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Abstract

A new, fast and low-cost sample preparation for the determination of sulfonamide (SA) residues in chicken muscle by LC technique
has been developed. The procedure involves single extraction of sample with acetonitrile, followed by a rapid clean-up and was called
“dispersive solid-phase extraction” (dispersive SPE). Using dispersive SPE 25 mg of octadecyl sorbent was added to 1 ml of acetonitrile
extract, mixed and centrifuged. The acetonitrile layer was evaporated and residue was dissolved in acetate buffer (pH 3.5). Analysed compounds
were detected by fluorescence detector after pre-column derivatization with fluorescamine. The separation of analytes was performed with
gradient elution with mobile phase methanol: 2% acetic acid and RP-LC analytical column. The whole procedure was evaluated for six
sulfonamides (sulfadiazine, sulfamerazine, sulfamethazine, sulfametoxypirydazine, sulfametoxazole and sulfadimetoxine) according to the
European Commission Decision 2002/657/EC. Specificity, decision limitfC@etection capacity (Cg), trueness and precision were
determined during validation process. The dispersive SPE with octadecyl sorbent was found suitable for sample preparation before sulfonamide
determination in chicken muscle. As it was found the most of endogenous matrix components were removed and the analytes were isolated
from spiked samples with recoveries above 90%. The used analytical conditions allow to successively separate all the tested sulfonamides
with the limit of detection at the level of 14bg/kg. The method is simple, rapid and more effective than conventional methods.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction solid-phase extraction (SPE) technique or matrix solid-phase
extraction (MSPD), however, the recoveries of analytes from
Sulfonamides (SAs) are a very important class of an- spiked samples were sometimes low and variable.
tibacterial compounds widely used in veterinary practice  Dispersive SPE was previously used by Anastadiades et
for therapeutic, prophylactic, or growth-promoting purposes. al. [11] for the determination of pesticide residues in fruit
Residues of SAs may occur in animal tissues if the adequateand vegetable samples. Dispersive SPE is similar in same
withdrawal time have not been observed or if SAs have beenrespects to MSPD, but the sorbent is added to an aliquot of
improperly administered. The maximum residue limit (MRL) the extract rather than to the original sample asin MSPD. The
in the European Union countries for SAs in animal muscle high cost of the sorbent limits the sample size that can be used
tissue was established at the level of 1@@kg (the residue  in MSPD. This leads to concern about sample representation
of interest is the sum of parent compounfq) and homogeneity, but dispersive SPE relies on the extraction
Several liquid chromatographic (LC) methods have been process to provide a homogenous aliquot from an original
developed for the determination of SA compounds in ani- sample of any size and only a small amount of sorbent is
mal tissues and body fluid2—10]. Extraction of SAs from used.
tissues traditionally employ liquid—liquid partitioning, the The aim of this work was to develop a simple and low-cost
procedure, which involves the dispersive SPE instead of clas-
* Corresponding author. Tel.: +48 81 8863051x287; fax: +48 818862595, Sical SPE or MSPD methods, and has a large dynamic con-
E-mail addressaposyn@piwet.pulawy.pl (A. Posyniak). centration range in order for the determination of SA levels
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in chicken muscle tissue. We have validated the use of dis-least 12 months). Six sulfonamide combined stock solution
persive SPE and show that such sample taking can provide(100wg/ml) was prepared by diluting individual stock so-
the proper results. lutions with methanol and stored in dark &t@ (stable for
at least 6 months). Working standard aqueous solutions of
the analytes were prepared by serial dilution of the combined

2. Experimental stock solution with acetate buffer at pH 3.5 (stable for at least
3 months).
2.1. Reagents and materials Working standard solutions of SAs were also added to

chicken tissues at appropriate microliter aliquots of the stan-
Acetonitrile, methanol, acetone and acetic acid (HPLC dard agueous solutions (quality control samples).

grade) were from Baker (Deventer, The Netherlands). Also
Baker supplied a non-polar sorbent Bakerbond octadecyl2.3. Sample preparation equipment
(C18) 40pm (Catalog No. 7025-00). The sorbent was pre-
washed twice with hexane and dried at°& Sodium ac- A refrigerated centrifuge type Verifuge 3.0R was pur-
etate was from P.O.Ch. (Poland). Water was purified trough achased from (Heraus, Germany) and a stirrer type IKA was
Milli-Q plus system from Millipore (France). Fluorescamine from Laboratory Equipment (USA). The pH of the buffer so-
reagent (0.02%) was prepared by dissolving 10 mg of FLu- lutionwas measured with a 780 pH Meter (Metrohm, Switzer-
ram (F. Hoffman-La Roche, Switzerland) in 5ml of ace- land).
tone. Analytical standards of sulfadiazine (SDA), sulfamer-
azine (SMR), sulfamethazine (SMZ), sulfametoxypirydazine 2.4. Sample preparation
(SMD), sulfametoxazole (SMX) and sulfadimetoxine (SDM)
were obtained from Sigma (Poole, UK). Chemical structures ~ The breast and thigh muscles were obtained from the

of the SAs included in this study are showrFig. 1 healthy adult broiler chickens that were not treated with any
veterinary drugs. The samples were minced and deep-frozen
2.2. Buffer and standard solutions until analysis.

An accurately weighed 5 g amount of sample was placed
A buffer solution (pH 3.5) was prepared by dissolving into 40 ml centrifuge tube and vortexed for 1 min with 5ml
0.82 g of sodium acetate in 500 ml of water and completing of acetonitrile, then the mixture was shaken for 10 min and
it to 1000 ml. This solution was filtered through a 0;4% centrifuged at 4000 rpm for 10 min.
PTFE filter from Milipore (France). An aliquot of 1 ml of acetonitrile phase was transferred
Individual stock solutions of SAs (1 mg/ml) were pre- to 1.5ml microcentrifuge vial containing 25 mg of octadecyl
pared in methanol and stored at20°C (stable for at sorbent. The vial was tightly capped and vortexed for 30s.
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Fig. 1. Structures of the compounds studied. SDA: sulfadiazine; SMR: sulfamerazine; SMZ: sulfamethazine; SMD: sulfametoxypirydazine; &MX: sulfa
toxazole; and SDX: sulfadimetoxine.
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After centrifugation for 5min at 5000 rpm the solution was efficient of determinationR?). Five-point matrix-matched

separated from the solids and transferred to test tube. Thecalibration curves were constructed by spiking of blank mus-
solution was accurately evaporated to dryness under nitrogercle samples with increasing amounts of each of the six
stream at 50C, the residue was dissolved in 4Qbf acetate SAs. The calibration curves were obtained for each com-

buffer (pH 3.5) and was ready for derivatization (Secfds). ponent by plotting the recorded peak area Eoversus
the corresponding concentrations of the analytes injected
2.5. Derivatization with fluorescamine (ng/10pl).
Repeatability (precision) and recovery (trueness) of SAs
For LC analyses 400l of working standards or 400l of were measured in blank chicken muscle that were spiked at

muscle extracts dissolved with acetate buffer (pH 3.5) were MRL level (100wg/kg), at half the MRL level (5Q.g/kg) and
taken, then 109l of the fluorescamine reagentwas added and one and half the MRL level (150g/kg). The spiked samples
whole solution was mixed with a vortex mixer. The sample were analysed and the recoveries were calculated by compar-
was filtered through a 0.45m nylon filter and after standing  ing the measured concentration to the spiked concentrations.
for 30 min at ambient temperature was ready for determi-  To verify the specificity, the extracts from 20 blank chicken
nation. Aliquots of 1Qul were injected into the analytical (breast and thigh) muscles were analysed. The absence of

column. endogenous compounds at the retentions times of the analytes
was investigated.
2.6. Liguid chromatography Decision limit (CGx) and detection capability (C&} were

determined by using the calibration curve procedurea CC

A Shimadzu VP Series liquid chromatograph (Duisburg, Was calculated with a statistical certainty of-r (o =5%)
Germany) was equipped with a degasser and a mixer of mo-from the MRL value, C@ was calculated with a statistical
bile phase. A fluorescence detector FR-10AXL with exci- certainty of 1— g (8=5%) to detect MRL concentration.
tation wavelength of 405nm and emission wavelength of ~ The following elements of stability of SAs were deter-
495 nm was used to analyse the tested solutions. LC control,mined: (i) in solvent (stock solutions), (i) in matrix (spiked
data acquisition and peak integration was performed by sys-samples at 10g/kg), and (iii) derivatized solution stored
tem controller SCL-10A utilizing the RS-232C interface for prior the LC-FLD analysis.
communication with the CLASS-VP chromatography work-
station.

The chromatographic separation was performed with gra- 3. Results and discussion
dient elution on a Luna RP-18 (150 mx.6 mm, 3um)
analytical column (Phenomenex, Germany).# Quard car- 3.1. Dispersive SPE
tridge (40 mmx 2 mm, Phenomenex) was used prior to the
analytical one. The mobile phase for LC analyses consisted Traditional sample preparation strategies for SAs in ani-
of methanol and a 2% solution of acetic acid. The gradi- mal tissues involve isolation with organic solvent (e.g. ace-
ent mobile phase was pumped through the analytical columntonitrile, methanol, ethyl acetate) followed by SPE with polar,
with the program presented irable 1 Separation of the an-  non-polar or ion-exchange sorbent materjais10]
alytes was accomplished with flow of 0.5 ml/min at ambient In our preliminary studies, the extraction steps were per-

temperature. formed with different organic solvents (ethyl acetate, methyl
chloride, acetonitrile or methanol), and co-extraction of en-
2.7. Validation study dogenous compounds from chicken muscles was evaluated.

In this experiment, the samples were treated with different
The evaluation of the suitability of the whole procedure solvents and centrifuged. After that organic layers were sepa-
for the determination of six SAs residues in the breast and rated, evaporated to drynessin pre-weighed testtubes, and the
thigh chicken muscles was carried out according to the Euro- amount of co-extracted matrix was determined by differences
pean Commission Decision 2002/657/HQ]. The linearity in weight. As it was shown iffable 2the most amounts of
of the assay was checked by calculation of the regressionco-extractive compounds was isolated after sample treatment
line by the method of least squares and expressed by the co-

bi Table 2
Table 1 ) ) Co-extracted matrix (mg/g) with different solvents
Program of gradient mobile phase
- - - - Solvent Chicken muscle
Time (min) Methanol (%) 2% Acetic acid (%)
0 50 50 Breast Thigh
4 50 50 Methyl chloride 3.5 4.6
10 60 40 Ethyl acetate 3.2 3.7
18 50 50 Acetonitrile 12 15

30 Stop Stop Methanol 1.8 1.9
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with methyl chloride as well as with ethyl acetate. In differ- 20

pad =

ence to non-polar solvent, the smallest ones were isolated 5. 5 o
after the application of acetonitrile, so we decided to use ace- 15 ; s : & i
tonitrile as extraction solvent. % 1o, “8o:

In the next step, different amounts (from 10 to 100 mg) of =g
octadecyl sorbent were used for the isolation of co-extracted 51 -
compounds from acetonitrile extracts. The results of the ex- i J
periments showed that 25 mg octadecyl sorbent was enough 0 : o 15 20 e 20
to remove the matrix compounds tested for a 1 ml aliquot of Minutes

1g sample.
Fig. 2. Chromatogram of six SAs standard at 100 ng/ml.

3.2. Fluorescamine derivatization
Table 3

Retention timetg) and linearity in solution of six SAs

As it was previously reported by Takeda and Akiyama

) . X Sulf id tr (i b2 b
[12], optimal fluorescence detection for SAs was obtained ufonamide R (min) a

after pre-column derivatization with fluorescamine in acetate SI\DAAF; ﬁgg ig%g _17636753?
buffer at pH 3.5. The optimal |n_cubat|on perlod_ at above gy, 1453 15,520 _4149
buffer was found to be 20-60 min. In our experiments the sup 15.60 9263 —13,647
reaction was performed for 30 min, since much longer in- SMX 18.07 22,252 —43,189
cubation lowered the intensity. In practice, a reproducible SPM 21.43 22,231 —22,543

reaction period was achieved as follows: the stop time of in- Linear range investigated.
tegration was set at 30 min (LC separation was completed ° b: Slope.

within the time) and the sample solution for the next in- & Intercept

jection was prepared immediately after the previous sample
had been injected. In our opinion, pre-column derivatization
with fluorescamine is useful for SAs determination by LC,

The specificity was evaluated by the analysis of 20 blank
samples taken from the chicken breast and thigh muscles.
it seems to be more laborious than post-column one but it is The chromatograms obtained from the analysis of the blank

cheep and does not need expensive equipment or additiona _USCI; ezt;ar\ct andt_thelz Sﬁ"‘_efi n:cus_cle extLacft are S:IOW” n
apparatus, and does not involve setting up and optimizing IgS. > and srespectively. No Intertering peaxs from endoge-
system. nous compounds as well as from other antibacterial agents

were found in the retention time of the target SAs.
The recovery (trueness) and precision of the method are

3.3. LC separation ) -
P summarised inTable 4 The results show good accuracy

Usually, separation of SAs is performed by LC using

20

reversed-phase 1@ or Cg silica columns with mixture of

low-pH environment—acetonitrile or/and methanol as mo- 151

bile phasg2-10]. In the presented paper, the separation of

the mixture of six SAs was developed on a Lung @nalyti- & 104

cal column and the mobile phase that contained methanol and 5 98 g =

2% acetic acid. In preliminary experiments, when isocratic gute & &

elution was used, SDZ and SMR or SMZ and SMT could not 0

be fully separated, and the separation time needs more than 0 3 © Mi:ﬂes 20 28 30

45 min since SDX is highly retained. Thus, it was necessary
to apply the gradient elution. The details of optimized step-
wise linear gradient elution are presentedable 1 Typical
chromatogram corresponding to a separation under devel- 2
oped conditions is shown iRig. 2 The obtained peaks are
symmetrical and fully separated with the retention times as
follows Table 3

Fig. 3. Chromatogram of blank chicken muscle.
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3.4. Validation method 51
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The results of the linearity are reportedTable 3 The
working range of the curves were from 0 to 506/kg. The
correlation coefficients of the calibration curves were above
0.999. Fig. 4. Chromatogram of spiked chicken muscle at the level giciRg.
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Table 4

Repeatability and recovery for six SAs determined in spiked breast and thigh chicken mosdigs (

Sulfonamide Parameter Level of spikingg/kg)

Breast chicken muscle Thigh chicken muscle
50 100 150 50 100 150

SDA Average (.g/kg) 46 94 138 46 92 139
SD (.g/kg) 18 5.8 9.9 11 10 25
RSD (%) 38 6.2 72 23 11 18
Recovery (%) 92 94 92 92 92 93

SMR Average (g/kg) 46 95 142 46 95 140
SD (no/kg) 11 45 84 05 0.8 18
RSD (%) 24 48 5.9 10 0.8 13
Recovery (%) 92 95 94 93 95 93

SMz Average (1g/kg) 47 95 143 47 94 140
SD (no/kg) 24 7.8 6.6 40 55 26
RSD (%) 51 82 46 85 5.8 19
Recovery (%) 94 95 95 93 94 94

SMD Average (1g/kg) 46 94 142 46 93 141
SD (.g/kg) 82 123 143 31 54 6.3
RSD (%) 179 130 100 6.8 58 45
Recovery (%) 92 94 95 92 93 94

SMX Average (1g/kg) 45 90 138 46 91 137
SD (ng/kg) 37 21 102 34 13 23
RSD (%) 81 2.3 74 74 14 17
Recovery (%) 91 90 92 93 91 92

SDM Average (.g/kg) 46 93 140 45 91 139
SD (.g/kg) 57 53 55 38 26 14
RSD (%) 124 58 39 84 29 10
Recovery (%) 92 93 93 90 91 93

ranged between 90 and 95% with a good repeatability, lessmonth and working aqueous solution was stable for 3 months.

than 20%. The stability of derivatized compounds was at least 30 min.
According to the concept of the European Commission The spiked muscles at level of 10@/kg were examined ev-

Decision 2002/657/EC, the @J(decision limit) and C@ ery week. The stability of the analysed sample was estimated

(detection capability) have been estimated. The values of thefor at least 6 weeks.

CCux and C@ are presented iffiable 5 Additionally limit

of detections (LODs), traditional analytical parameter, have

been established for all the tested sulfonamides. As it was4. Conclusions

found, the used analytical conditions allow to detect SAs at

the level of 1-qug/kg, depending on the analyte. A simple, rapid and inexpensive extraction and clean-up
The stability of the stock standard solutions was exam- procedure for the detection and determination of six SAs in

ined every month. The individual stock solution prepared in chicken muscles has been developed and can be used for

methanol and stored at20°C were stable for 1 year. The  residue control purposes. The obtained validation results in-

stability of the combined stock solutions stored a@CAvas 6 dicate accordance the method performance with the European

Commission Decision 2002/657/EC.

Table 5
CCo and C@B (ng/kg) obtained for six SAs in breast and thigh chicken
muscles
- - - - References

Sulfonamide Breast chicken muscle Thigh chicken muscle

CCu CCp CCu CCp [1] European Council Regulation 2377/90/EC of 26 June 1990 laying
SDA 1120 1322 1111 1298 down a community procedure for the establishment of maximum
SMR 108.7 120.6 107'4 120.8 residue limits of veterinary medicinal products in foodstuffs of ani-
sMmz 1063 118.8 1048 1167 mal origin, OJ L, 1990, p. 224.
SMD 111'9 125'1 121'9 137'4 [2] A.R. Long, C.R. Short, S.A. Barker, J. Chromatogr. 502 (1990) 87.
SMX 103-8 119'3 107.8 115'0 [3] T.A. Gehring, L.G. Rushing, H.C. Thompson, J. AOAC Int. 80
SDM 125.1 153.1 127.6 157.2 (1997) 751.

[4] M. Mc Grane, M. O’Keefee, M.R. Smith, Anal. Lett. 32 (1999) 481.
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[5] K. Kishida, N. Furusawa, J. Chromatogr. A 937 (2001) 49. [11] M. Anastadiades, S. Lehotay, D. Stajbaher, F. Schenk, J. AOAC Int.
[6] N. Haagsma, C. Van De Water, J. Chromatogr. 333 (1986) 256. 86 (2003) 412.
[7] 1. Pecorelli, R. Bibi, L. Fioroni, R. Galarini, J. Chromatogr. A 1032  [12] N. Takeda, Y. Akiyama, J. Chromatogr. 558 (1991) 175.

(2004) 23. [13] European Commission Decision 2002/657/EC of 12 August 2002 im-
[8] N. Furusawa, J. AOAC Int. 85 (2002) 848. plementing Council Directive 96/23EC concerning the performance
[9] V.K. Agarval, J. Chromatogr. 624 (1992) 411. of analytical methods and interpretation of results, OJ L, 2002, p.
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