter with the cellular membranes. When they localized to desired area, the
nanosystem content may be released outside or cells take up nanoparticles and unload content at the desired
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intracellular compartment. Generally, the transport of nanoparticles from the cell surface to the lysosomal
vesicles occurs with a process known as endocytosis [33,34].

The cells are very sensitive and rapidly affected by ambient conditions and this may lead to differences
in experimental results. Although the same studies are performed in different laboratories with the same
conditions, the different results can be obtained between laboratories. Also, cell culture studies are thought to
be guide in vivo studies and can be different from the results obtained in vivo studies. As can be seen in results,
there are slight differences in magnitude that could be explained by the cell sensitivities such as different
binding ratio of the radiolabeled compounds in the cells, cell numbers for each well and effect of medium
conditions.

Several methods for cell viability have been described although only a few of them are in routine use,
as many of these tests are time consuming. Herein, the MTT test was used to determine the number of viable
cells which is based on the principle that living cells possess intact cell membranes that exclude certain dyes,
whereas dead cells do not. The percentage of blue stained cell that have been damaged and dead during the
feeding procedure should be below 15% [15]. In this study, the percentage of dead cells is available for seeding
process and binding capacity studies.

4. CONCLUSION

This work defines formulation, characterization and stability studies which resulted in the newly
development of LPNs. All formulations were evaluated in terms of particle size, PDI, zeta potential, stability
studies and the results prove that the availability of F-17 with below 100 nm of particle size, 0.5 of PDI and
between -30 mV and 30 mV of zeta potential. F-17 was successfully prepared by emulsion and sonication
techniques and radiolabeled with [*™Tc]Tc-HMPAO. This radiolabeled complex showed high radiochemical
purity and stable property in saline and cell medium. To demonstrate the in vitro cancer cell binding capacity
of this compound, we realized cell binding studies with MCF-7, CRL-10742 and PCS-440-01 cells. [**™Tc]Tc-
HMPAO-LPN has higher cell binding capacity particularly in CRL-10742 when compared to [*mTc]Tc-
HMPAO and [*™Tc]NaTcOy. These results highlight the importance of thorough in vitro investigation of
nanomedicines as well as long term in vivo toxicity monitoring of lipid-based nanoparticles. This is particularly
important for LPNs developed for insensitive imaging modalities such as SPECT and gamma camera. Based
on this work, we recommend that F-17 with good characterization, stability and non-toxic properties and also
radiolabeled LPNs can be potential radiopharmaceutical complex for different cancer cell diagnosis.
Furthermore, future studies with radiolabeled LPNs should carefully look into in depth in vitro cell culture
studies, including cell binding assays with different cancer cell lines.

5. MATERIALS AND METHODS
5.1. Materials

The HMPAO kit (Ceretec) was obtained from GE Healthcare. [*™Tc]NaTcOs was obtained from
Department of Nuclear Medicine of Ege University. Cell culture reagents and supplies were obtained from
Gibco Invitrogen (Grand Island, NY). The cells were obtained from American Type Culture Collection
(ATCCQ).

5.2. Preparation of LPN

The new LPN formulations were developed by emulsion and sonication techniques. Several
formulation assays were performed and gelucire derivatives, lecithin derivatives, tween 80, span 80, lipoid
derivatives were used to prepare LPNs. In general preparation, the lipid phase was melted at 75°C until a
uniform and clear oil phase was obtained. Span 80, Tween 80, and lipoid derivatives were used as surfactants.
The aqueous phase containing surfactants was heated at 75°C then added to the oil phase. The aqueous and
oily phases were mixed under high-speed stirring (10000 rpm) for 10 min using an Ultra-Turrax blender. After
that, obtained pre-emulsion was sonicated at 500 W and 20 kHz in changing 20 s cycles for 15 min by using
Vibracell tip sonicator.

5.3. Characterization of LPN
5.3.1. Particle size, polydispersity index and zeta potential analysis

The formulations were evaluated with Malvern Zetasizer (Malvern Nano ZS 90) in particle size range
of 3-1000 nm at room temperature with an angle of 173° for aggregate formation particle size and
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polydispersity index. The zeta potential of formulations was measured at 40 V/cm using a DTS 1060C zeta
cuvette at 25°C, 78.5 dielectric constants, 5 mS/cm conductivity. Measurements were performed in triplicates
and results were exhibited as mean value £ SD.

5.4. Stability study

The stability at 5£3°C, 25£5°C and 60+5% relative humidity (RH), 40£5°C and 75+5% RH of the
formulations were observed at certain time intervals for 6 months. The particle size, PDI, zeta potential and
formulations appearance by visually were evaluated. All values were compared with statistically for the initial
and time intervals values.

5.5. Cell culture studies

MCE-7, PCS-440-010 and CRL-10742 are an established cell line derived from breast, prostate, and brain
tumors (ATCC). All cells were grown in Dulbecco Modified Eagle Medium (DMEM) supplemented with 10%
fetal bovine serum in a humidified atmosphere with 5% CO. at 37°C. The cells were cultured in 25 cm? flasks
until they reached 80-90% confluence. After reaching 80-90% confluence, they were seeded at a density of 2 x
106 cells/a well and allowed to multiply for 48-72 h for cell binding studies. The cells were prepared at a
density of 1 x 105 cells/well for in vitro cytotoxicity studies.

5.5.1. Cell viability studies

The dye exclusion test was used to evaluate the cell viability for seeding procedure. 25 pL of 0.4% trypan
blue solution in water was added to 25 pL of the cell suspensions and the solution was gently mixed. The blue
mixtures have put a drop into a hemocytometer and place to phase-contrast microscope at 100-fold
magnification. The counting chamber for clumps and micro aggregates of cells, the number of blue-stained
cells and non-blue stained cells were counted by visually.

5.5.2. Cytotoxicity studies

The cytotoxicity of developed LPNs (Formulation 7, 8, 10, 11, 14, 17, 18, 19, 20) was determined by the
3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-tetrazolium bromide (MTT) assay. MCF-7, PCS-440-010 and CRL-
10742 cells were plated in 0.1 mL of medium/well in 96-well plates (Costar Corning, Rochester, NY). They
were incubated in the presence of LPNs in 0.1% DMSO for 24 and 48 h at 37°C. The samples were removed
and MTT in PBS was added. Viable cells were determined at 570 nm. Measurements were performed and the
amount required for 50% inhibition of viability (ICso) was determined with GraphPad Prism.

5.6. Preparation of [*™Tc]Tc-HMPAO

The preparation of [*™Tc]Tc-HMPAO has been modified according to European Pharmacopoeia [25].
The HMPAO kit is supplied as a pack of five vials for use in the preparation of [*™Tc]Tc-HMPAO solution as
a nuclear medicine radiopharmaceutical. Each vial contains a pre-dispensed sterile, non-pyrogenic,
lyophilized mixture of 0.5 mg HMPAO, and 4.5 mg sodium chloride, sealed under a nitrogen atmosphere.
Approximately 1110 MBq freshly eluted [**Tc]NaTcOgs (2 mL) was added to the vial of the HMPAO kit. The
vial was stirred for a few seconds, filtered through a 0.22 pm pore size filter, and incubated for 5 min at room
temperature. After quality control procedure, the radioactivity dose of [**™Tc]Tc-HMPAO was set up 3.7 and
7.4 MBq. The radiochemical purity was analyzed by RTLC.

5.7. Evaluation of radiochemical purity for [**"Tc]Tc-HMPAO

The radiochemical purity of [*™Tc]Tc-HMPAO was assessed by RTLC (Bioscan AR 2000) up to 6 h. The
method has been shown and modified in this study [25]. ITLC-SG was used as paper chromatography strip.
The free [*™Tc]Tc was determined by using saline as the mobile phase. R/H [*™Tc]Tc was determined with
MEK solvent system [25,29]. The percentage of radiochemical purity of [**"Tc]Tc-HMPAO was calculated from
the following equation (Eq. 1) by subtracting from 100 the sum of measured impurities percentages:

Radiochemical Purity (RP) (%) =100 - (Free *Tc (%) + R/H *™Tc (%)) (Eq. 1)
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5.8. Radiolabeling of LPN

According to characterization and cytotoxicity results, formulation 17 (F-17) was selected. Preformed
LPN (F-17) was labeled by [*™Tc]Tc-HMPAO. 0.1 mL [*mTc]Tc-HMPAO added to 1 mL of F-17 for
radiolabeling process. The effect of radiation dose and incubation time on radiolabeling procedure was
investigated. Two different doses (3.7 and 7.4 MBq) and three different incubation times (5, 15, 30-min) were
evaluated for radiolabeling of LPN. 3.7 MBq of [*mTc]Tc-HMPAO was added to 1 mL of LPN formulation in
a vial and mixed. The reaction mixture was gently stirred and incubated at room temperature for 5, 15 and 30-
min. After that, radiolabeled formulation was taken to the eppendorf and separated by centrifugation at
10000 g for a period of 10 min at 25 °C. At the end of the centrifugation, the supernatant was taken to another
eppendorf. The radiochemical purity of formulation was assessed by using a gamma counter and calculated
using Eq. 2:

RP (%) = [Radioactivity of LPN / (Radioactivity of LPN + Radioactivity of supernatant)] x 100 (Eq.2)
The same radiolabeling procedure was carried out 7.4 MBq of [*"Tc]Tc-HMPAO.

5.9. In vitro stability of [*"Tc]Tc-HMPAO and [**™Tc]Tc-HMPAO-LPN

In vitro stability of [*mTc]Tc-HMPAO and [*"Tc]Tc-HMPAO-LPN was performed at room
temperature. 200 pL [*#mTc]Tc-HMPAO and [*mTc]Tc-HMPAO-LPN incubated in 800 pL saline and cell
medium, separately. The samples obtained from [*™Tc]Tc-HMPAO were assayed up to 6 h by using RTLC
that was described above in “Evaluation of Radiochemical Purity” part. The samples obtained from [*mTc]Tc-
HMPAO-LPN were analyzed to 6 h by using a gamma counter that was described in “Radiolabeling of LPN”
part.

5.10. Cell binding studies with [*mTc]NaTcOy, [*"Tc]Tc-HMPAO and [**"Tc]Tc-HMPAO-LPN

The cell binding studies were performed with MCF-7, PCS-440-010 and CRL-10742 to investigate the
dose effect and binding capacity of formulations. The cells were incubated with 3.7 and 7.4 MBq of [*mTc]Tc-
HMPAO, [*mTc]NaTcOys and [*"Tc]Tc-HMPAO-LPN (F-17) for 60 and 120-min at 37°C, respectively. The cell
culture medium was collected at 60 and 120-min. After removal of the cell culture medium, cells were
trypsinized with 0.5 mL of trypsin to remove and cells were consecutively washed with 1 mL of cell medium
and 1 mL of PBS to remove loosely bound surface radioactivity. The radioactivities, which in the tubes
containing sediment cells and, in the tubes, containing culture medium were both counted by a gamma
counter (Sesa Uniscaller). The cell binding ratio of cells was calculated from the following equation (Eq. 3) by
dividing the radioactivity of cells to the total radioactivity (radioactivity of cells plus radioactivity of cell
medium).

Radioactivity of Cells (%) = 100 x (Radioactivity of Cells / Total radioactivity) (Eq. 3)

5.11. Statistical analysis

The means and standard deviations of results were calculated on Microsoft Excel. Statistical analysis
was performed by using Oneway Anova program. Differences at the 95% confidence level (p<0.05) were
considered significant. Experiments were performed in triplicate. Results are reported as mean+SD.
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