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SUMMARY

The pharmacokinetics  ang bioavailability of danofloxacin  were
determined after single intravenous and oral administration of 5 mg/kg
of body weight to healthy non vaccinated chicken. Data obtained were
best deseribed by a two compartment open modef. The disposition
kinetics following intravenous injection revealed a considerable rapid
distribution phase (a-. 3.75 b)) followed by slower elimination phase
(kel-, 1.41 h') with a half-life (loss) of 580 h. The volume of
distribution of the central compartment (Ve) was 19384 mlkg.
Danofloxacin was transterred from central to peripheral compartment
(k12) at slower arte (211 b than its passage form the peripheral 1o the
central compartment (Kat) which equal to 0311 W', The drug was
cleared by all processes {Cliag) ait rate of 3.94 ml/kg/min. The disposition
kinetics of danofloxacin following oral administration in non vaccinated
and vaccinated chicken characterized by higher vatues in maximum
Serum concentration (Cpy) in vaceinated than non vaccinated chicken.
During repeated oral administration of danofloxacin a cumulative effects
were recorded. Most of the pharmacokinetics parameters in vaccinated
chicken were statistically changed when compared to non vaccinated
ones. ‘Tissue residues in slaughtered  vaccinated - chicken  were
significantly higher than that of non vaccinated ones. The drug
completely disappeared form all tissues after 72 hours except splee,
breast and thigh muscles in which the drug disappeared afrer 48 hours
following repeated oral administration,

Key words: Pharmacokinetics, danofloxacin, newcastle, chicke,
,

INTRODUCTION

Danofloxacin as a novel second generation of flugroa,uinolones
developed specifically for veterinary use (Giles er al, 1991a). It is
related structurally to nalidixic acid bu has broader wpectrum of
antimicrobial activity and greater potency (Brander e af, 1991),
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Danofloxacin possesses a broad spectrum of activity against gram-
negative bacteria, good in vitre efficacy, also has been demonstrated for
gram-positive bacteria and mycoplasma (Takahashi ez al., 1990; Giles et
ol., 1991; Migaki er al., 1993 and Watts et al.. 1997).

Pharmacokinetic variables such as plasma concentration, half
life, bioavailability, rate of elimination are important consideration for
rational use of antimicrobial agents.

Kinetic evaluation of danofloxacin has been determined in cattle
(Giles et al., 1991a; Mann ef af., 1992 and Shem er al., 1998), sheep
(Mekeller ef al., 1998), goat (Atef et al., 2001), pig {Lindecrona et al.,
2000) and broiler chicken (Knoll e af.. 1999). Limited information
about the tissue distribution of danofloxacin in selected tissues and
plasma of chicken were reported. The purposes of the study reported
herc were (o cvaluate the pharmacokinetic variable following
intravenous and oral administration of 5 mg danofloxacin/kg b.wt. in
non vaccinated and vaccinated chicken. Drug residues in non vaccinated
and vaccinated chicken will be determined.

MATERIALS and METHODS

Danofloxacin: it was obtained as a 16.7% pharmaceutical preparation
(Advocin®) from the Pfizer company, Egypt.

Neweastle virus vaceine: It is available as a vial, each contain 500 or
1000 doses of Lasota strain from Intervet International B.V. Boxmeer-
Holand.

Chicken: Thirty-six clinically normal FTubbard chicken, 6 weeks-old
(1.6 kg B. Wt.), chosen randomly form Quissina poultry farm, Egypt.
Chicken were fed on a balanced ration free from antibiotic for 2 weeks
to be sure complete clearance of any antibiotic residues.

Experimental design: The birds were allotted to 4 groups. Chicken of
group 1 (5 chicken/group) were injected intravenously with 5 mg
danofloxacin/kg body weight via the left wing vein. These chicken were
left for 2 weeks to ensure complete excretion of the tested drug from
their bodies. Then the tested chicken were administered orally with 5 mg
danofloxacin /kg body weight. Chicken of group 2 (12 chicken/group)
were administered orally with § mg danofloxacin /kg body weight three
times daily for 5 consecutive days. The first 5 chicken of this group are
those of the first group. Group 3, it included 12 chicken vaccinated with
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Newecastle virus vaccine intracculary and simultaneously administered
with danofloxacin as mentioned for group 2. Chicken of group 4 (12
chicken/group) firstly were vaccinated intraocularly with New Castle
disease virus vaceine and after 10 days from vaccination, when the titer
of antibodies reach its maximum level, chicken were administered orally
5 mg danofloxacin/kg body weight 3 times daily for 5 consecutive days.

Blood samples were taken form the right wing vein of each bird
after administration of danofloxacin at 5, 10, 15, 30 minutes, 1. 2, 4, 6.
8, 16 and 24 hows after a single intravenous or oral administration.
Serum was scparated after centrifugation and was stored frozen (-20°C)
until analysed. Danofloxacin concentrations in the serum of chicken
were measured. Three chicken from groups 2, 3 and 4 werc slaughtered
afler the end of the fifth days of repeated oral administration of
danofloxacin at 24, 48, 72 and 96 hours. Selected tissuc specimen were
obtained (brain, lung, heart, gizzard, kidney, liver, spleen, fat, skin,
breast and thigh muscles). Samples were kept frozen (-20°C) until
assaved for danofloxacin concentrations.

Drug assay: Danofloxacin was assayed in serum and tissucs by
microbiological method using Staphylococcus aureus as a lest organism
(Arret et al., 1971 and Mighiot and Dorigo, 1989).

Data analysiss The pharmacokinetic parameters were calculated
according to Ritchel (1973) and Baggot (1978 a).

The obtained data were statistically calculated as mean and
standard error (M = S.E.) according to Berly and Lindgren (1990).

RESULTS

The serum concentrations of danofloxacin-lime profiles
following intravenous (i.v.) and post-oral (po) administrations of 5
mg/kg b.w. are shown in Figures (1 & 2).

Following iv. injoction, thc serum concentration- time curve of
danofloxacin showed that the drug obey the two compartment open
model (Figure, 1A).

The disposition kinetic of dancfloxacin following & single
intravenous injection (Table, 1} revealed a  considerable rapid
distribution phase {¢) ecqual to 3.75 £ 0.130 b and 105 @ of 0.190 &
0.005 h. The volume of distribution of central compartment (Ve') of
danofloxacin was 1983.4 = 1521 ml/kg whereas the total body
distribution calculated by the extrapolation (Vg area (Vs and
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steady-state (Vd..) methods were 15339.26 + 403.39, 24024 = 409.59,
15415.90 + 530.4] mlikg. respectively. The elimination rate constant
(Ky3) equal to 1.41 # 0.52 ' and half-life (t,sB) value of 5.801 = 0.22 h,
Danofloxacin cleared by all clearance processes in the body (Cly) at a
rate of 3.94 + 0.42 ml/kg/min.

The pharmacokinetic parameters following a single oral
administration of danofloxacin arc demonstrated in table (1). The resuits
revealed that danofloxacin was absorbed with absorption rate constant
(Kas) equal 2.07 4 0,097 b and absorption half-life (insa) of 0.339 +
0.016 h. The maximum serum concentration (Ciax) Was 0.142 = 0.014
peiml reached at about 1.23 = 0.038 h (Liax)-

Danofloxacin eliminated at a rate (Kel) equal to 0.229 = 0.013 b
with bali-life (tysp) of 3.07 £ 0.20 h. The drug cleared by all clearance
processes (Clior) in the body at a fast rat equal to 63.93 = 8.65 mikg/min,
The mean systemic bioavailability after oral administration was 28.06 =
0.881%.

Fig. 1: Semi logarithmic graph depicting the time course of danofloxacin in
serum. following 2 single intravennus (A) and a single oral (B)
administration of 3 mg/&kg b.w. in non vaccinated chicken.
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Table 1: Pharmacokinctic parameters of danofloxacin in serum
following 2 single iawavenous (iv) and oral (po)
administration of 5 mg/kg bowt, in non vaccinated chicken

(n=5).
Parameters Units iv{(n=5} po(n=175)
g aimt 2.59+0.21 i
A pg/mt 245+ (021 ‘ 0.159 = 0.01
A b 3.7540.13 |
Tos () u 0.19 # 0.005 {
K b | 2.07=0.097
Tos by { 1 0.339=0.016
T (Caleulated) } H 1.23 = 0.058
(Observed) H | 1.006 = 0.0388
Cp (Calculated ) | pgml 0.142 £ 0.014
| (Observed) ugml | 0.105 £ 6.044
B ugml | 013120004 0.150 + 0.013
B R 0,020 £0.004 ‘
Tasm H | 580%022 30720203 |
Kel h! 022940013 |
Kia h! 141 £0.52
K rt 2.11 =0.064
Ky Rt 0311=0.021 i
ve! mlkg 1983.4 = 152.1 |
Vd (@) mlkg 1539.26 + 403.39 ‘
Vd farea mlkg 24024 = 409.59
Vd (o mlkg 15415.9 + 530,41
Gl Mlka/min 3.94 +10.426 63.93 4 8.65
AUC ugiml/h 2250045 0.630 = 0.049
| Bivavailability [‘ % 28060881 |
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The comparison of pharmacokinetic parameters of danofloxacin
following repeated oral administrations between non vaccinated (G2)
and vaccinated ((G3 & G4) chicken revealed statistically significant
difference between non-vaccinated and vaccinated chicken (Table, 2).

Tissue  danofloxacin  concentrations in slaughtered  non
vaceinated (G-2) and vaccinated (G3 and G4) chicken following
repeated oral administration of S mg danofloxacin /kg bawt. 3 times daily
for 5 consecutive days were tabulated in table (3) There were a high
significant increase in tissuc residues in G-3 and G-4 when compared
with G-2.

DISCUSSION

It is cssential for the treatment of bacterial infection that the
concentration of antibacterial drugs at the site of infection must he
adequate. The kinetic behavior of the drug in bloed is usually taken to
mndicate its distribution in the body,

In the present study, a single intravenous injection of Smg
danofloxacin/kg bowt. in non vaccinated chicken showed that the serum
concentration. time curve of danofloxacin obeyed a hwo-compartment
open model. Similar result were obtained by Giles ef al. (1991a) and
Atef @ al. (2001) following intravenous injection of danofloxacin in
cattle and goats, respectively. Meanwhile, Friis (1993) elaborated the
experimental data in calves after intravenous injection of danofloxacin
according to three compartments open modcl. These variation are often
related to specics difference between chicken and ruminants.

The mean values of K3 (2.1 + 0.064 h'!) were higher than Ks;
(0.311 = 0.021 h'z) which indicated higher transfers of danofloxacin
form central to peripheral compariment. Lindecrona ef af, (2000) and
Atef er al. (2001) found that danofloxacin persisted in central
compartment. These differences might be attributed to specific variation
between chicken and animals, method used and healthy status of each
subject (El-Saved et al., 1989).

The short distribution half-life {1y.54) obtained by Mckellar er a/.
(1998) in sheep (0.18 h) and Atef ef af. (2001) in goats (0.17 h) confirm
our results in chicken (0.19 k). This short period of distribution half-life
might be attributed to the intracellular binding feature of quinolones
{Mcketler er ¢i., 1998).

The volume of distribution at steady state {Vdss) was 15415.9
mlkg/min which is higher than that obtained by Mckellar er al. (1998)
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in sheep and Atel er al. (2001} in goats. This variation often refated to
species differences. Apley and Upson (1993 b) stated that extensive
tissuc penetration was suggested by high steady state volume of
distribution.

The elimination half-life (tpsp) valued 580 = 022 h with
elimation rate constant (Kel) 1.41 = 0.052 h'. This result was nearly
parallel to that obtained by Apley and Upson (1993b) and Friis (1993) in
calves (6.26 h and 7.4 h), respectively. Apley ef ai. 1992 and Mckellar
et al. (1998) reported low value of fosg in calves (2.27 h) and in sheep
(3.35 h), respectively. This variation might be attributed to method used,
healthy status of animal and specific interspecies variation (El-Sayed ef
al., 1989).

The mean values of total body clearance (Clior) of danofloxacin
following intravenous injection was 3.94 = 0.426 ml/kg/min. This result
was slightly higher than that reported by Mckellar et al. (1998) and
Tuhami (1998) in sheep (2.5 ml/kgimin.) and in cattle (1.4 ml/kg/min.).
respectively. This variation may be atiributed to anatomical and
physiological diffcrences between chicken and ruminants.

The pharamacokientic profile of danofloxacin following single
and repeated oral administration of § mg kg b.wt. 3 times daily for 5
consecutive days in non vaccinated and vaccinated chicken were studied.
The obtained results revealed that the drug reach its maximum
concentration (0.116 £ 0.0098 pg/ml) one hour post-administration and
persisted till 8 hours with concentration above the MIC (0.020 pg/ml)
(Mckellar ef af., 1998).

The absorption rate constant (Kab) was significantly higher in
yaceinated than in non vaccinated chicken, This might be attributed to
the immune status of vaccinated chicken as mentioned by Danielova and
Ambartsumian (1976). The calculated maximum serum concentration
(Caae) of danofloxacin was significantly decreased meanwhile the time
needed to reach it (tmw) increased significantly in vaccinated than in non
vaccinated chicken. Viral infection in experimentally infected chicken
induce considerable decrease in serum total protein, albumin and gamma
globulin (Kraezkowski, 1964). Depending on this fact danofloxacin
blood levels increased in vaccinated than in non vaccinated chicken.
Similar results were reported by Knoll ef al. (1999) in broiler chicken.
Danofloxacin was cleared by all clearance processes (Clyr) at a faster
rate in vaccinated than in non vaccinated chicken. This might be
attibuted to the immunogenesis of lymphoreticular cells occurred
(Danielova and Ambartsumian, 1976). The obtained results revealed that
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the bioavailability percent 28.06 = 0.881 in non vaccinated chicken
which was lower than that reported by Knoll er af, (1999) in broiler
chicken and Atef e ol (2001} in goat. This difference might be
attributed to method used. healthy status and species variation.

The obtained resufts revealed that a significant increase at most
time of serum danofloxacin concentrations in vaccinated than in non
vaceinated chicken. This phenomena was confirmed by the study of
Daniclova and Ambarisumian (1976) who found an increasc in
oxytetracyeline level in immunized rabhbits with dry bruceliosis vaccine.
Danofloxacin serum cencentrations in non vaccinated as well as i
vaccinated chicken were significantly increased during multiple dosage
regimen in comparison with that of the [irst day. These observation
indicated that danofloxacin has a cummulative effects,

In regarding to the tissuc residues of danofloxacin, the obtained
results indicated that administration of 5 mg'kg b.wt. for 5 consecutive
days induce a significant increase of tissue residues in vaceinated than in
non-vaccinated chicken. This might be attributed to a marked decrease
of serum total protein and albumin fraction i vaccinated chicken
(Kraezkowski, 1964}, These results were nearly consistent with that
reported by Nakamura (1995) who found that danofloxacin was effective
and safe in bird and disappeared from edible tissues after appropriate
time. Abdcl Aziz er of. (1997) reported that cnrofloxacin was completely
disappeared from all tissues afier three days following repeated oral
administration.

In conclusion the immune status altered the pharamacokientic
pattems of danofloxacin in vaccinated chicken where the serum level ag
well as the distribution of the drug increased in vaccinated chicken.
Moreover, significant increase of the rate of absorption form the site of
administration. This might be increased the efficacy of the antibacterial
activity of danofloxacin, So, we concluded that danofloxacin was
recommended during vaccination program from the kingtic point of view
afier putting in consideration its effeet on the immune status,
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