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ABSTRACT 

Staphylococcus aureus is specie of great medical importance and is the most commonly agent found in infections of soft 

tissues, bone infections and bone prostheses. In this study, aptamers selected to S. aureus were labeled by the direct 

method with 
99m

Tc and used for bacterial infection identification by scintigraphy. The radiolabeled aptamers 

radiochemical purity and stability were assessed by thin-layer chromatography (TLC). Three groups of Swiss mice (n=6) 

were used for the scintigraphic imaging studies. The first group was infected intramuscularly in the right thigh with S. 

aureus, the second group with C. albicans and the third group received zymosan to induce aseptic inflammation. After 24 

h, radiolabeled aptamers (18 MBq) were injected by the tail vein. Scintigraphic images were acquired at 1 h and 4 h post-

injection. The radiolabeling yield with 
99m

Tc was over 90%. The radiolabeled aptamers were stable in 0.9% saline, 

plasma and cysteine excess. The scintigraphic image profiles showed high uptake in the kidneys and bladder in all 

groups, indicating a main renal excretion consistent with the hydrophilic nature of the molecule. No accumulation of 

radioactivity was observed in the thyroid, stomach, liver and spleen, indicating acceptable levels of radiochemical 

impurities. The group infected with S. aureus showed a visible uptake in the infected right thigh at 1 h post-injection. For 

the control groups (C. albicans and zymosan) visible differences between the right and left thighs were not observed. The 

radiolabeled aptamers were able to distinguish aseptic inflammation from bacterial infection and bacterial from fungal 

infection.  

 

1- INTRODUCTION: 

Staphylococcus aureus has great medical importance because it is often associated with many 

infections in humans. These bacteria may cause diseases ranging from simple infections to life-

threatening infections such as endocarditis, pneumonia, meningitis, toxic shock syndrome, 

septicemia, osteomyelitis, among others [1]. S. aureus is the most commonly agent found in skin, 

soft tissues, bone and bone prostheses infections. In addition, S. aureus is among the most prevalent 

species in post arthroplasty infections, accounting for 75% of cases of perioperative prostheses 

infections and 50% of cases of hematogenous infections [2]. Diagnosis is often hard due to the 

absence of symptoms and signs besides the difficulty in distinguishing inflammation (aseptic) and 

infection (septic) [3].   
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The conventional imaging techniques such as radiology, computed tomography, magnetic resonance 

imaging, and ultrasonography may well be helpful but are not specific for infection. These 

techniques are based on anatomical changes. Nuclear medicine techniques, by other side, allow the 

in vivo detection of physiologic and pathologic phenomena by non-invasive tools that detect 

pathological changes before anatomical alterations occur [4].  

Infection specific radiopharmaceuticals can be used for diagnosis, decision-making in therapy and 

follow-up treatments [5]. A variety of radiopharmaceuticals are used for the imaging of infection and 

inflammation in nuclear medicine [6]. 
67

Ga-citrate, labeled cytokines and chemokines, 
18

F-FDG, 

vitamins and 
99m

Tc-albumin nanocolloid are not specific to the infection [7; 8; 9; 10; 11]. Leukocytes 

and antimicrobial peptides labeled with 
99m

Tc or 
111

In are specific to the infection, but are not able to 

identify the agent responsible for the infection. Radiolabeled leukocytes are still considered the “gold 

standard” in the nuclear medicine diagnosis of infections, but the radiopharmaceutical preparation is 

laborious and requires the handling of potentially contaminated blood [4]. Radiolabeled antibiotics 

and antifungal agents are potentially able to identify the agent responsible for the infection, but the 

specificity of these radiopharmaceuticals has been widely discussed and controversial results have 

been presented [4; 12]. Therefore, novel tracers for infection imaging are needed. 

Acid nucleic aptamers are RNA or DNA oligonucleotides able of binding to a target molecule with 

high affinity and selectivity. They are selected by an in vitro selection process termed SELEX 

(Systematic Evolution of Ligands by Exponential Enrichment) through repeated rounds of 

partitioning and amplification from large random synthetic oligonucleotide acid library [13; 14].  

This new generation of molecules is beginning to play an important role in medical diagnosis and 

treatment. Aptamers can be labeled with different radioisotopes and are promising for 

radiopharmaceuticals development [15; 16]. Moreover, they are minimally immunogenic, simple to 

chemically modify, have a small size which allows better tissue penetration and blood clearance. 

Radiolabeled aptamers specific to the infectious agents, could bring a significant contribution to 

nuclear medicine. The aim of this study was evaluated the potential of radiolabeled aptamers for 

scintigraphic imaging of infection. Aptamers specific for S. aureus and a direct method for labeling 

aptamers with 
99m

Tc were used. 

 

2- MATERIAL AND METHODS: 

2.1- Chemicals 

The aptamers SA20, SA23 and SA34, previously developed for S. aureus by CAO et al. [17], were 

synthesized by Prodimol Biotechnology in two variants: unmodified and with the addition of an 

amino group (-NH2) with a six carbon spacer in 5' end. The 
99m

Tc was obtained from a molybdenum 

generator (IPEN/Brazil). All reagents, including tricine, ethylenediamine-N´, N´-diacetic acid 

(EDDA), SnCl2.2H2O and zymosan were purchased from Sigma-Aldrich (São Paulo, Brazil). All 

other chemicals and reagents used were of analytical grade. 

2.2- Microorganisms 

Staphylococcus aureus (ATCC 25923) and Candida albicans (ATCC 18804) were cultured on BHI 

solid (Himedia Laboratories Pvt Ltd.) in petri dishes at 37 °C and subcultured every seven days. 

2.3- Animals 



Swiss mice were supplied by the School of Pharmacy, Federal University of Minas Gerais, Belo 

Horizonte, Brazil. The mice were kept in cages with wood shavings, water and common food (ad 

libitum) in ordinary shelves. The Swiss mice infected with C. albicans were firstly 

immunosuppressed by gamma radiation in a uniform 
60

Co source at the Laboratory of Gamma 

Irradiation of the Center of Development of Nuclear Technology (CDTN, Brazil). A dose of 2.5 

Gray and dose rate of 75 Gray/hour were used. After irradiation the animals were maintained in 

autoclaved cages with wood shavings, water and food (ad libitum). All protocols were approved by 

the local Ethics Committee for Animal Experimentation of the Federal University of Minas Gerais 

(CETEA / UFMG), Protocol n° 143/2013. 

2.5- Aptamers radiolabeling with 
99m

Tc and radiochemical purity determination 

Labeling with 
99m

Tc was performed by the direct method according Correa et al (2014) [18].  For the 

labeling reaction 20 mg of tricine and 5 mg of EDDA were added to 300 µL of 0.9% saline. Then, 10 

µL of a mixture of aptamers SA20, SA23 and SA34 (200 pmol/µL each) were added and 100 µL of 

SnCl2·2H2O (2 mg/mL, solubilized in HCl 0.25 N) was added. The pH was adjusted to 7.0 with 1.0 N 

NaOH. The bottle was sealed and vacuum was applied with a syringe. The activity of 7.4 MBq of a 
99m

Tc-pertechnetate solution (Na
99m

 TcO4
-
) was added. Then, the solution was boiled in water bath 

for 15 min and then cooled in running water.    

The radiochemical purity (RP) of 
99m

Tc-aptamer complex was assessed by ascending instant thin-

layer chromatography (TLC) using silica gel-coated fiber glass sheets and two solvent systems: (1) 

100% acetone to determine the percentage of TcO4
- 
and (2) 0.9% NaCl solution with 5%  NH4OH to 

determine the percentage of TcO2 . The labeled product (
99m

Tc-aptamer) remained at the point of 

application when 100% acetone was used as the mobile phase (Rf=0) and the labeled product moved 

with the solvent front when 0.9% NaCl solution with 5%  NH4OH was used as the mobile phase 

(Rf=1) (figure 1). The RP was determined according to the following equation: 

Labeling percentage = 100 – (% TcO4
-
 + % TcO2) 

 

 

 

2.6- Stability of 
99m

Tc labeled aptamers  

The stability of 
99m

Tc-aptamer complex was evaluated in saline, plasma and excess of cystein by 

TLC. Analysis of stability in saline was performed by adding 100 µL of radiolabeled aptamers 

Figure 1: Schematic diagram of thin layer chromatography. 



solution in a tube containing 1.1 mL of 0.9% NaCl. The resulting solution was stored at room 

temperature. For stability in plasma were added 1.1 mL of mice plasma to 100 µL of radiolabeled 

aptamers solution and the mixture was incubated at 37°C. The stability in excess of cystein was 

accessed by adding 50, 500 and 5000 fold (mol of cystein to mol of aptamer) of cystein to the 

solution containing the radiolabelled aptamers. For each 100 µL of radiolabeled product 1.1 mL of 

each cysteine solution was joined and the solutions were kept at room temperature. All solutions 

were analyzed 1, 2, 4 and 24 h after, in triplicate, by ITLC. 

2-8- Scintigraphic imaging 

Three groups of Swiss mice (20-25 g weight) containing 6 animals each (n = 6) were used. The 

animals were anesthetized with a mixture of xylazine (15 mg / kg) and ketamine (80 mg / kg). The 

first group was infected intramuscularly in the right thigh with 1 x 10
7
 cells of S. aureus (ATCC 

25923) suspended in 100 µL of saline. The second group was infected in the same way with 1 x 10
7 

cells of C. albicans (ATCC 18804). The animals of C. albicans group were immunosuppressed 

before infection as described earlier. The third group was injected intramuscularly in the right thigh 

with 100 µL of 5% zymosan to induce aseptic inflammation. A visible swelling was observed on 

infected or inflamed thigh of all animals 24 h after the intervention. So, 100 µL (22.2 MBq) of the 

anti S. aureus radiolabeled aptamers solution (specific activity of 55.5 ± 8.3 MBq/nmol) were 

injected by the tail vein in each animal. The animals were anesthetized with a mixture of xylazine 

(15 mg/Kg)  and ketamine (80 mg/Kg) by intraperitonial injection and placed in the prone position 

on a γ-camera equipped with a low-energy collimator (Nuclide TH 22, Mediso, Hungary). Five 

minutes static planar images were acquired using a 256x256-pixel matrix. The images were acquired 

at 1 h and 4 h post-injection of the 
99m

Tc-aptamers. 

 

3-RESULTS 

 

3.1- Radiolabeling of aptamers with 
99m

Tc and evaluation of stability in saline, plasma and 

cystein excess 

The pool, including the aptamers SA20, SA23 and SA34, was labeled and the radiochemical stability 

of the 
99m

Tc-aptamers was evaluated by TLC at 1, 2, 4, e 24 h after labeling. The radiolabeled 

complex showed stable even over long periods of time in 0.9% saline solution, Swiss mice plasma 

and in excess of cystein (50, 500 and 5000 fold) (Table 1). The aptamers were stable in presence of 

cystein in all molar ratios evaluated demonstrating the strength of 
99m

Tc-aptamer complex and the 

efficiency of direct labelling process.  

Table 1: In vitro stability of SA20, SA23 and SA34 aptamers pool labeled with 
99m

Tc in the 

presence of 0.9% saline, plasma and cystein excess (molar ratio)   

(% Radiochemical purity *). 

Time (h) Saline Plasma Cys 1:50 Cys 1:500 Cys 1:5000 

0 90.07 ± 0.67 94.36 ± 0.49 91.08 ± 0.88 91.08 ± 0.88 91.08 ± 0.88  

1 87.72 ± 1.46 93.97 ± 0,30 86.59 ± 3,97 89.29 ± 0,78 90,55 ± 0,22 

2 86.17 ± 1.11 97.58 ± 0,52 86.77 ± 1,79 83.44 ± 2,67 91,28 ± 1,72 

4 85.36 ± 3.29 97.54 ± 0,33 84.05 ± 0,41 86.12 ± 1,13 90,23 ± 6,36 

24 85.75 ± 0.63 97.00 ± 0,66 83.61 ± 0,13 83.79 ± 0,14 93,08 ± 0,08 

* Values are expressed as mean ± standard deviation (n=3). 



3.2- Scintigraphic imaging 
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The scintigraphic image profiles obtained after administration of the 
99m

Tc labeled aptamers showed 

high uptake in the kidneys and bladder in all groups (Figure 2). The bladder images were edited in 

the group infected with C. albicans at 1 and 4 hs (Figure 2, B1 and B2) and in the group infected 

1H 

4H 

Figure 2: Scintigraphic images obtained after administration of the pool of aptamers SA20, 

SA23 and SA34 labeled with 
99m

Tc in Swiss mice with intervention in the right thigh.  The 

arrows indicate the infectious or inflamed foci. A1 (1 h) and A2 (4 h) indicates S. aureus infected 

group. B1 (1 h)  and B2 (4 h) indicates C. albicans infected group. C1 (1 h)  and C2 (4 h) 

indicates the zymosan group.  

 

 



with S. aureus at the time of 4 h (Figure 2, A2) to better visualize the animal shape, since the 

percentage of radiation associated with bladder was very high. In this study, the 
99m

Tc labeling of 

aptamers was performed by the direct method in which chelating agents were not used. Accordingly,  

the biodistribution profile seems to reflect only the aptamers properties. The radiolabeled aptamers 

showed increased uptake in the kidneys indicating a main renal excretion, which is consistent with 

the hydrophilic nature and small size of aptamers. The molecular weights of SA20, SA23 and SA34 

aptamers were 27.5, 27.6 and 27.4 KDa, respectively. Consequently, 90% of the aptamers can wash 

out in the first 15 min after intravenous injection [20], which is an interesting performance for 

diagnostic applications decreasing any background signal. Furthermore, no accumulation of 

radioactivity was observed in the thyroid, stomach, liver and spleen, indicating acceptable levels of 

radiochemical impurities like free technetium (
99m

TcO4
-
) and hydrolysed technetium (

99m
TcO2). The 

group infected with S. aureus showed a visible uptake in the infected right thigh at 1 h post-injection 

(Figure 2). For the other groups (C. albicans and zymosan) visible differences between the right and 

left thighs were not observed. 

According to the analysis of scintigraphic images, the time of 1 h was enough to the action of the 

radiopharmaceutical as an agent to image. At 4 h the images showed little uptake likely due to the 

fast radiopharmaceutical elimination or, in part, as a consequence of its degradation, since the 

aptamers used were only partially protected against nuclease action by the addition of an amino 

group at the 5 'end. The stability to enzymatic degradation of aptamers used in this study is not 

known. The partial protection may have contributed to decrease the half-life of the molecule in the 

blood and in the infection site. According to some studies, modifications at both 3`and 5`ends are 

necessary to secure nuclease resistance, increasing the molecule half-life from minutes to hours [19; 

20]. Probably, the results can be improved using full nuclease protected aptamers. 

For in vivo identification of S. aureus infection a pool of three aptamers obtained from the scientific 

literature was used. We looked for aptamers that had different targets on bacterial cell surface and do 

not compete each other. The combined use of different aptamers presents an additive effect on the 

recognition of S. aureus compared to using only a single aptamer. The identification of an entire 

bacterial cell using a single aptamer may ultimately induce false-negative results as bacterial cells in 

different growth stages can express different sets of surface molecules and may present antigenic 

variations to escape to the host immunological surveillance [17]. 

 

4-CONCLUSIONS 

The results of this study demonstrate that aptamers marked directly by 
99m

Tc were able to distinguish 

aseptic inflammation from bacterial infection, a drawback frequently verified for the 

radiopharmaceuticals currently in use for infection diagnosis. The radiolabeled aptamers were also 

able to distinguish bacterial from fungal infection opening the prospect of using this approach to 

diagnosis by scintigraphy infections caused by other microbes and pathogens. 
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