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Abstract

A determining technique of sulfonamides (SAs) (sulfamonomethoxine (SMM), sulfadimethoxine (SDM), and sulfaquinox-

aline (SQ)) in eggs, without use of organic solvents, is developed utilizing a high-performance liquid chromatography (HPLC)
interfaced with a photo-diode array detector. The sample preparation was performed by homogenizing with perchloric acid
solution using a handy ultrasonic-homogenizer followed by a centrifugal ultra-filtration unit. An analytical column and an

isocratic mobile phase for HPLC are a reversed-phaseotimn (150 mmx 4.6 mm i.d.) and 0.18 mot! citric acid solu-

tion, respectively. The proposed technique was shown to be linea(998) over the concentration range 0.1-2d)g .

Average recoveries of three SAs (spiked 0.05, 0.1, 0.15, andd2?) ranged from 80.3 to 88.4%, with relative standard
deviations (R.S.D.s) between 3.4 and 5.8%. The practical detection limits and total time required for the analysis of one
sample were< 0.05ug g~* and <30 min, respectively. In all the processes, no organic solvents were used at all.

© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction

Sulfonamides (SAs)Hig. 1) are regularly used by
veterinarians for therapeutic, prophylactic or growth-
promoting purposes in laying hens. In Japan, sulfa-
monomethoxine (SMM), sulfadimethoxine (SDM),
and sulfaquinoxaline (SQ) are mainly used for pre-
vention or treatment of poultry leucocytozoonosis and

coccidiosis, and are generally co-administered in feed.

The treatment of hens with SAs-supplemented feed
may result in SA residues being present in market
eggs if these drugs have been improperly adminis-
tered or if the withdrawal time for the treated hens has

* Tel.: +81-666052864; fax:81-666052864.
E-mail address: furusawa@life.osaka-cu.ac.jp (N. Furusawa).

not been observed. To assure the food safety for con-
sumers, the European Union (EU) has set a maximum
residue limit (MRL, 0.3ugg™1) for SAs in foods of
animal origin such as meat, milk, and edds.

Improper use of these veterinary drugs in laying
hens is of great concerns because the drug residues
are turning up in eggs, an indispensable food for the
consumers because it is highly nutritious, cheap, and
readily available. A rigid residue monitoring of SAs
in eggs is therefore an important specific activity to
guarantee the food safety.

Discharging the waste of organic solvents is also a
severe problem on the world scale. From the viewpoint
of the affect of organic solvents to environments and
analysts, analytical methods for the monitoring should
avoid the use of organic solverf&-7].
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mobile phases without fail, which may be harmful
HzN‘Q‘ SO,NH—R to the environment. There is presently no acceptable
harmonized analytical method of SA residues in eggs.
NANNAANAAANANAAAANAAANANAN For drug residue drug analyses in eggs the diffi-
QCH, culties are caused by formation of an emulsion that
N=\ N— hinders the recovery, thus interfering with co-extracts
SMM : R= \ /N SDM : R= _&_<N when target compounds are isolated (which require
Vi more effective cleanup techniques). For determination
OCH;, OCH, of target compounds in eggs using HPLC, more ef-

fective extraction and deproteinization are required.
N To improve the problem of techniques involve numer-
SQ:R= ‘( | ous analytical steps/times and extensive use of organic
SN solvents, the author has recently applied the centrifu-
gal ultra-filtration unit (Ultrafree-MC/PL) to purify
Fig. 1. Structures of sulfamonomethoxine (SMM), sulfadimethox- sulfadimethoxine (including its hydroxyl metabolites)
ine (SDM), and sulfaquinoxaline (SQ). [14], sulfamethazing15], or two antibiotics[16,17]
(penicillin G and tetracyclines) extracted from animal
International trade of animal products has become a products. This tool was able to deproteinize the ex-
big business. As a strategy to guarantee the equitabletracted solution easily, in a short time, only with cen-
international trade of the products and to assure the trifuging.
food safety for consumers, the Codex Committee on  The present paper describes an epoch-making
Residues of Veterinary Drugs in Foods (CCRVDF), a method that enables rapid/simple determination of sul-
sectional meeting under command of Codex Alimen- famonomethoxine (SMM), sulfadimethoxine (SDM),
trium Commission (CAC, in FAO/WHO), is advanced and sulfaquinoxaline (SQ) residues in laying hen’s
developing and harmonizing the international stan- eggs without use of organic solvents at all. The three
dardized analysis methods for veterinary drug residues SAs are most popularly used by veterinarians. Deter-
in animal products, which are adopted as the Codex mination is performed by HPLC equipped with DAD
standardg8]. At present, regardless of industrial na- which measures retention time and absorption spec-
tions or developing states, thénternational harmo- trum simultaneously. The target peak components can
nized analytical method” of SA residues is required.  be identified instantly. The DAD provides information
The acceptable method must be rapid and precise, eco-as to both the identity and purity of chromatographic
nomical in cost and time and capable of determining peaks and can be of readily used routinely.
residues below the MRL to permit the monitoring of
large numbers of sample, with negligible harm to the
environment and analyst. 2. Experimental
There have been significant developments in these
years in the determining and identifying methods 2.1. Apparatus
of SA residues involving high-performance liquid
chromatography (HPLC) interfaced with Uj@,10], HPLC system was as follows: JASCO Model
photodiode array detection (DADQ)1], fluorescence  PU-980 pump and DG-980-50 degasser (Jasco, Tokyo,
detection[12], or mass spectrometerry (M$)3,14] Japan) equipped with SPD-M104p diode array
have been described for the determination of some detector (Shimadzu, Kyoto, Japan). Operating condi-
SAs in eggs. However, these methods have the follow- tions: analytical column, Mightysil RP-4 GP column
ing problems: (1) the extraction and clean-up involves (5um, 150 mmx 4.6 mm i.d.) (Kanto Chem., Tokyo,
varying analytical steps that are time consuming and Japan), equipped with a guard column (5 safh6 mm
can give low resolution; (2) recoveries are sometimes i.d.) (Kanto Chem.) containing the same packing mate-
low and variable; (3) most importantly, organic sol- rial; mobile phase, 0.18 mott citric acid; flow-rate of
vents are used as extraction solvents and/or as HPLC1.0 mImin1; column temperature, ambient; injection
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volume, 20ul. The following apparatuses were used in by adding 2Qul of three working mixed standard so-
the sample preparation: a handy ultrasonic-homogeni- lutions (5, 10, 15, and 2@g mi~1), respectively, to
zer (model HOM-100, 2mm i.d. chip, Iwaki Glass, separate 2.0g portions of the samples. Fortified sam-
Funabashi, Japan); a microcentrifuge (Bioffige ples were mixed prior to the test.

fresco, Kendo Lab. Products, Hanau, Germany); a

micro-centrifugal ultrafilter unit (Ultrafree-MC/PL,

regenerated cellulose ultrafiltration membrane, nom- 3- Results and discussion

inal molecular mass limi= 5000, capacity<0.5ml,

Millipore, Bedford, MA, USA).
2.2. Reagents

SA standards (SMM, SDM, and SQ) were ob-

3.1. Sample preparation

The extraction operation used a handy ultrasonic-
homogenizer was especially easy and was able to
extract SAs in a little of egg sample (0.2g) effec-

tained from Sigma (St. Louis, MO, USA). Each stock tvely with alittle of 10% (v/v) PCA solution (0.4 ml)
standard solution of SAs was prepared by accurately US€d as an extracting/deproteinizating solution in a
weighing 10mg and dissolving it in 100 ml distilled mlcro-_centnfugal tub(_e. The extract did not form an
water (HPLC grade, Wako, Osaka, Japan). Working emulsion. The resulting extract was further cle;aned
mixed standard solutions of these three drugs were UP by an Ultrafree-MC/PL as a centrifugal ultrafiltra-

prepared by diluting the stock solutions with distilled tion unit. The procedure allowed rapid and efficient

water. These solutions can be kept in a refrigerator

for up to 1 month.
2.3. Egg samples

Eggs from laying hens that were kept in individual

cages and given SAs-free basal layer diet continuously
were used. These whole eggs that were removed from

their shells were uniformed fully and used as blank
egg samples.

2.4. Procedure

An accurate 0.2 g of sample was taken into a 1.5 ml
micro-centrifuge tube and homogenized in 0.4 ml of
10% (v/v) perchloric acid (PCA) solution (in water)
with a handy ultrasonic-homogenizer for 30s. After
30s, the capped tube was centrifuged at 12:09@or
5min. A 0.2ml portion of supernatant liquid was put
into an Ultrafree-MC/PL and centrifuged at 500Q;
for 5 min. The ultra-filtrate was injected into the HPLC
system.

2.5. Recovery test

The recoveries of SAs from blank samples spiked
at 0.05, 0.1, 0.15, and 0@ g1, respectively, were

purification of SAs and resulted in high recovery and
reproducibility.

3.2. HPLC conditions

In the previous papef8—13]for the reversed-phase
(RP) HPLC analysis of SAs in animal products, the
Cyg or Cg, non-polar sorbents, columns are used the
most frequently. In general terms, the 8 less reten-
tive than Gg and G sorbents when retention is based
on non-polar interactions alone; where thgg@nd G
sorbents require larger volume of strong elution sol-
vents, like acetonitrile and/or methanol, as the mobile
phase, the ¢ should reduce remarkably the volume
of elution solvents required and provide a more con-
centrated and clear separation as described previously
[14-16]

A Mightysil RP-4 GP (G) column with an acidic
solution as the mobile phase was tested with regard
to the separations: among SMM, SDM, SQ, and the
interference of the resulting extract origin; their sharp
peaks obtained upon injection of equal amounts. Since
the K5 values of SAs in agueous solution are approx-
imately 6[18,19], a citric acid solution as the mobile
phase was used in order to protonate the SAs. The
mobile phases with molarities of citric acid between
0.01 and 0.3 moH? (pH 2—3) were tested. Under the
above acidic conditions, SAs were eluted as sharp

determined. These fortification levels were prepared peaks with short retention times. A chromatogram
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with complete separation of target compounds, their <0.08% for the areas and0.59% for the retention
clear/sharp peaks, and their short retention times times, respectively.

was obtained by using the preseni €olumn and
an isocratic mobile phase of 0.18 motlcitric acid
solution with the SAs monitoring wavelength set at

The total time required for the analysis of one
sample was<30 min. The rapid and harmless method
without use of organic solvents at all could be

267 nm & an average maximum absorption spectrum achieved.

for SMM, SDM, and SQ) Fig. 2).
Fig. 2 shows HPLC chromatograms of blank and

3.3. Method evaluation

spiked egg samples obtained under the established pro-

cedure. The resulting extracts were free from inter-

fering compounds for detection and identification by
HPLC-DAD, indicating that purification was satisfac-
tory for these three SAs.

Table 1summaries the recoveries from egg samples
at four different spiking levels, correlation coefficients
(r) of calibration curves of target compounds isolated
from spiked egg samples. Overall, satisfactory results

The chromatographic repeatability was obtained Were obtained.

from the relative standard deviations (R.S.D.s) of

Average recoveries were >80% with R.S.D.s be-

areas and retention times calculated for 10 replicate tween 3.4 and 5.8%. These values are well “acceptable

injections of a spiked (0.0gg~! each drug) egg

criteria” for the residue analysis that the Codex setup

sample that was obtained under the procedure estab{8]- The acceptable criteria are given further. Aver-
lished here. The values for SAs were calculated to be 29€ recoveries of 80-110% with their R.S.:35%

- Absorbance (267 nm)

Time (min)

Fig. 2. HPLC chromatograms obtained from egg samples
(photo-diode array detector set at 267 nm). (a) spikedyg4*

of each SA) egg sample; (b) blank egg sample. Peaks SMM;

2 = SDM; 3 =SQ.

when the MRL for the analyte i0.1pgg ! and
when analytical method can be performed with accept-
able precision. Recommended acceptable recoveries
are 70-110% with R.S.D.s20% when the MRL is
0.01-0.1ugg™ .

Calibration was performed by linear regression
analysis of peak areas of spiked sample extracts rang-
ing from 0.1 to 2.Qug g~ versus their concentrations.
The curve was constructed from five points and each
point represented the mean of five injections. The re-
sulting curves were linear in the concentration ranges

Table 1
Accuracy, precision, and sensitivity data for SA-fortified eggs

Spiked Recovery (%)
(ngg™
SMM SDM SQ

0.05 85.9 (5.8) 82.0 (5.0) 80.3 (3.8)
0.1 87.6 (5.2) 83.8 (3.8) 80.9 (5.8)
0.15 88.4 (3.4) 81.9 (4.8) 82.2 (4.9)
0.2 86.4 (5.1) 82.5 (4.7) 81.5 (4.2)
Calibration

r(n=5P 0999+ 0.001 0.998+ 0.001 0.998+ 0.002

PDL® (ugg™1) 0.02 0.03 0.04

aData are means:(= 5); relative standard deviations in paren-
theses.

bMean of five determinations using spiked egg samples for
calibration curves (range of concentration was 0.1p267%); r,
correlation coefficient.

¢ Practical detection limit.
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0.1-2.0ugg ! for all of the SAs, with all values
of r greater than 0.998A < 0.01). The data given
in Table 1demonstrate that the accuracy and preci-
sion are well within accepted values for drug residue
analyses.

The practical detection limits (PDLs) which give
clearly discernible peaks of SAs (signal-to-noise
ratio > 5) ranged from 0.02 to 0.Q4g g~* (Table J.
These values were below the MRL (i g~ 1).

4. Conclusions

A rapid and simple method without use of organic
solvents for determination and identification of SMM,
SDM, and SQ in eggs using HPLC-DAD has devel-

oped. The main advantages of proposed procedure
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