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A bst ra ct
Pharmacokinetics and distribution of orbifloxacin into body fluids and endometrium was studied in 6 mares after intragastric
(IG) administration at a single dose rate of 7.5 mg/kg body weight. Orbifloxacin concentrations were serially measured in serum,

synovial fluid, peritoneal fluid, urine, cerebrospinal fluid, and endometrial tissues over 24 hours. Minimum inhibitory
concentrations of orbifloxacin were determined for 120 equine pathogens over an 11-month period. The mean peak serum con-

centration (Cmax) was 2.41 ± 0.30 [Lg/mL at 1.5 hours after administration and decreased to 0.17 ± 0.01 [Lg/mL (Cmin) at 24 hours.
The mean elimination half-life (t1 2) was 9.06 ± 1.33 hours and area under the serum concentration vs time curve (AUC) was

20.54 ± 1.70 mg.h/L. Highest mean peritoneal fluid concentration was 2.15 ± 0.49 pg/mL at 2 hours. Highest mean synovial
fluid concentration was 1.17 ± 0.28 pg/mL at 4 hours. Highest mean urine concentration was 536.67 ± 244.79 [Lg/mL at 2 hours.
Highest mean endometrial concentration was 0.72 ± 0.23 [Lg/g at 1.5 hours. Mean CSF concentration was 0.46 ± 0.55 pg/mL
at 3 hours. The minimum inhibitory concentration of orbifloxacin required to inhibit 90%c of isolates (MlC90) ranged from ' 0.12
to > 8.0 [Lg/mL, with gram-negative organisms being more sensitive than gram-positive organisms. Orbifloxacin was uniformly
absorbed in the 6 mares and was well distributed into body fluids and endometrial tissue. At a dosage of 7.5 mg/kg once a day,
many gram-negative pathogens, such as Actiniobacillus eqoolli, Esclhericliia coli, Pasteolrella spp., and Salmoniella spp. would be expected
to be susceptible to orbifloxacin.

Resume
La plarmacocintetiquie et la distribuitiont de l'orbifloxacinie dants les flluides corporels et lVendomnetre flurenit etiudiees chez six jtinnentts apres
l'administration intragastrique (IG) d'lunie dose uniiiqule dii tnedicamnenlt ani tauix de 7,5 mg/kg de poids corporel. Les concentrations
d'orbifloxacine florenlt mesiurces par dillutionis strijes dii serum, dio liqloide syntovial, dii liqulide pdritonieal, de l'uirinie, dii liqloide cephalo-
raclzidieni (LCR) et dto tissio de l'endomntre slor iune periode de 24 h. Pentdanit oniie periode de 11 inois, les conicenltrationis minim1nales inihibi-
trices d'orbifloxacinle enizers 120 bacteries pathogMnes polor les chevalux furent ddterinindees. La ;noyenntie doi pic de la concentrationi
suriqoie (CMl?,,) e'tait de 2,41 + 0,30 ,ug/mL 1,5 Ii suiite l'ad;ninistrationi et diminoia jiosqoii' 0,17 ± 0,01 ,tg/lnL ( a 24 h. La
lnoyennie de la deinie-vie d'7liininationi (t11 ) etait de 9,06 1,33 h et la slorface soils la colnrbe de la conicentrationl se'riqloe eni fonictioni dii
temps etait de 20,54 ± 1,70 mngli/L. La conicenitration ;noyenniie la plins elevee danis le liqloide pfritonjal etait de 2,15 + 0,49 ,ug/mL etflot
notee 2 h apres I'adminiistrationi do eindicament. La concentrationi moyenneIla pins deleve dans le liqluide synovzial etait de 1,17 ± 0,28 ,ug/mL
et fit obtene apres 4 Ii. La concenltrationi ;noy1ennzle la pllis elevee danls l'lorine etait de 536,67 ± 244,79 wg/lnL apres 2 h. La conicenltration
;nioyennle la plins elevee danas l'endomntre etait de 0,72 + 0,23 ,ug/mL h 1,5 Ii. Les conicentrationi moyennle dans le LCR etait de 0,46 0,55 ,ug/mL
n 3 h. La conicenltration iniimnle inhliibitrice d'orbifloxacine niecessaire pouir ilihiber 90 c%c des isolats (CMI9,,) variaient de c 0,12 h > 8 VLg/mlL,
et les bacteries a Grain nigatif Ytaienit plibs sensibles qtue les bacteries d Gram positif. L'orbifloxacinie foit absorbe de maniere oniiiformne chez
Ies six jlominents et fuit bicn distriblot danis les liqloides corporels et lVendomn&tre. A lon dosage de 7,5 mg/kg sid, oni penlt siopposer qlle pllosieiurs
bacte'ries d Gramn njgatif pathlogenes, telles Actinobacillus equuli, E. coli, Pasteurella spp. et Salmonella spp. seraielnt senlsibles d
lt-orbifloxacinie.

(Tradulit par docteiir Serge Messier)

teria resistant to more conventional antibiotics (1-3). Pharmacokinetic
studies have revealed good tissue penetration following parenteral
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Fluoroquinolones are becoming an important group of antimi- or oral aaministration (3,4). 1 nese antibacterial agents are errecti
crobials, particularly for the treatment of infections caused by bac- against most gram-negative bacteria, including Eniterobacteriaccae al
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Table I. Mean orbifloxacin concentrations in body fluids and endometrium of 6 mares after IG administration of a single dose of
7.5 mg/kg body weight

Mean (± SD) orbifloxacin concentrations (pLg/mL)
Hours Serum Synovial fluid Peritoneal fluid Urine Endometrium (VLg/g) CSF
0.ooa 0.00 0.00 0.00 0.00 0.00 0.00
0.08 0.25 ± 0.34
0.17 0.74 ± 0.28 -
0.25 1.24 ± 0.47 -
0.50 2.11±0.43
0.75 2.37 ± 0.25 -
1 2.37 ± 0.21 0.41 ± 0.24 1.69 ± 0.29 374.98 ± 303.70
1.5 2.41 ± 0.30 0.72 ± 0.23
2 2.26 ± 0.33 1.05 ± 0.70 2.15 ± 0.49 536.67 ± 244.79
3 1.80±0.14 - 0.67 ± 0.12 0.46 0.55
4 1.36 ± 0.27 1.17 ± 0.28 1.88 ± 0.42 363.78 ± 236.03
8 0.83 ± 0.15 0.89 ± 0.38 1.03 ± 0.38 252.16 ± 28.75
12 0.42 ± 0.12
24 0.17 ± 0.01 0.33 ± 0.07 0.17 ± 0.04 69.08 ± 40.27
- = no sample
a dose time

otherwise resistant Pseudomonas species (1,4). They have lower,
but often therapeutically useful, activity against gram-positive
aerobes (1,4). Other principal advantages include their bactericidal
activity at low tissue concentrations and good penetration into
phagocytic cells. They have a large volume of distribution and
low binding to plasma proteins. Tissue concentrations are often
higher than concurrent serum concentrations (1,2,4-6).

Gram-negative bacterial infections frequently cause serious clin-
ical disease in horses. Isolates from 233 horses with musculoskeletal
infection revealed that gram-negative aerobic bacteria were the
most common bacterial group identified in these types of infections
(7). Gram-negative bacteria are common isolates in equine pleu-
ropneumonia (8), peritonitis (9), endometritis (10), and cholelithi-
asis (11). Appropriate antimicrobial therapy for gram-negative
infections in horses is limited by the lack of economical, effica-
cious, safe, and easily administered drugs.

Systemic fluoroquinolone administration at greater than 5 times
the manufacturer's recommended dosage produced cartilage lesions
in juvenile rats, dogs, guinea pigs, rabbits, and non-human primates
(12-17). Articular cartilage damage has also been observed in foals
after treatment with enrofloxacin at 10 mg/kg, PO, q24h, for 8 treat-
ments, beginning at 2 wk of age (18). However, the same investi-
gators suggested that a dosage of enrofloxacin of 2.5 to 10 mg/kg,
IV, q24h, may be effective in foals, depending on the minimum
inhibitory concentration of the pathogen (19). No signs of physical
or musculoskeletal changes were seen in adult horses given
enrofloxacin at 5 mg/kg, IV, q24h, for 3 wk (20). Other reported side
effects of fluoroquinolones include gastrointestinal tract distur-
bances and stimulatory central nervous signs (21). Orbifloxacin
and other fluoroquinolones are not approved for use in horses. In
spite of this, extra-label usage of fluoroquinolones is common in
equine practice.

Orbifloxacin is a new synthetic fluoroquinolone antimicrobial drug
that could potentially become useful in horses. In Japan, orbi-
floxacin has been highly successful in the treatment of gastroin-

testinal and respiratory infections in cattle and swine caused by such
pathogens as Pasteurella spp., Actinobacillus pleuropneumonia, and
Escherichia coli (22). The drug has shown low bacterial resistance (23).
The frequent need for orally administered antimicrobial drugs in
horses makes it worthy of consideration. To our knowledge, no one
has investigated the pharmacokinetics of this oral product in
horses.
The purposes of this study reported here were to determine the

pharmacokinetic properties of orbifloxacin in adult mares after a sin-
gle oral dosage of 7.5 mg/kg and to measure its distribution in the
body fluids and endometrial tissue. An additional objective was to
determine the minimum inhibitory concentration (MIC) of orbi-
floxacin for pathogenic bacteria isolated from equine patients in our
hospital. The pharmacokinetic data and MIC data would then be
used to make dosage recommendations for treatment of clinical
patients.

Animals
Six healthy adult mares of various breeds, weighing between 445

and 584 kg, were used in this study. They were given no other
medications for a minimum of 4 wk before or during the experiment.
A physical examination and complete blood count were performed
on each mare prior to the experiment. A physical examination was

also conducted after each experiment. Horses were considered
healthy on the basis of these findings. Horses were fed water and
bermuda grass hay, ad libitum. Horses were kept in individual
stalls during the experiment. The project was approved by the
University of Florida Institutional Animal Care and Use Committee.

Single intragastric administration
Crushed orbifloxacin tablets (Orbax, 68 mg; Schering-Plough,

Kenilworth, New Jersey, USA) in a suspension of 500 mL of water
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Table II. Pharmacokinetic parameters (mean ± SD) of
orbifloxacin in 6 mares after IG administration at a single dose
of 7.5 mg/kg body weight

Pharmacokinetic value Mean ± SD
AUC (mg-h/L) 19.80 ± 1.70
t1/2 (h) 9.06 ± 1.33
MRT (h) 10.60 ± 1.14
Vdarea (L/kg) 5.01 ± 0.99

Vdss (L/kg) 4.04 ± 0.59
Clearance (L/hkg) 0.38 ± 0.03
AUC - area under the serum concentration vs time curve; t1/2
elimination half-life; MRT - mean residence time; Vdarea - the appar-
ent volume of distribution based on area under the curve; Vds - the
apparent volume of distribution at steady state

were administered to non-fasted horses as a single dose (7.5 mg/kg)
by nasogastric tube. Blood, synovial fluid, peritoneal fluid, cere-
brospinal fluid (CSF), endometrial tissue, and urine specimens
were obtained as described (24). Each were collected according to
a schedule (Table I). One of the mares did not yield any peritoneal
fluid. Endometrial tissue samples were obtained using an endome-
trial biopsy forcep (Narco Pilling, Fort Washington, Pennsylvania,
USA). The CSF sample was obtained from the lumbosacral space by
using a 17.7 cm X 18-gauge spinal needle with stylet (Sherwood
Medical, St. Louis, Missouri, USA). Of the 6 sample collection
attempts, 5 were successful in obtaining CSF with no gross blood
contamination.

Preparation of samples
Blood samples were allowed to clot. Serum and body fluid spec-

imens were centrifuged at 2000 X g for 10 min, and the super-
natant decanted. Serum and body fluid specimens were stored in
polypropylene tubes. Supematant and endometrial biopsy specimens
were frozen at -70°C until assayed. Endometrial samples were
thawed, weighed, homogenized in a tissue grinder (TenBroeck
tissue grinder; Fisher Scientific, Pittsburgh, Pennsylvania, USA) with
a 0.9% NaCl solution, and centrifuged at 2000 X g for 10 min. The
supernatant was assayed.

Orbifloxacin assay
Concentrations of orbifloxacin were determined using an agar well

diffusion microbiological assay with a Bacillus subtilis strain (Bacto;
Difco Laboratories Inc., Detroit, Michigan, USA) as the assay organ-
ism (25). Known standards of orbifloxacin were prepared in normal
equine serum (5 pLg/mL to 0.15 ,ug/mL) on the date of each exper-
iment and assayed simultaneously with the samples. The lowest limit
of detection of the assay was 0.15 ig orbifloxacin/mL and the
coefficient of variation for the assay was approximately 2.6%. None
of the samples assayed were below the limit of detection.

Minimum inhibitory concentration of orbifloxacin
for equine pathogens
Minimum inhibitory concentrations (MIC) of orbifloxacin were

determined for all equine bacterial culture specimens submitted to

Table Ill. Predicted steady-state maximum and minimum
serum concentrations in mares given orbifloxacin IG at a
24-hour dose interval

Orbifloxacin Cmax(ss) Cmin(ss)
dose (mg/kg) (,ug/mL) (pg/mL) Cmax/MICa AUC/MICa
5.0 1.74 0.12 14.5 114.7
7.5 2.59 0.18 21.6 171.2
AUC - area under the serum concentration vs time curve; Cmax(ss)
maximum serum concentration at steady state; Cmin(ss) mini-
mum serum concentration at steady state
a MIC is 0.12 [Lg/mL

the microbiology laboratory of the University of Florida Veterinary
Medical Teaching Hospital from June 16, 1998 to May 18, 1999,
using a microtitration strip (JustOne antimicrobial strip; Trek
Diagnostic Systems, Westlake, Ohio, USA). Orbifloxacin concen-
trations tested ranged from 0.12 to 8.0 ,ug/mL. The assay was val-
idated once monthly by determining MIC values for the known stan-
dard organisms Staphylococcus aureus (ATCC29213; Trek Diagnostic
Systems) and Escherichia coli (ATCC25922; Trek Diagnostic Systems).
Minimum inhibitory concentrations required to inhibit growth of
50% of isolates (MIC50) and 90% of isolates (MIC90) were both
determined, to give some indication of distribution of MIC range for
each organism.

Pharmacokinetic analysis
The following equations were fit to the orbifloxacin concentration

vs time data for each experiment for each horse; a weighted, non-
linear fit of the mathematical model to the data was done using a
computer algorithm that minimized the sum of the squared devi-
ations (26).

IG: Ct = Cl XeIAt + C2ee X2t - (C1 + c2) e A3 t,

where Ct is the serum drug concentration at time t, e is the base of
Naperian logarithms; C1, C21 Al, X2 and X3 are the model values that
are fit to the data; and X2 is the elimination rate constant, Keli
Elimination half-life (t1/2) was calculated as the natural logarithm of
2 divided by N2. Pharmacokinetic parameters were calculated based
on non-compartmental kinetics (27). The area under the serum
concentration vs time curve (AUC) was calculated from the model
curve using the following equations:

AUCIG = C1/AI + C2/X2- (Cl + C2)/X3
The area under the moment curve (AUMC) was calculated as:

AUMCIG = C1/Ni2 + C2/N22- (C1 + c2)/ 3

Mean residence time (MRT) was calculated from the following:

MRT = AUMC/AUC

Volume of distribution based on area under the curve (Vdarea) was
calculated as follows:

Vdarea/F = dose/AUC/Kel
where F is the undetermined bioavailability.
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Table IV. Minimum inhibitory concentrations of orbifloxacin and enrofloxacin (,ug/mL) required to inhibit growth in 50% (MIC50)
and 90% (M1C90) of 120 equine isolates from bacterial submissions at the University of Florida Veterinary Medical Teaching Hospital

Orbifloxacin Enrofloxacin
n MIC50 MiC90 Range MiC50 MIC90 Range

Gram-negative organisms
Acinetobacter baumannii 1 0.12 0.25
Actinobacillus equuli 1 0.12 - 0.25
Aeromonas hydrophilia 1 0.5 0.25
Burkholderia cepacia 2 2.0 0.5
Citrobacter diversus 2 0.12 0.25
Enterobactercloacae 2 ' 0.12 . 4.0 0.12-4.0 . 0.25 . 1.0 0.25-1.0
Enterobacter sakazakii 1 0.12 0.25
Escherichia coli 22 . 0.12 . 0.12 0.12-> 8.0 . 0.25 . 0.25 0.12-2.0
Klebsiella pneumoniae 9 . 0.12 . 0.25 0.12-0.25 - 0.25
Pasteurella pneumotropica 4 0.12 0.25
Pasteurella spp. 3 - 0.12 0.25
Proteus vulgaris 1 - 0.25 0.25
Providencia spp. 2 . 0.25 . 0.5 0.25-0.5 0.25
Pseudomonas aeruginosa 3 . 2.0 . 4.0 1.0-4.0 . 0.5 . 0.5 0.25-0.5
Pseudomonas spp. 2 . 1.0 . 2.0 1.0-2.0 0.5
Psychrobacter phenylpyruvica 2 0.12 - 0.25
Salmonella spp. 6 0.12 0.25

Gram-positive organisms
Corynebacterium pseudotuberculosis 1 0.12 - 0.25
Enterococcus spp. 6 . 2.0 > 8.0 2.0-> 8.0 . 0.5 . 2.0 0.5-2.0
Rhodococcus equi 4 . 2.0 . 4.0 2.0-4.0 . 1.0 . 2.0 0.5-2.0
Staphylococcus aureus 13 . 0.5 . 0.5 0.25-1.0 . 0.25 . 0.25 0.25-1.0
Staphylococcus spp. 1 0.5 - 0.25
Streptococcus equisimilis 5 . 2.0 . 4.0 2.0-4.0 '1.0 .1.0 0.25-1.0
Streptococcus Group D 5 . 2.0 . 4.0 0.12-4.0 '1.0 .1.0 0.25-1.0
Streptococcus zooepidemicus 21 . 2.0 . 4.0 0.5-4.0 .1.0 .1.0 0.5-2.0

-: not applicable; n: number of isolates

Volume of distribution at steady state (Vd,s) was determined Highest mean synovial orbifloxacin concentration was
from: 1.17 ± 0.28 pg/mL at 4 h. Highest mean peritoneal orbifloxacin con-

Vd /F = dose/AUMC/AUC2 centration was 2.15 ± 0.49 pLg/mL at 2 h. Mean concentration of orbi-
Ss floxacin in peritoneal fluid tended to exceed concurrent synovial

Total serum clearance was calculated from: fluid concentration except at 24 h after administration. Highest

Clearance/F = dose/AUC mean urine orbifloxacin concentration was 536.67 ± 244.79 [Lg/mL
Steady-state maximum (Cmax) and minimum serum orbifloxacin at 2 h. Highest mean endometrial orbifloxacin concentration was

concentrations (Cmin) were estimated byuse of Curry's method, in 0.72 ± 0.23 p.g/g at 1.5 h. Mean CSF orbifloxacin concentration at 3 h
which maximum and minimum serum concentrations after a single was 0.46 ± 0.55 p.g/mL. At a dosage of 7.5 mg/kg at a 24-hour dose
dose are used to predict steady-state values after multiple doses; this interval, Cmax and Cmin at steady state were estimated at 2.59 [Lg/mL
method assumes dose-independent kinetics (28). and 0.18 pLg/mL, respectively (Table III).

Minimum inhibitory concentrations were determined for a total
of 120 isolates. Culture specimens were obtained from sources
such as synovial fluid, pleural fluid, transtracheal washes, abscesses,

No adverse affects were observed after orbifloxacin adminis- and wounds. The minimum inhibitory concentration of orbifloxacin
tration in any of the mares. Orbifloxacin was detected in all tissues required to inhibit 90% of isolates (MIC90) ranged from 0.12 to
and body fluid samples from treated mares with the exception of a > 8.0 pig/mL, depending on the organism (Table IV).
single synovial fluid and a single urine sample each obtained at 1 h
post administration. The mean peak serum concentration was
2.41 ± 0.30 [Lg/mL at 1.5 h (Table I). Mean serum concentration
decreased to 0.17 ± 0.01 jig/mL at 24 h. Mean elimination half-life A dosage of 7.5 mg/kg was chosen for the present study based on
was 9.06 ± 1.33 h (Table II). the oral dosage recommendation of Giguere et al for enrofloxacin (3).
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Figure 1. Serum orbifloxacin concentrations (mean ± SD) in mares given
a single IG dose of 7.5 mg/kg body weight. The line represents a math-
ematical model fit to mean concentrations.

Pharmacokinetic values were calculated with the understanding that
the amount of absorption of the drug was unknown. An intra-
venous solution was not available for usage in this study, and as a

result, bioavailability could not be determined. Therefore, apparent
volume of distribution was expressed as Vdss/F and clearance was
expressed as clearance/F.

This study used a microbiological assay to determine orbifloxacin
concentrations. The bioassay does not differentiate between orbi-
floxacin and its active metabolites. To our knowledge, orbifloxacin
and its metabolites have not been investigated in the horse. From a

therapeutic point of view, total antimicrobial activity measured
by a microbiological assay is adequate to determine a dosage reg-

imen (29). Most investigators evaluating the pharmacodynamic
variables correlated to outcome of infection also used a microbio-
logical assay to determine serum concentrations of various fluo-
roquinolones (30-33).
The relationship between plasma antibiotic concentrations and effi-

cacy is not well defined and often varies between antibiotic families
(34). Efficacy of fluoroquinolones against pathogenic bacteria has
been evaluated in neutropenic rats and in ill human patients
(30,31,35,36). Based on these studies, it has been suggested that
Cmax/MIC ' 10 and AUC/MIC ' 125 are critical breakpoints in
determining maximum clinical efficacy (31,35). When these criteria
are applied to pathogens with an MIC value of 0.12 ,ug/mL,
Cmax/MIC = 20.1 and AUC/MIC = 165. This suggests that our

intragastric (IG) dosage of 7.5 mg/kg of orbifloxacin, if given every
24 h, may be adequate for therapy of infections caused by pathogens
with an MIC of 0.12 ,ug/mL. Gram-negative organisms that fit
this criteria from table IV included: Acinetobacter baumannii,
Actinobacillus equuli, Citrobacter diversus, Enterobacter sakazakii,
Escherichia coli, Pasteurella spp., Psychrobacter phenylpyruvica,
Salmonella spp., and the gram-positive isolate Corynebacterium

pseudotuberculosis. When applied to pathogens with an MIC value
of 0.25 [ug/mL, Cmax/MIC = 9.6 and AUC/MIC = 79.2. This is near
the desired ratios of Cm/MIC > 10 and AUC/MIC > 125 and may
be adequate for the successful treatment of pathogens with an
MIC value of 0.25 Rg/mL. It is possible that an IG dosage of
5.0 mg/kg, q24h, may be adequate for the treatment of infections
caused by pathogens with an MIC value of 0.12 ,ug/mL. At steady
state (Table III), Cmax/MIC = 14.5, which exceeds the above criteria
for successful outcome. The value for AUC/MIC = 114.7, which
comes close to a target value of 125. However, to our knowledge, the
Cmax/MIC 2 10 and AUC/MIC ' 125 criteria for maximum ther-
apeutic effect have not been validated in the horse and should be fur-
ther investigated.

After a single IG administered bolus, mean synovial fluid concen-
tration peaked at 4 h and exceeded serum concentration at 8 and 24 h.
Orbifloxacin concentration in synovial fluid exceeded the MIC of
most of the gram-negative isolates from our study. However, the
MIC90 of most gram-positive isolates were ' 4.0 ,g/mL. These organ-
isms are commonly involved in septic arthritis in adult horses (37).
Orbifloxacin may not be efficacious for treating these types of infections.

Urine orbifloxacin concentration was 158 to 406 times higher
than concurrent serum concentration, which is consistent with the
renal excretion of orbifloxacin or its active metabolite(s), or both. The
high urine concentrations suggest that orbifloxacin would be effec-
tive for the treatment of several urinary tract pathogens. Mean
orbifloxacin peritoneal fluid concentrations peaked at 2 h and
exceeded serum concentrations at 4 and 8 h. Mean orbifloxacin
peritoneal fluid concentrations were higher than concurrent synovial
fluid concentrations except for the sample at 24 h. The majority of
horses with a positive peritoneal fluid culture result have polymi-
crobial infections. Escherichia coli was the most common isolate
from these samples (9). Orbifloxacin may be efficacious in the
treatment of sensitive gram-negative organisms isolated from these
infections. The mean CSF concentration was approximately 25% of
the concurrent plasma concentration at 3 h. Additional studies are
needed to determine orbifloxacin accumulation when the blood-brain
barrier is inflamed. Endometrial tissue concentration was 30 and 38%
of concurrent plasma concentration at 1.5 and 3 h, respectively. These
concentrations of orbifloxacin did not meet the MIC for Pseudomonas
spp. and Streptococcus zooepidemicus. The MIC for Klebsiella spp.
and Escherichia coli, other frequent isolates from mares with
endometritis (10), was exceeded. However, the clinical response of
endometritis to systemic antibiotics, in general, has not been criti-
cally evaluated (10).

Following IG administration, serum concentrations peaked at
2.41 ,ug/mL of orbifloxacin equivalent activity at 1.5 h. This com-
pares closely to the Cmax values reported for enrofloxacin of 1.85
(38,39) and 1.88 (40) ,ug/mL at 45 to 60 min after dosing. However,
after IG administration, it appears that serum concentrations of orbi-
floxacin may be less variable between horses than those observed
with enrofloxacin. In an oral dosing study, enrofloxacin tablets
(68 mg tablets) were ground into a powder and administered with-
out fasting at a 5 mg/kg single dose (38). Enrofloxacin appeared to
be rapidly yet variably absorbed following oral administration to the
non-fasted horse (38). When evaluating its pharmacokinetic prop-
erties, AUC was the most variable parameter studied with a
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coefficient of variation of 76% (38). Another single dosing study,
using an enrofloxacin oral solution (32.3 mg/mL) administered
without fasting at 7.5 mg/kg reported a coefficient of variation of
29% (39). The coefficient of variation for orbifloxacin in this study
was 9%. Perhaps orbifloxacin is more uniformly absorbed in the non-
fasted adult horse than enrofloxacin. This may avoid extreme vari-
ations in serum concentrations that have been reported with
enrofloxacin (38), making orbifloxacin safer than enrofloxacin with
respect to potential toxic side effects when administered to horses.
This warrants further investigation.
When comparing MIC90 concentrations of orbifloxacin with

enrofloxacin concentrations required to inhibit the growth of
120 equine isolates (Table IV), orbifloxacin had lower MIC values for
specific gram-negative organisms. Some of the more common
gram-negative isolates with lower orbifloxacin MIC90 concentrations
were Actinobacillus equuli, Escherichia coli, Pasteurella spp., and
Salmonella spp. The orbifloxacin MIC90 concentration for these
specific organisms was 0.12 pLg/mL compared to an MIC90 of
0.25 Rg/mL for enrofloxacin. Orbifloxacin did not appear to demon-
strate therapeutically useful activity against gram-positive aer-
obes, with the exception of Corynebacterium pseudotuberculosis,
especially when compared to enrofloxacin.

At a dosage of 7.5 mg/kg once a day, many gram-negative infec-
tions would be expected to be susceptible to orbifloxacin. However,
based on steady state Cmax and C min calculated by Curry's method,
orbifloxacin may be effective for the treatment of susceptible gram-
negative infections in horses when administered orally at 5 mg/kg
once a day. Although this reduction in dosage would reduce the cost
of treatment, multiple dose studies may need to be performed to con-
firm the effectiveness of this lower dosage. Additional studies
may also be necessary to confirm the efficacy and safety of this drug
in a clinical setting as well as to evaluate the penetration of orbi-
floxacin into diseased tissues. Orbifloxacin was uniformly absorbed
in the 6 mares in this study. Orbifloxacin was well distributed into
body fluids and endometrial tissue. Potential adverse side effects,
such as the suspected fluoroquinolone-associated arthropathy in
foals, would require further investigation. Until proven otherwise,
this drug should be avoided in young growing horses because of the
potential for articular cartilage damage.
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