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Influence of three coccidiostats on the
pharmacokinetics of florfenicol in rabbits
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Abstract: In-feed Medication has been used for a long time to prevent coccidiosis, a worldwide
protozoal disease in rabbits. Florfenicol (FFC) has been widely used in veterinary clinics for bacterial
diseases treatment. Therefore, the use of combinations of coccidiostats with FFC in rabbits is common.
In the present study, we aimed to evaluate the effect of three coccidiostats, sulfaquinoxaline (SUL),
robenidine (ROB), and toltrazuril (TOL), as feed additives on the pharmacokinetic profile of FFC in
rabbits. The disposition kinetics of FFC in rabbits were investigated after a single intravenous injection
(25 mg/kg) in rabbits fed anticoccidial-free diets or feeds containing SUL (250 ppm), ROB (66 ppm),
or TOL (2 ppm), respectively, for 20 days. Plasma FFC concentrations were determined by the high
performance liquid chromatography (HPLC) method. The pharmacokinetic parameters of FFC were
analyzed using a non-compartmental analysis based on the statistical moment theory. The results
demonstrated that ROB feeding resulted in an obvious decrease in plasma FFC level as compared
with anticoccidial-free feeding. The terminal elimination half-life (¢,,,), area under the concentration—
time curve (AUC), area under the first moment curve (AUMC), and mean residence time (MRT)
significantly decreased, whereas the elimination rate constant (A,) and total body clearance (CL,)
obviously increased in rabbits pretreated with ROB. However, we did not find that SUL or TOL feeding
had any effect on the pharmacokinetic profile of FFC. Our findings suggested that more attention

should be paid to the use of FFC in rabbits supplemented with ROB.
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Introduction

In poultry farms, two or more drugs, such as antimi-
crobial, antifungal, anticoccidial drugs, and growth
promoters, were usually added to feeds to prevent and
cure diseases [17]. The simultaneous use of multiple
drugs may give rise to pharmcokinetic drug-drug inter-
actions (DDIs). It is well-known that DDIs can cause
changes in drug concentrations in the body, which may
impair or exaggerate the proposed efficacy of the anti-
bacterial drugs used for treatment of bacterial diseases.
For example, it has been reported that continuous supple-
mentation of the daily diet with small amounts of the

anticoccidial-diclazuril or halofuginone in broiler chick-
ens can affect the pharmcokinetic profile, tissue distribu-
tion, and efficacy of doxycycline, a common antibiotic
used in poultry farms [10]. Coccidiosis is a common and
worldwide protozoal disease in rabbits that can lead to
large economic losses in the rabbit farming industry.
Supplementation of feed with coccidiostats for preven-
tion of coccidiosis in rabbits is very common [9]. In
addition, antibiotic drugs are often added to the feed or
administered directly to cure or prevent bacterial infec-
tion, a common disease in rabbits [8]. Therefore, com-
bination of coccidiostats with other antimicrobials in
rabbits is inevitable.
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Florfenicol (FFC), a synthetic broad-spectrum antibi-
otic derived from chloramphenicol, has been widely used
in veterinary clinics for treatment of bacterial diseases
[2, 6, 16]. Previous researches have demonstrated that
FFC has better antibacterial activity than chloramphen-
icol and thiamphenicol [7, 14] and has few adverse ef-
fects [22]. FFC also shows activity against many chlor-
amphenicol-resistant bacterial strains involved in
common infections in most animals [4, 7]. Recent stud-
ies have indicated that FFC can effectively inhibit the
growth of Streptococcus agalactiae, an important patho-
gen resulting in a severe infectious disease in domestic
rabbits that is resistant to penicillin, amoxicillin, and
tetracycline [27]. The pharmacokinetics of FFC have
been extensively studied in many species of animals [25],
especially in rabbits [1, 18, 23]. The pharmacokinetic
DDIs of FFC and other drugs such as anthelmintics (iver-
mectin, albendazole, and rafoxanide) in goats [3] or
polyether ionophore antibiotics (salinomycin, monensin,
and maduramycin) in broiler chickens [32] have also
been investigated.

However, little is known about the DDIs of the phar-
macokinetic profile between FFC and anticoccidial drugs
in rabbits. At present, three coccidiostats, sulfaquinoxa-
line (SUL), robenidine (ROB), and toltrazuril (TOL),
are routinely used as in-feed medications in rabbit cul-
tivation [9]. In order to avoid the adverse effects of DDIs
and provide guidance concerning rational use of drug
combinations, the present study aimed to evaluate the
effects of three coccidiostats (SUL, ROB, and TOL) as
feed additives on the pharmacokinetic profile of FFC in
rabbits during concomitant administration.

Material and Methods

Chemicals and reagents

SUL, ROB, TOL, and FFC were provided by Zhejiang
Kangmu Pharmceutical Co., Ltd. (Shengzhou, Zhejiang,
PR China). FFC was dissolved in polyethylene gly-
col-300 (TCI (Shanghai) Chemical Industry Co., Ltd.,
Shanghai, PR China) to a concentration of 50 mg/ml for
intravenous administration. FFC analytical standards
were purchased from Jiangsu Institute of Veterinary Drug
Control (Nanjing, Jiangsu, PR China). Chloramphenicol
(internal standard) analytical standards and high perfor-
mance liquid chromatography (HPLC) grade acetonitrile
and methanol were both obtained from ANPEL Scien-
tific Instrument Co., Ltd. (Shanghai, PR China). All

other reagents were of analytical grade or better.

Rabbits

Thirty-two healthy New Zealand white male rabbits
(weight range 2-2.5 kg) were provided by Qing Long
Shan Laboratory Animal Center (Nanjing, Jiangsu, PR
China). Rabbits were maintained in the laboratory envi-
ronment for one week, supplied with water, and fed pel-
leted feed free from any anticoccidial and antibiotic
drugs ad libitum before experimentation. Blank, drug-
free plasma samples were collected with sodium heparin
anticoagulant from adult healthy rabbits and stored at
—80°C. All procedures involving animals were in ac-
cordance with all regulations of the local ethical com-
mittee for research and animal experiments.

Experimental design

The rabbits were divided into four groups (n=8, each
group). The rabbits in the control group were fed anti-
coccidial-free rations throughout the study. According
to previous reports concerning the clinically relevant
dose of coccidiostats, the rabbits in the other groups were
fed rations containing SUL (250 ppm) [12], ROB (66
ppm) [24], or TOL (2 ppm) [21] for 20 consecutive days,
respectively. At the end of the 20th day of feeding, a
single dose of FFC was injected intravenously at 25 mg/
kg body weight (b.w.) into the left auricular vein of each
rabbit in all groups as described in a previous study [18].
Blood (approximately 1 ml) samples were collected into
heparin-coated tubes from the right auricular vein of
each rabbit at 5, 10, 15, 30, and 45 min and 1, 1.5, 2, 4,
6, 8, and 12 h after administration of FFC. The plasma
was harvested after centrifugation at 3,000 g for 10 min
and stored at —20°C until analysis.

Analytical method

Plasma sample preparation was performed as de-
scribed in a previous study [19] with a slight modifica-
tion. Briefly, a 200 ul aliquot of thawed plasma in a 1.5
ml centrifuge tube was spiked with 5 ug of chloram-
phenicol (internal standard) in 5 x1 methanol and added
to 800 ul of ethyl acetate, and it was then mixed vigor-
ously for 5 min on a vortex mixer, followed by centrifu-
gation at 3,000 g for 10 min at room temperature. The
supernatant was transferred to a new tube, and the sub-
natant was re-extracted with 800 u1 ethyl acetate solution
to collect the extract again. The pooled supernatant was
evaporated to dryness under a flow of nitrogen at 40°C.



COCCIDIOSTATS AFFECT FLORFENICOL IN RABBITS 75

The residue was dissolved in 400 ul mobile phase, and
centrifuged at 11,200 g for 10 min at 4°C. Finally, a
volume of 50 ul of the supernatant was injected into the
HPLC system. Chromatography separations were per-
formed with an Agilent 1100 series HPLC system (Agi-
lent Technologies, Palo Alto, CA, USA) on a reverse
phase Agilent Poroshell 120 EC-C18 column (4.6 x 50
mm, 2.7 um particle size) and run with isocratic elution
with a mobile phase composed of acetonitrile and water
(25:75, v/v) at the flow rate of 1 ml/min. The detection
wavelength was set at 224 nm, and the column tem-
perature was 25°C.

A stock solution of FFC (1 mg/ml) was prepared ac-
curately in acetonitrile and stored at —80°C. The calibra-
tion samples were determined with seven different con-
centrations (0.1, 0.5, 1, 2.5, 5, 10, and 25 ug/ml) prepared
by spiking 20 ul of the appropriate FFC working solu-
tion, the dilution of stock solution with mobile phase,
into 180 ul of blank rabbit plasma. Quality control (QC)
samples were prepared in the same manner at concentra-
tions of 1, 5, and 10 ug/ml. The pretreatments and
analyses performed for the calibration samples or QC
samples were the same as those for the unknown plasma
samples. The calibration curve for FFC was constructed
by plotting the ratio of the peak area (FFC to chloram-
phenicol) against the nominal concentration of the cali-
bration standards.

Method validation

The specificity of the method was tested by comparing
chromatograms of blank plasma samples collected from
six different rabbits with the QC samples and unknown
plasma samples after administration of FFC to note the
absence of interference in the elution position of FFC.
Linearity was assessed at the analyte concentration rang-
ing from 0.1 to 25 ug/ml. The correlation coefficient (r?)
of the calibration curve was calculated using linear re-
gression analysis that required a correlation coefficient
of not less than 0.99. The limit of quantitation (LOQ)
was defined as the lowest concentration of the calibration
curve and was calculated based on a signal-to-noise ra-
tio (S/N) of 10. The intra- and inter-day assay precision
and accuracy were estimated by analyzing six replicates
of three QC samples (1, 5, and 10 #g/ml) in three differ-
ent batches. The assay precisions were expressed as the
relative standard deviation (RSD) calculated as follows:
RSD (%)=[standard deviation/mean]x100. The accuracy
was calculated as the percent recovery of the measured

concentration relative to the nominal concentration. The
criteria for acceptability of the data included accuracy
of 85-115% and precision lower than 15%. The extrac-
tion recovery of analytes was expressed as the ratio of
the mean peak area of three QC plasma samples to that
of the analytes from neat standard samples at equivalent
concentrations.

Pharmacokinetic and statistical analysis

The pharmacokinetic software DAS 2.0 (issued by the
State Food and Drug Administration of China) was ap-
plied to calculate the pharmacokinetic parameters for
FFC based on the statistical moment method, a non-
compartmental method of analysis. Briefly, the elimina-
tion rate constant (4,) was estimated by linear regression
of the terminal data points, and the terminal elimination
half-life (¢;,,) was calculated with the equation
t;.=0.693/4,. The area under the concentration—time
curve (AUC) was calculated using the trapezoidal rule
method. The total body clearance (CL,) was calculated
from CL,=Dose/AUC. The area under the first moment
curve (AUMC) was defined as the area under the product
of the time and drug concentration—time curve and also
calculated using the trapezoidal rule method. The mean
residence time (MRT) was calculated with the equation
MRT=AUMC/AUC, and the apparent steady-state vol-
ume of distribution (V) was calculated with the equation
V=CL,MRT.

Statistical analysis was performed with the SPSS 16.0
software (SPSS Inc., Chicago, IL, USA). The differ-
ences in main pharmacokinetic parameters between FFC
alone and co-administration of FFC with SUL, ROB, or
TOL were statistically analyzed by using the Student’s
t-test [3, 10]. Statistical significance was assigned at
P<0.05.

Results

In blank plasma, no interference was observed during
the retention time of FFC and the internal standard. This
indicated that the method was specific and selective. The
working calibration curves showed good linearity over
the concentration range of 0.1-25 ug/ml. A typical re-
gression equation was y=8.653 x —0.946 with a correla-
tion coefficient (r?) of 0.999. A reproducible linear rela-
tionship between concentration and response with a
correlation coefficient (12) of >0.995 was obtained in all
analytical runs. LOQ was validated at 0.1 ug/ml (S/
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Table 1. The precision and accuracy for FFC in rabbit plasma
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Nominal Intra-day (n=6) Inter-day (n=18, 3 days)
concentration Determined o PN Determined 0 P
(ug/ml) concentration (ug/ml) Accuracy (%)  Precision(%) concentration (ug/ml) Accuracy (%)  Precision(%)
1 1.01+0.01 101.23 1.19 0.97 £0.05 97.3 5.04
5 5.08+0.04 101.64 0.83 5.04+0.11 100.76 2.24
10 9.72 £ 0.07 97.2 0.76 9.71 £0.02 97.06 0.18
N=10), which is sensitive enough to investigate the phar- 100
macokinetic profile of FFC in rabbits. The results for -5 FFC alone
assay precision and accuracy are summarized in Table —&— FFC+ROB
10 —o— FFC+SUL

1. The intra- and inter- day assay accuracy values at three
QC levels ranged from 97.06 to 101.64%. All observed
data for the intra- and inter-day assay precisions were
below 6%. The average extraction recoveries of FFC at
three QC levels were 75.4-78.2% with the precision
below 10%, which indicates that the extraction effi-
ciency for FFC was satisfactory, consistent, and concen-
tration independent. So, this method was successfully
established for a pharmacokinetic study of FFC.

The semilogarithmic plot of the mean plasma concen-
tration-time curves of FFC following a single intrave-
nous injection (25 mg/kg) into rabbits after anticoccid-
ial-free (FFC alone group), SUL (FFC+SUL group),
ROB (FFC+ROB group), or TOL (FFC+TOL group)
feeding for 20 days is presented in Fig. 1. Following
intravenous injection of FFC in rabbits at a dose of 25
mg/kg, the drug was detected at the LOQ level (0.1 ug/
ml) at 12 h postinjection in the FFC alone, FFC+SUL,
and FFC+TOL group, whereas it was detected at 8h
postinjection in the FFC+ROB group. No FFC was de-
tected thereafter. Rabbits in the FFC+ROB group showed
an obvious decrease in plasma FFC concentration level
as compared with the FFC alone group, but no significant
change was observed in the FFC+SUL or FFC+TOL
group. The pharmacokinetic parameters for FFC in all
groups are shown in Table 2. In the FFC+ROB group,
the ¢;/,,, AUC, AUMC, and MRT of FFC were lower,
whereas the 4, and CL, of FFC were higher than that in
the FFC alone group. There was no significant change
in the FFC pharmacokinetic profile in the FFC+SUL or
FFC+TOL group as compared with the FFC alone group.
This suggested that the DDIs of the pharmacokinetic
profile occurred in the process of FFC+ROB treatment,
but not in the FFC+ SUL or FFC+ TOL group.

—— FFC+TOL

0.1

FFC concentrations in logarithmic scale (mg/l)

0.01

Time (h)

Fig. 1. The semilogarithmic plot of the mean plasma concentra-
tion-time curves of florfenicol (FFC) following a single intravenous
injection (25 mg/kg) into rabbits after anticoccidial-free (FFC alone
group), SUL (FFC+SUL group), ROB (FFC+ROB group), and TOL
(FFC+TOL group) feeding for 20 days. Results are presented as
the mean + SD (n=8).

Discussion

In some documents about pharmacokinetic studies of
FFC, the disposition of FFC was analyzed by the one-
compartment open model [18, 20], two-compartment
open model [3, 32], and non-compartmental analysis [1,
23]. In this study, we found that due to the presence of
individual differences in the plasma concentration-time
data, some data were fit for the one-compartment model,
but others appear to be fit for the multi-compartment
model. To overcome this problem, we used a non-com-
partmental analysis based on the statistical moment
theory. After intravenous injection of FFC in the FFC
alone group, the ¢;,,, MRT, CL_, and V, of FFC were
1.724+0.67h,2.49+1.02 h,0.81 £0.19 I/kg/h, and 1.92
+ 0.62 I/kg, respectively, which were similar to those in
previous reports [1, 23].

DDIs in pharmacokinetics may be unfavourable for
the prevention and cure of disease, which resulted in an
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Table 2. Effects of three coccidiostats on the pharmacokinetics of florfenicol

Parameter Unit FFC Alone FFC + SUL FFC + ROB FFC + TOL
A, 1/h 0.46+0.18 0.38+0.14 0.61 £0.13* 0.36+0.13
1122 h 1.72 +£0.67 2.09+0.88 1.19+0.29* 2.20+0.88
AUCy, ugeh /ml 31.49+6.40 27.72 + 8.26 19.51 £4.30*%* 28.25+6.47
AUC o) ugeh /ml 32.34 + 6.64 28.69 + 8.00 19.85 £4.30*%*  28.89 + 6.06
AUMC ) ugeh?/ml 83.55+43.51 79.44 + 33.68 31.89 +14.01* 79.46 +22.87
MRT o) h 2.49 +1.02 291+148 1.57 +£0.49% 2.88+1.24
CL, L/kg/h 0.81+0.19 0.94+0.28 1.31 £0.25%* 0.91+0.22
Vi L/kg 1.92 +£0.62 291+225 2.00+£0.61 2.79 £2.08

Pharmacokinetics parameters of florfenicol (FFC) after a single intravenous injection (25 mg/kg)
into rabbits which fed normal feed (anticoccidial-free) and the feed containing sulfaquinoxaline
(SUL, 250 ppm), robenidine (ROB, 66 ppm), or toltrazuril (TOL, 2 ppm) for 20 days. Values are
presented as the mean + SD (n=8).
Az, elimination rate constant; t1/2z, terminal elimination half-life; AUC, area under the plasma con-
centration—time curve; AUMC, area under the first moment curve; MRT, mean residence time; CLz,
total body clearance; Vss, apparent steady-state volume of distribution; *P<0.05 and **P<0.01;
significant difference from the FFC alone group.
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increase or decrease in the plasma drug concentration in
the body as a consequence of co-administration with
another drug (s) [5]. Recent studies showed that co-ad-
ministration of some anthelmintics (ivermectin, alben-
dazole, and rafoxanide) with FFC in goats [3] and sup-
plementation of some polyether ionophore anticoccidial
drugs (salinomycin, monensin, and maduramycin) as
feed additives in broiler chickens [32] can affect the
disposition kinetics of FFC.

Sulfaquinoxaline (SUL), a sulfa antimicrobial agent,
is a traditional antibiotic drug widely used to control
coccidiosis in poultry and rabbits. SUL has high activ-
ity against Eimeria maxima, Eimeria brunetti, and Ei-
meria acervulina but a narrow therapeutic index [13].
Robenidine (ROB) is used widely to prevent or cure
poultry and rabbit coccidiosis and showed high thera-
peutical effects against most types of Eimeria infection
in rabbits [24]. Toltrazuril (TOL), a triazinone antimi-
crobial agent, has broad-spectrum anticoccidial activity,
high efficacy, and low toxicity, and is often used in poul-
try, rabbits, goats, and pigs [21]. So far, little is known
about whether use of anticoccidial drugs as feed addi-
tives influences the pharmacokinetic profile of FFC in
rabbits. In the present study, we observed that the ¢, ,.,
AUC, AUMC, and MRT of FFC were reduced, whereas
A, and CL, of FFC were increased in the process of co-
administration of ROB with FFC in rabbits. However,
SUL and TOL have no effect on elimination of FFC in
rabbits. Our results suggested that chronic treatment with
ROB can accelerate the elimination of FFC and reduce
the exposure of FFC in rabbits.

Variation in the pharmacokinetic parameters of FFC
may result from many reasons in the process of co-ad-
ministration of ROB with FFC. A previous study re-
ported that inhibition of cytochrome P450 3A4 (CY-
P3A4) by ketoconazole could increase the AUC and
decrease the elimination of FFC significantly, which
suggests that CYP3A4 is critical in the metabolism of
FFC in rabbits [20]. Therefore, we conjectured that ROB
may be a CYP3A4 enzyme inducer resulting in much
higher metabolism of FFC by CYP3A4 in the liver,
which could explain why ROB accelerates the elimina-
tion of FFC and further decreases the parent drug con-
centration in vivo. It was previously reported that in veal
calves, renal excretion is the main route of elimination
of FFC as the parent form (64%) and that some FFC was
excreted as urinary metabolites including florfenicol
amine, florfenicol alcohol, florfenicol oxamic acids, and
monochloroflorfenicol [31]. So, if renal excretion is also
the main route of excretion in rabbits, another reason for
the variation in the pharmacokinetic parameters of FFC
may be that chronic treatment with ROB may enhance
the excretion of FFC in urine through some mechanism
such as adjustment of the pH of urine or promotion of
the excretion of FFC in kidney tubules. P-gp is a trans-
porter present in many tissues and is also critical in the
disposition of FFC in rabbits [20]. For example, P-gp
may be related to fecal excretion of the substrates in
intestinal tissues, bile secretion of the substrates in the
liver, and renal excretion of the substrates in the kidney.
So, if FFC is a P-gp substrate, ROB might enhance the
renal excretion of FFC by increasing the expression of
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P-gp in the kidney. Which mechanism is actually in-
volved needs to be further studied.

Until now, the minimum inhibitory concentrations
(MICs) of FFC for bacteria isolated from rabbits and the
pharmacokinetic/pharmacodynamic (PK/PD) properties
of FFC in rabbits have not been reported. However, the
MICs of FFC for many bacteria pathogens in other ani-
mals ranged from 0.4 to 8 xg/ml in various studies [11,
26, 28-30]. On the other hand, it has been generally
considered that the bacterium may be sensitive to an
antibiotic when the average concentration in blood is
2—-4 times more than its MIC. So, we conjectured that
1-16 ug/ml may be the effective drug plasma concentra-
tion for treatment of various bacteria pathogens in vivo.
Recent studies showed that the antibacterial action of
FFC has the characteristics of concentration dependency
against M. haemolytica and codependency (on time and
concentration) against P. multocida in calves. The main
assessment parameter for efficacy of FFC may be C,,,/
MIC, AUC/MIC, or the time above the MIC (T>MIC)
[15, 29]. In this study, we found the time that the mean
plasma concentration exceeded the concentration of 1
ug/ml was approximately 6 h in the FFC alone group;
however, it was lowered to 4 h by ROB pretreatment
(Fig. 1), which resulted in the insufficient maintenance
time for the effective FFC concentration in vivo, and this
may lower the therapeutic efficiency of this drug. Due
to the fact that maximum plasma concentration (initial
plasma concentration) of FFC was not changed by ROB
pretreatment, we suggest that when FFC is co-adminis-
trated with ROB in clinical use, more frequent dosing
of FFC is needed to maintain therapeutic efficiency.

In summary, the elimination of FFC is accelerated by
co-administration with ROB in rabbits, which suggests
that attention needs to be paid to the DDIs when ROB
is co-administrated with FFC.
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