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Abstract

This paper describes a simple methodology for evaluating the bacterial binding of ciprofloxacin labelled with technetium
Tc 99m. Using this methodology, the binding of *™Tc-ciprofloxacin by live Escherichia coli was compared with the binding of
#mTe-ciprofloxacin by killed E. coli and the binding of *™Tc-pertechnetate (*™TcO,") by live E. coli. The antimicrobial effect
of #™Te-ciprofloxacin on E. coli was evaluated. Four groups were defined: live E. coli with *™Tc-ciprofloxacin, live E. coli with
#mTeO,", killed E. coli with *™Te-ciprofloxacin, and killed E. coli with *™TcO,~. After 0, 2, and 4 h of incubation of 1 X 10° colony-
forming units of E. coli suspended in 5 mL of sterile distilled water with 1.85 MBq of *™Tec-ciprofloxacin or ™TcO, ", 1 mL from
each sample was centrifuged. The radioactivity of the bacterial pellet and that of the supernatant were measured separately,
and the percentage of sample radioactivity attributable to bacterial binding was calculated. Of the *™Tc-ciprofloxacin, 3.6% to
5.9% was bound to live or killed E. coli; only 0.1% to 0.2% of the 99mTcO4’ was bound to live E. coli (P < 0.0001). No significant
difference in 99mTc—ciprof10xacin binding was found between live and killed E. coli (P = 0.887). An antimicrobial effect on E. coli
was seen with *™Te-ciprofloxacin: colony counts were reduced after 4 h. The small amount of *™Te-ciprofloxacin binding and
the lack of difference in binding between live and killed E. coli may limit the utility of this methodology in evaluating the presence
of E. coli infection.

Résumeé

Cette étude décrit une méthode simplifiée pour I'évaluation de la linison bactérienne au *™"Te-ciprofloxacin. La liaison du %™ Tc-ciprofloxacin
a une suspension de E. coli viable a été comparée a la linison du %™ Tc-ciprofloxacin au E. coli tué et a celle du %"TcO,~ au E. coli viable.
9ImTe-ciprofloxacin a aussi été évalué pour son effet antimicrobien sur E. coli. Quatre groupes ont été testés : E. coli viable avec 9" Tc-
ciprofloxacin (CL), E. coli viable avec *"TcO,~ (TL), E. coli tué avec %" Tc-ciprofloxacin (CK), et E. coli tué avec %"TcO,~ (TK). Une
suspension de E. coli (1 X 10° unités formatrices de colonies) dans 5 mL d’eau distillée a été incubé avec 1,85 MBqg *"Tc-ciprofloxacin ou
9mTe0,~. A0, 2 et 4 heures, 1 mL de chaque échantillon a été centrifugé afin de séparer les bactéries du surnageant. La radioactivité du
culot bactérien et celle du surnageant a été mesurée séparément et le pourcentage le la radioactivité totale de I'échantillon attribuable a la
portion bactérienne a été calculé. De 3,6 4 5,9 % du 9" Te-ciprofloxacin se retrouvait lié au E. coli viable ou tué. Ceci était significativement
plus élevé que le pourcentage de linison de %"TcO,~ au E. coli (0,1-0,2 %). Aucune différence significative n’a été retrouvée dans le niveau
de la linison au #"Te-ciprofloxacin par E. coli viable ou tué. La méthode employée a permis I'évaluation de la liaison bactérienne du
9ImTe-ciprofloxacin au E. coli. Le faible pourcentage de liaison bactérienne de *"Te-ciprofloxacin et I'absence de différence de la liaison entre
E. coli viable ou tué pourraient limiter I'utilité du *"Tc-ciprofloxacin dans I'évaluation d'infections cliniques au E. coli.

(Traduit par les auteurs)

In tro d uct 1 on feature makes *™Te-ciprofloxacin potentially useful for detection of
a variety of bacterial infections. However, false-positive and false-

Ciprofloxacin labelled with technetium Tc 99m was developed for negative scans have invariably occurred in the many in vivo exper-
scintigraphy in cases of clinical infection. Ciprofloxacin, a fluoroqui- imental studies in animals and clinical trials in humans that have
nolone antibiotic, binds to and inhibits DNA gyrase of viable bacte- investigated the accuracy of *™Tc-ciprofloxacin scintigraphy (3-17).
ria (1,2) and thus has a broad spectrum of antimicrobial activity. This Possible reasons for the inaccuracy include the presence of
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ciprofloxacin-resistant bacteria, insufficient intralesional bacteria,
killed intralesional bacteria, and antibiotic therapy (3,4,7,10,14). Also,
the exact mechanism of uptake of *™Tc-ciprofloxacin into sites of
bacterial infection in vivo has not been proven, although it is specu-
lated to be through binding of the radiopharmaceutical to bacterial
DNA gyrase (4,13,16). In vitro studies of bacterial binding of *™Tc-
ciprofloxacin could answer many of these questions in addition to
reducing the number of in vivo experiments.

A few studies have evaluated the in vitro binding of various
formulations of *™Tec-ciprofloxacin to bacteria (18-21). The percent-
age of binding seemed to depend on the concentration of bacteria
in solution, the species of bacteria, the presence of live versus killed
bacteria, the concentration of *™Te-ciprofloxacin in solution, the
formulation of *™Tc-ciprofloxacin, and the duration of incubation
of the bacteria with the radiopharmaceutical. However, the articles
did not include specific information on the volume or activity of the
radiopharmaceutical used, the phase of bacterial growth, or the
stability of *™Te-ciprofloxacin in the incubation solutions. Earlier
studies had evaluated the binding of *™Tc-ciprofloxacin prepared
with formamidine sulfinic acid as a reducing agent and then heated
(18,19). This formulation has recently been modified: stannous
chloride is used as a reducing agent, and heating is no longer
required. Only 1 study has evaluated the bacterial binding and
stability of a similar formulation of *™Tec-ciprofloxacin (21).

Binding of *™Tec-ciprofloxacin to various bacterial species varies
greatly. In 1 study, 18.9% to 20.3% of the radiopharmaceutical was
bound by 108 colony-forming units (cfu)/mL of live Escherichia coli
at 4 h (18); in another study, 11.72% to 43.89% was bound to
10° cfu/mL of E. coli at 4 h (19). For Staphylococcus aureus (108 cfu/mL),
7.7% (18) and 15% to 40% (21) of the radiopharmaceutical was bound
at 1 h. This variability may be due to differences in methodology or
9mTe-ciprofloxacin formulation. Despite the variability, binding of
9mTe-ciprofloxacin by live bacteria exceeded that of a control radio-
pharmaceutical (*™Tc-methylene diphosphonate), of which less than
2.5% was bound (19,20).

Our primary objective was to develop and assess a simple meth-
odology for evaluating the bacterial binding of *™Tc-ciprofloxacin.
Using this methodology, we compared the binding by live and killed
E. coli.

Materials and methods

Preliminary experimentation

A strain of E. coli isolated from a blood culture of a 4-d-old quar-
terhorse filly with septicemia was used. The Kirby Bauer antibiotic
disc method demonstrated that the strain was susceptible to cipro-
floxacin at a minimal inhibitory concentration (MIC) of 0.007 pg/mL,
the same as for E. coli American Type Culture Collection (ATCC)
25922. The isolate was evaluated for overnight growth (approxi-
mately 18 h) that would consistently yield a concentration of
approximately 1.5 X 10° cfu/mL. Bacterial concentration was con-
firmed as described in “Bacterial samples.” To confirm that the
concentration would remain stable, the bacteria were maintained in
distilled water for 6 h at room temperature. During this period the
bacterial counts were unchanged.

Sample groups of bacteria

The 4 sample groups were as follows: live E. coli with *™Tc-
ciprofloxacin, live E. coli with *™Tc-pertechnetate (*™TcO, "), killed
E. coli with *™Tc-ciprofloxacin, and killed E. coli with *™TcO, . Each
group contained 12 samples. Each sample was evaluated after 0, 2,
and 4 h of incubation with *™Tc-ciprofloxacin or *™TcO,~ at room
temperature. The experiment was conducted on 3 separate days, so
that 4 samples from each group were evaluated on a given day. A
separate vial of ®™Tc-ciprofloxacin was used for each sample. The
radiopharmaceuticals were reconstituted each experimental day.

Labelling and quality control

Vials containing 185 MBq (5 mCi) of *™Tc-ciprofloxacin or
#mTeO,” in a 2-mL volume were obtained from the Ohio State
University Nuclear Pharmacy, Columbus, Ohio, USA. Labelled
ciprofloxacin was reconstituted from kits provided by the manufac-
turer (Infecton; Draximage, Kirkland, Quebec). Each kit vial con-
tained a lyophilized powder composed of 2 mg of ciprofloxacin and
stannous chloride (SnCl,*2H,0) as a reducing agent. The kits were
stored refrigerated and shielded from light. Before reconstitution,
the vials were brought to room temperature. To produce *™Tc-
ciprofloxacin, 185 MBq (5 mCi) of *™TcO,~ was added to the kit vial.
To assess radiopharmaceutical purity, instant thin-layer chromatog-
raphy (ITLC) with acetone as the soluble phase was performed on
all vials at time 0 and again at 4 h to verify that the amount of free
pertechnetate was less than 5%.

Bacterial samples and killing

Samples of approximately 1 X 10% cfu/mL of bacteria suspended
in 5 mL of sterile distilled water were used. The E. coli was grown
overnight on MacConkey medium (MacConkey II, BBL Stacker Plate;
Becton Dickinson, Sparks, Maryland, USA). Several colonies were
removed and suspended in 5 mL of brain heart infusion (BHI) (BBL;
Becton Dickinson). A concentration of approximately 1 X 108 cfu/mL
was achieved (comparison with a 0.5 McFarlane turbidity standard).
Overnight growth of this suspension resulted in a concentration of
approximately 1.5 X 10? cfu/mL. The suspension was diluted with
60 mL of sterile distilled water to obtain a stock solution, then
divided into 5-mL samples in sterile glass test tubes. The bacterial
concentration of the stock solution at time 0 was verified by plating
serial dilutions on blood-agar plates (TSA II, BBL Stacker Plate;
Becton Dickinson) and counting the bacterial colonies after incuba-
tion for 24 h at 37°C. As shown in our preliminary experimentation,
bacteria were not multiplying during the study. The bacterial con-
centration of each sample was verified 4 h after incubation with
9mTe-ciprofloxacin to evaluate the antibiotic effect. Three randomly
selected samples of bacteria incubated with *™TcO,~ were similarly
evaluated to test whether ™TcO, ~ killed bacteria.

Suspended bacteria grown overnight and counted as described
earlier (approximately 1.5 X 10° cfu/mL in 5 mL BHI) were killed
by means of heating to 66°C (+ 1°C) in a water bath for 60 min. The
killed suspensions were refrigerated until further use. On the morn-
ing of experimentation, 5 mL of each suspension was diluted in
60 mL of sterile distilled water, then 5-mL samples were placed in
sterile glass test tubes. A sample was plated to ensure lack of viability
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Figure 1. Mean percentage and standard deviation of bacterial pellet radioactivity over time after incubation
of live or killed Escherichia coli with either ciprofloxacin labelled with technetium Tc 99m (CL and CK) or

99mTc.pertechnetate (TL and TK).

and Gram'’s staining performed to evaluate cell morphology. No
viability was seen in any of these controls, and the morphology was
similar to that of E. coli from fresh cultures.

Radiopharmaceutical incubation and
measurement

Approximately 1.85 (1.7 to 2.0) MBq of *™Te-ciprofloxacin or
9mTcO,” in approximately 20 (19 to 25) wL was placed in each
sample of live or killed bacteria, for a total radiopharmaceutical
concentration of approximately 0.37 MBq/mL (10 pCi/mL) and a
final ciprofloxacin concentration of 4 pg/mL.

The percentage of the total amount of sample radioactivity in the
bacterial pellet was calculated. To obtain a bacterial pellet, 1 mL of
each sample was withdrawn in a glass pipette (S/P; Baxter
Healthcare, McGaw Park, Illinois, USA), placed in a polypropylene
microcentrifugation tube (VWR International, West Chester,
Pennsylvania, USA), and spun at 2000 X g (Mini-Spin; Eppendorf,
Westbury, New York) for 10 min. The supernatant was transferred
via pipette (Pipet-Plus; Rainin Instrument, Oakland, California, USA.
Redi-Tips, Fisherbrand; Fisher Scientific, Pittsburgh, Pennsylvania,
USA) to a new glass test tube. The pellet was resuspended with
1 mL of sterile distilled water and centrifugation repeated. The
resuspension supernatant was added to the initial supernatant. The
pellet was transferred via pipette into a new glass test tube. The
pipette tip was saved, as the bacteria within it could not be com-
pletely evacuated; the radioactivity in the pipette tip was considered
part of the bacterial pellet. Transfer of the pellet to a new glass test
tube was necessary because of some binding of *™Tc-ciprofloxacin
to the microcentrifuge tube, which was preserved and considered
part of the supernatant after being washed with 1 mL of sterile
distilled water. The water for washing was discarded. The radioac-

tivity in the pellet, supernatant, and microcentrifugation tube was
counted separately for 15 s in a sodium iodide well counter (Biodex
Medical Systems, Shirley, New York) with dedicated nuclear medi-
cine software (AtomLab 450, version 1.0.8; Biodex). The percentage
of total activity in the pellet was calculated as follows: [pellet
activity /(pellet + supernatant activity) X 100].

Statistical analysis

Linear multivariate analysis (repeated-measures analysis of vari-
ance) was used to evaluate differences between groups in the effect
of time, treatment, and time on treatment. If a significant difference
(P < 0.05) was found, it was further characterized by means of
Tukey’s multiple comparisons. Friedman’s test was used to evalu-
ate for an effect of time within treatments. If a significant difference
over time (P < 0.05) was found, it was further characterized by
means of the Wilcoxon signed-rank test. All analyses were con-
ducted with the use of statistical software (SPSS 11.5; SPSS, Chicago,
Illinois, USA).

Escherichia coli radioactivity

As Figure 1 shows, the samples treated with *™Te-ciprofloxacin
had a significantly higher percentage of radiopharmaceutical activ-
ity within the bacterial pellet than those treated with *™TcO,~ (3.6%
to 5.9% versus 0.1% to 0.2%; P < 0.0001). There was no significant
difference in radioactivity between the live and killed bacterial pel-
lets among those treated with *™Tc-ciprofloxacin (3.6% to 5.2%
versus 4.4% to 5.9%; P = 0.887) or among those treated with *™TcO,~
(P=1).

274 The Canadian Journal of Veterinary Research



Bacterial binding of *™Tec-ciprofloxacin was almost immediate,
as evidenced by the radioactivity in the bacterial pellet at time 0.
No significant change in the percentage of activity within the bacte-
rial pellet over time was found for the samples killed by *™Tc-
ciprofloxacin (P = 0.758) or #™TcO,~ (P = 0.651) (Figure 1). Among
the live samples treated with **™Tc-ciprofloxacin, significant
decreases in bacterial pellet activity were found between times 0 to
4h (P=0.029) and 2 to 4 h (P = 0.018).

Bacterial concentration over time

Incubation of live bacteria with *™Te-ciprofloxacin caused a reduc-
tion in colony count over the 4-h incubation period, from 1.06 X
108 cfu/mL to 1.54 X 10° cfu/mL, on average. No change in concen-
tration over time was seen in 3 randomly selected samples of bacte-
ria incubated with *™TcO,~ (average at 4 h 1.14 X 10% cfu/mL).

Our primary objective was to develop a simple methodology for
evaluating the in vitro binding of **™Te-ciprofloxacin to bacteria. We
selected E. coli because it multiplied to a predictable concentration
overnight, and the concentration remained stable in water over the
6-h period needed to conduct the experiment. The original intent of
this study was to evaluate the binding of *™Tc-ciprofloxacin to a
variety of equine pathogens; for this reason, a strain of E. coli isolated
from an infected horse was used, as opposed to an ATCC strain. The
bacteria were killed with gentle heating in an attempt to preserve
cell wall integrity as much as possible. The bacteria were separated
from the supernatant by centrifugation. We initially attempted filtra-
tion with polyethersulfone and polyvinylidine fluoride membranes,
as in other experiments (18,19), but 18% to 70% of the **™Tc-
ciprofloxacin in solution bound to the filters. Flushing the filters
with saline did not resolve the problem. Although there was some
binding of *™Te-ciprofloxacin to the polypropylene centrifugation
tubes, this was accounted for by considering the tubes as part of the
supernatant.

The concentration, activity, and volume of *™Te-ciprofloxacin were
not clearly defined in other studies. We used the lowest amount of
radioactivity that could be measured with our dose calibrator (30 to
50 nCi). However, this resulted in a final concentration of cipro-
floxacin in the bacterial suspensions of 4 g/mL, much higher than
therapeutic plasma levels (0.5 pg/mL) (22) and higher than the
average MIC,, for 17 strains of E. coli isolated from horses
(0.008 pg/mL) (23) and the MIC for the strain used in this study
(0.007 pg/mL). Ideally, the sample concentration of ciprofloxacin
would have mimicked the plasma concentration after injection of an
imaging dose of *™Te-ciprofloxacin: 0.04 wg/mL, based on injection
of 2 mg of ™ Te-ciprofloxacin in a 500-kg horse with an approximate
blood volume of 50 L.

The bacterial pellet activity of *™Te-ciprofloxacin was measured
at times 0, 2, and 4 h. Although imaging is routinely performed in
vivo 24 h after injection, the *™Tc-ciprofloxacin, as evaluated in a
preliminary experiment (29), was not stable enough to permit
evaluation of bacterial binding at that time point.

We selected #™TcO, ™ as the control radiopharmaceutical because
it is inexpensive, stable, and widely available. In addition, E. coli

should not bind *™TcO,~ in its unreduced form except under
anaerobic conditions (24).

Binding of *™Te-ciprofloxacin to live and killed E. coli was mini-
mal and did not differ significantly between the 2 groups. Compared
with previous findings, the binding to live E. coli was less in our
study (3.6% to 5.2% versus 11.72% to 43.89%) (18,19), whereas the
binding to killed E. coli was similar (4.4% to 5.9% versus 3%) (18).
Overall, our results contrast with those of experiments that found
higher binding of *™Te-ciprofloxacin in live than in killed E. coli
(18,20). There could be several explanations for the low binding by
live bacteria in our study: lack of mediation of binding by DNA
gyrase, decreased concentration of DNA gyrase because the E. coli
were not multiplying, differences between the E. coli strains used,
and in vitro dissociation of *™Tec-ciprofloxacin, with binding of free
reduced pertechnetate to E. coli.

No studies exist proving that the mechanism of binding of *™Tc-
ciprofloxacin to bacteria is via DNA gyrase. Binding may instead
occur to nonspecific components present in both live and killed
bacteria, such as the cell wall. One study indirectly supports this
theory: in mice with soft tissue abscesses, pretreatment with cipro-
floxacin did not change the *™Tc-ciprofloxacin scintigraphic imaging
characteristics of the abscesses (25). If #™Tc-ciprofloxacin is specifi-
cally bound to bacterial DNA gyrase, pretreatment with ciprofloxa-
cin should reduce the number of available binding sites and therefore
the uptake of *™Tc-ciprofloxacin into infected sites. Further experi-
mentation is needed to establish the exact binding mechanism.

DNA gyrase is necessary to prevent DNA-strand supercoiling
during DNA replication (2,26); therefore, more enzyme should be
present in actively multiplying (log-phase) bacterial populations.
Bacterial replication may explain the greater overall percentage of
9mTe-ciprofloxacin binding in live bacteria and the significant dif-
ference in binding between live and killed bacteria seen in other
studies. It would be interesting to repeat the experiment, comparing
the effects of replicating versus static bacterial populations on the
binding of *™Tc-ciprofloxacin. Being in a stationary phase of growth
does not limit binding of unlabelled ciprofloxacin by certain strains
of E. coli (27,28), but that may not be the case for *™Tc-ciprofloxacin
or for the strain of E. coli used here. In other studies (18,21), it was
not specified whether bacteria were actively multiplying, although
in 1 study (18) the bacteria were suspended in IsoSensitest broth,
which would be expected to promote multiplication. In the other
study (21), the bacteria were suspended in chilled phosphate-
buffered saline (PBS). Preliminary investigation showed significant
dissociation of *™Tc-ciprofloxacin in PBS compared with distilled
water when tested with ITLC (29).

Dissociation of *™Te-ciprofloxacin in the bacterial suspension as
an explanation for the lack of difference in binding between live and
killed E. coli is unlikely, given that the least dissociation (7.5% at
6 h) occurred in distilled water in the preliminary investigation (29).
In addition, in the vials of undiluted **™Tc-ciprofloxacin used in this
experiment, ITLC showed less than 5% free pertechnetate from
9mTe-ciprofloxacin dissociation at 0 and 4 h. We therefore assume
that all radiopharmaceutical activity in the bacterial pellet was from
the binding of intact **™Tc-ciprofloxacin. The ITLC was not validated
or performed to evaluate specifically for dissociation of the *®Tc-
ciprofloxacin diluted in the bacterial samples. Therefore, we cannot
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completely eliminate the possibility that the presence of suspended
bacteria caused dissociation, although it seems highly unlikely.

Binding of *™Tc-ciprofloxacin was seen immediately with both
live and killed E. coli, as is also true for unlabelled ciprofloxa-
cin, which reaches concentration equilibrium in bacteria within
1 to 2 min of antibiotic exposure (30). Although the binding was
unchanged over time in killed E. coli, it decreased between 0 to 4
and 2 to 4 h in live E. coli, perhaps in relation to the decrease in
live bacterial concentration of the suspension between 0 and 4 h
due to the antimicrobial effect of *™Tc-ciprofloxacin or residual
free ciprofloxacin in solution. In comparison, Hall (18) found sig-
nificantly greater binding of *™Tc-ciprofloxacin by 10® cfu/mL
of E. coli at 2 h (20.8%) than at 1 (16.1%) or 4 h (18.9%). However,
in that experiment, the bacterial concentration in solution
and the antibacterial effect were not re-evaluated at each time
point.

The percentage of bacterial pellet activity differed significantly
for live E. coli between those exposed to *™Tc-ciprofloxacin and those
exposed to *™TcO,~. As our control radiopharmaceutical, *™TcO,~
was not expected to bind with E. coli. The apparent activity of
#mTeO,” in live E. coli in our study (0.1%) is less than that reported
for live E. coli after 21 h of incubation with *™Tc-methylene diphos-
phonate (1.02%) (19).

The reduction in the concentration of live bacteria after 4 h of
incubation with *™Te-ciprofloxacin may indicate preservation of the
ability of the molecule to bind to bacterial DNA gyrase. Alternatively,
the antimicrobial activity may have resulted from residual unlabelled
ciprofloxacin or from dissociated ciprofloxacin, although the latter
is less likely. Further experimentation to establish the cause of the
apparent preservation of antimicrobial effect is warranted, with a
goal of elucidating the exact mechanism of *™Te-ciprofloxacin bind-
ing. Also, concerns have been raised that the clinical use of **Tc-
ciprofloxacin could select for fluoroquinolone-resistant bacteria (31).
If antimicrobial activity is preserved, resistance could occur; this
concern is minor relative to resistance caused by other uses of fluo-
roquinolones. Also, at the much lower plasma concentration of
radiopharmaceutical that would be achieved in vivo, an antimicro-
bial effect of the magnitude that we observed would not be
expected.

The antimicrobial effect of ™ Te-ciprofloxacin had a negative effect
on our experimental methodology. Our goal was to maintain a con-
stant concentration of bacteria in solution in order to accurately
compare bacterial binding between time points, between live and
killed bacteria, and between radiopharmaceuticals. Because the
concentration of live bacteria in solution decreased significantly after
incubation with *™Te-ciprofloxacin, exact comparisons could not be
made. This effect may explain the significant decrease in *™Tc-
ciprofloxacin binding over time that we observed in live E. coli.

No evidence of an antimicrobial effect of *™TcO,~ was seen.
Although radiation can kill bacteria, concentrations of 460 MBq/mL
(12.5 mCi/mL) and higher of *™TcO,~ were required for an antimi-
crobial effect on S. epidermidis (32). Our model used a concentration
of 0.37 MBq/mL (10 wCi/mL).

To conclude, using the methods described herein, a small amount
(< 6%) of ®Te-ciprofloxacin binding may be seen with both live
and killed E. coli. This may limit the usefulness of this radiopharma-

ceutical in evaluating the presence of clinical E. coli infection for
2 reasons. First, because the degree of binding in killed bacteria was
similar to that in live bacteria, false-positive detection of “sterile” or
resolved sites of infection might occur in vivo. Second, the small
degree of binding seen in vitro might be insufficient to be clinically
detected in vivo. Further in vitro evaluation of the binding of *™Tc-
ciprofloxacin to different bacterial species is warranted, and clinical
evaluation of *™Te-ciprofloxacin is necessary to expand on our
preliminary data.
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