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Abstract

A simple, fast and reliable HPLC-UV method has been developed for the determination of dinitrocarbanilide residues in broiler liver.
Liver samples (2 g) were extracted with two portions of acetonitrile (10 and 5 ml), defatted with hexane and evaporated to dryness undel
nitrogen. Extracts were reconstituted in acetonitrile—water (70/30, v/yuj0daded onto Gg solid phase (SPE) cartridges and eluted with
acetonitrile—water (70/30, v/v, 2.5 ml) into clean test-tubes. Extracts were evaporated to dryness and reconstituted in acetonitrile-@yater (80/2
v/v, 500ul). An aliquot of the extract was assayed by high performance liquid chromatography (HPLC) with UV detection at 350 nm. The
method was validated according to EU guidelines using liver tissues fortified at levels of 100, 200 arglik&)Qvith dinitrocarbanilide.

The decision limit (C@) and the detection capability (B were calculated from the within laboratory repeatability data to be 228 and
266.0/kg, respectively. The mean recovery was typically >70% and the limits of quantitation wasgtRg5(based on the lowest standard
on the calibration curve).

© 2005 Elsevier B.V. All rights reserved.
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1. Introduction Regulation 2205/2001/E{1]. However, nicarbazin contin-
ues to be marketed, together with the feed additive ionophore
Nicarbazin is an equimolar mixture of 4.dinitro- narasin as the combined product Maxian
carbanilide (DNC) and 2-hydroxy-4,6-dimethylpyrimidine Nicarbazin is classified as a feed additive and not as a

(HDP). It is administered to poultry in feed for the prophy- veterinary drug. As a result, no MRLs have been set for
lactic treatment of coccidiosis. Coccidiosis is an infectious nicarbazininthe European Union. Nicarbazin depletion stud-
disease caused by a microscopic protozoan parasite, whiches have been conducted in broilers showing that DNC is
damages the intestinal tract of the bird (or other animal host), a more persistent residue than the HDP component in edi-
causingillness and sometimes death. Intensively reared broil-ble tissues[2]. As a result, the FAO/WHO Joint Expert
ers are particularly susceptible to the disease, owing to theCommittee on Food Additives (JECFA) has established a
warm and humid conditions of broiler houses. The disease ismaximum residue limit (MRL) of 20Q.g/kg for DNC, as
not as common when birds are raised under extensive condithe marker residue, in edible tissue (liver and meat). DNC
tions. The licence for feed premixes containing nicarbazin as residues have been found in eggs and poultry |[3e6].
a single active ingredient were withdrawn under Commission Therefore, there is a particular need for simple and reliable
residue methodology for the determination of DNC residues
* Corresponding author. Tel.: +353 18059919; fax: +353 18059550. in poultry tissues. It has been demonstrated in residue deple-
E-mail addressmdanaher@nfc.teagasc.ie (M. Danaher). tion studies that higher concentrations of DNC occur in liver
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tissue, compared to musdlé]. Therefore, it would appear 2.3. Sample preparation
more effective to monitor DNC residues in liver than mus-
cle tissue. A number of residue methods have been devel- For preparation of fortified liver samples, 2 g portions of
oped for the determination of DNC in egfs-15], muscle negative control broiler liver (not containing any detectable
[14-17]and liver[12—-17] Published methods for determi- DNC residues) were weighed into 30 ml polypropylene tubes.
nation of DNC in liver are LC-MJ11,13,14,16] HPLC For routine analysis, negative control samples were fortified
[8-10,15,17]and BiacoréM biosensof12] based methods.  atlevels of 25 and 25Qg/kg by adding 5@ul portions of 1 and
The available HPLC methods involve liquid-liquid parti- 10ug/mlstandard solutions, respectively. After fortification,
tioning using large volumes of organic solvg8fl5] or are samples were held for 15 min prior to extraction. Acetonitrile
MSPD (matrix solid phase dispersion) based and lack sensi-(10 ml) were added and samples were homogenised using a
tivity [17]. Polytron™. The homogeniser probe was washed with ace-
This paper reports a simple procedure for the determina- tonitrile (5 ml), which was retained. Samples were vortexed
tion of DNC in poultry liver based on a single &clean-up (2 min), sonicated (3 min) and shaken (15 min), before cen-
step with detection by HPLC-UV. The method was vali- trifugation (2500 rpm, 10 min, 4C). The supernatant was
dated as described in Commission Decision 2002/657/ECtransferred to a clean polypropylene tube and the sample
[18]. was re-extracted as before using the acetonitrile (5 ml) pre-
viously used to wash the homogeniser probe, plus water
(1 ml). The supernatants were combined and defatted using

2. Experimental hexane (2 mk 10 ml) by vortex mixing, centrifugation and
removal of the hexane layer. The acetonitrile layer was evap-
2.1. Reagents and chemicals orated to dryness under nitrogen (€L) and reconstituted

in acetonitrile—water (70/30, v/v, 5Q0). Samples extracts

4,4-Dinitrocarbanilide standard material was from Were passed throughi§ SPE cartridges (preconditioned
Sigma-Aldrich (St. Louis, MO, USA). Acetonitrile and with 2.5 ml acetonitrile and 2.5 ml acetonitrile—water (70/30,
methanol (both HiPerSolv grade), dimethylsulphoxide and v/v)) and eluted with 2.5 ml acetonitrile—water (70/30, v/v).
n-hexane (Analar grade) were obtained from BDH (Merck, The eluate from the cartridge was collected in a clean glass
Poole, Dorset, UK). Bond EItM cartridges (Gg, 500 mg, test-tube. Extracts were evaporated to dryness under nitro-
3 ml) were from Varian (Harbor City, CA, USA). The primary 96N (60°C) and reconstituted in aceton?trile—water (80/20,
standard stock solution (1 mg/ml) was prepared in dimethyl- V/V; 500ul). Extracts were allowed to sit for 15min prior
sulphoxide. Secondary standard stock solutions (100 andt0 transfer to HPLC vials; a phase separation may occur in
10p.g/ml) were prepared by dilution of the primary stan- some_samples and care is taken nof[ to transfe_r this lower oily
dard stock in methanol. Working standards were prepared bylayer into the HPLC vials. A 2 portion of the final sample
diluting the 10ug/ml solution in acetonitrile—water (80/20, ~extract was injected onto the HPLC system.
v/v). The primary stock standard solution was prepared
every 3 months and was stored in a glass test-tube cov-2.4. Calibration
ered in aluminium foil at room temperature in the dark. )
Storage at room temperature prevented solidification of the _Standards were prepared at concentrations of 0, 50, 100,
stock solution. Intermediate and working standard solutions 250, 500 and 1000 ng/ml in acetonitrile—water (80/20, v/v).

for HPLC were prepared monthly in methanol and stored Calibration curves were prepared by plotting peak area as
at 4°C. a function of DNC concentration (0-1000 ng/ml). Recovery

was measured from the peak areas obtained for fortified sam-

ple extracts, as calculated from the calibration curve.
2.2. HPLC conditions

2.5. Method validation

The HPLC system consisted of a model 600 HPLC pump

with a model 717 autosampler and model 484 UV detector  For the validation study, 2 g portions of negative control
(set at 350 nm), all from Waters (Milford, MA, USA). The broiler liver were fortified at levels of 100, 200 and 30§/kg
separation was carried out on a stainless-steel analytical col{n=6, each level) by adding 20, 40 and g0portions of a
umn (250 mmx 4.6 mm i.d) equipped with a Securiguditi 10pg/ml stock solution. This study was performed on three
pre-column, both packed with Hypersil BDS;£mate- separate occasions. Performance characteristics were deter-
rial (Phenomenex, Cheshire, UK). The column temperature mined following the procedures described in Commission
was maintained at 40C. The mobile phase, consisting of Decision2002/657/E{18]. Further evaluation of the method
water—acetonitrile (55/45, v/v), was pumped at 1 ml/min. was carried out through applying the method in routine test-
Under these conditions the retention time of DNC is approx- ing of broiler liver samples. Recovery data from ten analytical
imately 13.5 min. A Waters 746 data processing module was runs were used to determine performance of the method at
used for recording and processing chromatograms. low (25wg/kg) and high (25@ug/kg) fortification levels.
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3. Results and discussion The robustness of the SPE step was evaluated by apply-
ing the method to 100 mg4g SPE cartridges. The optimum
volumes of elution solvent for 500 and 100mg SPE car-
tridges were 2.5 and 1.0 ml, respectively. It was found that
At the commencement of this work, extraction and clean- 100 and 500 mg ¢ SPE cartridges gave similar recovery.
up procedures from published literatel 2]were evaluated ~ However, it was decided to validate the method using 500 mg
for compatibility with liver samples and HPLC-UV determi- cartridges because these cartridges were likely to give more
nation. Using these methods, late eluting peaks interferedreproducible results because of the larger volumes of solvent
with subsequent sample analysis. Chromatograms of sam-used. In addition, there was less chance of the SPE cartridge
ples showed the occurrence of non-polar interference peaksblocking because of the larger surface area of the 500 mg/3 ml
at up to 70 min retention time. This indicated thatg SPE cartridge compared to the 100 mg/1 ml cartridge.
clean-up procedure might be developed that would remove  The extraction and clean-up procedure that was developed
this matrix interference. The principle of this approach was inthis work offers advantages over previous HPLC-UV meth-
to selectively elute DNC using an acetonitrile—water mixture, ods for determination of dinitrocarbanilide in livgs,15].
while leaving the more non-polar interferences retained on Malisch developed an early method for isolation of a range
the SPE cartridge. of drugs from tissues using labour intensive liquid—liquid
Preliminary extraction of DNC from liver was obtained partitioning clean-up procedurg. Draisci et al. later devel-
with acetonitrile and a hexane defatting step was included to oped a method to isolate DNC residues from broiler tissues,
remove some of the non-polar matrix components prior to the eggs, feed and litter using large volumes of solvent, which
Cisclean-up. Initial experiments concentrated on identifying required the use of rotary evaporation systems. The sam-
a suitable solvent for reconstitution of the sample extracts ple preparation procedure that is employed in this newly
prior to application onto the SPE cartridges. It was found that developed method is much simpler than those described. The
an appropriate composition of acetonitrile—water (70/30 or method has been scaled down, allowing extraction and purifi-
80/20, v/v) allowed solubilisation of DNC in a small volume cation of up to 24 samples in a single batch. Simpler sample

3.1. Development of extraction and clean-up procedure

of solvent (200-50Q.1).

The effect of different SPE parameters on the recov-
ery of DNC is shown inTable 1 An SPE application sol-
vent of 80/20 acetonitrile—water (v/v) gave higher recov-
ery than 70/30 acetonitrile—water (v/v) for both 500 and
100 mg Gg SPE cartridges. However, in both cases it was
found that 80/20 acetonitrile—water (v/v) also caused an
increase in the presence of matrix interference in chro-

preparation procedures have been developed by other groups
but require the application of more selective and expensive
LC-MS/MS detection systenf$3,14] The technology used

in this method is available in most residue analysis labora-
tories. It has been proposed that the method is suitable for
confirmation of the presence of nicarbazin residues in broiler
liver samples that have been screened positive using an alter-
native detection system, such as Bia¢8tdiosensor. This

matograms. Consequently, it was decided to apply extractsscreening and confirmatory approach has been applied in the

onto the SPE cartridges using 70/30 acetonitrile—water (v/v).
A similar situation was observed with the elution sol-
vent; 70/30 acetonitrile—water (v/v), used as elution sol-

vent, was found to reduce the presence of matrix interfer-
ence in chromatograms while giving reasonable recovery.

Elution solvents containing higher proportions of organic
solvent were found to result in matrix interference in the
final extracts. A lower strength elution solvent of 60/40
acetonitrile—water (v/v) gave lower recovery; increasing the
volume of the 60/40 acetonitrile—water (v/v) elution sol-
vent, from 2.5 to 3.0ml, gave only a slight increase in
recovery.

Table 1

authors’ laboratory for the effective analysis of nicarbazin
residues in broiler liver samples.

3.2. Method validation

3.2.1. Sensitivity

The method can quantitatively determine DNC residuesiin
poultry liver samples at 1259/kg, based on the lowest stan-
dard on the calibration curve, and can detect DNC residues
in liver to 5p.g/kg or lower. Since the JECFA MRL for DNC
in liver tissue is 20Qug/kg, the method is suitably sensitive
for the determination of DNC in broiler liver.

Effects of different SPE conditions on the recovery of DNC from broiler liver fortified at a level of.gly (n=2)

Treatment SPE application solvent Volumae)( Elution solvent Volume (ml) SPE cartridge {§} (mg) Mean recovery (%)
1 ACN-H,O (80/20) 500 ACN-HO (60/40) 25 500 586
2 ACN-H,0O (80/20) 500 ACN-HO (70/30) 25 500 750
3 ACN-H,O (80/20) 500 ACN-HO (60/40) 30 500 618
4 ACN-H,0O (80/20) 500 ACN-HO (70/30) 25 500 792
5 ACN-H,0O (70/30) 500 ACN-HO (70/30) 25 500 736
6 ACN-H,O (80/20) 200 ACN-HO (70/30) 10 100 841
7 ACN-H,O (70/30) 200 ACN-HO (70/30) 10 100 813
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Fig. 1. Chromatograms of a negative control broiler liver sample fortified
with DNC at levels of Qug/kg (A), 25pg/kg (B) and 25Qug/kg (C).

3.2.2. Specificity

Chromatograms of fortified and negative control broiler
liver samples are shown Kig. 1 It can be seen from the chro-
matograms that the DNC peak (13.5 min) is clearly resolved
from any matrix peaks, which typically elute at less than
10 min. Chromatograms of broiler liver samples containing
high and low incurred levels of DNC are shownhig. 2
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Fig. 2. Chromatograms of incurred broiler liver samples containing (A) low
(43n.g/kg) and (B) high (364a.g/kg) levels of DNC.

3.3% of unidentified matter. These additional peaks are nor-
mally observed in the chromatograms of broiler liver samples
(and not other species), and broilers are routinely treated with
nicarbazin. The fact that two of the peaks are at elevated lev-
els in the highly positive sample, in comparison to the low
positive sample, is an indication that these peaks may be DNC
metabolites. It may be seen in the chromatograms of samples
A and B (Fig. 2) that there are differences in the relative sizes
of the additional peaks to each other. Samples A and B were
collected from poultry slaughter plants as part of an industry
survey. Residues in the two samples may have resulted from
different factors, or combinations of factors, such as insuf-
ficient withdrawal period, exposure to contaminated feed or
recycling from litter. It is proposed that these factors might
contribute to the relative differences in the peak areas.

The HPLC assay has been used to confirm positive results
for samples that were screened by a Biat¥réiosensor
assay. A comparison between the two methods, based on
approximately 350 routine samples, showed good agreement

It can be seen from the chromatogram of the high incurred between the methods for both negative and positive samples.
positive that there are two large additional peaks (at 4 and An additional inter-laboratory study was carried out, where

6 min, approximately). Unpublished work indicates the exis-
tence of two main metabolites of DNC, which are acetylated
amines arising from the reduction of one or both nitro groups
[19]. A third minor metabolite results from the cleavage of
the carbanilide group followed by reduction and acetylation
of the nitro group. Liver residues consist mainly of about

the results were compared with those by an LC-MS/MS
method. These results are described in detail elsewWhefe

3.2.3. Recovery
The method was validated as described in Commis-
sion Decision No. 2002/657/ER8]. Intra- and inter-assay

80% DNC, less than 12% acetylated metabolites and somerepeatability was determined by extracting negative liver
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Table 2

Intra-and inter-assay repeatability for the determination of DNC in fortified liver tissue

DNC added f.g/kg) Parameter Day 1 Day 2 Day 3 Overall

100 DNC measuredu@/kg) 888 924 824 879

(0.5x MRL) s 311 6.49 690 6.89
R.S.D. (%) 350 7.03 837 7.84
Recovery (%) 88 924 824 87.9
n 6 6 6 18

200 DNC measuredu@g/kg) 1767 1767 1686 174

(1.0x MRL) s 1094 1967 609 1324
R.S.D. (%) 619 1113 361 761
Recovery (%) 83 883 843 870
n 6 6 6 18

300 DNC measuredu@/kg) 2650 2623 2371 2548

(1.5x MRL) S 7.28 1424 3010 2250
R.S.D (%) 275 543 1269 885
Recovery (%) 83 874 790 849
n 6 6 6 18
CCa (ng/kg) 228
CCB (ng/kg) 266

samples, fortified at levels of 100, 200 and 3@fkg (=6, 3.2.4. Within-laboratory repeatability

each level) on three different occasions by a single analyst. The within laboratory repeatability ranged between 7.6
Mean recovery for samples fortified at levels aboveugjtkg and 8.8% (able 9. These values were within the acceptable
of an analyte are required to be in the region of 80 to 110% limits as calculated by the Horwitz equation for a fortification
recovery. Mean recovery from this validation study ranged level of 200u.g/kg.

between 79 and 93%, with an overall mean recovery of 87%

(Table 2. 3.2.5. Decision limit (C@) and detection capability
(CCp)
The decision limit (C@) and detection capability (&
Table 3 of the method were calculated using the within-laboratory
Recovery of DNC from broiler liver samples fortified at levels of 25 and repeatability results. Using this approach, theeG®d CG
250pg/k ' '
o9 — performance factors were calculated to be 228 anqi213kg,
Assay no.  Recovery (%) Calibration curve, respectivel
correlation P Y-
(_:ontrol Qontrol coefficient §2) N _
liver +25pg/kg  liver +250u.g/kg 3.2.6. Additional studies
DNC DNC An additional validation of the method was carried out
1 732 730 0.999 while applying it to the routine analysis of liver samples
871 812 (Table 3. Mean recovery r{=10) for samples fortified at
2 1245 1008 0.999 0 Vel
1031 921 levels of _25 and 250.g/g were 94 and 91%, respectively.
3 928 817 0.999 The relative standard deviations for the recovery were less
778 773 than 15%.R? values for the calibration curve showed good
4 884 788 1000 linearity and were> 0.999.
79.9 867
5 852 883 1000
1021 903 )
6 1044 882 0,999 4. Conclusions
95.4 913
7 935 1108 0.999 A simple and reliable method has been developed for the
8 22'2 1825 1000 determination of DNC, the marker residue for nicarbazin,
in poultry liver. The method allows quantitative determina-
1025 999 poultry q
9 861 1026 1.000 tion of DNC residues in liver down to 12 kg/kg (based on
1255 980 the lowest standard in the calibration curve). The method
10 918 853 0.999 has been validated according to 2002/657/EC guidelines
965 791 using broiler liver samples fortified at levels of 100, 200 and
Mean 94 91 300n.g/kg. The performance factors @@nd C@ were cal-
; b 11% ﬂg culated to be 228 and 2&y/kg, respectively. The method is

being routinely applied to confirm DNC residues in samples
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that have been screened positive using a Bid¢bteosensor

assay. HPLC-UV (single wavelength) is suitable for confir-
mation of DNC in animal tissues if a second independent

detection system (in this case a Biaddfeviosensor assay)

is used18]. This approach has been evaluated through appli-
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[7] Freedom of information summary—Combined use of MAXIBAN and
BMD in Chicken Feeds Approval Date: January 4 1998tp://
www.fda.gov/cvm/efoi/section2/140-926.pafccessed 3/11/2004).
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