
Introduction
Although the popularity of rodents and rabbits as 
pets has increased in recent years, and they make 
up over 90% of the animals used in research, there 
is no uniform source of information on rational use 
of antibiotics in these species comparable to that 
available for the common companion and domesti-
cated species (Flecknell, 1998; Morris, 1995). Bac-
terial infections in rodents are quite common and 
often require antimicrobial treatment. Respiratory 

diseases due to Mycoplasma pulmonis and Cilia-as-
sociated Respiratory (CAR) Bacillus, Tyzzer’s Dis-
ease (gastrointestinal disorder) due to Clostridium 
piliforme, and ulcerative dermatitis due to S. aureus 
and S. epidermidis are among the most important 
bacterial infections in rats in which antibiotic inter-
vention is indicated (Emily, 2007; Michelle, 2008). 
Antibiotics licensed for small mammals and exot-
ics are still lacking in most countries, such that in 
general, products for dogs and cats have to be used 
off-label. However, antimicrobial therapy in rodents 
and rabbits entails greater risk than in most other 
species because inappropriate therapy can result in 
death of the patient due to enterotoxaemia (Morris, 
1995; Ramirez, 2007). 
Fluoroquinolones are among effective and safe an-
tibiotics frequently used in small mammals such as 
rabbits, mice, rats, and exotic species against skin 
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The single-dose disposition kinetics of orbifloxacin was determined in clinically healthy and diabetic rats 
after intravenous or oral administration of 5 mg/kg body weight. Orbifloxacin concentrations were deter-
mined by HPLC with fluorescence detection. The HPLC method was sensitive, specific and repeatable. A 
systemic bioavailability of 99.1% and 108 %, and a C

max
 of 6.55 ± 1.09 μg /mL and 8.63 ± 1.09 μg /mL were 

observed in healthy and diabetic rats, respectively. The terminal half-life after intravenous and oral admin-
istration was 4.17 ± 0.38 h and 4.03 ± 0.41 h for healthy and 2.31 ± 0.34 h and 3.03 ± 0.28 h for diabetic 
rats. Orbifloxacin was cleared more rapidly in diabetic rats (0.15 ± 0.01 L/kg.h) than healthy group (0.11 ± 
0.01 L/kg.h), with longer mean resident time (MRT) values observed in the latter. Other kinetic parameters 
were almost the same between the healthy and diabetic groups. This investigation revealed that a dose of 5 
mg/kg orbifloxacin can be safely and effectively used to combat infections in rats of either group associated 
with susceptible bacteria.
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and visceral infections (Papich and Riviere, 2001; 
Ramirez, 2007). Bacterial overgrowth of pathogenic 
opportunistic bacteria, especially clostridium organ-
isms, and its associated gastrointestinal disturbances 
and enteritis in rodents has not been a problem with 
fluoroquinolones as it has been with other drugs like 
penicillins and macrolides. It is due to the fact that 
fluoroquinolones are not active against anaerobic 
bacteria that compete with clostridium organisms 
(Papich and Riviere, 2001; Ramirez, 2007). Of the 
available drugs, enrofloxacin has been the most ex-
tensively studied: the pharmacokinetics, efficacy 
and dosage regimen of enrofloxacin were reported 
in small mammals, including rabbits, rats and mice 
(Carpenter, 2005; Papich and Riviere, 2001; Rami-
rez, 2007). It is recommended as the drug of choice 
in rodents at a flexible subcutaneous/oral dose of 
5-20 mg/kg body weight (Mitchell, 2006; Papich, 
2003). 
Orbifloxacin is a third-generation fluoroquinolone 
developed exclusively for use in veterinary medi-
cine (Iherke and Papich, 1999; Marin, et al., 2007; 
Matsumotoet al., 1999).  It is labeled in USA for the 
treatment of skin, soft tissue and urinary tract infec-
tions in dogs, and skin and soft tissue infections in 
cats (Davis, et al., 2006). In Japan, it has been li-
censed since 1993 for use in cattle and pigs, mainly 
to combat respiratory and gastrointestinal infections 
(Engberg et al., 2001; Nakamura, 1995). The phar-
macokinetics of orbifloxacin has been investigated 
in several species, including goats, horses, pigs, 
dogs and cats (Davis, et al., 2006; Heinen, 2002 ; 
Lee et al., 2007; Marin et al., 2007; Matsumoto et 
al., 1998a,1999), and more recently in rabbits, cat-
tle, camels, and sheep (Elias et al., 2008; Goudah 
et al., 2008 a, b; Marin et al., 2007b). However, the 
disposition kinetics, antibacterial activity and safety 
of orbifloxacin in rodents and other exotic species 
have not been determined.  
Furthermore, pharmacokinetic experiments are 
usually performed in healthy animals, and specific 
studies using sick animals are relatively rare. How-
ever, the kinetics of many drugs can be modified 
by different diseases, notably by hepatic and renal 

disorders (O'Connor, 1987; Papich, 2003). These 
alterations may reach to an extent that requires dos-
age adjustment. In humans, the renal clearance of 
a number of antibiotics can increase during diabe-
tes (Gwilt et al., 1991; O'Connor, 1987). Diabetes-
induced kidney hyperfiltration in rats can cause a 
significant increase in renal clearance of some drugs 
(Bae et al., 2006). As the rate of elimination of a 
drug is usually an important determinant of the du-
ration of pharmacological effect, investigation of 
factors that potentially modify this rate may help 
maximize therapeutic efficacy. 
This study was designed to address two main objec-
tives:

to determine the disposition kinetics of orbi-a) 
floxacin following a single intravenous (IV) or 
oral administration to rats
to assess whether pathophysiological changes b) 
during diabetes have significant effect on the 
kinetics of the drug in rats

Materials and Methods
Chemicals
Streptozotocin, sodium citrate and citric acid 
monohydrate were purchased from Sigma–Aldrich 
Corporation (Steinheim, Germany). Orbifloxacin 
(Orbax) solution and pure standard for high per-
formance liquid chromatography (HPLC) analysis 
were supplied by Samyang Anipharm Company 
(Seoul, Korea). Acetonitrile and all other chemicals 
used were HPLC or reagent grade. 

Animals 
Male Sprague–Dawley rats, 9-10 weeks old and 
weighing 320–350 g, were purchased from Orient 
Co. (Seoul, South Korea). The rats were randomly 
assigned into four groups; (1) healthy rats for oral 
administration, (2) healthy rats for IV administra-
tion, (3) diabetic rats for oral administration and (4) 
diabetic rats for IV administration of orbifloxacin. 
Animals were provided with feed (Samyang 
Company,Pyeongteak, Korea) and water ad libitum 
and maintained in a clean room at a temperature of 
22 ± 2 0C with 12 h light and dark cycle, and 50 ± 5% 
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relative humidity. The animal protocol was approved 
by the Bioethical Committee of the College of Vet-
erinary Medicine, Kyungpook National University.

Induction of diabetes mellitus
Freshly prepared streptozotocin (dissolved in 0.1 M 
citrate buffer, pH 4.5) was administered intraperi-
toneally, at a dose of 60 mg/kg body weight (total 
injection volume, 1 mL) once to overnight fasted 
rats. On day 7 after administration, blood glucose 
levels were measured using Medisense Optium Kit 
(Abbott Laboratories, Bedford, MA) and rats with 
blood glucose level higher than 250 mg/dL were 
considered diabetic. Body weight and 24-h urine 
output of rats in each group were also measured one 
day prior to drug administration.

Drug administration and sampling
The jugular vein (for drug administration in the IV 
study) and the carotid artery (for blood sampling) 
were cannulated with a polyethylene tube (Clay Ad-
ams, Parsippany, NJ) while each rat was under light 
diethyl ether anesthesia (Bae et al., 2006; Lee et 
al., 2007). Heparinized normal saline (15 units/ml), 
0.25 ml, was used to flush the cannulae to prevent 
blood clotting. Each rat was housed individually 
in a metabolic cage (Daejong Scientific Company, 
Seoul, South Korea) and allowed to recover from 
anesthesia for 4–5 h before the commencement of 
the experiment. Orbifloxacin solution at a dose of 5 
mg/kg was infused over 1 min via the jugular vein 
of both healthy (n=6) and diabetic (n=6) rats used 
for the IV study. For the oral study, the same amount 
of drug was administered orally (total volume of ap-
proximately 0.5 mL) using a feeding tube in each 
healthy (n=6) and diabetic (n=6) group. Approxi-
mately 200 μL of blood sample was collected from 
each animal via the carotid artery before and at 0.1, 
0.25, 0.5, 1, 2, 4, 6, 8, and 12 h after drug admin-
istration. Blood samples were centrifuged immedi-
ately and a 50 μL aliquot of each plasma sample 
was stored at -700C until analysis by HPLC. After 
the last sample, rats were sacrificed by decapitation, 
the whole kidney and liver of each rat were excised, 

rinsed with a 0.9%-NaCl –injectable solution, blot-
dried with tissue paper, and weighed.

Analysis of Orbifloxacin
Orbifloxacin concentrations in plasma samples 
were measured by HPLC using a Hewlett Packard 
1100 system comprising an HPLC pump, HP ODS 
Hypersil column (200 × 4.6mm, 5μm), autoinjector 
and HP 1046A fluorescence detector. We followed 
our previously reported method in cow’s serum 
(Elias et al., 2008), with slight modification. A 50 
μL aliquot of rat plasma was deproteinated by add-
ing 100 μL of acetonitrile. After vortex-mixing and 
centrifugation at 16,000 × g for 1 min, a 20 μL aliq-
uot of the supernatant was injected directly onto the 
HPLC column. The mobile phase (15% acetonitrile 
and 85%, 50 mmol Potassium phosphate buffer, pH 
=3) was run at a flow rate of 1 mL/min. The excita-
tion and emission wavelengths of the fluorescence 
detector were 287 nm and 470 nm, respectively. 
The HPLC method was validated for specificity, ac-
curacy, repeatability and inter-day precision as de-
scribed previously (Elias et al., 2008).

Data analysis
The pharmacokinetic parameters of orbifloxacin fol-
lowing both routes of administration to all rats were 
analyzed by non-compartmental methods using 
Winnonlin professional program Version 2.1(Phar-
sight Corporation, Cary, NC, USA).The total area 
under the plasma concentration–time curve from 
time zero to time infinity (AUC

0-∞) was calculated 
using the trapezoidal rule–extrapolation method. 
The extent of absolute oral bioavailability (F%) was 
estimated by dividing the AUC

0-∞ value after an oral 
administration by the AUC

0-∞ 
value after an IV ad-

ministration. 
Descriptive statistical parameters as mean, standard 
deviation, and coefficient of variation were calcu-
lated, and the student’s t-test was applied to test pa-
rameters for significant difference between healthy 
and diabetic groups. A p-value of less than 0.05 was 
considered significant.
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Results
Body weight, blood glucose levels, 24-h urine out-
put, and relative liver and kidney weights in both 
diabetic and healthy groups are listed in Table 1. 

There was no statistical difference in body weight at 
the beginning of the study between animal groups. 
Diabetic rats had significantly lower weight gain, 
while blood glucose level, 24-h urine output and 
relative weight of the kidneys were significantly 
higher compared to the healthy group. Out of 14 rats 
administered with streptozotocin solution only one 
rat showed blood glucose level less than 250 mg/
dL, probably due to improper dosing. No significant 
difference was observed in the relative weights of 
liver between the two groups. The HPLC method 
was sensitive, specific and repeatable. The retention 
time of orbifloxacin was approximately 4 min. No 
interfering peaks in all blank samples were noted 
in the elution position of orbifloxacin. A linear rela-
tionship existed in the calibration curve in a concen-
tration range between 0.03-50 μg /mL. Orbifloxacin 
recovery from plasma ranged from 97.9 % to 101.9 
% for different concentration levels. The repeatabil-
ity and within-run precision (percent coefficient of 
variation, %CV) across the range of tested concen-
trations were 3.5-6.1% and 5.2-8.1%, respectively. 
The limit of detection (LOD) and limit of quantita-
tion (LOQ) were 0.02 and 0.03 μg /mL. 
No adverse effects from drug administration were 

noted during the study. The relevant pharmacoki-
netic parameters derived from non-compartmental 
analysis of the oral and IV data are summarized in 
Tables 2 and 3. Mean plasma concentrations are 

shown in Figures 1 and 2. Oral orbifloxacin was 
well absorbed in both healthy and diabetic rats with 
an absolute bioavailability of 99.1% and 108 %, and 
a C

max
 of 6.55 ± 1.09 μg /mL and 8.63 ± 1.09 μg /

mL. The terminal half-life of orbifloxacin after IV 
and oral administration was 4.17 ± 0.38 h and 4.03 
± 0.41 h (Harmonic means, 3.93 h and 3.82 h) for 
healthy and 2.31 ± 0.34 h and 3.03 ± 0.28 h (Har-
monic means, 2.1 h and 3 h) for diabetic rats. Statis-
tical comparison between the two treatment groups 
revealed significant differences in the terminal half-
life, clearance and MRT values.

Discussion
In recent years the interest in rodents as pets has dra-
matically increased. This has led to a rapid expan-
sion in rodent medicine (Flecknell,1998). On top of 
the potential usefulness of fluoroquinolones as oral-
ly active bactericidal agents with little cross-resist-
ance developed to other classes of antibiotics, the 
relative lack of incidence of induced enterocolitis at 
clinical dose rates makes them an attractive option 
for the treatment of infections in rodents (Morris, 
1995). Here, we report for the first time the dispo-
sition kinetics of orbifloxacin in rats after a single 
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Table 1. The mean (± standard deviation) body weight, bloodglucose level, 24-h urine output, and relative 
organ weights in healthy and streptozotocin-induced diabetic rats. 

Healthy (n=12) Diabetic (n=12)

Body weight( g)

Initial 331.1±8.57 335.8±6.03

Final 354.6±5.61 328.8±10.3a

Blood glucose (mg/dL) 107.16±7.77 311.8±27.5a

Urine output (24-h/kg) 31.8±2.73 85.8±5.67a

Liver weight (% of body weight) 3.05±0.31 3.27±0.19

Kidney weight (% of body weight) 0.79±0.05 1.02±0.09a

a Significantly different ( P< 0.05) from healthy group.
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intravenous and oral administration. After oral ad-
ministration of orbifloxacin at 5 mg/kg, a rapid and 
nearly complete absorption with absolute bioavail-
ability of 99.1% (healthy) and 108% (diabetic) rats 
was observed. These values are comparable to intra-
muscular bioavailability in goats (105.01 %), rab-

bits (109.87%), camels (97.47%), Korean Hanwoo 
cows (101.4%), and sheep (114%) (Elias et al., 
2008; Goudah et al., 2008 a, b; Marin et al., 2007a, 
b). However, the bioavailability of orbifloxacin in 
rats was higher than the oral bioavailability of orbi-
floxacin reported in horses (68.35%) (Davis et al., 
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Table 2. Pharmacokinetic parameters of orbifloxacin (Mean ± SD) after a single oral administration to 
healthy or diabetic rats (n=6).

Healthy Diabetic

Parameters Mean SD Mean SD

T
max

 (h) 2.33 0.55 1.25 0.25

C
max 

(μg/mL) 6.55 1.09 8.63 1.09

AUC
0-12 h

 (μg .h/mL) 38.51 3.53 36.44 3.81

AUC
0-∞ (μg.h/mL) 44.55 3.25 39.12 4.39

z (1 /h) 0.17 0.01 0.23a 0.02

t 
1/2

z (h) 4.03 0.41 3.03 0.28

MRT
0-24h

 (h) 4.54 0.21 3.47 0.19

MRT
0-

 (h) 6.38 0.63 4.31a 0.47

F (%) 99.1 108
a Significant at p<0.01;  Tmax, time of maximum observed concentrat-ion; Cmax, maximum observed 
concentration; AUC, area under concentration-time curve; z,first-order rate constant associated with the 
terminal portion of the curve; t1/2 z, terminalhalf life; MRT, mean resident time; F, bioavailability.

Table 3. Pharmacokinetic parameters of orbifloxacin (Mean ± SD) after a single intravenous injection to 
healthy or diabetic rats (n=6).

Healthy Diabetic

Parameters Mean SD Mean SD

AUC
0-12h

 (μg .h /mL) 40.78 3.18 34.53 2.82

z
 
(1/h) 0.17 0.02 0.33b 0.04

t 
1/2 

z (h) 4.17 0.38 2.31b 0.34

AUC
0-

 (μg.h/mL) 44.96 4.31 36.15 2.89

V z (L/Kg) 0.69 0.09 0.51 0.09

Cl (L/h.Kg) 0.11 0.01 0.15a 0.01

MRT
0-24h

 (h) 4.17 0.18 3.67 0.15

MRT
0-

 (h) 6.14 0.45 4.24b 0.34

Vss (L/Kg) 0.68 0.09 0.65 0.08

a Significant at p< 0.01; b Significant at p< 0.05; AUC,area under concentration-time curve; z,first-order 
rate constant associated with the terminal portion of the curve; t

1/2
 z, terminal half life V z ,apparent 

volume of distribution; Cl, total body clearance; MRT, mean resident time; Vss, volume of distribution at 
steady state.
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2006). The terminal half-lives of orbifloxacin after 
IV and oral dosing to healthy rats were compara-
ble (harmonic mean: 3.92 and 3.82 h), suggesting 
that absorption does not seem to affect elimination. 
The IV terminal half-life of orbifloxacin in rats was 
longer than in goats (1.84 h), rabbits (2.5 h) and 
cows (3.2 h) (Elias et al., 2008; Marin et al., 2007a, 
b), and shorter than in horses (5.08 h) and camels 
(5.74 h) (Davis et al., 2006; Goudah et al., 2008 a). 
A comparable half-life of orbifloxacin (4.19 h) was 
observed in beagle dogs (Elias et al., 2009).
The effect of disease and altered physiological states 
on the pharmacokinetics of drugs has been reported 

in animals and humans. When assessing changes 
in drug disposition, the relevant pharmacokinetic 
parameters to use are body (systemic) clearance, 
volume of distribution, half-life and possibly 
mean residence time (Boxenbaum, 1984). Statisti-
cal comparison of the kinetic parameters between 
the healthy and diabetic rats revealed significant 
differences in such parameters as body clearance, 
terminal half-life and MRT values. As observed in 
the concentration-time plots of both IV and oral 
data, the plasma level of orbifloxacin was higher in 
healthy than in diabetic rats after distribution or ab-
sorption (oral administration) period. Following IV 
administration, the terminal half-life of orbifloxacin 
in diabetic rats (2.31 ± 0.31 h) was significantly 
shorter than that of healthy rats (4.17± 0.38 h). Al-
though it did not reach a significant level, the ter-
minal half-life after oral dosing to diabetic rats was 
also shorter by 1 h compared to healthy rats (Table 
3). As we hypothesized, diabetes has significant ef-
fect on the clearance of orbifloxacin; accelerating 
it. And longer MRT values were observed in the 
healthy rats. Orbifloxacin, like most other fluoroqui-
nolones, is primarily excreted via the kidneys, and 
a major portion of an oral dose is excreted in urine 
unchanged within 24 hours of administration (Mat-
sumoto et al.,1998 a, b,1999). The rapid clearance 
and shorter elimination half-life of orbifloxacin ob-
served in diabetic rats may be due to increased renal 
hyperfiltration as evidenced by higher 24-h urine 
output and heavier kidneys in these animals, which 
suggest somewhat impaired renal function. In favor 
of this hypothesis, other groups of streptozotocin-
induced diabetic rats we used for different experi-
ment during the same study period demonstrated a 
higher glomerular filtration rate (GFR) as estimated 
by creatinine clearance, together with increased kid-
ney weight, although no significant changes were 
observed in the kidneys and livers between diabetic 
and control groups based on histology. 
Most fluoroquinolones, including orbifloxacin, ex-
hibit concentration-dependent killing against many 
gram-negative bacteria, and clinical response is 
usually predicted by using the C

max
/MIC ratio as 

Figure 1. Plasma concentrations (mean ± SD, n=6) 
of orbifloxacin following intravenous (i.v.) adminis-
tration at a dose rate of 5 mg/kg to clinically healthy 
and diabetic rats.

Figure 2. Plasma concentrations (mean ± SD, n=6) 
of orbifloxacin following oral administration at a 
dose rate of 5 mg/kg to clinically healthy and dia-
betic rats.
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well as the AUC
24h

/MIC values relative to the tar-
get organism (Grosset , 2004;Mckellar et al., 2004). 
Against gram positive-organisms, such as S. inter-
medius, however, the killing activity of orbifloxacin 
has been reported to be time-dependent (Ganièreet 
al., 2004), such that therapeutic efficacy is depend-
ent on the maintenance in target tissues of antibiotic 
concentrations above the MIC for the pathogen for 
a large portion of the dosage interval. The faster 
clearance of orbifloxacin in diabetic animals may 
have significance with respect to the therapeutic 
time. This observation would have more clinical rel-
evance if diabetes has similar effect on the kinetics 
of the drug in species like dogs and cats.
Despite the above significant differences between 
healthy and diabetic rats, other kinetic parameters 
such as volume of distribution and area under plas-
ma concentration- time curve (AUC) were similar in 
both groups, and a slightly higher C

max 
value of 8.63 

μg/mL in diabetic rats vs. 6.55 μg/mL in healthy rats 
was achieved relatively earlier. These may indicate 
that streptozotocin-induced diabetes in rats has little 
or no effect on oral absorption of orbifloxacin as it 
has on the elimination rate. 
Sprague–Dawley rats were used in our study. The 
clinical significance and relevance of antibacterial 
treatment to the Sprague-Dawley strain rats may 
not be justified due to public health reasons. How-
ever, the paucity of published pharmacokinetic data 
in rodents using such antibacterials, the similarity 
between the experimental strains and rats used as 
pets, and the possible extrapolation with a reason-
able accuracy of the present data to other rodents 
that have similar biology with rats would make our 
findings useful.
Streptozotocin injection in rats induces primarily 
type 1 diabetes by selective destruction of the pan-
creatic β-cells, while type 2 diabetes can also be in-
duced in rats by intravenous or intraperitoneal treat-
ment of neonatal rats with 100 mg/kg b.w. strep-
tozotocin (Szkudelski, 2001).The form of diabetes 
in companion animals varies with species. Type 1 
diabetes, previously called insulin-dependent diabe-
tes, is most common in dogs, whereas, type 2, pre-

viously called non-insulin dependent or adult-onset 
diabetes, appears to be the most common form of 
diabetes in cats (Rand et al., 2006). In this regard, 
the model of streptozotocin-induced diabetes in the 
experimental rats may not reflect the latter form of 
diabetes in cats and dogs. Furthermore, disorders 
of glucose homeostasis have been reported in as-
sociation with fluoroquinolone therapy in diabetes 
mellitus of humans and animals, in particular with 
gatifloxacin and levofloxacin (Vallurupalli et al., 
2008). This necessitates further investigations on 
the comparative disposition of orbifloxacin to the 
pancreas, liver and kidney of diabetic and healthy 
animals. 
In conclusion, the present study evaluated for the 
first time the single-dose disposition kinetics of 
orbifloxacin in clinically healthy and in diabetic 
rats .We applied the experimental dose of 5 mg/kg 
based on the minimum recommended dose of enro-
floxacin in rats. After administration of orbifloxacin 
to healthy rats, the PK was characterized by a rapid 
and nearly complete absorption, good distribu-
tion into body fluids, and prolonged elimination 
half-life. Based on the AUC

0-12 h 
and AUC

0-∞ values 
obtained in healthy animals and applying the equa-
tion: Dose=AUC× CL, orbifloxacin at 5 mg/kg dose 
would be worthy of consideration to treat infection 
in rats associated with susceptible bacteria.
There are potential limitations of the current study. 
First, we investigated the single dose disposition of 
the drug in rats, but orbifloxacin is repeatedly given 
to objective animals in clinical fields. Therefore, 
further study using repeated administration of the 
drug may be necessary. Besides, orbifloxacin is 
arbitrarily chosen for this investigation. However, 
there are many analog agents in veterinary area, 
including danofloxacin, difloxacin, enrofloxacin, 
and marbofloxacin, for which pharmacokinetic 
data in rodents is scarce with the exception of 
enrofloxacin. Further studies using the different 
fluoroquinolones would reveal the comparative ad-
vantage of one agent over the other, and promote 
the rational use of antibiotics in these species.  
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