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Abstract **™Tc(CO);—Garenoxacin dithiocarbamate (*”™Tc
(CO);—GXND) complex was synthesized and biologically
characterized in rats artificially infected with multiresistant
Staphylococcus aureus (MDRSA) and penicillin-resistant
Streptococci (PRSC). The characteristics of the 99mTe
(CO);—GXND complex was assessed in terms of radio-
chemical stability in saline, serum, in vitro binding with live
and heat killed MDRSA and PRSC and biodistribution in
rats artificially infected with MDRSA and PRSC. The
complex showed maximum radiochemical stability at
30 min and remained more than 90% stable up to 240 min in
normal saline after reconstitution. The complex was found
stable in serum at 37 °C up to 16 h. The complex showed in
vitro saturated binding with living MDRSA and PRSC. In
rats infected with living MDRSA and PRSC the complex
showed five higher up take in the infected muscle as com-
pared to the inflamed and normal muscle. No significant
difference in uptake of the complex in rats infected with heat
killed MDRSA and PRSC was observed. The disappearance
of the complex from the blood and appearance in the urinary
system confirm the normal biological route of biodistribu-
tion and excretion. The high values of the radiochemical
stability in normal saline, serum, saturated in vitro binding
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with living MDRSA and PRSC and significant infected to
normal muscles ratios, the **™Tc(CO);~GXND complex is
recommended for the localization of soft tissue infection
caused by living MDRSA and PRSC.
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Introduction

The role of bacterial infection in the existing high rate of
morbidity and mortality is very vital and still a serious
concern of the clinician for its early diagnosis and timely
management with appropriate drug. The role of the modern
analytical techniques like ultrasonography, computed
tomography and magnetic resonance imaging are unsatis-
factory in diagnosis of infection and its discrimination from
inflammation [1-3].

The Nuclear Medicine Gamma Scintigraphy has proven
a specific and accurate tool for the early diagnosis of the
deep soft tissue in vivo infection after the introduction of
y-emitting technetium-99m (°™Tc) labeled radiopharma-
ceuticals [4-16]. Our recently reported infection imag-
ing radiopharmaceuticals [17-22] that shown promising
results in detection of different infection caused by dif-
ferent pathogens, sustained our effort and encouraged us to
develop more specific and promising radiopharmaceutical.

The ciprofloxacin and ofloxacin are the fluoroquinolones
having broad spectrum antibiotic activity against a wide
range of pathogens and it is believed that for the antibiotic
activity of the fluoroquinolones the presence of fluorine at
position C-6 in the quinolones skeleton is obligatory.
Garenoxacin (GXN) (Fig. 1) is a newly developed quino-
lone showing exceptional antibiotic activity against Gram
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Fig. 1 a Chemical structure of GXN. b GXND. ¢ Proposed structure
of the *™Tc(CO);~GXND complex

positive and Gram negative bacteria including methicillin-
resistant Staphylococci (MDRSA) and penicillin-resistant
Streptococci (PRSC) [23, 24].

In extension to our continuing investigation owing to
the current needs, now we report an efficient radiolabeling
method of Garenoxacin dithiocarbamate (GXND) with the
y-emitting **™Tc¢ using the [ Tc(CO);(H,0)5]" as the star-
ing material. In the current investigation the PMTe(CO)s—
GXND complex was characterized in terms of radiochemical
stability in saline, in vitro stability in serum, in vitro binding
with living and heat killed MDRSA and PRSC and biodis-
tribution in artificially living MDRSA and PRSC infected
rats.

Experimental

Materials

Garenoxacin (Bristol-Myers Squibb, Syracuse, UK), TLC
(Merck) and all the other chemicals and solvents of ana-

lytical grade (Sigma). RP-HPLC (Shimadzu, Japan) well
counter and scalar count rate meter (Ludlum, USA) Dose
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calibrator (Capintech, USA) and Gamma camera GKS-
1000 (GEADE Nuclearmedizine system, Germany).

Method

Preparation of GXND and its **"Tc-tricarbonyl
complexation

Garenoxacin dithocarbamate was synthesized using the
reported method [22] and thereafter its labeling with 99me
was assessed using [gngC(OH2)3(CO)3]+ precursor by
adding 0.5 mL (1-2 mCi) of sodium pertechnetate
(Na®*™TcO,",) through a sterilized insulin syringe to the
kit (Isolink) and for 15 min incubated with 0.1 mol/mL
HCI solution. Thereafter, 1-5 mg (with 1 mg increment)
dissolved in water was added to the reaction mixture
through insulin syringe and incubated at room temperature
for 15 min.

Determination of partition coefficient

Partition coefficient of the **™Tc-tricarbonyl complex of
GXND was determined using the reported method [22].
Briefly, mixture of the M (CO);~GXND radiocomplex,
octanol and phosphate buffer in equivalent volume was
vortexed for 5 min at room temperature followed by cen-
trifugation at 5,000 rpm/min for 15 min. Thereafter,
0.1 mL aliquot was drawn at different times and counted
for activity using well counter interface with scalar count
rate meter. Using the following formula partition coeffi-
cient was calculated.

(Counts per min in octanol — counts per min in background)

(Counts per min in buffer — counts per min in background)

Determination of radiochemical purity
of the **"Te(CO);~GXND complex

Radiochemical purity (RCP) yield of the **™Tc(CO)s—
GXND radiocomplex in normal saline was determined
using Shimadzu HPLC (SCL-10 AVP) system equipped
with UV (SDP-10 AVP) detector working at 254 nm, flow
scintillation (packard 500 TR series) analyzer, binary pump,
and online degasser. Aliquots, 10 pL of the 9MTe(CO)5—
GXND complex were injected to the main unit of the
HPLC. C-18 column (4.6 x 150 mm) was used as a sta-
tionary phase and water :methanol was used as a mobile
phase. A flow rate of 1 mL/min was maintained for 15 min
using different combinations of the mobile phase. (0-3 min
(100:00), 3-5 min (60:40), 5-8 min (55:45), 8-10 (25:75),
10-13 (00:100) and 13-15 (100:100)). The fractions col-
lected during 1-15 min of elution were counted individu-
ally for activity using the single gamma rays detecting well
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counter interface with scalar count rate meter. The RCP
yield of the PMTe(CO);—~GXND complex was compared
with the “ ™" TcN-GXND complex.

Serum stability

99MT(CO);~-GXND radiocomplex was assessed for its in
vitro stability at different intervals in the serum using thin
layer chromatography. 0.2 mL of the **™Tc(CO);—~GXND
radiocomplex was incubated at 37 °C with 1.8 mL
of serum. Subsequently, at 2, 4, 6, 8, 10, 12, 14 and 16 h of
incubation aliquots were spotted on the polyamide strip.
Thereafter, the strips were developed in saline and CH,Cl,:
CH;O0H (9:1) (v/v) and counted for activity using sin-
gle well gamma rays detecting well counter interface
with scalar count rate meter. The in vitro stability values of
the *™Tc(CO);—~GXND in serum was compared with the
9MTeN-GXND radiocomplex.

Bacterial binding

The binding of MDRSA and PRSC of the **™Tc(CO)5—
GXND radiocomplex was investigated using the reported
method [25]. Briefly, 10 MBq of the freshly prepared
99MTe(CO);~-GXND radiocomplex was decanted into a
sterilized test tube containing 0.1 mL sodium phosphate
buffer (Na-PB). Thereafter, 0.8 mL (50%, v/v) 0.01 M
acetic acid containing approximately 1 x 10® colony
forming units (CFU) of MDRSA was added followed by
incubation at 4 °C for 1 h with a final pH 5. The blend was
centrifuged for 10 min (2,000 rpm) followed by removal of
the supernatant. The pellets were resuspended in Na-PB
(2 mL) and re-centrifuged for 10 min with the same spin
speed. For the estimation of the bacterial binding the pellets
were counted for % uptake using single well gamma rays
detecting counter attached with scalar count rate meter. The
same process was repeated for the PRSC.

Biodistribution

The in vivo of the *™Tc(CO);—GXND radiocomplex was
investigated in artificially infected male Sprague-Dawley
rats (weight, 180-220 g). Randomly, sixteen healthy rats
were selected and separated into four groups (A, B, C and
D) with four rats in each group. All the rats were intra-
muscularly (IM) injected with 0.2 mL autoclaved sterile
turpentine oil into the left thigh. 0.2 mL containing
approximately 1 x 10® CFU of live MDRSA was IM
injected to the right thigh of the group A rats and a similar
amount of heat killed MDRSA to the group B. Similarly,
0.2 mL of live PRSC was IM injected to the right thigh
of the group C and a similar amount of heat killed PRSC
to the group D. After 24 h, 0.5 mL (18.5 MBq) of the

PMTe(CO);~GXND radiocomplex was intravenously
(I.V.) injected to all the rats and then executed in accor-
dance with the rules and regulations of the Nuclear
Medicine Research Laboratory (NMRL), University of
Peshawar. For each of the rats the percent absorbed dose
of the injected "™ Tc(CO);—GXND radiocomplex per gram
in blood, liver, spleen, stomach, intestine, kidney, infected
muscle, inflamed and normal muscle was calculated using
single well gamma rays detecting counter attached with
scalar count rate meter.

Result and discussion
Radiochemistry of the **™Tc(CO);—~GXND complex

Garenoxacin (Fig. 1a) was converted to its dithiocarbamate
derivative (GXND) (Fig. 1b) and radiolabeled with **™Tc
using the [99mTC(CO)3(H20)3]+ precursor as the staring
material to give 99mTC(CO)3—GXND radiocomplex as
shown in Fig. 1c. In the fac-[**™Tc(CO)3(H,0)5] " origina-
tor the GXND eagerly displaced water to give the
99mTe(CO)—GXD complex. The proposed structure of the
99MTe(CO)—~GXND radiocomplex will have a square
planner bipyramidal geometry with *™Tc(CO)s:ligand ratio
of 2:1 [26].

Lipophilicity of the *™Tc¢(CO);—~GXND radiocomplex

A decrease in the values of the participation coefficient was
observed for the 99mTc(CO)3—GXND radiocomplex. The
P value calculated for *°™Tc(CO);~GXND and **™TcN—
GXND radiocomplexes were 0.44 4+ 0.01 and 1.08 + 0.02,
respectively. The P values of both the radiocomplexes
suggested that both are lipophilic.

RP-HPLC characterization of the **™Tc(CO);~GXND
radiocomplex

The HPLC chromatogram of the °“™Tc(CO);—~GXND
radiocomplex as given in Fig. 2 showed distinctly two
variable peaks with a retention time (RT) of 3.3 and
11.7 min. The peak at 11.7 represents the yield of the
PMT¢(CO)—~GXND radiocomplex. The GXND radio-
complex prepared through [*™TcN] > core also showed
similar HPLC profile with slightly different RT. The two
peaks at RT 4.4 and 12.6 min was observed for the
9MTcN-GXND radiocomplex. The peak observed at RT
12.6 min represents the 99mMTeN-GXND radiocomplex.

In normal saline, at different intervals after reconstitution
the **™TcN-GXND radiocomplex showed stable in vitro
radiochemical purity yield as given in Fig. 3. The RCP
values of the ™ TcN-GXND radiocomplex calculated at
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Fig. 2 HPLC chromatogram of the of the °°™Tc(CO);~GXND
complex (Red trace represents 99mTc(CO)3—GXND and blue
PMTeN-GXND complex)
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Fig. 3 Radiochemical purity of the °**™Tc(CO);~GXND and
2MTeN-GXND complexes in saline

different intervals decreases with time. After 30 min of the
reconstitution 98.25 + 0.22% RCP yield was observed.
The RCP yield decreased with in 4 h by 6.75-92.00%. The
RCP yield of the **™Tc(CO);~GXND was found insignifi-
cantly higher than the 99MTeN-GXND radiocomplexes. No
significant difference was observed between the RCP yields
of the both the complexes even after 4 h of reconstitution.

Stability of the **™Tc(CO);~GXND radiocomplex
in serum

The in vitro stability of the **™Tc(CO);~GXND radio-
complex in serum at 37 °C (up to 16 h) is given in Fig. 4.
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Fig. 4 In vitro stability of the **™Tc(CO);—~GXND and **™TcN—
GXND complex in serum
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Fig. 5 In vitro binding of **™Tc(C0);~GXND complex with living
MDRSA and PRSC at different intervals at 37 °C

The complex showed stable in vitro behavior in serum at
37 °C up to 4 h. The stability insignificantly went down to
81.50 £ 0.45% after 16 h.

MDRSA and PRSC bacterial uptake

Both the live colonies of the pathogens (MDRSA and
PRSC) showed a similar saturated but slightly different
uptake as given in Fig. 5. The uptake affinity of the
MDRSA is slightly higher than PRSC. However, insignif-
icantly low binding was observed in both the heat killed
MDRSA and PRSC.
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Table 1 Distribution of **"TcN-GXND and *°™Tc(CO)3-GXND complexes in various organs of rats artificially infected with living MDRSA

Organs/tissues (g) Percent in vivo distribution

9MTeN-GXND at different intervals (in min)

9MT¢(CO);—~GXND at different intervals (in min)

30 60 90 120 30 60 90 120
Infected muscle  6.00 £ 0.24 12.75 £0.22 13.90 £0.22 1350 £0.21 6.50 £ 0.20 12.00 £ 0.24 1250 £ 0.19 11.00 £ 0.22
Inflamed muscle ~ 3.50 £0.22 3.50 £0.24 3.00 £0.20 3.00 £0.22 3.00+ 024 325+0.20 3504024 3.15 +0.21
Normal muscle 3.00+£ 024 2504022 250£020 250+021 325+£020 3.00%£021 250+£024 2.50%0.22
Blood 2250 £022 850+0.21 7.00% 020 350+ 024 22.00£020 925+024 7.55£022 4.00=+£0.19
Liver 18.75 £0.22 13.00 £ 024 9.10 £0.21 5.10£0.24 16.50 £0.22 10.00 £ 0.20 8.75 £0.24 4.75+£0.20
Spleen 855+ 024 7.00£021 500+£022 3.00+£020 9.00+021 750=£024 625+020 4.00=£ 024
Kidney 9.50 £0.22 18.50 & 0.24 21.55 £0.22 24.00 £ 0.23 9.00 £ 0.20 20.50 &£ 0.22 22.00 £ 0.24 23.45 £+ 0.20
Stomach & 855+020 7.00+ 022 575+£024 3.00+021 800+0.19 725£020 5504022 325+024
intestines

Table 2 Distribution of “™TcN-GXND and **™Tc¢(CO);—GXND complexes in

various organs of rats artificially infected with living PRSC

Organs/tissues (g) Percent in vivo distribution

9MTeN-GXND at different intervals (in min)

9MT¢(CO)—GXND at different intervals (in min)

30 60 90 120 30 60 90 120
Infected muscle ~ 7.50 £ 0.20 13.25 +0.24 14.00 £ 0.20 13.75 £0.20 7.25 +£0.22 12.75 £ 0.20 13.50 £ 0.24 13.15 +0.24
Inflamed muscle ~ 4.00 £ 0.24 3.50 £ 0.20 3.00 £ 0.21 3.00 £0.19 450+ 0.20 4.00 £0.22 325+ 024 3.00 +0.22
Normal muscle 350 +£020 3.00+024 250+£022 250=£020 3.00+024 350+£020 2.75+£022 250+0.24
Blood 18.75 £ 0.24 10.00 £ 0.21 825+ 0.24 425+£0.20 1650 £0.24 11.25+0.22 9.00 £0.20 4.55+0.19
Liver 16.50 £ 0.20 12.75 £0.20 7.55+ 024 4.85+020 1725+ 020 1045 +024 6.75+£0.20 4.50 £ 0.24
Spleen 725024 6.00£024 455£020 350+£022 650=£0.19 575+022 400024 3.25+£0.20
Kidney 10.00 £ 0.21 17.75 £0.20 20.15 &£ 0.24 22.50 £+ 0.20 12.50 &£ 0.24 18.15 £ 0.22 22.00 £ 0.20 23.50 £ 0.19
Stomach & 750 £024 6.10+£0.22 525+£020 3504020 825+£020 750+020 6.00+0.19 4.15+0.24
1ntestines
= + = Infected to normal muscle ratio of rats infected with living MIDRSA
Biodistribution —a— Infected to normal muscle ratio of rats infected with living PRSC

The percent absorbed dose of the injected 99mTc(CO)3—
GXND radiocomplex per gram in blood, liver, spleen,
stomach, intestine, kidney, infected muscle, inflamed and
normal muscle of the rats of group A and B is given in
Table 1 and of group C and D in Table 2. Initially high level
of the **™Tc(CO);—GXND radiocomplex was found per
gram of the blood in the all groups. However, a significant
decline was observed with time in all the rats infected with
living or heat killed MDRSA and PRSC. In rats infected with
living MDRSA (group A) and PRSC (group C) significantly
higher activity of the **™Tc¢(CO);—~GXND radiocomplex
was observed in infected muscle as compared to inflamed
and normal muscle. However, in rats infected with heat
killed MDRSA (group B) and PRSC (group C) no significant
difference in the level of activity of the *°™Tc(CO);—~GXND
radiocomplex was observed in infected, inflamed and nor-
mal muscle. The level of activity of the M (CO);~GXND
radiocomplex initially in the liver and spleen was high and
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Fig. 6 Infected to normal muscle ratio of the 99mTC(CO)3—GXND in
rats infected with living MDRSA and PRSC

lower in the kidney in all the groups. However the level of
activity went down in liver and spleen and went up in kid-
neys and urine irrespective of the living or heat killed
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MDRSA or PRSC induced infection. The appearance of
activity of the **™Tc(CO);—GXND radiocomplex in urinary
system and disappearance from circulatory system con-
firmed the normal route of excretion.

Figure 6 gives the ratio of the M (CO);~GXND
radiocomplex uptake in MDRSA and PRSC infected rats.
Similar uptake ratio was observed in group A and C rats.
The level of activity uptake in infected muscle, in both the
groups of the rats infected with living pathogens, were
significantly higher than in inflamed and normal muscle.

Conclusion

Radiocomplexation of the GXND with *°™Tc using
[gngc(OH2)3(CO) NE precursor was assessed and biologi-
cally investigated as potential MDRSA and PRSC infection
radiotracer. The results of the radiochemical stability in
saline, serum, in vitro MDRSA and PRSC uptake, percent
absorbed dose per gram in blood, liver, spleen, stomach,
intestine, kidney, infected muscle, inflamed and normal
muscle and infected to inflamed and normal muscle ratio
confirmed the suitability of the M (CO);~GXND radio-
complex as potential MDRSA and PRSC in vivo infection
radiotracer.
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