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Fourth Generation Ophthalmic Fluoroquinolones

Since their introduction nearly thirty years ago, Fluoroquinolone antibiotics have served as an excellent tool in
the fight against virulent bacteria; they possess a broad spectrum of activity and an excellent safety profile.
Fluoroquinolone agents exert their anti-microbial effect by binding to and inhibiting DNA gyrase (topoisomerase
1), an essential bacterial enzyme that is a critical catalyst in the duplication, transcription, and repair of bacterial
DNA. Until recently there were three major topical fluoroquinolone agents available for ophthalmic use in the
United States: ofloxacin (Ocuflox; Allergan), ciprofloxacin (Ciloxan, Alcon) and levofloxacin (Quixin,
Santen). Based on chemical structure, spectrum of action and clinical indications, all three agents are classified
as “second-generation” fluoroquinolones.

However, the widespread use of fluoroquinolones has led to a growing emergence of resistant strains of bacteria,
particularly among the gram-positive organisms. Resistance to ofloxacin and ciprofloxacin among coagulase-
negative Staphylococcus, for example, has been demonstrated in recent studies to range between 52% and 85%.
Resistance evolves in bacteria through genetic mutation, and this process can be accelerated by the overuse of
antibiotics. The three primary mechanisms of bacterial resistance to fluoroquinolones involve reducing cell wall
permeability, altering enzymes that block the antibiotic complex, and using efflux pumps that remove the
antibiotic molecules from the cell. A single mutation in the gene that codes for the bacteria’s DNA gyrase
enzyme can establish resistance to a second generation fluoroquinolone. This increased resistance to second-
generation fluoroquinolones has spurned the development of newer and more potent fluoroquinolones. Recently
two new fluoroquinolones were introduced; gatifloxacin (Zymar, Allergan), and moxifloxacin (Vigamox,
Alcon). Both are considered as “fourth generation” because they gain their anti-microbial effect by binding not
only to DNA gyrase but also to topoisomerase IV; a bacterial enzyme involved in partitioning chromosomal
DNA during bacterial cell division. In addition to this dual mechanism of action, both gatifloxacin and
moxifloxacin are considerably more potent than their predecessors and in turn have a decreased MIC (minimum
inhibitory concentration). Fourth generation fluoroquinolones, require mutations affecting both enzymes for
effective resistance. As a result, the probability of resistance is one in ten million for a second generation
fluoroquinolone but increases to one in ten trillion for the fourth generation! This difference was illustrated
by a recent study demonstrating two ciprofloxacin-resistant strains of S. pneumonia were susceptible to both
moxifloxacin and gatifloxacin.

History has taught us that it is a matter of when, not if, bacteria will develop resistance to any class of antibiotic.
Nonetheless, the addition of newer fluoroquinolones is an exciting development in the eye care field, and has
particular promise in the treatment of ocular infections and in the prevention of post-surgical endophthalmitis.
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E » FLUOROQUINOLONES HAVE SERVED AS AN EXCELLENT TOOL IN THE FIGHT
o AGAINST VIRULENT BACTERIA.
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: » FLUOROQUINOLONE ANTIBIOTICS HAVE BOTH A BROAD SPECTRUM OF
: ACTIVITY AND AN EXCELLENT SAFETY PROFILE.
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: » THE PROBABILITY OF FLUOROQUINOLONE RESISTANCE:
: SECOND GENERATION: ONE IN TEN MILLION
: FOURTH GENERATION: ONE IN TEN TRILLION
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