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ABSTRACT: Radiolabeled polymeric NPs are widely used drug delivery systems in cancer therapy and imaging due to 
their easy and rapid formation. These systems provide several advantages for imaging and therapy of many diseases 
and cancers, such as increased sensitivity, better image quality, etc. In this study, Tc-99m radiolabeled PLGA 
nanoparticles were prepared in different conditions and these conditions were investigated. The amount of reducing 
agent, incubation temperature and time, and pH were investigated to obtain the 99mTc-PLGA nanoparticles with higher 
RCP (%).  NPs were formed well with the nanoprecipitation method between 180-200 nm. Then, the optimum 
formulation was obtained with 50 µl SnCl2 at pH 7 and 25 ºC conditions for 30 minutes of incubation time. This 
formulation was found stable at 25 ºC for 12 hours while showing 3 hours of stability at 37 ºC. The data proved that 
PLGA NPs can be radiolabeled with Tc-99m at high efficiency and showed relatively high radiolabeling stability. 
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 1.  INTRODUCTION 

Polymeric systems are biodegradable and biocompatible systems that are easily synthesized [1]. 
Poly(lactic-co-glycolic acid) (PLGA) is a biodegradable hydrophobic polymer that is approved by the Food 
and Drug Administration (FDA) and European Medicine Agency (EMA) and is considered an ideal material 
due to its biodegradability and biocompatibility [2,3]. These properties have made PLGA nanoparticles 
(NPs) increasingly popular in both clinical and preclinical stages [4]. 

 Nuclear imaging modalities, Single Emission Computed Tomography (SPECT) and Positron 
Emission Tomography (PET) are non-invasive imaging techniques that provide anatomical and functional 
information at molecular and cellular levels [5]. The major advantages of nuclear imaging modalities are 
sensitivity, quantity, and low tissue penetration [6]. SPECT requires radiopharmaceuticals labeled with 
gamma-emitted radionuclides with 100-250 keV energy. These gamma rays pass through the collimator, and 
two-dimensional images are produced by the detector [7]. 

Radiolabeled NPs show several advantages in molecular imaging: 1. increased sensitivity; 2. ability to 
conjugate different targeting agents (due to their large surface area); 3. Providing multimodality imaging; 4. 
combination of diagnosis and therapy, which can be called “Image Guide Systems”; 5. combination of 
different therapy agents [8]. Radiolabeled NPs can also be used for biodistribution and pharmacokinetic 
studies by measuring the radioactivity in tissues [9, 10]. Radiolabeled NPs show higher tissue accumulation 
in this field, providing a better signal-to-noise ratio than other methods [11]. 

Technetium-99m (Tc-99m) is one of the most common radionuclides used in imaging, biodistribution 
and drug monitoring in clinics and preclinics. It has 6.02 hours half-life, and 140.5 keV gamma energy. Tc-
99m is a cost-effective radionuclide; its easy availability, and photon energy make it a common radionuclide 
[12]. Moreover, Tc-99m can be easily and stably labeled with direct methods or with chelating agents [11]. 

In this study, PLGA NPs were radiolabeled with Tc-99m at different conditions to obtain optimum 
radiolabeling conditions. Before the radiolabeling process, prepared NPs were analyzed by dynamic light 
scattering (DLS) to find particle size, zeta potential and polydispersity index (PDI) values. Afterward, NPs 
were radiolabeled with different amounts of reducing agent at different pH, incubation temperature, and 
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incubation times and analyzed for 6 hours to compare these parameters’ effects on stability. After finding the 
optimum formulation, stability tests were performed in saline at room temperature and 37 °C for two half-
life times of Tc-99m. Tc-99m radiolabeled PLGA NPs were prepared successfully, and results proved that 
they could be designed as a more specific therapy, diagnosis or theragnostic agent. 

2. RESULTS and DISCUSSION 

2.1. Characterization of NPs 

Preparation methods play a crucial role in NP properties and directly affect their particle size, surface 
properties, drug loading capacity, drug release profiles, etc. [13].  The nanoprecipitation method, also known 
as the solvent displacement method, provides several advantages. NPs are spontaneously and rapidly 
formed without agglomeration [9]. 

PLGA NPs are generally formed between 100-400 nm, and the ideal size of PLGA NPs is <300 nm 
with around 20 mV zeta potential [2]. The characterization results of the NP solution are summarized in 
Table 1, and this shows a homogeneous size distribution (Figure S1). The results obtained from these NPs 
were parallel with the literature [2], and NPs can be considered ideal. 

DLS analysis was performed to understand the NPs’ morphology, size and shape. SEM images 
confirmed that the NPs have a spherical shape and homogeneous size distribution (Figure 1).  

Table 1. Characterization of nanoparticles (n:3). 

Nanoparticle Properties  

Size (nm) 190.1±2.36 
PDI  0.1056±0.02 
Zeta Potential (mV) 8.35±0.43 

 
 

Figure 1. SEM images of PLGA NPs. 

2.2. Radiolabeling Studies 

2.2.1. Determination of the labelling efficiency of NPs 

NPs were radiolabeled with Tc-99m and Tc-99m radiolabeled NPs were evaluated and compared their 
radiochemical purity (RCP) (%) values in each group. Also, formulations RCP (%) values were investigated 
for 6 hours (after incubation time) to provide a better understanding of the effects of radiolabeling 
parameters. After all, Np2 formulation was found an optimum formulation. 

Effect of pH 
Since radiopharmaceuticals are intravenously administered formulations, the ideal pH value is 7.4. 

However, pH 5 and pH 9 were investigated in this study to find optimum formulation conditions for Tc-99m 
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radiolabeled PLGA NPs (Np2, Np4, Np5). At the beginning, their RCP (%) values were found as 99.37±0.33; 
76.58±0.50; 84.20±0.47, respectively (p < 0.05) (Figure 2A). Results showed that the optimum pH value is 7 
and optimum formulation is Np2. Halder et al. [14] also mentioned that pH directly affects the RCP (%) 
value, and they found that RCP (%) values were changed from 85.9 % to 95.9% from pH 4 to pH 6.5. 

 Effect of Incubation Temperature 
 The incubation temperature of Tc-99m radiolabeling for drug delivery systems, especially NPs, was 

mentioned at room temperature (25 ºC) in the literature [9]. In this study, incubation time was another 
investigated condition for PLGA NPs radiolabeling. 10, 25 and 50 ºC temperatures were investigated (Np2, 
Np8, Np9) and RCP (%) values of them were 99.37±0.33; 77.20±0.25; 78.68±0.26 (Figure 2B). Results showed 
that the optimum incubation temperature was 25 ºC. At lower and higher temperatures, RCP (%) values 
drop to approximately 77-78%. 

 Effect of Incubation Time  
 The incubation time of Tc-99m radiolabeled NPs were investigated to determine the time duration 

(5, 30 and 60 mins) for higher yield (Np6, Np2, Np7). Results showed Np6, the formulation with 5 mins 
incubation, had the lowest RCP (%) compared to the other formulation with different incubation times. RCP 
(%) values, right after incubation times end, RCP (%) of Np6, Np2 and Np7 formulations were found as 
74.84±1.03; 99.37±0.33; 85.38±0.52, respectively. After that, RCP (%) values of formulations were also 
followed up to 6 hours (a half-life of Tc-99m) to provide a better understanding of the effect of incubation 
time (Figure 2C). Np2 was found stable after 6 hours, and RCP (%) was 98.11±0.08 (p> 0.05).  

Effect of the Reducing Agent (SnCl2) 
NPs were radiolabeled with Tc-99m by using SnCl2 as a reducing agent. SnCl2 directly affects the ratio 

of free and hydrolyzed Tc-99m amount. Radioactive colloids are formed with high SnCl2 amounts although 
low amount of SnCl2 causes lower radiolabeling efficiency [12]. Different volumes of SnCl2 were used in 3 
formulations (Np1, Np2, Np3) as 10, 50, and 250 µl at (2mg/ml) concentration (Table 2). After 30 minutes 
incubation, formulations were analyzed, and Np2 was the optimum formulation among them. Both 3 
formulations RCP (%) values were found 98.64±0.02, 99.37±0.33, and 69.24±0.90 (p < 0.05) after incubation 
time, respectively. This result showed that 10 µl (Np1) and 50 µl (Np2) were appropriate for high labeling; 
however, the Np1 formulation RCP (%) value decreased very quickly following 6 hours (Figure 2D).  So, the 
study showed that 50 µl SnCl2 was the optimal amount for radiolabeling PLGA NPs. 

 

 

Figure 2. Radiochemical purity of Tc-99m radiolabeled PLGA NP formulations at (A) different pH (7, 5, 9); (B) 
different temperatures (25°C, 10°C, 50°C); (C) different incubation times (30, 10, 60 min); (D) different volume of 
SnCl2 (50, 10, 250 µl). 
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2.3. Stability Test 

Stability test of Np2, the optimum formulation, were performed at two different temperatures (25°C 
and 37°C) to evaluate the Tc-99m release in saline (Figure 3).  

 

Figure 3. Stability results of Np2 formulation at 25ºC and 37ºC in saline up to 12 hours (n:3). 

The RCP (%) value of Np2 was found more than 95% up to 12 hours at 25°C. However, the stability at 
37 °C showed stability only for 3 hours. Moreover, the RCP (%) value was reduced to %86.58 after 12 hours 
of incubation at 37 °C (p<0.05). Tc-99m radiolabeled PLGA NPs are found stable in saline at 25°C for 24 
hours in many studies in literature [9]. Our results were parallel with the literature [9], and RCP (%) values 
were more than 95% at the end of 12 hours (p>0.05). In another study, Tc-99m radiolabeled PLGA NPs 
stability was investigated at 37°C in saline [15], and Tc-99m radiolabeled PLGA NPs RCP (%) value was 
found around 90% in this study, while that value was around 86% in our study. 

3. CONCLUSION 

PLGA NPs were successfully prepared at around 190 nm in size with 0.1056 PDI. PLGA NPs were 
radiolabeled with Tc-99m in different conditions to understand the effect of labeling parameters, such as 
reducing agent amount, pH, incubation time, and temperature, to find the optimum formulations. 99mTc-
PLGA NPs were radiolabeled with high RCP (~99%), and optimum conditions were determined at pH 7, 30 
mins incubation time, 25 ºC (RT) and 50 µl SnCl2. Stability tests of optimum formulation (Np2) were 
performed at 25 ºC and 37 ºC in saline for 12 hours, and it was found stable at 25 ºC for 12 hours (RCP>95%). 
This study showed the basic principle for radiolabeling PLGA NPs, which are frequently researched, and 
proved that they can radiolabeled with Tc-99m with high efficiency and high stability. It can be evaluated as 
the first step to prepare more specific Tc-99m labeled PLGA nanoparticles for targeted treatment or 
diagnosis. Further information is required to design more specific imaging agents. 

4. MATERIALS AND METHODS 

4.1. Materials 

PLGA polymer (50:50, MW:24.000-38.000), polyvinyl alcohol (PVA) (MW:30.000-70.000 Da) and all 
other solutions were purchased from Sigma-Aldrich, Inc (Missouri, USA), unlike otherwise mentioned. 
Nano Zs Zeta sizer (Malvern Instruments, UK) was used for characterization studies of NPs. Tc-99m was 
obtained from Hacettepe University Hospital, Nuclear Medicine Department. 

4.2. Preparation of NPs 

PLGA NPs were prepared using the nanoprecipitation method [16]. Briefly, PLGA (10 mg) was 
dissolved in 2 ml acetone (organic phase) and added drop by drop to the aqueous phase under magnetic 
stirring to form NPs. In this study, the aqueous phase was prepared with 0.5% PVA in 10 ml water. The 
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suspension was stirred at 1000 rpm to evaporate the acetone overnight, which resulted in the formation of 
NPs (Figure 4). 

 

Figure 4. Preparation of PLGA NPs by nanoprecipitation method (Created in Biorender. Sarcan, E. (2025) 
https://Biorender.com/jfc1fj4). 

4.3. Characterization of NPs 

Particle size, PDI and zeta potential were measured by DLS with Malvern Nano Zs Zetasizer (Malvern 
Instruments, UK) at room temperature. NP solution and measured at room temperature (n:3).  

The morphology of NPs was examined with scanning electron microscopy (SEM). Certain amounts of 
dried NP powders were mounted onto the grid and coated with gold, and images were taken at 
magnifications of x100.000 and x10.000. Analyses were performed by SEM device (QUANTA 400 F Field 
Emission SEM, Taiwan) at ODTU METU Central Laboratory. 

4.4. Radiolabeling Studies  

PLGA NPs were radiolabeled with Tc-99m (0.25 mCi) by the direct reduction technique with SnCl2 [9]. 
This method directly uses a reducing agent (usually an acidic SnCl2 solution). This reducing agent reduces 
the heptavalent oxidation state to lower oxidation states, creating a metastable species that facilitates the 
direct binding of radioactive material to the surface of NPs. In the direct reduction technique, no chelators or 
spacers are required, as in indirect radiolabelling, or they are not trapped inside the nanoparticle by different 
methods during or after the synthesis of the NPs, as in the encapsulation method [17]. Different formulations 
were developed by changing the SnCl2 amount, pH, incubation temperature, and incubation time 
parameters (Table 2). 

Briefly, different amounts of SnCl2 (2 mg/ml) were added to 0.5 ml of PLGA NP solutions and the pH 
of the solution was checked, mixed by adding an acetic acid solution or sodium bicarbonate solution 
dropwise to match the pH values (pH 5, 7, 9) specified in Table 2. Then, Tc-99m (0.25 mCi) was added to the 
solution and incubated at different temperatures and different times. 
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Table 2. Different radiolabeling conditions of NP formulations. 

Formulation Code SnCl2 Amount 
(µl) 

pH Incubation Temperature 
(ºC) 

Incubation Time 
(min) 

Np1 10 7 25 30 

Np2 50 7 25 30 

Np3 250 7 25 30 

Np4 50 5 25 30 

Np5 50 9 25 30 

Np6 50 7 25 5 

Np7 50 7 25 60 

Np8 50 7 10 30 

Np9 50 7 50 30 

4.4.1. Determination of the labelling efficiency of NPs 

The labelling efficiency of formulations was determined by instant thin-layer chromatography (ITLC) 
using by gamma-counter (Berthold-LB 2111). Tc-99m radiolabeled NP suspensions were applied to the 
ITLC-SG and placed into the mobile phase. Free Tc-99m and hydrolyzed Tc-99m were determined by using 
acetone and saline mobile phase (Eq.1-Eq.3). RCP % of Tc-99m radiolabeled NPs were determined at 
different intervals (free Tc-99m and hydrolyzed Tc-99m) to evaluate the effects of various parameters [18]. 

RCP (%)= 100 -[(Free Tc-99m)+ (Hydrolyzed Tc-99m)]  (Eq. 1) 

 

Free Tc-99m (%) = ((Rf (9.0-10.0))⁄(Total Activity))× 100  (Eq. 2) 

 

Hydrolyzed Tc-99m (%) = ((Rf (0.0-0.1))⁄(Total Activity))  x 100 (Eq. 3) 

Parameters such as reducing agent (SnCl2), incubation pH, incubation time and incubation 
temperature were evaluated and compared over 6 hours. 

4.5. Stability Tests 

The stability of the optimum Tc-99m labelled PLGA NP formulation was determined using ITLC. 
Stability tests were carried out in 1 ml saline with 10 MBq NP solutions at room temperature (25ºC) and 
37ºC. Samples were taken at regular intervals up to 12 hours and analyzed by ITLC. Papers were counted in 
gamma-ray spectrometry, and the labeling efficiencies were calculated [15]. Calculations were made as 
described in 4.4.1. 

4.6. Statistical Analysis 

The statistical analysis was performed to compare the differences between the data groups by using 
Student’s T test and ANOVA. P < 0.05 was evaluated as statistically significant. All analyses were evaluated 
using Prism 7 software (Graph-pad, San Diego, USA), and graphs were created using Prism 7 software 
(Graph-pad, San Diego, USA). 
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