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Abstract- The researches of creation of specified reagent for production of 99mTc-labeled fluoroquinolones were carried out. 
Evaluation of the reaction mixture components influence on the radiochemical purity of the produced pharmaceuticals was 
performed using thin layer chromatography. Functional applicability of the labeled antibiotics for diagnostics of 
inflammatory process was shown on experimental animals (rats) with different localization inflammation model. The 
toxicity degree of the produced radiochemical pharmaceuticals was evaluated, pharmacokinetics was studied, and expiration 
date and shelf-life were settled.  
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I. INTRODUCTION 
 
Diagnostics of infection inflammatory diseases is one 
of the urgent problems of contemporary medicine. 
Such radiological methods as computer and magnetic 
resonance imaging do not allow diagnosing 
inflammation before anatomical changes in the tissue 
at an early stage of the inflammation process 
development. Besides, such methods do not make it 
possible to distinguish between a bacterial and 
bacterial inflammation. Methods of nuclear medicine 
are noninvasive, more specific and sensitive in 
comparison with others. At present the necessity to 
distinguish between infection and aseptic 
inflammation forms is a serious problem. 
Pathophysiological distinctions of these processes are 
insignificant: capillary permeability increases, 
inflammation mediators are released, inflammation 
cell migration (granulocytes as well as leucocytes) 
occurs [1, 2]. The only distinction is the presence of 
pathogenic organisms in the focus. In recent years it 
has been suggested to prepare tracer materials which 
directly connect with the causative pathogen, thus, 
they allow visualizing septic focus selectively. [3, 4].  
 
The first group of such radiochemical 
pharmaceuticals is presented by tracer materials on 
the basis of antibacterial pharmaceuticals. 
Fluoroquinolones (ciprofloxacin hydrochloride and 
norfloxacin hydrochloride) are considered to be 
antibacterial pharmaceuticals with great potential for 
preparing infection-specific radiochemical 
pharmaceuticals. The condition for application of 
fluoroquinolones for detecting bacterial inflammation 
focus is that they neither interact with dead bacteria 
nor accumulate in the asepticinflammation locus. 
Development of radiochemical pharmaceuticals with 
the entitled properties will allow using new 
diagnostic methods in clinical practice [5, 6]. 
 
 

 
II. THEORY 
 
99mTc  eluted from a standard generator in the form of 
pertechnetate ions contained in 0.9% solution of NaCl 
was used for labeling fluoroquinolones. In this form 
technetium has high oxidation degree (VII) and it is 
not complexable. To reduce its valence state for the 
purpose of preparing complexes with 
fluoroquinolones the reductant – stanum (II) chloride 
dehydrate was used.  
As well as in other cases, the process of adding the 
isotopic label (99mТс) to the structure of 
fluoroquinolones can be characterized by the scheme:  

TcIVSnFQSnTcFQIISnTcO mmOHFQm 9999,
4

99 )(][)( 2   , 
 
where FQ – is the used fluorquinolone.  
As a result of the reaction besides expected target 
products-complexes [99mTc-Sn-FQ] или [99mTc-FQ], 
an associated complex of Tc with Sn as well as 
radiochemical admixtures in the form of non-reacted 
ions 99mТс (VII) and recovered ions 99mТс (IV can be 
formed. 
The difficulty of determining the synthesis products 
and structure of the resulting compounds is that the 
total amount of the reacting 99mТс is about 10-

14 mol/ml. Therefore, it is considered impossible to 
elute tracers from the mixture for further research, for 
example, by infrared spectrometry, nuclear magnetic 
resonance and other methods.  
To get information about the structure of compounds, 
quantitative assessment of their output and evaluation 
of the influence of some components contained in 
reagents on radiochemical purity of the prepared 
labeled radiochemical pharmaceuticals the thin-layer 
chromatography method was used in two media: 
acetone (run time 10 мmin.), and a mixture of ethyl 
acetate, isopropyl alcohol and concentrated ammonia 
with the volume-to-volume ratio 12:6:4 (run-time 40 
min.).  
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For the research in the work ciprofloxacin 
hydrochloride and norfloxacin hydrochloride 
synthesized at the Institute of Organic Synthesis Ural 
Division of RAS; Sn dichlorated (ICN 
Biomedicals’Inc); ammonium hydrochloride, ethyl 
acetate, isopropyl alcohol, acetone were used. Eluate 
of sodium pertechnetate, 99mТс was produced using 
chromatographic 99mTc generator “99mТс-GT-TOM” 
(TPU, Tomsk). Chromatography of the final mixture 
of reagents was performed on silica gel plates for thin 
chromatography   “Sorbfil” with the aluminum foil 
substrate; the sorbing agent had the fluorescent 
indicator λ equal to 254 nm. 
 
Experimental animals were kept and used during the 
research according to regulations of “European 
Convention for the Protection of backboned animals 
used for experiments or other scientific purposes” 
(Strasbourg, 1986).  
 
III. RESULTS AND DISCUSSION 
 
Initial reagents for radio pharmaceuticals were 
prepared in the form of dry mixtures o 
fluoroquinolones with different amount of reducing 
agent Sn (II), and then they were sterilized in a steam 
autoclave. Initial testing of radio pharmaceuticals 
containing 0.7 mg of Sn (II) and 5 mg of FQ in 5 ml 
of sodium pertechnetate,99mТс on experimental 
animals showed that isotope label is primarily 
accumulated in the liver, which is peculiar for 
radiopharmaceuticals with colloid structure. By doing 
that and taking into account rather good solvability of 
fluoroquinolones in aqueous media it was concluded 
that the main reason of colloid formation is 
hydrolysis of stannous complex with 99mTc. To 
decrease the amount of colloid in prepared radio 
pharmaceuticals the researches were carried out in 
two directions. The first way consisted in changing 
the pH value of the media towards higher acidity 
during mixing of the reagent with 99mТс eluate. The 
second one consisted in changing the total amount of 
Sn (II) in the reagent content for the purpose of 
getting the optimum concentration of the reducing 
нagent.  
 
The amount of colloid in prepared radio 
pharmaceutical was measured along with 
chromatography by the method of filtration through 
the filter with the pore diameter of 0,22 mcm, with 
further calculation of its amount by the difference of 
measured activity of 99mТс before and after filtration 
of the radio pharmaceutical related to its initial 
activity. As a result it was found that changing pH 
from 4 to 1.9 the amount of colloid in radio 
pharmaceutical decreased from 93 to 0.7%, 
correspondingly. Hence, for preparing the radio 
pharmaceutical with low contents of colloid its pH 
value should not be more than 2, which limits the 
possibility of using in for intravenous injection. 

Therefore the way of decreasing the amount of 
colloid by reducing Sn (II) content in the initial 
reagent was considered more preferable. It was 
necessary to determine the limit concentration of 
SnCl2, which could provide the content of 99mТс(VII) 
mixture in the radio pharmaceutical at the level  not 
more than 5% of its total activity. The results of these 
researches are presented in Table 1. 

Table 1:  Change of relative activities of the 
complex [Sn-99mTc] and 99mТс (VII) 

 
 
From the data presented in table 1 it follows that 
while amount of SnCl2 decreases, activity of non-
recovered 99mТс in the radio pharmaceutical increases 
up to 5% from total induced activity. In principle, 0.2 
mg of SnCl2 in the composition is enough to provide 
radio chemical purity of 95 %. 
 
As a result of the researches the following optimum 
contents of initial reagents were found for preparing 
fluorquinolones labeled by 99mТс: 
– for "Ciprofloxacin, 99mТс"– [0,120-0,150 mg 
SnCl2 + 5 mg of CF]; 
– for "Norfloxacin, 99mТс"– [0,250-0,300 mg 
SnCl2 + 4 mg of NF]. 
 
For preparation of radiopharmaceutical 5 ml of eluate 
from 99mTc generator with the total activity of 110-
1480 MBq are added into the vials with such 
reagents. The content of the veils is mixed by shaking 
and is incubated for 20 min at room temperature until 
the reagent fully dissolves. The synthesis methods 
allow preparing radio pharmaceuticals with radio 
chemical purity ≈95%. 
 
The shelf-life of the prepared pharmaceuticals is 3 
hours. The reagent expiration date is 12 months.   
 
To study diagnostic applicability of the prepared 
radio pharmaceuticals experimental animals were 
used for simulation of the staphylococcal abscess. 
The models of soft tissue inflammation (abscess of 
the left thigh) were initiated in 15 rats. 
Radiopharmaceutical was injected into the tail vein in 
the dose of 5.3 MBq/kg and scintigraphic images 
were registered 1 hour and 18 hours after the 
injection. The inflammation focus visualized in all 
Оrats 1 hour after the injection (fig. 1). The index 
«focus/healthy tissue» was 1.6+0.25. 18 hours after 
the injection accumulation of the radio 
pharmaceutical remained, the index «focus/healthy 
tissue» was 1.5+0.13. 
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Fig. 1  Scintigraphic image of the rat with staphylococcus 

abscess of the left thigh 1 hour after intravenous injection of 
99mТc-labeled ciprofloxacin. The focus of abnormal uptake of 

the radio pharmaceutical in the left thigh (shown by the 
arrow), focus/background=2.3 

 
For comparison a group of animals with the same 
localization of aseptic inflammation caused by 
hypodermic injection of 5ml of camphene was used. 
The radio pharmaceutical was injected into the tail 
vein in a dose of 5.3 MBq/kg.  The distribution of the 
pharmaceutical in the animal body was registered 1.5 
hour and 18 hours after injection. The focus of aseptic 
inflammation did not visualize neither after 1 hour, 
nor after 18 hours after radio pharmaceutical injection 
(fig. 2). 
 

 
Fig 2. Scintigraphic image of the rat with aseptic inflammation 
of soft tissues of the left thigh 1 hour after intravenous injection 
of 99mTc-labeled ciprofloxacin. The focus of abnormal uptake 
of the radio pharmaceutical in the left thigh is absent (shown 

by the arrow), focus/background=1 

CONCLUSIONS 
 
The researches of new radiopharmaceuticals 
preparation on the basis of 99mTc-labeled 
fluoroquinolones it was found that the main factor 
which negatively influences the quality of such radio 
pharmaceuticals is the stannic colloid which is 
formed as a result of hydrolysis of Sn (II) and  
Sn (IV) chlorides and absorbs up to 70% of 99mTc 
activity. Reduction of colloidal formation by 
decreasing concentration of Sn (II) n the initial 
reagent increases bioavailability of the radio 
pharmaceutical.  
 
Scintigraphic tests on animals infected by 
"St. Аureus" showed diagnostic applicability of 
radiopharmaceuticals "Norfloxacin, 99mТс" and 
"Ciprofloxacin, 99mТс" for detection of inflammation 
processes. After intravenous injection 
radiopharmaceutical is selectively accumulated in the 
inflammation locus with intensity which is enough 
for getting quality scintigraphic images.  
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