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Abstract

A mixture of twelve sulfonamides was separated by micellar liquid chromatography (MLC) using sodium dodecyl
sulfate (SDS) micelles and a hydrophilic endcapped C,, column. Retention behavior and selectivity pattern of
sulfonamides in MLC were examined with the change of SDS concentration and volume fraction of an organic
modifier (1-propanol). The suitable condition was found to be 0.070 M SDS and 6.0% 1-propanol for the
separation of these twelve sulfonamides. Under this condition, the isocratic separation of the sulfonamides was
achieved within 15 min with a relatively high column efficiency for MLC (ca. 7000 plates/25 ¢cm column). Retention
times of these twelve sulfonamides were found to be very repeatable, which is due to the highly reproducible
retention behavior in MLC. The same twelve sulfonamides were successfully separated in the spiked physiological
fluids (human urine and cow milk) through direct on-column injection by MLC.

1. Introduction

Micellar liquid chromatography (MLC) has
been regarded as a powerful alternative to both
conventional reversed-phase LC (RPLC) with
hydro~organic eluents and ion-pair chromatog-
raphy (IPC) for the analysis of biosamples [1-3].
Due to the existence of micelles, MLC has
several unique advantages such as capability of
simultaneous separation of ionic and non-ionic
compounds, possibility of simultaneous enhance-
ment of solvent strength and separation selectivi-
ty, reproducible and predictable retention be-
havior, possibility of direct on-column injection
of physiological samples, enhanced luminescence
detectability, safety and cost [4-7]. The possi-
bility of direct on-column injection of physiologi-
cal samples is one of the important merits of
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MLC for bioanalysis as compared to convention-
al RPLC and IPC. This is due to the fact that the
protein matrix of a biological sample can be
solubilized by micelles [e.g., sodium dodecyl
sulfate (SDS) micelles] and eluted with the
solvent front. This obviates the need for the time
consuming and tedious sample preparation step,
thus making direct, on-column injections of
physiological fluids possible. This method has
been used for the analysis of therapeutic drugs
[8], nucleosides and bases [9], illegal drugs [10],
cephalosporins [11], anticancer 6-thiopurine
compounds [12] and steroids [13] in biological
fluids.

Sulfonamides are a group of antibacterial
compounds commonly used for the prevention
and the treatment of diseases in livestock prod-
ucts. The sulfonamides residues in treated ani-
mals may pose a health threat to consumers
through allergic or toxic reactions, or through
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induction of antibiotic resistance in pathogenic
organisms [14,15]. Separation of these drugs by
RPLC, GC, and capillary electrophoresis (CE)
has already been reported [14-19]. Protein pre-
cipitation and extraction processes are often used
to remove the protein matrix from physiological
fluid samples in RPLC [14,16]. These processes
are tedious, time consuming and may result in
the loss of the analytes.

In this work, the retention behavior of sul-
fonamides in MLC is examined. A mixture of
twelve sulfonamides in physiological fluids was
separated under isocratic conditions in MLC and
by direct on-column injection.

2. Experimental
2.1. Chromatographic system

An HPLC pump (Model 400; Applied Bio-
systems, Foster City, CA, USA) and a variable-
wavelength absorbance detector (Model 783A,
Applied Biosystems) set at 254 nm and a VIGI
injector (Valco, Houston, TX, USA) were util-
ized in this work. The HPLC system was con-
trolled by the Chemresearch chromatographic

Table 1
Retention and efficiency of sulfonamides in MLC

data management system controller software
(ISCO, Lincoln, NE, USA) running on a PC-88
Turbo personal computer (IDS, Paramount, CA,
USA). A 5-um particle size, 250 x4.6 mm
YMC-Pack ODS-AQ column (YMC, Wilmin-
gton, NC, USA) was used as the analytical
column. The column was thermostated at 40°C
by a water circulator bath (Lauda Model MT-6;
Brinkmann Instruments, Westbury, NY, USA).
A silica precolumn was used to saturate the
mobile phase with silicates and protect the ana-
lytical column.

2.2. Reagents

All the sulfonamides were obtained from
Sigma (St. Louis, MO, USA) and are identified
in Table 1. The structures of these sulfonamides
are shown in Fig. 1. The sample solutions were
prepared by diluting the stock solutions (5 mg/
ml in methanol) with the mobile phase. The
stock solution of SDS (Sigma) was prepared by
dissolving the required amount of surfactant in
doubly distilled, deionized water and was filtered
through a 0.45-um nylon-66 membrane filter
(Rainin Instruments, Woburn, MA, USA). The
ionic strength of the mobile phase was adjusted

Compound { (min) k' N (plates/25 cm column)® hP

(1) Sulfacetamide 343 0.87 7988 6.26
(2) Sulfadiazine 377 1.06 9027 5.54
(3) Sulfamerazine 1.56 1.49 7297 6.85
(4) Sulfathiazole 7 1.482 8450 5.92
(5) Sulfamethazine 5.56 2.03 8223 6.08
(6) Sulfamethoxypyridazine 6.46 2.52 7814 6.40
(7) Sulfachloropyridazine 6.81 2.71 8696 375
(8) Sulfamonomethoxine 7.24 2.94 6894 7.25
(9) Sulfabenzamide 8.56 3.67 6886 7.26
(10) Sulfadimethoxine 10.78 4.88 6153 8.13
(11) Sulfaquinoxaline 13.09 6.14 6335 7.89
(12) Sulfisomidine 15.00 7.18 6710 7.45
Average 7012 7.13

Mobile phase: 0.070 M SDS. 6.0% 1-propanol. 0.020 M NaH.PO,. pH 3.0, YMC-Pack ODS-AQ column.

* Calculated by using Foley-Dorsey equation [23].
" Reduced plate height.
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Fig. . The structures of sulfonamides.

by adding phosphate buffer so that the total
buffer concentration of the final solution was
0.020 M. After adding the required amount of
l-propanol the pH was adjusted to 3.0. The
urine matrix was from a healthy volunteer and
filtered through a 10-mm glass microfiber filter
(Rainin Instruments) and a 0.45-um nylon-66
filter (Rainin Instruments) prior to on-column
injection. The milk matrix was obtained from a
local grocery store and was also filtered through
a 10-mm glass microfiber filter (Rainin Instru-
ments) before use. Due to the high viscosity of
the milk sample, its filtration through a 0.45-um
filter paper under vacuum was not successful.

3. Results and discussion

MLC separations can be influenced by the
types/concentrations of both surfactant and or-

ganic modifier, pH, ionic strength and tempera-
ture [3,4,6]. In this work, the effects of SDS
concentration and volume fraction of 1-propanol
on the retention behavior and separation of
sulfonamides were investigated.

3.1. Effect of mobile phase composition on the
separation of sulfonamides

The dependence of retention factor on volume
fraction of organic modifier and micelle con-
centration in the MLC system can be described
by Egs. 1 and 2 [5,20].

In k"=~ Sq,, +1n k| 1)

1/k' = (K, [M]+ 1)/ (P, ¢) (2)

where k' is the retention factor of a solute, ¢,,,
is the volume fraction of organic modifier (1-
propanol), k; is the retention factor in a purely
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aqueous micellar mobile phase, § is the solvent
strength parameter, [M] is the micelle (SDS)
concentration, ¢ is the phase ratio, K, is the
binding constant of solute to micelles and P_, is
the partition coefficient of a compound from
mobile phase into stationary phase. Fig. 2 shows
the retention behavior of sulfonamides as a
function of volume fraction of 1-propanol and
concentration of SDS.

The dependence of selectivity (a = k3/k}) in
MLC systems on the volume fraction of organic
solvent and micelle concentration can be de-
scribed by Egs. 3 and 4 [5,20].
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Ina=—(S,—8,)¢,, +(In ko, —1In kg ) 3)

(@ )(M] + 1K, 1)
T () (M) + 1/K,,, )

(4)

where a,, is the stationary phase partitioning
selectivity (P,,, ,/ P, ;) and «_ is the selectivity
of binding to (or partitioning into) micelles
(Knw.2/Kpw.1)- This is shown in Fig. 3 for
sulfonamides with the changes of volume frac-
tion of 1-propanol and concentration of SDS.
Micelle concentration is equal to the differ-

ence of the concentration of surfactant and its
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Fig. 2. The effect of (a) the volume fraction of 1-propanol (0.070 M SDS) and (b) the SDS micelle concentration (6.0%

1-propanol) on the retention behavior of sulfonamides.
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Fig. 3. The effect of (a) the volume fraction of 1-propanol (0.070 M SDS) and (b) the SDS micelle concentration (6.0%

1-propanol) on the selectivity of sulfonamides.

critical micelle concentration (CMC) (i.e., [M] =
C,— CMC). The CMC value of a surfactant
depends on many solution conditions. For exam-
ple, the CMC value for SDS was found to be ca.
8 mM in aqueous solution at 25°C [4]. However,
the CMC values for SDS were not available at
our experimental conditions (i.e., 40°C, 2-8%
1-propanol, 0.020 M phosphate buffer and pH
3.0). Eq. 2 describes the relationship between
retention factor and micelle concentration. At a
constant volume fraction of organic modifier
(e.g., 6% 1-propanol), 1/k’ is linearly dependent
on the concentration of SDS as shown in Fig. 2b
assuming that CMC is a constant (R”>0.99 for

all of the sulfonamides). Therefore, we assume
that the concentration of SDS, instead of SDS
micelles concentration, can be used to find a
suitable mobile phase condition without chang-
ing the results significantly.

Based on the experimental results in Figs. 2
and 3, the suitable mobile phase condition was
found to be 0.070 M SDS, 6.0% 1-propanol for
the separation of compounds 4-8. The mobile
phase conditions did not have as much effect on
the separation of the early-eluting peaks (1-3)
and late-eluting peaks (9-12). In other words,
compounds 4-8 were the “critical” pairs, and
their separation was crucial. Therefore, the suit-
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I 0.030 AU

UV absotbance

15 min

Fig. 4. The isocratic separation of 12 sulfonamides. The
suitable mobile phase conditions: 0.070 M SDS, 6.0% 1-
propano}, 0.020 M NaH,PO,. pH 3.0.

able mobile phase condition for the separation of
compounds 4-8 was also suitable for the whole
mixture containing twelve sulfonamides. Fig. 4
shows the good separation of these 12 sulfon-
amides in 15 min under this mobile phase con-
ditions. High column efficiencies (N = 7000
plates/25 c¢cm column) were achieved using the
hydrophilic endcapped YMC ODS-AQ column
for the sulfonamides as shown in Table 1. The
achieved column efficiency using the ODS-AQ
column is much higher than that typically ob-
tained in MLC using the conventional C,, col-
umns [20,21] and is slightly higher than that
using a Flurooctyl (FO) column [21]. This results
further confirm the belief that the stationary

Table 2
Repeatability of sulfonamides’ retention in MLC

phase effect is significant in MLC and deserves
more attention [21,22]. Column efficiencies were
calculated by using Foley and Dorsey’s equation

[23].
t 2
41.7-( R)
W,
N: B 0.1 (5)
Z+ 1.25

where N is the column efficiency, t; is the
retention time of a solute, W, | is the width at the
10% peak height, and B/A is the asymmetric
factor of the peak.

Retention behavior of sulfonamides was re-
peatable with high precision using micellar
eluent as shown in Table 2, which is due to the
highly reproducible retention behavior in MLC
separations [5,7,20,21].

3.2. Direct on-column separation of
sulfonamides in physiological fluids

Physiological fluid samples initially used in this
work were human urine and cow milk. There
were no pretreatments for these samples except
filtration and dilution. The chromatograms of
urine and milk blanks are shown in Figs. 5 and 6,
respectively. As shown in Fig. 5, there are some
unidentified components in the urine matrix, but

Compound tg (min) Average S.D.

1 3.40, 3.43,3.43, 3.43,3.43,3.43, 3.43, 3.43 3.43 0.01061
2 3.76, 3.77. 3.77. 3.77, 3.77, 3.77 3.77 0.00408
3 4.56, 4.56, 4.57, 4.56, 4.57, 4.56 4.56 0.00516
4 5.16, 5.17,5.17, 5.17, 5.17, 5.17 5.17 0.00408
5 5.56, 5.56, 5.55, 5.56. 5.55 5.56 0.00548
6 6.46. 6.46, 6.46. 6.46 6.46 0

7 6.82, 6.82, 6.81. 6.82, 6.82, 6.82, 6.81 6.82 0.00488
8 7.24,7.23.7.24.7.24, 7.23, 7.23 7.24 0.00548
9 8.58, 8.57, 8.57, 8.57, 8.57, 8.56 8.57 0.00632
10 10.81, 10.81. 10.76, 10.76, 10.76 10.78 0.02739
11 13.13, 13.06. 13.09 13.09 0.03512
12 15.00, 15.00. 15.01, 15.01, 15.00 15.00 0.00548

Retention times of sulfonamides were randomly collected in one day.
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25 min

Fig. 5. Urine blank. Mobile phase conditions as in Fig. 4.
Full scale of detection is 0.250. * = Unidentified components
in urine matrix.

I 0.080 AU

! UV absorbance

J

25 min

Fig. 6. Milk blank (1% milk-water-mobile phase, 1:1:1)
under the mobile phase conditions given in Fig. 4. Full scale
of detection is 0.250.

they did not interfere with the separation of
these twelve sulfonamides. The separation of
sulfonamides in spiked urine and milk are dem-
onstrated in Figs. 7 and 8, respectively. Good
separations of these twelve sulfonamides were

UV absorbance

25 min

Fig. 7. Separation of sulfonamides in urine sample under the
mobile phase conditions given in Fig. 4. Urine sample was
spiked by 2.5 ug of compounds 8 and 10. 1 g of compound
12 and about 0.5 pg of any other sulfonamides in 1 ml urine
matrix. Full scale of detection is 0.250. * = Unidentified
component in urine matrix.

|
25 min

Fig. 8. Separation of sulfonamides in milk sample. Mobile
phase conditions as in Fig. 4. Milk sample was prepared by
spiking 2.5 pg of compounds 8 and 10, 1 ug of compound 12
and about 0.5 ug of any other sulfonamides in 1 ml milk
blank. Full scale of detection is 0.250.

achieved in these two physiological fluid sam-
ples, which suggests that MLC is a suitable
technique for the rapid analysis of sulfonamides
in physiological fluids. The retention time of
sulfisomidine (compound 12) in the milk sample
(Fig. 8) was relatively lower than those in the
urine sample (Fig. 7) or without sample matrix
(Fig. 4). This might be due to sample matrix
effects. As mentioned in the experimental sec-
tion, filtration of the milk sample through a
0.45-um filter paper under vacuum was not
successful due to its high viscosity. The infil-
trated milk matrix may have caused some dam-
ages to the packing materials of the column that
lead to deterioration of peak shapes and reduc-
tion of retention times. Further studies will
concentrate on the separation of different phar-
maceutical drugs in various physiological fluid
samples.

Acknowledgements
We thank YMC Inc. for the donation of a
YMC-Pack ODS-AQ column and a research

grant from the US National Institutes of Health
(GM 38738).

References

[1] D.W. Armstrong and S.J. Henry, J. Liq. Chromatogr., 3
{1980) 657.



318 S. Yang. M.G. Khaledi | J. Chromatogr. A 692 (1995) 311-318

[2] L.J. Cline Love, J.G. Habarta and J.G. Dorsey, Anal.
Chem., 56 (1984) 1132A.

[3] M.G. Khaledi, Trends Anal. Chem., 7 (1988) 293.

[4] 1.G. Dorsey, Adv. Chromatogr., 27 (1987) 167.

[5] M.G. Khaledi, J.K. Strasters, A.H. Rodgers and E.D.
Breyer, Anal. Chem., 62 (1990) 130.

[6] W.L. Hinze, in W.L. Hinze and D.W. Armstrong
(Editors), Ordered Media in Chemical Separation (ACS
Symposium Series, No. 324), American Chemical Socie-
ty, Washington, DC, 1987, Ch. 1, p. 2.

[7] J.K. Strasters, E.D. Breyer, A.H. Rodgers and M.G.
Khaledi, J. Chromatogr., 511 (1990) 17.

[8] F.J. Deluccia, M. Arunyanart, L.J. Cline Love, Anal.
Chem., 57 (1985) 1564.

[9] Y.-N. Kim and P.R. Brown, J. Chromatogr., 384 (1987)
209.

[10] A. Berthod, J.M. Asensio and J.J. Laserna, J. Lig.
Chromatogr., 12 (1989) 2621.

(11] J. Haginaka, J. Wakai, H. Yasuda and T. Nakagawa,
Anal. Chem., 59 (1987) 2732.

{12] P.M. Fraga, E.B. Gonzalez and A. Sanz-Medel, Anal.
Chim. Acta, 212 (1988) 181.

[13] M. Amin, K. Harrington and R. von Wandruszka, Anal.
Chem., 65 (1993) 2346.

[14] V.K. Agarwal, J. Chromatogr., 624 (1992) 411.

[15] D. Guggisberg, A.E. Mooser and H. Koch, J. Chroma-
togr., 624 (1992) 425.

[16] J. Abian, M.I. Churchwell and W.A. Korfmacher, J.
Chromatogr., 629 (1993) 267.

[17] Q.-X. Dang, Z.-P. Sun and D.-K. Ling, J. Chromatogr.,
603 (1992) 259.

[18) C.L. Ng, HK. Lee and S.F. Li, J. Chromatogr., 632
(1993) 165.

[19] S.C. Su, AYV. Hartkopf and B.L. Karger, J. Chroma-
togr., 119 (1976) 523.

[20] A.S. Kord and M.G. Khaledi, Anal. Chem., 64 (1992)
1901.

[21] S. Yang, L. Kruk and M.G. Khaledi, J. Chromatogr. A,
664 (1994) 1.

{22] S. Yang and M.G. Khaledi, Anal. Chim. Acta, 294
(1994) 135.

[23] J.P. Foley and J.G. Dorsey, Anal. Chem., 55 (1983)
730.



