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ABSTRACT: Using the nanoprecipitation process, chitosan coated poly lactic-co-glycolic acid (PLGA) based polymeric 
nanoparticle formulations of two molecular weights were developed as a possible cancer cell diagnostic agent. Photon 
correlation spectroscopy was used to measure the particle size, distribution [polydispersity index (PDI)], and zeta 
potential values of developed nanoparticle formulations. The F1 [low molecular weight PLGA (Resomer® RG 503 H)] 
and F2 [high molecular weight PLGA (Resomer® RG 504 H)] formulations were then directly labeled with Technetium-
99m ([99mTc]Tc) using stannous salts (chloride) as a reducing agent. The radiochemical purity (RP) and in vitro stability in 
different mediums of the formulations were assessed using ascending radioactive thin layer chromatography (RTLC) 
method. The cell incorporation of [99mTc]Tc labeled F1 and F2 formulations, as well as Reduced/Hydrolized 
[99mTc]NaTcO4 (R/H-[99mTc]NaTcO4) in the MCF-7 (breast cancer cell line) cells, was then assessed. The nanoparticles 
had a middle size of 408.9±3.626 nm to 421.3±7.205 nm, a PDI value of 0.310±0.055 to 0.330±0.066, and a positive charge 
of +70.5±1.4 mV to +75.5±3.8 mV, according to the characterization results. F1 and F2 formulations were effectively 
radiolabeled with [99mTc]Tc, and their RP was found to be over 98% in both cases. When compared to [99mTc]Tc-F1 
(45.091±2.254%) and R/H-[99mTc]NaTcO4 (8.527±0.426%), the incorporation percentages of [99mTc]Tc-F2 (70.756±3.537%) 
were shown to be higher in cancer cell lines (breast cancer cells, MCF-7). According to this research, radiolabeled 
chitosan coated PLGA nanoparticles ([99mTc]Tc-F2) could be suggested as promising cancer detection formulations. 
However, further investigations, such as biodistribution studies, should be performed. 
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 1.  INTRODUCTION 

Cancer has long been one of the leading causes of death worldwide [1]. Breast cancer is one of the 
most common malignancies faced by women around the world [2]. Treatment of breast cancer can be quite 
effective, with survival rates of 90 percent or more, especially when the disease is detected early. Major 
problems in the treatment of breast cancer include treatment resistance, recurrence, and metastasis [3]. Early 
diagnosis and effective treatment of breast cancer therefore significantly reduces treatment costs, treatment 
duration, and the risk of mortality and morbidity [4]. 

Various nanocomposites have been developed for cancer treatment and diagnosis, including 
nanoparticles, liposomes, micelles, niosomes, drug-loaded particles, dendrimers, etc. [5,6]. Controlled drug 
delivery, gene therapy, radiolabeled diagnosis and therapy, cancer immunotherapy, receptor-specific and 
anticancer drug delivery are just some of the biocompatible polymeric drug delivery systems developed in 
the last century [7-10]. Due to its biocompatibility and biodegradability, polymilk-co-glycolic acid (PLGA) is 
one of the most commonly used polymers for drug delivery systems [11-13]. Chitosan is a natural 
biopolymer produced from deacetylated chitin. It has been carefully explored in an interdisciplinary 
approach for a variety of applications. Chitosan-based biomaterials have antifungal and antibacterial 
properties as well as mucoadhesion, nontoxicity, biodegradability, and biocompatibility. In addition, 
chitosan is a naturally occurring polysaccharide that can be chemically modified for a variety of uses and 
functions [14]. Due to the free protonatable amino groups in the chitosan backbone and the flexibility of the 
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chitosan structure, it is easy to modify and functionalize chitosan into a nanoparticle system with high 
adaptability in cancer treatment [15]. The use of chitosan-coated PLGA nanoparticles as a drug delivery 
technology remains important due to the excellent biocompatibility of the system [15-17]. 

Radionuclides are employed as signal sources in the development of drugs because they can be 
incorporated into formulations without changing their physical and biological properties. The primary 
benefit of using radiolabeled formulations in drug development is that they are highly sensitive and 
detectable in little amounts [18,19]. The radionuclide to be used in the construction of powerful radiotracers 
must be carefully chosen. Technetium-99m ([99mTc]Tc) is one of the most used radionuclide for radiolabeling 
of drug delivery systems because of its adaptable chemistry, 140 KeV of pure gamma energy, minimal 
radiation dose, and 6 h of short half-life [19]. 

The purpose of this research is to compare the applicability of chitosan-coated PLGA nanoparticles 
containing PLGA of two molecular weights as a cancer diagnostic agent in a cancer cell line (model cancer 
cell line: breast cancer cells, MCF-7). To do this, using the nanoprecipitation method, two different 
nanoparticle formulations (F1 and F2 formulations) were developed. Then, nanoparticles were radiolabeled 
with [99mTc]Tc using the stannous chloride method, and radiolabeled nanoparticles were subjected to quality 
control using radioactive thin layer chromatography (RTLC). The stability of radiolabeled formulations in 
different mediums and partition coefficient studies were investigated. Finally, in MCF-7 cell lines, a 
comparative in vitro cell culture investigation of radiolabeled nanoparticles and R/H-[99mTc]NaTcO4 was 
performed. 

2. RESULTS AND DISCUSSION 

2.1. Preparation and characterization of chitosan coated PLGA nanoparticles  

Chitosan coated PLGA-based nanoparticles were successfully produced and lyophilized using the 
nanoprecipitation process [13,20-22]. Table 1 shows DLS data for F1 and F2. Nanoparticles must meet two 
crucial criteria: particle size and PDI. Release rate of the drug, biodistribution, mucoadhesion, cellular 
uptake of water and buffer transfer to the core of nanoparticles, protein diffusion, and treatment are all 
influenced by these features [23]. To measure the size of Brownian particles in colloidal dispersion at nano 
and micron intervals, the quickest and most popular techniques, such as DLS or photon-correlation 
spectroscopy (PCS), are extensively used [24,25]. In this study, DLS is used since it is the most widely used 
approach for estimating particle size and PDI. F1 and F2 had an average diameter of between 408.9±3.626 nm 
and 421.3±7.205 nm and the PDI of between 0.310±0.055 and 0.330±0.066. According to the particle size 
results, literature supports the production of nano-sized nanoparticles under submicron [26]. The PDI value 
that describes size distribution for monophasic systems is in the range of 0.01 to 0.5; values higher than 0.5 
imply a very wide size distribution, while values approaching zero indicate a narrow size distribution [27]. 
All of the PDI values were less than 0.5. Quality and monodisperse chitosan coated PLGA nanoparticles 
have been synthesized, according to the literature. 

Table 1. The DLS results of nanoparticles 

Formulations Particle size (nm ± SD) PDI (± SD) Zeta potential (mV ± SD) 

F1 421.3 ± 7.205 0.310 ± 0.055 +75.5 ± 3.8 
F2 408.9 ± 3.626 0.330 ± 0.066 +70.5 ± 1.4 

 
The positive zeta potential value of F1 and F2 was between +70.5±1.4 mV and +75.5±3.8 mV. The 

chemical structure of chitin and chitosan is the same. Chitin is an acetylglucosamine linear chain. Chitosan is 
made by removing enough acetyl groups (CH3-CO) from a molecule so that it may be dissolved in most 
diluted acid solutions. Deacetylation is a chemical process that produces cationic chitosan by releasing amine 
groups (-NH). Another theory is that chitosan is made by alkaline deacetylation of chitin, one of nature's 
most frequent polymers, resulting in a polymer made up of two subunits, N-acetyl-d-glucosamine and d-
glucosamine, connected by 1,4-glycosidic linkages. Because chitosan's glucosamine core has a protonable 
high density -NH, nanoparticles produced or coated with it have a positive zeta potential [27]. The presence 
of chitosan is the explanation for the positive zeta potential value. Due to the translocation of negatively 
charged components of the inner layer of the cell membrane (such as anionic phospholipids, 
phosphatidylserine, proteoglycans, and glycoproteins) to the cell surface, cell surfaces, particularly cancer 
cell surfaces, are typically negatively charged. PLGA in neutral media has negative surface potential, 
because of terminal carboxyl groups. Targeting and interacting with cells can frequently be challenging for 
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PLGA nanoparticles. For this reason, we performed surface modification with chitosan to enable the 
nanoparticles to interact with negatively charged cancer cells and to convert the negative zeta potential of 
PLGA to positive [12]. 

2.2. Radiolabeling and RTLC studies 

A simple, quick, and effective directly labeling approach was used to label nanoparticles with 
[99mTc]Tc. For quality control studies, RTLC tests were used to evaluate the labeling efficiency of the 
[99mTc]Tc-F1 and [99mTc]Tc-F2. To differentiate and measure the levels of radioactive contaminant (Free 
[99mTc]NaTcO4

 and Reduced/Hydrolized (R/H)-[99mTc]NaTcO4), acetone and pyridine/acetic acid/water 
(3:5:1.5) were utilized. Free [99mTc]NaTcO4 migrated with the solvent front in RTLC using acetone as the 
mobile phase (Rf = 0.8-1.0), while [99mTc]Tc-F1 and [99mTc]Tc-F2 remained at the spotting point (Rf = 0.0-0.2). 
Also, [99mTc]Tc-F1, [99mTc]Tc-F2 and free [99mTc]NaTcO4 migrated with the solvent front in RTLC using 
pyridine/acetic acid/water (3:5:1.5) as the mobile phase (Rf = 0.8-1.0), R/H-[99mTc]NaTcO4

 remained at the 
spotting point (Rf = 0.0-0.2). The RP of [99mTc]Tc-F1 and [99mTc]Tc-F2 formulations including different 
amount of reducing agent were shown in Table 2 and Table 3. 

Table 2. Radiolabeling efficiency of [99mTc]Tc-F1 formulation including different amount of reducing agent 

[99mTc]Tc-F1 (%) Stannous chloride amount (µg.mL-1) 

Time (h) 10 µg.mL-1 25 µg.mL-1 50 µg.mL-1 100 µg.mL-1 

0.25 89.34 ± 0.59 92.26 ± 1.15 95.78 ± 0.46 99.42 ± 0.16 
1 90.12 ± 1.10 93.47 ± 0.99 95.68 ± 1.73 99.52 ± 0.08 
2 89.63 ± 1.03 91.68 ± 0.17 94.93 ± 1.79 98.51 ± 0.17 
3 89.36 ± 0.87 92.76 ± 1.61 96.30 ± 0.78 98.69 ± 0.15 
4 90.03 ± 0.65 92.78 ± 0.69 95.07 ± 1.63 99.68 ± 0.10 
5 89.14 ± 0.46 93.05 ± 1.11 94.76 ± 0.75 98.53 ± 0.07 
6 88.10 ± 0.78 91.63 ± 0.77 95.36 ± 1.49 98.44 ± 0.04 

Table 3. Radiolabeling efficiency of [99mTc]Tc-F2 formulation including different amount of reducing agent 

[99mTc]Tc-F2 (%) Stannous chloride amount (µg.mL-1) 

Time (h) 10 µg.mL-1 25 µg.mL-1 50 µg.mL-1 100 µg.mL-1 

0.25 90.39 ± 0.46 93.46 ± 0.36 96.53 ± 0.98 99.43 ± 0.12 
1 88.63 ± 0.67 94.63 ± 1.04 97.83 ± 1.10 99.50 ± 0.06 
2 89.11 ± 1.64 93.47 ± 0.74 96.46 ± 0.68 98.61 ± 0.11 
3 87.57 ± 0.49 92.36 ± 0.44 96.36 ± 0.75 98.63 ± 0.17 
4 89.42 ± 0.64 92.85 ± 1.10 96.75 ± 1.16 99.32 ± 0.07 
5 89.61 ± 0.06 91.36 ± 0.58 95.38 ± 0.47 99.40 ± 0.18 
6 88.47 ± 0.39 91.74 ± 1.07 95.43 ± 1.12 98.65 ± 0.03 

 
[99mTc]NaTcO4 has +7 valence when eluted from the Molybdenum-99 ([99Mo]Mo)/[99mTc]Tc generator 

and cannot bond with any compound or formulation. In order for [99mTc]NaTcO4 to bond, the valency of +7 
must be lowered (+4/+5) with the use of reducing agents. For this purpose, reducing agents such as 
stannous chloride, stannous tartrate or sodium borohydride are often used in radiolabeling studies with 
[99mTc]NaTcO4

 [28]. Herein, stannous chloride was utilized for direct radiolabeling of F1 and F2 with 
[99mTc]NaTcO4, and the role of the reducing agent on the radiolabeling process was investigated using varied 
stannous chloride amounts (10, 25, 50 and 100 µg.mL-1). The optimum reducing agent amount was 
determined to be 100 µg.mL-1 based on labeling efficiency. Both nanoparticle formulations were radiolabeled 
by [99mTc]NaTcO4 with high RP (≥98%) in the presence of 100 µg.mL-1 reducing agent. The complex was 
found to be highly stable for up to 6 h without affecting the labeling yield significantly (p > 0.05). The RTLC 
chromatogram of [99mTc]Tc-F1 and [99mTc]Tc-F2 were shown in Figure 1. 

 

http://dx.doi.org/10.29228/jrp.254


Ekinci et al. 
Radiolabeled chitosan coated PLGA nanoparticles as a diagnostic agent 

Journal of Research in Pharmacy 

 Research Article 

 

 

 
http://dx.doi.org/10.29228/jrp.254 

J Res Pharm 2022; 26(6): 1636-1645 

1639 

 

Figure 1. The RTLC chromatogram of A) [99mTc]Tc-F1 and B) [99mTc]Tc-F2 in the presence of 100 µg.mL-1 stannous 
chloride as reducing agent (Stationary phase: ITLC-SG paper - Mobile phase: Acetone) 

In one study, [99mTc]Tc labeled PLGA nanoparticles were synthesized by Varani et al. [29] and labeling 
efficiency of radiolabeled nanoparticles were evaluated via RTLC and found over 97% for 6 h. In another 
study by Farrak et al. [30], [99mTc]Tc labeled chitosan nanoparticles were prepared, labeling efficiency were 
determined using RTLC and found as 93.4±1.2%. According to the literatures, in this study, 99mTc labeled 
chitosan coated PLGA nanoparticles with high labeling efficiency have been prepared. 

2.3. In vitro stability studies 

Generally, lyophilized kits are dissolved in SF, labeled with [99mTc]Tc, and applied to the nuclear 
medicine patients. Therefore, it is important to know the stability of radiopharmaceuticals in SF. Also, in in 
vitro and in vivo studies of radiopharmaceuticals, radiolabeled formulations are incubated with cell medium 
and serum media during the period of experimentation. The stability of radiolabeled nanoparticles in 
various media was examined for these reasons, and the results are shown in Figure 2. 

 

Figure 2. The in vitro stability of [99mTc]Tc-F1 and [99mTc]Tc-F2 in SF, serum, and cell media. 

*SF: 0.9% sodium chloride solution, Serum: Fetal bovine serum: phosphate buffer (50:50%, v/v), Cell medium: 10% fetal bovine 
serum supplemented McCoy’s 5A. 

As seen in Figure 2, the labeling efficiency of [99mTc]Tc-F1 and [99mTc]Tc-F2 in SF was revealed 
between 97.85 ± 1.89% and 98.85 ± 1.94% and there was no noticeable change (p > 0.05) up to 6 h after 
radiolabeling. Due to the 6 h stability of both radiolabeled formulations above 90%, they have the feature of 
being usable even 6 h after preparation in nuclear medicine. 

In order to shed light on in vivo studies, the in vitro stability of [99mTc]Tc-F1 and [99mTc]Tc-F2 in serum 
was evaluated and RP of both formulations was found to be higher than 90% up to 6 h (Figure 2). 
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In addition, radiolabeled formulations are treated with cell media for 2 h in cell culture experiments. 
The stability of [99mTc]Tc-F1 and [99mTc]Tc-F2 in cell medium was tested for up to 2 h and found to be quite 
stable with >80% RP (Figure 2). 

2.4. Partition coefficient studies 

The logP value is considered an indicator of the lipophilicity of a compound or formulation and is 
calculated in drug development studies to shed light on the drug's behavior in vivo. A gamma counter was 
used to detect the logP of the radiolabeled formulations and R/H-[99mTc]NaTcO4 in this work. The logP 
value of [99mTc]Tc-F1 and [99mTc]Tc-F2 was found -1.499±0.074 and -0.67±0.033, respectively. As expected, 
both radiolabeled chitosan coated PLGA based nanoparticle formulations showed very polar characteristics 
(logP<1) and results were found to be consistent with previous studies [31]. Also, the logP value of R/H-
[99mTc]NaTcO4 (calculated as a control) was found -2.164±0.108 which also known has hydrophilic 
properties. 

2.5. Cell culture studies 

In recent years, in vitro cell culture studies have become increasingly relevant in evaluating the cancer 
binding affinities of radioactive compounds or formulations to shed light on in vivo studies [19,31-35]. In this 
study, the capacity of radiolabeled nanoparticles to bind to MCF-7 cells was investigated. The tests were 
evaluated for 2 h due to the available half-life of 99mTc. The cell binding percentage to MCF-7 cell lines of 
[99mTc]Tc-F1, [99mTc]Tc-F2 and R/H-[99mTc]NaTcO4 (as a control group) are shown in Figure 3. 

 

Figure 3. Cell binding capacity of [99mTc]Tc-F1, [99mTc]Tc-F2 and R/H-[99mTc]NaTcO4 to MCF-7 cell line 

As seen in Figure 3, [99mTc]Tc-F2 (70.756±3.537%) have a greater cell binding activity on MCF-7 cells 
than [99mTc]Tc-F1 (45.091±2.254%) at 60 min. In addition, both nanoparticle formulations retained their 
percentage of cell binding at 120 min ([99mTc]Tc-F1 = 45.091±2.197% and [99mTc]Tc-F2 = 68.336±3.416%) due 
to nanoparticles’ passive targeting. Based on these findings, [99mTc]Tc-F1 and [99mTc]Tc-F2 cannot 
demonstrate time-dependent variations in cell incorporation and may display substantial accumulation in 
tumor cells when utilized for tumor imaging. At 60 and 120 min, [99mTc]Tc-F2 was found to be more 
incorporated into breast cancer cell lines than [99mTc]Tc-F1. The presence of different molecular weights of 
PLGA is the only distinction between the two radiolabeled nanoparticles employed in cell culture 
investigations. So, Figure 3 shows us that chitosan coated PLGA nanoparticles with Resomer® RG 504 H 
(high molecular weight PLGA) has a higher incorporation activity than chitosan coated PLGA nanoparticles 
with Resomer® RG 503 H (low molecular weight PLGA) to MCF-7 cells during experimental time. Although 
they are prepared using polymers of different molecular weights, the characterization and radiolabeling 
results of F1 and F2 formulations are very close. However, logP values were different from each other. The 
logP value of F1 was found to be -1.499±0.074 while the logP value of F2 was found to be -0.67±0.033. These 
values show us that the F1 formulation is more hydrophilic than the F2 formulation. Thus, F2 formulation 
has better logP value than F1 formulation for crossing cytosolic membranes. This difference in cell binding 
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study can be explained by the less lipophilicity of the F1 formulation and less penetration through the 
cytoplasmic membrane. 

Also, to control the experiment, the percentage of cells incorporated after the application of R/H-
[99mTc]NaTcO4

 was found to be 8.527±0.426% at 60 min and 6.542±0.327% at 120 min. This finding 
demonstrates that our radiolabeled nanoparticle formulations reacted differently in cell media than R/H-
[99mTc]NaTcO4 and verified the high labeling efficiency and in vitro stability. 

3. CONCLUSION 

In conclusion, in the presence of 100 µg.mL-1 stannous chloride as a reducing agent, [99mTc]Tc labeled 
chitosan coated PLGA nanoparticles were effectively produced, and the labeling efficiency of [99mTc]Tc-F1 
and [99mTc]Tc-F2 was measured by RTLC and found to be higher than 98%. The radiolabeled formulations 
were found quite stable in different medium such as SF, serum, and cell medium. The logP value of 
[99mTc]Tc-F1 and [99mTc]Tc-F2 was found -1.499±0.074 and -0.67±0.033, respectively. According to the in vitro 
cell culture studies, [99mTc]Tc-F2 has greater cell binding activity with a value of ≥70% than [99mTc]Tc-F1 to 
MCF-7 cell lines. So, [99mTc]Tc-F2 may be suggested promising formulations as a cancer imaging agent. 
However, more study is required such as drug encapsulation and in vivo testing. 

4. MATERIALS AND METHODS 

4.1. Materials 

Resomer® RG 503 H [Poly(d,l-lactide-co-glycolide), acid-terminated, lactide:glycolide (PLGA), 50:50, 
Mw: 24,000–38,000] and Resomer® RG 504 H [PLGA, 50:50, Mw: 38,000] was provided by Sigma-Aldrich (St. 
Louis, MO, USA). Sigma (Steinheim, Germany) provided low Mw chitosan [Deacetylated chitin/Poly (d-
glucosamine), Mw: 50,000–190,000 Da, viscosity: 20–300 cP]. Alfa-Aesar (Kandel, Germany) supplied the 
Pluronic® F-68. Sigma–Aldrich (Germany) provided the stannous chloride. Adeka (Turkey) provided a 0.9% 
sodium chloride solution. The [99Mo]Mo/[99mTc]Tc generator at Ege University's Nuclear Medicine 
Department (Turkey) was used to elute [99mTc]NaTcO4. The rest of the compounds were of analytical grade. 
Gibco Invitrogen (Grand Island, NY) provided cell culture chemicals and supplies. American Type Culture 
Collection (ATCC) provided the MCF-7 cells. 

4.2. Preparation of chitosan coated PLGA nanoparticles 

The nanoprecipitation process was used to develop chitosan-coated PLGA-based nanoparticles with 
some modifications [36-38]. In 3 mL acetone, 90 mg of PLGA was dissolved along with 30 mg of Span® 60. 3 
mL of this solution was then put into 10 mL of aqueous phase while being magnetically stirred at 100 rpm, a 
rate of 1 mL.min-1. 10 mL of 0.25% w/v chitosan solution and 0.5% w/v Pluronic® F-68, both prepared in 2% 
acetic acid (v/v), were used in the aqueous phase. After that, at room temperature, the acetone was 
evaporated to dryness for 4 h while being magnetically stirred. The nanoparticles were collected by 
centrifugation (11,000 rpm, 4°C, 45 min) of the ensuing aqueous dispersion. After collecting the 
nanoparticles, the particles were washed with distilled water (5 mL). The nanoparticles dispersed in water 
underwent the same centrifugation procedure as before. To wash the nanoparticles, this process was 
performed twice. Table 4 lists the substances used in the formulation.  

Table 4. Formulation ingredients 

Formulations 503 H (mg) 504 H (mg) Span 60 (mg) Chitosan (0.25%) (mL)* ACN (mL) 

F1 90 - 30 10 3 
F2 - 90 30 10 3 

*503 H: Resomer RG 503 H, 504 H: Resomer RG 504 H, Chitosan solution: including Pluronic F-68 (0.5%), ACN: acetone. 

4.3. Lyophilization of nanoparticles 

Chitosan coated PLGA nanoparticles were resuspended in trehalose solution (3 percent w/v) and 
were frozen at -80°C. After that, the nanoparticles were lyophilized at -45°C for 48 h at a pressure of 0.07 
mbar. 
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4.4. Characterization of nanoparticles 

Dynamic light scattering (DLS) was used to determine the size distribution (PDI), mean size, and zeta 
potential values of nanoparticle formulations using the Malvern Zetasizer Nano ZS equipment (Malvern 
Instruments, UK). Using quartz and zeta cuvettes, measurements were made at 25oC with a laser incidence 
angle of 173o. Before measuring, nanoparticle compositions were diluted in ultrapure water at a 1:400 ratio. 
The standard deviation (SD) of the mean was calculated. The measurements were carried out five times [39]. 

4.5. Radiolabeling of nanoparticles 

The radiolabeling of nanoparticle formulations was studied to determine the best radiolabeling 
settings, utilizing the modifications suggested by Ekinci et al. [31,32]. In 1 mL 0.9% sodium chloride solution 
(SF), a sufficient quantity of lyophilized nanoparticles (15 mg) was distributed. Under the influence of a 
bubbling nitrogen atmosphere, different amounts of stannous chloride solution (10, 25, 50, and 100 µg.mL-1 
in pure water) were introduced to the nanoparticle formulations. At neutral pH (pH = 7.0), radiolabeling 
was conducted with 37 MBq/0.1 [99mTc]NaTcO4. The radiolabeled preparation was mixed for 30 seconds 
before being incubated during 15 min at room temperature. RTLC was used to evaluate the radiolabeling 
efficiency of nanoparticles at various time intervals (up to 6 h). 

4.6. RTLC studies 

The stationary phase in the RTLC experiments was ITLC-SG paper. The mobile phase for determining 
free [99mTc]NaTcO4 was acetone while the mobile phase for determining R/H-[99mTc]NaTcO4 was 
pyridine/acetic acid/water (3:5:1.5) solvent mixture. On chromatographic sheets, 2 µL of nanoparticle 
compositions were spotted using a microcapillary tube, developed in tanks, then air dried. The radioactivity 
of ITLC-SG chromatographic papers was determined via RTLC scanner (Bioscan AR 2000, Washington, DC, 
USA), and the radiochemical purity (RP) (%) of nanoparticle formulations (99mTc-F1 and 99mTc-F2) was 
calculated using the equation (Equation (1)) [40]: 

𝑅𝑃 (%) = 100 − (𝐹𝑟𝑒𝑒 [99𝑚𝑇𝑐]𝑁𝑎𝑇𝑐𝑂4 +  𝑟𝑒𝑑𝑢𝑐𝑒𝑑/ℎ𝑦𝑑𝑟𝑜𝑙𝑖𝑧𝑒𝑑 [99𝑚𝑇𝑐]𝑁𝑎𝑇𝑐𝑂4)    (1) 

4.7. In vitro stability studies 

The stability of radiolabeled nanoparticles in diverse settings was tested using cell medium (10% fetal 
bovine serum (FBS) supplemented McCoy's 5A), SF, and serum medium (FBS: phosphate buffer, (50:50, 
v/v)). To the mediums (0.4 mL), an amount of 0.1 mL (3.7 MBq) of [99mTc]Tc-F1 and [99mTc]Tc-F2 were 
added. The nanoparticles in the cell medium mixture were incubated at 37°C for 2 h, while the others were 
incubated at 25°C for 6 h, and RP tests with RTLC were performed throughout the experiment. 

4.8. Partition coefficient studies 

For the n-octanol/water partition coefficient (logP) investigation, 500 μL each of n-octanol and 
phosphate buffer (pH 7) were combined in an eppendorf tube, followed by 150 μL of [99mTc]Tc-F1, [99mTc]Tc-
F2, and R/H-[99mTc]NaTcO4 sample. At 25°C, the mixture was shaking for 60 seconds. It was then 
centrifuged for 30 min at 2.500 rpm. In other tubes, 100 μL of both phases were conveyed. Finally, a gamma 
counter was used to determine the radioactivity of each phase (Sesa Uniscaller). The measurements were 
carried out four times. The following Equation (2) was used to compute the logP of [99mTc]Tc-F1, [99mTc]Tc-
F2, and R/H-[99mTc]NaTcO4 [31]: 

𝐿𝑜𝑔𝑃 = 𝐿𝑜𝑔(𝑟𝑎𝑑𝑖𝑜𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝑖𝑛 𝑛 − 𝑜𝑐𝑡𝑎𝑛𝑜𝑙 𝑝ℎ𝑎𝑠𝑒/ 𝑟𝑎𝑑𝑖𝑜𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝑖𝑛 𝑏𝑢𝑓𝑓𝑒𝑟 𝑝ℎ𝑎𝑠𝑒)         (2) 

4.9. Cell culture studies 

For cell culture studies, MCF-7 (breast carcinoma) cells were used as a model cancer cell line. The cells 
in McCoy's 5A were administered a 10% FBS supplement. The cell culture was kept at 37°C with a relative 
humidity of 90% and a CO2 concentration of 5%. A 0.25% Trypsin-0.1% EDTA solution was used for 
subculturing. Seeding 2 × 105 cells on six well plates yielded cell monolayers. 

MCF-7 cells were used to conduct cell binding tests using [99mTc]Tc-F1, [99mTc]Tc-F2, and R/H-
[99mTc]NaTcO4 to determine if there was a difference in the incorporation of two different molecular weight 
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nanoparticles. 7.4 MBq of the radiolabeled samples were incubated with cells at 37°C up to 2 h. After the 
incubation period, the supernatant was removed from the well plates and placed in a tube. Then, the cells 
were washed with 1 mL of PBS to separate free [99mTc]NaTcO4 and trypsinized with Trypsin-EDTA (0.5 mL) 
to remove the MCF-7 cells. Also, the cell medium (1 mL) was added, and cells were centrifuged at 3,000 rpm 
for 5 min. After, the cells were placed in other tube while the supernatant was added the first tube. The 
amount of radioactivity in tubes was measured via gamma counter (Sesa Uniscaller). By dividing the overall 
activity counted by the fraction of activity counted in the cells, the cellular uptake was calculated. The 
following equation was used to compute the % radioactivity of cells (Equation (3)) [31,32]: 

𝑅𝑎𝑑𝑖𝑜𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝑜𝑓 𝑐𝑒𝑙𝑙𝑠 (%) = (𝑅𝑎𝑑𝑖𝑜𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝑜𝑓 𝑐𝑒𝑙𝑙𝑠/ 𝑇𝑜𝑡𝑎𝑙 𝑟𝑎𝑑𝑖𝑜𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 )  ×  100                (3) 

4.10. Statistical analysis 

Microsoft Excel was used to calculate the means and standard deviations. A one-way ANOVA 
program was used to establish statistical significance. p < 0.05 differences were considered significant. 
Unless otherwise noted, all experiments were carried out in triplicate. 
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