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Abstract

The pharmacokinetics of marbofloxacin was studied following a single intravenous, oral administration in normal broiler chickens and
repeated oral administrations in normal and experimentally E.coli infected broiler chickens. The pharmacokinetic parameters following a
single intravenous injection of 2 mg/kg b.wt., revealed that marbofloxacin obeyed a two compartments open model, distribution half-life
(to.5(0y) Was 0.2520.02 h, volume of distribution (V) was 0.76+0.08 L/kg, elimination half-life (t;.s) was 5.43+0.87 h and total body
clearance (CLyy) was 0.09+0.002 I/kg/h. Following a single oral administration, marbofloxacin was rapidly and efficiently absorbed
through gastrointestinal tract of chickens as the absorption half-life (tys @y): 0.62%0.02 h). Maximum serum concentration (Cp.,) Was
1.15+0.01 pg/ml, reached its maximum time (tmay) at 2.53+0.04 h, elimination half-life (tos ) was 7.36+0.20 h indicating the tendency
of chickens to eliminate marbofloxacin in slow rate. Oral bioavailability was 73.57+ 1.90 % indicating good absorption of marbofloxacin
after oral administration. Serum concentrations of marbofloxacin following repeated oral administration of 2 mg/kg b.wt. once daily for
five consecutive days, peaked 2 hours after each oral dose with lower significant values recorded in experimentally infected broiler
chickens than in normal ones. Tissues residues of marbofloxacin in slaughtered normal chickens was highly in those tissues lung, liver,
and kidneys in chickens and the chicken must not be slaughtered before 3 days of stopping of drug administration. It was concluded that

the in- vitro protein binding was 12.33+0.82%.
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1. Introduction

Fluoroquinolones are picking up ubiquity as imperative antibacte-
rial agents in veterinary practice because of their broad antimicro-
bial activity (Park et al., 1998). Quinolones are dynamic against
gram negative and gram positive microscopic organisms in vitro
(Wolfson and Hooper, 1985), and in addition trime-
thoprim/sulfonamide resistant microbes (Preheim et al., 1987).
What's more, these antimicrobials are likewise dynamic against
Mycoplasma (Brown, 1996). Marbofloxacin is a synthetic fluoro-
quinolone, created for veterinary utilize just (Schneider et al.,
1996). It acts by hindrance of bacterial DNA-gyrase and has high
antimicrobial movement in vitro against an extensive variety of
gram-negative and some gram-positive microscopic organisms
(Staphylococcus aureus, Staphylococcus intermedius, Escherichia
coli, Klebsiella sp., Pasteurella multocida, Pasteurella haemolytica,
and Haemophilus somnus) and Mycoplasma (Spreng et al., 1995).

Similar to other fluoroquinolones, marbofloxacin has low plasma
protein binding (Ismail and El-Kattan, 2007), large volume of
distribution with good concentrations in tissues and body fluids
(Aliabadi and Lees, 2002; Anadon et al., 2002) and activity at
extremely low concentrations (Ding et al., 2013).

The disposition kinetic of marbofloxacin has been evaluated in
some avian species like broiler chickens (Anadon et al., 2002;
Ding et al., 2013), ostriches (De Lucas et al., 2005), turkey (Hari-
tova et al., 2006), Muscovy ducks (Goudah and Hasabelnaby,
2010; Yuan et al., 2011) and Mallard ducks (Garcia- Montijano et

al., 2012). The point of this study is to examine the pharmacoki-
netic profile of marbofloxacin (2 mg/kg b.wt.) taking after single
intravenous, oral administration in normal chicken and repeated
oral administrations in normal and experimentally E.coli infected
broiler chicken. Also, tissue residues following repeated oral ad-
ministrations in normal broiler chicken was evaluated.

2. Materials and methods

2.1. Drug

Marbofloxacin was obtained as injectable watery solution 2%
under trade name (Marbocyl) ® from Falcon's Care Center, K.S.A.
It manufactured by Vétoquinol S.A. (France). Each vial of 100 ml
capacity containing 20 mg marbofloxacin/ ml.

2.2. Birds

Thirty apparently healthy Cobb broiler chickens of both sexes
weighing from 1000-1200 g. Chickens were obtained from a pri-
vate poultry farm. The chickens were housed in hygienic floor
system chambers and were fed on balanced antimicrobial free
ration. Water was offered ad-libitum. Chickens were kept under
observation for 2 weeks before the start of experiments to ensure
complete clearance of any anti-bacterial substances from their
bodies. The experiment was performed in accordance with the
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guidelines set by the Ethical Committee of El-Sadat city Universi-
ty, Egypt.

2.2.1. Experimental design

The chickens were divided into 3 groups:

Group 1

It included 6 normal chickens. Each bird was injected intravenous-
ly into the left wing vein with 2 mg marbofloxacin / kg.b.wt.
These chickens were left for 15 days after the intravenous injec-
tion to ensure complete excretion of marbofloxacin from their
bodies. Then each chicken were given orally with 2 mg mar-
bofloxacin / kg.b.wt to calculate bioavailability of marbofloxacin
in normal chickens.

Group 2

It included 6 normal chickens. Each bird was given orally with 2
mg marbofloxacin /kg.b.wt, once daily for five consecutive days,
to determine the blood concentrations and pharmacokinetics of the
drug.

Group 3

Six broiler chickens were used in this experiment. Each chicken
was experimentally infected with a pathogenic strain of Escherich-
ia coli.

(E. coli O111:H4) by injection of 0.5 ml of the required concentra-
tion (10’micro-organism/ml) subcutaneously in the neck region of
birds (Salehi et al., 2012). After appearance of the clinical symp-
toms of bacteraemia as fever and bloody diarrhea 48 hours post
infection with Escherichia coli suspension, each infected bird was
given marbofloxacin orally at dose rate of 2 mg/kg b.wt of once
daily for five consecutive days.

Group 4

It included 18 chickens. Each bird was given orally with 2 mg
marbofloxacin /kg.b.wt, once daily for five consecutive days, to
determine the blood and tissue residues.

2.2.2. Samples

Blood samples:- One ml blood was collected from the right wing
vein of each bird at 5,15 and 30 minutes and 1, 2, 4, 6, 8, 12 and
24 hours after single intravenous and single oral administration.
Blood samples following repeated oral administrations in normal
chicken and experimentally infected chicken for 5 consecutive
days were taken daily at 15, 30 minutes, 1, 2, 4, 6, 8, 12, 24 hours.
All blood samples were collected in sterilized centrifuged tubes
and allowed to clot. Serum was separated by centrifugation at
3000 r.p.m for 10 minutes. Sera were kept

frozen until assayed.

Tissue samples:- Three chickens (from group 4) were randomly
selected and slaughtered, 2 hours then at 1%, 2™, 3/, 4™ 5" and 6™
day after the last dose of drug administration. Tissues samples
(liver, kidney, lung, spleen, fat, thigh muscle)

2.2.3. Drug bioassay

Concentrations of marbofloxacin in serum and tissue samples
were determined by the microbiological assay method described
by (Tsai and Kondo, 2001) using Escherichia coli ATCC 25922 as
test organism.

Standard curves were constructed using antibacterial free serum
collected from chickens. Six wells, 8 mm in diameter were cut at
equal distances in standard Petri-dishes containing 25 ml seeded
agar. The wells were filled with 100ul of either the test samples or
marbofloxacin standards. The plates were kept at room tempera-
ture for 2 h before being incubated at 37°C for 18 h. Zones of
inhibition were measured using micrometers, and the marbofloxa-
cin concentrations in the test samples were calculated from the
standard curve.

Standard curves of marbofloxacin were prepared in antibacterial-
free chicken serum by the appropriate serial dilution. The standard
curve in chicken serum was linear over the range of 0.05 to 100
pg/ml and the value of correlation coefficient (r) was 0.78. The
limit of quantification was 0.05 pg/ml. Protein binding of mar-

bofloxacin was estimated according to (Craig and Suh, 1991).
This method was based on the diffusion of free antibiotic into the
agar medium. To estimate the protein binding of marbofloxacin,
the drug was dissolved in phosphate buffer (pH 7.2) and antibiotic
free chicken’s serum at different concentrations. This estimation
was based on the facts that free unbound part of marbofloxacin
only capable to diffuse through agar. The differences in the diame-
ters of the inhibition zones between the solutions of the drug in the
buffer and plasma samples were then calculated according to the
following equation:

Protein binding % =
Zone of inhibition in buffer - Zone of inhibition in serum / Zone of
inhibition in buffer x 100

2.3. Pharmacokinetic analysis

Serum concentrations of marbofloxacin for each individual chick-
en after IV and PO administrations were subjected to a compart-
mental analysis using a nonlinear least-squares regression analysis
with the help of a computerized curve-stripping program (R Strip;
Micromath Scientific Software, Salt Lake City, UT, USA). For IV
and PO data, the appropriate pharmacokinetic model was deter-
mined by visual examination of individual concentration-time
curves and by application of Akaike’s Information Criterion (AIC)
(Yamaoka et al., 1978). Following IV injection, the serum concen-
tration time relationship was best estimated as a two compartment
open model system (Baggot, 1978) according to the following bi-
exponential equation:

Cp° = Ae®' + Be!

where Cp° is the concentration of drug in the serum at time t; A is
the intercept of the distribution phase with the concentration axis
expressed as ug ml™; B is the intercept of the elimination phase
with the concentration axis expressed as ug ml™; o is the distribu-
tion rate constant expressed in units of reciprocal time (h™); p is
the elimination rate constant expressed in units of reciprocal time
(h™); and e is the base of natural logarithm. The pharmacokinetic
parameters were reported as mean + SD. Data obtained throughout
the study were analyzed using Students t-test (Snedecor and
Cochran, 1976).

3. Results

No clinical indications of antagonistic impacts or narrow minded-
ness were seen to marbofloxacin after intravenous or oral admin-
istration. Mean serum concentrations of marbofloxacin following
intravenous and oral administration outlined in figure (1). Follow-
ing a single intravenous injection of 2 mg/kg b.wt of marbofloxa-
cin in normal chicken, marbofloxacin could be recognized thera-
peutically for 24 hours. The serum concentration — time curve of
marbofloxacin following intravenous injection showed that the
medication complied with a two compartments open model. Fol-
lowing oral administration of marbofloxacin, the mean peak serum
concentrations (Cax) Were 1.15+0.01 ug/mL accomplished at time
(Tmax) 2.53£0.04 h. Marbofloxacin could be distinguished in a
therapeutic concentration for 24 h after oral administration. The
pharmacokinetics parameters of marbofloxacin following a single
intravenous and oral administration were recorded in table (1).
Oral administration of 2 mg/kg.b.wt every 24 hours for five doses
in normal and E.coli infected chicken uncovered a lower signifi-
cant serum marbofloxacin concentration at all-time sampling in
E.coli infected chicken than in normal ones. The pharmacokinetic
parameters of marbofloxacin after repeated oral administration in
normal chicken were compared to those in E.coli appeared in table

).
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Fig. 1: Semilogarithmic Graph Depicting Serum Concentrations of Marbofloxacin (ug/MI) Following a Single Oral Administration of 2mg/Kg B.Wt. in
Broiler Chickens Previously Given the Same Dose by A Single Intravenous Injection (N=6).
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Fig. 2: Semilogarithmic Graph Depicting the Time Course of Marbofloxacin (ug/MI) in Serum of Normal Broiler Chickens Following Repeated Oral
Administration of 2 Mg/Kg B.Wt. Once Daily for Five Consecutive Days (N=6).
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Fig. 3: Semilogarithmic Graph Depicting the Time Course of Marbofloxacin (ug/MI) in Serum of Infected Broiler Chickens Following Repeated Oral
Administration of 2 Mg/Kg B.Wt. Once Daily for Five Consecutive Days (N=6).
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Table 1: Pharmacokinetic Parameters of Marbofloxacin in Chicken Following Single Intravenous and Oral Administration of 2 Mg/Kg B.Wt. (N=6)

PARAMETER UNIT Intravenous MEAN (+ SE) Oral MEAN (+ SE)
Cp’ pg.mi* 1827+068 e

0 (Kab) ht 2.87+0.24 1.13+0.03

B (Ker) ht 0.15 +0.02 0.09+0.003
Tosa (Tosab) h 0.25 +0.02 0.62+0.02
Tosp (Tosel) h 5.43 +0.87 7.63£0.20
Vg L kg? 076+008 e
Vdg, L kg™ 1.06 £0.13

Kiz ht 256 +0.19

Ka ht 0.46 +0.07

Vyrea L kg™ 0.65 +0.08

G pgml™ 1.15+0.01
T h e 2.53+0.04
AUC pg.h.ml™* 22.91+0.4 16.81+0.21
MRT h 5.65 +0.83 11.90+0.27
Cl L/kg/hr 0.09+0002 e

F % e 73.57 £1.90

Table 2: Pharmacokinetic Parameters of Marbofloxacin (ng/MI) in Normal (N) and Experimentally Escherichia Coli Infected (E) Broiler Chickens Dur-
ing Repeated Oral Administration of 2 Mg/Kg.B.Wit. for Five Consecutive Days (N=6).

Days 1%day 2"%day 3day 4™ day 5" day

f;'ame' N E N E N E N E N E

(niy  CSE)  (KSE)  (GSE) (GSE)  (GSE) (X#SE)  (#SE) (GSE)  (XSE) (XSE)

Ko h't ;-1510'0 1.10+0.04 §'27i°'° 118+0.03* 1324002 1324003 1394003 126+0.04* 143001 1.36+0.02%

Tosah 0000 064002 9900 oses002 0% 053001 0s0:001 ossroope  JA%E000 051x0.005

Kot 8.30810.0 gf%t0.00 82)710.0 0.08:0.002 8.70610.00 0.06£0.002 8.80510.00 0.06:0.002 2.0410.00 0.05:3.10

Tosay  9.12402 7.23+0.32%  10.50+0. 891:0.19%  11.92+02 1334401 1185:0.36 1533:0.1 13.11%0.10

! : 7 o o y 1143:035 ] - e e

Crrex 108£0.0 0860008 12000 1000005 1.37+0.00 1.16+0.004 153000 136:0.01*  1.62+0.00 1.43+0.02*

Troch 5'611'0'0 2.500.02* 5'49*0'0 25140.03 2'481'0'01 2458002 240003 251005  238:002 2.39+0.02

AUC 18010, 12674037 221740, 1648021 2823403 22574065 344002 27.66+0.55 4150401  32.14+0.29
14040, 11343044 15940, 13708025  17.95+0.3 1091402 17.85:051 2271201 19564013

MRTh 4 o - R : 17255049 ¢ ** : e

son 3195 2507 3799 3123 4356 40.46 53.73 45.90 62.09 52.12

+1.18 +1A5%% 114 £0.69%%* +0.48 +0.93* +0.97 +1.68%* +2.75 +0.04%*

*P <0.05**P<0.01***P<0.001
4. Discussion

In the present examination, the intravenous injection of 2mg/kg
b.wt. of marbofloxacin in normal broiler chickens, demonstrated
that the medication disposition best fitted a two compartments
open model. The got result was predictable with those reported for
marbofloxacin in mature horses (Carretero et al., 2002), goats
(Waxman et al., 2004), cats (Albarellos et al., 2005), foals (To-
hamy and EI-Gendy, 2013) and quails (Aboubakr and Abdelazem,
2015).

Following a single intravenous injection of marbofloxacin in nor-
mal broiler chickens, the drug was quickly distributed with a dis-
tribution half-life (T s,) of (0.25+0.02 h). This outcome is almost
reliable with those reported in broiler chickens (0.12+0.02 h;
Anadon et al., 2002), Muscovy ducks (0.34+0.12 h; Goudah and
Hasabelnaby, 2010b) and foals (0.27 h; Tohamy and EI-Gendy,
2013). The highly distribution of fluoroquinolones attributable to
their physicochemical properties (Mevius et al., 1990).
Additionally, marbofloxacin was wiped out at slow rate with elim-
ination half-life (Tys ) of 5.43+0.87 h. This outcome is about
like that reported in broiler chickens (5.26+0.66 h; Anadon et al.,
2002), goats (5.74+1.21 h; Dova et al., 2007) and chickens (6.8 h;
Ding et al., 2013) and like those recorded for different fluoroquin-
olones in broiler chickens as pefloxacin, ofloxacin and danofloxa-
cin (3.25 h, 4.44 h, 6.73 h, respectively; Varia et al., 2009) and
norfloxacin in broiler chickens (4.71+0.06 h; El-Sayed et al.,
2014). On the other hand, the elimination half-life in this study
was shorter than those reported for ciprofloxacin in chickens (8.84
h; Anadon et al., 2001) and marbofloxacin in calves (8.2 h; Ismail
and El-Kattan, 2007) such contrasts are moderately regular and are

often identified with inter species variation, assay methods used,
the measure of time between blood examining, the health status
and age of the animal (Haddad et al., 1985).

The Vdss for marbofloxacin was 0.76+0.08 L/kg. The obtained
value was similar to that recorded for marbofloxacin (0.77+0.25
L/kg.) in broiler chickens (Anadon et al., 2002). Then again, these
outcomes were contrast from those recorded for marbofloxacin
(3.22+0.98 L/kg) in ostriches (De-Lucas et al. 2005), (1.54+0.19
L/kg) in turkeys (Haritova et al. 2006) and (1.78+0.37 L/kg) in
Mallard ducks (Garcia-Montijano et al. 2012).

The rate of total body clearance (Cly;) of marbofloxacin follow-
ing intravenous injection was 0.09+0.002 L/kg/h. This value was
almost like those recorded in broiler chickens (0.17+0.03L/kg/h)
by Anadon et al. (2002) and pigs (0.07 L/kg/h) by Schneider et al.
(2014).

Following oral administration, marbofloxacin was quickly ab-
sorbed through gastrointestinal tract of broiler chicken with short
absorption half-life (Tos ay) 0f 0.62+0.02 h. The got result is reli-
able with those reported for marbofloxacin in broiler chickens
(0.60+0.05 h) Anadon et al. (2002), norfloxacin in broiler chick-
ens (0.57+0.01 h) El-Sayed et al. (2014) and marbofloxacin in
quails (0.71+£0.11 h) Aboubakr and Abdelazem (2015). On the
other hand, this value was longer than marbofloxacin in Muscovy
ducks (0.27h) Goudah and Hasabelnaby (2010) and marbofloxacin
in foals (0.26+0.001 h) Tohamy and El-Gendy (2013).

Maximum serum concentration (Cmax) was 1.15+0.01pug/ml
achived at (tmax) 2.53+0.04h. These values were similar to mar-
bofloxacin (1.054+0.15 pg/ml) in broiler chickens (Anadon et al.,
2002). Conversely, the reported maximum serum concentration in
present study was lower than those recorded in quails 3.59+0.24
pg/ml (Aboubakr and Abdelazem, 2015) On the other hand, the
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acquired result of maximum serum concentration was higher than
in turkey 0.80+0.32 pug/ml (Haritova et al., 2006).

The elimination half -life (Tys) following single oral administra-
tion was 7.63+0.20 h. The obtained result is similar to those re-
ported for marbofloxacin in broiler chickens (8.69+1.17 h)
Anadon et al., (2002), in turkey (6.23+1.63 h) Haritova et al.,
(2006) and in quails (6.19+0.08 h) Aboubakr and Abdelazem,
(2015). This value was longer than marbofloxacin in Muscovy
ducks (2.63+0.44 h) Goudah and Hasabelnaby, (2010). These
distinctions are moderately basic and are as often as possible iden-
tified with between species variety, test techniques utilized, meas-
ure of time between blood inspecting and/or the wellbeing status
and age of the creature (Haddad et al., 1985).

The systemic bioavailability of marbofloxacin in normal broiler
chickens was (73.57 + 1.90%). it was nearly similar to that of
enrofloxacin (68.11%) in Muscovy ducks (Intorre et al., 1997),
ciprofloxacin (69.12+ 6.95%) in broiler chickens (Anadon et al.,
2001) and levofloxacin (70.09 + 9.8%) in broiler chickens
(Kalaiselvi et al., 2006). On the other hand, it was higher than
values recorded for marbofloxacin (56.82%) in broiler chickens
(Anadon et al., 2002). This value of bioavailability was lower than
that reported for ofloxacin (110.01%) in chickens (Atta et al.,
1997), difloxacin (86.20%) in broiler chickens (Abo El-Ela et al.,
2014) and marbofloxacin (87.94%) in quails (Aboubakr and Ab-
delazem, 2015).

In this study, the in vitro protein binding of marbofloxacin to
broiler chickens serum was 12.33+0.82%. This demonstrates the
medication is marginally bound to serum protein. This quality was
about steady with those reported for danofloxacin (17.6%) in
Muscovy ducks (Goudah and Mouneir, 2009) and norfloxacin
(10.37%) in oven chickens (El-Sayed et al. 2014) yet it was lower
than moxifloxacin (37.7%) in grill chickens (Goudah, 2009) and
marbofloxacin (26.38%) in quails (Aboubakr and Abdelazem,
2015). The results of in vitro protein binding may differ substan-
tially depending on the technique and exploratory conditions (Zlo-
tos et al., 1998).

The MIC of marbofloxacin has not yet been resolved for micro-
scopic organisms separated from broiler chickens. To cover the
greater part of the pathogens, in this discourse the MICq, of 0.2
pg/ml of marbofloxacin has been taken into consideration
(Anadon et al., 2002 and Aboubakr and Abdelazem 2015). Based
on this data, a dosage of 2mg/kg marbofloxacin in broiler chickens
would result in a Cs/ MICqq ratio of 5.75 which is similar to
reported by Anadon et al. (2002) at ratio of 5.25.

The serum levels of marbofloxacin in Escherichia coli infected
broiler chickens were significantly lower than those in normal
broiler chickens following repeated oral administrations. These
outcomes credited to the higher infiltrating force of marbofloxacin
to the unhealthy tissues (Baggot, 1980). This phenomenon was
similar to data recorded by Soliman (2000) who found that en-
rofloxacin concentrations in plasma of infected birds were lower
than those of healthy ones. Likewise, El-Sayed et al. (2014) rec-
orded that blood levels of norfloxacin in Escherichia coli infected
broiler chicken were significally lower than those in normal
chicken following repeated oral administrations. The higher serum
concentrations of marbofloxacin after repeated doses compared to
the first dose indicated the accumulation of marbofloxacin in
blood. The results are agreed with the progressive daily increase in
the mean serum concentrations following oral administration of
norfloxacin in broiler chicken in a daily dose of 10 mg/kg for five
consecutive days (El-Sayed et al. 2014).

The acquired result demonstrated that the drug was distributed in
serum, and tested tissues (lung, liver, kidney, spleen, fat and thigh
muscle). Lung and kidney had the most noteworthy grouping of
marbofloxacin took after by liver and spleen, while the least fixa-
tion was resolved in fat and muscle. Comparable discoveries were
previously reported for enrofloxacin in broiler chickens (Abdel-
Aziz et al., 1997 and Soliman, 2000), marbofloxacin in broiler
chickens (Anadon et al., 2002) and norfloxacin in broiler chickens
(El-Sayed et al., 2014).

Utilizing the microbiological assay technique, marbofloxacin was
still distinguished in serum and all tested tissues on the 2" day
post last oral administration. The withdrawal period in this study
is suspected to be three days. The obtained results were similar to
those recorded after oral administration of marbofloxacin in broil-
er chickens at 2mg/kg b.wt. for 3 days, withdrawal period of about
3 days (Anadon et al., 2002) and after oral administration of mar-
bofloxacin in broiler chickens at 5mg/kg b.wt. For 3 days, with-
drawal period of about 4 days (Yang et al., 2014).

5. Conclusion

It could be concluded that oral administration of marbofloxacin at
2 mg/kg b.wt. may be highly efficacious against susceptible bacte-
ria in broiler chicken. Chicken must not be slaughtered before 3
days of stopping marbofloxacin administration.
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