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Abstract: The present study was conducted for the analysis and comparison of selected residual
antibioticsin broiler chicken availableinlocal market. The broiler samplesincluded muscle, kidney and
liver. The quinolonesincluded in this study were, oxolinic acid, nalidixic acid, flumequine, enrofloxacin,
norfloxacin and ciprofloxacin. An assessment of variation of these anal ytes (residues) in these samples
was made. The intertissue/organ comparison within each analytical technique and intermethod
comparison of results obtained by HPLC, UV spectroscopy and ion association complex techniques
were made. TL C was used to separate and identify the quinolone residues. Infrared (IR) was also used
for identification of theresidues. HPL C with ODS columnand UV detector and UV/ visible spectroscopy
were used for quantification of theresidues. Oxoalinic acid, nalidixic acid and norfloxacin residueswere
absent in all the samples. The “ ciprofloxacin—brilliant blue G” ion association complex was used for
ciprofloxacin determination using ion association complex technique. Good compatibility of the
spectrophotometric results was found with those of high pressure liquid chromatography.

Keywords: Maximum Residue Limits (MRL's), lon Association Complex Technique (IAC) and HPLC.

I ntroduction

Recently thescaeof growth of chicken, swine
and fish has expanded throughout theworld. The
density of the chicken, swineand fish growthisso
high at farms that infection often occurs. Large
amount of quinolone antibacterialsare appliedin
poultry industry, to prevent infectiousdiseases. The
poultry birdsaretreated with quinoloneantibiotics,
which inhibit the DNA gyrase formation [1,2].
Ciprofloxacin (CPRF), enrofloxacin (ENRF),
norfloxacin (NRF), flumequine (FLUM), ndidixic
acid (NAL) and oxalinic acid (OXOL) are the
fluoroquinolones/quinolonesfrequently applied to
treat the diseases. These drugstreat gonorrhoea,
bacterial gastroenteritis, skin and soft tissue
infections, complicated and uncomplicated urinary
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tract infections caused by gram positiveand gram
negative organisms. These drugs find extensive
applicationsinthefield of medicineand chemical
anaysis[3].

Thequinoloneshavebeen classified according
to their antibacterial spectrum; potency and
pharmacology. There is no widely accepted
classfication at present [4,5]. Thesearedividedinto
two categories. The first generation quinolones
include, NAL, OXOL, FLUM and piromidic acid
(PIRM), which have good antibacterial activity
againg gram negetivebacteria[6]. Their antibacterid
effect isno longer good asdrug resistant bacteria
have evolved[7]. The second category (the second
and third generation) includes fluoroquinolones
containing fluorineat C-6 position and piperazinyl
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ringa C-7 postion, suchasmarbofloxacin(MARB),
ofloxacin (OFL), danofloxacin (DNF), ENRF,
sarafloxacin (SRF), NRF and levofloxacin
(LEVOF). Thesehavebroad antibacterial spectrum.
They aresafedrugsand are effective against gram
positive, gram negative bacteriaand mycoplasma.
Sotheir antibacteria activity isgood[3,7,8].

The ever increasing use of quinolones,
fluoroquinolonesin poultry industry hascaused their
residua depositioninthe poultry productsresulting
inthedrug resistant bacteria. It hasbecomeamatter
of foremost importanceto screenthe poultry birds
of theseresdud antibiotics, downtothesafer MRL's
(Maximum ResidueLimits) set by internationa fora
Table1[9,10,11]. Variousanaytical techniquessuch
asatomic absorption, spectrometry, polarography,
AC-ostillopolarographictitration, differentia pulse
polarography, capillary zone electrophoresis,
spectrofluorometry and high performanceliquid
chromatography have been used for determination
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of thesedrugs. But thesetechniquesareeither very
expensive or not available at al at most poultry
productsquality control laboratories. Theultraviolet
spectroscopy and other spectrophotrometic
techniquesarethemost preferred and easy onesfor
assay of thedifferent drugsin biological samples.
Both these methods are simple and easy to apply.
The present communicationisaimed at testing the
vaidity of thesetechniquesinthequantificatin of some
residua antibioticsextracted from different organs
of broiler birds.

Materialsand Methods

The sampleswere collected randomly from
local marketssituated in Lahore. Thebroiler birds
camefromthebroiler poultry farmssituated inthe
outskirts of Lahore. The sampleswere collected
during the summer of 2004.

The quinoloneswereextracted, purified with

Tablel.
Maximum ResidueLimits(MRL’s) for quinolonesinforcein Europe[9,10,11].

Substance Marker Residue Species MRL (ug/kg) Tissue
Enrofloxacin Sumof Bovine 30 Muscle
enrofloxacin& Porcine 30 Liver
ciprofloxacin Poultry 30 Kidney
Ciprofloxacin Sumof Bovine 30 Muscle
enrofloxacin& Porcine 30 Liver
ciprofloxacin Poultry 30 Kidney
Humequine Humequine Bovine 50 Muscle
Ovine 100 Liver
Porcine 300 Kidney
Poultry 50 Fat, Skin
Sdlamander 150 Muscle, Skin
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bond elute cartridges and separated from one
another onlarge TLC separating platesspread with
the silicagel and cellulose using various sol vent
systemssuchasMe,CO: Et,O (7:3V/V) withsilica
gel platesand BUOH: isopropyl acohol: H,O (4:4:2
VIV), H,0: BUOH: HOAc (5:4:1V/V), MeCN:
H,O: Me, CO:a-Chlorohydrin (70:2.5:10:5.25 V/
V) and CHCI: MeOH: NH,OH (2:1:1) with the
celluloseplate[12]. NRF, OXOL and NAL were
absent. Known fractionsof total volume of each
samplewereusedfor TLC.

The UV spectroscopy and ion association
complex spectrophotometric techniqueswerethen
applied which are highly accurate and selective
methods. Their limitsof detection weregeneraly
sufficient for determination of residues. HPLC was
used asthe standard method to validate these. The
| AC spectrophotometric technique wasrestricted
only to NRF and CPRF. It selectively formsblue
coloured chloroform-soluble ion association
complexesduetother interaction with brilliant blue
G (BBG) inNaOAc-AcOH buffer of pH 4[13].

Extraction of the Residuesfrom Broiler Tissues

Broiler liver and muscle samples (10g each)
and 5g samples of broiler kidney were used for
extraction of quinolones. Phosphate buffer with
acetonitrilewas added to each samplewith magnetic
dtirring. Theextractswerefiltered by whatman filter
paper. Thisprocedure was repeated thricefor each
sample. Then activated charcoa was used for
decolouration and anhydrous sodium sul phatewas
used for dehydration of thesampleextracts. Defetting
wasdone by n-hexane saturated with acetonitrilein
a separation flask. Each sample was made up to
mark to 50ml by addition of deionised water.
Cleaning of the basic fluoroquinolones was
performed with abond elute (Varian, Walton-on-
Thames, UK) strong cation exchange (SCX) solid
phase extraction cartridge and that of acidic
qguinolones with AGMP-1 resin (Bio-Rad
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Richmond, CA, USA); anion exchange cartridge.

Preparation of 0.05% Chromogen Brilliant
Blue G (BBG) Solution

Stock solution of BBG was prepared by
dissolving 50mg of BBG in afew dropsof acetone
and made up to mark (100ml) in ameasuring flask
with doubledistilled weter.

Preparation of lon Association Complex
Standards of ciprofloxacin and norfloxacin

A seriesof working standardsof 1, 2, 3,4, 5,
6 ppm for CPRF and 2, 4, 6, 8, 10 ppm for NRF
were prepared from the 100 ppm stock standard
by taking their respectivevolumesinml equa totheir
respective ppm’sand making them up-to mark in
100 ml measuring flasks. Oneml from each flask
wastakeninto aseriesof 125 ml separating flasks.
A sodium acetate/ acetic acid buffer of pH 4 was
prepared and 5 ml of this buffer was added into
each flask having CPRF and 2 ml of it into each
separating flask having NRF wasadded. To each of
theflasksfor both CPRF and NRF, 1 ml of 0.05%
chromogen BBG wasadded. Then 10 ml chloroform
was added into each flask and shaken well. The
chloroform layer was dried by running it into
anhydroussodium sulfate.

Preparation of Samples for lon Association
Complex (IAC) Technique

The NRF scratchings NRF spots of each
sampleon TL C platesweretaken to dissolvethem
inafew dropsof acetone. But NRF wasnot | ocated
inany of the 15 samplesof layer liver, kidney and
muscle. CPRF scratchings of each sample was
dissolved in 1 ml of deionised water. 5 ml of the
buffer wereadded followed by 1 ml BBG into each
flask. Then 10 ml chloroform was added into each
flask and shakenwdl. Chloroformlayer wasretained,
dehydratingit with anhydroussodium sulfate.
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Fig 1. Chemical structures of quinolones (* = fluoroquinolones) involved in residual analysis.

Analysis of the (IAC) Samples

The absorbance of the standardsand samples
of CPRF were recorded at 610 nm and those for
NRF standardsonly (asNRFwasabsenton TLC
plate) at 614 nm. Standard calibration curveswere
plotted and concentrationsof samplesof CPRF from
layer’sliver, kidney and musclewereca culated. The

minimum limits of detection for CPRF and NRF
were 0.5 and 0.4 ppm and those maximum were 6

and 8 ppm respectively.
Analysis by HPLC

HPLC systems consisted of LC-9A pump
(Shimadzu), SPO-6AB, UV/visible spectro-
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photometric detector (Shimadzu), CTO 6A oven
(Shimadzu), SCL-6B system controller, and CSW-
32 software. Theultrasonic cleaner (EY ELA Tokyo
Rikakal Co. Ltd.) was used for degassing the
samples, standards and mobile phase. Sartorius
filtration assembly (Germany) wasused for filtration
with nylonfilter of 0.451m pores(Germany). The
pH of themobile phasewas set by pH meter (Hanna
HI-8418). The extractants, solvents and mobile
phase constituentswere of HPL C grade.

The standards of 5, 10, 15, 20, 25, 30, 35
and 40 ppmwere prepared in HPL C mobile phases
whichwereasousedfor UV anadysis. Themobile
phase consisted of MeCN: phosphate buffer (35:65
vIv) addedwith 3.5mM SDS. Thewavel engthsused
were 279, 284 and 241 nm for CPRF, ENRF and
FLUM respectively. Theinjection volumewas201l,
the detector worked at ambient temperature and
flow-rate 1 ml per minutefor CPRF and ENRF and
1.5ml per minutefor FLUM. Themobile phasefor
FLUM consisted of 0.01 M Oxalic Acid:
Acetonitrile: methanol (6:3:1). As oxalinic acid
(OXOLN), NAL and NORFwerenct identifiedin
TL Ctechnique, thesewerenot estimated on HPLC.

Analysis of Samples by UV Technique

Thesamplesfrom HPL C analysisweretaken
off, dried gently on water bath, separated by TLC,
spotsfor CPRF, ENRF and FLUM were scratched
and redissolved in the respective mobile phases of
HPLC, and working standards from HPLC
techniquewereused. Absorbancewasrecorded on
U-2000 Hitachi Spectrophotometer Tokyo (Japan)
at 279, 284 and 241 nm for CPRF, ENRF and
FLUM respectively. Calibration plotsweredrawn
and sampl eresidue concentrationswere ca cul ated.

I dentification and Quantification of Residues

Quinolones (NRF, CPR, ENRF, OXOL,
NAL, and FLUM) wereidentified in the samples
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by comparingtheir | R spectra, migration valuesand
retention times of standardswith those of unknown
substances in the samples using their respective
mobile phasesin case of HPLC and UV detection.
Estimations were made (1) by using standard
calibration curves, and (2) by using therelation of
“peak area/ppm” calculation from the standard
calibration curve values of the peak area and
concentrations. NRF, NAL and OXOL were not
located and identified by TLC technique. These
could not beidentified by IR aswell. Hence these
wereabsent. Only FLUM, ENRF and CPRF were
present.

Statistical Treatment

Thedatistica treatment givento theandyzed
datawere (i) Ftest, (ii) Student “t” test, and (iii)
comparison of correlaion coefficientsof theanayzed
residues. All thethree statistical treatmentsof the
anayzedresidual datavalidatethetest techniques
with referenceto an accepted reference technique
(HPLC). The correlation coefficient isused asa
measure of correlation between two sets of data
(resdues).

A correlation coefficient “r” canbecaculated
for acalibration curve to ascertain the degree of
correlation betweenthem. Asagenera rule, 0.90<
r<0.95indicatesafair correlation, 0.95<r <0.99
agood correlation, and r > 0.99indicates excellent
correlation. Anr > 0.99 can sometimes be obtained
withcare.“r” may rangefrom+1to—1. [tiscommon
practiceintheclinical chemistry literaturewhen
comparing two methods to analyze a series of
samples over arange of concentrations by both
methodsand calculate acorrel ation of resultsof one
method with those of the other. In this paper the
correl ation coefficients between theresidual data
obtained by UV and | AC techniqueswereseparately
caculated. The coincidence betweenthe“r” values
with respect to sign and numerical valueshowsthe
degree of agreement and conformity between the
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twotechniques. Hencethistrestment givesusafinger
print comparison between the test and reference
techniques. Ftest and “t” test decide that the test
technique differs within permissible limits
internationally accepted. The correlation coefficient
givesafinger print agreement of atest technique
(UV and1AC) withthereferencetechnique (HPLC).
Hencethe numerica vaueof correlation coefficient
holdsthe same statistical significanceasthe F test
and“t” test[14].

Results

Theresults (Table 2) show averageresidual
concentration of antibiotics; CPRF, ENRF and
FLUM inbroiler samples. FLUM wasnot foundin
muscle but was detectableto asmall extentinliver
and kidney. CPRF wasdetected inliver, kidney and
muscle but to alesser extent ascompared to ENRF.
Therewasdlight intra-analyteresidua difference
betweenthe UV and | AC test methodsand standard
HPL C method. The concentration of theresidues
of variousantibioticsin various samplesaccording
toHPLC and UV indecreasing order was. CPRF:
BL>BK>BM, ENRF: BK>BL>BM, FLUM:
BK>BL (FLUM wasabsent in broiler’smuscle).
The order of concentration of CPRF residues
according to IAC technique was: BL>BK>BM.
OXOLN, NAL andNRFwereabsentinal samples.
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Moreover the level of concentration of these
quinoloneswas dependant upon their lipophylicity.
Thusthe morelipohyhyllic ENRF wasin higher
concentration and thelesslipophyllic CPRFwasin
lower concentration. Theleast lipophyllic FLUM had
theleast concentration.

Discussion

Thevdidity of theUV and | ACtechniqueswas
established by “F” test and “t” test of the results.
Table 3 shows F-Test datafor the test techniques
(UV and IAC). Thetabulated F-Test value for 4
degrees of freedom is6.39 and all the calculated
valuesin the Table are below thisvalue, showing
that variances of both methods (UV and IAC) do
not havedatisticaly sgnificant differencesfromthose
of thestandard method (HPL C) for theintra-anadyte
resduesof al thethreebroiler samples. It asomeans
that the standard deviations are due to manual
handlings and not due to the determinate errors
including thosein sample preparation. Hence student
“t” test was performed to test thevalidity of boththe
test methods. Table4 showsthestudent “t” test values
for both thetest techniquesfor CPRF residuesand
for only onetechnique (UV spectroscopy) for ENRF
and FLUM residues involving liver, kidney and
muscle samples. All the calculated values (2.776)
for 4 degreesof freedom and 95% confidencelevdl.

Table 2.
Mean residual antibiotic concentration (mg/kg) intheliver, kidney and muscleof broiler chicken.

Antibiotic HPL C Technique UV Technique IAC Technique

resdues Broler Broiler Broller Broller Broiler Broller  Broiler  Broiler  Broiler
Liver Kidney Musle Liver Kidney Musle Liver Kidney Musle

CPRF 250.25 146.08 87.81 2449 14032 8529 24534 143.602 85.39

ENRF  1430.41 2143.79 709.87

FLUM 3060 524 Nil 29.65

1425.86 2136.88 703.72

*N.D. N.D. N.D.

50.97  Nil N.D. N.D. N.D.
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Henceboththetest techniquesweredaidicaly vaid,
at thesametimenot differing significantly fromthe
standard (HPL C) technique.

Tables 5 shows intra-residue inter-organ
correlation coefficient for HPLC, UV and IAC
techniques. For examplein case of CPRF estimated
frombrailer liver and kidney, thevaluesof “r” were
-0.7949, -0.6972 and -0.7672 for the abovethree
techniquesrespectively. All thethree“r” valueswere
negativeand of about the same order. But in case of
ENRF and FLUM estimated from different organs,
thetwo techniquesHPLC and UV show “r” values
of thesamemagnitudeand sign. Table6 showsintra:
organinter-residue correlation coefficientinwhich
thesame organ hasthesamevalueand sign evenif
estimated under different techniques. For example,
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for broiler kidney the*r” valuesfor ENRF/CPRF
residuesunder UV and HPL C techniqueswere—
0.18292 and -0.17569. Hencetherewasvery fine
complementarity and symmetry of thesignandthe
degreeof thecorrelation, proving thevdidity of the
test techniques according to the internationally
acceptable standards. The higher CPRF residual
concentrationsinliver ascompared totheseinkidney
and muscle are attributable to (i) the metabolite
formation from ENRF to CPRF by de-ethylation,
(i) higher ratesof excretion of CPRF fromthekidney
as compared to that of ENRF due to its lower
lipophylicity than ENRF (iii) thelower capacity of
binding of CPRF than that of ENRF and (iv)
unsophisticated amountsof dosagesadministered to
the poultry birds. In case of inter-tissue/organ
difference of ENRF residuestherelatively lower

Table 3.
F-Test valuesfor thetwo test techniques (UV and | on Associ ation Complex Techniques).
Antibiotic | AC Technique UV Spectroscopy
Residues Broiler Broiler Broiler Broiler Broiler Broiler
Liver Kidney Muscle Liver Kidney Muscle
CPRF 1.2417 1.0654 1.3820 1.1766 1.0720 1.0572
ENRF N.D. N.D. N.D. 1.3356 1.0020 1.0266
FLUM N.D. N.D. N.D. 1.0591 1.0552 Nil
ND: not detectable
Table4.
Thestudent “t” test valuesfor the UV and |AC Techniques.
Antibiotic | AC Spectroscopy UV Technique
Residues Broiler Broiler Broiler Broiler Broiler Broiler
Liver Kidney Muscle Liver Kidney Muscle
CPRF 1.4855 0.5008 0.8417 15 0.2148 0.9249
ENRF 0.02701  0.01353 0.11964 N.D N.D N.D
FLUM 0.04763  0.03946 Nil N.D N.D N.D
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Tableb.
Correlation coefficientsfor resdud antibioticsestimated inbroiler liver, kidney and muscle
using different andytica techniques.
Antibiotic Inter-TissueCorrelation HPLC uv IAC
Residues Correlation Technique Spectroscopy Technique
CPRF Broiler Liver/Broiler Kidney -0.7949 -0.6972 -0.7672
Broiler Muscle/ Broiler Liver -0.7672 -0.754 -0.75497
Broiler Muscle/ BroilerKidney ~ +0.8588 +0.8365 +0.8427
ENRF Broiler Liver/Broiler Kidney +0.701935 +0.496378 N.D.
Broiler Muscle/ Broiler Liver +0.7741 +0.787252 N.D.
Broiler Muscle/ Broiler Kidney  -0.12089 -0.10502 N.D.
FLUM Broiler Liver/Broiler Kidney +1.00 +0.994871 N.D.
Broiler Muscle/ Broiler Liver Nil Nil N.D.
Broiler Muscle/ Broiler Kidney Nil Nil N.D
Table®6.
Intra-organ inter-residual coefficient of correlation.
Inter-resdual UV Spectroscopy HPL C Technique
Correlation Broiler Broiler Broiler Broiler Broiler Broiler
Liver Kidney Muscle Liver Kidney Muscle
ENRF/CPRF  -0.76444 -0.18292 +0.369166 -0.72765 -0.17569 +0.433429
ENRF/FLUM  +0.023683 -0.3628 Nil +0.030345 -0.34816 Nil
CPRF/FLUM  -0.05929 -0.32938 Nil +0.054266 -0.32809 Nil

ENRFinliverisattributabletoitsprimary metabolite
formation[15] and itshigher kidney residuelevels
areduetoitshigher lipophylicity [ 16]. Thedecreasng
order of residual amounts of quinolones was
ENRF>CPRF>FLUM. This is exactly in
accordance with their decreasing order of
lipophylicity asshown by their log D values. The
decreasing order is also in accordance with the
residual amountsof quinolonesin kidney, liver and
muscle [17]. The essence of the work is that the

results obtained by test techniques do not differ
sgnificantly fromthereference (HPL C) technique
thereby providing authentication of these easily
applicableand cheaper techniques.

Thiswork enablesthe common laboratories
tomonitor thequinoloneresiduesin poultry products.
Thevdidationtests“Ftest” and“t test” have shown
thetest techniques(UV and IAC) to bestatistically
equivaent for thedetermination of theresdues. Also,
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thevaue, sgnand symmetry of correlation obtained
by different test techniques show their degree of
accuracy and equivalence with the reference
technique. Those samples are deviating samples
which have some residue larger that MRL'’s set
internationdly. The ENRF and CPRFintheandyzed
sampleswere higher than MRL's. However these
samplesdo not have any residua NAL and NORF.
FLUM residues were detected only in liver and
kidney of the broiler birds and not in the broiler
musclesamples. TheFLUM residud leve of kidney
and liver wasbelow safer maximum residuelimits
internationally accepted (Table 1). Theseshould be
grictly monitored by sufficient washingtimeperiods.
The samples should also be monitored for the
guinolone resistant pathogenic bacterial species
related to the respectiveresidue.
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