Pharmacokinetics of a single dose
of enrofloxacin administered orally to captive
Asian elephants (Elephas maximus)
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Objective—To determine the pharmacokinetics of
enrofloxacin after oral administration to captive ele-
phants.

Animals—6 clinically normal adult Asian elephants
(Elephas maximus).

Procedure—Each elephant received a single dose of
enrofloxacin (2.5 mg/kg, PO). Three elephants
received their complete diet (pellets and grain) within
2 hours after enrofioxacin administration, whereas
the other 3 elephants received only hay within &
hours after enroffoxacin administration. Serum con-
centrations of enrofloxacin and ciprofloxacin were
measured by use of high-performance liquid
chromatography.

Results—Harmonic mean half-life after oral administra-
tion was 18.4 hours for all elephants. Mean + SD peak
serum concentration of enrofloxacin was 131 =
0.40 pg/mL at 5.0 + 4.2 hours after administration. Mean
area under the curve was 20.72 + 4.25 (ug X hymL.

Conclusions and Clinical Relevance—OQOral adminis-
tration of enrofloxacin to Asian elephants has a pro-
longed elimination half-life, compared with the elimi-
nation half-life for adult horses. In addition, potentially
therapeutic concentrations in elephants were
obtained when enrofloxacin was administered orally at
a dosage of 2.5 mg/kg. Analysis of these results sug-
gests that enrofloxacin administered with feed in the
manner described in this study could be a potentially
useful antimicrobial for use in treatment of captive
Asian elephants with infections attributable to organ-
isms, such as Bordetella spp, Escherichia coli,
Mycoplasma spp, Pasteurella spp, Haemophilus spp,
Salmonella spp, and Staphylococcus spp. (Am J Vet
Res 2005;66:1948-1953)

Bacterial infections in captive elephants are com-
mon.' Some infections attributable to gram-nega-
tive bacilli, such as Escherichia coli, Enterobacter spp,
Klebsiclla spp, Proteus spp, and Pseudomonas spp, are of
medical importance in captive elephants. Furthermore,
infections caused by Salmonella spp can be fatal in
captive elephants.’ To effectively treat elephants with
bacterial infections, it is important to determine appro-
priate dosages for specific antimicrobial agents. In ele-

phants, antimicrobial dosages have routinely been
extrapolated from those used in equine medicine or
estimated from allometric formulas.”* Allometric stud-
ies*” of enrofloxacin have been performed, but ele-
phants were not included in the analyses. Therefore,
pharmacokinetic studies specific for elephants are
needed to determine accurate dosages."

Of the reports from pharmacokinetic studies of
antimicrobials in elephants, most’”"" describe parenteral
administration of the drugs. Although IM injections are
widely used, long-term treatment by IM injection may
result in formation of sterile abscesses, pain, muscle
necrosis and inflammation, and problems with coopera-
tion of the patients."

In the 2 pharmacokinetic studies™ in captive ele-
phants that included the use of orally administered
antimicrobials, investigators concluded that trimetho-
prim-sulfamethoxazole and ampicillin should be
administered at least twice daily to achieve effective
plasma concentrations. For practical purposes, admin-
istration of antimicrobials to captive elephants would
be better accepted if it could be accomplished once
daily because most zoologic exhibitions only have per-
sonnel available for 8- to 10-hour schedules, which
makes it impractical to achieve a 12-hour dosing inter-
val. In addition, elephants tend to refuse orally admin-
istered drugs; therefore, the possibility of increasing
the medication interval from 12 hours to 24 hours is an
attractive alternative for zookeepers and veterinarians.

Enrofloxacin, the first fluoroquinolone licensed
for veterinary use, has bactericidal actions through
inhibition of bacterial DNA replication and transcrip-
tion.">'* Its activity is a concentration-dependent event,
making it ideal for once-daily administration.
Enrofloxacin has activity against some gram-positive
aerobes and a wide range of gram-negative bacilli,
including Klebsiclla spp, Pseudomonas spp, and
Salmonclla spp, and other organisms, such as
Mycopla_sma spp. Staphylococcus spp, and Chlamydia
spp.”""™"" Consequently, this antimicrobial is clinically
useful for treatment of animals with respiratory tract
infections, urinary tract infections, and infections
resulting from soft tissue injuries.”"
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Enrofloxacin is approved for use in cats, dogs,
poultry, and cattle."™" It has been used in an extralabel
manner in a number of species, including nondomestic
species."”’*"?! The use of enrofloxacin in elephants has
been limited because dosing guidelines have not been
established. Other factors that have discouraged its use
in elephants are the cost of the treatment and the large
volume of solution required when medications are
administered parenterally. Oral administration of
enrofloxacin has been used to treat elephants that have
bacterial infections without causing adverse effects,
which has encouraged additional studies™” 1o define
the plasma concentrations and an accurate dosage reg-
imen. Enrofloxacin is absorbed well in ruminants and
horses after oral or intragastric adminstration,”* but
to our knowledge, specific data on elephants have not
been reported. In livestock with a gastrointestinal tract
that contains fermenting bacteria, adverse effects, such
as changes in fecal consistency attributable to disrup-
tion of microorganisms in the gastrointestinal tract,
have not resulted from oral administration of
enrofloxacin.”” This may be attributable to the poor
activity of enrofloxacin against most anaerobic bacteria
and many gram-positive microorganisms."'*'" This
observation also provides advantages for oral adminis-
tration of enrofloxacin to elephants.

Studies”¥*** on oral administration of enrofloxacin
to horses indicate that a solution made from the
injectable product formulated for use in cattle may yield
variable results depending on the feeding status of the
horse and method of administration of the solution (gas-
tric intubation vs oral administration). Oral administra-
tion of the injectable product formulated for use in cattle
may also have clinical effects in horses, such as the devel-
opment of oral lesions.” Because medications in zoolog-
ic settings are often hidden or mixed with food and we
did not want to risk development of oral lesions from this
formulation, our goal was to examine absorption of
enrofloxacin tablets when mixed with feed by use of 2
methods. The objective of the study reported here was to
evaluate the pharmacokinetics after oral administration
of enrofloxacin to Asian elephants (Elephas maximus)
and provide data needed to generate dosing regimens.

Materials and Methods

Animals—Three adult female Asian elephants (range of
estimated ages, 29 to 56 years) housed at the Smithsonian
National Zoological Park (SNZP) and 3 adult female Asian
elephants (range of estimated ages, 53 to 58 years) housed at
the Ringling Brothers and Barnum Bailey Center for
Elephant Conservation (RBB) in Florida were used in the
study. Body weight of the elephants ranged from 2,988 to
+,386 kg.

One week before onset of the study, all elephants
received a routine physical examination. Laboratory testing
was conducted, including a CBC count and serum biochem-
ical analysis. One elephant at the RBB had chronic paralysis
of the trunk; however, on the basis of results of the physical
examination and laboratory tests, this elcphant was consid-
cred otherwise healthy. The study design was reviewed and
approved by the SNZP Institutional Animal Care and Use
Committee and was in compliance with their guidelines.

Experimental design and collection of samples—
Elephants were fed their typical dict on the day preceding

onset of the experiment. On the day the study commenced
(day 1), the morning meal was withheld pending collection
of samples. A 10-mL blood sample was collected by use of a
12-mL syringe from an auricular vein of each elephant for
use in assay calibration and determination of baseline values
(time 0). Then, enrofloxacin' (approx 2.5 mg/kg) was given
orally in the morning. This enrofloxacin dosage was select-
ed on the basis of a dose of enrofloxacin used in a sick ele-
phant at the SNZP from which we were able to obtain serum
and determine that it had adequate serum concentrations
and on the basis of the empirical dosage reported else-
where * The dose was calculated to the nearest one-half
tablet (each tablet contained 68 mg of enrofloxacin). Tablets
were mixed with gruel (pellets, rolled oats, and rice bran
mixed with water) and provided to the 3 elephants at the
SNZP, whereas tablets were mixed with rolled oats, bran, and
molasses to form balls, which were provided to the 3 ele-
phaunts at the RBB.

Each elephant completely ingested the medicine-con-
taining gruel or balls. Elephants at the SNZP received their
typical morning diet, which consisted of hay, pellets, rice
bran, wheat bran, and rolled oats, within 2 hours afier
enrofloxacin administration, whereas elephants at the RBB
received hay immediately after enrofloxacin administration
but did not receive the remainder of their typical morning
feeding until 6 hours after enrofloxacin administration.

Subsequent blood samples were collected by venipunc-
ture of auricular veins on both ears of each elephant.
Subsequent samples were collected 30, 45, 60, and 90 min-
utes and 2, 2.5, 3, 4 (3 elephants at the RBB) or 5 (3 ele-
phants at the NZP), 8, 12, 24, and 36 hours after
enrofloxacin administration. Because of difficulties in obtain-
ing a blood sample, the samples for the 3 elephants at the
SNZP were obtained at 5 hours after enrofloxacin adminis-
tration and not at 4 hours after administration.

All blood samples were placed in clot-separator tubes
and allowed to clot for approximately 2 hours at 22° to 24°C.
Tubes were then centrifuged at 1,000 to 1,300 X g for 10 min-
utes. Serum was harvested and stored at ~70"C until assayed.

Analysis of samples—Serum enrofloxacin concentra-
tions were determined by use of high-performance liquid
chromatography (HPLC); ciprofloxacin concentrations were
also determined by use of the same methods. Antimicrobial-
free serum from untreated elephants was pooled and fortified
with known amounts of enrofloxacin and ciprofloxacin to
validate the methods. Serum samples (unknown samples and
fortified samples) were assayed concurrently to determine
enrofloxacin and ciprofloxacin concentrations by use of a
validated method of reverse-phase HPLC and UV detection
described elsewhere.*

The HPLC system consisted of a pump,” an automated
sampling system, and a UV light detector.! A 4.6-mm X
15-cm reverse-phase column‘ was used to separate the
compounds of interest from other serum components. The
eluate was monitored by use of the UV detector at a wave-
length of 279 nm. Earofloxacin and ciprofloxacin were
extracted from the serum by use of solid-phase exiraction
cartridges.! The cartridges were conditioned with 1.0 mL of
methanol followed by 1.0 mL of deionized watcr, and then
each sample was washed with a mixture of deionized
water:methanol (95:5). Each drug was eluted from the car-
tridge with 1.0 mL of methanol, which was evaporated under
a flow of nitrogen gas at 45°C for 25 minutes. The dried prod-
uct was reconstituted with 200 pL of a mixture of
methanol:0.1% trifluoroacetic acid in water (15:85). The iso-
cratic mobile phase was 77% deionized water, 23% acetoni-
trile, and 0.1% trifluoroacetic acid, and low rate was 1
mL/min. Retention time for enrofloxacin and ciprofloxacin
was approximately 4.0 and 3.0 minutes, respectively.
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Chromatograms were integrated by use of computer
software.* Calibration curves of peak height versus concen-
tration were calculated by use of linear-regression analysis.
New calibration graphs for the range of 0.05 to 5.0 ug/mL for
enrofloxacin and 0.05 1o 2.0 pg/mL for ciprofloxacin were
generated for assays performed cach day for pooled elephant
serum obtained prior to drug administration and subse-
quently fortified with drug. Analytic refercnce standards for
enrofloxacin’ and ciprofloxacin’ were used to make the cali-
bration standards and 1o fortify quality-control samples.

Between-day accuracy and precision were measured for
enrofloxacin and ciprofloxacin. The precision of the assay
was within = 15% of the mean, accuracy was within + 15%
of the true value, and both were within published guidelines
for usc in validation studies.” The limit of quantification was
determined from the signal-to-noise ratio (6:1) for analysis of
unfortified scrum samples and was 0.05 pg/mL for
enrolloxacin and ciprofloxacin.

Pharmacokinetic analysis—The pharmacokinetic
analysis was performed separately for each elephant by use of
a standard 2-stage analysis. Pharmacokinetic values for each
elephant were determined by use of noncompartmental phar-
macokinetic analysis performed with a computerized phar-
macokinetic program. Equations for calculating g)harmaco-
kinetic variables were obtained from a textbook.” Variables
for serum enrofloxacin included the area under the curve
(AUC) determined by use of the logarithmic-linear trape-
zoidal method, peak concentration (C,,,.), elimination half-
life (t,,,), apparent volume of distribution a1 steady state cor-
rected for bioavailability, and clearance corrected for
bioavailability. The equation for t,,, was as follows: t,,, =
Natural logarithm of 0.5/terminal raie constant. The AUC
from zero 1o infinity was calculated by determining the AUC
up 1o the last time point and then adding the terminal por-
tion estimated from the terminal rate constani. Absolute sys-
temic absorption could not be determined because there
were no accompanying data for 1V administration.

Results :

Mean =+ SD values for enrofloxacin and ciprofloxacin
on the serum concentration-versns-time curve for all ele-
phants after oral administration of enrofloxacin were
plotted (Figure 1). Pharmacokinetic variables for
enrofloxacin and ciprofloxacin were calculated (Table 1).

After oral administration of enrofloxacin, C,,,
ranged from 0.82 to 1.98 pg/mL (mean = SD, 1.31
0.40 pug/mL). Time until Cmax (1,,,,) ranged from 1 to
12 hours (mean, 5.0 = 4.2 hours). Serum enrofloxacin
concentrations in the elephants were > 0.75 pg/ml at
approximately 1 hour after oral administration. Serum
drug concentrations steadily decreased, with a har-
monic mean t,,, of 18.4 hours for all elephants (arith-
metic mean t,,,, 20.42 = 7.42 hours). The AUC ranged
from 15.58 to 26.89 (h X pg)/mL (mean, 20.72 +
4.25 [h X pgl/mL). Enrofloxacin concentrations were
above the minimum inhibitory concentration (MIC)
for common pathogens in domestic animals.''*””
These pathogens include Bordctella spp, E coli,
Mycoplasma spp, Pasteurella spp, Hacmophilus spp,
Salmonella spp, and Staphylococcus spp, which are of
clinical importance in elephants.

Ciprofloxacin concentrations were detectable but
low and variable. Mean = SD ciprofloxacin C,,,. was
only 0.1 + 0.06 pg/mL at 5 hours after enrofloxacin
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Figure 1—Mean + SD serum concentrations of enrofloxacin
(black circles) and ciprofloxacin {white circles) after oral adminis-
tration of enrofloxacin at a dosage of approximately 2.5 mg/kg to
6 captive Asian elephants. Time 0 = Time of administration of
enrofloxacin.

Table 1—Calculated pharmacokinetic variables for enrofloxacin after oral administration of a single dose

(2.5 mg/kg) to 6 captive Asian elephants.

Range
Variable RBB (n=3) SNZP (3) Mean * SD (6)
Elimination rate {/h) 0.022-0.49 0.032-0.054 0.038 = 0.013
t,, (h) 14.05-31.44 12.88-21.58 18.4*
Conax (ng/mL) 0.82-1.24 1.39-1.98 1.31 £ 0.40
max 40-120 1.0-26 5042
AUC, 1, 1ast time point {h X mgl/mL) 15.58-22.03 17.15-26.89 2072 = 4.25
AUC, 1 infinity ([h X mgl/mL) 30.14-48.95 19.82-38.74 3493 = 10.20
VD/F (mL/kg) 1,681-2,726 1,886-2,340 2,096 * 375
CL/F (mL/h/kg) 51.1-83.0 64.0-125.9 775+ 26.7
AUMC (h X f{h X ug}/mLI) 710-1,969 334-1,161 1,141 = 675
MRT (h) 23.6-41.7 16.9-30.0 303+113

*The SD was not calculated for this variable.

max- V0 to last time point

RBB = Ringling Brothers and Barnum Bailey Center for Elephant Conservation. SNZP = Smithsonian
National Zoological Park. t,,, = Elimination half-life. C,,., = Maximum serum concentration. t,,, = Time until
= Area under the serum cancentration-versus-time curve (AUC) from time 0 to the last
time point. AUC; ; iniiniey = AUC for the entire curve extrapolated to infinity. VD/F = Apparent volume of distrib-
ution at steady state corrected for oral bioavailability. CL/F = Clearance corrected for bioavailability. AUMC =
Area under the moment curve. MRT = Mean residence time.
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administration. Because of these low concentrations,
compared with concentrations for the parent drug
enrofloxacin, pharmacokinetic analysis was not per-
formed for ciprofloxacin. However, ciprofloxacin con-
centrations were plotted on the serum concentration-
versus-time curve (Figure 1).

Discussion

To our knowledge, the study reported here is the
first in which pharmacokinetics of enrofloxacin were
evaluated in elephants. In contrast, pharmacokinetics
of enrofloxacin have been extensively studied in hors-

5,430 which have a gastrointestinal tract that is
physiologically and anatomically similar to that of
elephants.

In the study reported here, enrofloxacin was
absorbed after oral administration, as indicated when
the C,,,,, of our study was compared with values report-
ed in studies of other animals. Mean + SD C,,. was
1.31 + 0.40 pg/mL for elephants, whereas the C,,, in
horses is 1.85,” 1.90,” or 2.22 ug/mL? after oral admin-
istration of dosages that were 3 times as high as the
dosage used in our study. Absorption in horses after
oral administration ranges from 49% to 66%.”%
Absorption after oral administration to elephants in our
study yieldled a mean AUC of 2072 =+
4.25 (h X pg)/mL, which is higher than the AUC in
horses after administration at a dosage 3 times as
high,”¥ except in 1 study® in which a compounded for-
mulation was administered via stomach tube to horses
from which food was withheld. The possibility that
such high absorption was a function of the sample col-
lection regimen or the analytic method cannot be ruled
out. Higher C,, and AUC values were observed in
horses in another study,” but those investigators used a
bioassay that is known to overestimate enrofloxacin
concentrations. Absorption alter oral administration to
the elephants of the study reported here was particular-
ly encouraging because enrofloxacin was administered
in a field setting in which the drug was mixed with feed.

Mean + SD t,,,, was 5.0 = 4.2 hours, which is con-
siderably longer than the t,,,, reported***™® for hors-
es (< 2 hours) when the drug is given orally or intra-
gastrically. However, the t,,,, for the elephants of our
study was similar to that observed after administration
of enrofloxacin tablets to small domestic ruminants®
and llamas,” where t,,, is approximately 8.0 and 4.0
hours, respectively. There was large variability
observed among all the elephants (range of t,,,,. 1to 12
hours). When the elephants were separated into 2
groups on the basis of location (ie, SNZP and RBB),
those at the SNZP had a t,, with little variation
(range, 1 to 2.58 hours) that was similar to the t,,,
reported™ ™ for horses. Elephants at the RBB had a
considerably more prolonged t,,,, with large variability
(range, 4 to 12 hours); these values are similar to the
Lo Teported for small ruminants™ and llamas.”

Enrofloxacin was administered as coated tablets
that were mixed with feed: the tablets were not
crushed or ground before addition to the feed. The
effect of food on absorption of enrofloxacin after oral
administration has been reported for other
species."**** 1t is generally accepted that adminis-

tration of fluoroquinolones with food may have
slowed or caused prolonged absorption without affect-
ing the total serum concentration.”" In our study, we
observed an inverse effect in which the elephants at
the RBB, which received hay immediately after
enrofloxacin administration but did not receive their
complete morning meal (ie, pellets and grains) until a
few hours later, had a more prolonged interval until
C.uax- 1t has been suggested" that concurrent adminis-
tration of food may decrease the oral bioavailability of
some fluoroquinolones.

Other diet-related factors, such as differences in
water sources, diet composition (including mineral
load), amount of food, and feeding regimens between
the SNZP and RBB, could all have influenced absorp-
tion and, consequently, the t,, obtained in our
study.""*'" Because the effect of diet on absorption after
oral administration was not an objective of our investi-
gation and we had only 3 elephants in each dosing
group, additional studies will be necessary to specifi-
cally address the influence of diet on absorption of
orally administered enrofloxacin in elephants.

Clinically, the variability in t,, is of little relevance
because the efficacy of enrofloxacin is not based on time
at which C,,, is achieved or the amount of time that the
serum concentration is above MIC; rather, it is based on
AUC or the C, -to-MIC ratio."”*" In humans and
domestic animals, a C,_.-to-MIC ratio = 10:1 or an
AUC for the first 24 hours after oral administration-to-
MIC ratio 2 100 to 125:1 is required for optimal antimi-
crobial effects and a lower incidence of resistance for
fluoroquinolones. !4+

We are not aware of studies on the optimum C,_. -
10-MIC ratio or AUC-to-MIC ratio for evaluation of
efficacy of enrofloxacin in elephants. By use of the
Coax-to-MIC ratio criteria and on the basis of the
reported MICs for bacterial isolates obtained from
horses”" and small animals,” the dosage of 2.5 mg/kg,
PO, used in the study reported here (which yielded a
Cinas Of 1.31 ug/mlL) would be adequate for bacteria
with an MIC at which 90% of isolates are inhibited
(MICy) of < 0.13 pug/mL, such as E coli isolates and
Salmonella (group B) isolates for which the MIC,, is
0.03 ug/mL. Even organisms with a higher MIC, such
as Staphylococcus spp (MICy,, 0.12 pg/mL), are likely
to be susceptible to this dose of enrofloxacin. More
resistant bacteria, such as Pscudomonas aeruginosa,
Rhodococcus equi, Streptococcus equi, and Streptococcus
zooepidemicus, typically have MIC values > 0.15 pg/mL
and may not respond as favorably to the dosage of
2.5 mg/kg. The National Committece for Clinical
Laboratory Standards (ie, NCCLS) breakpoint for
enrofloxacin for susceptible bacterial isolates derived
from dogs and cats is an MIC < 0.5 pg/mL. Bacterial
isolates derived from cattle are considered susceptible
when the MIC is < 0.25 pg/mL. Breakpoints for sus-
ceptibility have not been derived lor isolates derived
from other animals.”

In our study, oral administration of 2.5 mg ol
enrofloxacin/kg vielded a mean + SD AUC ol 20.72 =
4.25 (h X pug)/mL, which was slightly increased from
the value reported™* for adult horses when
enrofloxacin is administered orally or intragastrically
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at 5 or 7.5 mg/kg. The AUC in the study reported here
has an AUC-to-MIC ratio > 100 for organisms with an
MIC,, of < 0.16 pg/mL. By use of the AUC-to-MIC
ratio criteria and on the basis of the same MICs for
equine isolates used to calculate the C,,-to-MIC ratio,
the susceptible organisms with this approach are
similar.

The t,,, (18.23 hours) for elephants in our study
was almost twice the t,,, observed in adult horses when
enrofloxacin was given orally at dosages of 5 or 7.5
mg/kg**¥ but similar to the t,,, of enrofloxacin when
given orally at a dosage of 10 mgkg to foals.”
Enrofloxacin has been scaled allometrically in mam-
mals,*’ and it is possible that the slower metabolic rate
of elephants may account for such a long t,,.

Although pharmacokinetic variables were not calcu-
lated for ciprofloxacin, the values were considered low,
which is similar to an observation in foals.” Other animals
(eg, pigs) also have low concentrations of ciprofloxacin
after administration of enrofloxacin.* The factors (eg, diet
or hepatic activity) that account for species difterences in
metabolism of enrofloxacin to ciprofloxacin are not
known. Low concentrations of ciprofloxacin identified in
our study would contribute an additive (albeit small)
effect to the antimicrobial activity.***

Oral administration of enrofloxacin in the form of
68-mg coated tablets to captive Asian elephants result-
ed in serum drug concentrations as high or higher
than those attained after oral administration of higher
doses to domestic mammals, such as horses. In ele-
phants, enrofloxacin had a long t,,, compared with
the t,,, for enrofloxacin in other mammals. The serum
concentrations attained when enrofloxacin is adminis-
tered orally at a dosage of 2.5 mg/kg once daily are
potentially therapeutic. Analysis of results of the study
reported here suggests that oral administration of
enrofloxacin mixed with feed in the manner described
is potentially useful for treatment of captive Asian ele-
phants with infections caused by enrofloxacin-suscep-
tible organisms, such as Bordetella spp, E coli,
Mycoplasma spp, Pasteurclla spp, Haemophilus spp,
Salmonella  spp, and  Staphylococcus  spp.
Administration of enrofloxacin at the suggested
dosage in clinical trials is necessary before we can con-
clude that treatment is effective.

a.  Baytril, 68-mg coated tablets, Bayer Corp, Shawnee Mission,

Kan.

b.  Agilent quaternary pump. Agilent Technologies, Wilimington,
Del.

¢.  Agilent series 1100, Agilent Technologies, Wilmington, Del.

d. Agilent 1100 series UV detector, Agilent Technologies,
Wilmington, Del.

e. Zorbax SB C-8, Mac Mod, Chadds Ford, Pa.

. Qasis, Waters Corp. Milford, Mass.

g HP ChemStation software, series 1100 software, Agilent
Technologies, Wilmington, Del.

h. Enrofloxacin analytical reference standard, Bayer Corp,

Shawnee Mission, Kan.

Ciprofloxacin analytical reference standard, US Pharmacopeia,

Rockville, Md.

i WinNolin, version 4.0, Pharsight Corp, Mountain View, Calif.

k. Pirro R, Scheer M, de Jong A. Additive in vitro activity of
enrofloxacin and its main metabolite ciprofloxacin (abstr), in
Procecdings. 14th Annu Cong Eur Soc Vet Dermatol 1997;199.
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