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ABSTRACT 

Colibacillosis was produced experimentally in 14 white Leghorn 

broiler chickens by intratracheal inoculation of 0.3 ml broth of E. coli 

O78:K80 containing approximately 10
6
 colony forming unit. Another 

7 clinically normal chickens were used in this study. Ofloxacin was 

administered to chickens intravenously and orally (5 mg/kg b.wt.) to 

determine the effect of colibacillosis on its kinetic behavior. 

The concentration of ofloxacin in serum samples collected at presche-

duled time were estimated by using microbiological assay. The phar-

macokinetic parameters were determined by two compartment open 

model. The drug concentration (≥ 0.1 µg/ml) was maintained up to 24 

h. There were statistically (P<0.05) significant differences between 

normal and colibacillosed chickens represented by half-time of elimin-

ation, transfer rate constants,  elimination rate constant,  apparent 

volume of the central compartment and body clearance of the drug 

following intravenous administration. Following oral administration 

the absorp-tion rate constant, absorption half-life and the time needed 

to reach the maximum concentration were statistically (P<0.05) 

significantly diffe-rent between normal and colibacillosed chickens. 

The bioavailability of ofloxacin in normal chickens following oral 

administration was found to be 91.9 ± 8.25%. The in vitro protein 

binding of ofloxacin in normal chicken serum at different concentrat-

ions was 15.98 ± 0.92%. Based on these kinetic parameters clinical 

application of ofloxacin at a dose of 5 mg/kg at 24 h dosing interval 

by intravenous or oral administration in chickens is recommended. 
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INTRODUCTION 

Colibacillosis is a wide disease of poultry, caused by a small 

number of pathogenic strain of E. coli and resulting in heavy economic 

losses (Barnes and Gross, 1997). The disease is characterized in its 

acute form by septicemia resulting in death and in its subacute form by 

pericarditis, airsaculitis and perihepatitis (Cheville and Arp, 1978). 

Except for the extensive work on the relationship of renal and 

hepatic disease on drug elimination and therapy, experimental studies on 

the effects of disease on drug disposition are few (Wellington and Craig, 

1976). Marked alterations in drug disposition under disease conditions 

where tissue permeability, pH and other factors may be significantly 

altered may have profound implications regarding both efficacy and 

toxicity. 

Ofloxacin is one of a new generation of fluorinated quinolones 

structurally related to nalidixic acid. It is a broad spectrum antibacterial 

drug active against most Gram- negative bacteria, many Gram- positive 

bacteria and some anaerobes (Monk and Campoli, 1987). Ofloxacin has 

been introduced into human medicine and because of its breadth and 

intense activity against Gram- negative bacteria, Mycoplasma spp., 

Chlamydia spp and Rickettsia spp., it was proposed for veterinary 

medicine use (Lamp et al., 1992). 

Ofloxacin as more completely absorbed achieves, high peak serum 

concentrations and has long terminal elimination half- life which results 

in a great area under the curve when administered orally (Wolfson and 

Hooper, 1989 and Son et al., 2000). 

The pharmacokinetic properties of ofloxacin have not been extensi-

vely studied in different animal species. However there are several single 

reports in rabbits (Perkins et al., 1995), chicken (Liu and fung, 1997), 

goats (Barum et al., 2000) and in dogs (Yabe et al., 2001). 
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Therefore the purpose of this study was to investigate the pharmac-

okinetic behaviour of ofloxacin in healthy chickens and chickens infected 

with E. coli after a single intravenous and oral administration, Systemic 

bioavailability in healthy chickens after oral administration in normal chic-

ken and in- vitro protein binding of ofloxacin serum also were determined. 

MATERIALS AND METHODS 

Drug: 

Ofloxacin pure powder equivalent to 100% of ofloxacin was kindly 

supplied from Kahira Pharm.& Chem. Ind. Co. Egypt. It was used as 

standard for microbiological assay and chicken administration. Drug was 

dissolved in 0.1 N NaOH to a concentration of 10 mg/ ml and there after 

titrated with concentrated HCl to a neutral pH before administration 

(Kemmerich et al., 1986). 

Escherichia coli: 

Nutrient broth culture of E. coli O78: K80 containing approximately 

10
6
 colony forming unit/ ml was obtained from poultry department, micr-

obiology unit, Animal Health Research Institute. 

Chickens: 

Healthy adult White Leghorn broiler chickens of 2.10 ± 0.3 kg 

body weight were obtained from commercial source. The chickens were 

placed in cages in the animal house and fed on a balanced ration free 

from antibiotic and water were ad libitum two weeks before and through 

out the experiment. 

Experimental design: 

The pharmacokinetic study of ofloxacin was performed in two 

experiments. 
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Experiment-1: 

Seven clinically normal chickens were used in this work. Each 

chicken was injected 5 mg ofloxacin/ kg b.wt into the right wing vein, 

then these chicken left for 15 days to insure complete excretion of 

ofloxacin from their bodies. After that each chicken was administered 

orally with 5 mg ofloxacin/ kg b.wt. 

Experiment-2: 

Fourteen chickens were inoculated intratrachealy with 0.3 ml of E. 

coli broth culture. These chickens were subjected to fluctuating air 

temperature four days before infection as stress factor to enhance E. coli 

infection (Pages and Costa, 1985). Four days after infection the chickens 

were divided into 2 groups (7 chickens/ group). Each chicken in group 1 

was injected intravenously into the right wing vein with 5 mg ofloxacin/ 

kg b.wt. Meanwhile, each chicken in group 2 was administered orally 

with 5 mg ofloxacin / kg b.wt. 

Food but not water was withheld for 12 hours before oral dosing 

until 6 hours after drug administration. 

Collection of samples: 

After ofloxacin administration in each study 0.5 ml blood samples 

were collected from the left wing vein at 10, 20 and 30 minutes and at 1, 

2, 4, 8, 12 and 24 hours. Sera prepared from the blood samples were frozen 

at -20°C until analysis. 

Drug assay: 

Serum ofloxacin concentrations were determined by use of an agar- 

well diffusion biological assay with E. coli as the test organism (Arret et 

al., 1971). 

A standard curve of 16 to 0.032 µg of ofloxacin/ ml of chicken serum 

and solvent solution were used to calculate ofloxacin serum concentrations 

in the treated chickens and serum protein binding. Ofloxacin protein 
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binding was determined based in the fact that only free unbound part of 

antibiotic is capable to diffuse through agar. The equation described by 

Lorian (1975) was used to calculate the percent age of protein binding of 

the tested antibiotic from the difference in the diameter of inhibition zones 

in solvent solution (pH, 7) and those in serum at different concentrations 

of antibiotic. 

Pharmacokinetic analysis: 

The pharmacokinetic parameters were calculated from concentration 

vs. Time curves according to Baggot (1977, 1978) and Gibaldi and Perier 

(1982). 

The obtained data were statistically analysed as mean ± standard 

error (M ± S.E) according to Berly and Lindgren (1990). 

RESULTS 

The response to induction of E. coli with Lasota strain in chickens 

produce moderate depression, anorexia, ruffled feathers and diarhhoea 48 

hrs post-inoculation and lasted for about 4 days. 

The change of drug concentrations in serum after ofloxacin intrave-

nous or oral administration was considered with a two-compartment open 

model pharmacokinetic analysis. 

The pharmacokinetic parameters for normal and E. coli infected 

chickens following single intravenous or oral administration of 5 mg 

ofloxacin/kg b.wt. are shown in tables 1 and 2 as well as illustrated in 

Fig. 1 and 2, respectively. 

Following a single intravenous injection of 5 mg ofloxacin/kg b.wt. 

in normal and E. coli infected chickens, the comparison of serum drug 

concentration at 0 time (C
0
), intercept of distribution phase (A), half-time 

of elimination (t0.5(β)), transfer rate constant (K12 & K21), elimination rate 

constant (K10), apparent volume of the central compartment (V
1
c) and 

body clearance of drug (CLB) revealed statistically significantly 

different. 
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Following a single oral administration, the absorption rate constant 

(Kab), absorption half life (t0.5(ab)) and the time needed to reach the maximum 

concentration (tmax) are statistically significant difference between normal 

and E. coli infected chickens.  The area under the serum drug concentration- 

time curve (AUC) following oral and intravenous administration in the 

same normal chickens revealed systemic bioavailability percent equal to 

91.9 ± 8.25% (Fig., 3). The in-vitro protein binding of ofloxacin in normal 

chicken serum at different concentrations was 15.98 ± 0.92% as shown 

in table 3. 
 

Table (1): Pharmacokinetic determinants of ofloxacin in normal and E. coli 

infected chickens following a single intravenous dose of 5 mg/ kg 

b.wt (n= 7). 

Parameters Units Normal chickens 
E. coli infected 

chickens 

C0 µg/ ml 18.74 ± 1.55 10.76 ± 0.83* 

A µg/ ml 17.95 ± 1.72 9.93 ± 0.67* 

α h
-1

 4.02 ± 0.37 3.29 ± 0.22 

t0.5 (α) h 0.17 ± 0.02 0.21 ± 0.02 

B µg/ ml 0.79 ± 0.05 0.83 ± 0.06 

β h
-1

 0.08 ± 0.007 0.10 ± 0.01 

t0.5(β) h 8.66 ± 0.51 6.93 ± 0.41* 

K12 h
-1

 2.60 ± 0.19 2.11 ± 0.17* 

K21 h
-1

 0.24 ± 0.02 0.34 ± 0.02* 

K10 h
-1

 1.26 ± 0.09 0.93 ± 0.07* 

K12/ K21 - 10.83 ± 1.15 6.21 ± 0.73* 

VC
1 

L/ kg 0.27 ± 0.02 0.46 ± 0.03* 

Vd(β) L/ kg 4.50 ± 0.37 4.40 ± 0.41 

Vd(ss) L/ kg 2.07 ± 0.20 2.47 ± 0.21 

Vd(area) L/ kg 4.50 ± 0.48 4.42 ± 0.41 

MRT h 5.75 ± 0.33 5.61 ± 0.44 

ClB L/h/kg 0.36 ± 0.02 0.44 ± 0.03* 

AUC0- 24 µg/ h/ ml 13.82 ± 1.11 11.33 ± 0.93 

* Significant at P < 0.05 
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Table (2): Pharmacokinetic determinant of ofloxacin in normal and E. coli 

infected chickens after single oral administration of 5 mg/ kg b.wt 

(n =7). 

Parameters 
Units Normal chickens 

E. coli infected 

chickens 

A µg/ ml 1.42 ± 0.12 1.20 ± 0.13 

Kab h
-1 

1.90 ± 0.10 2.51 ± 0.11* 

t0.5 (ab) h 0.36 ± 0.03 0.28 ± 0.02* 

Lag time h 0.16 ± 0.02 0.16 ± 0.01 

B µg/ ml 1.42 ± 0.13 1.20 ± 0.10 

Kel h
-1 

0.10 ± 0.01 0.11 ± 0.01 

T0.5(β) h 7.00 ± 0.55 6.44 ± 0.43 

Tmax h 1.80 ± 0.14 1.47 ± 0.09* 

Cmax µg/ ml 1.14 ± 0.11 0.99 ± 0.07 

MRT h 8.05 ± 0.66 7.65 ± 0.51 

MAT h 2.30 ± 0.19 2.04 ± 0.15 

AUC0-24 µg/ h/ ml 12.70 ± 0.91 10.12 ± 0.77 

F % 91.90 ± 8.25 - 

* Significant at P < 0.05 
 

Table (3): In vitro serum protein binding of ofloxacin in normal chicken. 

Ofloxacin 

concentrations 

(µg/ml) 

Average corrected values of 

inhibition zones (mm) Average protein 

binding (%) Solvent 

(pH 7) 

Normal chicken 

serum 

0.25 15.25 12.61 17.31 

0.5 16.45 13.33 18.96 

1.00 18.31 15.66 14.47 

2.00 20.10 17.21 14.38 

4.00 22.00 18.75 14.77 

X ± S.E.   15.95 ± 0.92 
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Fig. (1): Comparison of the mean serum concentrations of ofloxacin following 

intravenous administration of 5 mg/kg b.wt. in normal and E. coli 

infected chickens. 

 

 

 
 

 

 

 

 
 

 

 

 

 

 

Fig. (2): Comparison of the mean serum concentrations of ofloxacin 

following oral administration of 5 mg/kg b.wt. in normal and 

E. coli infected chickens. 
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Fig. (3): Arithmetic plot of serum drug concentrations in the same normal 

chickens following single intravenous and oral administration 

of 5 mg ofloxacin/kg b.wt. 
 

DISCUSSION 

Colibacillosis was produced in each infected chicken as evidenced 

by the depression, anorexia, ruffled feathers and diarrhea. While, the 

symptoms were not consistent in severity among the infected chickens, 

this was not a limiting factor because the purpose of the experiment was 

to evaluate the effects of a disease on disposition of ofloxacin and not to 

evaluate the ofloxacin effectiveness. 

ollowing a single intravenous administration of 5 mg ofloxacin/kg 

b.wt. in normal and infected chickens. The drug could be detected for 24 

hours with  mean values of 0.13 and 0.11 µg/ml in normal and diseased 

chicken, respectively. These values exceeded the minimum inhibitory 

concentration of ofloxacin 0.1 µg/ml against E. coli (Zeng et al., 1996). 

The serum concentration-time curve showed that the drug obeyed a two-

compartment open model. Hartmut et al. (1987) in human and Liu and 
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Fung (1997) in chickens described the serum ofloxacin concentration-

time curve after intravenous administration by a two-compartment open 

model. Himangshu et al. (2004) described the serum ofloxacin concent-

ration-time relationship after intravenous injection of 5 mg/kg b.wt. in 

goats by non- compartmental model. This variation might be attributed to 

species differences as well as to the sensitivity of each method of assay. 

ofloxacin was rapidly distributed extravascularly in normal and dise-

ased chickens Following intravenous administration of 5 mg ofloxacin/kg 

b.wt as indicated by the mean values of distribution half-lives [t0.5(α)] and 

transfer rate constant (K12 and K21) as well as K12/K21 ratio (>1). 

The mean apparent volume of distribution obtained by the steady-

state (Vd(ss)) method were 2.07 ± 0.20 for normal chickens and 2.47 ± 

0.21 for infected chickens. This indicates that ofloxacin was distributed 

in tissues more than blood which might be attributed to its less extensive 

binding to plasma protein (15.98%). This was an expected finding for 

tissue penetrating the fluroquiolones such as ofloxacin. Our findings is in 

agreement with the values obtained by Hartmut et al. (1987), Liu and 

Fung (1997) and Himangsh et al. (2004) in human, chickens and goats, 

respectively. 

 The mean elimination half-lives (t0.5(β)) 8.66 ± 0.51 h in normal 

chickens and 6.93 ± 0.41 h in diseased one indicate that the chickens 

eliminate ofloxacin slowly. A relatively shorter half-life has been reported 

in man (5.4 h) by Farinotti et al. (1998), rabbit (1.5-1.9 h) by Marangos 

et al. (1997) and in chicken (4.82 h) by Liu and Fung (1997). Meanwhile, 

Himangshu et al. (2004) reported longer elimination half-life in goats 

(15.58 h). This variation in elimination half-life may be attributed 

partially to species variance as well as to the sensitivity of methods of 

assay. Ofloxacin body clearance  (ClB) was 0.36 ± 0.02 in normal chickens 

and 0.44 ± 0.03 L/h/kg in diseased one indicate high clearance rate which 

reflected on the mean residence time (MRT) of the drug in the body. 
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Following single oral administration of 5 mg ofloxacin/kg b.wt. in 

normal and diseased chickens, the drug could be detected over 24 hours 

with a mean value of 0.13 µg/ml and 0.087 µg/ml for normal and diseased 

chickens, respectively. These values are within the range of MIC of oflo-

xacin (0.1 µg/ml) against E. coli strain (Zeng et al., 1996). The disposition 

kinetics following a single oral administration of 5 mg ofloxacin/kg b.wt. 

in normal and diseased chickens revealed that ofloxacin is absorbed 

rapidly in diseased chickens (2.51 ± 0.11 h
-1

) than in normal one (1.90 ± 

0.10 h
-1

).  

The absorption half-lives (t0.5(ab)) and calculated maximum serum 

concentration (Cmax) were 0.36 ± 0.03 h and 1.14 ± 0.11 µg/ml for normal 

chickens and 0.28 ± 0.02 h and 0.99 ± 0.07 µg/ml for diseased chickens, 

respectively. Hartmut et al. (1987) reported the t0.5(ab) and Cmax in normal 

volunteers were 36.1 ± 20.5 min and 2.19 ± 0.43 µg/ml which was attained 

at tmax equal to 76.8 ± 39.2 min. this variation might be attributed to the 

anatomical and physiological variation between man and chickens as well 

as the health status of each species.  

The apparent elimination half-life following oral administration of 

5 mg of ofloxacin/kg b.wt. in normal and diseased chickens were 7.00 ± 

0.55 hours and 6.44 ± 0.43 hours, respectively, which were within the 

range reported in man (334 min) (Hartmut et al., 1987). Calculation of 

the AUC after 5 mg ofloxacin/kg b.wt. intravenous and oral administration 

in normal chickens showed nearly the same results, thus indicating an 

excellent absolute bioavailability (91.9 ± 8.25%) of ofloxacin following 

oral administration. Similar results were obtained by Hartmut et al. (1987) 

in human but Liu and Fung (1997) reported bioavailability of 129.4% 

after oral administration in chicken. This difference may be attributed to 

dose difference and method of assay. 
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Results of the in vitro serum protein binding showed low protein 

binding (15.89%) suggesting that conditions which alter protein binding 

would not influence the drug pharmacokinetics. Ofloxacin has been 

reported to be about 15.28 bound to serum in goats (Himangshu et al., 

2004). 

In conclusion, because of the bactericidal advantage and pharmaco-

kinetic properties reported, clinical application of ofloxacin in veterinary 

medicine can be of considerable advantage. 
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