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The use of radiopharmaceuticals for the diagnosis of infection is increasing due to their ability to distinguish
between septic and aseptic inflammation. The aim of this study was to analyze the intracellular accumulation
of technetium-99m-ciprofloxacin in strains of Staphylococcus aureus and Pseudomonas aeruginosa harboring an
overexpression of NorA and MexAB-OprM, respectively.

The use of radiolabeled antibiotics is an emergent technique
for the diagnosis of infection due to the agents’ abilities to
differentiate between septic and aseptic inflammation (3, 11).
The usefulness of technetium-99m (99mTc)-ciprofloxacin to di-
agnose infections with orthopedic devices or to identify the
source of an infectious fever of unknown origin has been de-
scribed previously. However, the influence that the suscepti-
bility of the bacterium to the radiolabeled antibiotic has on the
efficacy of this tracer for the diagnosis of infection is not well
established (8).

Ciprofloxacin is a broad-spectrum fluoroquinolone that in-
hibits DNA gyrase and/or topoisomerase IV of bacteria (7).
Resistance to ciprofloxacin is mediated by the alteration of
these targets and/or the overexpression of efflux pumps (1, 7, 9,
10). The second mechanism of resistance decreases intracellu-
lar concentration of ciprofloxacin. Therefore, the expression of
efflux pumps could reduce the ability of 99mTc-ciprofloxacin to
detect the presence of resistant microorganisms. The aim of
this study was to analyze the intracellular accumulation of
99mTc-ciprofloxacin in Staphylococcus aureus and Pseudomonas
aeruginosa strains with and without the presence of an efflux
pump as the mechanism of resistance.

The accumulation of free ciprofloxacin, 99mTc-ciprofloxa-
cin, and 99mTcO4

� (pertechnetate) was evaluated with two
strains of S. aureus, 1199B and 1199 (with and without the
overexpression of the NorA efflux system) (2), and two
strains of P. aeruginosa, PAOLC1-6 and KG2239 (with and
without the overexpression of the MexAB-OprM efflux sys-
tem) (1). Evaluation of the accumulation of 99mTcO4

� was
performed to ensure that all of the radioactivity signal was
due to the 99mTc-ciprofloxacin. Also, the accumulation of
nonlabeled ciprofloxacin was done to ensure that S. aureus
and P. aeruginosa strains were able to pump out this antibi-
otic.

The labeling of ciprofloxacin with 99mTc was performed by
following a previously described method (6). Briefly, a solution
of tin(II) chloride dihydrate (0.1 mg in 0.1 ml of hydrochloric

acid, 0.01 N) was added to a solution of ciprofloxacin hydro-
chloride (2 mg) in 1 ml of saline. Next, 0.1 ml of an aqueous
solution of L-tartaric acid was added to the resulting solution,
which was vigorously stirred. Finally, freshly eluted pertechne-
tate (0.2 to 1.1 GBq) was added, and the resulting solution was
vigorously stirred and kept at room temperature for 15 min.

Accumulation was performed as described previously and
measured at two different end points, 5 and 30 min (4, 5, 9).
Briefly, strains were cultured in Luria-Bertani broth overnight
at 37°C. Cells were washed and resuspended in phosphate-
buffered saline to an optical density at 600 nm of 1.5. After
that, 490 �l was taken, and 10 �l of ciprofloxacin was added to
obtain an extracellular concentration of 10 �g/ml (99mTc-cip-
rofloxacin presented an activity of about 555 kBq/sample, and
free 99mTcO4

� presented an activity of about 555 kBq/sample),
and samples were incubated at 37°C for 5 or 30 min. Finally,
samples were washed three times with phosphate-buffered sa-
line. The accumulation of ciprofloxacin (unlabeled) was mea-
sured by fluorimetry, the wavelength for excitation/emission
used was 278/447 nm, respectively (previously, samples were
lysed with glycine-HCl buffer), and accumulations of 99mTc-
ciprofloxacin and 99mTcO4

� were measured by a gamma
counter. The percentage of each accumulation of 99mTc-cipro-
floxacin and 99mTcO4

� was calculated as the ratio of the ra-
dioactivity in the pellet (cells) and that of the total radioactivity
used per sample. All the samples were processed in duplicate,
and three independent experiments were performed.

Results of the accumulation of free ciprofloxacin, 99mTc-
ciprofloxacin, and 99mTcO4

� are summarized in Table 1. The
accumulation of unlabeled ciprofloxacin in the S. aureus and P.
aeruginosa strains showing overexpression of an efflux pump
was lower than that for strains without an efflux pump overex-
pressed. 99mTc-ciprofloxacin accumulated equally intracellu-
larly in all the strains tested, disregarding the presence or
absence of an efflux system, while 99mTcO4

� did not show
accumulation in any of the strains. The absence of intracellular
99mTcO4

� demonstrated that the entire radioactivity detected
in the 99mTc-ciprofloxacin assay was due to the accumulation
of the radiopharmaceutical compound and not due to free
99mTcO4

�. The reason why 99mTc-ciprofloxacin was not
pumped out remains unknown, but two different explanations
are possible: first, this complex may not be recognized by the
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efflux systems, or second, the 99mTc-ciprofloxacin complex in-
side the cell could be disassociated, and free pertechnetate did
not cross the membrane, as the result of the accumulation of
free pertechnetate showed.

Finally, our results suggest that (i) radiolabeled ciprofloxacin
accumulates in the bacteria and (ii) this compound is not
recognized by the efflux pumps, resulting in a high intracellular
concentration even in the case of overexpression of efflux
pumps. In the future, it will be necessary to confirm these
results in a clinical setting.
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TABLE 1. Accumulation of free ciprofloxacin, 99mTc-ciprofloxacin, and 99mTcO4
� in S. aureus and P. aeruginosa

Strain

Accumulated unlabeled
ciprofloxacin at 30 min

(ng ciprofloxacin/mg
�dry wt� � SD)

Accumulated radioactivity (% � SD)a

Tc99m-ciprofloxacin
at 5 min

Tc99m-ciprofloxacin at
30 min

99mTcO4
� at

5 min

99mTcO4
� at

30 min

S. aureus wild type 1199 47.72 � 5.37 6.5 � 1.5 22 � 3.2 0.02 � 0.01 0.02 � 0.005
S. aureus efflux 1199B 27.24 � 2.89 7.1 � 2.1 23 � 2.9 0.03 � 0.01 0.02 � 0.01
P. aeruginosa wild type KG2239 68.74 � 4.93 8.7 � 2.3 16.3 � 1.7 0.01 � 0.005 0.01 � 0.01
P. aeruginosa efflux PaoLC1-6 21.65 � 6.04 9.7 � 1.5 18.7 � 2.0 0.02 � 0.01 0.01 � 0.005

a Percentages of radioactivity were derived by comparing radioactivity inside the bacterial cells with the total radioactivity used in the assay. All the results are the
means � standard deviations (SD) of at least three independent experiments.
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