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Technetium-99m (99mTc) is widely used in single-photon emission 
computed tomography (SPECT) imaging due to its favorable physical 
properties, including a short half-life (6 hours), optimal gamma emission (140 
keV), and generator availability. Radiolabeling nanoparticles with 99mTc offers 
a promising strategy to enhance targeted imaging and enable theranostic 
applications. Chitosan nanoparticles, known for their biocompatibility and 
biodegradability, represent an attractive platform for such applications. This 
study aimed to develop and characterize chitosan nanoparticles and evaluate 
their radiolabeling with 99mTc. Nanoparticles were prepared via ionotropic 
gelation, and the effects of chitosan concentration and solution pH on particle 
size were investigated. Radiolabeling was performed using direct methods 
with and without a reducing agent (stannous chloride), and the efficiency and 
stability of radiolabeling were assessed. The optimized nanoparticles 
exhibited sizes ranging from 81 to 270 nm with a narrow size distribution. 
Radiolabeling in the presence of stannous chloride achieved efficiencies 
exceeding 90%, with stability maintained for up to 6 hours. In contrast, 
labeling without a reducing agent resulted in lower efficiency. Transmission 
electron microscopy confirmed the preservation of spherical morphology 
following radiolabeling, with a moderate increase in particle size. In 
conclusion, 99mTc-radiolabeled chitosan nanoparticles demonstrated 
favorable physicochemical properties, high labeling efficiency, and good 
stability, highlighting their potential as a dual-function theranostic platform 
for cancer imaging and targeted therapy.  
Keywords: chitosan, nanoparticles, ionic gelation, SPECT imaging, 
technetium-99m 
 

 
INTRODUCTION 

Technetium-99m (99mTc) is widely used in 
SPECT imaging due to the appealing physical 
properties that have made it a suitable radiotracer 
for nuclear medicine. The 6-hour half-life of 
technetium-99m refers to its physical half-life, 
which is the time required for the radionuclide to 
decay by emitting gamma radiation. This property 
is ideal for diagnostic imaging as it provides 
sufficient time for imaging procedures while 
minimizing radiation exposure to the patient. As a 
diagnostic agent, 99mTc can be used to detect 
disease-specific    areas     or     evaluate     treatment  

efficacy, often in conjugation with targeting 
moieties to enhance its delivery. Among the 
commonly used targeting agents is methylene 
diphosphonate (MDP), which is made available in 
clinical diagnostic kits. In recent years, there                
has been an increase in research interest related           
to the application of chitosan nanoparticles                       
as drug delivery carriers. Numerous methods                
can be used to produce chitosan nanoparticles, 
such as emulsification/solvent evaporation, 
polyelectrolyte complexation, reverse micellar/ 
microemulsion, and ionotropic gelation.  The first 
reported   synthesis   of   chitosan   nanoparticles  by  
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Ohya et al. (1994) used the emulsification and 
cross-linking method (Ohya et al., 1994; Zhang et 
al., 2021).  

Moreover, nanoparticles are gaining traction 
as theranostic agents, due to their ability to provide 
both diagnostic imaging and therapeutic delivery. 
Their advantages include targeted delivery                        
(He et al., 2025) and the enhanced permeability  
and retention (EPR) effect (Jeon et al., 2022).                   
In addition, Daems et al. (2021) have also 
highlighted that nanoparticles can hold multiple 
radionuclides, allowing for significantly higher 
radioactivity payloads compared to conventional 
radiopharmaceutical agents. This characteristic 
will help to increase the detection limit and the 
resolution of imaging applications. Although 
chitosan nanoparticles have been widely explored 
for drug delivery applications, their radiolabeling 
with technetium-99m remains relatively 
underreported. In particular, there is limited 
understanding of how reducing agents such as 
stannous chloride influence labeling efficiency and 
stability. In addition, the effect of the radiolabeling 
process on key physicochemical properties, 
including particle size and morphology, has not 
been extensively investigated. This study aims to 
develop and characterize chitosan nanoparticles, 
and the impact of processing parameters on the 
particle size was examined before the 
nanoparticles were radiolabeled with 99mTc. The 
stability of the radiolabeled complex was further 
evaluated, and the influence of radiolabeling on the 
nanoparticle size was investigated using electron 
microscopy.  
 

MATERIALS AND METHODS 
Preparation of Chitosan Nanoparticles 

Chitosan nanoparticles were prepared via 
the ionotropic gelation method with some 
modifications (Sullivan et al., 2018). In this method, 
chitosan nanoparticles were produced by adding a 
sodium tripolyphosphate (TPP) 0.05 %w/v 
solution to a chitosan solution that was stirred at 
room temperature. Ionic interaction between the 
positively charged amino functional groups of 
chitosan and the negatively charged TPP led to the 
formation of nanoparticles.  

Four concentrations of chitosan (0.25, 0.5, 
0.75, and 1.0 mg/mL) were prepared in a 100 mL 
diluted solution of acetic acid (0.15 %v/v) under 
overnight stirring at 650 rpm at room temperature, 
followed by 1 hour of sonication at room 
temperature to complete the solubilization. The pH 
of the chitosan solution was around 3.4 and was 

adjusted to the targeted pH (i.e., pH 4.5, 4.6, 4.7, and 
5.0) using a 0.1 M NaOH solution.  

TPP aqueous solution (0.05% w/v) was then 
added dropwise into the chitosan solution at room 
temperature according to the ratio of 3:1 (chitosan 
to TPP), under magnetic stirring for 45 minutes. 
The chitosan nanoparticles were then obtained 
following centrifugation at 4000 rpm for 20 
minutes at room temperature (Figure 1).  

 
Characterization of Chitosan Nanoparticles 

The hydrodynamic diameter and the size 
distribution of the chitosan nanoparticles were 
analyzed by dynamic light scattering in a particle 
size analyzer (Litesizer 100, Anton Paar). The 
measurement was done at 25°C with an angle 
detection of 175°. The surface charge of the 
particles was also determined using the Malvern 
Paralytical Zetasizer Nano.  

 
Radiolabeling with 99mTc  

The radiolabeling studies were conducted at 
the Nuclear Medicine Department, Penang General 
Hospital. Before the radiolabeling procedure, 99mTc 
was eluted from a 99Mo/99mTc generator and 
collected in an evacuated vial. In this study, a wet-
column generator was used. When handling 
radioactive materials, the radiation protection 
principles were followed to minimize radiation 
exposure. According to Alabsy et al. (2023), the 
three basic principles of radiation protection are 
time, distance, and shielding. Radiation exposure 
has the potential to accumulate with prolonged 
exposure duration. Minimizing radiation exposure 
can be achieved through the reduction of exposure 
time. The principle of maintaining a safe distance is 
a critical factor to consider in the context of 
radiation protection. The amount of radiation 
exposure can be minimized by increasing the 
distance from the radiation source. Furthermore, 
the utilization of suitable shielding can effectively 
minimize the level of radiation exposure. 

The purity of the eluted 99mTc was evaluated 
through two tests: (1) the molybdenum 
breakthrough test and (2) the aluminum 
breakthrough test. The molybdenum breakthrough 
test was performed using the energy                 
differential method. This involved measuring               
the eluate in a dose calibrator with the use                       
of a special lead shield, known as the 'moly-shield,' 
to detect 99mTc, and without the shield to                    
detect 99Mo, and the expected level of 99Mo 
presence in the eluate should be below 0.15 µCi            
per   mCi  99mTc  (Ramadhanti   &   Febriana,   2024).  
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The aluminum breakthrough test, on the 
other hand, was carried out by comparing the color 
intensity of the two spots between the aluminum 
standard (10μg/mL) and 99mTc (eluate) (Hasan & 
Prelas, 2020; Marlina et al., 2022). A drop of 
standard aluminum solution (10 µg/mL) is placed 
on one side of the indicator paper, while a drop of 
99mTc eluate is placed on the other. The color 
intensity of both droplets is then compared. If the 
99mTc drop appears redder than the aluminum 
standard, the aluminum concentration in the 
generator eluate exceeds the acceptable limit                      
of 10 µg/mL (Hasan & Prelas, 2020; Marlina et al., 
2022). 

Then, after ensuring that the obtained 99mTc 
passes the test that must be done against the 
generator eluate, the next step is to radiolabel the 
chitosan nanoparticles with 99mTc. The 
radiolabeling process was conducted through two 
methods: (1) direct labeling without a reducing 
agent, and (2) direct labeling in the presence                      
of stannous chloride as a reducing agent              
(Banerjee et al., 2005; Rajabi et al., 2016). In the 
first method, a clean, empty vial was filled with 
100μL of chitosan nanoparticles solution. Then, to 
minimize the radiation exposure during the 
radiolabeling process, the vial containing the 
nanoparticles is placed inside the lead vial                  
shield. Next, 100-111 MBq (2.7–3.0 mCi) of               
freshly eluted sodium 99mTc pertechnetate in                     
0.5 mL of 0.9% sodium chloride was                  
withdrawn from the evacuated vial using a              

syringe shield and added to the solution of          
nanoparticles.  

In the second method (Rajabi et al., 2016), a 
clean, empty vial that was filled with 100μL of 
chitosan nanoparticles solution was added to it 
with 0.25µL of freshly prepared stannous chloride 
(0.2 mg/mL, w/v) in 0.02 N HCl. The vial containing 
the mixture is placed inside the lead vial shield. 
Then, 100-111 MBq (2.7–3.0 mCi) of freshly eluted 
sodium 99mTc pertechnetate in 0.5 mL of 0.9% 
sodium chloride was withdrawn from the 
evacuated vial using a syringe shield and added to 
the mixture. The solution was then gently swirled 
for 10 seconds after being filled up to 1 mL with 
normal saline. The radiolabeled complex was then 
incubated for 30 minutes at room temperature. The 
radiochemical purity of the radiolabeled complex 
was determined using radio-TLC, and a pH meter 
was used to determine the pH of the complex.  
 
Characterization of 99mTc-labeled Chitosan 
Nanoparticles 
Labeling Efficiency of 99mTc-labeled Chitosan 
Nanoparticles  
The labeling efficiency of 99mTc-labeled chitosan 
nanoparticles was ascertained through the instant 
thin-layer chromatography (ITLC) method. In this 
method, Whatman 31ET (0.7 x 6 cm) paper 
(Gelman Sciences Inc., Ann Arbor, MI, USA) is used 
as the stationary phase, and the chromatography 
was performed using acetone as the mobile phase.  

 
 
Figure 1. Preparation of chitosan nanoparticles 
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Acetone was poured into the vial to a depth 
of about 5 mm. One drop (approximately 5µL) of 
the sample (99mTc-labeled chitosan nanoparticles) 
was placed on the first line at the bottom of the strip 
and placed into the developing vial (the origin was 
ensured to be higher than the solvent) (Figure 2). 
The solvent was then allowed to rise to the top line 
(solvent front) of the strip. The contaminants               
were identified as free 99mTc pertechnetate 
(unlabeled 99mTc). The free 99mTc pertechnetate, 
which migrates with the solvent front (rf = 1.0),  
was estimated in the range of 15–20% of the                
total radioactivity added (Banerjee et al., 2005). 
The total labeling of chitosan nanoparticles               
(99mTc-labeled chitosan nanoparticles) was 
determined through analysis of the ITLC                        
by radio-TLC.  The data obtained was                      
recorded accordingly. The stability of radiolabeled 
nanoparticles was monitored at room  
temperature. To test the stability of 99mTc-labeled 
chitosan nanoparticles, the same method as 
labeling efficiency was used. In this study,                         
the samples were analyzed at various time               
points: 30, 60, 120, 240, 300, and 360 minutes             
after preparation. This procedure was                      
repeated with the other 99mTc-labeled chitosan 
nanoparticles. 

 
Transmission Electron Microscope Images 

Transmission electron microscopy (TEM) 
(CM12® FEI, Eindhoven, Netherlands) at a              
voltage of 100 kV was used to investigate the 
morphology of nanoparticles before and after 
labeling. The nanoparticle suspension was 
adequately diluted. A drop was taken using a 
micropipette and placed on a carbon-coated  
copper grid. The excess suspension was               
removed   by   blotting   the grid   with    filter  paper.   
 

After that, the deposit was allowed to dry before 
analysis. 
 

RESULTS AND DISCUSSION 
In this study, chitosan nanoparticles were 

prepared through the ionotropic gelation method. 
The effect of chitosan concentrations on 
nanoparticle size was determined by evaluating 
four concentrations of chitosan: 0.25, 0.5, 0.75, and 
1.0 mg/mL. The initial pH of the prepared chitosan 
solution was also adjusted to evaluate the effect of 
pH on the particle size of the prepared chitosan 
nanoparticles.  

During the process, chitosan nanoparticles 
spontaneously develop when ionic cross-linking 
occurs between the positively charged amino 
groups on the chitosan chain and the negatively 
charged TPP, leading to the formation of the 
nanoparticles. TPP was added to the prepared 
chitosan solution with a fixed ratio of 3:1 chitosan 
to TPP. This specific ratio was chosen due to several 
studies conducted previously showing that the 
ratio was successful in producing relatively small 
nanoparticle sizes (Des Bouillons-Gamboa et al., 
2024; Hassani et al., 2015; Hejjaji et al., 2018; 
Masarudin et al., 2015). Based on the observation, 
immediately after the addition of TPP to the 
chitosan solution, chitosan with a concentration of 
0.25 mg/mL at pH 4.6 failed to form a clear 
solution. Instead, it produced an opalescent 
solution. The opalescence observed in the solution 
after the addition of TPP could probably be 
attributed to the inadequate crosslinking of 
chitosan and TPP, resulting in the incomplete 
formation of nanoparticles (Cho et al., 2014). The 
formed chitosan nanoparticle suspension was then 
centrifuged to purify the nanoparticles before the 
particle size was determined. 

 
 
Figure 2. The radiolabeling efficiency test for 99mTc-labeled chitosan nanoparticles. 
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Characterization of Chitosan Nanoparticles 
Following the preparation of the chitosan 

nanoparticles, several parameters were analyzed, 
including particle size, surface charge, and 
morphological characteristics. Particle size 
measurement is one of the most important criteria 
in evaluating the effectiveness of methods used to 
produce nano-sized particles. Chitosan 
nanoparticles should be relatively small when 
initially produced. This is because any modification 
or encapsulation of drugs within the nanoparticles 
could increase the particle sizes. The uniformity of 
particle size distribution in a sample is reflected by 
the polydispersity index (PDI). Having a high PDI 
value implies that there is a wide size variation 
among the nanoparticles present, which may lead 
to the development of aggregates and, in turn, poor 
stability and homogeneity of the particle 
suspension (Nerli et al., 2023). The particle size 
was analyzed using a particle size analyzer (Anton 
Paar LitesizerTM 100, Austria), which examined the 
hydrodynamic diameter as well as the PDI for each 
nanoparticle sample.  

The surface charge of nanoparticles is 
another important parameter in the 
characterization of nanoparticles. This surface 
charge is indicated by the zeta potential, which is 
related to the degree of repulsion between charged 
particles in the dispersion. A high zeta potential 
indicates that the particles are highly charged, and 
this condition prevents particle aggregation due to 
electrostatic repulsion, which in turn confers 
stability (Zhuxin et al., 2023). On the other hand, a 
low zeta potential implies that the attractive forces 
may exceed this repulsion, which may promote the 
particle to coagulate (Athavale et al., 2022; Huang 
et al., 2022). In the present study, the zeta potential 
analyzer (Malvern Zetasizer Nano-Z, Malvern 
Instruments, UK) was used to measure the zeta 
potential in determining the stability of the 
nanoparticle suspensions. 

Thakur and Taranjit (2011) previously 
reported that the zeta potential measured for the 
preparation of chitosan nanoparticles (at pH 5.0) 
utilizing the ionotropic gelation method ranged 
from +14.7 mV to +35.5 mV. The study's data 
indicate a correlation between the measured zeta 
potential and the concentrations of chitosan and 
TPP utilized. A zeta potential of +14.7 mV was 
acquired through the formation of chitosan 
particles with a size of 635.2 nm using a chitosan 
concentration of 0.2% w/v and a TPP 
concentration of 0.086% w/v. Upon decreasing the 
concentration of TPP to 0.042% w/v while keeping 

the chitosan concentration constant at 0.2% w/v, 
an increase in the zeta potential to +17.4 mV and a 
particle size of 123.5 nm were observed. The result 
showed the role of TPP in the formation of small 
particles, but it does not influence the surface 
charge significantly. In the current formulation, the 
surface charge is highly determined by the cationic 
charge of the chitosan polymer, which is evidenced 
by the significant increase in the zeta potential 
(+35.5 mV) when the chitosan concentration was 
increased to 0.56 %w/v. As previously reported in 
the literature, the preparation of chitosan 
nanoparticles via the ionic gelation method will 
usually produce nano-sized particles that rarely 
exceed 250 nm in size (Miladi et al., 2015). 
However, this rule is still governed by several 
factors. Hejjaji et al. (2018) evaluated the influence 
of chitosan on TPP ratios on the size of 
nanoparticles produced, and were tested at a 
constant pH (pH 5). The results of the study showed 
that the 3:1 ratio (chitosan to TPP) gave the 
smallest particle size. Thus, this exact ratio was 
used in this study, whilst two other factors were 
varied: chitosan concentration and medium pH 
(Figure 3).  
 

 
 
Figure 3. Effect of chitosan concentration (mg/mL) 
on particle sizes (nm) at four pH conditions; (A) pH 
4.5, (B) pH 4.6, (C) pH 4.7, (D) pH 5.0 (n=3) 

 
From the study conducted, certain 

concentrations are unsuitable for the production of 
chitosan nanoparticles. For each of the four pHs 
tested (4.5, 4.6, 4.7, and 5.0), chitosan at a 
concentration of 0.25 mg/ml failed to yield nano-
sized chitosan. This could be due to the presence of 
a relatively lower number of positively charged 
amino groups from the chitosan chain at lower 
chitosan concentration. Hence, the failure of 
chitosan nanoparticle production might be 
attributed to an excess anionic charge from TPP in 
comparison to the cationic charge present in the 
solution. This outcome is consistent with the 
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finding reported by Mirtajaddini et al. (2021), in 
which, at 0.25 mg/mL, the authors have also 
described the presence of larger-diameter 
complexes and agglomerates of particles.  

At higher chitosan concentrations, nano-
sized chitosan nanoparticles were effectively 
produced with a size ranging between 81 and 270 
nm. The increment in chitosan concentration will 
lead to an increment in the particle size as well 
(Sreekumar et al., 2018; Zelenková et al., 2018). 
This pattern is seen at pH 4.6, in which the 
increment in the chitosan concentration has led to 
an increment in particle size. However, this is not 
the pattern observed at the other pH conditions. In 
pH 4.7 and pH 5.0, there was a reduction in particle 
size at 0.75 mg/mL, followed by an increment at 1 
mg/mL, whilst at pH 4.5, the particle size reduced 
from 0.5 mg/mL to 1 mg/mL, with the smallest 
particle size recorded at 0.75 mg/mL. Hence, using 
chitosan solution at pH 4.6 may provide a more 
predictable pattern of particle size changes as 
compared to the other tested pH conditions. The 
observed correlation between the concentration of 
chitosan and the size of the resulting nanoparticles 
was crucial as it has the potential to influence both 
the efficacy and stability of the particles being 
studied. Comprehending this particular pattern 
may aid researchers in optimizing the 
concentration of chitosan to attain the intended 
particle size for specific applications. (Rizvi & Saleh, 
2018). A significant effect of chitosan concentration 
and pH on particle size was observed (two-way 
ANOVA, p < 0.0001). 

This finding is consistent with the previously 
reported data; lower chitosan concentrations 
resulted in smaller particle sizes and vice versa. 
According to earlier studies, the viscosity of 
chitosan solution is likewise considerably low at 
lower chitosan concentrations (Omar Zaki et al., 
2015). The solubility of chitosan increases in an 
environment with lower viscosity. This enhanced 
solubility facilitates the gelation process and 
promotes the formation of smaller chitosan 
nanoparticles (Omar Zaki et al., 2015).   

The PDI for all nanoparticle concentrations 
was less than 0.3 (data not shown). This value 
indicates that the chitosan nanoparticles produced 
were homogeneous. Lima et al. (2021) reported a 
low PDI (<0.3) value of chitosan nanoparticles 
prepared through the ionotropic gelation             
method. As PDI is associated with the distribution 
of nanoparticles, a homogenous nanoparticle 
suspension  will  have  a  PDI value closer to 0, while  

any value exceeding 0.5 indicates that the 
nanoparticles produced were heterogeneous 
(Rosyada et al., 2019).  

 
Effect of Initial pH Value on the Particle Sizes 

In general, pH influences the solubility of 
chitosan in a medium. As chitosan has a pKa                         
of 6.5 (Gutiérrez-Ruíz et al., 2024), the polymeric 
chain is insoluble at higher pH, but in acidic                 
media at lower pH, the amino group (-NH2) on the 
chitosan chain will be protonated, inducing 
solubilization (Blockx et al., 2018). Since chitosan 
forms a positively charged polyelectrolyte                  
when the amino group is protonated at an acidic 
pH, this condition will affect both the formation of 
chitosan nanoparticles and the particle size 
(Antoniou et al., 2015). This is because the 
formation of chitosan nanoparticles is related to 
the cross-linking between the polycation chitosan 
and the polyanion TPP (chitosan-TPP) (Ruiz-Pulido 
et al., 2022).  

As described by previous studies, pH was 
found to influence the size of chitosan 
nanoparticles Mattu et al., 2013). In the present 
work, the same trend was observed as that 
reported by Hu et al. (2008); at relatively low pH, 
the size of the resulting chitosan particles is larger 
than the size of particles produced in higher pH 
media. At pH 4.5, the particle size is higher 
compared to the particle size at pH 4.6 in all 
concentrations of chitosan examined (0.5, 0.75, and 
1.0 mg/mL). The particle size was reduced at pH 
4.6 but showed an increasing trend with further 
increments in pH value for each chitosan 
concentration examined (0.5, 0.75, and 1.0 mg/ml). 
These findings are consistent with earlier research, 
whereby Mattu et al. (2013) showed that the 
particle size and PDI of chitosan nanoparticles 
were increased with the increment in the pH of the 
chitosan solution used, from pH 3.0 (119.8 ±2.6 
nm) to pH 5.5 (453.9 ±17.0 nm) with a 
chitosan/TPP mass ratio 25% w/w. The observed 
condition could be attributed to the deprotonation 
of the amino group present on the chitosan chain, 
which is likely to occur at elevated pH levels. This 
deprotonation event is known to result in a 
reduction in solubility and an increase in 
nanoparticle aggregation (de Moura et al., 2008). 
Another possibility is that the deprotonation of the 
amino group may result in a reduction or 
elimination of electrostatic repulsion among 
molecules, thereby potentially facilitating particle 
aggregation (Ribeiro et al., 2020).  
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Radiolabeling with 99mTc 
The radiolabeling experiments with 

technetium-99m (99mTc) were conducted in the 
Nuclear Medicine Department, Penang General 
Hospital. The selected nanoparticle formulation 
was 0.5 mg/mL chitosan concentration at pH 4.6, 
which produces the smallest particle size and good 
particle homogeneity with sufficient stability. The 
nanoparticles were labeled with the radioactive 
substance, 99mTc, that was freshly eluted from a 
99Mo/99mTc generator (Ultra-TechneKow FM, 
Curium, Netherlands).  

Before the radiolabeling process was 
conducted, the 99mTc obtained from the generator 
was first tested for purity. It was found that the 
99mTc passed both tests: the molybdenum 
breakthrough test and the aluminum breakthrough 
test. The content of 99Mo was 0.007 µCi per mCi of 
99mTc which is within the acceptable limit (<0.15 
µCi per mCi 99mTc) (Ramadhanti & Febriana, 2024). 
The aluminum breakthrough test, on the other 
hand, showed that the intensity of the color for the 
eluate (99mTc) was lower than that of the standard 
aluminum solution, suggesting that the eluate 
contained less than 10 µg/mL of aluminum (Hasan 
& Prelas, 2020). 

After ensuring that the eluate was of high 
quality, chitosan nanoparticles were radiolabeled 
with 99mTcO4- (pertechnetate), which is the 
chemically stable form of 99mTc in aqueous media. 
The labeling was performed through two methods: 
(1) direct labeling without a reducing agent, and (2) 
direct labeling in the presence of stannous chloride 
as a reducing agent.  
 

 
 

Figure 4 Comparison of radiolabeling efficiency of 
99mTc-labeled chitosan nanoparticle in the absence 
and presence of SnCl2 over time (n=3) 

 
In Method (1), due to the stability of 

pertechnetate, the highest labeling efficiency (%) of 

chitosan nanoparticles recorded was 23.4% at 300 
minutes (Figure 4). This is due to the absence of a 
reducing agent; the pertechnetate remained at a 
high oxidation state, hence demonstrating a lower 
labeling efficiency.  

In Method (2), the presence of stannous 
chloride (SnCl2) facilitates the reduction of 
pertechnetate from its oxidation state +7 to a 
potentially more reactive form; the +5, +3, or +1 
oxidation state (Costa et al., 2019). This reduction 
enabled the formation of a complex between the 
pertechnetate and chitosan nanoparticles (Amin et 
al., 2009; Costa et al., 2019; Zia et al., 2022). More 
than 90% of the chitosan nanoparticles were 
radiolabeled with 99mTc in the presence of SnCl2, as 
early as 30 minutes after the procedure began, and 
the radiolabeling efficiency (%) remained at higher 
than 90% for up to 360 minutes, indicating that the 
99mTc-labeled chitosan nanoparticles have 
prolonged radiolabeling stability (Kamal et al., 
2018). Two-way ANOVA showed that labeling 
efficiency was significantly higher in the presence 
of SnCl₂ compared to its absence (p < 0.0001), with 
a significant interaction between time and the 
presence of SnCl₂ (p < 0.0001). This showed a 
highly efficient radiolabeling process, on par with 
the commercially available radiopharmaceutical 
kit (Banerjee et al., 2005; Gundogdu et al., 2015). 
Ascorbic acid and ferrous iron have been reported 
as among the reducing agents of choice for this 
application. However, both reducing agents are 
unable to control the reduction reaction, which in 
turn results in an incomplete reduction process 
(Costa et al., 2019). Hence, SnCl2 has been used as a 
reducing agent in many studies (Banerjee et al., 
2005; Zia et al., 2022) as it has better control over 
the overall process, and hence it is now 
commercially available for radiopharmaceutical 
use in clinical practice (Mushtaq et al., 2008).  

The stability of a radiolabeled product is 
important, especially in the diagnostic imaging 
aspect. This is because the instability of this 
radiolabeled product may cause the quality of the 
resulting diagnostic image to be poor as a result of 
the undesired distribution of radioactivity. This 
situation will further complicate the diagnostic 
process, as low-quality images would jeopardize 
the diagnosis process. This is because the unbound 
99mTc released due to the inherent instability of the 
radiolabeled product may be taken up into non-
targeted areas (e.g., thyroid gland, salivary gland, 
and gastric mucosa) and potentially lead to an error 
in disease diagnosis (Elgebaly et al., 2023; Miftari et 
al., 2023).  
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TEM Images 
The unlabelled nanoparticles exhibited                

an average estimated diameter of 87 nm, which             
is similar to the size measured using the                            
DLS technique (Figure 5(a)). After the radiolabeling 
process, the nanoparticle's size increases to an 
average diameter of 125 nm (Figure 5(b)).  

The increase in diameter post-labeling is 
indicative of the physical incorporation of the 
radionuclide onto the nanoparticle matrix, a 
common outcome when particles are modified with 
radiolabels or other surface modifications. The 
TEM images also reveal that the morphology of the 
nanoparticles remains largely spherical after 
radiolabeling, implying that the structural integrity 
of the nanoparticles was preserved during the 
radiolabeling process.  

These findings confirm the successful 
radiolabeling of the chitosan nanoparticles with 
99mTc, which is essential for their potential 
application in diagnostic imaging or treatment. 
Furthermore, the consistency between the TEM 
and DLS measurements highlights the precision of 
the nanoparticle size estimation techniques used in 
this study. The size increase due to radiolabeling 
may also influence the biological interactions of 
these nanoparticles, particularly their 
biodistribution, cellular uptake, and clearance, 
which will need to be further investigated in future 
studies. 

 

CONCLUSION 
Chitosan nanoparticles demonstrated 

successful radiolabeling with 99mTc via direct 
labeling in the presence of SnCl2 as the reducing 
agent. The labeling efficiency (%) exceeded 90%, 
and the 99mTc-labeled chitosan nanoparticles 
maintained their stability for up to 360 minutes. An 
animal biodistribution study is planned to assess 
the biodistribution and uptake of the 99mTc-labeled 
chitosan nanoparticles. This investigation will 
provide critical insights into the potential of the 
nanoparticles as a SPECT imaging agent for 
diagnosing various diseases, particularly tumors. 
Furthermore, the study may pave the way for the 
development of dual-function theranostic agents, 
offering both diagnostic imaging capabilities and 
potential applications in targeted drug delivery for 
therapeutic purposes.  
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