












The photomutagenldty of fluoroqulnolones
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Fig. 5. Results of the Comet assay with Fleroxacin in mouse lymphoma
cells without (A) and with concurrent irradiation with 500 rrJ/cm2 (B).
Classification: class 1: cells without any or with only a few (<10) trailing
fluorescing particles; class 2: cells with a thin trailing streak of particles;
class 3: cells with strong comet; and class 4: comets with decomposed
nucleus.
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Fig. 6. Results of the Comet assay with Fleroxacin, Lomefloxacin and
Ciprofloxacin at a UVA dose of 500 mJ/cm2. The fraction of cells in classes
3 plus 4 is given.

subphototoxic dose levels was performed (Urbach et al, 1995;
G.Klecak, unpublished data) with 8-MOP and a number of
fluoroquinolones, including those studied in the experiments
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Fig. 7. Modulation of the photogenotoxicity of the three fluoroquinolones in
the Comet assay. The fraction of cells in classes 3 plus 4 is given (CAT: 15
ug/ml, 1000 U/ml; SOD: 0.6 mg/ml, 300 U/ml; DMTU: 104 ug/ml, 1 mM).

presented here. All fluoroquinolones studied were capable
of enhancing UVA-induced phototumorigenesis. Almost all
tumours were benign except in the 8-MOP-positive controls
(which received markedly lower UV doses) and the Lomeflox-
acin-treated mice. It is notable that median latent periods
increased in the order Lomefloxacin—»Fleroxacin—»Cipro-
floxacin. Thus, relative potencies parallel the relative
phototoxic/photoclastogenic potencies rather than the relative
DNA-damaging and gene mutation-inducing potencies, as
observed in the Comet and the Ames test. It appears that the
fluoroquinolones are compounds which might be useful to
investigate the relative contributions of phototoxicity—with
subsequent enhanced cell proliferation—and DNA damage and
mutation to the processes of skin tumour formation.

Conclusion

With the prior knowledge of the phototoxic mechanisms the
positive responses in the photomutagenicity tests were to be
expected. AOS are produced in many exogenous cellular
processes as well as by exogenous agents. Cells have developed
a multitude of defence mechanisms against oxidative damage,
including accumulation of glutathione, ascorbate, tocopherols
and carotinoids (Ames et al, 1993). These defences are partly
missing in established cell lines cultured in vitro. But even in
the whole animal, antioxidant defences are not perfect. It is
estimated that the genetic material of a human cell experiences
up to 10 000 oxidative hits per day. DNA repair enzymes
remove most but not all of the lesions formed. Apoptosis of
skin cells (i.e. sunburn)—as would potentially be induced by
the phototoxic action of the fluoroquinolones—represents a
further level of defence.

Nevertheless, whether human antibiotic therapy with the
fluoroquinolones could represent a significant additional factor
in the formation of skin cancer has to be discussed. Clearly,
it is advisable that humans treated with these antibiotics should
avoid extensive exposure to sunlight or artifical UVA light

In the context of risk assessment, it is of interest to consider
the health risk associated with PUVA treatment, which consists
of exposure to 8-MOP in combination with extensive UVA
irradiation. 8-MOP is the photomutagenic compound par
excellence: the genetic lesions involve cross-links as well as
oxidative damage. Photoclastogenicity of 8-MOP plus UVA
appears to be largely due to AOS (Youssefi et al, 1994). In
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the toxicological comparison with the fluoroquinolones the
PUVA case would, therefore, represent a very extreme 'worst
case' scenario.

Despite the strong experimental evidence for the photomuta-
genicity of 8-MOP, no unequivocal indication for an increased
risk of human skin cancer was apparent in a multitude of
epidemilogical studies. Those patients who developed skin
cancer were exposed to large doses of UVA, administered over
many years, and other risk factors also existed (Stern, 1989;
Studniberg and Weller, 1993). In those cases where tumours
developed, the patients had received at least 5 years of
PUVA treatment. On this basis, treatment with fluoroquinolone
antibiotics is not expected to pose an appreciable risk, even
when simple precautions against excessive light exposure are
not taken, in which case the patient will experience repeatedly
the uncomfortable immediate reaction of sunburn. But light-
induced adverse effects will not occur in the first place if
simple precautions are taken during the relatively short periods
of antibiotic therapy with the fluoroquinolones (at most a
few weeks).
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