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Abstract

In this paper, the pressurized capillary electrochromatography (pCEC) with UV detection was utilized for the separation and determination of
three structurally related estrogens, such as diethylstilbestrol (DES), hexestrol (HEX) and dienestrol (DE), which were difficult to be separatec
by capillary electrophoresis (CE) and HPLC due to their similarity in the structure and charge-to-mass ratios. Experiments were carried out in &
commercially available pCEC instrument using a capillary column packed with 8ctadecyl silica (ODS). Surfactant sodium dodecyl sulfate
(SDS) was introduced in the mobile phase to enhance the speed of analysis. The effective factors on the retention time and separation resolutic
such as the applied voltage, supplementary pressure, the pH and the concentration of the buffer solution, the concentration of SDS, and the cont
of acetonitrile in the mobile phase, were evaluated. Based on the investigation, 31% (v/v) acetonitrile and 69% (v/v) of 10 mmol/L phosphate buffer
(pH 6.5) containing 1.0 mmol/L SDS at an applied voltage-df2 kV and a supplementary pressure of 1000 psi were found to be the optimal
conditions for pCEC to separate the three estrogens. The method also had been applied to the analysis of fish muscle samples spiked with estroge
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction advantage is that the application of pressure in capillary elec-
trochromatography could minimize bubble formation, which
Capillary electrochromatography (CEC) is a hybrid micro-will stop the current and destroy the separaf]. CEC sep-
column electro-separation technique that couples the high sepsation technique has been proved to be a powerful tool for fast
aration efficiency of capillary zone electrophoresis (CZE) withscreening and separation, therefore, it has received considerable
the high selectivity of high performance liquid chromatographyattention in the analysis of analogs in recent yg¢ard.1].
(HPLC). Separation can be achieved both by partition and elec- DES, HEX and DE, a kind of structurally related estrogens
tromigration[1,2]. The unique characteristic of pressurized cap-which are very similar in structures and effects ($ég. 1),
illary electro-chromatography (pCEC) is that the electroosmoti@re widely used in livestock production to promote growth rate
flow (EOF) can be combined with pressure, which involves theand taken as a treatment for estrogen-deficiency disorders in
application of pressure in the electrochromatographic separatioreterinary medicine. However, the research on food toxicology
by using a HPLC pum{8,4], and changes the near plug-shapedshowed that the illegal application of estrogens as repartitioning
flow. In the case, the pump pressure can be applied as anothegents in meat-producing animgli?] became a main hazard
driving factor to enhance the separation speed and shorten the human health, because of their potential carcinogenic prop-
separation time. This will benefit the separation especially wheerties and other adverse effects. Therefore, fast screening and
the electroosmotic flow (EOF) of the column is too low. Anotherconfirmation of estrogens were important for the investigation
of potential use of estrogens in food-safety area. Several meth-
_— ods, namely gas chromatography—mass spectrometry (GC-MS)
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Gong Ye Road, Fuzhou, Fujian 350002, China. Fax: +86 591 3713866. . .
** Corresponding author. [16]and on-line SPE-LC-dlode_ array detect[(hﬁr],_ had glready
E-mail addresses: zhxie@fzu.edu.cn (Z. Xie), gnchen@fzu.edu.cn been reported for the determination of DES either in pharma-
(G. Chen). ceutical formulation, in environment matrices or in biologic

0021-9673/$ — see front matter © 2005 Elsevier B.V. All rights reserved.
doi:10.1016/j.chroma.2005.08.024



S. Liu et al. / J. Chromatogr. A 1092 (2005) 258-262 259

OH < OH prised a solvent gradient delivery module, a high-voltage power
L O OH supply 30kV and +30kV), a variable-wavelength UV—vis
HO O @ ] HO detector, a micro fluid manipulation module (including a six-port
HO injector) and a data acquisition module. A continuous mobile
hexestrol dienestrol diethylstilbestrol phase is generated by merging two flows in a mixer and enters
six-port injection valve. Samples injected are delivered to the
injection valve and introducefd 8] in the internal 2.L sam-
matrices. However, the similarity of analytes in the structureﬁqI igﬁgp'ha;ns(ltfﬁfvr\; Tﬂgiglﬁgutﬁ t?ne;(;gEﬁogrtssg}vveahtfebﬁlowe
and charge-to-mass ratios is the biggest obstacle in SEparatigﬂters :f capillary c;olumn Sndergconstant p?essure C(’)ntrolled by
of other structurally related estrogens. As aresult, Capillary elec: . :
trophoresis, HPLC and other micro-column separation methodd back-pressure regulator: A negative voltage was applied to the
have not yet been successfully applied for the simultaneous Seoutlet of column, and the inlet of column was connected to the
aration and determination of diethylstilbestrol, hexestrol anCE
ion system was used and 225 nm was used as the measurement

dienestrol. . : :
In this paper, a pCEC system with UV detection was deVel_vvavelength of the UV-vis detector. The schematics of TriSep-

oped for the separation and determination of three estrogens. T 810GV CEC system is shown Fig. 2
performance of the pCEC system was evaluated for the purpose

of studying and understanding the separation mechanism. THe3. Procedures

applicability of this residue analysis method has been evaluated

Fig. 1. Chemical structures of the three structurally related estrogens.

plit valve and grounded. In this experiment, the isocratic elu-

with fish muscle samples. Stock solutions (1.6& 10~2mol/L) of each estrogens were
first prepared in methanol, and diluted by methanol to obtain the
2. Experimental desired concentration before use. All samples were protected
from light and stored at room temperature. Prior to pCEC anal-
2.1. Materials ysis, the samples were passed through a m3Silter.

Extraction of the fish muscle sample was carried out by agitat-

Capillary column 10Qum/375um (1.D./O.D.) was obtained ing 2.5 g of fresh fish muscle containing three estrogens additive
from Unimicro Technologies, the total length of the capillary and 5 ml of methanol in a 10 ml centrifuge tube for 5min, and
used was 35cm, of which 20 cm was packed wifhn3 ODS  ultrasonic extracting for 20 min. Followed by centrifugation for
particles. Deionized water was obtained using a Millipore Milli- 10 min at 4000 rpm, the upper layer of the mixture was trans-
Q purification system (Milford, MA, USA). DES, HEX and DE ferred into a test tube and evaporated to dryness in a water bath
were purchased from Sigma (St. Louis, MO, USA). Acetonitrileat 70°C. The concentrate was final dissolved by 2 ml methanol,
(ACN) and methanol (Chemical Reagent Corporation, Shangand filtered with a 0.45.m filter before injection.
hai, China) were of chromatographic grade. Sodium dodecyl Mobile phase solutions were prepared as follows: a certain
sulfate (SDS) (FARCO chemical supplies, Hong Kong), sodiumvolumes of acetonitrile and phosphate buffer containing defined
phosphate monobasic, sodium phosphate dibasic dodecahydr&BS were mixed. Buffer was prepared from a 0.2 mol/L solution
and phosphoric acid (Chemical reagent Plant, Shanghai, Chinaj phosphate salt, pH of phosphate buffer was adjusted using

were of analytical grade. 10% phosphoric acid. Mobile phase solution was degassed in an
ultrasonic bath for 15 min before use. A negative voltage was
2.2. Apparatus applied to the column outlet and the column inlet was grounded.

Pressure was applied to the column inlet during the separation.
pCEC was carried out on a Trisep 2010GV CEC system Before a pCEC experiments, the column was conditioned
(Unimicro Technologies, Pleasanton, CA, USA) which com-on the instrument with the mobile phase for 1 h, applied voltage

Fig. 2. Schematics of TriSep-2010GV CEC system: (1) mobile phase reservoir one, (2) mobile phase reservoir two, (3) PTFE tube, (4) pump two, €) pump c
(6) micro-mixer, (7) micro-splitting four-port, (8) six-port, (9) back-pressure regulator, (10) column, (11) detector, (12) grounded e{&@8)retitrical wire, (14)
high-voltage power supply, (15) waste one, (16) electrode and (17) waste two.
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was firstramped from 0 te 12 kV and then operated atl2kV.  in a phosphate buffer at pH 6.5, which was used in further
The column was equilibrated for about 30 min after the mobilemeasurements.
phase was changed and the temperature of the column was keptThe change of buffer concentration will modify the double

at room temperature. layer on the silica surface and finally change the EOF of the
CEC systen{25,26] The common phenomena in CZE is the
3. Results and discussion increase of the buffer concentration will lead to the decrease
of the thickness of the electric double layer at the liquid—solid
3.1. Optimized conditions for separation of estrogens interface and the decrease of the zeta pote[fidl However,

a reverse phenomenon was observed in our experiment. The

The effective factors on the migration behavior of three strucmigration velocity of these three estrogens increased slightly
turally related estrogens, such as the component of mobile phasgith an increase of buffer concentration, which owed to the
flow rate, applied voltage and back-pressure regulator, have beeeduction in solvent viscosity caused by the thermal effect,
investigated in detail. and therefore increasing the electroosmotic velocity. We also

The components of mobile phase, e.g. the concentratiomvestigated the effect of phosphate buffer concentration on the
of SDS or the content of ACN, is expected to influenceseparation in the range of 6—10 mmol/L, results showed that the
various physical parameters (ionic strength, viscosity, dielectricesolution slightly increased with the increase of buffer concen-
constant) of flow in the pCEC system. In order to examinetration from 6 to 10 mmol/L. However, when the concentration
the effect of organic modifier on the separation of analytes byf the buffer solution was over 10 mmol/L, we found that the
pCEC, different content of acetonitrile solutions, in the rangeincrease of ionic strength result in a high background current
of 30—-34% (v/v), were added to a 10 mmol/L phosphate buffethat lead to the high frequency of bubble formation. So the opti-
(pH 6.5) containing 1.0 mmol/L SDS. When the content of ace-mization of buffer concentration was 10 mmol/L.
tonitrile was increased, an increase of the electroosmotic flow The electrophoretic mobility of all these three estrogens
velocity was observed, which indicated that the separation of thimcreased rapidly with the increase of applied voltage under con-
estrogens is faster in mobile phase containing higher content stant pressure. Over the range-& kV to —12 kV, the optimal
acetonitrile. resolution among DES, HEX and DE was obtained @kV, but

The addition of surfactants into the mobile phases of CEQhe retention time of 36 min was almost unacceptable. Higher
has been studied by several authfi8-21] In CEC, SDS voltages up to-12kV could be employed to reduce the reten-
has been found to be effective in not only preventing bubblegion time down to 17 min and still provided a baseline resolution.
formation by decreasing the surface tension at the solid—-liquid\ further increase in applied voltage decreased the resolution
interface[22], but also controlling and stabilizing EOF velocity significantly due to the large EOF rate as well as joule heat-
by changing the surface charged deng8]. The EOF velocity ing. Therefore—12 kV was selected as the optimum voltage to
was found to increase very quickly at the first stage withaccomplish a good compromise.
a surfactant concentration from 0 to 1.0mmol/L. A further Intheisocratic elution pCEC experiments, the total flow from
increase of the SDS concentration brought out a slight increagbe four-port valve was split into two paths, and one went to the
of the EOF values, which was attributed to the change in zetpacked capillary column whose column pressure was fixed by a
potential due to adsorbed SDS molecules. This behavior can dEck-pressure regulator. In the experiment, dienestrol was cho-
explained more simply by considering the structure of the SDSen to evaluate the effect of flow rate of the pump on the response
molecule[24]. Meanwhile, a loss of the resolution between DE of estrogens. The result demonstrated that response of diene-
and HEX and an increase of the resolution between DES anstrol decreased with the increase of the flow rate from 0.08 to
DE were observed, which could be explained by the chang®.15 ml/min under the same voltage and pressure, which maybe
of the capacity factor when the concentration of SDS wasttributed to the loss of the quantity of the analytes in column.
increased from 0 to 3.0 mmol/L in the mobile phase. ThereforeHowever, an increase of the resolution for the three estrogens
1 mmol/L of SDS was added in the mobile phase as a surfactantvas observed. Therefore, a constant flow rate (0.1 ml/min) of
mediator for improving the resolution and analytical speed othe pump was used.
analytes. The pCEC chromatogram under the optimum conditions for

In our experiments, the pH of buffer solution was measuredeparating three estrogens by using a pCEC-UV system was
before mixing with the organic solvent. The dependence ofhown inFig. 3.
the migration behavior of these three estrogens on the pH
was investigated in the range of pH 5.0-7.2. Because th&.2. The linear range, detection limit and precision
generation of the mobile phase flow depends on the number of
dissociated residual silanol groups, high pH values are required A series of standard solutions of the three estrogens with a
for a strong electroosmotic flow and rapid analysis. Theconcentration range of 1:010-°to 2.0x 102 mol/L was ana-
migration velocity of all these three estrogens was increaselyzed under optimum conditions and the calibration parameters
with increasing of buffer pH in the range of pH 5.0-7.2, which were shown infable 1 The linear ranges of the analytes inves-
owed to the expected increase in silanol group ionisation aigated were between 5:010~° and 1.0x 10~3 mol/L, and the
higher pH. However, the increase of the buffer pH lead todetection limits were lower or near 2:010-% mol/L (S/N =3).
a slightly loss of resolution. The best results were obtainedable 1showed the relative standard deviations (RSD) of peak
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Table 1
Precision datai{=6)? and linearity results for the determination of the analytes

Analyte Peak area (mV's) Linear range t¥0nol/L) LODP (uwmol/L) Regression equatio:(mV s) =aX (10* mol/L) — b
Average RSD (%) a b 2

DES 3062 5.01 5-100 4.2 1605.9 123.3 0.9963

DE 6188 6.18 5-100 1.6 3512.9 443.1 0.9981

HEX 4020 5.84 5-100 3.6 1979.9 405.2 0.9926

a The concentration of all the three estrogens was10~* mol/L.
b Detection limit was estimated according to three times the signal-to-noise ratio.

Time (min)

Table 2
b 1 Recoveries of three estrogens in fish sample analysiS)
0.1 mAU
Analyte  Added amount Found amount Recovery (%) RSD (%)
(mol/L) (mol/L)
a allc 1.0x 1074 8.50% 1075 85.0 9.2
g DES 2.0x 104 1.92x 104 86.0 6.8
@ 4.0x104 3.56x 104 89.0 8.0
[o's
1.0x 104 9.00x 107° 90.0 7.8
DE 2.0x 104 1.98x 104 89.0 6.0
4.0x 1074 3.68x 10~ 92.0 6.2
- 1.0x10°* 9.30x 10°° 93.0 6.4
2 4 6 8 10 12 14 16 18 20 22 HEX 2.0x10°* 1.90x 104 95.0 4.3
4.0x104 3.60x 104 90.0 5.9

Fig. 3. The pCEC chromatogram under the optimum conditions for separat-

ing three estrogens. Experiment conditions: capillary columnuiB75um ..

(1.D./0.D.), the total length of the capillary used was 35 cm, of which 20 cm Wasj‘j' Applications

packed with ODS (&m), mobile phase: 31% (v/v) acetonitrile, 69% (v/v) of

10 mmol/L phosphate buffer (pH 6.5, containing 1 mmol/L SDS) (31:69) (v/v),  Analyses of fish muscle samples spiked with three estrogens,

applied voltage-12 kV, supplementary pressure 1000 psi, flow rate 0.1 ml/min: respectively, were carried out to verify the applicability of pPCEC
(2) DES, (b) DE and (c) HEX. by the standard addition method. The chromatogram of fish mus-
) ~ cle sample spiked with 1.9 10~* mol/L of three estrogens was

areas of the analytes when the analysis was repeated six timggown inFig. 4. The recovery of the spiked estrogens after the
under the same conditions. All the RS_Ds were shown as |°We§ample preparation procedure was estimated by comparing the
than 7.0%, which demonstrated that this method had good represirogens peak area obtained in spiked fish muscle sample with
ducibility. the estrogens peak area obtained with the corresponding stan-
dard solution mixture of the estrogens. From this assay (see
Table 2, mean values of recoveries of 85.0-89.0% for DES,
89.0-92.0% for DE and 90.0-95.0% for HEX were obtained,
respectively, which indicated the reliability of the method for

the real sample analysis.
I 0.05mAU

4. Conclusions

Response

A pressurized isocratic elution CEC method was developed
a e for the separation and determination of three structurally related
estrogens. All the estrogens were completely separated using a
", mobile phase consisted of a mixture of acetonitrile and phos-
phate buffer solution (pH 6.5) containing SDS. The effect of
various experiment conditions on the separation of the inves-
tigated analytes was studied in order to understand the pCEC
Fig. 4. pCEC Chromatograms of extracts fromk10~#mol/L DES, DE  Separation mechanism. The experiment demonstrated that the
and HEX spiked fish muscle. Experiment conditions: capillary columnsupplementary pressure and SDS played an important role in
100p.m/375um (1.D./O.D.), the total length of the capillary used was 35cm, of {ha separation of three estrogens. Furthermore, SDS had been

which 20 cm was packed with ODS §3n), mobile phase: 31% (v/v) acetoni- Lo . .
trile, 69% (v/v) of 10 mmol/L phosphate buffer (pH 6.5, containing 1 mmol/L found to be effective in not Only preventing bubble formation but

SDS) (31:69) (v/v), applied voltage12 KV, supplementary pressure 1000 psi, &S0 controlling and stabilizing EOF. The supplementary pres-
flow rate 0.1 ml/min: (a) DES, (b) DE and (c) HEX. sure also could be used to overcome the problems of bubble

4 8 12 16 20 24 28 36

Time (min)
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formation and control the EOF velocity. As thus, the speed of[9] B. Santos, B.M. Simonet, A. Rios, M. Vdecel, Electrophoresis 25
analysis was enhanced dramatically, which would be proved to  (2004) 3231. .
be Significant for the rapid Screening in food residue analysié.lo] E.P.C. Lai, E. Dabek-Zlotorzynska, Electrophoresis 20 (1999) 2366.

. . . . . [11] K. Ohyama, M. Wada, Y. Ohba, O. Fujishita, K. Nakashima, N. Kuroda,
The applicability of this residue analysis method was also eval- ™" 5. = Chromatogr. 18 (2004) 396.

uated with fish muscle samples. [12] M.W. Pfaffl, B. Reck, R. Dreher, H.H.D. Meyer, Anal. Chim. Acta 483
(2003) 401.
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