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Abstract. This study reports on the biodistribution and
dosimetry of technetium-99m ciprofloxacin, a radio-
ligand developed for the visualisation of bacterial infec-
tion. Whole body scans were performed up to 24 h after
intravenous injection of 370 MBq %°mTc-ciprofloxacin in
three male and three female volunteers. Blood samples
were taken at various times up to 24 h after injection.
Urine was aso collected up to 24 h after injection,
allowing calculation of renal clearance and interpretation
of whole body clearance. Time-activity curves were gen-
erated for the thyroid, heart, liver and whole body by fit-
ting the organ-specific geometric mean counts, obtained
from regions of interest. The MIRD formulation was ap-
plied to calculate the absorbed radiation doses for vari-
ous organs. The images showed rapid, predominantly
urinary excretion of 9mTc ciprofloxacin, with low to ab-
sent brain, lung and bone marrow uptake and low liver
uptake and excretion. Accordingly, imaging conditions
are excellent for both the thoracic and the abdominal re-
gion, even at early time points (60 min) post injection. In
none of the volunteers was the gallbladder visualised.
Approximately 60% of the injected activity was recov-
ered in urine by 24 h post injection. The highest ab-
sorbed doses were received by the urinary bladder wall,
the thyroid, the upper large intestine, the lower large in-
testine and the uterus. The estimated mean effective dose
for the adult subject, taking into account the weight fac-
tors of the ICRP60 publication, was 0.0083 mSv/MBg.
The amount of 9mMTc ciprofloxacin required for adequate
planar and tomographic imaging results in an acceptable
effective dose to the patient.
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Introduction

Bacterial infection can pose a substantial diagnostic di-
lemma. Although radiolabelled leucocyte scintigraphy
(RLS) can pinpoint the site of inflammation, it fails to
distinguish between bacterial infection and non-bacterial
inflammation. Compared with RLS, technetium-99m ci-
profloxacin (infecton) scintigraphy is clinically more ef-
fective and specific for bacterial infection [1]. Its higher
specificity for bacterial infection found in clinical trials
is believed to be due to the ligand's specific binding to
DNA gyrasein living bacteria[2].

Given the promising clinical results obtained with
99mTe-ciprofloxacin and its increasing use in clinica
practice, we determined its human biodistribution and
dosimetry.

Materials and methods

Radiopharmaceutical synthesis

99mTc-ciprofloxacin labelling was performed using a kit formu-
lation provided by the Nuclear Medicine Department of Saint
Bartholomew’s Hospital (London, UK). The kit was reconstituted
with 400 MBq sodium pertechnetate according to the radiolabel-
ling protocol [3]. Radiochemical purity was >95%.

Subjects

This study was approved by the Medical Ethics Committee of
Ghent University Hospital and performed according to Good Clin-
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ical Practice. Six healthy volunteers (median age 22 years, range
19-24 years; median weight 70.5 kg, range 60-84 kg) were in-
cluded in the study. Three were men, and three women. In al of
these patients the injected dose of 9mTc-ciprofloxacin was
370 MBq. All subjects gave their written informed consent prior
to participation in the study. Based upon anamnesis and physical
investigation, none of them had any recent or chronic infectious or
non-infectious disease. None of the subjects had known allergy to
antibiotics.

Imaging

Subjects were positioned supine with their arms alongside their
body. Whole body imaging was performed using a triple-headed
gamma camera (Irix, Marconi, Cleveland, Ohio, USA) equipped
with low-energy high-resolution parallel-hole collimators. The en-
ergy peak was centred at 140 keV with a 15% window. Whole
body planar images were acquired 1, 2, 4, 6 and 24 h post injec-
tion (p.i.). Acquisition was performed simultaneously in the ante-
rior and posterior projections with a scan speed of 11.44 cm/min.
Matrix size was 128x512 pixels.

Urine sampling

For al subjects, al voided urine from the time of injection until
24 h post administration was collected. The subjects were request-
ed to collect urine prior to each emission scan and at home ad lib-
itum. For each voidance, the urine was collected in a separate con-
tainer and the volume and time of voidance were recorded. For
each voidance time, two 1-ml urine aliquots were sampled and the
activity was determined in an Nal (Tl) counter (Cobra Packards
Instruments Company) after the counting efficiency of the system
had been determined. The amount of radioactivity in the urine at
each voidance time was expressed as a percentage of the injected
activity (%I A) of 99mTc-ciprofloxacin.

Blood sampling

Blood samples were taken at 155,30 s, 45 s, 1 min, 1 min 15 s,
1 min 30s, 2 min, 5 min, 7.5 min, 10 min, 12 min, 15 min,
20 min, 30 min, 55 min, 2 h, 4 h, 6 h and 24 h following injection
of the tracer. From each blood sample, duplicate 1-ml aiquots
were assayed for 99mTc radioactivity as described above. Total
blood volume, and consequently activity, was calculated using a
total blood volume based on body weight and height [4] and ex-
pressed as a percentage of the injected activity (%lA).

Dosimetry

Image analysis. For quantification of radioactivity uptake after in-
jection of 99mTc-ciprofloxacin, regions of interest (ROIs) over the
total body and organs of interest were drawn on the earliest images,
and the shapes and sizes, i.e. the number of pixels, were kept con-
stant over all subsequent images. Correction for activity in tissue
in front of and behind the organ of interest was performed by us-
ing aregion over the shoulder. For each ROI, i.e. each organ, the
geometric mean, corrected for physical decay, of anterior and pos-
terior counts was calculated. The total body geometric mean activ-
ity, calculated on the first image (1 h p.i.), was taken as tota in-
jected activity, considering that no urine was excreted prior to the
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first whole body scan. The activity in the total body and different
organs was expressed as the percentage of the injected activity (%
IA) calculated by the following equation: (geometric mean counts
in organ or total body)/(geometric mean counts in first total body,
decay corrected)x100.

Dosimetric calculations. For each individual, time-activity curves
were generated for the thyroid, heart, liver and whole body. Using
in-house-written curve-fitting software, time-activity curves were
generated for these organs by bi-exponential fits. Urinary bladder
residence times were derived from the individual excretion curves
using a dynamic bladder model and assuming a voiding interval of
4.8 h. In keeping with the known tissue penetration of unlabelled
ciprofloxacin, 15% of the dose injected was assumed to enter the
small intestine through mucosal penetration [5]. Intestinal resi-
dence times were estimated using the gastrointestinal kinetics
model as adopted in the ICRP30 report [6]. Activity in the intes-
tines was assumed to pass through the various segments at stan-
dard rates, the mean transit time being 4 h for the small intestine,
13 h for the upper large intestine and 24 h for the lower large in-
testine. As the specific uptake in organs and tissues was low, the
accuracy of five data points in time was not sufficient to enable a
real compartmental model analysis with reliable determination of
the transfer coefficients. Instead, source organ residence times
were determined from integration of the time-activity curves. Res-
idence times were then used to determine target organ radiation
doses using the MIRD methodology [7] for the normal adult [8],
applying the MIRDOSE software package [9].

Results

After injection of approximately 370 MBqg %mTc ci-
profloxacin, no adverse or subjective effects were ob-
served in any of the subjects. Whole body images of a
femal e subject showing the biodistribution of radioactiv-
ity at different time points after the injection of 9mTc-
ciprofloxacin are presented in Fig. 1. The whole body
images obtained between 1 h and 24 h p.i. show most of
the activity to be distributed in the heart cavity, great
vessels, kidneys, bladder and liver. Uptake in the brain,
bone marrow and lungs was low. Of interest, in none of
the patients was gallbladder activity visualised on any of
the images acquired. Although of low quality due to low
counting statistics, images at 24 h p.i. showed most of
the remaining activity distributed in the kidneys and
bladder, though colon and thyroid uptake seemed to in-
crease on the late images. Averaged ROI data over all
subjects, expressed as %l A of 9mTc-ciprofloxacin in the
total body and in various organs at the different pointsin
time, were used to calculate residence times (Table 1; see
also Fig. 2). Clearance of radioactivity from blood fitted
a bi-exponential curve. After a rapid distribution phase,
serum 9mTc-ciprofloxacin levels declined more slowly,
with an average terminal half-life of 4.0 h. Approximately
60% of the injected activity was recovered in urine by
24 hp.i.

The residence time was highest for the remainder of
the body in all subjects, followed by the urinary bladder
and the upper and the small intestine (Table 1).
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Table 1. The residence times (in hours) for 9mTc ciprofloxacin for each source organ
Organ Subject
1 2 3 4 5 6 Mean SD
Lower large intestine 0.134 0.067 0.080 0.138 0.127 0.168 0.119 0.040
Small intestine 0.210 0.106 0.126 0.216 0.199 0.263 0.186 0.060
Upper large intestine 0.274 0.138 0.164 0.282 0.259 0.342 0.243 0.077
Heart wall 0.072 0.118 0.092 0.120 0.133 0.112 0.108 0.022
Liver 0.140 0.171 0.165 0.187 0.109 0.251 0.171 0.048
Thyroid 0.016 0.024 0.021 0.023 0.028 0.027 0.023 0.004
Urinary bladder contents 0.210 1.010 0.922 0.818 1.390 1.310 1.110 0.230
Remainder 2.700 3.670 3.270 3.810 2.800 2.670 3.150 0.510
100 3 The mean absorbed dose estimates (+standard devia-
\I\E‘\‘\ tion) were calculated for each subject independently, and
> H then averaged (Table 2). The organs receiving the high-
'S 2 est absorbed doses were predominantly involved in the
'-3 10 excretion of 99mTc-ciprofloxacin from the body. Owing
© to the high urinary excretion, the uterus also received a
'g high radiation dose. Finally, the dose to the thyroid was
it I also fairly high, probably due to uptake of frge pertech-
_dé 1 S : netate. On average, the highest dose was received by the
Fig. 2. Time-activity curves for the total body (wb), various organs
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and blood, calculated from direct measurements of counts in
organ-specific ROIs or in blood. The physical decay-corrected
data, expressed as %lA, are averaged over the six subjects. The
error barsrepresent 1 SD
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Table 2. Absorbed dose estimates (mGy/MBq) for 9mTc-
ciprofloxacin

Target organ Mean SD

Adrenals 2.71E-03 0.49E-03
Brain 1.65E-03 0.32E-03
Breasts (w) 1.72E-03 0.29E-03
Gallbladder wall 3.97E-03 0.86E-03
Lower large intestine 1.11E-02 0.28E-02
Small intestine 7.86E-03 2.14E-03
Stomach 2.89E-03 0.56E-03
Upper largeintestine 1.22E-02 0.38E-02
Heart 7.17E-03 1.91E-03
Kidneys 2.68E-03 0.48E-03
Liver 3.69E-03 1.01E-03
Lungs 2.26E-03 0.48E-03
Muscle 2.63E-03 0.39E-03
Ovaries (W) 8.10E-03 0.47E-03
Pancreas 3.05E-03 0.57E-03
Red marrow 2.67E-03 0.42E-03
Bone surface 4.21E-03 0.63E-03
Skin 1.49E-03 0.23E-03
Spleen 2.42E-03 0.45E-03
Thymus 2.26E-03 0.44E-03
Thyroid 1.59E-02 0.38E-02
Urinary bladder wall 5.87E-02 1.93E-02
Uterus (w) 1.04E-02 0.12E-02
Testes (m) 3.00E-03 0.26E-03
Remainder of the body 2.84E-03 0.45E-03
Effective dose equivalent2 9.00E-03 0.23E-03
Effective dose? 8.30E-03 1.98E-03

Radiation absorbed dose estimates for breasts (w), uterus (w) and
testes (m) were obtained based on the individual data from the
three women (w) and three men (m), respectively

aUnits of the effective dose equivalent are mSv/MBq

urinary bladder wall (mean: 5.87E-02 mGy/MBq; SD
1.93E-02 mGy/MBq) followed by the thyroid (mean:
1.59E-02 mGy/MBgq; SD: 0.38E-02 mGy/MBq), the
upper large intestine (mean: 1.22E-02 mGy/MBq; SD:
0.38E-02 mGy/MBq), the lower large intestine (mean:
1.11E-02 mGy/MBq; SD: 0.28E-02 mGy/MBq) and the
uterus (mean: 1.04E-02 mGy/MBq; SD: 0.12E-02 mGy/
MB(Q). The estimated mean effective dose for the adult
subject, taking into account the weight factors of the
ICRP60 publication, was 8.30E-03 mSv/MBq (SD:
1.98E-03 mSv/MBQ).

Discussion

The results of this study demonstrate the favourable bio-
distribution of °mTc-ciprofloxacin in humans.

Consistent with data on the pharmacokinetics of unla-
belled ciprofloxacin showing extensive and rapid extra-
vascular distribution of ciprofloxacin due to the low ex-
tent of binding to serum proteins, 9MTc-ciprofloxacin
was initially cleared rapidly from the circulation. The
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mean clearance half-life of 4 h derived from the second
part of the bi-exponential fit is comparable to the 4.2 h
value reported for unlabelled ciprofloxacin [10].

This study shows rapid, predominantly urinary excre-
tion of 99mTc-ciprofloxacin, with low to absent brain,
lung and bone marrow uptake and low liver uptake and
excretion. Accordingly, imaging conditions are excellent
for both the thoracic and the abdominal region, even at
early time points (60 min) p.i. It is of interest that the
gallbladder was not visualised in any of the patients,
whereas the kidneys were visible throughout the study.
The lack of uptake in the normal bone marrow makes
evaluation of the spine and proximal limbs easier than
when using other radiolabelled agents that have bone
marrow uptake as part of their normal physiological dis-
tribution, e.g. radiolabelled leucocytes and gallium-67.
The higher absolute % rena elimination of 9mTc-
ciprofloxacin when compared to unlabelled ciprofloxacin
(slightly less than 50% vs 60%) may be partly due to ad-
ditional excretion of free pertechnetate. Unfortunately
we were not able to confirm this supposition, as urine
chromatography was not performed. The absence of gall-
bladder visualisation and the low liver uptake are in
keeping with the documented negligible biliary elimina-
tion and low hepatic clearance (1.8 ml/min) of unla
belled ciprofloxacin [6, 10]. Finally, the visualisation of
the thyroid from as early as 1 h p.i. is probably the result
of uptake of free pertechnetate.

The MIRDOSE software provides a calculation of the
effective dose as defined in the ICRP 60 [11]. Based on
the mean effective dose of 8.30E-03 mSv/MBq obtained
in this study, both patients and volunteers can be easily
investigated with 370 MBq 9mTc-ciprofloxacin using
either planar or single-photon emission tomography
(SPET) imaging. The corresponding effective dose of
3.07 mSv is lower than the reported average effective
dose per patient from nuclear medicine procedures in
Europe [12]; furthermore, it is only one-third of the
10-mSv upper limit average effective dose of category
Ila of the World Health Organisation and category I1b of
the ICRP report [13]. The aforementioned mean effec-
tive dose for 99mTc-ciprofloxacin (8.30E-03 mSv/MBQ)
is lower than that for other tracers used in inflammation
scintigraphy, such as radiolabelled leucocytes (59.0E-
02 mSv/MBq for indium-111 and 17.0E-03 mSv/MBq
for 99mTc-hexamethylpropylene amine oxime) and 6’Ga
(12.0E-02 mSv/IMBQ) [14, 15, 16]. Since the bladder
wall receives the highest dose, frequent voiding will re-
duce the absorbed dose not only to the urinary bladder
but also to the uterus. After administration of 370 MBq
9%mTe-ciprofloxacin, the dose to the uterus amounts to
3.8 mGy. In the event of accidental administration to a
pregnant woman, the risk for teratogenic effects in the
sensitive period (3—15 weeks post conception) will ex-
ceed 1in 700.

In conclusion, the biodistribution of 9mTc-ciprofloxacin
demonstrated low brain, lung, bone marrow and liver up-
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take, allowing straightforward imaging of the whole
body and specifically of the spine and limbs. Dosimetry
was favourable for clinical SPET imaging.
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