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Abstract Technetium-99m-sarafloxacin was synthesized
and formulated for the development of a potential diag-
nostic imaging agent for the bacterial infection and in-
flammation with higher efficiency than the commercially
available **™Tc-ciprofloxacin. Factors influencing the la-
beling yield such as sarafloxacin amount, pH of the la-
beling reaction, SnCl, amount and reaction time were
optimized. The labeled drug was subjected to preclinical
evaluations in mice. The biodistribution studies indicated
that ®™Tc-sarafloxacin displayed relatively high uptake in
the infectious lesion (T/NT = 4.2 £ 0.1) at 2 h post-in-
jection. The results revealed that **™Tc-sarafloxacin cannot
discriminate infection from sterile inflammation.
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Introduction

Early discrimination and diagnosis of infection from in-
flammation is vital for therapists for its effective treatment
with convenient cure to diminish the percentage of

X M. E. Moustapha
m.moustapha@sau.edu.sa; memoustapha@gmail.com

Chemistry Department, Salman bin Abdulaziz University,
Alkharj 11942, Saudi Arabia

Labeled Compound Department, Hot Laboratories Center,
Atomic Energy Authority, Cairo 13759, Egypt

College of Pharmacy, Umm Al-Qura University, Makkah,
Saudi Arabia

Chemistry Department, Assiut University, New Valley,
Egypt

morbidity and mortality [1]. Elegant radiological imaging
instruments such as computer tomography (CT), magnetic
resonance imaging (MRI), ultrasonography (US) and X-ray
are commercially available and have been used for the di-
agnosis of infection. These medical diagnostic imaging
techniques are not the convenient methods for early de-
tection of infection [2, 3]. The objective of nuclear medicine
scintigraphy (NMS) techniques to recognize the sites of
infections and its distinction from non-infectious inflam-
mations is medically essential for the suitable care of pa-
tients with microbial infectious or inflammatory diseases [4,
5]. Some of infection imaging agents were stated including
the radiolabeled leukocytes, " and ¢’ Ga-citrate [6,7]. As
a result of the lack and limitations of the conventional in-
fection imaging agents such as the lack of specificity, time-
consuming preparation, sensitivity and high radiation bur-
den, the development of novel and improved radiophar-
maceuticals for infection imaging raised a major challenge
for nuclear medicine practice for in vivo localization of the
bacterial infection and inflammation [8—11].

Different promising antibacterial agents have been
synthesized, labeled and formulated for the diagnostic
imaging and observation of infective lesions [12—15]. The
selected antibiotics used in the diagnostic process should
be highly localized in the infectious foci, where they are
considerably taken up, metabolized and demonstrated rapid
clearance in vivo. Quinolone derivatives such as
gatifloxacin [16], norfloxacin [17] difloxacin, pefloxacin
[18], sparfloxacin [19], lomefloxacin [20] and enrofloxacin
[21] representing the major antibiotics used to cure serious
bacterial infections were successfully labeled with tech-
netium-99m and compared to the commercially available
99mTc-ciprofloxacin used for infection imaging procedures
[22-24]. However, biodistribution investigations in ex-
perimental animals and in clinical trials revealed that the
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Fig. 1 Chemical structure of sarafloxacin

specificity of *™Tc-ciprofloxacin for infection is unfavor-
able [25-29]. *™Tc-ciprofloxacin formulation has many
disadvantages which are reported in the literatures [30-33].

Sarafloxacin is a fluoroquinolone derivative operating
against a wide range of disease-causing bacteria including
both aerobic and anaerobic pathogenic bacteria. The
structure of sarafloxacin was illustrated in Fig. 1 [34]. The
objective of the present study was to develop an easy and
efficient method for synthesis and labeling of sarafloxacin
with *™Tc as a convenient infection imaging radiophar-
maceutical to recognize the sites of bacterial infections
in vivo. The formulation of the radiolabeled sarafloxacin
will be developed depending on preclinical evaluation of
different parameters affecting the labeling yield including
in vitro and in vivo stability, radiochemical purity and
pharmacokinetic studies in mice.

Materials and methods

Sarafloxacin (CpoH;7F,N305; Mwt: 385.36 g/mol) was
obtained from Sigma-Aldrich Chemical Company, USA.
Whatman No. 1 paper chromatography (PC) was purchased
from Whatman International Ltd, Maidstone, UK. 99m.
was eluted as 2°™TcO,~ from “’Mo/”*™Tc generator,
Gentech, Turkey. The radioactivity was determined in a
well-type Nal(Tl) y-ray scintillation counter coupled to
SR-7 scaler ratemeter. All chemicals were used directly
without further purification. Ultrapure water was used in all
experiments for the preparation of solutions and dilutions.

Labeling procedure

99mTc sarafloxacin was synthesized by direct reaction of
sarafloxacin with **™Tc (t12 = 6 h) under reducing condi-
tions in the presence of SnCl,-2H,0O. One ml of 9mTe eluate
containing 400 MBq was added to the reaction vessel.
Thereafter, the reaction mixture was allowed to react at room
temperature (25 °C) for the recommended time before esti-
mating the yield of **™Tc-sarafloxacin complex. Factors
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affecting the radiolabeling efficiency like the concentration
of reducing agent (25-200 mg/ml), amount of sarafloxacin
(0.5-2.5 mg), pH of the reaction medium (5-12) and the
reaction time (1-480 min) were adjusted in order to optimize
the labeling yield. The radiochemical purity was assessed by
PC and high performance liquid chromatography (HPLC).

Analysis

Radiochemical yield and purity of *™Tc-sarafloxacin is the
proportion of the total radioactivity in the desired radio-
chemical form. It was carried out using strips of Whatman
No. 1 PC by ascending paper chromatographic technique. An
aliquot of 1-2 pl of the labeling reaction mixture was spotted
2 cm above the bottom edge of two PC strips (10 cm length,
1.5 cm width) and allowed to evaporate spontaneously. Then
one strip was developed with acetone to determine the per-
centage of free **™TcO,~ while the other strip was devel-
oped with a mixture of ethanol: water: ammonia (2:5:1) in
order to determine the percentage of reduced hydrolyzed
99mT. - After entire development, the strips were dried, cut
into pieces (0.5 cm) and individually counted using Nal(T1)
scintillation detector to determine the percentage of **™Tc-
complex, free **™TcO,~ and hydrolyzed **™Tc. The radio-
chemical purity was further verified by HPLC (Hitachi
model, Japan). The HPLC analysis was completed by in-
jection of 10 pl purified *™Tc-sarafloxacin complex into a
reversed-phase column (Lichrosorb RP C-18,4 x 250 mm;
5 um) coupled to a UV detector (SPD-6A) operated at
319 nm and eluted with a mobile phase containing a mixture
of 10 % ethanol in 0.2 M phosphate buffer at pH 7. The
filtered mobile phase was degassed prior to use and a flow
rate of 1 ml/min was applied [35]. Radioactivity measure-
ments in the HPLC eluates was detected by Nal(T1) scintil-
lation detector coupled to a single channel analyzer.

Stability of **™Tc-sarafloxacin in serum

In vitro stability was performed by incubating 2 ml of the
human serum and 0.2 ml of **™Tc-sarafloxacin at 37 °C for
24 h. An aliquot of 0.2 ml was withdrawn during the incu-
bation period at different time intervals for up to 24 h and
analyzed using PC and HPLC to calculate the percentage of
9mTc-complex, free pertechnetate and reduced hydrolyzed
technetium.

Induction of inflammation in mice

Induction of infectious foci was estimated using a single
clinical isolation of Staphylococcus aureus (S. aureus) from
biological samples to yield focal infection [36]. Single
colonies were diluted in order to obtain a turbid suspension.
Five mice were injected with 200 pul of the produced
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suspension in the left lateral thigh muscle. Thereafter, the
animals were abandoned for 24 h to obtain a gross swelling
in the infected thigh. Then, creation of non-infected in-
flammation (sterile inflammation) was generated by inject-
ing 200 pl of sterile turpentine oil intramuscularly in the left
lateral thigh of the mice. Accordingly, swelling appeared
2 days later. In the same manner, generation of heat killed
non-infected inflammation was induced by injecting 200 pl
of heat killed S. aureus [37-40].

Biodistribution studies

Biodistribution experiment was performed according to the
guidelines outlined by the Egyptian Atomic Energy
Authority and authorized by the ethics committee. In vivo
experiments were carried out in normal Albino mice (n = 5).
Animals were injected intravenously in the tail vein with
100 Wl of 99mTe_sarafloxacin (4 MBq). Mice were housed
alive in groups of 5 and supplied with food and water for
different intervals of time. Animals were sacrificed by cer-
vical dislocation at 2, 4 and 24 h after intravenous injection
of ®™Tc-sarafloxacin. A blood sample was obtained by heart
puncture. Both target and non-target thighs were dissected
and counted. After dissection, different organs and tissues
were washed with saline, gathered in plastic containers and
weighed. Each sample was counted and corrected for back-
ground and physical decay using a well-type Nal(Tl) gamma
detector. Results were expressed as percent-injected dose per
gram organ and reported as % ID/g organ £ SD in a
population of five mice for each time point. Statistics were
calculated with the Student ¢ test and all results were pre-
sented as mean &= SEM.

Results and discussion
Radiochemical purity and in vitro stability of **™Tc-

sarafloxacin complex were estimated by PC and HPLC.
Acetone was effective as the developing solvent in PC

where free °“™TcO,~ proceed with the solvent front
(R; = 1) while *™Tc-sarafloxacin and reduced hydrolyzed
technetium stayed at the origin. Reduced hydrolyzed
technetium was evaluated in vitro using a mixture of
ethanol: water: ammonium hydroxide (2:5:1 v/v) as the
developing solvent, where reduced hydrolyzed technetium
remained at the origin (R = 0) while other species mi-
grated with the solvent front (R; = 1). It was found that in
the majority of the preparations the greater part of ra-
dioactivity was in the bound form. The free and hydrolyzed
fractions are undesirable radiochemical species and must
be eliminated or reduced to a minimum level in order not to
interfere significantly with the diagnosis. The radio-
chemical purity was assessed by subtracting the sum of the
percentage of reduced hydrolyzed technetium and free
pertechnetate from 100 %. The results of the radiochemical
yield were expressed as mean value of three experiments. It
was further confirmed by HPLC analysis, where the re-
tention time of free 99mTcO4_ and *™Tc-sarafloxacin was
4.8 and 16.5 min, respectively as presented in the ra-
diochromatogram (Fig. 2). The HPLC was capable of
isolate *™Tc-sarafloxacin and can be applied efficiently for
the purification and quality control of the complex. Factors
influencing the radiochemical yield will be discussed in
details.

Effect of sarafloxacin amount

Sarafloxacin was labeled with °°™Tc using the direct
technique, in which the reduced 9mMTe reacts with
sarafloxacin to form the labeled chelate. The influence of
the labeling yield on the amount of sarafloxacin was shown
in Fig. 3. The reaction was carried out at different
sarafloxacin amount (0.5-2.5 mg). Exactly 1 mg was the
ideal ligand amount necessary to obtain the largest radio-
chemical yield, 96 %. Below this value, the ligand amount
was insufficient to react with all the reduced *°™Tc¢, con-
sequently the reduced hydrolyzed technetium was 62 % at
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Fig. 3 Effect of substrate amount on the labeling yield of **™Tc-
sarafloxacin complex
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Fig. 4 Effect of SnCl,-2H,0 amount on the labeling yield of **™Tc-
sarafloxacin complex

0.5 mg of sarafloxacin. At ligand amount above 1 mg, the
labeling yield was slightly reduced and stayed stable.

Effect of SnCl, content

SnCl,-2H,0 is the most common reducing agent used to
reduce 99mTc(VII) to lower valence state, which speed its
chelation by sarafloxacin. The labeling yield was relied on
the amount of stannous chloride present in the reaction
mixture as displayed in Fig. 4. At 25 png SnCl,-2H,0, the
labeling efficiency of “’™Tc-sarafloxacin was 60 %,
which may be attributed to the incomplete reduction of
9MTc0,~ and hence unreliable yield of the complex due
to the presence of free 9mMTc0,” (20 %). The labeling
yield was maximized considerably to 96 % by increasing
the amount of SnCl,-2H,0 from 25 to 50 pg, Increasing
the amount of SnCl,-2H,0 to 200 pg minimized the

@ Springer

100

90 E/
<4 /
80 I/I
70 e ‘
= 1 I/ —m— %”" Te-sarafloxacin complex
L 604 B— omr o )
= i —@— % (RH-""Tc) of sarafloxacin
é‘) 50 ] —A— % Free™™ TcO, of sarafloxacin
D 404
21, =
— 30 1
&Q 4
20
104 ‘\\
0 A Ty
-10 T T T T T T T T T T T T T
5 6 7 8 9 10 11 12
pH

Fig. 5 Effect of pH of the reaction on the labeling yield of **™Tc-
sarafloxacin complex

labeling yield to 29 % due to the formation of tin colloids
(60 %), which may compete with sarafloxacin for the
reduced **™Tc. This may be referred to the consumption
of most of the ligand molecules in the formation of
complex, consequently the excess pertechnetate was fur-
ther reduced to technetium(IV) in the absence of ligand or
the unreacted stannous chloride lead to the production of
the undesired stannous hydroxide colloid (Sn(OH)3) in
alkaline medium [5, 40].

Effect of pH of the reaction mixture

The effect of the pH of the reaction on the radiochemical
yield was shown in Fig. 5. The pH of the labeling reaction
medium was evaluated at pH range from 5 to 12. At pH 11
the radiochemical purity was equal to 96 %, which may be
referred to the deprotonation of the sarafloxacin that is
certainly existing at high pH values and lead to great sta-
bility of TcO(V)-sarafloxacin complex. Elevated OH™
concentration may lead to partial hydrolysis of the complex
and oxidation of Tc(V) to pertechnetate.

Effect of reaction time and stability test

The stability of *°™Tc-sarafloxacin was investigated to
decide the convenient time for injection to prevent the
formation of unfavorable products that may arise from the
radiolysis of the labeled complex. The resultant undesired
radioactive products may be concentrated in non-target
organs. Figure 6 depicted the rate of formation of **™Tc-
complex, which indicated that the labeling yield increased
from 89 to 96 % when increasing the reaction time from 1
to 30 min. Figure 7 revealed the in vitro stability of **™Tc-
sarafloxacin with respect to time. The labeled fluoro-
quinolone derivative was stable for up to 120 min after
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Fig. 6 Effect of reaction time on 99mTc-sarafloxacin complex
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Fig. 7 Stability test for **™Tc-sarafloxacin

labeling. The stability was found to be time-dependent with
regard to several parameters such as radiolysis, temperature
and light, which may induce the degradation of the com-
pound and restricted its availability before injection.

Stability test

As shown in Fig. 8, incubation of 99mT_sarafloxacin in
normal serum for 24 h at 37 °C lead to a limited release of
radioactivity from **™Tc-complex (10.6 & 0.6 %, n = 5)
as confirmed by PC and HPLC.

Biodistribution

Biodistribution results showing the uptake of the **™Tc-
sarafloxacin in different organs of the mice infected with

Fig. 8 In vitro stability of **™Tc-sarafloxacin in human serum

living, heat killed S. aureus and turpentine oil was pre-
sented in Table 1. The uptake of **™Tc-sarafloxacin was
considerably small in heat killed S. aureus and turpentine
oil infected group of mice (aseptic inflammation) as com-
pared to infected group with living bacteria (abscess). The
results illustrated rapid distribution of the radioactivity
throughout the body and uptake in the inflamed areas was
noticed within 2 h after intravenous injection of the labeled
complex.

The biodistribution data revealed that after 24 h of *™Tc-
sarafloxacin injection the great part of radioactivity was lo-
cated in both kidneys (8.7 0.6 % ID) and urine
(31.9 £ 4.1 %ID).In contrast, a significant amount of 99mTe.
sarafloxacin radioactivity remained in the liver (7.4 + 0.2 %
ID). Clearance of **™Tc-sarafloxacin appeared to proceed
through both renal and hepatic routes. Mice with infectious
lesions injected with **™Tc-sarafloxacin depicted a mean
abscess-to-muscle (target to non-target, T/NT) ratio equal to
42 4 0.1 after 2 h post-injection where this **™Tc-fluoro-
quinolone revealed greater uptake in infected tissue than the
commercially available **™Tc-ciprofloxacin (T/NT = 3.8 +
0.8) [41] as shown in Fig. 9.

Conclusions

This work depicted the in vitro and in vivo performance of
9MT¢_sarafloxacin complex crucial for designing a poten-
tially useful radiopharmaceutical for diagnosing the bac-
terial infection. Sarafloxacin was efficiently labeled with
99mTe by direct labeling method at room temperature with
a labeling efficiency of 96 % in the presence of stannous
chloride as a reducing agent. It demonstrated favorable
radiochemical and metabolic stability in vivo. The ac-
ceptable localization of the tracer in the induced foci of
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Table 1 Biodistribution of *™Tc-sarafloxacin in S. aureus, heat killed S. aureus and turpentine oil inflamed mice at different time periods

Organs and body

Percent Injected dose/organs at different time periods (h)

fluids - - -
S. aureus Heat killed S. aureus Turpentine oil
2 4 24 2 4 24 2 4 24
Inflamed muscle 1.10£0.1 0754+02 030+00 1.0+£02 071£01 028+0.1 090+0.0 069 +0.1 021 +£0.2
Control muscle 028 +£00 022+0.1 0.16+0.1 030+00 022+0.1 0.17+00 029+0.1 023+0.1 0.14£0.0
Liver 19.1 £21 151 4+£10 734+02 206=+27 152+£32 79403 195+20 152+23 81+£05
Urine 205 +£28 268432 31.9+41 19115 273+£21 334434 190+08 274+20 31.8+32
Kidneys 124 +£14 179+16 87+06 137+21 202+23 83407 13.6+18 186+13 7.8+02
Blood 69+02 45+03 1.0+02 59+05 48+12 13+£04 60+01 45+03 10=+£0.1
Heart 08+£00 02£+£00 01400 05+02 03£00 02+£00 06+01 02+00 0.1+£00
Lung 14+£03 044+01 014+00 12+£01 03£00 01+£00 134+01 05+£00 02+£00
Intestine and stomach 219 +3.1 59+04 410+£06 221 +£29 46+13 46+£09 199+21 67+1.1 44114
Spleen 23+03 124+04 044+£00 25+02 16+£04 07+02 23+02 14+01 05+£00
Bone 1.0+£01 07+£01 044+£00 13+01 06+01 04+£00 13+£01 06+02 02+0.0
5 // 4. Langer O, Brunner M, Zeitlinger M, Ziegler S, Miiller U, Do-
o _ _ brozemsky G (2005) Eur J Nucl Med Mol Imaging 32:143-150
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