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A HPLC method to determine and quantify sulphachloropyrazine residues from broilers and turkeys
is reported. This procedure permitted sulphachloropyrazine to be separated from muscle tissue, liver,
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kidneys and fat with skin after extraction with dichloromethane under slightly acidic conditions. The
analytical methodology showed a high specificity and sensitivity and an adequate precision and accuracy
with a limit of quantification of 56 ng mL−1. The peak area showed a linear relationship with a concen-
tration over the range 50–750 ng mL−1 for sulphachloropyrazine standard solutions. Recovery dates were
also satisfactory with values between 69.7 and 77.5%.
PLC determination
ethod validation

. Introduction

Sulphachloropyrazine (SCP) is synthetic bacteriostatic wide-
pectrum antimicrobial, belonging to the group of sulphonamides
hat are poorly absorbed from GI tract sulphonamides. In the
iterature we can also find widely used in veterinary practice a sim-
lar chemical compound sulphachloropyridazine which is different
rom SCP in the position of the nitrogen atoms in the ring. Gener-
lly sulphonamides are broad-spectrum antimicrobials inhibiting
oth, Gram-positive and Gram-negative bacteria, as well as some
rotozoa, such as coccidia.

SCP is usually used to treat collibacteriosis [1], fowl cholera [2]
nd cocidiosis (Eimeria sp.) [3–5] infections in poultry in the daily
ose of SCP 0.03% for 3–6 days [6,7].

Residues of sulphachloropyrazine may remain in edible animal
issues and then affect the human health, and this is the reason why

any researchers focus on the development of a rapid, accurate,
nd economical time and cost methods, for the determination of
his antibiotic.

Many papers have been published concerning the assay method
or sulphonamides but only several about sulphachloropyrazine
8–10]. Most of the manuscripts concern sulphachloropyridazine

SCPD), the structural isomer, very similar to SCP (different chem-
cal structure composition) (Fig. 1a and b) [11,12]. Among them,
ioassay and fluorometry, which are commonly used, present lack
f sensitivity and specificity, while chromatographic methods are
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generally preferred for their greater selectivity and simplicity.
A number of instrumental techniques have been introduced for
the determination of sulphonamide residues, such as thin-layer
chromatography [13,14], immuno-enzymatic method [15], super-
critical fluid chromatography [16], gas chromatography coupled
with mass spectrometry [17,18] and liquid chromatography tan-
dem mass spectrometry [19]. However, the most prominent place
among them is occupied by high performance liquid chromatog-
raphy. The HPLC method is very effective in monitoring veterinary
drugs, and that technique has been reported for the determina-
tion of sulphonamides concentrations in various biological matrices
[20–22]. By this method, sulphonamide residues are determined
either directly after the separation on a chromatographic column
using a UV detector or indirectly by applying derivatization proce-
dures followed by measurements on a fluorescent detector [8].

The present paper describes a rapid and specific procedure for
HPLC determination of the sulphachloropyrazine content in broilers
and turkeys edible tissues. The EU MRL’s (maximum residue limit
[23]) for SCP (for all species and all tissues) is 100 ng g−1. Further-
more there is very poor information in the literature about tissue
concentrations of this drug in any species and therefore it is hard to
predict the withdrawal time in poultry after they medicated with
SCP.

2. Experimental
2.1. Animals

All experiments were carried out on 29 healthy broilers (Ross
308) and 28 turkeys (White Wide-Brest, midi type BUT-9) of both

http://www.sciencedirect.com/science/journal/15700232
http://www.elsevier.com/locate/chromb
mailto:cezary.kowalski@up.lublin.pl
dx.doi.org/10.1016/j.jchromb.2009.04.019
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Fig. 1. Chemical structures of (a) sulphachlor

exes and with an initial weight of 1600–2560 g and 1720–2600 g
n broilers and turkeys, respectively. Broilers were divided into 4
A, n = 5; B, n = 5; C, n = 7; D, n = 5) and the turkeys into 5 (A, n = 4; B,
= 4; C, n = 4; D, n = 7; E, n = 4) experimental groups. There was also
ne control group in both, broilers (n = 6) and turkeys (n = 5).

Before commencing the study the birds were marked with
lphabetical code (broilers—A, B, C, D and turkeys—A, B, C, D, E)
hich shows each terms of killing and taking of the samples.

The birds were fed two times a day (at the morning, 1 h before
rug administration and at the evening). Water was added ad libi-
um throughout the period of study.

Sulfatyf® was administrated (ex tempore water solution) orally
t the same to both species, dose 50 mg kg−1 b.w. for 3 days contin-

ously. The oral doses were administrated individually through a
etal catheter into the crop. Control groups were given pure water

y the same method of administration for three days continuously
oo. Next, 6 broilers and 5 turkeys from control group were human-
tary slathered and the marker tissues—muscles (40 g), liver (all),

Scheme 1. Schematic diagram
dazine (SCPD) and (b) sulphachloropyrazine.

kidneys (all) and skin with fat (40 g) were taken for the recovery of
SCP.

The tissue samples were taken after 5, 10, 14, 16 days and 7,
12, 18, 21, 23 days of last drug application, in broilers and turkeys,
respectively. Matrices were cleaned of blood and stored at −30 ◦C
until the day of analysis by HPLC.

2.2. Chemicals and reagents

Sulfatyf® (powder 33 g sulphachloropyrazine natrium + Massa
pulvis ad 100 g) was purchased from a pharmaceutical company
(DZPB “Biowet” S.A., Drwalew, Poland). The drug standard Salt
sodium Sulphachloropyrazine was obtained from Yangzhou Tianhe

Pharmaceutical Chemical Company (Shuanggou Jiandu, China).
HPLC grade acetonitrile, methanol, n-Hexane and other chemi-
cals (potassium dihydrogen phosphate, ortho-phosphoric acid 85%,
dichloromethane) were purchased from POCH chemical-company
(Gliwice, Poland) at the highest purity available. The deionized

of solvent extraction.
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Table 1
Precision date on the analysis of three increasing SCP standard concentrations (250, 500 and 750 ng mL−1) on three different days.

Concentration of SCP standard (ng mL−1) Mean concentration founda (ng mL−1 ±SD)

Day 1 RSD (%) Day 2 RSD (%) Day 3 RSD (%)

750 745.45 ± 5.70 0.76 750.90 ± 4.55 1.35 749.24 ± 3.39 1.98
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Table 2 summarizes the average recovery of SCP from all
matrices at 100 ng g−1 level. Satisfactory results were obtained
and the recovery values were depending on tested species. The
average recoveries were greater than 69.7% with coefficients of
variation (CVs) between 0.4 and 1.8%. Figs. 2a and 3a show chro-

Table 2
Recovery of sulphachloropyrazine obtained from broiler and turkey tissues spiked
with 100 ng g−1 of the drug.

Kind of spiked tissue Recoveryb (%) ±SD

Broilers Turkeys
00 508.10 ± 6.86 0.61
50 248.12 ± 2.98 0.45

a Three replicates.

ater (18.2 M�cm) used for preparing all the aqueous solutions
as obtained by the reverse osmosis method with Milli-Q-Plus 185

ystem (Millipore, Molsheim, France).

.3. Apparatus

Identification and quantification of analytes were carried out
sing a Varian liquid chromatography apparatus (Varian, Walnut
reek, CA, USA). It consisted of a solvent delivery pump (STAR 9002),
50 �L volume manual injector and a variable wavelength UV–vis
050 detector (all Varian Analitycal Instruments, USA). The sam-
les and standards were analyzed using a Synergi 4 � Fusion–RP
150 mm × 4.6 mm) (Phenomenex) column.

An analitycal balance (Sartorius BP 61S), Vortex (WL-1, Bio-mix,
arsaw, Poland), a centrifuge (Sigma 2-16), and Milli Q Plus 185

ystem (Milipore-Waters) to produce deionized water were also
mployed.

.4. Chromatographic conditions

The sulfa drug under investigation is separated on a Syn-
rgi 4 � Fusion–RP column by isocratic elution using a mobile
hase that consisted of 0.02 M KH2PO4 pH 2.7 – ACN (80:20;
/v) at a constant flow rate of 1.7 mL min−1. The standards of sul-
hachloropyrazine and the tissue extracts were monitored at a
avelength of � = 270 nm. All analyses were performed at ambient

emperature. The retention time of sulphachloropyrazine was about
3 min, similar to those in other studies [8]. The chromatogram run
ime was 15 min.

.5. Experimental procedure

Frozen tissue samples were thawed to room temperature prior
o extraction. 0.5 g of test minced tissue (muscle, liver, kidney,
at + skin) was transferred into a test-tube and mixed with 4 mL
f acetonitrile. After homogenization and centrifugation for 5 min
t 339 × g, 3.5 mL of the upper supernatant layer was transferred
nto a clean tube and for mixed 30 s in Vortex with 4 mL of hexane.
fter second centrifugation for 3 min at 84 × g, the upper hexane

ayer was discarded and to the lower layer, 1 mL of KH2PO4 (pH 6.8)
ith 6 mL of dichloromethane was added and next shaken for 1 min.
fter centrifugation for 10 min at 339 × g, the second liquid–liquid
xtraction with 3 mL of dichloromethane and the same amount of
uffer was made. The upper layer was discarded and the lower layer
as evaporated, under the stream of nitrogen in the room temper-

ture. The dry extract was dissolved with a mixture of 0.02 M buffer
H2PO4 pH 2.7 – ACN (80:20; v/v) and then mixed. A 25 �L volume
f elute was injected into the HPLC system.

The extraction of SCP from the broiler and turkey tissues was
erformed according to Scheme 1.
.6. Standards

A stock solution (100 �g mL−1) of sulphachloropyrazine sodium
alt was prepared by dissolving 10 mg of compound in 100 mL
f methanol. Working solutions (1000, 750, 500, 250, 150,
501.39 ± 15.12 3.00 502.96 ± 12.32 1.23
245.86 ± 3.01 2.45 250.14 ± 4.19 1.67

50 ng mL−1) were prepared by appropriate serial dilution of the
stock solution with a mixture: 0.02 M phosphate buffer KH2PO4 pH
2.70—acetonitryl (90:10; v/v). These solutions were then injected
in order to obtain the calibration curve.

2.7. Accuracy/recovery

The accuracy of the method was determined, by the recovery of
SCP from the all control tissue samples of broilers and turkeys (mus-
cle, liver, kidney, skin with fat) spiked at 100 ng g−1. This spiked
level was prepared by adding 50 �L of standard solution of SCP
(1000 ng mL−1) to 0.5 g portions of the sample. The extraction of
SCP was made in accordance with Section 2.5.

3. Results and discussion

3.1. Calibration, precision and recovery

The calibration graph was obtained by plotting peak area against
amount and was linear over the range 50–750 ng. The equation
for the calibration curve is y = 41.31x + 489.57 and the correlation
coefficient equals 0.9997. The linear range experiments provided
the necessary information to estimate the LOD and the LOQ limits
based on the peak of lowest concentration in the linear range with a
signal-to-noise ratio, S/N of 3.3 for limit of detection and 10 for limit
of quantification. The limit of detection (LOD = 3·Sxy/a, where Sxy is
the standard deviation and a is the slope of the calibration curve) is
the lowest absolute concentration of analyte in a sample that can be
detected but not necessarily quantified. The limit of quantification
(LOQ = 10·Sxy/a) is the lowest concentration of analyte in a sam-
ple that can be determined with acceptable precision and accuracy.
LOD value is situated in the linearity range. The estimated values of
LOD and LOQ were 18.40 ng and 55.70 ng, respectively. Moreover,
the precision of the procedure was obtained from relative standard
deviation (RSD%) of areas calculated for three replicate injections
of three increasing SCP standard concentrations (250, 500, 750 ng).
The investigations were made on three various days. The results of
the assays presented in Table 1 suggest that the precision of the
method, expressed as RSD, ranged from 0.5 to 3.0%.
Muscle 74.81 (1.6) ± 1.20 72.94 (1.8) ± 1.28
Liver 69.70 (1.1) ± 0.76 72.35 (0.9) ± 0.64
Kidney 76.07 (0.4) ± 0.31 71.33 (1.7) ± 1.23
Fat with skin 77.50 (0.7) ± 0.56 74.71 (0.6) ± 0.48

b Data are averages. n = 3; coefficients of variation in parentheses (%).
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Fig. 2. Representative HPLC chromatograms obtained from (a) broiler edible tissue samples (muscle, kidney, liver, fat with skin) spiked with 100 ng g−1 of sulphachloropyrazine
sodium salt, (b) blank tissue samples and (c) working standard solution of sulphachloropyrazine sodium salt (250 ng mL−1).

Fig. 3. Representative HPLC chromatograms obtained from (a) turkey edible tissue samples (muscle, kidney, liver, fat with skin) spiked with 100 ng g−1 of sulphachloropyrazine
sodium salt, (b) blank tissue samples.
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atograms obtained from broiler and turkey tissues containing
ulphachloropyrazine.

In order to verify the selectivity of the method we analyzed
ll blank tissue samples from two species. No interference was
etected in the region of interest where the analyte was eluted as

s shown in the blank sample chromatograms (Figs. 2b and 3b).
The stability of SCP was determined in two different ways: in sol-

ent (working solutions) and in tissue samples containing SCP. The
orking solutions were analyzed every week and the instrumental

esponses were compared with peak areas obtained on the day of
olution preparation. No degradation phenomenon was observed
uring a storage of 4 months at 4 ◦C.

The stability of sulphachloropyrazine in tissue samples was
etermined from blank matrices spiked at MRL level. Samples were
rozen at −30 ◦C and analyzed after 7, 14 and 21 days, evaluating the
mounts of sulphachloropyrazine present. SCP was stable through-
ut the freezing process. No differences were observed between
he amount of sulphachloropyrazine spiked and that observed in
he samples stored during different periods of time.

.2. Extraction

A critical aspect of drug residue analysis is the sample extraction
urification steps required to isolate sulphonamide residues from
roiler and turkey biological matrices. Sulphonamides have sim-

lar chemical and physicochemical properties. These compounds
re not very soluble in non-polar solvents, but have good solubil-
ty in polar solvents. Traditionally the extraction of sulphonamide
rom meat, milk and eggs has been done with organic solvents
uch as: chloroform, methylene chloride, acetone, acetonitrile and
thyl acetate [9,20,22]. Clean-up methods reported in the literature
se many different techniques: SPE cartridges filled with differ-
nt stationary phases, e.g., silica gel, cationic exchanger [24], C18
20], clean-up procedure with ultracentrifuge [25]. Sample clean-
p procedures also include liquid–liquid purification to reduce or
liminate interferences. Based on the extraction method for the
etermination of sulphonamides in animal tissues, acetonitrile was
elected to precipitate proteins and hexane was employed to extract
ut lipids [21,26,27]. We tried another clean-up step i.e. ethanol,
thyl acetate, 5% solution of trichloroacetic acid and 1 M solution
f hydrochloric acid but this method permitted too many com-
ounds that interfered with the chromatography of the analyte.
esults showed that deproteinization of the sample with acetoni-
rile followed by hexane washing of the aqueous acetonitrile extract
ould achieve significant purification. Subsequent extraction of
ulphachloropyrazine was continued as a series of liquid–liquid
artition clean-up procedures with the aid of dichloromethane and
hosphate buffer (pH 6.8). A double extraction improved better
ecovery of SCP from animal tissues.

.3. HPLC optimization

Methanol and acetonitrile as organic solvents in the mobile
hase were studied in order to find better selectivity and reso-

ution, using phosphate buffer (pH 2.7) in the mobile phase. The
njections resulted in peak broadening when methanol was used,

hereas in acetonitrile did not. Therefore acetonitrile was chosen
s organic solvent in the composition of the mobile phase. We also
hecked the percentage of acetonitrile (10 up to 50%) in the mobile

hase. Obviously, as acetonitrile concentration increased the analy-
is time decreased, as expected, but the interesting peak was broad
nd wide. A 20% ACN was chosen as suitable, according to the peak
hape and run time as well (Fig. 2c). For that reason, the pH of
he mobile phase played an important role in the chromatographic

[
[

[

r. B 877 (2009) 1787–1791 1791

separation. The optimum pH of the buffer was 2.70, at which sul-
phachloropyrazine gave excellent retention. Similar composition of
the mobile phase employed previously by our group for the deter-
mination of sulfadiazine combined with trimethoprim [28]. The
satisfactory retention time of sulphachloropyrazine was achieved
when the flow-rate of mobile phase was 1.7 mL min−1. Separation
of sulphonamides is usually performed with silica-based reversed
phased columns, mainly C18, C8 or C4, but in some cases ion-pair
column is also used [11]. In our study we used Synergi 4 � Fusion–RP
80A (150 mm × 4.6 mm) (Phenomenex) column which was recom-
mended to separation of SAs.

4. Conclusion

Several spectroscopic techniques, such as UV absorption, FLD
[17,18], DAD [15,20] or MS [21] are used for detection of differ-
ent sulphonamides in LC. UV detection is often carried out at
270–280 nm, in some cases at 255 nm [11] and 254 nm [8,23]. Based
on the literature, 270 nm was selected as a wavelength for the sep-
aration of SCP in poultry tissue samples [28,29].

After optimization of the mobile phase parameters, the wave-
length of detection and the flow rate, sulphachloropyrazine was
detected with satisfactory recovery. Sulphachloropyrazine peak
showed a good shape and no interferences with other peaks (impu-
rities), what indicates a high selectivity and sensitivity of this
method. This makes it valuable and adequate in many applications,
particularly in veterinary medicine studies.
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