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Abstract

Ciprofloxacin (CIP) was labelled with "Tcm . The radiolabelled efficiency monitored by ITLC and
HPLC was higher than 95%. The "Tcm-CIP complex analyzed by those systems have shown that inactive and
labelled CIP exhibit different chromatographic behavior. This finding together with octanol/saline partition
coefficients determination indicated that CIP and wTcm-CIP correspond to different chemical structure.
Biodistribution studies in inflamed mice shown that "Tcm-CIP is rapidly distributed after i. v. administration
with a predominant renal clearance. The radioactive preparation is able to localize bacterial and sterile
inflammations induced by Staphylococcus aureus, Esckerichia coli and turpentine, which suggest that its
accumulation is due to increased blood flow together with enhanced vascular permeability as also postulated to
other non-specific radiopharmaceuticals.
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1. INTRODUCTION

Fluoroquinolones represent a new group of compounds that exhibit a very high
activity against a broad spectrum of bacteria. l8F-quinolones as Fleroxacin [1] and
Trovafloxacin [2] which have three fluorine atoms in its native structure, have been labelled
with I8F by fluorine exchange and proposed as tracers for PET measurements in the study of
the pharmacokinetics of these quinolones in normal and infected animals and humans. Due to
the quantitative nature of PET measurements the absolute concentration of drug in all tissues
of the body could be determined. The pattern of biodistribution obtained was consistent with
the results of similar studies with 14C [2]. Among the marketed quinolones ciprofloxacin (1-
cyclopropyl-6-fluor-l,4-dihydro-4-oxo-7-(piperazinyl)-3-quinoline carbonic acid), a new
quinoline with activity against both gram-negative and gram-positive organisms, has shown
to be more potent than the structurally similar compounds [3]. Owing to its biological
properties ciprofloxacin (CIP), has been described as a promising agent for the treatment of
different kinds of infection. Vinjamuri et al. have recently developed a new technetium-99m
radiopharmaceutical (99Tcm-infecton) based on ciprofloxacin [4-8] as a bacterial infection
specific imaging agent in differential diagnosis between infectious and sterile inflammations
to overcome the limitation of some radiopharmaceuticals as leukocytes and human
immunoglobuline. The aim of the present study was to investigate the radiochemical and
biological properties of "Tcm-ciprofloxacin, prepared according to the method proposed by
Vinjamuri and evaluate its value in the imaging of infection versus sterile inflammation
induced in lateral thigh of the mice by subcutaneous injection of Staphylococcus aureus and
Escherichia coli or intramuscular turpentine oil administration.
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2. MATERIALS AND METHODS

2.1. Chemicals

Ciprofloxacin (CIP) from Tecnimede (Sacavem, Portugal) was used. The chemical
structure is presented in Fig.l. The purity of CIP was assayed using a HPLC (Perkin Elmer,
Norwalk, USA) system with a Nucleosil CI8 column (8x250 mm) fitted with a fixed UV (280
nm Perkin Elmer, Norwalk, USA) detector. The mobile phase consisted of a mixture of
acetonitrile and 0.05 M phosphate buffer adjusted to pH 3.0 with phosphoric acid (20:80,
vol/vol), also adjusted to pH 3.0, to which a suitable amount of tetrabutylammonium bromide
was added to obtained a 0.01 M solution. Chromatography was carried out at a flow rate of
0.5 mL/min. Pertechnetate was eluted from a "Mo-"Tcm generator (Amersham, UK). All the
reagents were analytically pure.

2.2. Radiolabelling of ciprofloxacin

Ciprofloxacin was radiolabelled with "Tcm according to Vinjamuri method [6]. To a
suitable amount of ciprofloxacin an appropriate quantity of formamidine sulphonic acid
(FSA) solution was added to a molar ratio CIP/FSA of 1.6:1. For labelling 0.5-1.5 mL (37-
185 MBq) of "Tcm-sodium pertechnetate solution were added and the reaction mixture was
then boiled at 100° C for 10 min.

"Tcm-CIP labelling efficiency, radiochemical purity and stability of the "Tcm-CIP
were accomplished by the following chromatographic systems:

(a) ITLC SG (Gelman Sciences Inc., Ann Arbor, MI) with saline eluent (labelled CIP and
colloids remain at the origin while pertechnetate migrate with Rf=l).

(b) HPLC analysis as above described (2.1.) using the HPLC system also equipped with a
radioactive (Berthold, Wildbad, W. Germany) detector ("Tcm-CIP eluted at 7.07 min
and"Tcm0"4at31.8mm).

The chromatographic behavior of non-labelled CIP in both systems ITLC SG and HPLC was
also studied by UV detection.

2.3. Determination of octanol/saline partition coefficients

The lipophilic properties of "Tcm-CIP were evaluated by determination of the partition
coefficient between octanol and saline. In a test tube, 25 \xL of an aqueous solution of "Tcm-
CIP was added to 2 mL octanol and 2 mL saline pH=3.0. The tubes were vortex-mixed for 1
min and centrifuged for 10 min at 2,500 g. The entire procedure was repeated at least three
times. Aliquots of 100 piL of each phase were counted in a gamma counter. The lipophilicity
of the non-labelled CIP was also determined using the same method except that the CIP
distribution in octanol and saline fractions was measured by absorbance at 280 nm. The
distribution of the samples between saline and octanol, expressed by the partition coefficient
(P0/s), was used to evaluate the lipophilic character of both labelled and non labelled CIP
solutions. Results are the means of 6 determinations.

2.4. Total human serum protein binding

A sample of "Tcm-CIP (100 uL) was incubated with 2 mL of human serum, at 37° C.
Then 200 uL was analyzed on a Sephadex G-25 column (0.9 x 20.0 cm, Pharmacia, Uppsala,
Sweden). Saline pH=3 was used as eluent. Elution fractions were collected from the column
and counted in a gamma counter. A standard was prepared to determine the percentage of
radiopharmaceutical protein bound.
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2..5. "/w vitro" biological studies

2.5.1. Biological activity of treated CIP

Following the procedure used for radiolabelling, but using saline instead of "Tcm-
sodium pertechnetate solution, an inactive reaction mixture of ciprofloxacin was prepared.
The biological activity of this reaction mixture was evaluated in order to study the effect of
FSA and heating, necessary for labelling purpose, on CIP. The biological activity of this
inactive reaction mixture was evaluated through its inhibition capacity on S. aureus and E.
coli cultures (Kirby-Bauer method). The medium used was tryptic soy agar. Samples of 100
\i\ of inactive reaction of ciprofloxacin solutions (corresponding from 20 to 2000|j.g/ mL of
ciprofloxacin) were loaded on S. aureus and E. coli plates and then incubated at 37° C for 24h.
Non treated CIP was used as standard. The biological activity of each sample was evaluated
by measurement of the diameter of the inhibition circle.

2.5.2. "Tcf-CIP uptake by bacteria

The uptake of ciprofloxacin by bacteria was determined by in vitro incubation of
"Tcm-CIP with 2 mL of bacterial broths (tryptic soy agar) containing S. aureus and E. coli
(~107 organisms) at 37° C with continued stirring up to 24 h. The incubated suspension was
then centrifuged and then the tubes were aspirated and the pellets washed with 0.5 mL of
saline and then counted. The results were expressed as percent of total radioactivity. "Tcm0"4

bacterial uptake was also determined as control.

3. Animal experiments

3.1. Infection models

A single clinical isolate of S. aureus and E. coli from biological samples were used to
produce focal infection. Individual colonies were diluted in order to obtain turbid suspensions
containing approximately 2xl08organisms/mL. The optimization of these infection conditions
was previously established [9]. Groups of 6 female CD-I mice, weighting approximately 25 g
each, were injected with 100 \i\ of each suspension in the right lateral thigh muscle. Twenty-
four hours later, when gross swelling was apparent in the infected thigh the "Tcm-CIP (100
uL) was i.v. administered to each animal. At 4 and 24 h following injection the animals were
sacrificed. Both thighs (target and non-target) were dissected and counted and target/non-
target thigh radioactivity ratio was then determined.

3.2. Sterile abscess/inflammation

Sterile abscess/inflammation was induced by injecting 100 (j.1 of turpentine oil
intramuscularly (i. m.) in the right lateral thigh muscle. At 1 to 8 days after the turpentine oil
administration "Tcm-CIP (100 uL) was i.v. administered to each animal. At 4 h following
injection the animals were sacrificed. Both thighs (target and non target) were dissected and
counted and the target/non target thigh radioactivity ratio was then determined. Based on data
obtained, for uptake study in sterile abscess, the "Tcm-CIP was administered 24 h after
turpentine administration.
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FIG. 1. Chemical structure of ciprofloxacin.
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FIG. 2. UV (top row) and radioactive (bottom row) HPLC profiles of "Tcm-CIP. Retention
times: CIP = 6.1; "Tcm-CIP = 8.8; "Tcm04" (co-injected) = 37.1. Experimental conditions:
Nucleosil C18 column. Mobile phase: misture of acetonitrile and 0.05 M phosphate
buffer(20:80), 0.01 M tetrabutylammonium bromide, pH=3.

3.3. Biodistribution patterns

The in vivo behavior of the labelled CEP preparation was evaluated in groups of 6
inflamated female mice CD-I (randomly-bread Charles River mice, Wilmington, MA),
weighing approximately 25 g each. Animals were intravenously injected with 100 \xl (5-10
MBq) via the tail vein. The radioactive dosage administered was determined by counting the
animal immediately after injection in a dose calibrator (Aloka, Curiemeter IGC-3, Aloka Co
Ltd, Tokyo, Japan). The mice were maintained on normal diet ad libitum. At 4 h and 24 h
post-injection the animals were killed by cervical dislocation and their activity measured
again. The difference between the radioactivity in the injected and sacrificed animal was
assumed as the urinary excretion. Tissue samples were then removed for counting in a
gamma counter (Innotron, Hydragamma, Innotron Ltd, Oxford, England). The results were
expressed as percent of injected dose per organ (% ID/ organ). Mean values are given with
the standard deviation. For blood, the activity was calculated assuming that this organ
constitutes 7% of the total body weight.
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3.4. Imaging Studies

A separate set of mice with the same bacterial and sterile inflammations induced as
described were intravenously injected with 100 p.1 (5-10 MBq) of the radiolabelled CIP.
Scintigraphic images were obtained with a GE gamma-camera equipped with a LEAP
collimator and connected to a Starcam 4,0001 computer. All the images were acquired in a
128x128 matrix at 4 and 24 h after administration of the radiolabelled CIP.

4. Statistical methods

The results of the "Tcm-CIP bacterial uptake were analyzed by an analysis of variance.
The level of significance was set at 0.05.

3. RESULTS AND DISCUSSION

Chemical purity of CEP determined by HPLC was higher than 98 %. Radiolabelled
efficiency of "Tcm-CIP monitored by ITLC and by HPLC analysis was higher than 95%.
Therefore no post-labelling purification was required. Recovery activity from the HPLC
column, expressed as a percentage of the initial injected activity, was higher than 85%
indicating low presence of insoluble "Tcm- labelled species as well as a low adsorption to the
stationary phase. The "Tcm-CIP complex, analyzed by the systems above referred, has shown
to be stable at least during 4h. U.V. and radioactive detection made evident that inactive and
labelled CIP exhibit different chromatographic behavior in both systems ITLC and HPLC: by
ITLC inactive and labelled species migrate with Rf 0.7 and 1.0 (not shown) and by HPLC
were eluted at 8.8 and 6.1 min respectively. In Fig.2 the UV (top row) and radioactive (bottom
row) profiles of "Tcm-CIP are presented. Thus, this different chromatographic behavior
suggests that CIP and radiolabelled CIP correspond to different chemical structures. In fact as
the CIP group can only occupy one or two sites in the technetium coordination sphere the
formation of a complex involving more than on molecule of CIP could occur. In addition
taking into account that the role of FSA was not completely established, we could speculate
that the FSA could act not only as reductant agent but also as a coligand to get a stable "Tcm-
CIP complex.

The octanol-saline partition of "Tcm-CIP was 0.087+0.016 (n=6). The octanol-saline
partition of CIP was 0.52+0.02 (n=3). Thus CIP presents higher liphofilic character when
compared with that of "Tcm-CIP. This finding together with the difference assigned in their
chromatographic profiles support the hypothesis that CIP and the final "Tcm-complex are
different chemical compounds.

The total plasma protein binding of 99Tcm-CD? amounted to 56.8 ± 7.4% (n=5). Since
only non-protein bound fraction of a substance can be filtered glomerularly the high protein
binding indicates that the renal clearance of "Tcm-CIP probably is also accomplished by
tubular extraction.

Biological activity studies of treated CD? (in presence of FSA and heated at 100° C)
when compared with CEP (starting material) made evidence that the CIP did not loose
bacterial activity, under the labelling chemical conditions, since for both identical inhibition
of S. aureus and E. coli cultures were observed.

The uptake of "Tcm-CIP by S. aureus and E. coli was 2.2 and 1.4% (n=2) and the
99Tcm04' uptake 7.4 and 9.2% (n=2) respectively. Higher "TcmO4" uptake values were found
for both S. aureus and E. coli suggesting that other than specific binding can be involved,
probably bacterial membrane permeability. According the biological activity studies
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performed, the low 99Tcm-CEP bacterial uptake observed can not be attributed to a lost of CEP
biological activity during the labelling procedure. Therefore it should be assume as a
characteristic of "Tcm-CIP complex formed.

The ratio target/ non target thigh radioactivity obtained, for optimization of
experimental conditions to induce sterile abscess, were: 7.5, 4.5, 4.4, 3.2, 3.5, 3.2, 2.5 at 1,2,
3, 5, 6, 7 and 9 days after turpentine administration. As observed the highest value was
obtained 24 h after turpentine administration. Therefore this interval of time was chosen for
"Tcm-CEP administration. Previous studies [8] have also shown that this was the optimized
interval to induce established infections with S. aureus and C. coli.

The tissue distribution of labelled CEP preparation, expressed as percentage of injected
dose per organ (% ID/organ) in mice, with bacterial and sterile inflammations induced, 4 h
and 24 h after intravenous administration is presented in table I. The 99Tcm-CEP is rapidly
distributed after i.v. administration as shown by the value of the renal elimination and serum
level. The high hydrophilic character of "Tcm-CEP is in accordance with its predominant renal
clearance.

TABLE I. BIODISTRIBUTION DATA IN PERCENT INJECTED DOSE PER TOTAL ORGAN
FOR "Tcm-CIP 4 AND 24 H AFTER I.V. ADMINISTRATION IN INFECTED / INFLAMED
MODEL (S. aureus, E. coli and Turpentine).

Organ

Blood
Liver
Spleen
Heart
Lung
Kidney
Stom.
Norm.thigh
Inf. Thigh
Urine

s.

4 h

4.7+1.1
13.4+0.8
0.4+0.0
0.1+0.0
0.3+0.0
8.9+0.4
0.6+0.1
0.7+0.2
1.4+0.3

50.4+4.2

aureus

24 h

0.6±0.2
6.9±1.7
0.3+0.1

0.0
0.1+0.0
1.9+0.5
0.1+0.0
0.2+0.0
0.4+0.1
74.5+6.1

E.coli

4 h

6.2+0.4
12.3+3.2
0.8+0.2
0.2±0.0
0.5+0.0
9.0±0.1
0.4+0.0
0.8±0.1
1.6±0.4

45.7+3.3

24 h

0.4±0.0
8.7±1.2
0.8±0.3

0.0
0.2±0.0
1.8+0.2
0.2±0.0
0.2±0.0
0.4±0.0
67.2+1.0

Turpentine

4 h

3.8+0.6
12.5+0.6
0.3±0.1
0.1±0.0
0.4+0.0
4.9±0.2
0.8±0.2
0.7±0.1
2.9+0.3

41.0+2.2

24 h

0.8+0.1
5.6±0.3
0.2±0.1

0.0
0.1±0.0
1.8±0.1
1.2±0.4
0.2+0.0
0.7+0.1
65.2±2.0

TABLE II. RADIOACTIVITY RATIO BETWEEN THE TARGET THIGH AND NON
TARGET THIGH OBTAINED AT 4, 6 AND 24 H AFTER I.V. ADMINISTRATION OF "Tcm-
CIP.

Infected/
Inflamed model

4h

Target / non target
(n-3)

6h 24 h

S. aureus

E. coli

Turpentine

2.2 ±0.5

2.0 ±0.4

4.5 + 0.9

2.2 ± 0.4

1.7 ±0.3

4.1+0.6

2.9 ±0.9

2.2 ± 0.7

3.3 + 0.6
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FIG.3. Planar whole body gamma camara images of mice (inflamed in the right thigh)
injected with "Tcm-CIP at 4 and 24 h post administration.

In Table II are presented the radioactivity ratios between the target thigh and non
target thigh obtained at 4, 6 and 24 h after administration of "Tcm-CIP. At 4 and 6 h the target
thigh/ normal thigh radioactivity ratios indicated that higher binding affinity to the
inflammation induced with turpentine was observed. However at 24 h no significant
difference (p<0.05) was found in its ability to localize in bacterial or sterile inflammations.

Whole body images of inflamed mice at 4 and 24 h after "Tcm-CIP administration are
presented in Fig.3 at 4 and 24 h post administration. At 4 and 24 h both S. aureus and E. coli
focal infections are visualized. The sterile inflammation is clearly visible at 4 h post
administration as well as at 24 h. Based on biological data we observed that "Tcm -CEP was
taken up both by bacterial and sterile inflammations. This finding led us to admit that the
accumulation detected could be related to increased blood flow to the area together with
enhanced vascular permeability, which facilitate the passage of the tracer to the extravascular
space, as also postulated to other non specific radiopharmaceuticals.
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4. CONCLUSIONS

No particular difficulty was experienced in radiolabelling CIP. Radiolabelled
efficiency of "Tcm-CIP monitored by ITLC and HPLC was higher than 95%. Therefore no
post-labelling purification was required. Chromatographic analysis by ITLC and HPLC as
well as the determination of octanol / saline partition coefficients indicated that CIP and
"Tcm-CIP correspond to different chemical structure. According the biological activity studies
performed, the low "Tcm-CIP bacterial uptake observed can not be attributed to a loss of CIP
biological activity during the labelling procedure. Therefore it should be assume as a
characteristic of "Tcm-CIP complex formed. The biological properties of CIP, base to use the
CIP molecule as starting material to develop specific infection imaging agent could not be
met. Biodistribution studies in inflamed mice have shown that "Tcm-CIP is rapidly
distributed after i.v. administration with a predominant renal clearance. The radioactive
preparation is able to localize both bacterial and sterile inflammations induced by S. aureus,
E. coli and turpentine however its accumulation may be due only to increased blood flow
together with enhanced vascular permeability as also postulated to other non specific
radiopharmaceuticals.
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