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nrofloxacin is a member of the family of
6-fluoro-7-piperazinyl-4-quinolones.1 This antibiotic is highly lipophilic, and the addition
of a carboxic acid and a tertiary amine contributes to
the amphoteric properties of enrofloxacin.2 Enrofloxacin is bactericidal and has excellent activity
against both Gram-positive and Gram-negative
pathogens.1,3 This antibiotic has also been used to
control certain intracellular pathogens. Modification of the 4-quinolone ring has enhanced the antimicrobial activity of this compound. Oral bioavailability of enrofloxacin is excellent in monogastric
mammals and preruminant calves, with up to 80% of
the ingested dose being absorbed into systemic circulation.2 Oral absorption of enrofloxacin is rapid,
with peak serum concentrations achieved 1 to 2
hours after administration.4 Enrofloxacin does not
readily complex with plasma proteins, which enables
metabolites to readily cross cell membranes. In humans, approximately 10% to 40% of the fluoroquinolones are bound to plasma proteins.2 As a
group, the fluoroquinolones are widely distributed
throughout the body, including the kidneys, liver,
bile, prostate, uterus and fallopian tubes, bone, and
inflammatory tissues.5 Excretion of the fluoroquinolones is primarily through the kidneys, with secondary excretion through the liver.2,5
Enrofloxacin alters the action of bacterial DNA
gyrase, a type II topoisomerase.2 This enzyme is involved in unwinding, cutting, and resealing DNA.
There are two subunits to DNA gyrase: subunit A and
subunit B. Enrofloxacin acts on the nalA locus of
subunit A. Inhibition of the gyrase leads to rapid cell
death in bacteria. The concentration of fluoroquinolones required to alter the DNA of mammalian cells
is two orders of magnitude higher than the concentration against bacterial DNA.6,7
The metabolism of enrofloxacin varies between
species. Although enrofloxacin is an active antibiotic, biotransformation to ciprofloxacin may occur
in some species. Biotransformation of enrofloxacin
includes N-dealkylation, glucuronide conjugation to
the nitrogen in the para position of the piperazinyl
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ring, oxidation in the ortho position to substituted
amine, and the opening of the piperazinyl ring.2
The elimination half-life of enrofloxacin also varies between species. Chickens have a prolonged halflife (7.3 hours) in comparison with mammals, including canines (2.1 hours), calves (1.2 hours), and
horses (3.3 hours).2 The elimination half-life of enrofloxacin is much longer in ectotherms, such as
reptiles.
Enrofloxacin has a biphasic concentration-response curve.8 In the first phase, the proportion of
bacteria killed increases as the concentration of enrofloxacin is increased. In the second phase, bacteria
are killed at a lower rate as the concentration of
enrofloxacin is increased.
Selection for resistance to enrofloxacin occurs
from chromosomal mutations, the creation of gyrase
modifications, or alterations in permeability.9,10 No
plasmid resistance has been demonstrated. Mutants
may develop resistance to other fluoroquinolones
and antimicrobials, including cephalosporins, chloramphenicol, and tetracyclines.11,12
The adverse effects associated with fluoroquinolones are primarily associated with abnormal development of immature cartilage, the urinary and gastrointestinal tracts, and the central nervous system.
Arthropathies have been reported in immature rats,
beagles, guinea pigs, and foals.13-16 The cartilaginous
surfaces of the femur, humerus, and tibial tarsal
bone are the primary sites where fluoroquinoloneinduced arthropathies occurred in beagle pups.14
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induced arthropathies are erosions of the articular
cartilage.13-15 Histologic lesions may be detected 2
days after treatment. Fluoroquinolones can achieve
high concentrations in the urine, because the kidneys are the primary route of excretion for these
drugs. Because fluoroquinolones have a low solubility in water, they can crystallizes in acidic urine.2
Crystalluria could be a problem in carnivorous animals fed a high-protein diet. The adverse gastrointestinal effects associated with fluoroquinolones include nausea, vomiting, and abdominal cramping.17
The descriptions of adverse effects associated with
the central nervous system have been documented
in human patients.18 Changes in behavior, including
psychosis, headaches, hallucinations, and seizures
have been reported after treatment with 250 to 500
mg ciprofloxacin.
Fluoroquinolones are highly effective bacteriocidal compounds with relatively low minimum inhibitory concentrations (MIC). Clinical Salmonella Arizonae isolates evaluated at the University of California showed MIC values in 90% of the isolates,
ranging between 0.128 g/mL and 1.0 g/mL.2
Berg16 reported that MICs demonstrated by 96% of
Salmonella isolates from clinical samples were less
than 0.125 g/mL. Salmonella isolates from urinary
tract infections also yielded low MIC levels for ciprofloxacin (0.06 g/mL).2 The systemic distributions of enrofloxacin and ciprofloxacin, in combination with the low MIC levels required to eradicate
Salmonella and the levels of enrofloxacin achieved in
the serum and tissues, suggest that these compounds
would be beneficial for treating a prospective patient
with a Salmonella infection.
Enrofloxacin has been evaluated as a method to
eliminate Salmonella infections in cattle and poultry.
Enrofloxacin administered to cattle at 5 mg/kg/d
for 10 days eliminated Salmonella in more than half
the subjects.19 The Salmonella isolates from the cattle
that remained infected after treatment were still sensitive to enrofloxacin. Calves experimentally infected
with Salmonella Typhimurium were cleared of the
infection after being treated with enrofloxacin at a
dose of 5 mg/kg/d for 6 days.20 Enrofloxacin administered to poultry in drinking water at 50 ppm for 5
to 10 days was effective against experimental Salmonella Typhimurium infection in broilers and turkeys.20 Broilers reinfected with Salmonella Typhimurium 14 days after discontinuing treatment of 100
to 200 ppm enrofloxacin were reinfected at a similar
rate.20 Enrofloxacin, when administered under controlled conditions, was effective at eliminating Salmonella from domestic livestock and poultry.
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Enrofloxacin has been used to treat bacterial infections in reptiles, because it is active against most
of the Gram-positive and Gram-negative bacterial
pathogens isolated from these species. Pharmacokinetic studies to detect the rates of absorption, metabolism, distribution, and excretion of enrofloxacin
in reptiles are limited. Enrofloxacin administered
either intramuscularly (IM) or per os (PO) at a dose
of 10 mg/kg IM or PO at 5 mg/kg in Savannah
monitors (Varanus exanthematicus) resulted in minimal conversion to ciprofloxacin.21 The terminal
elimination half-life was 40 hours for the IM and PO
routes at 5 mg/kg, and 36 and 24 hours for IM and
PO routes at 10 mg/kg. The peak plasma concentration for the IM and oral routes at 10 mg/kg were
10.5 g/mL and 3.6 g/mL, respectively. The peak
serum concentrations recorded in the monitor lizard would be adequate to treat bacteria with high
MIC values.
Enrofloxacin administered IM at 5 mg/kg to Burmese pythons (Python molurus bivittatus) resulted in a
significant conversion to ciprofloxacin.22 The peak
serum concentration of enrofloxacin in the python
was 1.66 g/mL. The mean terminal half-life was
6.37 hours. The 5-mg/kg dose would be effective
against bacteria with MIC values of 0.2 g/mL.
In American alligators (Alligator mississipiensis), 5
mg/kg intravenously followed a 2-compartment
model.23 The extrapolated mean of enrofloxacin in
alligators was 4.19 g/mL, and the plasma drug
levels remained above 1.0 g/mL for approximately
36 hours. The levels measured in these animals were
higher than the MIC (0.5 g/mL) required for susceptible organisms, with the elimination half-life being slightly over 21 hours. An intravenous dose of 5
mg/kg every 36 hours should be appropriate for
treating susceptible bacterial infections in American
alligators. Oral dosing at 5 mg/kg was not found to
produce effective MIC levels. Ciprofloxacin was detected in alligators after both oral and intravenous
dosing, but the levels were below MIC for most bacteria.
In Indian star tortoises (Geochelone elegans), 5
mg/kg IM enrofloxacin produces mean maximal
plasma concentrations of 3.59 g/mL, with a halflife of 5.1 hours.24 After a single IM injection, enrofloxacin could not be detected after 72 hours. The
results of the study suggested that a dose of 5 mg/kg
IM every 12 hours would be required to maintain
MIC levels appropriate for susceptible infections.
Ciprofloxacin is metabolized from enrofloxacin in
Indian star tortoises.
The majority of the pharmacokinetic studies evaluating enrofloxacin in avian species are limited to
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poultry, with only a few studies evaluating the efficacy of this drug in nonpoultry species. In African
gray parrots (Psittacus erithacus), enrofloxacin can be
administered via the drinking water. When African
gray parrots are provided a range of doses in their
drinking water (0.09-3.0 mg/mL), they tend to not
consume as much water containing the higher doses.25
From the study, the authors concluded that 0.19 to
0.75 mg/mL enrofloxacin in drinking water should
provide appropriate MIC levels for susceptible infections.25 African gray parrots do synthesize ciprofloxacin
from the metabolism of enrofloxacin.25
The pharmacokinetics of enrofloxacin have been
evaluated in two different species of raptors: redtailed hawks (Buteo jamaicensis) and great-horned
owls (Bubo virginianus).26 In a crossover study, each
bird (hawk and owl) was given enrofloxacin (15
mg/kg) orally, IM, or intravenously. Peak plasma
levels were achieved between 4 to 8 hours for orally
administered enrofloxacin and 0.5 to 2 hours for IM
dosing. Intravenous dosing in the great-horned owls
was associated with side effects, including bradycardia, weakness, and peripheral vasoconstriction. Although these signs were not observed in the hawks,
special precautions should be taken, such as administering antiinflammatory agents, if enrofloxacin is
administered intravenously in raptors. Plasma concentrations of enrofloxacin remained above acceptable MIC levels (1 g/mL) for at least 15 hours for
all three different dosing regimens. The authors
concluded that enrofloxacin could be given with
food (for example, prey) or IM, and that these dosing regimens would provide appropriate MIC levels
for susceptible bacteria.
Enrofloxacin is used to manage many different
bacterial diseases in lagomorphs, from Pasteurella
multocida to Mycoplasma spp. Oral dosing with enrofloxacin does not appear to lead to the development
of antibiotic dysbiosis, which is common with penicillins and cephalosporins. Enrofloxacin follows a
2-compartment model for oral and intravenous dosing, whereas it follows a 1-compartment model for
subcutaneous (SC) dosing.27 The elimination halflives for enrofloxacin in rabbits are shortest for SC
dosing (1.7 hours), followed by oral (2.41 hours),
and intravenous dosing (2.5 hours). Maximal serum
concentrations were achieved much quicker after SC
dosing (0.9 hours) than oral dosing (2.3 hours). The
bioavailability of enrofloxacin after SC dosing was
higher (77%) than with oral dosing (61%). Enrofloxacin is well distributed through the tissues, including milk, and should be used cautiously in lactating rabbits.27,28 Dosing rabbits with 5 mg/kg enro-
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floxacin PO or IM will achieve MIC levels
appropriate for most bacterial pathogens.
To date, there have not been any pharmacokinetic studies for enrofloxacin performed on rodents
or ferrets. A popular exotic animal formulary suggests a range of doses from 5 to 20 mg/kg PO, SC, or
IM for these nontraditional mammals.29 Although it
is empirical, the author administers doses to rodents
and ferrets at 5 to 10 mg/kg IM once, followed by
oral administration. Higher doses are reserved for
younger animals and smaller, more metabolically
active patients.
Enrofloxacin remains an important antibiotic for
treating bacterial infections. Veterinarians using this
drug should reserve it for cases when a powerful
bactericidal compound is required. Caution should
be followed when administering this antibiotic to
juvenile birds, reptiles, and mammals, where there is
a paucity of information regarding the potential negative effects on the developing articular surfaces.
Future research is necessary to determine the pharmacokinetics of the drug in species where data are
lacking, and to ascertain the potential for side effects.
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