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1. Introduction

Enrofloxacin (ENR) (1-cyclopropyl-7-(4-ethylpiperazin-1-yl)-6-
fluoro-4-oxoquinoline-3-carboxylic acid) belongs to the family of
6-fluoro-7-piperazinyl-4-quinolones. This antimicrobial is highly
lipophilic and the addition of a carboxylic acid and a tertiary amine
contributes to the amphoteric properties of ENR. Depending on the
pH of the environment, fluoroquinolones (FQ's) may exist under the
cationic, anionic, neutral or ion-dipolar forms, which may influence
the pharmacological behavior of these compounds with bacteri-
cidal and concentration-dependent characteristics (Aldred et al.,
2014; De Sarro and De Sarro, 2001; Rusu et al.,, 2012). ENR is a
pharmacologically active substance of high effectiveness against
Gram-positive and Gram-negative bacteria and it is for veterinary
use only. On the other hand, we should be concerned with the
indiscriminate usage of these FQ's, since there is historical infor-
mation that CIP used to treat diseases of human beings was the
most consumed antimicrobial in the world in the first decade of this
century. This fact facilitates the spreading of rapid development of
bacterial resistance to FQ's (Gérniak, 2011). The use of ENR in
poultry should be performed only for therapeutic purposes and
situations wherein the disease has been diagnosed and needs to be
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treated (Pereira, 2009).

FQ's are recognized as veterinary important antimicrobials in
the treatment of colibacilosis, septicaemia and chronic respiratory
disease in poultry with few effective alternatives. The active
metabolite of ENR, CIP, is classified as a “critically important anti-
biotic” for use in human medicine (BEUC, 2014). It is a known fact
that the use of antimicrobials, either in humans or in veterinary
medicine, particularly in food animals, is a risk factor for antimi-
crobial resistance. The use of ENR in food animals has resulted in
the development of resistance in Salmonella and Campylobacter to
CIP.

Ensuring the prudent and responsible use of ENR in veterinary
medicines respecting the dose regime and withdrawal period, is
the key to effectively minimize risk from antimicrobial resistance.

Edible tissues containing veterinary drug residues may pose
risks to human health, including direct toxic effects, allergic re-
actions and increased bacterial resistance to antimicrobials
commonly used for the treatment of animals and humans (Anadén
et al., 2012; Companyo et al., 2009; Goetting et al., 2011).

To protect human health, MRLs of pharmacologically active
substances are established by regulatory agencies and their
respective withdrawal period of antimicrobial administration,
before slaughter, should be broadly and individually studied based
on MRL values in the target tissues (i.e. muscle, skin/fat, liver, and
kidney) of each animal species. Thus, if the antimicrobial residue
levels in the target tissues are below the established MRL values, it
is considered that its presence in food does not represent a risk to
consumer health (Anadon et al., 2001, 2012; Palermo Neto, 2004).

There is a strict legislative framework controlling the use of
antimicrobial substances with the aim of minimizing the risk to
human health associated with consumption of their food residues.
Therefore, to ensure human food safety, the European Union (EU),
under Commission Regulation (EU) n°. 37/2010 establishes that the
sum of ENR + CIP MRL's in chickens must be 100 pg/kg in muscle,
100 pg/kg in skin/fat, 200 pg/kg in liver, and 300 pg/kg in kidney
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(EU, 2010). However, the Ministry of Health, Labour and Welfare in
Japan establishes that the sum of ENR and CIP MLR's in chickens
must be 50 pug/kg in muscle, 50 pg/kg in skin/fat, 100 ug/kg in liver,
and 100 pg/kg in kidney (JPL, 2006). These low values demand the
development of fully validated analytical methods with selectivity,
accuracy, reproducibility and reliability to monitor and determine
the antimicrobial residue levels in animal edible tissues to establish
the withdrawal period before slaughtering the food animals.

Traditionally, fluoroquinolone (FQ) residue determination levels
have been based on analytic methods such as liquid chromatog-
raphy (LC) with ultraviolet detector (Bailac et al., 2004; Yu et al,,
2012), diode array (DAD) (Moema et al., 2012), fluorescence
(Garcia-Ovando et al., 2000; Garcia et al., 2001; Pena et al., 2010;
Severo, 1999), mass spectrometry (Bailac et al., 2006; Bousova
et al., 2013; Ferrari et al., 2015; San Martin et al., 2007; San
Martin et al., 2009; Yu et al., 2012) or capillary electrophoresis
(Barron et al, 2001). Currently, the major challenge for main
research centers is to keep methodologies updated in order to meet
commercial and tread requirements and ensure human health
integrity.

There are a high number of studies and reviews in the open
literature addressing quinolones, but the development of accurate
and sensitive methods of determination and characterization of
quinolones in foods of animal origin would be of great interest to
ensure its safety and to reduce the risks to human health.

This study refers to a new veterinary pharmaceutical formula-
tion (contains a nominal concentration of 25% ENR) and describes
the rate of depletion of ENR and its metabolite CIP in edible tissues
of healthy broiler chickens after multiple-dose oral administration
(by gavage) using liquid chromatography-tandem mass spectrom-
etry (LC-MS/MS), a sensitive methodology with excellent quality
parameters and reduced time of analysis (Barbosa et al., 2009;
Ferrari et al., 2015) to determine its withdrawal period.

2. Materials and methods
2.1. Chemicals and reagents

Analytical standards of ENR and CIP were purchased from Dr
Ehrenstorfer GmbH (Augsburg, Germany), and CIP-d8 hydrochlo-
ride hydrate (internal standard, IS) was purchased from Sigma-
Aldrich (St. Louis, MO, USA). Solid phase extraction (SPE) car-
tridges, Strata-X polymeric reversed phase (60 mg/3 mL) were
purchased from Phenomenex (Torrance, CA, USA). All chromato-
graphic solvents used in this study were HPLC grade, and water was
purified by distillation and passage through a Milli-Q system
(Millipore, Bedford, MA, USA).

2.2. Veterinary pharmaceutical formulation

The ENR hydrochloride (99% purity) used in this study was from
Shangyu Jingxin Pharmaceutical Co. Ltd., Shangyu, China, which
was used to produce a new veterinary pharmaceutical formulation
(batch number DK05-1306071) that contains a nominal concen-
tration of 25% ENR. This new pharmaceutical formulation will be
commercialized in powder to be diluted in drinking water for its
administration. Prior to use in this study, the real concentration of
ENR in the formulation was determined by a validated HPLC-
Fluorescence detector analytical method.

2.3. Animals
This study was undertaken in accordance with the ethics re-

quirements and authorized by the official ethics committee of
University of Campinas (Protocol number 3135-1). Forty-eight male

and female clinically healthy broiler chickens (commercial Gallus
gallus domesticus) (Cobb®) were used in equal proportions. All
chickens were obtained from a commercial farm (Agroceres,
Patrocinio, Minas Gerais, Brazil), 28 days old, with an average
weight of 1.5—2.0 kg. The chickens were placed in experimental
floor pens and maintained for a 7-day acclimation period prior to
the study. The environmental conditions of the place were
25 °C + 5 °C of temperature, 50—60% relative humidity with ad
libitum access to water. The food provided was formulated ac-
cording to nutrient requirements for broilers chickens being
growth for market, and was free of any antimicrobial drug.

2.3.1. Experimental design

On the 7th day of acclimation, broiler chickens were weighed
and randomly allocated into six experimental groups of 8 chickens
each (4 males and 4 females). They were identified by A, B, C, D, E, F
groups, and were treated individually with 10 mg/kg body weight
(BW), orally administered, once per day for 5 consecutive days. The
veterinary pharmaceutical formulation was administered orally (by
gavage) using a rubber tube attached at syringe to ensure the
complete ingestion of the dose.

Six chickens of each group were euthanized by cervical dislo-
cation at 1, 3, 5, 6, 7 and 10 days' post-treatment and sample tissue
of the 2 kidneys, liver (clean without gallbladder), muscle (pector-
alis major) and skin/fat (breast with fat in natural proportions) were
collected separately and stored at —20 °C previously to analysis by
LC-MS/MS.

2.4. Analytical method and validation

ENR and CIP concentrations in target tissues were determined
by liquid chromatography-tandem mass spectrometry (LC-MS/MS)
using electrospray as ionization source (ESI+) (Ferrari et al., 2015).
The developed analytical method was validated taking into
consideration the European Decision Commission 2002/657/EC
(EC, 2002) and the International Cooperation on Harmonization of
Technical Requirements for Registration of Veterinary Medicinal
Products requirements (VICH, 1999).

2.4.1. Sample preparation

Muscle or skin/fat tissue (0.5 g) and kidney or liver tissue (0.3 g)
were accurately weighed and placed into 2 mL plastic microtubes.
Next, 20 pL of the internal standard (IS) solution at 20 pg/g was
added and incubated for 15 min at 5 °C. Then, 1000 pL of methanol
(MeOH) with 0.1% formic acid was added, followed by shaking for
10 min at 1000 rpm. The mixture was then centrifuged at 18 000g
for 5 min. The organic phase was transferred to a 15 mL falcon tube.
The residue was washed twice with 800 puL of MeOH with 0.1%
formic acid. Next, 12 mL of water was added to the recovered
organic extract of all types of samples (muscle, skin/fat, liver and
kidney). The SPE cartridges used for sample clean up were activated
with 2 mL of acetonitrile (ACN) and 2 mL of water. After passing
through the SPE cartridges, the samples were cleaned with 2 mL of
water and 3 mL of hexane. For ENR and CIP elution, 5 mL of mobile
phase, which consisted of ACN with 0.1% formic acid and water
with 0.1% formic acid (60:40, v/v) with 5 mM EDTA, were used.
Then, 1000 L of the SPE resulting extract was placed into amber
glass vials and used for injection into the LC-MS/MS system.

2.4.2. LC-MS/MS analysis

Concentrations of ENR and CIP in target tissues were measured
using an HPLC system (Agilent Technologies 1260 series, Wald-
bronn, Germany) coupled to a Q-TRAP 5500 tandem mass spec-
trometer (Sciex, Concord, ON, CA) equipped with an electrospray
source and the Analyst 1.6.1 and MultiQuant 1.3.1 softwares. All
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samples were analyzed using a Kinetex PFP 100 A reversed phase
column (00B-4462-E0, 100 mm x 4.6 mm i.d., 2.6 um particle size,
Phenomenex, Torrance, CA, USA) with a compatible pre-column
(PFP, PN AJ0-8773, Phenomenex, Torrance, CA) at a flow rate of
850 pL min~'. The isocratic mobile phase was composed by ACN
with 0.1% formic acid and deionized water with 0.1% formic acid
(60:40, v/v) with isocratic elution mode. Full data on the develop-
ment and validation of the analytical method was published by
Ferrari et al. (2015).

The ESI source was operated in the positive ion mode (ESI+),
nitrogen was used as curtain (10 psi), nebulizer (40 psi), auxiliary
(15 psi) and collision (high or 12 a.u.) gas, the ion transfer voltage
was set to 4500 V and the probe temperature to 650 °C. MS data on
precursor and product ions were collected in multiple reactions
monitoring mode (MRM). The optimized MS/MS conditions for
ENR, CIP and deuterated internal standard CIP (CIP-d8) analysis are
in Table 1.

2.4.3. Validation of analytical method

The analytical method was fully validated taking into consid-
eration the European Decision Commission 2002/657 (EC, 2002)
and VICH (1999) requirements, using control samples of target
tissues of broiler chickens (muscle, skin/fat, liver, kidney) as matrix.
The following parameters were evaluated: extraction efficiency,
linearity, selectivity, intra and inter-day precisions, matrix effects,
accuracy, decision limits (CCa), detection capability (CC), limit of
detection (LOD), limit of quantitation (LOQ), susceptibility to
interference and stability of the analyte during the analysis.
Analytical curves were determined for target tissue samples from
untreated broiler chickens and were spiked with known concen-
trations of ENR and CIP. The calibration curve of ENR and CIP used
was in the range of 1-150 pg/kg (ENR and CIP) for skin/fat,
2—350 ng/kg (ENR) and 2—80 pg/kg (CIP) for muscle, and 5—500 pg/
kg (ENR and CIP) for kidney and liver.

2.5. Data analysis

Data obtained was calculated with the withdrawal period
calculation program WT 1.4 that was recommended by the Com-
mittee for Veterinary Medicinal Products EMEA/CVMP/036/95
(EMEA, 1996). This guide recommends to consider the linear
regression technique of log-transformation; it was determined as
the time when the one-sided 95% upper tolerance limit of the
regression line was below the MRL with 95% confidence.

3. Results and discussion
3.1. Analytical method

In this study, the use of an analytical method with high selec-
tivity, accuracy, reproducibility and reliability was of high

Table 1
Optimized MS/MS conditions for enrofloxacin (ENR), ciprofloxacin (CIP) and
deuterated internal standard CIP (CIP-d8).

Analyte [M+H*] m/z DP (V) EP (V) CE (V) CXP (V)
ENR 360 245° 146 10 37 16
203" 53
cIp 332 314° 91 33
231° 49 12
CIP-d8 340 296 251 30

Abbreviations: DP = declustering potential; CE = collision energy; EP = entrance
potential; CXP = collision cell exit potential.

¢ Quantitation ion.

b Confirmation ion.

importance for the credibility of the data results obtained, in order
to guarantee and protect consumer's health and meet the veteri-
nary medicinal product regulations of different countries.

In the past, several published studies about residues of phar-
macologically active substances on biological tissues used analyt-
ical methods not so precise, and even when we talk about mass
spectrometry equipment it is important to remind that over the
past decade, various mass spectrometers introduced were capable
of selective, sensitive detection of residues in just a comprehensive
way only. Of all LC-MS applications on residues of food animal
determination, 90% relied on a mass spectrometer capable of full
mass spectra acquisition, usually mass spectra acquisition using
MRM. However, recent advances in LC-MS have revolutionized
residues of food animal determination increasing the chromato-
graphic separation power and sensitivity of detection. This was the
case for the method developed and validated in our study for the
ENR and CIP residue determination in broiler chicken tissues,
which brought us results with great sensitivity and precision, and
allowed fast chromatographic runs with low use of organic sol-
vents. Additional care was taken with the use of deuterated internal
standard CIP-d8 to correct random, systematic errors, matrix effect
and sample preparation.

It is important to highlight that the results from this residue
depletion study were obtained through a single sample preparation
for the different matrices, which is very rare in the current litera-
ture, facilitating the reproduction of the method developed (Ferrari
et al., 2015). Also, it was possible to obtain extraordinary data re-
sults with analytical curves showing a correlation coefficient
exceeding 0.999 and an overall recovery of ENR and CIP from target
tissues greater than 98% and 97% respectively. The LOQ for ENR and
CIP was 1 pg/kg for skin/fat, 2 pg/kg for muscle and 5 ug/kg for both
kidney and liver.

3.2. Tissue residue depletion

The new veterinary pharmaceutical formulation containing ENR
was administered orally by gavage (10 mg/kg BW daily during 5
consecutive days) and ENR and CIP were quantified. CIP was eval-
uated because it is the main metabolite generated from ENR
biotransformation, and ENR + CIP was considered as the target
residue (EMEA, 1996). Data results of the tissue residue levels of
ENR, CIP and ENR + CIP in muscle, skin/fat, liver and kidney are
presented in Table 2. The average concentration of ENR and CIP
varied between 4231 + 530 to 748 + 241 ug/kg and 3371 + 261 to
92.7 + 34 pg/kg respectively, determined after one day from the last
administered dose of ENR (Table 2). It was shown that the con-
centration of ENR in the skin/fat depletes more slowly than in the
muscle, liver and kidney tissues.

ENR was quantified in muscle (2.27 + 0.83 pg/kg), skin/fat
(12.70 + 3.13 pg/kg), liver (9.96 + 2.39 png/kg) and kidney
(5.11 + 1.19 pg/kg) even at ten days after the end of treatment. From
the four analyzed tissues, skin/fat and liver showed the highest ENR
and CIP residue level at the end of the study (Table 2).

3.3. Withdrawal period estimation

Statistics methodology applied on data analysis of this study
follows the recommendation of the Committee for Veterinary
Medicinal Products (EMEA), using the linear regression analysis of
the logarithmic transformation data techniques (EMEA, 1996). Us-
ing this concept, the withdrawal period was determined as the time
when the one-sided 95% upper tolerance limit of the regression line
with 95% confidence level was below the MRL values and analysis
of homogeneity of variances.

The withdrawal period for this veterinary medicinal product
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Concentrations of ENR and its metabolite CIP in tissue after oral administration at the rate of 10 mg/kg body weight, daily for 5 days. With n = 6 sample per time and LOQ for CIP

in muscle = 2 pg/kg and kidney = 5 pg/kg.
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Tissue (ug/kg) Time after last dose (days) ENR CIp Sum (ENR + CIP)
(mean + SD) (mean =+ SD) (mean + SD)

muscle 1 2059.03 + 517.24 163.23 + 42.70 2222.26 + 555.59

3 81.35 + 25.71 7.29 +3.26 88.64 + 28.03

5 27.85 + 4.81 4.84 +0.72 32.69 + 5.12

6 15.03 + 2.13 3.27 + 081 18.30 = 2.72

7 3.40 +0.83 2.15+0.25 5.56 + 0.92

10 227 +0.83 < LoQ 227 + 0383
skin/fat 1 747.71 + 241.36 92.66 + 33.60 840.37 + 271.97

3 91.27 + 10.09 15.57 + 1.90 106.84 + 11.66

5 68.09 + 10.48 13.44 +2.48 81.54 + 10.76

6 4253 + 11.84 838 +1.53 5091 + 12.52

7 26.29 + 6.68 4.71 + 1.99 31.00 + 847

10 12.70 + 3.13 233 +0.85 15.03 + 3.87
Liver 1 4230.62 + 530.04 3370.92 + 260.94 7601.54 + 743.98

3 233.53 £ 34.73 151.27 + 37.89 384.80 + 34.67

5 71.25 + 19.95 45.09 + 23.40 116.33 + 35.72

6 41.70 + 19.84 30.74 + 11.80 72.44 + 32.67

7 16.74 + 2.12 12.02 + 4.58 28.77 + 6.80

10 9.96 + 2.39 8.57 +2.44 18.53 + 4.87
Kidney 1 3583.68 + 1709.90 915.46 + 656.34 4499.14 + 2355.17

3 120.40 + 55.91 41.99 + 19.32 162.38 + 72.81

5 28.55 + 10.39 7.38 +1.29 35.93 + 10.99

6 14.21 + 1.27 6.46 + 1.20 20.67 + 230

7 8.04 + 1.75 5.39 + 0.05 1343 + 1.71

10 511 +1.19 <LOQ 511 +1.19

containing ENR was calculated for muscle, skin/fat, liver and kidney
tissues after oral administration (10 mg/kg BW, daily for 5
consecutive days), resulting in a final withdrawal period of 8 days
for the European Union regulation and 9 days for the MRLs positive
list of the Ministry of Health Labour and Welfare of Japan. The re-
sults for muscle, skin/fat, liver and kidney tissues are presented in
Table 3. Figs. 1 and 2 illustrate a plot of withdrawal period calcu-
lation for ENR + CIP target residue in the liver of broiler chickens
after oral administration (10 mg/kg BW, daily for 5 consecutive
days).

This study is the first to clearly report a comparison between 2
legislative frameworks (European Union and Japanese govern-
ment), and considering all target tissues involved in the re-
quirements for the approval of new veterinary pharmaceutical
formulation, and presenting reliable data from the standpoint of
high sensibility analysis, which allows us to ensure the quality of
the results expressed.

Accordingly, the outcomes from this tissue depletion study do
not present values that are below the LOQ in the time (days) in
which the withdrawal period was calculated. That is, until the 8 and
9 days, respectively, for the European Union and Japanese gov-
ernment requirements.

Data from published scientific literature indicate relevant dif-
ferences between pharmaceutical formulations using the same
pharmacologically active substance which result in variations of the
withdrawal period. As literature references, it is possible to
mention a study from San Martin et al. (2009), which worked with

Table 3

the liver using the EU reference of MLR of 200 ng/kg, and found
withdrawal periods of 3 and 4 days for several galenic formulations
containing ENR; as well as a study from Anadon et al. (1995)
analyzed ENR and CIP by HPLC, who found a withdrawal period
of 12 days for a water solution with ENR.

Thus, there are evidences that the pharmaceutical formulation
can generate relevant effects on the animal tissue depletion of a
veterinary drug (Kukanich et al., 2005), and the effectiveness of a
drug is dependent on its route of administration and metabolic
pattern (Alvinerie et al., 1999). The main concern when using FQ's is
to preserve human health because drug residues in foods could
produce acute toxic effects and/or chronic long-term effects. Thus,
the MRLs values established should be respected, as well as the
withdrawal period determined for each pharmaceutical formula-
tion (Anadon et al., 2012).

4. Conclusion

The fully validated LC-MS/MS method used in this study for
quantitation of ENR and CIP residues in the 4 chicken target tissues
evaluated (muscle, skin/fat, liver, kidney) was adequate to the
intended purpose. The outcome from the tissue depletion study
indicate that the new veterinary pharmaceutical formulation con-
taining ENR has a withdrawal period of 8 and 9 days, based on the
European Union and Japanese government requirements, respec-
tively. This study is useful to regulatory bodies with the view to
protect the consumer health from the risk arising from the

Withdrawal periods calculated for muscle, skin/fat, liver and kidney of broiler chickens treated with ENR (10 mg/kg body weight, daily for 5 days), according to MRLs from
European Union — EU (EU, 2010) and Japan Ministry of Health Labour and Welfare (JPL, 2006).

Tissue Muscle Skin/fat Liver Kidney
Legislative framework EU Japan EU Japan EU Japan EU Japan
MRL (sum of ENR and CIP) (nug/kg) 100 50 100 50 200 100 300 100

Withdrawal period (days) 6 7 7

9 8 9 6 7
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exposure to the antimicrobial ENR and CIP present in broiler
chicken meat and offal, as well as to facilitate international trade of
this important food commodity.
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