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ABSTRACT 

Osteomyelitis, which is characterized by progressive inflammatory destruction and new opposition of bone, is still a 

difficult infection to treat. The clinical diagnosis in late stages is achieved easily, but an early diagnosis is more 

challenging. Staphylococcus aureus is a common agent found in osteomyelitis and bone prostheses infection. Diagnosis 

by scintigraphy has advantages because it is a non-invasive procedure and is able to perform an early diagnosis even 

before anatomic changes. Thus, nuclear medicine could contribute to an accurate diagnosis since specific 

radiopharmaceuticals were developed. In this study, aptamers selected to Staphylococcus aureus were labeled with 
99m

Tc 

and used for bacteria identification in an osteomyelitis experimental model. The aptamers selected to S. aureus were 

directly labelled with 
99m

Tc and were evaluated by biodistribution studies. Wistar rats with intraosseous infection in the 

right paw were used. A random aptamer labelled with 
99m

Tc was as control. Six animals were used in each group. The 

aptamers labeled with 
99m

Tc were able to identify the infection foci caused by S. aureus displaying a target/non-target 

ratio of 2,23 ± 0,20, after 3 h. The control group presented a target/non-target ratio 1,08 ± 0.23. The results indicated that 

the radiolabeled aptamers were able to identify specifically the infection foci and they should be further explored for 

infection diagnosis by scintigraphy.  

 

1- INTRODUCTION: 

Osteomyelitis is an inflammatory process caused by an infecting microorganism. The infection can 

be limited to a single portion of the bone or can involve several regions, such as marrow, cortex, 

periosteum, and the surrounding soft tissue [1]. There is three types of osteomyelitis: due to local 

spread from a contiguous contaminated source of infection follows trauma, bone surgery, or joint 

replacement; due to haematogenous origin; secondary to vascular insufficiency in people with 

diabetes (diabetic foot infections) that a soft-tissue infection spreads to bone [1,2]. 

 

Staphylococcus aureus is by far the most commonly involved agent found in osteomyelitis and bone 

prostheses infections [1]. This organism elaborates a range of extracellular and cell-associated 

factors that contributes to its virulence. The factor that promotes attachment to extracellular matrix 

proteins is called adhesins. That factor is crucial for colonization of host tissues, implanted 

biomaterials, or both. S. aureus has factors that promote evasion from host defences (protein A, 
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toxins, capsular polysaccharides) and factors that promote invasion or tissue penetration by attacking 

host cells (exotoxins) or degrading components of extracellular matrix (hydrolases) [3,4,6]. S. aureus 

can also form biofilms, which are difficult to treat with antimicrobial agents [5]. 

Skeletal infection is a difficult condition in clinical practice because an early accurate diagnosis is 

very challenging. Clinical and laboratory features of skeletal infections may be confusing and are 

nonspecific for bone infection in its early stages [2]. The conventional imaging techniques such as 

radiology, computed tomography, magnetic resonance imaging, and ultrasonography are based on 

anatomical changes. They may be helpful but are not specific for infection [7]. Nuclear medicine 

techniques, by other side, detect physiologic and pathological changes before anatomical alterations 

occur.  

Various radiopharmaceuticals are currently used for scintigraphy. 
67

Ga-citrate, labeled cytokines and 

chemokines, 
18

F-FDG, vitamins and 
99m

Tc-albumin nanocolloid are not specific to the infection [8; 9; 

10; 11; 12]. 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 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 [13; 14]. 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 [15; 16].  

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

treatment. 

 

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 

Osteomyelitis diagnosis. 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 Integrated DNA Technologies with the modifications: addition of an amino group (-

NH2) with a six carbon spacer in 5' end; addition of a inverted tymidine in 3´end. The 
99m

Tc was 

obtained from a molybdenum generator (IPEN/Brazil). All reagents, including tricine, 

ethylenediamine-N´, N´-diacetic acid (EDDA), SnCl2.2H2O 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) were cultured on BHI solid (Himedia Laboratories Pvt Ltd.) 

in petri dishes at 37 °C and subcultured every seven days. 

2.3- Animals 



Wistar rats were supplied by the School of Pharmacy, Federal University of Minas Gerais, Belo 

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

libitum) in ordinary shelves. 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 

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.    

2.6- Biodistribuition studies 

Two groups of Wistar rat (180-220 weight) containing 6 animals each (n = 6) were used. The 

animals were anesthetized with a mixture of xylazine (5 mg / kg) and ketamine (40 mg / kg). All 

groups were infected in the right tibia with 1 x 10
7
 cells of S. aureus (ATCC 25923) suspended in 

100 µL of saline. A visible swelling was observed on infected thigh of all animals 48 h after the 

intervention. So, 100 µL (18 MBq) of the anti S. aureus radiolabeled aptamers solution were injected 

by the tail vein in each animal in group 1. In the group 2 (control group) 100 µL (18 MBq) of the 

radiolabeled random aptamer were injected in the same way.  

The rats were euthanized at 3 h after the injection of the 
99m

Tc aptamers and tissue samples (blood, 

liver, spleen, stomach, heart, lung, kidney, right tibia infected muscle and left thigh muscle) were 

dissected, weighed and their activities measured in a gamma counter. The results were expressed as 

the percentage of injected dose per gram of tissue (%ID/g). Target/non-target ratio was obtained 

from the analysis of radiation measured in the infected right tibia in relation to radiation measured in 

the left tibia.  

 

3-RESULTS 

3.1- Biodistribution studies 

Two groups of wistar rats containing 6 animals each (n = 6) were used for the biodistribution assays. 

Biodistribution was performed 3 h after administration of the anti S. aureus aptamer pool (SA20, 

SA23 and SA34) labeled with 
99m

Tc in group1. In the group 2 a random aptamer labeled with 
99m

Tc 

was injected. 

The biodistribution profile of radiolabeled aptamers for all groups (Figure 1) showed increased 

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

nature of the molecule. In addition, the radiopharmaceutical showed rapid blood clearance indicated 

by a reduced dose (%ID/g) in the blood. These data were summarized in the table 1 e 2. The %ID/g 

in the infected thigh of S. aureus infected group was statistically higher than the control group, 

demonstrating the highest radiotracer uptake according to its affinity and specificity for bacterial 

cells.  



The target/non-target ratio was obtained by the ratio of the %ID/g measured in the infected tibia in 

relation to the left tibia. The target/non-target ratio must be greater than 1.5 for diagnostic purposes, 

as this value indicates a capture at least 50% greater in the target tissue relative to non-target tissue 

[17]. The figure 2 compares this relation between the two groups. The group 1, infected with S. 

aureus, showed a high target/non-target ratio of 2,22 ± 0.21, whereas the control groups showed a 

relation of 0,98 ±0,36. The target/non-target ratio showed a statistically significant difference 

between the two groups. These results showed the radiopharmaceutical effectiveness for the 

identification of S. aureus infection. 
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 Figure 2: Target/non target ratio (infected tíbia/non infected tibia) in group 1 (aptamers  anti- S. aureus) and 

group 2 (control group with random aptamer). The asterisk (*) indicates statistically significant difference 

between the groups (p <0.05) (n = 6). 

* 

* 

Figure 1: Biodistribution profile. A) group 1: Aptamer pool labeled with 
99m

Tc. B) group 2: Random 

aptamer labeled with 
99m

Tc (control group). 



 

 

 

 

 

 

 

  Biodistribution 3h- Group 1- Aptamers pool for S. aureus 

  R01 R02 R03 R04 R05 R06 MÉDIA 

Tissue Cpm/g %ID/g Cpm/g %ID/g Cpm/g %ID/g Cpm/g %ID/g Cpm/g %ID/g Cpm/g %ID/g Cpm/g %ID/g 

Blood 11892,3 0,024 25103,77 0,033 64534,48 0,041 54907,33 0,035 67602,25 0,043 69909,31 0,044 48991,57 0,036667 

Liver 10044,51 0,021 23996,8 0,032 72763,45 0,046 55371,12 0,035 79519,04 0,05 71518,63 0,045 52202,26 0,038167 

Spleen 8787,011 0,018 12514,59 0,017 38865,92 0,025 31997,04 0,02 43692,99 0,028 42074,63 0,027 29655,36 0,0225 

Stomach 12373,67 0,025 79128,86 0,105 508715,4 0,323 36301,82 0,023 188433,7 0,12 266778,8 0,169 181955,4 0,1275 

Heart 6138,898 0,013 10049,91 0,013 38790,39 0,025 31930 0,02 48937,12 0,031 44844,81 0,028 30115,19 0,021667 

Lung 10848,38 0,022 18317,9 0,024 76935,9 0,049 60879,49 0,039 73581,54 0,047 61246,87 0,039 50301,68 0,036667 

Kidney 648890 1,329 2065750 2,737 2834253 1,798 2636347 1,673 2958618 1,877 3312399 2,102 2409376 1,919333 

Right infected tibia 11182,4 0,023 14087,82 0,019 49810,4 0,032 39695,4 0,025 53532,85 0,034 45416,66 0,029 35620,92 0,027 

Left tibia 4670,624 0,01 5914,665 0,008 25313,59 0,016 16322,22 0,01 23337,68 0,015 23434,38 0,015 16498,86 0,012333 

Target/non target ratio   2,3   2,37   2   2,5   2,26   1,93   2,226 

 

 

 

Table 01: Biodistribution of the aptamer pool specific to S. aureus  at  3 hours 



 

 

 

 

 

 

 

 

  Biodistribution 3h- Group 02- Control (Random Aptamer) 

  R01 R02 R03 R04 R05 R06 MÉDIA 

Tissue Cpm/g %ID/g Cpm/g %ID/g Cpm/g %ID/g Cpm/g %ID/g Cpm/g %ID/g Cpm/g %ID/g Cpm/g %ID/g 

Blood 7776,608 0,010947 21466,75 0,030218 36305,73 0,050319 29070,83 0,040922 17348,83 0,024421 16857,98 0,02373 21471,12 0,030093 

Liver 10824,59 0,015237 32729,21 0,046072 32298,72 0,044766 44229,61 0,06226 26043,13 0,03666 28196,92 0,039692 29053,7 0,040781 

Spleen 5541,79 0,007801 17893,9 0,025188 13575,62 0,018815 22615,02 0,031834 14167,88 0,019944 12611,29 0,017752 14400,92 0,020222 

Stomach 7096,043 0,009989 20431,95 0,028761 139955,8 0,193978 13196,65 0,018576 8084,233 0,01138 17250,76 0,024283 34335,91 0,047828 

Heart 5860,191 0,008249 12870,5 0,018117 10684,81 0,014809 17241,2 0,02427 9262,122 0,013038 10311,64 0,014515 11038,41 0,0155 

Lung 8798,698 0,012386 22454,64 0,031608 19294,38 0,026742 63017,12 0,088707 17230,61 0,024255 19075,72 0,026852 24978,53 0,035092 

Kidney 205242,2 0,288911 608569,4 0,856657 1948699 2,700899 679554,7 0,95658 430433,2 0,605903 551306,3 0,776051 737300,8 1,030833 

Right infected tibia 4071,498 0,005731 9833,527 0,013842 31098,8 0,043102 17294,11 0,024344 11106,28 0,015634 9319,226 0,013118 13787,24 0,019295 

Left tibia 3876,67 0,005457 11228,33 0,015806 34782,69 0,048208 11482,59 0,016164 9352,285 0,013165 21966,81 0,030922 15448,23 0,02162 

Target/non target ratio   1,05021   0,87578   0,89409   1,50612   1,18755   0,42424   0,98967 

Table 02: Biodistribution of the negative control (random aptamer) at 3 hr 



 

4-CONCLUSION 
 

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

Tc were able to identify 

specifically the infection foci and they should be further investigated for osteomyelitis diagnosis by 

scintigraphy.  
 

ACKNOWLEDGMENTS 

 

This investigation was supported by the Centro de Desenvolvimento da Tecnologia Nuclear 

(CDTN/Brazil), Conselho Nacional de Desenvolvimento Científico e Tecnológico (CNPq-Brazil) 

(CNPq 477162/2013-4) and Fundação de Amparo à Pesquisa do estado de Minas Gerais 

(FAPEMIG-Brazil) (TEC-PPM-00129-14). 

 

REFERENCES:  

[1] Lew D. P.; Waldvogel F. Osteomyelitis. Lancet 2004; 364: 369-379. 

[2] Maghraby T. A. F.; Moustafa H. M., Pauwels E. K. J. Nuclear medicine  methods for evaluation 

of skeletal infection among other diagnostic modalities. Q L Nucl Med Mol Imaging 2006, 50: 167-

192. 

[3] Vaudaux P, Francois P, Lew DP, Waldvogel FA. Host factors predisposing to and influencing 

therapy of foreign body infections. In: Waldvogel FA, Bisno AL, eds. Infections associated with 

indwelling medical devices, 3rd edn. Washington: ASM Press, 2000: 1–26. 

[4] Sinha B, Francois PP, Nusse O, et al. Fibronectin-binding protein acts as Staphylococcus aureus 

invasin via fibronectin bridging to integrin alpha5beta1. Cell Microbiol 1999; 1: 101–17. 

[5] Costerton W, Veeh R, Shirtliff M, Pasmore M, Post C, Ehrlich G. The application of biofilm 

science to the study and control of chronic bacterial infections. J Clin Invest 2003; 112: 1466–77. 

[6] Santos A. L., Santos D. O., Freitas B. L., et al. Staphylococcus aureus: visitando uma cepa de 

importância hospitalar. Bras Patol Med Lab 2007; 43:413-423. 

[7] Signore A., Glaudemans A. W. The molecular imaging approach to image infections and 

inflammation by nuclear medicine techniques. Ann Nucl Med 2011; 25:681-700.  

[8] Bekerman C., Hoffer P. B., Bitran J. D. The role of gallium-67 in the clinical evaluation of 

cancer. Semin Nucl Med. 1984; 14:296–323. 

[9] Van Der Laken C. J., Boerman O. C., Oyen W. J. G., Van De Ven M. T. P., Van Der Meer J. W. 

M., Corstens F. H. M. Imaging of infection in rabbits with radioiodinated interleukin-1 (alpha and 

beta), its receptor antagonist and a chemotactic peptide: a comparative study. Eur J Nucl Med. 1998; 

25:347–52. 



[10] Welch M., Redvanly C. Handbook of radiopharmaceuticals: Radiochemistry and applications. 

Wiley, 2003. 

[11] Rusckowski M., Fritz B., Hnatowich D. J. Localization of infection using streptavidin and 

biotin—an alternative to nonspecific polyclonal immunoglobulin. J Nucl Med 1992; 33:1810–5. 

[12] Liberatore M., Clemente M., Iurilli A. P., Zorzin L., Marini M., Dirocco E., et al. Scintigraphic 

evaluation of disease-activity in rheumatoid-arthritis—a comparison of Tc-99M human nonspecific 

immunoglobulins, leukocytes and albumin nanocolloids. Eur J Nucl Med 1992; 19:853–7. 

[13] Signore A., Glaudemans A. W. The molecular imaging approach to image infections and 

inflammation by nuclear medicine techniques. Ann Nucl Med 2011; 25:681-700.  

[14] Solanki K. K., Das S. S., Britton K.E. Infection is not specific for bacterial osteo-articular 

infective pathology. Eur J Nucl Med Mol Imaging 2003; 30:181–2. 

[15] Ellington, A.D., Szostak, J.W. In vitro selection of RNA molecules that bind specific ligands. 

Nature 1990; 346:818-822. 

[16] Tuerk, C., Gold, L. Systematic evolution of ligands by exponential enrichment: RNA ligands to 

bacteriophage T4 DNA polymerase. Science 1990; 249:505-510. 

[17] PHILLIPS W. Delivery of gamma-imaging agents by liposomes. Advanced Drug Delivery 

Reviews, v. 37, p. 13–32, 1999. 

 

 

 

 

 


