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Abstract

Marbofloxacin belongs to the group of fluoroquinolones, used exclusively in domestic animals. This study was carried out with
the purpose of studying the temporal disposition of marbofloxacin in edible compartments of the egg after administration
of 1, 52 mg/kg of marbofloxacin in drinking water for 11 consecutive days in hens in posture peak and average weight of
1,91+0,25 kg. Birds were housed in individual cages under controlled light conditions, ambient temperature, relative
humidity, water and balanced feed ad libitum. After the administration, eggs were collected daily and immediately separated
into albumen and yolk, identified per bird/day and stored at-20°C until analysis. The preparative assay consisted in extraction
of the analyte using 200 mg of yolk or albumen, as appropriate, in deionized water, homogenizing solution and enrofloxacin
solution as internal standard. Separation and quantification were performed by HPLC by reverse phase isocratic elution
with fluorescence detector, mobile phase composed of water, acetonitrile and triethylamine adjusted to pH 3. According to
the peak areas of known concentrations, the concentrations of the test samples were calculated by simple linear regression.
The established marbofloxacin levels are higher and more persistent in the yolk than in albumen, reaching 8 and 9 days,
respectively. The disposition characteristics observed with marbofloxacin are compatible with the physico-chemical properties
of the antimicrobial with the respective compartments of the egg and the time required for its formation. Data obtained from
marbofloxacin depletion in egg compartments were analyzed using the EMEA WT 1.4 software and conjecturing a rigorous
MRL (0,001 pg/kg), a withdrawal period of 13 and 17 days was estimated, for albumen and yolk, respectively.
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Introduction

Second generation fluoroquinolones are antimicrobial
resources used to control enteric and respiratory infectious
diseases in birds [1,2], result by its spectrum towards Gram
negative germs and mycoplasmas, their bactericidal activity
blocking DNA gyrase A subunit and/or topoisomerase
IV enzymes, essential for DNA duplication [2,3] and also
because fluoroquinolones can be administered in drinking
water, making it possible to dose a large number of birds in
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a short time [4].

However, in several countries the application in birds is
restricted and maximum residue limits (MRLs) in birds were
established for different tissues and for various members
of the group [2,5], due to the increase in resistant hospital
strains, an aspect related to oral application and the risk
of ineffectiveness of these substances to treat infections in
humans caused by Campylobacter spp and Salmonella spp.
[2,5].
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In order to protect the food consumer, the administration
of fluoroquinolones in animals destined for human
consumption is subject to regulation; maximum residue
limits (MRLs) were established in birds for different tissues
and for several members of the group [2,5], in order to limit
residues impact, for each drug and animal species treated, a
withdrawal period estimated at 5-7 days was stipulated for
fluoroquinolones and its application in laying birds is not
allowed [1].

When antimicrobials are administered in chicken
production, transfer and residual accumulation of these
drugs is associated with their physiology and egg formation
processes [5,6], although the physicochemical characteristics
of each group of drugs also influence, especially when they
are very fat soluble [5,6]. The distribution of xenobiotics
to the egg compartments is complex, is conditioned by the
physicochemical properties of the egg compartments, mainly
the yolk and pH, in relation to the physicochemical properties
of the drug: many residues can be deposited in the yolk or
the albumen, according to the affinity for plasma proteins,
the hydrophobic or lipophilic character and its influence to
cross biological membranes [6].

Marbofloxacin is a second generation fluoroquinolone
exclusively used in Veterinary Medicine. This drug was
authorized in the US and Europe for its administration in
domestic animals in presence of infectious enteric diseases
and respiratory diseases and in bovine mastitis caused by
E. coli [7]. Escherichia coli MIC90, one of the most relevant
avian pathogens, stands at 0.01 pg/mL [7].

Marbofloxacin exhibits amphoteric properties, although
the physicochemical characteristics of each group of drugs
also influence, especially when they are very fat soluble has
an isoelectric point of 6.85 that allows its solubility in both
acidic and basic solutions (pKa=5.7; pKb=8) [3,7,8]. The
weak acid character is provided by the carboxylic acid, while
the weak basic character is provided by the piperazine cycle
[7]- Under these conditions, it undergoes minimal ionization
ata physiological pH of 7.4, an attribute that facilitates tissue
distribution [7,8]. An increase in elimination half-life is also
observed and good bioavailability, due to the incorporation
of the oxadiazine ring [7].

In birds, previous studies indicates that marbofloxacin
oral administration provides 56,8% bioavailability, moderate
permanence in the body and wide tissue diffusion [9,10]. As
with other fluoroquinolones, the use of marbofloxacin was
not approved in laying birds, however it can be applied extra-
label with the purpose of saving life of the animals. In this
context, assuming the complexity of the egg matrix [11], it is
proposed to validate an analytical methodology to determine
marbofloxacin in egg compartments.
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Material and Methods

Animals

Hens (N=11), ISA-Bovans Brown genetic line 30-35
weeks of age, clinically healthy, in laying peak (83+16% at
the beginning of the trial) and average weight of 1.91+0.25
kg. The birds were housed in individual cages in controlled
light conditions for a total of 17 hours under conditions of
environmental thermoneutrality; thermal comfort stabilized
at 20.5%£1.9°C, with 60-70% humidity and controlled light
for a total of 17 hours [12]. Ventilation of the environment
allowed permanent air renewal and the elimination of
possible toxic gases.

Two weeks before and during the development of the
experience, the birds received water ad libitum according
to the productive needs of the animals [12], feeded with
commercial balanced meal that provides 19.5% crude
protein, 5.6% fiber, 4-6% fat, 3.2-3.6 g of calcium and 2950
kcal/kg of metabolizable energy. Consumption of balanced
food was ranged between 105-116 g per day.

After a two-week setting period, birds were weighed and
received commercial marbofloxacin (Marbocyl ® solution
2%, Vétoquinol S.A., Spain) in the drinking water at a rate
of 20 ppm for 11 consecutive days. After suppressing the
administration of marbofloxacin, the birds were weighed
again in order to estimate the average weight during the
administration of the drug and the total consumption of
medicated water in the 11 days. With the data obtained, it
was determined that each bird received a daily dose of 1.52
mg/kg of marbofloxacin. Immediately, non-medicated water
administration was restored ad libitum, until the end of the
trial.

Sampling

Eggs were collected daily between 11 a.m. and 1 p.m,,
from the last day of the application of the antimicrobial and
up to three weeks after application, each unit was identified
indicating the day of laying and number of animal, and it was
kept in a refrigerator at 4°C, until its analysis.

At the end of the collection, albumen and yolk were
separated manually. The samples obtained were identified
and conditioned in sterile Eppendorf tubes, without
additives, and were labeled with the extraction time and the
number of animal sampled, and were stored at -70°C until
their analysis by HPLC.

Experimental protocol, was approved by the Ethics

Committee of the National University of Rio Cuarto
(Disposition 160/16), which was included in the program
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“Disposal and residues of marbofloxacin in compartments of
edible eggs and tissue of birds”, Secyt, UNRC, 2016-2019.

Sample Treatment

Extraction of the analyte was carried out using 200 mg of
yolk or albumen, as appropriate, 200 pL of deionized water,
800 pL of homogenizing solution made up of methanol:
water: perchloric acid: phosphoric acid 50:50:2:1 v/v/
v/v and 20 pL of a 20 pg/mL solution of enrofloxacin as
internal standard. The whole was vortexed for 30” and then
centrifuged at 13.500 rpm at 4°C for 25 minutes [13].

Marbofloxacin Separation and Quantification

The separation and quantification was carried out by
HPLC by means of isocratic elusion in reverse phase using
a C-18 column, 5 pm, continuous flow of 0.8 mL/min and
reading in a fluorescence detector established at 295 nm
of excitation and 500 nm of emission and mobile phase
composed of water, acetonitrile and triethylamine (79:20:1
v/v/v) adjusted to pH 3.0 [13].

Concentration Calculations

With the chromatogram obtained in the run of the
albumen and yolk samples separately and with the known
concentration standard, a quotient was obtained taking the
value of the peak area of the drug and the corresponding
internal standard. A quotient of both was obtained and used
for the preparation of the calibration curve and to establish
plasma concentrations, in albumen and yolk of marbofloxacin
by simple linear regression [14].

Chromatographic Method Validation

Calibration Curve: Known marbofloxacin concentrations
between 0.0048 to 1.25 pg/mlL, incorporated in the
preparation of the egg yolk and egg albumen samples, were
used, according to the procedure described above.

Linearity test was performed by linear regression (Graph Pad
Prism software) with the areas under the curve presented in
the peaks of the chromatogram in the samples of the analyte
under study and the internal standard, determining the
regression coefficient, the slope, the intercept, the limits of
detection (LD) and quantification (LQ), from antimicrobial-
free egg albumen and yolk samples.

Inter-Day, Intra-Day Trials and Recoverability (%): To
establish precision, the intra-day and inter-day tests were
used, which refers to the elution of marbofloxacin calibration
standards for albumen from (0.156 to 0.625 pg/mg) and for
yolk (0.156 to 1.25 pg/mg) six times and for 6 days. It was

Errecalde C, et al. Disposition and Residues of Marbofloxacin in Eggs of Laying Hens. Adv in Phar &

Clin Tria 2021, 6(1): 000185.

considered acceptable when the coefficients of variation
(CV) between elusions average was < 3%.

The “relative” recovery consisted in determining the
variation experienced by the concentration of the analyte
under study, when the sample containing it was subjected to
extraction. Three marbofloxacin calibration standards were
diluted by triplicate for albumen (0.156-0.312-0.625 g/
mg) and yolk (0.156-0.312-1.25 pg/mg) that were compared
with fortified samples and the percentage of recoverability
was calculated (% R).

Detection limit (DL) was carried out using the formula
recommended by EMEA [15], which considers the surface
area in the chromatograms originated after the elution of
the smallest concentrations of marbofloxacin by means of
which a calibration curve was established, and (3 value was
obtained, which corresponds to the SD of the values obtained
in the calibration curve.

DL = average DSx 3.3 / f3
Quantification limit (QL) was determined with the
same formula and values, only that the average of the areas
obtained was multiplied by 10:

QL =average DSx 10/

The repeatability test relied on the elution of the
calibration standards six times. It was considered acceptable
when the CV between elusions, as the area index of the
chromatograms was < 1.5%.

The reproducibility test consisted in eluting the
calibration standards in tests carried out on 6 different days.
It was considered acceptable when the CV of the area indices
of the chromatograms was < 3%.

Withdrawal Period Calculation in Eggs: Residual
concentrations versus yolk and albumen time were analyzed
separately using the EMEA WT 1.4 program [16], which
allowed estimating a withdrawal period for egg consumption,
conjecturing an MRL of 0.001 pg/kg, because it was not
established for marbofloxacin in eggs.

Statistical Analysis: The antimicrobial concentrations
during the 9 days post application were compared through
the Mann-Whitney test with the Graph Pad Prism software
to evaluate significant differences between marbofloxacin
concentrations in egg albumen and yolk [17].

Results

Tables 1&2 indicate the results of the linearity, precision
and recoverability tests for marbofloxacin in each egg
compartments. Marbofloxacin chromatogram retention
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times for both albumen and yolk, were 5.57+0.17 minutes
and 7.87%0.47 minutes for internal standard (enrofloxacin).

The detection limits (DL) established for albumen
and yolk were 0.012 and 0.010 upg/g, respectively. The
quantification limits (QL) for marbofloxacin obtained were
0.037 pg/g in albumen and 0.031 pg/g in yolk. Table 3
indicates the average concentrations (+ SD) obtained per day
in albumen and yolk. EMEAWT 1.4 program [16], used for the
analysis of the residual concentrations in each compartment
versus time, estimates a withdrawal period of 11.92 days (12
days) for albumen and 16.53 days (17 days) for yolk.

Matrix ng/g (*) A B r?
0.0048 a
Albumen 0,625 0.009853 | 1.286 0.995

Yolk 0.0024a1.25 | -0.00726 | 0.692 0.997

Table 1: Linearity of marbofloxacin in egg compartments.
(*) Marbofloxacin concentration range. A: Intercept, B:
Slope, r2: adjustment coefficient.

. .- Intra-day Inter-day
Matrix | Recoverability (%CV) (%CV)
Albumen 94.7+15.3 1.59+0.88 1.05+£0.92

Yolk 87.8+6.9 1.68+0.72 0.96+0.26

Table 2: Assays of recoverability (% + SD) and intraday and
interday precision of marbofloxacin in white and yolk.

Day Albumen (pg/g) Yolk (ng/g)
1 0.2692+0.1080 0.6250+0.1773
2 0.1189+0.0842 0.3707+0.1143
3 0.0809+0.0791 0.2786+0.0946
4 0.0406+0.0764 0.2322+0.1003
5 0.0378+0.0802 0.1614+0.0775
6 0.0267+0.0804 0.1130+0.0773
7 0.0200+0.0805 0.0912+0.0422
8 0.0143+0.0805 0.0411+0.0091
9 - 0.0355+0.0084

Table 3: Average concentrations (MeanzSD) per day in
albumen and yolk.

Discussion

The development of highly sensitive and selective
analytical techniques to quantify fluoroquinolone residues
in food samples is a requirement to ensure food safety
and understand its risk to public health [18]. As the egg
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compartments are complex and chemically different
[11,19], difficulties often arise for the implementation of
sensitive and specific analytical methods, consequently the
samples requires different pretreatments, such as spraying,
homogenization, deproteinization and filtration [11,18).

Due to its polar nature, fluoroquinolone extraction
process usually requires a large amount of organic solvents
such as dichloromethane [20], acetonitrile [20], methanol
[13] or trichloroacetic acid [21], followed by liquid or solid
phase extraction and by denaturation with perchloric acid
[20,22].

In this experience, the extraction procedure in both
matrices contemplated the use of a homogenizing solution
where methanol was administered to separate soluble
substances from insoluble ones [13,23], similar to the acid
solution made up of acetic acid and acidified ethanol (1:99
v/v) for albumen and acetonitrile and acidified ethanol
for yolk [24]. Sample preparation is critical in analysis and
there is a need to minimize the number of steps to reduce
both time and sources of error. There is currently a trend
towards environmentally friendly techniques, which use less
solvent and smaller sample sizes to avoid consumer protests.
Optimal sample preparation can reduce analysis time,
improve sensitivity, and allow unequivocal identification,
confirmation, and quantification [19].

HPLC coupled to the fluorescence detector (FD) provides
an increase in sensitivity against the ultraviolet detector 20-
30 times greater of and can be somewhat more sensitive than
GC/MS in some cases. HPLC/FD is even more interesting
from an analytical point of view. Fluorescence detection by
is favored by the piperazinil group of marbofloxacin, similar
to that reported with other members of the group [23,24].

Fluorescence is of particular interest because of its
high sensitivity and selectivity; marbofloxacin exhibits
a characteristic absorption wavelength that facilitates
its detection; the highest sensitivity was obtained with a
detector reading established at 295 nm excitation and 500
nm emission, in contrast to other lengths used in other
studies with fluoroquinolones [24].

In this study separation was carried modifying the
original composition of the mobile phase, composed this
time of water, acetonitrile and triethylamine (79:19:1 v/v/v)
at pH 3.0 [13], where the incorporation of acetonitrile
favors selectivity, triethylamine and acidic pH modulate
retention and avoid interferences of the mobile phase in
the chromatogram [25], different from the combination of
acetonitrile and trifluoroacetic acid at pH 2.5 to quantify
other fluoroquinolones in eggs [26].
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Optimal separation of the analyte demands not only the
composition of the mobile phase but also, pH adjustment, this
time to the value of 3.0 [13,27], was adequate, in a suggested
range of 2.5 to 4.5 [28].

The analytical conditions implemented were sufficiently
specific and precise with advantages over microbiological
methods considered less specific [11]. In residue monitoring
plans, the implemented HPLC method is a simple option,
with low solvent requirements, low-cost since the extraction
applied with respect to the solid phase does not require the
use of extraction cartridges; it is versatile and adaptable to
different matrix [13].

The adjustments obtained in albumen and yolk linearity
tests (r2=0.99), validate the reliability of the analytical
method implemented. In both matrices, the repeatability
tests, assessed by repeated intraday and interday analyzes
carried out within the same laboratory, show the precision
of the results obtained as they did not exceed the coefficients
of variation of 3%.

The high percentages of recoverability achieved in both
compartments of the egg, without the need for a second
cleaning of the sample after extraction prior to analysis,
favor less manipulation of the same. The results obtained
in the validation tests corroborate the reliability of the
implemented method [15].

In this experience, sufficient absorption of the
antimicrobial in the digestive tract was confirmed to generate
plasma levels with the ability to diffuse in the avian organism
according to the kinetic antecedents available in birds after
the administration of 2 mg/kg orally through a commercial
formulation [9,10].

The experimental design was adequate to analyze
the disposition characteristics of marbofloxacin in edible
compartments of the egg, which justifies the results
achieved not only by the applied dose and the implemented
administration model of 11 days of continuous exposure of
the antimicrobial in drink water, with a clear impact on the
time of formation of yolk, since to reach residues in the yolk
a previous exposure of 8-10 days is generally required [29],
butalso in terms of the number of animals; the 11 laying hens
in laying peak assigned to the experimental group to obtain
9-10 eggs per day, according to the European guidelines for
the harmonization of withdrawal periods [30], for HPLC
analysis during the period of depletion and, the collection of
daily samples in a determined hourly range.

Marbofloxacin levels were more significant and durable
in the yolk compared to albumen (p<0.05). Drugs tend to
be distributed in different ways in the two compartments
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of the egg, depending on their physicochemical properties.
In the case of quinolones and fluoroquinolones, there is no
consensus on this point. Some authors describe that these
substances are stored mainly in the yolk, being sequestered
and incorporated into the eggs during their development
[31,32].

Extensive tissue distribution of fluoroquinolones verified
in mammals [3] and birds [9,10], associated to the physical-
chemical characteristics [3], low affinity for plasma proteins,
due to the fact that only the free drug has the ability to diffuse
[7,8], but also the elimination-if it is assumed that the egg
represents a mode of elimination of xenobiotics-[33], agree
with the marbofloxacin levels established in this experience
up to 8 and 9 days after application in egg albumen and yolk,
respectively [34].

The results obtained support the available information
ondisposition in eggs with enrofloxacin [26,35], ciprofloxacin
[26,35], sarafloxacin [26] and danofloxacin [36], but they
disagree with those reported with oxonilic acid and with
enrofloxacin [37,38], the last one was supplied for only 5
days, insufficient time to achieve significant concentrations
in yolk.

Without ignoring the complexity of the processes that
determine the entry of xenobiotics into the egg [34,39], an
additional important factor in the disposition is the pH of
the different phases; yolk pH is approximately 6.0, while is
close to 7.6 in albumen [34]. Quinolones are reported to be
slightly more soluble at alkaline pH, so that differences in
pH between egg phases can influence the partition of drugs
between these compartments.

Levels of marbofloxacin residues in eggs involve some
risks to human health; therefore it is necessary to apply an
egg withdrawal period after administration in laying birds.
This experience exposes the potential risk; the antimicrobial
levels obtained in egg albumen and yolk exceeds MIC on E.
coli [7], up to days 8 and 9 after application, respectively.

The application of a rigorous MRL (0.001 pg/kg) due
to the fact that it was not established for marbofloxacin and
the residual concentrations of the antimicrobial in the edible
compartments of the egg, evaluated with the WT 1.4 program
[16], allowed to estimate a withdrawal period of 13 and 17
days for white and yolk, respectively, which corroborates the
yolk as a marker for this antimicrobial.

The established withdrawal values exceed those
suggested for the set of fluoroquinolones for their application
in poultry [1] and in particular for eggs with enrofloxacin
and its metabolite ciprofloxacin [38] and are significantly
lower than those estimated for danofloxacin [36], although
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too extensive to discourage the poultry producers from using
marbofloxacin in producing birds.

Conclusions

The analytical HPLC method used is simple, reliable and
requiresalowamountofsolvents. Theanalytical methodology
applied is useful to quantify marbofloxacin in chicken egg
compartments. In the egg for consumption, different authors
have shown that the antimicrobials used in poultry industry
are transferred to this food during its formation process,
with the risk that they reach concentrations that exceed
the maximum limits allowed by different governmental and
intergovernmental organizations. Marbofloxacin disposition
is complex: is related to the egg formation, although the
chemical characteristics of the antimicrobial and the
chemical composition of the egg also intervene. The extra
label application of marbofloxacin in chickens in production
requires a withdrawal period of 17 days.

References

1. Anjum A, Rizvi F (1998) Use of second generation of
quinolones in poultry. Pakistan ] Biol Sci 1(4): 392-395.

2. GouvéaR, Santos F dos, Aquino M de, Pereira V de (2015)
Fluoroquinolones in industrial poultry production,
bacterial resistance and food residues: a review. Braz ]|
Poult Sci 17(1): 1-10.

3. Papich M (2018) Fluoroquinolone antimicrobial
drugs. In: Veterinary Pharmacology and Therapeutics,
por ] Riviere, Papich M, 10" (Edn.), Wiley- Blackwell
Publishing, Ames lowa, pp: 953-987.

4. Anadén A, Martinez-Larrailaga M, Castellano V (2009)
Antimicrobials (including coccidiostats) in poultry. | vet
Pharmacol Therap 32(1): 11-46.

5. Mund M, Khanb U, Tahir U, Mustafa B, Fayyaz A (2017)
Antimicrobial drug residues in poultry products and
implications on public health: a review. Int ] Food Prop
20 (7): 1433-1446.

6. Goetting V, Lee K, Tell L (2011) Pharmacokinetics of
veterinary drugs in laying hens and residues in eggs: a
review of the literature. ] vet Pharmacol Therap 34(6):
521-556.

7. Rubio Langre S (2011) Comportamiento farmacocinético
de la marbofloxacina y de la enrofloxacina en llamas
(“Lama glama”). Tesis Doctoral, Departamento de
Toxicologia y Farmacologia, Facultad de Veterinaria,
Universidad Complutense de Madrid, Espafia.

8. Bhavsar S, Thaker A (2012) Pharmacokinetics of

Errecalde C, et al. Disposition and Residues of Marbofloxacin in Eggs of Laying Hens. Adv in Phar &

Clin Tria 2021, 6(1): 000185.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Antimicrobials in Food Producing Animals. En Noreddin
A (Ed.), Readings in Advanced Pharmacokinetics Theory,
Methods and Applications. In Tech, Rijeka, Croatia, pp:
157-178.

El-Komy A, Attia T, Abd El Latif A, Fathy H (2016)
Bioavailability pharmacokinetics and residues of
marbofloxacin in normal and E.coli infected broiler
chicken. IJPT 4(2): 144-149.

Urzaa Pizarro N, Errecalde C, Prieto G, Luders C, Tonini
M (2017) Pharmacokinetic behavior of marbofloxacin in
plasma from chickens at different seasons. Mac Vet Rev
40(2): 1-5.

Aerts M, Hogemboom A, Brinkman U (1995) Analytical
strategies for the screening of veterinary drugs and their
residues in edible products. ] Chromatogr B 667(1): 1-40.

Hartcher K, Jones B (2017) The welfare of layer hens in
cage and cage-free housing systems. ] World Poultry Sci
] 73(4): 767-782.

Bottcher S, Von Baum H, Hoppe-Tichy T, Benz C, Sonntag
H (2001) An HPLC assay and a microbiological assay
to determine levofloxacin in soft tissue, bone, bile and
serum. ] Pharm Biomed Anal 25(2): 197-203.

Nouws ], Ziv G (1976) The effect of storage at 4°C on
antibiotic residues in kidney and meat tissues of dairy
cows. Tijdschr Diegeneesk 101(20): 119-127.

EMEA (2006) European Medicines Agency. Validation of
analytical procedures. Part II: Metodology. London, UK.

Hekman P (1998) Withdrawal-time calculation program
WT 1.4.

Graph Pad (2008) Graph Pad Prism 8.0.2. San Diego,
EE.UU.

Zhang Z, Cheng H (2017) Recent development in sample
preparation and analytical techniques for determination
of quinolone residues in food products. Crit Rev Anal
Chem 47(3): 223-250.

Ridgway K, Lalljie SP, Smith RM (2007) Sample
preparation techniques for the determination of trace
residues and contaminants in foods. ] Chromatogr A (1-
2):3653.

Bailac S, Ballesteros O, Jiménez-Lozano E, Barrén
D, Sanz- Nebota V, et al. (2004) Determination of
quinolones in chicken tissues by liquid chromatography
with ultraviolet absorbance detection. ] Chromatogr A
1029(1-2): 145-151.

Copyright© Errecalde C, etal.


https://medwinpublishers.com/APCT/
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1516-635X2015000100001
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1516-635X2015000100001
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1516-635X2015000100001
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1516-635X2015000100001
https://www.tandfonline.com/doi/full/10.1080/10942912.2016.1212874
https://www.tandfonline.com/doi/full/10.1080/10942912.2016.1212874
https://www.tandfonline.com/doi/full/10.1080/10942912.2016.1212874
https://www.tandfonline.com/doi/full/10.1080/10942912.2016.1212874
https://pubmed.ncbi.nlm.nih.gov/21679196/
https://pubmed.ncbi.nlm.nih.gov/21679196/
https://pubmed.ncbi.nlm.nih.gov/21679196/
https://pubmed.ncbi.nlm.nih.gov/21679196/
https://www.intechopen.com/books/readings-in-advanced-pharmacokinetics-theory-methods-and-applications/pharmacokinetics-of-antimicrobials-in-food-producing-animals
https://www.intechopen.com/books/readings-in-advanced-pharmacokinetics-theory-methods-and-applications/pharmacokinetics-of-antimicrobials-in-food-producing-animals
https://www.intechopen.com/books/readings-in-advanced-pharmacokinetics-theory-methods-and-applications/pharmacokinetics-of-antimicrobials-in-food-producing-animals
https://www.intechopen.com/books/readings-in-advanced-pharmacokinetics-theory-methods-and-applications/pharmacokinetics-of-antimicrobials-in-food-producing-animals
https://www.intechopen.com/books/readings-in-advanced-pharmacokinetics-theory-methods-and-applications/pharmacokinetics-of-antimicrobials-in-food-producing-animals
https://www.sciencepubco.com/index.php/IJPT/article/view/6504
https://www.sciencepubco.com/index.php/IJPT/article/view/6504
https://www.sciencepubco.com/index.php/IJPT/article/view/6504
https://www.sciencepubco.com/index.php/IJPT/article/view/6504
https://agris.fao.org/agris-search/search.do?recordID=US201800241198
https://agris.fao.org/agris-search/search.do?recordID=US201800241198
https://agris.fao.org/agris-search/search.do?recordID=US201800241198
https://agris.fao.org/agris-search/search.do?recordID=US201800241198
https://pubmed.ncbi.nlm.nih.gov/7663672/
https://pubmed.ncbi.nlm.nih.gov/7663672/
https://pubmed.ncbi.nlm.nih.gov/7663672/
https://www.cambridge.org/core/journals/world-s-poultry-science-journal/article/welfare-of-layer-hens-in-cage-and-cagefree-housing-systems/35FB8DB602AF9AE7C44C00FA3A20D67B
https://www.cambridge.org/core/journals/world-s-poultry-science-journal/article/welfare-of-layer-hens-in-cage-and-cagefree-housing-systems/35FB8DB602AF9AE7C44C00FA3A20D67B
https://www.cambridge.org/core/journals/world-s-poultry-science-journal/article/welfare-of-layer-hens-in-cage-and-cagefree-housing-systems/35FB8DB602AF9AE7C44C00FA3A20D67B
https://pubmed.ncbi.nlm.nih.gov/11275428/
https://pubmed.ncbi.nlm.nih.gov/11275428/
https://pubmed.ncbi.nlm.nih.gov/11275428/
https://pubmed.ncbi.nlm.nih.gov/11275428/
https://pubmed.ncbi.nlm.nih.gov/1013973/
https://pubmed.ncbi.nlm.nih.gov/1013973/
https://pubmed.ncbi.nlm.nih.gov/1013973/
https://www.graphpad.com/guides/prism/latest/user-guide/citing_graphpad_prism.htm
https://www.graphpad.com/guides/prism/latest/user-guide/citing_graphpad_prism.htm
https://pubmed.ncbi.nlm.nih.gov/27905857/
https://pubmed.ncbi.nlm.nih.gov/27905857/
https://pubmed.ncbi.nlm.nih.gov/27905857/
https://pubmed.ncbi.nlm.nih.gov/27905857/
https://agris.fao.org/agris-search/search.do?recordID=US201300783237
https://agris.fao.org/agris-search/search.do?recordID=US201300783237
https://agris.fao.org/agris-search/search.do?recordID=US201300783237
https://agris.fao.org/agris-search/search.do?recordID=US201300783237
https://www.sciencedirect.com/science/article/abs/pii/S0021967303022635
https://www.sciencedirect.com/science/article/abs/pii/S0021967303022635
https://www.sciencedirect.com/science/article/abs/pii/S0021967303022635
https://www.sciencedirect.com/science/article/abs/pii/S0021967303022635
https://www.sciencedirect.com/science/article/abs/pii/S0021967303022635

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Errecalde C, et al. Disposition and Residues of Marbofloxacin in Eggs of Laying Hens. Adv in Phar &

Advances in Pharmacology and Clinical Trials

Verdén E, Couedor P, Roudaut B, Sanders P (2005)
Multiresidue method for simultaneous determination
of ten quinolone antibacterial residues in multimatrix/
multispecies animal tissues by liquid chromatography
with fluorescence detection: Single laboratory validation
study. ] AOAC Int 88 (4): 1179-1192.

Marzo A, Dal Bo L (1998) Chromatography as an
analytical tool for selected antibiotic classes: a
reappraisal addressed to pharmacokinetic applications.
] Chromatogr A 812: 17-34.

Hernandez-Arteseros ], Barbosa ], Compano, Prat M
(2002) Analysis of quinolone residue in edible animal
products. ] Chromatogr A 945: 1-24.

Zeng Z, Dong A, Yang G, Chen Z, Huang X (2005) Si-
multaneous determination of nine fluoroquinolones in
egg white and egg yolk by liquid chromatography with
fluorescence detection. ] Chromatogr B Analyt Technol
Biomed Life Sci 821(2): 202-209.

Maraschiello C, Cusidé E, Abelldn M, Vilageliu ]
(2011) Validation of an analytical procedure for the
determination of the fluoroquinolone ofloxacin in
chicken tissues. ] Chromatogr B 754(2): 311-318.

Chu P, Wang R, Chu H (2002) Liquid chromatographic
determination of fluoroquinolones in egg albumen and
egg yolk of laying hens using fluorometric detection. ]
Agric Food Chem 50(16): 4452-4455.

Herranz S, Moreno-Bondi M, Marazuela M (2007)
Development of a new sample pretreatment procedure
based on pressurized liquid extraction for the
determination of fluoroquinolone residues in table eggs.
] Chromatogr A 1140(1-2): 63-70.

Ramos M, Aranda A, Garcia E, Reuvers T, Hooghuis
H (2003) Simple and sensitive determination of five
quinolones in food by liquid chromatography with
fluorescence detection. ] Chromatogr B 789(2): 373-381.

Kan C, Petz M (2001) Detecting residues of veterinary
drugs in eggs. World Poultry 17(2): 16-17.

CVMP (1997) Committee for Veterinary Medicinal
Products. EMEA/CVMP/036/97, Note for guidance:

Clin Tria 2021, 6(1): 000185.

31.

32.

33.

34.

35.

36.

37.

38.

39.

approach towards harmonization of withdrawal periods.

Donoghue D, Hairston H, Henderson M, Mc Donald
M, Gaines S et al. (1997) Modeling residue uptake in
eggs: yolks contain ampicillin residues even after drug
withdrawal and non-detectability in the plasma. Poult
Sci 76(3): 458-462.

Donoghue D, Schenck F, Hairston H, Podhorniak L
(1997) Modeling drug residue uptake by eggs: evidence
of a consistent daily pattern of contaminant transfer
into developing preovulatory yolks. ] Food Prot 60(10):
1251-1255.

Jondreville C, Fournier A, Feidt C, Travel A, Roudaut B
(2011) Chemical residues and contaminants in eggs.
In: Improving the safety and quality of eggs and, egg
products, Vol 2: Egg safety and nutritional quality. Van
Immerseel F, Nys Y, Bain M (Eds.), Woodhead Publishing
Limited, Cambridge, UK: pp: 62-80.

Kan C, Petz M (2000) Residues of veterinary drugs in
eggs and their distribution between yolk and white. ]
Agric Food Chem 48(12): 6397-6403.

Cornejo |, Lapierre L, Iraguen D, Cornejo S, Cassus G, et
al (2007) Study of enrofloxacin and flumequine residues
depletion in eggs of laying hens after oral administration.
] vet Pharmacol Therap 35(1): 67-72.

Errecalde C, Prieto G, Urzua N, Tonini M, Davicino R
(2016) Disposiciéon y deplecién de danofloxacina en
huevos de gallinas. VI Congreso Internacional de Ciencia
y Tecnologia de alimentos, Cérdoba. Argentina, 2-5
noviembre, pp: 645.

Roudaut B (1998) Elimination of oxolinic acid in eggs
after oral treatment of laying hens. Brit Poultry Sci
39(1): 47-52.

Gorla N, Chiostri E, Ugnia L, Weyers A, Giacomelli N, et al.
(1997) HPLC residues of enrofloxacin and ciprofloxacin
in eggs of laying hens. Int ] Antimicrob Agents 8: 253-
256.

Donoghue D, Myers K (2000) Imaging residue transfer
into egg yolks. ] Agric Food Chem 48: 6428-6430.

Copyright© Errecalde C, etal.


https://medwinpublishers.com/APCT/
https://pubmed.ncbi.nlm.nih.gov/16156083/
https://pubmed.ncbi.nlm.nih.gov/16156083/
https://pubmed.ncbi.nlm.nih.gov/16156083/
https://pubmed.ncbi.nlm.nih.gov/16156083/
https://pubmed.ncbi.nlm.nih.gov/16156083/
https://pubmed.ncbi.nlm.nih.gov/16156083/
https://pubmed.ncbi.nlm.nih.gov/9691307/
https://pubmed.ncbi.nlm.nih.gov/9691307/
https://pubmed.ncbi.nlm.nih.gov/9691307/
https://pubmed.ncbi.nlm.nih.gov/9691307/
https://pubmed.ncbi.nlm.nih.gov/11860127/
https://pubmed.ncbi.nlm.nih.gov/11860127/
https://pubmed.ncbi.nlm.nih.gov/11860127/
https://pubmed.ncbi.nlm.nih.gov/15927545/
https://pubmed.ncbi.nlm.nih.gov/15927545/
https://pubmed.ncbi.nlm.nih.gov/15927545/
https://pubmed.ncbi.nlm.nih.gov/15927545/
https://pubmed.ncbi.nlm.nih.gov/15927545/
https://pubmed.ncbi.nlm.nih.gov/11339274/
https://pubmed.ncbi.nlm.nih.gov/11339274/
https://pubmed.ncbi.nlm.nih.gov/11339274/
https://pubmed.ncbi.nlm.nih.gov/11339274/
https://pubs.acs.org/doi/10.1021/jf0202032
https://pubs.acs.org/doi/10.1021/jf0202032
https://pubs.acs.org/doi/10.1021/jf0202032
https://pubs.acs.org/doi/10.1021/jf0202032
https://pubmed.ncbi.nlm.nih.gov/17147954/
https://pubmed.ncbi.nlm.nih.gov/17147954/
https://pubmed.ncbi.nlm.nih.gov/17147954/
https://pubmed.ncbi.nlm.nih.gov/17147954/
https://pubmed.ncbi.nlm.nih.gov/17147954/
https://pubmed.ncbi.nlm.nih.gov/12742128/
https://pubmed.ncbi.nlm.nih.gov/12742128/
https://pubmed.ncbi.nlm.nih.gov/12742128/
https://pubmed.ncbi.nlm.nih.gov/12742128/
https://pubmed.ncbi.nlm.nih.gov/9068044/
https://pubmed.ncbi.nlm.nih.gov/9068044/
https://pubmed.ncbi.nlm.nih.gov/9068044/
https://pubmed.ncbi.nlm.nih.gov/9068044/
https://pubmed.ncbi.nlm.nih.gov/9068044/
https://pubmed.ncbi.nlm.nih.gov/31207720/
https://pubmed.ncbi.nlm.nih.gov/31207720/
https://pubmed.ncbi.nlm.nih.gov/31207720/
https://pubmed.ncbi.nlm.nih.gov/31207720/
https://pubmed.ncbi.nlm.nih.gov/31207720/
https://pubmed.ncbi.nlm.nih.gov/11141291/
https://pubmed.ncbi.nlm.nih.gov/11141291/
https://pubmed.ncbi.nlm.nih.gov/11141291/
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2885.2011.01283.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2885.2011.01283.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2885.2011.01283.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2885.2011.01283.x
https://pubmed.ncbi.nlm.nih.gov/9568298/
https://pubmed.ncbi.nlm.nih.gov/9568298/
https://pubmed.ncbi.nlm.nih.gov/9568298/
https://pubmed.ncbi.nlm.nih.gov/18611811/
https://pubmed.ncbi.nlm.nih.gov/18611811/
https://pubmed.ncbi.nlm.nih.gov/18611811/
https://pubmed.ncbi.nlm.nih.gov/18611811/
https://pubmed.ncbi.nlm.nih.gov/11141297/
https://pubmed.ncbi.nlm.nih.gov/11141297/
https://creativecommons.org/licenses/by/4.0/

	Abstract
	Introduction
	Material and Methods
	Animals
	Sampling
	Sample Treatment
	Marbofloxacin Separation and Quantification
	Concentration Calculations 
	Chromatographic Method Validation

	Results
	Discussion
	Conclusions
	References

