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ABSTRACT Purpose: Vigabatrin, an anti-epileptic
drug with poor UV absorptivity, is used as a model
drug to investigate parameters affecting quantitative
determination of cationic drugs using capillary zone
electrophoresis with indirect UV detection. Methods:
All experiments were performed on a HP 3D CE
instrument equipped with an on-column diode array
UV absorbance detector. Untreated fused silica capil-
laries with an inner diameter of 50 μm, an outer diame-
ter of 365 μm, and a total length of 50 cm (41.5 cm to
the detector) were used. Indirect UV detection was per-
formed at 214 nm. Operational parameters such as
buffer type and concentration, its pH, probe type and
concentration, and the impact of co-ions on the effi-
ciency of separation, were studied. Sabrilex® sachets
and Sabril® tablets were subjected to analysis in this
study. Results: Optimal separation and quantification
of vigabatrin was obtained using 5 mM sodium phos-
phate buffer containing 5 mM benzyl tri-ethyl ammo-
nium hydroxide (BTEA) at pH 2.2, with 8-
aminocaprylic acid as the internal standard. The
method was linear over a range of 5-150 μg/ml (r =
0.9911) and a wider range of 100-600 μg/ml (r = 0.9937)
concentration of the drug. The relative standard devia-
tion (RSD) of migration time for 10 consecutive injec-
tions of a standard solution of vigabatrin was 0.19%.
The limit of quantification (LOQ) was 5 μg/ml. Conclu-
sions: The method was demonstrated for quantifica-
tion of vigabatrin in both tablet and sachet dosage
forms and proved to be a very specific and fast (8 min)
means of routine analysis of the drug in dosage forms,
in assay or dissolution testing. 

INTRODUCTION

Vigabatrin (4-amino-5-hexenoic acid) is structurally
related to γ-amino butyric acid (GABA) (Figure 1), an
inhibitory neurotransmitter in the brain. Vigabatrin
indirectly increases the levels of GABA, by inhibiting
GABA transaminase (GABA-T), an enzyme responsi-
ble for the degradation of GABA, which appears to be
responsible for the anti-epileptic action of the drug (1).
Vigabatrin is indicated as sachets (for oral solution) or
tablets for the adjunctive management of epilepsy that
is not satisfactorily controlled by conventional ther-
apy. Vigabatrin is indicated as initial monotherapy for
the management of infantile spasms (West syndrome)
(2).

Figure 1: Chemical structure of γ aminobutyric acid
(GABA) and its structurally related drug, vigabatrin.

Vigabatrin has been determined in different matrices,
including dosage forms and biological samples by gas
chromatography (GC) (3-5), high-performance liquid
chromatography (HPLC) (6-11), spectrofluorimetry
(12-14) and capillary electrophoresis (CE) using deriva-
tization of the drug with fluorescence tags (15, 16).
Vigabatrin exhibits a very low UV absorption. Conse-
quently, poor sensitivity is achieved with conventional
UV spectrophotometric methods. Thus, derivatization
of the drug is necessary if measurement of vigabatrin is
intended by UV/Vis or spectrofluorimetric detection.
o-Phthaldialdehyde (OPA), dansyl chloride and 4-
chloro-7-nitrobenzofurazan (NBD-Cl) have been com-
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monly used as derivatizing agents for fluorescence
detection (15). However, in general labeling reactions
are time consuming, sometimes require non-aqueous
conditions, and may produce numerous side-products
(17). 

The employment of CE for the analysis of drugs and
pharmaceuticals has been demonstrated in excellent
reviews (18, 19). The popularity of CE in the pharma-
ceutical fields has been accelerated by its simplicity,
high efficiency and selectivity, and large separation
capacity. Indirect UV detection is often used in CE for
the analysis of chemical compounds that lack an intrin-
sic chromophore or fluorophore. In indirect detection,
an absorbing or fluorescing ion, typically called the
probe, is added to the buffer. The probe ions are dis-
placed by analyte ions of the same charge and similar
mobilities. Displacement of the probe by the analyte
produces a decrease in signal (20,21). The main advan-
tage of indirect photometric detection is that it offers
universal detection. 

There are only a few reports discussing the use of CE
with indirect detection for drugs and pharmaceuticals
(22). The aim of this work was to explore the potential
of indirect UV detection for determination of
vigabatrin, a cationic model drug with poor UV
absorptivity, in its pharmaceutical dosage forms. 

MATERIALS AND METHODS

Materials

All solutions were prepared with Nanopure 18 MΩ
water (Barnstead, Chicago, IL, USA). 

Vigabatrin and 8-aminocaprylic acid (internal standard,
I.S.) were purchased from Sigma (St. Louis, MO,
USA), benzyl triethyl ammonium hydroxide (BTEA)
was obtained from Lancaster (Winham, USA) as a 40%
solution in methanol. All of the chemicals used were
reagent grade or better, and were used without further
purification. 

Buffers were prepared from hydrated sodium salts of
dihydrogen orthophosphate (BDH, Toronto, Canada)
after the required amount of BTEA had been added.
The pH was measured using a Model 445 digital pH
meter (Corning, Acton, USA) calibrated with aqueous
standards immediately prior to use. The pH was

adjusted using 0.1 M phosphoric acid or 0.1 M NaOH
(BDH).

Vigabatrin sachets were purchased as Sabrilex® 0.5 g
(Aventis Pharma S.A., Marion Merrell, S.A. Madrid)
with expiration date of 08.2005 from Noor Pharmacy
in Tehran, Iran. Vigabatrin tablets were obtained as
Sabril® 0.5 g (Aventis Pharma Inc., Laval, Quebec,
Canada) with expiration date of 12.2006 from the Main
Pharmacy, University of Alberta Hospital, Edmonton,
Canada.

CE Instrument and conditions

All experiments were performed on a HP 3D CE
(Hewlett-Packard, now Agilent, Palo Alto, CA, USA)
instrument equipped with an on-column diode array
UV absorbance detector. Data acquisition (at 20 Hz)
and control were preformed using ChemStation soft-
ware (HP 3D, Hewlett-Packard) for Windows 95 on a
Pentium II personal computer. Untreated fused silica
capillaries (Polymicro Technologies, Phoenix, AZ,
USA) with an inner diameter of 50 μm, an outer diam-
eter of 365 μm, and a total length of 50 cm (41.5 cm to
the detector) were used. In all experiments, the capil-
lary was maintained at 25°C. Samples were introduced
by hydrodynamic injection (50 mBar pressure injec-
tion) for 5 sec at the anodic end of the capillary and
detected at 214 nm. The optimum capillary rinse pro-
cedure was 1 min rinse with phosphoric acid 0.1 M and
2 min rinse with the running buffer. The rinsing pres-
sure was 940 mBar. A BTEA buffer was used for 10
consecutive runs before it was replaced with a new
buffer vial. Electrolysis caused by the applied voltage
can alter the pH within the electrolyte reservoirs (23).
This is particularly true with indirect detection where
dilute buffers are used. Thus, it is important to replace
the vials regularly to maintain the buffer conditions,
and thereby migration time reproducibility. Separa-
tions were performed at 25 kV, which was experimen-
tally determined to be within the linear portion of the
Ohm’s plot.

Sample preparations

Sachets-  Contents of  5 Sabrilex®  sachets were mixed
and accurately weighed. Then, a portion of the powder
equivalent to 500 mg of vigabatrin was weighed and
transferred to a 100 ml volumetric flask. Ten milliliter
of I.S. solution (50 mg/ml in 0.05 M HCl) was quanti-
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tatively transferred to the flask and the solution was
brought to volume with water. The mixture was fil-
tered into a flask using a Whatman filter paper No. 1
(Whatman International Ltd., Maidstone, England).
Then, 2 ml of the filtrate and 10 ml of sodium phos-
phate buffer 5 mM (without the probe) were quantita-
tively transferred to a 100 ml volumetric flask and
water was added to volume, to obtain a final test solu-
tion containing 100 μg/ml each of the drug and I.S.

Tablets- Five Sabril® tablets were weighed, powdered
and ground with a mortar and pestle for 5 min. An
amount equivalent to one tablet was accurately
weighed and transferred to a 100 ml volumetric flask.
Then, a test solution was obtained as described for
sachets.

RESULTS AND DISCUSSION

Preliminary Experiments

Correctly choosing an indirect detection probe and
providing suitable buffering of the background electro-
lyte are very important factors in the development of a
robust analytical method. Vigabatrin is an amphoteric
compound that bears a positive charge in low pH buff-
ers. Thus, to begin method development a 10 mM
sodium phosphate buffer at pH 2.5 was prepared and
used as running buffer. Further modifications were
performed on the buffer composition and pH as
described below.

Probe Type and Concentration

Selection of the probe is governed by consideration of
its mobility, spectral and basic physicochemical prop-
erties. The limit of detection is indirectly related to the
molar absorptivity of the probe (24). In addition, the
mobility and concentration of the probe are crucial for
the separation performance of the method, because
they influence peak shape and efficiency (21). In the
case of vigabatrin, aromatic amines were considered
suitable probes, as they exist as cations with appropri-
ate chromophores in acidic buffers. Naphthyl amines,
p-amino acetanilide and 8-amino quinoline were found
to be ideal for indirect detection of vigabatrin, provid-
ing peak efficiencies as high as 1.5 × 105. However, all
of these aromatic amines showed rapid discoloration at
the inlet buffer reservoir upon application of the high
voltage across the capillary. This effect caused gradual

deterioration of the separation efficiencies over consec-
utive runs, resulting in poor reproducibility. To avoid
any unsatisfactory effect on the method robustness,
aryl aromatic amines including benzyl amine and its
N-methyl and N-ethyl derivatives were tested as poten-
tial probes. Amongst these benzyl triethyl ammonium
(BTEA) yielded the best peak shape and efficiency, and
so was used in all further experiments. 

Generally indirect absorption detection is performed
with the concentration of the probe in the range of 2-
20 mM (24). Low concentrations are favored as they
minimize the limit of detection, but can suffer from
increased peak broadening due to electrodispersion
(21,22). On the other hand, high probe concentrations
may affect the linearity of the detection and the noise
level, and hence increase limit of detection (25). The
effect of BTEA concentration on the peak shapes of
the drug and I.S. is illustrated in Figure 2. A BTEA
concentration of 5 mM yielded a stable baseline and
reasonable resolution between the drug and better
peak shapes. Thus, this concentration of probe was
used in all further experiments.

Buffer Composition and pH

The necessity of buffering background electrolyte for
CE methods, especially for indirect detection, has been
demonstrated clearly by numerous authors (19,20,24).
However, buffering must be done carefully to not
degrade the sensitivity of indirect detection. The addi-
tion of buffer components that are co-ions to the ana-
lyte results in analyte ions displacing the buffer ions
rather than the probe, which causes a reduction in the
detection sensitivity (19). Also, the addition of buffer
co-ions (ions with same charge as the analyte ions, such
as Na+ in our case) to the running buffer results in
additional system peaks that complicate method devel-
opment. A number of means of buffering designed to
maximize method robustness while maintaining sensi-
tivity and simplicity have been developed (24). In our
study, the simplest approach would be to prepare a 5
mM solution of BTEA and to control the pH with 1
mM phosphoric acid. This avoids the introduction of
any co-ions. Surprisingly, using a BTEA-phosphoric
acid buffer resulted in large system peaks and tailed sig-
nal peaks for both the drug and I.S. Addition of
sodium or magnesium ions (as chlorides) to the buffer,
largely reduced the system peaks and peak tailing (Fig-
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ure 3). The peak tailing was attributed to the adsorp-
tion of the probe and /or the analyte ions onto the
capillary wall. Adsorption of probe molecules can
cause baseline noise and artifacts in indirect detection
(26). Alternately, adsorption of the drug on the capil-
lary causes poor separation efficiencies, as recently
reported in chiral CE separations of glycopeptide anti-
biotics (27). 

Figure 2: Effect of the probe (BTEA) concentration on the
separation efficiency and peak shapes at pH 2.5. Sample
solution contained only vigabatrin. Separation was made
using untreated fused silica capillaries with an inner
diameter of 50 μm, an outer diameter of 365 μm, and a
total length of 50 cm (41.5 cm to the detector). In all
experiments, the capillary was thermostatted at 25°C,
the applied voltage was 25 kV and samples were
detected at 214 nm. The running buffer was sodium
phosphate buffer at pH 2.5.

Green and Jorgenson introduced the use of alkali metal
additives to prevent adsorption of proteins on capillary
surfaces in CE (28). In our work, the sodium and mag-
nesium ions compete with the BTEA, vigabatrin and
I.S. for the adsorption sites on the capillary surface. 

Figure 3: Effect of running buffer composition on peak
shapes, (a) buffer containing BTEA and phosphoric acid,
(b) the same buffer as in (a) but 6 mM sodium chloride
was added to the buffer, and (c) the same buffer as (a)
but 4 mM magnesium chloride was added to the buffer.
Other conditions as in Figure 2.
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The effect of the added cation on the peak efficiency
(as number of theoretical plates) is shown in Figure 4.
The peak efficiency initially increases with addition of
cations to the running buffer, reflecting a decrease in
wall adsorption. However, at higher cation concentra-
tions, the efficiency again decreased. Presumably, this
decrease is due to electrodispersion caused by the dif-
ference in the mobility of Na+/Mg2+ and the drug/
probe. 

Figure 4: Separation efficiency (shown as N, the number
of theoretical plates) over a range of the Na and Mg ions
added to the running buffer. Other conditions as in Fig. 2.

Magnesium yielded sharper and more symmetric
peaks, as would be expected from its greater affinity to
the silica surface (29). However, it also caused greater
high frequency noise in the baseline. Thus, sodium
ions were preferred as additives to the running buffer.
The highest efficiency and most reproducible results
were obtained when 5 mM sodium chloride was added
to the buffer. However to minimize system peaks,
phosphate was used as the sodium counter-ion rather
than chloride. In addition, use of sodium phosphate
along with phosphoric acid yielded greater buffering
capacity for the running buffer. Thus, the final buffer
composition was then 5 mM sodium dihydrogen phos-
phate and 5 mM BTEA. Phosphoric acid (1 M) was
used to adjust the pH of the  buffer. 

Figure 5 shows the effect of the pH of the buffer in a
range of 2-3. It was clear from the results that pH 2.2
would result in higher efficiency. Considering the pKa
of carboxylic moiety (pKa is about 4.7) and pKa of
amine moiety (pKa is about 8.6), vigabatrin is almost
completely positively charged at pH 2.2. 

Figure 5: Separation efficiency over a range of pH. Other
conditions as in Figure 2.

Capillary Rinsing Protocol

Once the acidic buffer conditions had been established
for the indirect UV detection of vigabatrin and I.S. in
acidic buffer the effect of between-run rinses of the cap-
illary on the repeatability of the method was studied. 

In CE, it is important to rinse the capillary between
runs to regenerate the silanol functionality on the cap-
illary surface. This ensures a reproducible electroos-
motic flow, and thus reproducible migration times.
Traditionally, alkaline rinses are used. 

Table 1 shows the reproducibility observed for ten
consecutive injections of a standard solution of 100 μg/
ml vigabatrin and I.S. using between-run rinses at 940
imBar of 0.1 M NaOH for 1 min, followed by water
for 1 min, and then the running buffer for 2 min. The
same repeatability experiment was performed using
acidic between-run rinses consisting of 0.1 M phospho-
ric acid rinse for 1 min, followed by the buffer for 2
min. Better reproducibility was obtained using the acid
rinse cycle (Table 1). 
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This is possibly a reflection of the smaller change in
pH between the running buffer and the rinses. Acid
rinses, as described in the Materials and Methods, were
used for all analyses.

Table 1: Repeatability of the method under two protocols
for rinsing the capillary between runs. Conditions as in
Fig. 5.

Validation Assessments

The benefits of using an internal standard in quantita-
tive CZE has been demonstrated elsewhere (30). Peak
height ratios of vigabatrin to the I.S. were used for
quantitative measurements in this study because the
peak tailing due to adsorption of probe and /or ana-
lytes could not be completely eliminated, making
quantification using peak area imprecise. 

Specificity- The specificity of the method was evaluated
by analyzing sachets and tablets to see if any of the
other components within these interfered with analy-
ses. As shown in Figure 6, no interferences were
observed with the proposed method. The larger
amount of excipients generally used in tablets caused
large system peaks. However, these system peaks
appeared before the analyte peak, and thus did not
interfere. Further, no shifts in migration time relative
to pure vigabatrin standards were observed with either
the sachets or tablets.

Repeatability-The results of 10 consecutive injections of
a standard solution of vigabatrin are shown in Table 1.
The low RSD values obtained by acid-rinse cycle dem-
onstrate a precise method, which confirms the applica-
bility of the method for the drug assay. This
reproducibility experiment was repeated on 3 consecu-
tive days (only the acid-rinse cycle was performed
between runs). The RSD values for the migration time
and peak-height ratio on 3 consecutive days were 0.6%
and 2.3%, respectively. This indicates that the method
is robust, and could be employed as a routine method
for quality control of vigabatrin dosage forms.

Figure 6: Electropherograms of (a) a blank solution, (b) a
standard solution of 100 μg/ml of vigabatrin (Vig) and
100 μg/ml of the I.S., and (c) a tablet extract, and (d) a
sachet extract, both containing the same concentration of
the drug and I.S. as in the (b). The running buffer was
phosphate buffer 5 mM sodium at pH 2.2 containing 5
mM BTEA as the probe. Other conditions as in Figure 2.
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Linearity- Linearity of the peak height ratio of
vigabatrin/I.S. over two ranges of concentrations of
vigabatrin was assessed. The lower concentration range
was 5-150 μg/ml, starting at 5 μg/ml followed by 25 μg/
ml and continuing at 25 μg/ml intervals. The higher con-
centration range was 100-600 μg/ml at 100 μg/ml inter-
vals. The first concentration range covered a 5-150%
range of the nominal concentration of 100 μg/ml. The
linearity of the method over the second concentration
range was studied to demonstrate applicability of the
method for the assay of vigabatrin in tablet dissolution
testing. 

The results, given in Table 2, clearly show that linear
response can be obtained in both ranges of the drug
concentration. 

Table 2: Results of linearity assessment of the method
over two ranges of vigabatrin concentration. Conditions
as in Fig. 5.

Limit of Detection- In dosage form assay, limits of
detection (LOD) or quantification (LOQ) of the ana-
lytical method are not important parameters. How-
ever, for dissolution profile testing of vigabatrin
tablets, the sensitivity of the method is important. The
LOD of the method was determined using the method
described by Melanson et al. (17), and found to be 1.5
μg/ml. The LOQ was 5 μg/ml (3 times of LOD). This
LOQ is sufficiently low to cover down to 5% release of
the drug from tablet dosage form. 

Determination of vigabatrin in dosage forms

Three sachet extracts and 3 tablet extracts and a stan-
dard solution of vigabatrin (all prepared in exactly the
same way, as described in Sample Preparation section)
were analyzed with the CE method. The concentra-
tions were then determined from the calibration data
(obtained over the lower concentration range of the
drug). The recovery of vigabatrin from sachets was
99.4 – 100.4% and from tablets was 98.6 – 101.3%. The
greater variations in recovery of the drug from tablet

dosage form was attributed to the higher excipient con-
tent of the dosage form and the insolubility of some
excipients which reduced the efficiency of the extrac-
tion of vigabatrin, especially during the filtration pro-
cess. Figure 6 shows electropherograms of a standard
solution of the drug and extracts of Sabril® tablets and
Sabrilex®  sachets. 

CONCLUSIONS

The proposed CE method with indirect UV detection
is a simple, fast and robust method for the analysis of
vigabatrin in dosage forms. The method also provides a
simple solution for the problem of low UV absorptiv-
ity of the drug and proved to be less tedious than the
reported analytical methods. Thus, it can be consid-
ered as a reliable and practical quality control of
vigabatrin in its pharmaceutical dosage forms.

ACKNOWLEDGMENTS

We wish to thank The Vice Chancellor for Research
Affairs of Shaheed Beheshti University of Medical Sci-
ences (SBMU) for the financial support of this work.
Financial support for the work was also provided by
the Natural Sciences and Engineering Research Coun-
cil of Canada (NSERC) and the University of Alberta. 

REFERENCES
[1] Gale, K. and Iadarola, M.J., Seizure protection and

increased nerve-terminal GABA: delayed effects of
GABA transaminase inhibition. Science, 208:288-291,
1980.

[2] Perucca, E., Clinical pharmacology and therapeutic
use of the new antiepileptic drugs. Fundam Clin Phar-
macol, 15:405-417, 2001.

[3] Haegele, K.D.; Schoun, J.; Alken, R.G. and Huebert,
N.D., Determination of the R(-)- and S(+)-enanti-
omers of gamma-vinyl-gamma-aminobutyric acid in
human body fluids by gas chromatography--mass
spectrometry. J Chromatogr, 274:103-110, 1983.

[4] Schramm, T.M.; McKinnon, G.E. and Eadie, M.J.,
Gas chromatographic assay of vigabatrin enantiomers
in plasma. J Chromatogr, 616:39-44, 1993.

[5] Williams, J.; Bialer, M.; Johannessen, S.I.; Kramer,
G.; Levy, R.; Mattson, R.H.; Perucca, E.; Patsalos,
P.N. and Wilson, J.F., Interlaboratory variability in
the quantification of new generation antiepileptic
drugs based on external quality assessment data. Epi-
lepsia, 44:40-45, 2003.
196



J Pharm Pharmaceut Sci (www.cspscanada.org) 8(2):190-198, 2005
[6] Smitheres, J.A.; Lang J.F. and Okerholm R.A.,
Quantitative analysis of vigabatrin in plasma and
urine by reversed-phase high-performance liquid
chromatography. J Chromatogr, 341:232-238, 1985. 

[7] Chen, T.M.; Contario, J.J. and Fike, R.R., High-per-
formance liquid chromatographic assay for
vigabatrin and its primary degradation product in a
pharmaceutical tablet formulation. J Chromatogr,
398:351-354, 1987.

[8] Tsanaclis, L.M.; Wicks, J.; Williams, J. and Richens,
A., Determination of vigabatrin in plasma by
reversed-phase high-performance liquid chromatogra-
phy. Ther Drug Monit, 13:251-253, 1991. 

[9] Wad, N. and Kramer, G., Sensitive high-performance
liquid chromatographic method with fluorometric
detection for the simultaneous determination of gaba-
pentin and vigabatrin in serum and urine. J Chro-
matogr B, 705:154-158, 1998.

[10] Krivanek, P.; Koppatz, K. and Turnheim K., Simulta-
neous isocratic HPLC determination of vigabatrin
and gabapentin in human plasma by dansyl derivati-
zation. Ther Drug Monit, 25:374-377, 2003.

[11] Cetin, S.M. and Atmaca, S., Determination of
vigabatrin in human plasma and urine by high-per-
formance liquid chromatography with UV-Vis detec-
tion. J Chromatogr A, 1031:237-242, 2004.

[12] Hassan, E.M.; Belal, F.; Al-Deeb, O.A. and Khalil,
N.Y., Spectrofluorimetric determination of
vigabatrin and gabapentin in dosage forms and spiked
plasma samples through derivatization with 4-chloro-
7-nitrobenzo-2-oxa-1,3-diazole. J AOAC Int, 84:1017-
1024, 2001.

[13] Belal, F.; Abdine, H.; Al-Majed, A. and Khalil, N.Y.,
Spectrofluorimetric determination of vigabatrin and
gabapentin in urine and dosage forms through deriva-
tization with fluorescamine. J Pharm Biomed Anal,
27:253-260, 2002.

[14] Olgun, N.; Erturk, S. and Atmaca, S., Spectrofluori-
metric and spectrophotometric methods for the
determination of vigabatrin in tablets. J Pharm
Biomed Anal, 29:1-5, 2002.

[15] Chang, S.Y. and Lin, W.C., Determination of
vigabatrin by capillary electrophoresis with laser-
induced fluorescence detection. J Chromatogr B,
794:17-22, 2003.

[16] Benturquia, N.; Parrot, S.; Sauvinet, V.; Renaud, B.
and Denoroy, L., Simultaneous determination of
vigabatrin and amino acid neurotransmitters in brain
microdialysates by capillary electrophoresis with
laser-induced fluorescence detection. J Chromatogr B,
806:237-244, 2004.

[17] Melanson, J.E.; Wong, B.L.Y.; Boulet, C.A. and
Lucy, C.A., High-sensitivity determination of the
degradation products of chemical warfare agents by
capillary electrophoresis-indirect UV absorption. J
Chromatogr A, 920:359-365, 2001.

[18] Altria, K.D. and Elder, D., Overview of the status
and applications of capillary electrophoresis to the
analysis of small molecules. J Chromatogr A, 1023:1–
14, 2004.

[19] Altria, K.D.; Chen, A.B. and Clohs, L. Capillary
Electrophoresis as a Routine Analytical Tool in Phar-
maceutical Analysis. LCGC, 19(12): 2-7, 2001.

[20] Macka, M.; Johns, C.; Doble, P. and Haddad, P.R.,
Indirect photometric detection in CE using buffered
electrolytes-Part I, principles. LCGC, 19(1):38-47,
2001.

[21] Macka, M.; Johns, C.; Doble, P. and Haddad, P.R.,
Indirect photometric detection in CE using buffered
electrolytes-Part II, practical rules. LCGC, 19(2):178-
188, 2001. 

[22] Altria, K.D.; Wallberg, M. and Westerlund, D. Sepa-
ration of a range of cations by nonaqueous capillary
electrophoresis using indirect and direct detection. J
Chromatogr B, 714:99-104, 1998.

[23] Macka, M.; Anderson, P. and Haddad, P.R. Anal.
Chem. 70:743-749, 1998.

[24] Johns, C.; Macka, M. and Haddad, P.R., Enhance-
ment of detection sensitivity for indirect photometric
detection of anions and cations in capillary electro-
phoresis. Electrophoresis, 24:2150-2167, 2003.

[25] Xu, X.; Kok, W.T. and Poppe, H., Noise and base-
line disturbances in indirect UV detection in capil-
lary electrophoresis. J Chromatogr A, 786:333-345,
1997.

[26] Choy, T.M.H. and Huie C.W. Investigation of the
effects of wall adsorption of the visualization agent
on baseline noise characteristics for indirect UV
detection in capillary electrophoresis. Electrophoresis,
24:3030-3048, 2003.

[27] Jiang, Z.G.; Kang, J.W.; Bischoff, D.; Bister, B; Sus-
smuth, R.D. and Schurig V., Evaluation of balhimy-
cin as a chiral selector for enantioresolution by
capillary electrophoresis. Electrophoresis, 25:2687-
2692, 2004.

[28] Green, J. and Jorgenson, J.W., Minimizing adsorp-
tion of proteins on fused-silica in capillary zone elec-
trophoresis by the addition of alkali-metal salts to the
buffers. J Chromatogr, 478:63-70, 1989.

[29] Mammen, M.; Carbeck, J.D.; Simanek, E.E. and
Whitesides G.M., Treating electrostatic shielding at
the surface of silica as discrete siloxide center dot cat-
197



J Pharm Pharmaceut Sci (www.cspscanada.org) 8(2):190-198, 2005
ion interactions.  J Am Chem Soc, 119:3469-3476,
1997.

[30] Shafaati, A. and Clark, B.J., Determination of azathi-
oprine and its related substances by capillary zone
electrophoresis and its application to pharmaceutical
dosage forms assay. Drug Dev Indust Pharm, 26:267-
273, 2000.
198



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


