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Abstract

A simultaneous determination of sulfamonomethoxine, sulfadimethoxine, and their hydteagdtyl metabolites in chicken plasma,
muscle, liver, and eggs using gradient high-performance liquid chromatography (HPLC) with a photo-diode array detector is developed. All
the compounds are extracted by a handheld ultrasonic homogenizer with ethanol followed by centrifugation. The separation is performed b
a reversed-phase C4 column with a gradient elution (ethanol:1% (v/v) acetic acid, v/iv-—2@0@®0). Average recoveries from samples
spiked at 0.1-1.Qg g™ or g mi~2 for each drug were >90% with relative standard deviations within 4%. The limits of quantitation were
<30ngg* or ngmt?,
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction with the para-aminobenzonic acid synthesis in bacteria, that
is, antibacterigl5]. AlthoughN*-acetyl (Ac) metabolite (Ac-
Sulfamonomethoxine (SMM) and sulfadimethoxine (SD- SMM or AcSDM) has no antibacterial activity, it possess the
M) are frequently used for prevention or treatment of dis- following chemical/pharmacokinetic properties: (1) a lower
eases to poultry in Japan and all the countries of the world, solubility (pH 7.0), which may lead the renal toxicity by pre-
respectively. In order to elucidate the effect of the drugs and cipitation in kidney[6]; (2) it is de-acetylated to the parent
administer them in such a way as to produce chicken prod- drug in vivo/vitro[1,6—11]; (3) higher plasma protein bind-
ucts free from drug residues, it is necessary to clarify the ing than the parent drug, which may slow down the excretion

pharmacokinetics of SMM and SDM in chickens. pace[2]. A determination of the pharmacokinetic profiles for
SMM and SDM can be mainly metabolized by hydroxyla- OH/Ac-metabolites of SMM and SDM in chickens is there-
tion and acetylation in chickdn,2] (Fig. 1). For SDM, previ- fore an important means to create the eligible prescription

ous study had found hydroxy (OH) metabolites in three ways, and to guarantee the food safety. In addition, it is necessary
at the 2-, 6-, and both 2- and 6-positions of the pyrimidine to develop an analytical method for the simultaneous deter-
ring (2-OH-SDM, 6-OH-SDM, and 2,6-diOH SDM), respec- mination of SMM, SDM, and their OH/Ac-metabolites. As
tively, in chickens in vivd3]. As well as SDM, three kinds of ~ far as we are aware, there are no acceptable methods.
OH metabolites of SMM (2-OH-SMM, 6-OH-SMM, and 2,6- Previous analytical method$2—20]have described that
diOH SMM) have been found in turtl¢d4]. OH-Metabolites sulfonamides and/or OH/Ac-metabolites residues in ani-
still possess a frggara-aminophenyl group which interferes  mal plasma or foods of animal origin could be accept-
ably determined by high-performance liquid chromatogra-
* Corresponding author. Tel.: +81 6 6605 2864; fax: +81 6 6605 2864. PNy (HPLC). However, all of these methods could not detect
E-mail addressfurusawa@life.osaka-cu.ac.jp (N. Furusawa). all OH/Ac-metabolites of SMM and SDM, and require the
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Fig. 1. Structures of sulfamonomethoxine, sulfadimethoxine, and their hydi®agetyl metabolites.

use of toxic or harmful organic solvents, like acetonitrile, 2-OH-SMM/SDM, 6-OH-SMM, 2,6-diOH-SMM/SDM, 6-

dichloromethane, hexane, and ethyl acetate as the extractingpH-SDM, and AcSMM, AcSDM were generous gifts from

solvent or the HPLC mobile phase and some hazardous acidDr. Miura (Daiichi Seiyaku, Tokyo).

like, trichloroacetic acid and perchloric acid for extraction Each stock standard solution was prepared by accurately

and deproteinization in sample preparation. These chemicalsweighing (10 mg) and dissolvingitin ethanol (100 ml). Work-

are harmful to the environments and the anal{at$. Their ing mixed standard solutions were prepared by diluting the

disposal is costly and must be performed with ecological re- stock solutions with distilled water. These solutions can be

sponsibility. Because discharging toxic solvent waste is a big kept at £C and were stable for up to 1 month.

problem, analytical methods should avoid their [52-24].

In this paper, we have developed a green and rapid, o Apparatus

method for simultaneous determination of SMM, SDM, and

their OH/Ac-metabolites in chicken muscle, liver, eggs, and  The following apparatus were used for the sample prepa-

plasma without use of toxic/harmful solvents and reagents. 5tion: an ultrasonic homogenizer Model HOM-100 (2 mm
i.d. chip) (Iwaki Glass Co. Ltd., Funabashi, Japan); a mi-
crocentrifuge (Biofuge fresco, Kendo Lab. Products, Hanau,

2. Experimental Germany); rotary evaporator Model EYELA N-N (Tokyo
Rikakiki Co., Tokyo, Japan); 0.20m disposable syringe fil-
2.1. Materials and reagents ter unit, DISMIC-134p (hydrophilic PTFE) (ADVANTEC,

Tokyo, Japan); centrifugal ultrafilter unit, Ultraff2C/PL
Laying hens on a drug-free basal diet were purchased from(regenerated cellulose ultrafiltration membrane, fractionat-
a poultry farm in Osaka, Japan. Plasma, muscle, liver, anding molecular weight =5000, capacity0.5 ml) (Millipore,
eggs obtained from hens, served as blank samples, and wer8edford, MA, USA).
stored in a refrigerator until analysis. HPLC analyses were carried out using a LC-10ADvp sys-
Ethanol, distilled water, (HPLC grade), and acetic acid tem equipped with an SPD-M10Avp photo-diode array de-
(analytical chemical grade) were obtained from Wako Pure tector (Shimadzu, Kyoto, Japan) interfaced with a Fujitsu
Chem. Ltd. (Osaka, Japan). FMV-6667CL6C personal computer (Fujitsu, Tokyo, Japan).
SMM and SDM standards were obtained from Wako Pure ~ The separation was performed on Mightysil RP-4 GP
Chem. Ltd. Four hydroxy metabolites of SMM or SDM, i.e., (150 mmx 4.6 mm i.d.) with a guard column (5mm
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4.6 mmi.d.) (Kanto Chemical Co., Tokyo, Japan) using gra- in 0.8 ml of 50% (v/v) ethanol solution (in water). A 0.3 ml
dient mobile phase at a flow rate of 1.0 ml/min at80) The portion of the resulting solution was put into an Ultraffee
gradient mobile phase consisted of an initial combination of MC/PL and centrifuged at 5000 g for 5 min. The Ultraffee
10% ethanol in 1% acetic acid solution (in water) at 0 min, easily deproteinized the extraction solution in a short period
gradient to 20% ethanol in 6 min, held for 20 min. After com- (5 min), with only centrifuging. A 2@l of the ultrafiltrate
pletion of the HPLC run, the pump was programmed to re- was injected into the HPLC system.

gain its initial conditions within 3 min. Injection volume was

a 20p.l. The obtained absorption maxima ranged from 267 to
272 nm. The wavelength selected for the target compounds
was 270 nm (giving an average maximum absorbance for all
the compounds).

2.4. Recovery test

Recoveries of eighttarget compounds (2-OH-SMM/SDM,
6-OH-SMM, 2,6-diOH-SMM/SDM, 6-OH-SDM, SMM,
SDM, AcSMM, and AcSDM) from blank samples spiked

2.3. Procedure at three levels (0.1, 0.5, and @ g~* or pgmi~2 for each
' drug) were determined. Fortified samples were left to stand at
2.3.1. Chicken plasma and eggs 4°C for 12 h after the addition followed by mixing. Recovery

A0.2ml Sample was plaCEd into a miCrocentringe tube tests were done in quintup"cate_
together with 0.6 ml of ethanol and homogenized with a
handheld ultrasonic homogenizer for 30 s. The tube was cen-
trifuged at 10,000 g for 5 min and the supernatant was filtered
through a 0.2@um disposable syringe filter unit. A 20 of
the filtrate was injected into the HPLC system.

3. Results and discussion
3.1. Sample preparation

2.3.2. Chicken muscle and liver The extracting operation using a handheld ultrasonic ho-
A 0.2g sample was placed into a microcentrifuge tube mogenizer enabled satisfactory extraction of the eight target
together with 0.8 ml of ethanol and homogenized with a compounds in chicken plasma, eggs, liver, and muscle sam-
handheld ultrasonic homogenizer for 30 s. The tube was cen-ples with ethanol. SMM, SDM, and their OH/Ac-metabolites
trifuged at 10,000 g for 5 min and the supernatant was filtered were extracted from a small sample (0.2 g or 0.2 ml) with a
through a 0.2@wm disposable syringe filter unit. The filtrate small volume of ethanol (0.6 or 0.8 ml) in a microcentrifuge
was evaporated to dryness, and the residue was dissolvedube (capacity 1.5ml). The liver and muscle extracts were

Table 1
Recoveries, R.S.D.s, and limits of quantitation (LOQ) for the target compounds from fortified chicken eggs, muscle, liver, and plasma
Fortification level Recovery (%) (meanz=5)
2-OH SMM/SDM 6-OH SMM 2,6-diOH SMM/SDM 6-OH SDM SMM AcSMM SDM AcSDM
Egg (ug mih)
0.1 96 (2.2) 96 (1.9) 95 (2.6) 97(2.2) 97 (2.0) 96 (2.4) 96 (2.3) 96 (2.5)
0.5 95 (2.3) 96 (2.1) 96 (2.2) 95 (1.9) 96 (2.0) 96(2.1) 96 (2.4)  95(2.6)
1.0 96 (2.0) 95 (2.5) 95 (1.8) 96 (2.3) 95 (2.1) 96 (2.3) 94 (2.6) 95 (2.0)
LOQ (ng mFl) 12.1 14.6 11.8 7.2 11.0 115 19.2 27.8
Muscle (wgg't)
0.1 91 (3.0) 90 (2.7) 91 (2.7) 90 (2.5) 91 (2.4) 92 (3.0) 93 (2.4) 91 (2.2)
05 91 (2.3) 91 (2.2) 91 (2.1) 91 (2.2) 92(2.4) 91(2.2) 92(21)  92(2.6)
1.0 92 (2.0) 91 (2.5) 91 (2.4) 91 (2.0) 92 (2.3) 92 (2.1) 91 (2.2) 91 (2.3)
LOQ (nggt) 12.4 15.3 12.2 7.8 11.5 12.3 20.0 28.4
Liver (ngg™)
0.1 90 (1.9) 91 (2.5) 91 (2.3) 91 (2.4) 91 (2.6) 91 (2.0) 91 (2.8) 91 (3.0)
0.5 90 (2.3) 92 (2.0) 91 (2.5) 91 (1.7) 91(21) 91(2.6) 91(25) 91(2.2)
1.0 91 (2.3) 92 (2.3) 91 (2.3) 92 (2.1) 90 (2.3) 91 (2.5) 91 (2.4) 91 (2.2)
LOQ (nggt) 12.6 15.7 12.9 7.7 11.7 12.8 20.6 29.8
Plasma (g mtl)
0.1 93 (2.7) 92 (3.5) 93 (3.1) 93 (3.2) 92(2.6) 93(2.4) 92(2.2)  92(1.5)
0.5 95 (3.0) 94 (3.2) 94 (3.3) 94 (3.4) 95 (3.8) 94 (3.1) 94 (2.0) 93 (3.3)
1.0 96 (2.0) 95 (2.8) 95 (3.1) 96 (2.0) 96 (2.3) 96 (2.1) 94(2.2) 95(2.5)
LOQ (ng mrl) 12.5 15.6 12.8 7.8 11.6 12.5 20.2 29.8

Values in parentheses are R.S.D.s.
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identification. Similar clean chromatograms were obtained
from chicken plasma and muscle extracts with no interfering
(A) peaks after a simple and rapid sample preparation method.
—'M e 3.3. HPLC repeatability
(B) The chromatographic repeatability was obtained as the
N J_/__A_,_ relative standard deviations (R.S.D.s) of peak areas and re-
tention times calculated for 10 replicate injections of a spiked
- (0.1g~ ! or pgmi~1 for each drug) sample. The values for
sl 58 = R all the target compounds were estimated to 88% for peak
| areas and 82% for retention times.
0 5 10 15 20
Time (min) 3.4. Method validation

Fig. 2. HPLC chromatograms obtained from (A) liver, (B) egg, and (C) egg

(spiked at 0.3ug mI~1 for each drug) samples. Peaks: (1) 6-OH SMit ( Table 1shows the average recoveries of SMM, SDM,

3.8min); (2) 2-OH SMM/SDM (&: 4.0 min): (3) 2,6-diOH SMM/SDMi: and their metabolites from chicken plasma, muscle, liver,
4.8min); (4) 6-OH SDM (&: 5.4min); (5) SMM (k: 7.9 min); (6) AcCSMM and egg samples at three different spiking levels (0.1, 0.5,
(tr: 9.6 Min); (7) SDM (k: 12.5 min); (8) AcSDM (k: 17.2 min). and 1.0ugg! or pgmi~1 for each drug). The average re-

coveries (>=90%) with their R.S.D.s (1.7-3.8%) were well
within the acceptable criteria for the residue analysis that
further cleaned up by Ultrafr€eMC/PL as a centrifugal ul-  Codex sets up (recovery 70-110% and R.S.D.<20%, for
trafiltration unit. MRL<100ngg? or ngmi~1) [25]. The limits of quanti-
Advantages of the present sample preparation methodtation (LOQs) were calculated by measuring the analyti-
include low harmless solvent consumption, no use of cal background response in accordance with the CCMAS
toxic/harmful solvents and reagents, and remarkably low cap- 1993 (Codex Committee for Methods Analyses and Sam-
ital equipment costs. The procedure is simple in operation andpling). Based on the peak areas in HPLC chromatograms
offers rapid sample turnaround. Ten plasma (or egg) and liver obtained from blank and fortified samples, LOQ was de-
(or muscle) samples can be cleaned up in 0.5 and 1 h, respecfined as the average background of samples (=fluctuations
tively. The simple procedure allowed for high reproducibility of the baseline) plus 10 times the standard deviation (S.D.).

of the target compounds (Table 1). The LOQs for the eight target compounds ranged from 7.2
to 29.8ngg? or ngmi1. The LOQs were well below the
3.2. HPLC optimal conditions maximum residue limit (MRL =100 ngd or ng mi?1) es-

tablished for SMM or SDM in animal products by Euro-

Using the HPLC conditions described, SMM, SDM, and Pean Union[26]. No MRL for the OH/Ac-metabolites in
their OH/Ac-metabolites were all well resolved. When a animal products has been fixed up to now. The authors gen-
higher percentage of ethanol was used, OH-SMM/SDMs e_rated the s_plked recovery graph_ as the practical calibration
were inadequately resolved from the interference of the re- i€ by plotting peak areas of fortified sample extracts rang-
sulting sample extract. Optimal resolutions for a batch of OH- INg from 0.1 to 2.Qug g * or pgmi~*. The resulting cor-
SMM/SDM resulted in unacceptably long retention times for élation coefficient for each target compound was >0.998
SDM and AcSDM. In order to resolve all target compounds (P<0.01).
in short retention times, gradient conditions were examined.

The gradient mobile phase ranged from 10 to 20% ethanol in

1% acetic acid solution. On the proposed HPLC conditions, 4. Conclusions

the retention times of 2-OH-SMM/SDM, 6-OH-SMM, 2,6-

diOH-SMM/SDM, 6-OH-SDM, SMM, SDM, AcSMM, and The present study has succeeded in making a sim-
AcSDM were 3.8, 4.0, 4.8, 5.4, 7.9, 9.6, 12.5, and 17.2 min, ble method without the use of toxic/harmful solvents and
respectively, yielding capacity factors'Xlof 1.9, 2.1, 2.7, reagents at all for simultaneous determination of SMM,
3.2,5.1,6.4, 8.6, and 12.2, respectively (Fig. 2). The presentSDM, and their OH/Ac-metabolites in chicken plasma, eggs,
HPLC analysis accomplished optimum resolution less than liver, and muscle. This method has been developed to study
18 min (giving symmetrical sharp peaks) and was also the the pharmacokinetic profiles in chickens and monitor the
possibility of multiple sequential injections, without the risks ~ drug residues of SMM, SDM, and their OH/Ac-metabolites
of interfering late-eluting peaks. in chicken products. The complete procedure, which harms

Fig. 2displays the chromatograms of chicken liver and egg neither the environment nor humans, is economical and pro-
samples. There are no interfering peaks for quantitation andVvides reproducible recoveries.



58
Acknowledgements

Special thanks are accorded to Professor Nishinari at
Graduate School of Human Life Science, Osaka City Uni-
versity for his critical review and helpful suggestion on the
preparation of the manuscript.

References

[1] T.B. Vree, Y.A. Hekster, M.W. Tijhuis, Antibiot. Chemother. 35
(1985) 5.

[2] T.B. Vree, Y.A. Hekster, J.F.M. Nouws, G.M. Dorrestein, Antibiot.
Chemother. 37 (1987) 131.

[3] T. Nagata, Y. Fukuda, J. Pharm. Pharmacol. 46 (1994) 1004.

[4] T.B. Vree, M.L. Vree, E.W.L. Beneken Kolmer, Y.A. Hekster, M.
Shimoda, T. Miura, Vet. Quart. 13 (1991) 176.

[5] J.F.M. Nouws, T.B. Vree, Y.A. Hekster, Vet. Quart. 7 (1985) 70.

[6] T.B. Vree, Y.A. Hekster, Antibiot. Chemother. 35 (1985) 66.

[7] M. Shimoda, E. Kokue, T. Shimizu, R. Muraoka, T. Hayama, J.
Pharmacobio-Dynamics 11 (1988) 576.

[8] N. Furusawa, Indian J. Poult. Sci. 32 (1998) 282.

[9] M. Shimoda, T.B. Vree, E.W.J. Beneken Kolmer, Th.H.M. Arts, Vet.
Quart. 12 (1990) 87.

[10] N. Furusawa, Acta Vet. Hung. 48 (2000) 293.

[11] N. Furusawa, J. Vet. Med. A 48 (2001) 147.

K. Kishida, N. Furusawa / Talanta 67 (2005) 54-58

[12] K. Uno, |. Maeda, J. Chromatogr. B 663 (1995) 177.

[13] S.L. Boulaire, J.-C. Bauduret, F. Andre, J. Agric. Food Chem. 45
(1997) 2134.

[14] L.V. Walker, J.R. Walsh, J.J. Webber, J. Chromatogr. 595 (1992)
179.

[15] A.R. Long, L.C. Hsieh, M.S. Malbrough, C.R. Short, S.A. Barker,
J. Assoc. Off. Anal. Chem. 73 (1990) 868.

[16] G. Stoev, A. Michailova, J. Chromatogr. A 871 (2000) 37.

[17] R.J. Maxwell, A.R. Lightfield, J. Chromatogr. B 715 (1998) 431.

[18] N. Furusawa, Chromatographia 52 (2000) 653.

[19] N. Furusawa, J. Lig. Chromatogr. Rel. Technol. 23 (2000) 1413.

[20] K. Kishida, N. Furusawa, J. Chromatogr. A 1028 (2004) 175.

[21] The Guidebook of the Japan Reagent Chemicals Association in
Chemicals, thirty two ed., Wako Pure Chemical Industries, Ltd.,
Japan, 2002.

[22] M. Ishibashi, J. Food Hyg. Soc. Jpn. 38 (1997) 194.

[23] R. Malisch, B. Bourgeois, R. Lippold, Dtsch. Lebensm.-Rundsch. 88
(1992) 205.

[24] K. Dost,
1243.

[25] Codex Alimentarius Commission, Joint FAO/WHO Food Standards
Program, Residues of Veterinary Drugs in Food, vol. 3, 2nd ed.,
Codex Alimentarius Commission, Rome, Italy, 1993.

[26] Commission of the European Communities, Establishment by the Eu-
ropean, Community of maximum residue limits (MRLs) for residues
of veterinary medical, products in foodstuffs of animal origin, The
rules governing medical products in, European Community IV, Oc-
tober 1991. ECSC-EEC-EAEC, Brussels, Belgium.

D.C. Jones, G. Davidson, Analyst 125 (2000)



