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ABSTRACT
The pharmacokinetics of enrofloxacin was compared in healthy chickens, Eimeria infected
chickens and in Eimeria infected chickens pre-treated with amprolium or toltrazuril following
a single IV and oral administration at dose 10 mg/kg. The blood samples were taken after
administration at different time intervals (5 min to 24 hours) to determine the pharmacokinetic
parameters of enrofloxacin. The different concentrations of enrofloxacin were determined by
using HPLC assay method. Serum concentrations versus time were analysed by a non-
compartmental method. The results explored a significant decrease in serum concentrations
of enrofloxacin at different time intervals and a significant change in pharmacokinetic profiles
in Eimeria infected chickens compared with those values in healthy chickens whereas, ampro-
lium improves these values. Toltrazuril leads to a significant decrease in enrofloxacin concen-
trations compared with infected non-treated chickens. Multiple-dose study revealed a longer
withdrawal period of enrofloxacin in infected non-treated and infected chickens pre-treated
with amprolium compared with the healthy group.
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1. Introduction

Fluoroquinolones or fluorinated quinolones are devel-
oped chemotherapeutic agents characterized by good
absorption, good tissue and cell penetration and rela-
tively long half-lives [1–3]. Enrofloxacin is one of the
most commonly used fluoroquinolones. It has
a bactericidal effect against Gram-negative bacteria,
Mycoplasma and aerobic, anaerobic bacteria including
strains resistant to many other antimicrobial agents [4].
Enrofloxacin is indicated clinically for the treatment of
gastroenteric, respiratory, urogenital and skin infections
in pigs, calves, cattle, and poultry [5,6]. Several kinds of
research were carried out for pharmacokinetics pattern
of enrofloxacin in different species including pigs [7],
rabbits [8], sheep [9,10], goats [11], horses [12,13], poul-
try [5,6,14,15], turkey [16] and Japanese quail [4] under
normal conditions. Moreover, it has been reported that
pharmacokinetics of enrofloxacin is altered when con-
current administration with albendazole in calves [17].

Coccidiosis is a particularly dangerous disease in the
poultry industry where chickens are raised on the floor
[18]. Anti-coccidial drugs of many different types have
been the dominant means to prevent and control the
coccidiosis [19]. Toltrazuril is a symmetrical triazine-
trione compound and it has coccidiocidal action against
all intracellular developmental stages including those of
schizogony and gametogony [20,21]. Toltrazuril gave
better protection against coccidiosis when compared

with halofuginone in drinking water when adminis-
tered 4 and 5 days after inoculation [22].

Accordingly, this study was conducted to compare
the pharmacokinetics of enrofloxacin in chickens
(healthy, infected non-treated, infected pre-treated
with amprolium and toltrazuril) after a single IV and
oral administration and to determine tissue distribu-
tion and withdrawal time after a multiple oral doses of
enrofloxacin for 5 consecutive days.

2. Material and methods

2.1. Ethical statement

The current study protocol was approved by the
Institutional Animal Care and Use Committee in the
Faculty of Veterinary Medicine, Cairo University
(Protocol number 2211201809/2019).

2.2. Drugs

2.2.1. Enrofloxacin
It was obtained from Pharma-Swede Company –
Egypt as oral solution (10%) and injectable solution
(5%) under trade name Avitryl®.

2.2.2. Amprolium
It was obtained from Adwia Company – Egypt as white
powder 20% under trade name Amprolium 20%®.
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2.2.3. Toltrazuril
It was obtained as 2.5% oral solution from Pharma-
Swede Company – Egypt under trade name Tolacox®.

2.3. Birds and experimental design

Seventy-two healthy broiler chickens of nearly 4 weeks
age and 1000–1300 gram weight were used. Chickens
were obtained from a private poultry farm in Cairo –
Egypt. The birds were kept under good hygienic mea-
sures; water and feed were offered ad-libitum. Ration
was free from any medications or feed additives. Birds
were kept for 2 weeks before starting the experiments
to ensure that they are free from any antibacterial
drugs or any disease or coccidiosis.

Chickens were divided into four groups; Group (A)
includes 18 normal healthy chickens. Group (B) includes
18 experimentally infected broiler chickens with Eimeria
spp (non-treated) for studying the pharmacokinetics,
tissue distribution andwithdrawal period of enrofloxacin
in infected non-treated birds. Group (C) includes 18
experimentally infected broiler chickens with Eimeria
spp (pre-treated with amprolium 240 ppm for 5 conse-
cutive days before enrofloxacin administration). Group
(D) includes 18 experimentally infected broiler chickens
with Eimeria spp (pre-treated with toltrazuril 25 ppm for
2 consecutive days before enrofloxacin administration).

The following experiments were performed on
groups A, B, C and D.

2.3.1. Experiment 1
Study the pharmacokinetic profiles of enrofloxacin
following a single IV administration of enrofloxacin
(10 mg/kg b.wt.) in the right brachial wing vein.

2.3.2. Experiment 2
Study the pharmacokinetic profiles of enrofloxacin fol-
lowing a single oral administration of enrofloxacin
(10mg/kg b.wt.) and these chickens were used for experi-
ment 3.

2.3.3. Experiment 3
Study the tissue distribution and withdrawal time of
enrofloxacin following oral administration of enroflox-
acin (10 mg/kg b.wt. once daily for 5 consecutive days).

Three chickens were slaughtered after 2 hours and
1, 3, 5,7,10 days following the last oral dose.

Samples from blood, heart, lung, liver, kidney,
spleen, brain, thigh muscles and breast muscles were
taken from slaughtered chickens for assaying of enro-
floxacin concentration.

2.4. Propagation, preparation of the oocysts and
experimental infection

Eight-days old chicken (free from coccidia reared on
wire cages) was inoculated with sporulated Eimeria

mixed oocyst suspension 15,000 sporulated oocyst/
ml suspension/chick. The infected caeca and intestine
were collected on the 7th day post-infection and pre-
pared. The different species of Eimeria present in the
used inoculums were identified according to the dif-
ference in size (after measuring 100 oocysts) from each
size group [23]. The collected sporulated oocysts were
used for the induction of experimental infection of 20-
days-old chicken.

The daily output of Eimeria oocysts in droppings of
infected birds was counted from the 5th day to the
11th day post-infection using the McMaster technique
as described by Velkers et.al. [23]. Post-mortum exam-
ination for determination of intestinal lesions was
performed.

2.5. Blood sampling and analytical procedure

Blood samples were taken from the left-wing vein at
5,10,15,30, 45 minutes and 1, 2, 4, 6, 8, 12, 24 hours
after IV injection and at 15, 30 minutes and 1, 2, 4, 6, 8,
12, 24 hours after oral administration of enrofloxacin
(10 mg/kg b.wt.) for determination of pharmacokinetics,
tissue distribution and withdrawal period of enrofloxacin
in control healthy and infected broiler chickens either
infected non-treated or treated with amprolium or tol-
trazuril. Serum concentrations of enrofloxacin weremea-
sured by using HPLC according to the method described
by El-Banna et.al. [24]. The HPLC system included:
a TSP unit equipped with one pump; TST-P1000 unit
equipped with a TSP-600LP UV-Vis variable lamp diode
array and TSP fluorescent detector; an Altex-210A man-
ual injector with 50 microlitre sample loop; and
a Chromo-Quest computing integrator software.
Kromasil C18 column; stainless steel (250 × 4.6 mm
ID, particle size 10 µm) at a flow rate, 1.5 ml/mint;
wavelength, 276 nm for the fluorescent detector. The
retention time for enrofloxacin was 4.1 minutes. The
limit of detection was 0.06 µg/ml, while the limit of
quantification was 0.1 µg/ml. The intra- and inter-day
assay coefficient of variation of enrofloxacin were ˂4.2
and ˂5.1, respectively, and the recovery of enrofloxacin
using this method reaches 96%.

2.6. Pharmacokinetic and statistical analysis

Serum concentrations of enrofloxacin after IV and
oral administrations were subjected to a non-
compartmental software program (WinNonlin® soft-
ware, version 5.2, Phar sight Corporation, NC, USA).
The area under the serum concentration vs. time curve
(AUC0-∞) was calculated using the linear trapezoidal
rule with extrapolation to infinity. Maximum serum
concentration (Cmax) and the corresponding peak
time (Tmax) were determined from the data by the
software program the inspection of the individual
drug serum concentration-time profiles. The slope of
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the terminal phase of the time–concentration curve
was determined by linear regression and converted to
an elimination half-life (T1/2λz). Data were expressed
as mean ± S.E. and were statistically analysed using
analysis of variance (ANOVA). Mean comparisons
were performed using Tukey’s test. The differences
were considered significant when p < 0.05. These
calculations were performed using Prism 5.0
(GraphPad Software, San Diego, CA, USA).

3. Results

No signs of toxicity or any physical abnormalities were
observed on the experimental chickens after enroflox-
acin administration. The serum concentration–time
curves of enrofloxacin following IV administration,
and the values of calculated pharmacokinetic data,
are illustrated in Figure 1 and Table 1, respectively.
After IV administration, enrofloxacin distributed with
a Vdss of 34.00 ± 3.67 L/kg in infected pre-treated with
toltrazuril group compared with normal healthy group
5.07 ± 0.18 L/kg. The serum concentration–time
curves of enrofloxacin following oral administration,

and the values of calculated pharmacokinetic data, are
illustrated in Figure 2 and Table 2, respectively. The
peak of enrofloxacin serum concentration Cmax was
higher in the normal healthy group (2.06 μg/ml)
achieved at 1.84 hours compared with the other
groups. A higher value of systemic bioavailability F%
was calculated in healthy chickens (77.3%) compared
with values recorded in infected non-treated birds
(54.7%). There is a significant increase of bioavailabil-
ity in the infected pre-treated group with amprolium
(63.5%) compared with infected non-treated birds.
On contrary, there is a significant decrease of bioavail-
ability in infected birds pre-treated with toltrazuril
(44.16%) compared with infected non-treated birds.

Tissue distribution and withdrawal time of enro-
floxacin were recorded and revealed a wide distribu-
tion of enrofloxacin in tested tissues (serum, liver,
kidney, lung, brain, breast muscles, thigh muscles,
spleen and heart) in all tested groups. Enrofloxacin
was still detected in serum at the 3rd day after oral
administration in healthy broiler chickens, while it
was detected in tissues of healthy broilers on the
5th day after stopping of the drug medication, while
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Figure 1. Serum concentrations of enrofloxacin (µg/ml) in healthy chicken, Eimeria infected non-treated and Eimeria coccidia
infected chicken treated with either amprolium or toltrazuril after a single intravenous dose of 10 mg/kg b.wt. Mean ± SE (n = 6).

Table 1. Pharmacokinetic parameters of enrofloxacin in healthy chickens, Eimeria infected non-treated and Eimeria infected
chickens pre-treated with either amprolium or toltrazuril following a single intravenous dose of (10 mg/kg b.wt.).
Parameter Unit Healthy Infected non-treated Infected treated with amprolium Infected treated with toltrazuril

λz h−1 2.8 ± 0.09 3.04 ± 0.226 3.03 ± 0.1 2.26 ± 0.16x

T1/2λz h 6.9 ± 0.5 5.21 ± 0.32* 5.87 ± 0.36 7.98 ± 0.2xx

VC L/kg 0.89 ± 0.03 1.6 ± 0.17** 1.32 ± 0.14 4.77 ± 0.26xxx

Vdss L/kg 5.07 ± 0.18 9.23 ± 1.5** 7.7 ± 0.59 34.00 ± 3.67xxx

CPº µg/ml 10.8 ± 0.3 6.176.±0.52*** 7.7 ± 0.55 1.95 ± 0.23xxx

Clbtot L/h/kg 0.66 ± 0.04 1.93 ± 0.18*** 1.3 ± 0.07x 5.76 ± 1.113xx

AUC0-∞ hr×μg/ml 15.2 ± 1.08 5.55 ± 0.49*** 7.38 ± 0.61x 2.07 ± 0.4xxx

AUMC hr×hr×μg/ml 117.25 ± 12.6 24.71 ± 3.2*** 44.03 ± 5.8xxx 16.11 ± 1.5xxx

MRT0-∞ h 7.71 ± 0.9 4.45 ± 0.7* 5.96 ± 0.1x 7.78 ± 0.9

Abbreviations: λz: elimination phase constant; T1/2λz: half-life of elimination phase; Vdss: volume of distribution after IV; CP0: zero-concentration; Clbtot:
total body clearance; AUC: area under the serum concentration–time curve; AUMC: area under the first-moment curve; MRT0–∞: mean residence time.

Healthy compared with Infected non-treated.
*Sig. at P ≤ 0.05 **Sig. at P ≤ 0.01 ***Sig. at P ≤ 0.01.
Infected pre-treated with amprolium and Infected pre-treated with toltrazuril compared with Infected non-treated.
xSig. at P ≤ 0.05, xxSig. at P ≤ 0.01, xxxSig. at P ≤ 0.001.
Mean ± SE (n = 6).

INTERNATIONAL JOURNAL OF VETERINARY SCIENCE AND MEDICINE 33



for 7th day in tissues of infected birds, 10th day in the
tissue of infected birds pre-treated with amprolium
and only for 5 days in infected pre-treated with tol-
trazuril (Table 3). The highest concentration was
detected in the liver and kidney while the lowest
value was determined in the brain.

4. Discussion

Pharmacokinetic interactions between anticoccidials
and antimicrobial drugs have received attention in
veterinary medicine especially in the poultry industry
because of their frequent use in combination.
However, pharmacokinetic interactions between levo-
floxacin alone and with amprolium and toltrazuril
have been studied in broiler chickens using the micro-
biological assay method for analysis [25]. Although
levofloxacin and enrofloxacin are related to the fluor-
oquinolone group, but the results showed a significant
difference and this is maybe due to a different assay
method [26].

Following IV administration of enrofloxacin, the
elimination half-life in control healthy broiler chick-
ens was 6.9 ± 0.5 h which is similar to reported values
in broiler chickens (6 h) by Haritova et.al and Knoll et.
al. [27,28] but much shorter than values recorded
previously (8.26 h) by Park et.al. [29] and (9.62 h) by
Parlar et.al. [30]. Besides, the obtained values are
longer than those recorded in healthy chickens
(4.75 h) [31]. The recorded value of biological half-
life of enrofloxacin in Eimeria infected chickens
(5.21 h) indicated that infected birds might eliminate
the drug rapidly than in control healthy chickens.
Similar values were previously recorded for enroflox-
acin in coryza-infected chickens (5.46 h) [32] and in E.
coli infected broilers (3.63 h) [31]. On the other hand,
the current findings showed that Eimeria infected
birds pre-treated with toltrazuril may eliminate enro-
floxacin more slowly (T1/2λz 7.98 h) compared to that
values in control healthy chickens. This variation may
be attributed to the influence of toltrazuril on the
elimination of enrofloxacin.

0.001

0.01

0.1

1

10

100

0 4 8 12 16 20 24

Healthy

Infected non-treated

Infected+Amprolium

Infected+Toltrazuril

Time (h)

)l
m/g

µ(
snoitartnecno

C

Figure 2. Serum concentrations of enrofloxacin (µg/ml) in healthy chicken, Eimeria infected non-treated and Eimeria infected
chicken treated with either amprolium or toltrazuril after a single oral dose of 10 mg/kg b.wt. Mean ± SE (n = 6).

Table 2. Pharmacokinetic parameters of enrofloxacin in healthy chickens, Eimeria infected non-treated chickens and Eimeria
infected chicken pre-treated with either amprolium or toltrazuril following a single oral administration of (10 mg/kg b.wt.).
Parameter Unit Healthy Infected non-treated Infected treated with amprolium Infected treated with toltrazuril

λz h−1 0.23 ± 0.006 0.25 ± 0.014 0.34 ± 0.05 0.335 ± 0.02
T1/2λz h 2.97 ± 0.07 2.7 ± 0.21 1.86 ± 0.09xx 2.08 ± 0.15x

Cmax µg/ml 2.06 ± 0.06 0.6 ± 0.078*** 1.3 ± 0.12xx 0.12 ± 0.013xxx

Tmax h 1.84 ± 0.06 3.6 ± 0.17*** 2.05 ± 0.04xxx 2.29 ± 0.04
AUC0-∞ hr.μg/ml 11.67 ± 0.71 3.01 ± 0.039*** 4.66 ± 0.38xx 0.85 ± 0.12xxx

AUMC0-∞ hr.hr.μg/ml 30.0 ± 1.7 37.31 ± 1.2 5.58 ± 0.06xxx 1.5 ± 0.02xxx

MRT0-∞ h 2.57 ± 0.09 12.40 ± 0.8** 1.20 ± 0.01 1.76 ± 0.05
F % 77.3 ± 3.53 54.7 ± 2.04*** 63.5 ± 4.037 44.16 ± 4.9xx

R.F % –– 25.8 ± 2.04*** 39.93 ± 1.97 7.28 ± 0.88xxx

Abbreviations: λz: elimination phase constant; T1/2λz: half-life of elimination phase; Cmax: peak serum concentration; AUC: area under the serum
concentration–time curve; AUMC: area under the first-moment curve; MRT0–∞: mean residence time; F: systemic bioavailability; R.F: Relative
bioavailability.

Healthy compared with Infected non-treated.
*Sig. at P ≤ 0.05 **Sig. at P ≤ 0.01 ***Sig. at P ≤ 0.001.
Infected pre-treated with amprolium and Infected pre-treated with toltrazuril compared with Infected non-treated.
xSig. at P ≤ 0.05, xxSig. at P ≤ 0.01, xxxSig. at P ≤ 0.01.
Mean ± SE (n = 6).
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The obtained results showed that enrofloxacin is
widely distributed in the different body compartment
in healthy broiler chickens, indicated by a higher
volume of distribution at steady state (Vdss, 5.07 L/
Kg). A similar value for Vdss, (4.53 L/Kg) was deter-
mined by Dimitrova et.al. [33], but a relatively lower
value was previously reported in broiler chickens for
enrofloxacin (Vdss 2.7 L/Kg) [29]. This variation may
be attributed to the different dosage used 10 mg/kg in
the current study compared to 5 mg/kg in the other
studies. On the other hand, Vdss in the current study
was higher than other fluoroquinolones as levofloxa-
cin in quails 1.25 L/Kg [34], Muscovy ducks 1.37 L/Kg
[35], turkeys 1.31 L/Kg [36] and difloxacin in quails
1.54 L/Kg [37].

The value of the total body clearance determined in
our study for enrofloxacin in healthy broiler (0.7 L/h/

Kg) is nearly similar to that previously reported by
Hu-GongZheng et.al. [32] in broilers but higher than
that recorded (10.35 L/h/Kg) by Soliman [31]. Also,
the current study showed that infection with Eimeria
spp induced a significant increase in the value of total
body clearance (1.93 L/h/Kg) in infected non-treated
chickens (1.13 L. h/Kg) in infected pre-treated with
amprolium and (5.76 L/h/Kg) in Eimeria infected pre-
treated with toltrazuril. These findings explain the
lower CP° recorded as a result of infection with
Eimeria spp. A similar finding was previously
recorded for enrofloxacin in E.coli infected broilers
[31]. Furthermore, the marked decrease in Cp0 value
recorded in Eimeria infected birds pre-treated with
toltrazuril may explain by the rapid elimination of
enrofloxacin as a result of pre-medication with

toltrazuril and can be described as negative pharma-
cokinetic interaction.

Following oral administration, the calculated values
of Cmax and Tmax for healthy broilers (Cmax 2.06 µg/ml
and Tmax 1.84 h) obtained in our study were consistent
with values recorded in broilers (Cmax 1.88 µg/ml) [28]
and following oral administration of enrofloxacin at
10 mg/kg (Cmax 2.44 µg/ml and Tmax 1.64 h) [14]. On
the other hand, the obtained values were slightly
higher than those reported by DaSilva et.al [38]
(Cmax 1.5 µg/ml) in broilers for enrofloxacin (10 mg/
kg) and slightly lower than those reported previously
in broiler chickens (Cmax 3.82 µg/ml) [5] and in pigs
(Cmax 1.139 µg/ml) [39].

The calculated value for Cmax (1.3 µg/ml) in
Eimeria infected broilers pre-treated with amprolium
was higher than the value determined in Eimeria
infected non-treated birds, these findings may reflect
the efficacy of amprolium against Eimeria infection.
On the other hand, the calculated value for Cmax

(0.12 µg/ml) in Eimeria infected birds pre-treated
with toltrazuril was very lower than values recorded
for Eimeria infected non-treated birds (0.59 µg/ml).
These findings may be attributed to rapid elimination
rate constant (λz 0.34 h−1) coupled with pharmacolo-
gical interaction previously recorded for flunixin in
calves after IM administration [40] where calculated
serum concentration of enrofloxacin (Cmax) was sig-
nificantly lower in flunixin-treated calves.

The current results showed lower systemic bioavail-
ability (F %) in Eimeria infected broilers (54.7%) com-
pared to values of healthy birds (77.33%). Similar
values for systemic bioavailability (F %) were also

Table 3. Tissue concentrations of enrofloxacin (µg/gm) in chickens after multiple oral doses of 10 mg/kg b.wt. once daily for 5
consecutive days.

Organs

Time of slaughter Chicken groups Serum Liver Kidney Lung Brain Breast muscle Thigh muscles Spleen Heart

2 h Healthy 2.2 2.7 1.95 1.54 0.8 0.68 0.38 1.53 0.76
Eimeria infected non-treated 2.46 2.48 1.82 2.07 0.5 2.12 1.45 1.35 0.8
Eimeria infected treated (Amprolium) 2.16 5.25 3.3 3.1 1.85 2.2 2.07 3.63 2.4
Eimeria infected treated (Toltrazuril) 0.22 1.79 1.7 1.36 0.47 1.6 1.53 1.2 1.59

1 day Healthy 0.35 1.09 1.29 0.76 0.4 0.24 0.19 0.76 0.33
Eimeria infected non-treated 0.36 1.12 0.37 0.32 0.04 0.35 0.4 0.39 0.4
Eimeria infected treated (Amprolium) 0.7 0.68 0.63 0.3 0.11 0.62 0.48 0.54 0.17
Eimeria infected treated (Toltrazuril) 0.03 0.03 0.02 0.015 0.004 0.072 0.21 0.007 0.023

3 day Healthy 0.09 0.53 0.17 0.09 0.03 0.07 0.04 0.19 0.056
Eimeria infected non-treated 0.03 0.055 0.017 0.025 0.015 0.125 0.35 0.04 0.05
Eimeria infected treated (Amprolium) 0.03 0.15 0.015 0.051 0.009 0.12 0.11 0.11 0.016
Eimeria infected treated (Toltrazuril) – 0.015 0.009 0.009 0.003 0.029 0.014 0.005 0.0075

5 day Healthy – 0.3 – 0.004 – 0.019 0.029 – –
Eimeria infected non-treated 0.012 0.027 0.005 0.038 0.0085 0.01 0.008 0.011 0.008
Eimeria infected treated (Amprolium) 0.017 0.06 0.015 0.012 – 0.006 0.006 0.0019 0.005
Eimeria infected treated (Toltrazuril) – 0.0075 – 0.02 – – – 0.003 0.0035

7 day Healthy – – – – – – – – –
Eimeria infected non-treated 0.005 0.0045 0.003 – – 0.005 0.003 0.0035 –
Eimeria infected treated (Amprolium) 0.007 0.027 0.007 0.0045 – 0.003 0.002 0.008 –
Eimeria infected treated (Toltrazuril) – – – – – – – – –

10 day Healthy – – – – – – – – – -
Eimeria infected non-treated – – – – – – – – –
Eimeria infected treated (Amprolium) – 0.005 0.003 – – – – 0.002 –
Eimeria infected treated (Toltrazuril) – – – – – – – – –

Not detectable (–).
Mean ± SE (n = 3).
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recorded for enrofloxacin in broilers (79.64%) [29],
(80.1%) [41], (80%) [28] and (74.64%) [30].
However, our value for F% was higher than the value
reported in broilers (64%) [14], (59.61%) [42] and
(62.26%) [32] and was lower than the value reported
in common pheasants (118%) [4].

The current results showed that enrofloxacin was
found to be distributed in all tissues of healthy or
Eimeria infected broilers. The highest concentration
was detected in the liver and kidney while the lowest
concentration was determined in the brain. Similar
findings were previously reported for enrofloxacin in
broiler chicken [28,42,43]. Besides, enrofloxacin was
detected in tissues of broilers, on the 5th day after
stopping of the drug medication, while for 7 days in
the tissue of Eimeria infected birds, for 10 days in the
tissue of Eimeria infected birds pre-treated with
amprolium and only for 5 days in tissues of infected
birds pre-treated with toltrazuril. These findings were
consistent with the values of serum enrofloxacin con-
centration reported in our study. Also, the extended
determination of enrofloxacin in tissues of Eimeria
infected birds were consistent with reports for other
antimicrobials under diseased conditions [42,44].
They suggested that cardiovascular changes associated
with diseased condition might be enhancing extravas-
cular distribution, be responsible for the reduced cir-
culating concentration of drugs. The concentration of
enrofloxacin in organs and tissues of broilers was
higher than or equal to the corresponding serum
level indicating that the penetration of enrofloxacin
into these tissues which is indicated by a high volume
of distribution of enrofloxacin in chickens and sup-
ported by its existence in tissues for a long time and
excellence for treating urinary and respiratory tract
infections caused by susceptible organisms. Similar
results showing high concentrations of moxifloxacin
in different tissues of chickens were reported by
Goudah [45]. Pre-treatment of chickens with ampro-
lium for 5 days before enrofloxacin administration is
enough time for induction of liver microsomal CYP-
450 enzymes, although Abo El-Sooud [17] found that
a single dose of albendazole was sufficient to induce
such effect in goats.

Fluoroquinolones have low MIC values against
many Gram-negative bacteria [46]; therefore, they
become effective in the treatment of gram-negative
bacteria in different animal species including poultry.
Scheer [47] reported that the MIC of enrofloxacin
against E.coli was 0.008–0.06 µg/ml and Meinen et.al
[48] found that MIC against E.coli was 0.03 µgml. The
importance of maintaining plasma or tissue levels of
fluoroquinolones greater than the MIC of the infecting
bacteria has been demonstrated by Giguere et al. [49].
According to the clinical trials [12] proposed that the
critical breakpoint determining the efficacy of quino-
lones is an AUC/MIC >125. On the basis of these

results, oral enrofloxacin dosage of 10 mg/kg to birds
gives AUC/MIC 392.67 in healthy birds, 100.33 for
Eimeria infected non-treated bird, 155.17 for infected
birds pre-treated with amprolium and 28.33 for
Eimeria infected birds pre-treated with toltrazuril.
Thus, 10 mg/kg may not be adequate dosage in
Eimeria infected non-treated birds or pre-treated
with toltrazuril, while this dosage is adequate in
Eimeria, infected birds pre-treated with amprolium.

5. Conclusion

It could be concluded that Eimeria infection signifi-
cantly decreases serum enrofloxacin concentration in
broiler chickens and amprolium pre-treated-infected
birds raised the decreased serum level, so the efficacy
of enrofloxacin may be not affected by the concurrent
administration of amprolium. In addition, serum
enrofloxacin concentration of birds infected with
Eimeria pre-treated with toltrazuril was significantly
decreased than Eimeria infected non-treated group
and accordingly, toltrazuril is adversely altering the
pharmacokinetic properties of enrofloxacin. Thus, we
do not recommend using both drugs concurrently.
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