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Abstract

The current study aimed to determine residues of ciprofloxacin in different rabbit tissues (liver,
muscles, kidneys, spleen, heart and lungs) and sera following administration of multiple oral
doses. Twenty five rabbits were given the drug at a dose of 5 mg/kg BW for five successive days
and then samples were collected at 1%, 3" 5" 7 9™ 15" and 21 day after last oral dose. The
results indicated a widespread distribution of ciprofloxacin in the tested tissues except in the
heart. The drug remained within the detectable limit till the 3™ day in most tested tissues, while
in kidneys it remained till the 5" day following the last oral administration of the drug.
Therefore, muscles of rabbits could be eaten safely in the 3 day post treatment, while liver and
kidneys could be eaten safely in the 5™ day after treatment without any hazards on consumers.
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Introduction

High concentrations of drug residues in
edible animal tissues might result from the
extra-label use of drug or non-compliance
with the withdrawal period [1]. The control of
drug residues is a significant point to obtain
safe food for human consumption, therefore,
maximum residue limits (MRL) of drugs have
been set for edible animal tissues [1,2].

Ciprofloxacin is a fluorinated quinolone
carboxylic acid derivative; it exhibits a wide
spectrum of antimicrobial activity, including
some G +ve, G -ve bacteria and Mycoplasma
[3-7]. It prevents the bacterial DNA
replication and synthesis via the inhibition of
the A subunit of the bacterial DNA gyrase,
this synthetic drug act as bactericidal at
relatively low concentration [8]. The use of
fluoroquinolones in animals has been
discussed recently due to the development of
resistant micro-organisms among humans.
Therefore, fluoroquinolones became a part of
highly risk antimicrobial drugs [9,10].

The World Health Organization and Office
International des Epizooties have defined
quinolones as “critically important
antimicrobials” for both human and animal
health [11].

The current study aimed to determine
residues of ciprofloxacin in different rabbit
tissues and sera following multiple oral doses
of this drug using High Performance Liquid
Chromatography (HPLC). Moreover, the
estimation of the withdrawal time of the drug
in rabbit tissues was carried out.

Material and Methods
Experimental design

Ciprofloxacin  (Ciproxin 10%®) was
obtained as an oral suspension (10%) from the
Arab Company for the Manufacture of
Pesticides and Veterinary Medicines, Animal
Health Division, Jordan.
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The molecular formula is:
C17H18FN3O3*HC*H,0 and the molecular
weight is 385.8. Twenty five healthy male
New Zealand rabbits ranging from 2-2.5 kg
body weight were used including four control
rabbits. The animals were housed in the
Experimental Animals Research Unit (EARU)
at the Faculty of WVeterinary Medicine,
Zagazig University.

The control rabbits were used for the
preparation of blank and spiked samples for
method validation. Twenty one rabbits were
given ciprofloxacin directly into the stomach
through the feeding tube orally at a dosage of
5 mg/kg B.W once daily for 5 successive days
[12]. Three rabbits were slaughtered at 1%, 3",
5t 7" g 15™ and 21% day after last oral
dose. Samples from blood for separation of
serum, heart, lungs, liver, spleen, muscles and
kidneys were taken from slaughtered rabbits
for the determination of ciprofloxacin
residues.

Analytical procedures
Preparation of samples for analysis

The collected blood samples in centrifuge
tubes were left to coagulate and were
centrifuged at 3000 rpm for 15 minutes to
obtain clear serum. The serum was then
transferred immediately to sterile tubes and
stored at -20°C until analysis using HPLC at
the Central Laboratory, Faculty of Veterinary
Medicine, Zagazig University. At the time of
the assay, frozen rabbit tissue samples were
partially thawed at room temperature (23°C)
for 30 min and were blended in a food
processor four times for 20-30 sec at high
speed. The material after each intermittent
blending were subjected to stirring to obtain a
uniform paste-like consistency, and the
samples were then stored at -70°C until
analyzed within 30 days.

Extraction and determination of drug residues

Extraction of the drug residues from the
samples was carried out according to Stoilova
[13]. Frozen samples were thawed in
centrifuge tubes at room temperature (23°C)
and then 1 gm was accurately weighted into a
polypropylene centrifuge tube. Ten ml of

acetonitrile were added and shaken for 1min;
the sample was then shaken for 10 min and
centrifuged for 10 min at 9500 rpm.

The supernatant was evaporated under a
nitrogen stream at 50°C, and the extraction
was repeated using acetonitrile with the
sample residues. The additional supernatant
was added to the initial one and evaporated
under a nitrogen stream at 50°C. The residue
was then dissolved in 5 ml of 0.02 M
ammonium acetate pH=9 then vortexed for 1
min. The extract was then applied to SPE C18
cartridge using the following steps:

« SPE cartridge was previously activated
with 3 ml acetonitrile and 3 ml 0.02 M
ammonium acetate pH=3.0.

« After sample loading, the cartridge was
washed with 2 ml water, and then dried for
3 min.

» The analyte was eluted with 10 ml 0.2%
formic acid in acetonitrile.

The sample was evaporated to dryness and
dissolved in to 1 ml mobile phase. Finally,
filtration was performed using 0.45 pm
nylon syringe filter.

Liquid chromatography operating conditions

Liquid chromatography operating
conditions included injection volume of 20 pl,
flow rate: 1 ml/min, column temperature:
50°C, UV- detector: 280 nm and the mobile
phase: 50 mL/L acetic acid: acetonitrile:
methanol (900:50:50) according to Kamberie
et al. [14].

Quantification

Quantification of residues in the samples
was obtained and calculated from area under
curves extrapolated automatically by the
software.

Method validation

The wvalidation was established by
laboratory studies, that the performance
characteristics of the method met the
requirements for the intended analytical
application.
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System Precision

It was conducted using five replicates of
the toluene standard solution. Acceptance
criteria: Relative standard deviation (RSD) <
1% according to International conference on
harmonization of technical requirements for
registration of pharmaceuticals for human use
(ICH).

Linearity and range

Linearity was performed by preparing a
minimum of five different concentrations of
drug standard at squared correlation
coefficient of 0.99 (r%) according to ICH.

Method Precision

It was conducted using five replicates of
ciprofloxacin standard solutions. Acceptance
criteria: RSD < 1% according to ICH.

Selectivity and specificity

Verification of selectivity was conducted
by evaluating the spiked standard response
following extraction from different rabbit
tissues. Acceptance criteria: there is no
interference between the pure standard and
peaks of any impurities or extracted solvents
according to ICH.

Accuracy and recovery

The tissue samples of rabbits were spiked
by adding known quantities of ciprofloxacin.
Those samples were analyzed against standard
solutions of same concentrations. The
accuracy was then calculated from the test
results as a percentage recovery Senyuva et al.
[15].

Limit of detection (LOD)

It is the concentration which gives signal
to noise ratio 3:1 according to (ICH).

Limit of quantification (LOQ):

It is the concentration which gives signal
to noise ratio 10:1 according to (ICH).

Ruggedness

It was conducted by the analysis of the
same samples under different conditions, such
as different personnel and different times.
Acceptance criteria: pooled RSD is not more
than 6% in every change item.

Robustness

It was determined by observing how a
method stands up to slight variations in normal
operating parameters. Acceptance criteria:
pooled RSD is not more than 6% in every
change item.

Table 1: The concentrations of ciprofloxacin standard (ug/ml) and their corresponding peak response
determined automatically using HPLC chromatogram system

*RT Level Amount (pg/ml) Area
11.215 1 0.050 2.425
2 0.100 4.333
3 0.500 28.850
4 1.000 44.377
5 2.000 73.224
6 4.000 243.770
7 5.000 286.800
8 10.000 546.540

*RT: Retention Time

Results
Method validation

The HPLC system was found precise as
the Relative Standard Deviation (RSD) of five
replicates of the toluene standard solution was
0.002%. High correlation coefficient was

obtained indicating linearity (r* = 0.9968). The
method for ciprofloxacin separation was
precise as the RSD of five replicates of the
ciprofloxacin standard solution was 0.23%.
There was no interference between the pure
standard and peaks of any impurities or
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extracted solvents. The retention time (R.T.) of
ciprofloxacin was 11.215 minutes (Figure 1).

The percentage recovery of ciprofloxacin
spiked samples ranged from 98-100%. The
LOD for ciprofloxacin was 0.002 pg/ml,
while, LOQ was 0.025 pg/ml. The pooled
RSD for ciprofloxacin was 3.5% for
ruggedness and the pooled RSD for robustness
was 1.4%.

Standard curve preparation

Ciprofloxacin standard concentrations of
0.05,0.1,05, 1, 2, 4, 5 and 10 pg/ml and their
corresponding peak responses are illustrated in
Table (1) and Figure (2). The calibration curve
was calculated by linear regression equation
method as y = 55.8367493x — 3.8199805
where y symbol indicated the area under peak
and x symbol indicated concentrations of
ciprofloxacin. Linearity existed witin the range
of 0.05 and 10 pg/ml with a correlation
coefficient (r* = 0.9968).

Table 2: The concentrations of ciprofloxacin residues in tissues of slaughtered rabbits at various intervals
after treatment (5 mg/kg BW once daily for 5 consecutive days) (n=3) determined automatically

using HPLC chromatogram system

Tissue The concentration (ug/gm)
Mean + SE

1st 3rd 5th 7th gth 15th 21th
Liver 0.657 £ 0.013 0.313£0.012 ND ND ND ND ND
Kidneys 0.746 + 0.014 0.402 £ 0.026 0.215 + 0.001 ND ND ND ND
Muscles 0.129 + 0.001 ND ND ND ND ND ND
Lungs 0.702 £ 0.036 0.340 £ 0.005 ND ND ND ND ND
Spleen 0.524 + 0.048 0.157 £ 0.006 ND ND ND ND ND
Serum 0.134+0.01 ND ND ND ND ND ND
Heart ND ND ND ND ND ND ND

*ND: Not Detected
Tissue residues

Tissue distribution of ciprofloxacin is
represented in Table (2). The data represented
emphasized a widespread distribution of the
drug in tested tissues (liver, kidneys, muscles,
lungs, spleen, serum and heart). Ciprofloxacin
concentrations were 0.657 + 0.013, 0.746 *
0.014, 0.129 + 0.001, 0.702 + 0.036, 0.524 +
0.048 and 0.134 + 0.01 pg/gm at the 1% day
post last oral dosage in liver, kidneys, muscles,
lungs, spleen and serum, respectively while it
was not detected in the heart.

Ciprofloxacin ~ remained  within  the
detectable limit till the 3" day in most tested
tissues. While in kidneys, it remained till the
5" day after treatment of the drug (Table 2).

Discussion

Ciprofloxacin is a fluorinated quinolone
carboxylic acid derivative that exhibits a wide
spectrum of antimicrobial activity, including
some Gram +ve, Gram -ve bacteria and

Mycoplasma [3-7]. It prevents the bacterial
DNA replication and synthesis via the
inhibition of the A subunit of the bacterial
DNA gyrase, this synthetic drug act as
bactericidal and antimicrobial at relatively low
concentration [8]. It was reported that very low
amounts of veterinary drugs remain in animal
products as drug residues [16]. A number of
possible adverse effects of veterinary drug
residues have been suggested, such as; allergy,
antibiotic resistance, disruption of intestinal
flora and chronic toxic effects with prolonged
administration.

The use of enrofloxacin and Ciprofloxacin
became a dangerous problem, as their residues
in the tissues may be directly toxic or causing
bacterial resistance and may cause allergic
hypersensitivity reactions in humans [17]. It
was mentioned that fluoroquinolones have
health hazards as they causes gastro-intestinal
toxicity, photoirritation, and developmental
alteration beside joints inflammation [18].
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Figure 1: Chromatograms of ciprofloxacin standard (5ug/ml) determined automatically using HPLC

chromatogram system

Due to lack of previous studies about
ciprofloxacin residues, we compared the
current study with the other valuable members
of fluoroquinolones group. The present study
revealed that ciprofloxacin was highly
distributed in different body tissues. The drug
was detected in all tested organs and tissues
except the heart.

The  obtained  high  ciprofloxacin
concentrations in kidneys, lungs and liver at
the 1% day after treatment are in agreement
with those reported by Anadén et al. [19] who

found that the residues of enrofloxacin and its
metabolite  ciprofloxacin ~ were  highly
distributed in liver, kidneys, muscles, lungs,
fat, and skin of slaughtered chickens treated
orally with 10 mg/kg once daily for four days.
Moreover, the results were in accordance with
those reported by Widiastuti [20] who
mentioned that enrofloxacin and ciprofloxacin
residues were distributed in breast, thigh and
liver of chickens received enrofloxacin orally
at a dose of 50 mg/kg BW daily for nine days
consecutively.
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Figure 2: Standard curve of ciprofloxacin determined automatically using HPLC chromatogram system

Ciprofloxacin ~ remained  within  the
detectable limit till the 3" day in most tested
tissues, while in kidneys, it remained till the
5" day following last oral administration of the
drug. Finally, the results showed that the
withdrawal time of ciprofloxacin was seven
days after the last oral administration (Table
2). The obtained results are supported by

Anadéon et al. [21] who detected that the
withdrawal time of ciprofloxacin was five days
after the last oral dose of ciprofloxacin to
chickens (8 mg/kg/day on 3 successive days).
The drug concentration in muscles was
0.129 + 0.001 pg/gm at the 1% day only then it
was not detected in the following days (Table
2). This finding is in agreement with Jelena et
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al. [22] who reported that ciprofloxacin was
not detected in broiler muscles after 2 days of
oral administration at a dose of 10 mg/kg
BW/day.

A progressive order of ciprofloxacin levels
in the muscles, liver and kidneys, respectively,
with increasing time was observed in the
current study. This is equally reflected by the
increasing concentrations in the MRLSs
recommended by EMEA [23] as 100 pg/kg,
200 pg/kg and 300 pg/kg in muscles, liver and
kidneys, respectively.

The organs with high levels of residues in
the first day were kidneys (0.746 = 0.014
Ma/g), liver (0.657 + 0.013 pg/g) then muscles
(0.129 + 0.001 pg/g) (Table 2). In the third

in the 5" day post treatment, the residues
disappeared from all the examined organs
while were still found in kidneys with a
concentration of 0.215 + 0.001 pg/g. Finally,
ciprofloxacin residues were lower than MRL
at the 5" day after treatment. In accordance,
another study reported that ciprofloxacin was
distributed in all tissues tested at high levels
until 7 days post-administration after oral
treatment of broilers with an enrofloxacin
formulation at 10 mg/kg/5 days [24]. In
contrary, Anadon et al. [19] reported that
enrofloxacin and ciprofloxacin residues were
decreased slowly fat, kidney, liver, lungs,
muscles and skin of chickens. The metabolite
ciprofloxacin continued until 12 days in post

day of slaughter, the residues disappeared oral administration of enrofloxacin (10
from breast muscles only and they were mg/kg/4 days).
minimized in all organs (Table 2). Moreover,
(b)
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Figure 3: Chromatograms of ciprofloxacin extract of rabbit liver (a), kidneys (b), muscles (c), lungs (d),
spleen (e) and serum (f) at 1°* day following last oral dose (5 mg/kg B.W) determined automatically using

HPLC chromatogram system

It had been reported that the withdrawal
time for ciprofloxacin in laying hens was five

days after administering ciprofloxacin orally at
a dose of 5 mg/kg/day for five days [25].
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While, Anadon et al. [17] reported that the
withdrawal period of ciprofloxacin in pigs was
10 days after intra-muscular administration of
enrofloxacin at 2.5 mg/kg for 3 days. The
withdrawal period for pork meat was 6-8 days,
depending on the pharmaceutical form and the
concentration of the drug [26].

According to EMEA [23] a
microbiological acceptable daily intake (ADI)
of 6.2 pg/kg BW x 70 kg (standard body
weight of human according FAO/WHO [27])
= 434 pg/person can be ingested by human
over a life time without appreciable risk.

Conclusion

In conclusion, only muscle samples of
rabbits at the 3" day post treatment contained
ciprofloxacin residues below the
recommended MRL, while liver and kidneys
at the 3™ day post treatment contained
ciprofloxacin residues above the recommended
MRL. Therefore, muscles of rabbits could be
eaten safely in the 3 day post treatment,
while liver and kidneys of rabbits could be
eaten safely in the 5™ day after treatment
without any hazards on consumers.

Conflict of interest

None of the authors have any conflict of
interest to declare

Acknowledgment

The authors are grateful to the staff of
Pharmacology Unit, Animal Health Research
Institute, Dokki, Giza and staff of Central Lab
at the Faculty of Veterinary Medicine, Zagazig
University for help and cooperation during the
practical work.

References

[1] Botsoglou, N.A. and Fletouris, D.J. (2001):
Drug residues in foods, Pharmacology,
Food Safety and Analysis, Marcel Dekker,
Inc., New York (1194 pages).

[2] Commission Regulation (EU) No. 37/2010
of 22 December 2009 on
pharmacologically active substances and
their classification regarding maximum
residue limits in foodstuffs of animal
origin. O. J. Eur. Comm., 15: 1-76.

[3] Hackbarth, C.J.; Chambers, H.F. and
Sande, M.A. (1986): Serum bactericidal
activity of rifampin in combination with
other  antimicrobial — agents against
Staphylococcus aureus. Antimicrob
Agents Chemother, 29 (4): 611-613.

[4] Neu, H.C. (1987): Ciprofloxacin: a major
advance in quinolone chemotherapy. AmJ
Med, 82 (4A): 1-404.

[5] Campoli-Richards, D.M.; Monk, J.P.;
Price, A.; Benfield, P.; Todd, P.A. and
Ward, A. (1988): Ciprofloxacin: A review
of its antibacterial activity,
pharmacokinetic properties and
therapeutic use. Drugs, 35 (4): 373-447.

[6] Demoleas, S.E. and Davies, G.F. (1988):
Quinolones: oral antibiotics of the future.
J Am Podiatr Med Assoc, 78 (10): 522-
525.

[7] Lefevre, J.C.; Tempesta, M.C.; Gaubert, E.
and Lareng, M.B. (1988): In vitro activity
of six quinolone derivatives against
Neisseria gonorrhea. Chemotherapy, 34
(4): 315-317.

[8] Brown, S.A. (1996): Fluoroquinolones in
animal health. J Vet Pharmacol Therap, 19
(1): 1-14.

[9] WHO (1998): Use of quinolones in food
animals and potential impact on human
health. Geneva: Report of a WHO
Meeting: 1-18.

[10] CVMP (2007): Committee for Medical
Products for Veterinary Use. Public
statement on the wuse of (fluoro)
quinolones in food-producing animals in
the European Union: development of
resistance and impact on human and
animal health. EMEA/CVMP/SAGAM,
London: 1 18, Available at http://www.
ema. europa. eu/docs/en_GB/document
library/Public statement/2009/10/
WC500005152. pdf.

[11] FAO (2007): Food and Agriculture
Organization.  Joint FAO/WHO/OIE
Expert Meeting on Critically Important
Antimicrobials. Report of a meeting.
FAO/WHO, Rome and Geneva: 1-18.

[12] Elmas, M.; Uney, K., Yazar, E.;
Karabacak, A. and Tras, B. (2007):
Pharmacokinetics of enrofloxacin

34


http://www.sciencedirect.com/science/article/pii/S0034528806001263

following intravenous and intramuscular
administration in Angora rabbits. Res Vet
Sci, 82 (2): 242-245.

[13] Stoilova, N. (2008): Determination of
quinolones in fish tissues with high
performance liquid chromatography with
fluorescence detection. J Uni Chem
Technol Metall, 43 (4): 423-426.

[14] Kamberi, M.; Tsutsumi, K.; Kotegawa,
T.; Nakamura, K. and Nakano, S. (1998):
Determination of ciprofloxacin in plasma
and urine by HPLC with ultraviolet
detection. Clin Chem, 44 (6 Pt 1): 1251-
1255.

[15] Senyuva, H.; Ozden, T. and Sarica, D.Y.
(2000):  High  Performance  Liquid
Chromatographic determination of
oxytetracycline residue in cured meat
products. Turk J Chem, 24: 395-400.

[16] Doyle, M.E. (2006): Veterinary drug
residues in processed meats potential
health risk: A review of the scientific
literature. PhD Thesis, Food Research

Institute,  University of  Wisconsin,
Madison.

[17] Anaddn, A.; Martinez-Larrafiaga,
M.R.; Diaz, M.J.; Fernandez-Cruz,
M.L.; Martinez, M.A.; Frejo,

M.T.; Martinez, M.; lturbe, J. and Tafur,

M. (1999): Pharmacokinetic variables and

tissue residues of enrofloxacin and

ciprofloxacin in healthy pigs. Am J Vet

Res, 60 (11): 1373-1382.

[18] Stahlmann, R. and Lode, H. (1999):
Toxicity of Quinolones. J Drugs, 58
(Suppl 2): 37-42.

Anadon, A.; Martinez-Larrafaga,
M.R.; Diaz, M.J.; Bringas, P.; Martinez,
M.A.; Fernandez-Cruz, M.L.; Fernandez,
M.C.  and Fernandez, R.  (1995):
Pharmacokinetics and  residues  of
enrofloxacin in chickens. Am J Vet Res,
56 (4): 501-506.

[19]

[20] Widiastuti, R. (2008): Enrofloxacin and
ciprofloxacin residues in broiler chicken
post administration of enrofloxacin. JITV,
13(2): 150-154.

[21] Anadon, A.; Martinez-Larrafiaga,
M.R.; lturbe, J.; Martinez, M.A.; Diaz,
M.J.; Frejo, M.T. and Martinez, M.

(2001): Pharmacokinetics and residues of
ciprofloxacin and its metabolites in broiler
chickens. Res Vet Sci, 71 (2): 101-109.

[22] Jelena, P.; Baltic, M.; Cupic’, V.,
Stefanovié¢, S. and Stojanovi¢, D. (2006):
Residues of enrofloxacin and its main
metabolite  ciprofloxacin  in  broiler
chickens. Acta Veterinaria, 56 (5-6): 497-
506.

[23] The European Agency for the Evaluation
of Medicinal Products. Enrofloxacin
(extension to all food producing species):
Summary report. 2002.
EMEA/MRL/820/02-Final.

[24] Mestorino, N.; Vale, C.; Haag, G. and
Errecalde-Cétedra de, J.O. (2011):
Depletion of enrofloxacin and its
metabolite ciprofloxacin in edible tissues
and feathers of broilers. XXII Latin
American Poultry Congress.

[25] Gorla, N.; Chiostri, E.; Ugnia, L.; Weyers,
A.; Giacomelli, N.; Davicino, R.
and Garcia Ovando, H. (1997): HPLC
residues of enrofloxacin and ciprofloxacin
in eggs of laying hens. Int J Antimicrob
Agents, 8 (4): 253-256.

[26] Crivineanu, M.; Nicorescu, V.; Goran, G.
and Papuc, C. (2009): The Depletion of
Enrofloxacin Residues in Pork Meat.
Bulletin UASVM, Vet Med, 66 (1): 366-
372.

[27] FAO/WHO/UNU (2004): Human Energy
Requirements. Report of a Joint
FAO/WHO/UNU Expert Consultation.
Rome, FAO, FAO Food and Nutrition
Tech. Rpt. Ser. 1.

35


http://www.sciencedirect.com/science/article/pii/S0034528806001263
http://www.sciencedirect.com/science/article/pii/S0034528806001263
http://www.ncbi.nlm.nih.gov/pubmed?term=Anad%C3%B3n%20A%5BAuthor%5D&cauthor=true&cauthor_uid=7785830
http://www.ncbi.nlm.nih.gov/pubmed?term=Mart%C3%ADnez-Larra%C3%B1aga%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=7785830
http://www.ncbi.nlm.nih.gov/pubmed?term=Mart%C3%ADnez-Larra%C3%B1aga%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=7785830
http://www.ncbi.nlm.nih.gov/pubmed?term=D%C3%ADaz%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=7785830
http://www.ncbi.nlm.nih.gov/pubmed?term=Fern%C3%A1ndez-Cruz%20ML%5BAuthor%5D&cauthor=true&cauthor_uid=10566812
http://www.ncbi.nlm.nih.gov/pubmed?term=Fern%C3%A1ndez-Cruz%20ML%5BAuthor%5D&cauthor=true&cauthor_uid=10566812
http://www.ncbi.nlm.nih.gov/pubmed?term=Mart%C3%ADnez%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=10566812
http://www.ncbi.nlm.nih.gov/pubmed?term=Frejo%20MT%5BAuthor%5D&cauthor=true&cauthor_uid=10566812
http://www.ncbi.nlm.nih.gov/pubmed?term=Frejo%20MT%5BAuthor%5D&cauthor=true&cauthor_uid=10566812
http://www.ncbi.nlm.nih.gov/pubmed?term=Mart%C3%ADnez%20M%5BAuthor%5D&cauthor=true&cauthor_uid=10566812
http://www.ncbi.nlm.nih.gov/pubmed?term=Iturbe%20J%5BAuthor%5D&cauthor=true&cauthor_uid=10566812
http://www.ncbi.nlm.nih.gov/pubmed?term=Tafur%20M%5BAuthor%5D&cauthor=true&cauthor_uid=10566812
http://www.ncbi.nlm.nih.gov/pubmed?term=Tafur%20M%5BAuthor%5D&cauthor=true&cauthor_uid=10566812
http://www.ncbi.nlm.nih.gov/pubmed/10566812
http://www.ncbi.nlm.nih.gov/pubmed/10566812
http://www.ncbi.nlm.nih.gov/pubmed?term=Anad%C3%B3n%20A%5BAuthor%5D&cauthor=true&cauthor_uid=7785830
http://www.ncbi.nlm.nih.gov/pubmed?term=Mart%C3%ADnez-Larra%C3%B1aga%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=7785830
http://www.ncbi.nlm.nih.gov/pubmed?term=Mart%C3%ADnez-Larra%C3%B1aga%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=7785830
http://www.ncbi.nlm.nih.gov/pubmed?term=D%C3%ADaz%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=7785830
http://www.ncbi.nlm.nih.gov/pubmed?term=Bringas%20P%5BAuthor%5D&cauthor=true&cauthor_uid=7785830
http://www.ncbi.nlm.nih.gov/pubmed?term=Mart%C3%ADnez%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=7785830
http://www.ncbi.nlm.nih.gov/pubmed?term=Mart%C3%ADnez%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=7785830
http://www.ncbi.nlm.nih.gov/pubmed?term=Fern%C3%A0ndez-Cruz%20ML%5BAuthor%5D&cauthor=true&cauthor_uid=7785830
http://www.ncbi.nlm.nih.gov/pubmed?term=Fern%C3%A1ndez%20MC%5BAuthor%5D&cauthor=true&cauthor_uid=7785830
http://www.ncbi.nlm.nih.gov/pubmed?term=Fern%C3%A1ndez%20MC%5BAuthor%5D&cauthor=true&cauthor_uid=7785830
http://www.ncbi.nlm.nih.gov/pubmed?term=Fern%C3%A1ndez%20R%5BAuthor%5D&cauthor=true&cauthor_uid=7785830
http://www.ncbi.nlm.nih.gov/pubmed/7785830
http://www.ncbi.nlm.nih.gov/pubmed?term=Anad%C3%B3n%20A%5BAuthor%5D&cauthor=true&cauthor_uid=10566812
http://www.ncbi.nlm.nih.gov/pubmed?term=Mart%C3%ADnez-Larra%C3%B1aga%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=11883887
http://www.ncbi.nlm.nih.gov/pubmed?term=Mart%C3%ADnez-Larra%C3%B1aga%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=11883887
http://www.ncbi.nlm.nih.gov/pubmed?term=Iturbe%20J%5BAuthor%5D&cauthor=true&cauthor_uid=11883887
http://www.ncbi.nlm.nih.gov/pubmed?term=Mart%C3%ADnez%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=11883887
http://www.ncbi.nlm.nih.gov/pubmed?term=D%C3%ADaz%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=11883887
http://www.ncbi.nlm.nih.gov/pubmed?term=D%C3%ADaz%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=11883887
http://www.ncbi.nlm.nih.gov/pubmed?term=Frejo%20MT%5BAuthor%5D&cauthor=true&cauthor_uid=11883887
http://www.ncbi.nlm.nih.gov/pubmed?term=Mart%C3%ADnez%20M%5BAuthor%5D&cauthor=true&cauthor_uid=11883887
http://www.ncbi.nlm.nih.gov/pubmed/11883887
https://www.researchgate.net/researcher/54155977_Dragica_Stojanovic
http://en.engormix.com/MA-mycotoxins/events/xxii-latin-american-poultry-congress-2011-t1189.htm
http://en.engormix.com/MA-mycotoxins/events/xxii-latin-american-poultry-congress-2011-t1189.htm
http://www.ncbi.nlm.nih.gov/pubmed?term=Gorla%20N%5BAuthor%5D&cauthor=true&cauthor_uid=18611811
http://www.ncbi.nlm.nih.gov/pubmed?term=Chiostri%20E%5BAuthor%5D&cauthor=true&cauthor_uid=18611811
http://www.ncbi.nlm.nih.gov/pubmed?term=Ugnia%20L%5BAuthor%5D&cauthor=true&cauthor_uid=18611811
http://www.ncbi.nlm.nih.gov/pubmed?term=Weyers%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18611811
http://www.ncbi.nlm.nih.gov/pubmed?term=Weyers%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18611811
http://www.ncbi.nlm.nih.gov/pubmed?term=Giacomelli%20N%5BAuthor%5D&cauthor=true&cauthor_uid=18611811
http://www.ncbi.nlm.nih.gov/pubmed?term=Davicino%20R%5BAuthor%5D&cauthor=true&cauthor_uid=18611811
http://www.ncbi.nlm.nih.gov/pubmed?term=Garc%C3%ADa%20Ovando%20H%5BAuthor%5D&cauthor=true&cauthor_uid=18611811
http://www.ncbi.nlm.nih.gov/pubmed/18611811
http://www.ncbi.nlm.nih.gov/pubmed/18611811

Al pasldl
1Y) (B CpnanS 918 g yupeall 40 gal) LG

*VL.J.AAJ\ e (5 yua lga V‘}JL}A deal ?LGJ‘ "Gi:ﬁ,\:d\ a2 C.ALMI c’A:u.m sdie daal
raan (i 331 Aaalane(s ) ol AS -l o) SLa ) and’
‘).AAA-B‘}:\.AJ\ -‘5533\ -0 gl Aaa G gy A@.Q.AY

Al Jadal) (candl (IS 2l daliaall el )Y Al (8 S 18 ) LlE (uld A all o8 Cdagiul
el © Badd il Y1 (15 e paS Jane © Ao an il 515k e (a5l g pundl il Y 230 sle ] aay ol 5 Bl
£ o aladiul &5 2 ea¥) NGO diel el Adliaall i) (e Dy 5a¥) Can Be o ¢ guall oLl 5 ¢ Ayl
) 5 jde Gudall il ) ualaldl (i) (Y1 a sl die il )l ¥ aae el & (Al de ganall) Cil
OB 5 Lgaand o5 (aal) g il ) cJladall cdlizanll ¢ SISl dabisal) daal) 3a1 sde ja AT any G pdall
5 el Jall Bl 8 e sile g ,SI Jucdll Slea A g lld g Aaliaall Zans 5 aal) e 8 Calsliaall 038 (5 s
Al (Jladall (@Mandl (SN oSl dabiadl el Y1 Al (8 Lead 5 LS o) all Ll it ) o28 (he
hae Lo 4ilgill Ao all elac] (po CA o gall Jin Aall) AV 8 € li g punal) 3 ga g Jaa D5 S8 (pall 5 Ll

Al de all elac (e usalad) o gll s o) sall 3 gy sl AS))

36



