
Journal of Chromatography A, 1053 (2004) 217–226

Determination of impurities in the drug 5-aminosalicylic acid by micellar
electrokinetic capillary chromatography using an electrolyte pH that

approaches the isoelectric point of the parent compound

Lee Allena, Julie Weinbergerb, Robert Weinbergerc,∗
a Procter and Gamble Pharmaceuticals, Norwich, NY 13815, USA

b Horace Greeley High School, Chappaqua, NY 10514, USA
c CE Technologies Inc., P.O. Box 140, Chappaqua, NY 10514, USA

Available online 28 July 2004

Abstract

Process impurities found in the drug substance 5-aminosalicylic acid were determined by micellar electrokinetic capillary chromatog-
raphy (MECC). In order to enhance the detection of trace impurities, the parent drug was dissolved to an unusually high concentra-
tion of 5 mg/mL. To reduce the dispersive processes of electromigration dispersion and anti-stacking, both of which occur at high solute
concentration, the electrolyte pH was adjusted to be close to the apparent isoelectric point (pI) of the zwitterionic drug. In this fash-
ion, the net charge on the solute should approach zero thereby minimizing the aforementioned sources of band-broadening. Two addi-
tional developments are reported. Short sodium hydroxide washes were used to optimize the MECC reproducibility. The elimination of
anti-stacking permitted the use of peak heights to quantitate low level impurities with improved precision. The method was compared to the
high-performance liquid chromatographic (HPLC) method found in the United States Pharmacopoeia (USP). Both the MECC and HPLC
methods were found to be similar with regard to migration-retention time reproducibility, peak area-height reproducibility, linearity and
limit of quantitation. The MECC separation is 2× faster than HPLC. Both methods meet the system suitability requirements described in
the USP.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

High-performance capillary electrophoresis (CE) has not
been routinely used for the determination of impurities in
pharmaceutical products. Methods must have sufficient sen-
sitivity to detect impurities, relative to the main compound,
at or below the 0.1% level and below. This sensitivity re-
quirement is sometimes problematic when CE is employed.
In some applications, isotachophoretic techniques such as
sample self-stacking[1] can be used to improve limits of
detection (LODs) but these methods are often too complex
for routine use. Indeed, one of the attractive features of CE
is simple methodology.
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One problem limiting the detection of impurities us-
ing CE is the need to use relatively low concentrations
(0.5–1 mg/mL) of the main drug substance. Higher con-
centrations can result in electromigration dispersion of the
main component and anti-stacking of the trace impurities.
The end-result is increased band-broadening beyond what
is normally expected when optimal conditions for CE are
used. This band-broadening can prevent the observation of
impurities or degradants that have migration times near that
of the main component.

The separation of trace impurities in phenol process
streams as neutral compounds by micellar electrokinetic
capillary chromatography (MECC) has been reported[2].
By selecting an electrolyte pH of 7, the main component
is effectively neutral (the pKa of phenol is 10) and elec-
trodispersive band-broadening is eliminated. The absence
of band-broadening allows 10 mg/mL solutions of the main
component to be prepared and separated which results in
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sub-ppm LODs for the impurities and a linear dynamic
range of 105.

Reaching solute neutrality for phenol is relatively easy
because of its high pKa. The normal working pH range for
CE is 2–12 making it difficult to achieve solute neutrality
for any acid with a pKa of less than 5 or any base with a pKa
of greater than 9. Since these boundaries are well-defined,
we decided to test the applicability of this method for deter-
mining impurities and degradants in a zwitterionic drug. In
this case, the ideal pH to minimize band-broadening would
be equal to the pI of the zwitterion. Note that it is not nec-
essary for the impurities to be neutral, only the main com-
ponent. The impurities are too dilute to incur or cause any
band-broadening.

5-Aminosalicylic acid (5-ASA, generic name: mesalamine)
is marketed for the treatment of ulcerative colitis. The po-
tential process impurities are available as well-characterized
and purified standards. The structures of the main drug and
selected impurities are shown inFig. 1. These impurities
can be determined by high-performance liquid chromato-
graphic (HPLC)[3] but a 1 h run time is required to resolve
all impurities. With this information in hand, we decided
to test the suitability of the neutral solute concept for the
separation of and determination of impurities in 5-ASA.

Four of the drug-related impurities of 5-ASA were previ-
ously separated by MECC using a relatively complex alka-
line electrolyte on a short 8.5 cm capillary[4]. In the cited
paper, the authors report a limit of quantitation (LOQ) of

Fig. 1. Structures of 5-ASA and its impurities and degradation products.

0.05% for 3-ASA and this is usually adequate for quanti-
tation of most impurities. A short capillary will not likely
be suitable to separate a full complement of impurities due
to limited resolving power. When a longer capillary is used
with the correspondingly longer separation time, the LOQ
will be proportionately higher because of solute diffusion.

2. Experimental

2.1. Reagents

The main drug, 5-ASA and all impurities were standard-
grade material obtained from Procter & Gamble Pharma-
ceuticals (Norwich, NY, USA). Phosphoric acid, sodium
dodecyl sulfate (SDS), and sodium 1-octanesulfonic acid
were obtained from Sigma (St. Louis, MO, USA). Borate
buffer, pH 9.3 and borate–SDS were obtained from Agi-
lent Technologies (Wilmington, DE, USA). Methanol, ace-
tonitrile and potassium phosphate, monobasic were obtained
from J.T. Baker. Phenol was obtained from Dakota Gasifi-
cation (Beulah, ND, USA).

2.2. Capillary electrophoresis

An Agilent CE system was used for all studies. The cap-
illary was 72 cm (length to detector)× 50�m i.d. with an
extended pathlength (bubble factor) of 3. The optimized



L. Allen et al. / J. Chromatogr. A 1053 (2004) 217–226 219

Fig. 2. Impact of pH on peak shape of 5-ASA (5 mg/mL). Capillary: 80.5 cm (effective length 8.5 cm)× 50�M i.d.; BGE: 50 mM phosphate, 50 mM
SDS, pH as specified on figure; injection:−250 mbar s; temperature: 30◦C; voltage: 30 kV; detection: UV, 200 nm.
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background electrolyte (BGE) was 50 mM phosphate, pH
6.3 with 75 mM SDS. The voltage was 30 kV and the tem-
perature was 30◦C for all studies. Detection at 200 nm was
used for most studies though any wavelength from 200 to
230 nm could be employed. The lower wavelengths provided
two to three times improved detection at the expense of a
slightly less stable baseline and the potential for more base-
line artifacts.

Prior to initial use, the capillary was conditioned with 1 M
sodium hydroxide for 15 min. In between runs, the capil-
lary was conditioned with 0.1 M sodium hydroxide for 6 s
followed by BGE for 5 min.

For all scouting runs, the short-end of the capillary
(8.5 cm) was used and the injection size was−50 mbar s.
The long-end of the capillary (72 cm) was used for all
analytical separations with an injection size of 100 mbar s.

2.3. Electrolyte preparation

For the initial scouting runs, 490 mg of phosphoric acid
and 1.44 g SDS were added to 100 mL of water to yield
50 mM phosphate and 50 mM SDS. The pH was coarsely
adjusted with 5 M sodium hydroxide and then fine adjusted
with 1 M sodium hydroxide to prepare solutions with pH’s
of 2, 3.65, 5.6, 7, 8, 10.23 and 11. The optimal BGE compo-
sition consisted of 75 mM SDS, 50 mM phosphate, pH 6.3.

2.4. Sample preparation

A 5 mg/mL solution of 5-ASA in 50 mM phosphate, pH
7, with 50 mM SDS was used for most studies. The sample
was heated in 50◦C water and sonicated for 1 min to com-
pletely dissolve the sample. The solute remained in solution
at room temperature but precipitated upon refrigeration. For
the scouting runs, the sample was dissolved in each individ-
ual electrolyte.

2.5. Estimation of isoelectric point (pI)

Electrolytes without SDS were prepared by titrating
50 mM phosphoric acid with 5 M and then 0.1 M sodium
hydroxide to pH 3, 3.7, 4.2 and 6.3. The short-end of the
capillary was employed and the solute was dissolved in
50 mM phosphate, pH 6.3 at a concentration of 0.8 mg/mL.
Phenol, present at 0.3%, served as a neutral marker. The
UV spectrum of each component was used to track solute
migration.

2.6. High-performance liquid chromatography (LC)

A Waters model 2695 pump and autosampler coupled to
a Waters 2487 UV detector set at 220 nm was used for all
studies. The column was a 150 mm× 4.6 mm i.d. Restek
Ultra C8 packed with 5�m particles. The mobile phase flow
rate was 1.2 mL/min. Separation was performed at ambient
temperature.

Aqueous buffer was prepared by dissolving 1.36 g
of potassium phosphate monobasic and 2.2 g sodium
1-octanesulfonate into 890 mL of purified water and filter-
ing through a 0.5�m filter. The pH was adjusted to 2.2
with phosphoric acid. The final mobile phase consisted of
80 mL of methanol and 30 mL of acetonitrile added to the
filtered, aqueous buffer.

3. Results and discussion

3.1. Impact of pH on the peak shape of 5-ASA

Fig. 2 shows electropherograms of 5-ASA, 5 mg/mL in
50 mM phosphate with 50 mM SDS, at various pH values.
At pH 8–11, broadened saw-tooth peaks were obtained that
were characteristic of electromigration dispersion. The peak
sharpened at pH 7 but showed some evidence of asymmetry.
At pH 5.6, a sharpened peak was found but with an asym-
metry opposite to pH 7. The drug substance in the pH 5.6
buffer precipitated after a few hours. It has been reported
that the solubility of 5-ASA is minimized between pH 2 and
5.5 [5].

These data were consistent with the hypothesis that a
neutral zwitterion will provide a sharp peak, even at a

Fig. 3. Impact of pH on peak shape of 5-ASA at 50 and 200 mbar s
injection. Other conditions as inFig. 1.
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concentration of 5 mg/mL. The reversal of peak asymmetry
was consistent with the reversal of charge that was expected
when the pH of the BGE crosses the pI of the solute. How-
ever, the presumed pI range (pH 5.6–7.0) fell outside of the
range of limited solubility.

Fig. 3shows electropherograms of 5-ASA at two injection
levels and three different pH values, 5.6, 6.3 and 7. Saw-tooth
peaks were found at the outer pHs whereas pH 6.3 yields a
symmetrical peak, particularly for the smaller injection size.

Fig. 4. Determination of pI of 5-ASA in the absence of SDS. Other conditions as inFig. 1.

A series of experiments using capillary zone elec-
trophoresis (CZE) were performed to estimate the pI of
5-ASA. Buffers at pH 3, 3.7, 4.2 and 6.3 were used as
electrolytes. Surfactants were not used for this study. The
drug concentration was reduced to 0.8 mg/mL to preserve
solubility. Phenol served as a neutral marker. The results
are shown inFig. 4. At pH 6.3, phenol elutes well before
5-ASA. This means that 5-ASA was negatively charged at
that pH. As the pH was decreased to 4.2, phenol eluted
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first and was rapidly followed by 5-ASA. At pH 3.7, both
peaks coeluted. At pH 3.5, ASA eluted before neutral
phenol proving that the drug was positively charged at
that pH.

Contrary to the MECC data which indicated the pI of
5-ASA is 6.3, these latter data suggest a pI = 3.7. Several
effects may account for these differences. First of all, 5-ASA
at 5 mg/mL acts as a weak acid and will reduce the pH
of the sample solution when dissolved in a buffer. That is
why pH 7 was selected as the optimal sample diluent. Using
50 mM phosphate, pH 7 as diluent, a pH of 6.1 was found
for a 5 mg/mL solution. In 50 mM phosphate, pH 6.3, the pH
dropped to 5.4 after drug addition and the drug was not fully
soluble. At a concentration of 0.8 mg/mL, the concentration
used for the CZE separations, the pH lowering effect was less
pronounced and solubility was maintained. This permitted
accurate measurement of the pI when using buffers without
surfactant.

Fig. 5. Separation of 5-ASA from its impurities and degradation products. Capillary: 80.5 cm (effective length 72 cm)× 50�M i.d.; bubble factor 3;
BGE: 50 mM phosphate, 75 mM SDS, pH 6.3; injection: 100 mbar s; temperature: 30◦C; voltage: 30 kV; detection: UV, 200 nm.

The micellar model for ionic surfactants describes four
zones[6]. The core which is formed by the surfactant’s
hydrophobic tail has a diameter of 10–28 Å. The next layer,
known as the Stern layer is several angstroms thick and
contains the head groups and their counterions. The largest
portion of the micelle is the Gouy–Chapman layer. This
double layer of counterions is several hundred angstroms
thick and the counterion-concentration, as H+ (for an anionic
surfactant) can be 100× greater than in the fourth layer,
the bulk surrounding water. In this region, the pH can be
1–2 units lower compared to the bulk aqueous solution[7].
This explanation coupled to the reduction of electrolyte pH
by 5-ASA are consistent with the apparent pI as determined
by CZE.

Compared to the previous work with phenols[2], the peak
width and peak shape of 5-ASA, while quite acceptable,
was not as good as that observed for the phenols. Phenol
is always neutral at pH 7, whether it is associated with the
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Fig. 6. Five consecutive runs of 5-ASA (5 mg/mL) and impurities (10�g/mL, 0.2%). Conditions as inFig. 5.
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Fig. 7. Calibration runs of 5-ASA (5 mg/mL) and impurities ranging from 0.05 to 1%. Conditions as inFig. 5.

micelle or in bulk solution. The drug, 5-ASA may approach
neutrality in the MECC BGE at pH 6.3 when associated with
the micelle but in the bulk solution, it will be anionic. This
leads to a mass transport problem (multiple solute velocities)
which may account for the increase in peak width versus
that observed for phenol.

3.2. Separation of 5-ASA and its impurities by MECC

The separation of 5-ASA and its impurities is shown in
Fig. 5. A surfactant concentration of 50–75 mM was found to

be adequate for separation. Baseline resolution was achieved
for all solutes at the 75 mM level surfactant level. Using
75 mM phosphate, loss of 4-AP was noted at low levels,
presumably due to adsorption on the capillary surface. One
impurity, 3,5-diaminosalicylic acid (DASA) was unstable in
solution and was not quantitated.

Solute selectivity was better at pH 6.3 compared to bo-
rate buffer, pH 9.3 (data not shown). To achieve separation
at pH 10.2, it was necessary to add an ion-pairing reagent
such as tetrabutyl ammonium bromide to the electrolyte
[4].



L. Allen et al. / J. Chromatogr. A 1053 (2004) 217–226 225

Table 1
Analytical figures of merit as determined by CE

Solute R.S.D. (%) LOQ (%) Linearity (peak height)

Area Height Time r Slope y-Intercept

AP 16 12 0.6 0.03 0.9980 24 0.037
5-ASA 1.1 0.95 0.3 na na na na
ABA 3.3 2.6 0.2 0.02 0.9995 30 0.414
DHBA 3.5 1.7 0.1 0.02 0.9998 28 0.04
4-ASA 2.2 2.1 0.2 0.03 0.9999 20 0.15
3-ASA 4.7 2.2 0.2 0.03 0.9998 17 0.2
HNBA 4.9 1.5 0.2 0.05 0.9997 13 0.096
SA 2.7 3.3 0.2 0.01 0.9994 35 0.29

Peaks were identified by standard addition. All of the
solutes had characteristic UV spectra (data not shown)
that also made peak tracking simple. 5-ASA was stable
for at least 24 h at room temperature when dissolved in
50 mM phosphate pH 7, 50 mM SDS. Degradation prod-
ucts were noted for a sample stored for 1 week at room
temperature.

3.3. Analytical figures of merit as determined by MECC

Table 1shows the analytical figures of merit for this appli-
cation. The relative standard deviations (R.S.D.) were cal-
culated from five consecutive runs.

3.3.1. Migration time reproducibility
A series of five consecutive runs with impurities at the

0.2% level are shown inFig. 6. Good reproducibility of
migration time was found under three conditions: (i) fresh
buffers were used for each run, (ii) 1 mL buffer vials were
employed, and (iii) a short 6 s. 0.1 M sodium hydroxide wash
was used. In the absence of the hydroxide wash, the migra-
tion times increased by a few seconds/run. Using a 1 min
hydroxide wash and a 5 min electrolyte flush, the migration
times decreased by a few seconds/run. The changes were
caused by the unstable electroosmotic flow (EOF). It was
quickly determined that the short hydroxide wash was suffi-
cient to stabilize the EOF. The wash also reduced the num-
ber of baseline artifacts observed.

3.3.2. Peak area and peak height reproducibility
The peak area R.S.D. were acceptable for all solutes ex-

cept for 4-AP. It is unclear why that solute was less precise
but it was observed under several sets of experimental con-
ditions, presumably due to the aforementioned adsorptive
effect. Injection was not a source of significant error since
the main component, 5-ASA, gave a 1% R.S.D. Except for
4-AP, the peak height R.S.D. ranged from 1.5 to 3.3%.

Surprisingly, the peak height data was better compared to
peak area for the impurities. This was reproducible under
various experimental conditions. Peak area is usually best
employed for quantitative CE since both electrodispersion

Fig. 8. HPLC of 5-ASA and impurities at the 0.2% level. Overlay of five
replicate runs. See text for experimental conditions.

and anti-stacking/stacking effects on peak height/width are
compensated for. Since these effects were reduced by the
experimental design, peak height became advantageous un-
der low signal/noise conditions.

3.3.3. Linearity and limits of detection
A five-point calibration set for each impurity at 0.05, 0.1,

0.2, 0.5 and 1%, relative to the main drug, was run and
the electropherograms are shown inFig. 7. The calibration
data is presented inTable 1. Correlation coefficients were
0.998 or better. All of the regression lines passed close to
the origin. The calibration data was tested using the 0.2%
run and was shown to be accurate (range: 0.19–0.21%). The
limits of quantitation at 10× the baseline noise ranged from
0.01 to 0.05%.

3.4. HPLC of 5-ASA and its impurities

Liquid chromatography of 5-ASA and its impurities was
performed following the impurity assay procedure described
in the United States Pharmacopoeia (USP). A series of five
replicate runs at the 0.2% impurity level is shown inFig. 8.
The analytical figures of merit are given inTable 2. The
system was calibrated as perSection 3.3.3.

In order to meet the USP system suitability requirements
for resolution, a 1 h run was needed. The retention time re-

Table 2
Analytical figures of merit as determined by LC

Solute R.S.D. (%) LOQ (%) Linearity (peak area)

Area Height Time r Slope y-Intercept

AP 0.32 0.59 0.04 0.05 0.9999 287000 1600
5-ASA 0.2 0.49 0.07 na na na na
ABA 6.1 2.2 0.09 0.08 0.9998 408000 −6400
DHBA 0.5 0.35 0.05 0.04 0.9999 449000 210
4-ASA 3.8 2.5 0.06 0.05 0.9998 195000−2400
3-ASA 4.7 1.5 0.14 0.05 0.9979 184000 15560
HNBA 1.1 0.45 0.08 0.05 0.9999 379000−2500
SA 4.8 3.3 0.06 0.03 1.0000 190000−1600
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producibility is outstanding as is often seen using LC. In
a similar fashion to CE, the peak height precision is su-
perior to peak area precision at the 0.2% impurity level.
The peak height precision using LC is slightly superior to
the same data obtained with CE. The LOQ data were com-
parable using either technique with a slight advantage to
CE.

4. Conclusions

This work has shown that CE separations can be com-
parable to LC for the determination of impurities in drug
substances with regard to the analytical figures of merit. As
usual, CE enjoys the advantage of speed and low operating
costs. There are three limitations of the CE method. The
main drug substance must be soluble in a CE compatible
electrolyte at high concentration. The second limitation is
the main component must become neutral at a CE compat-
ible pH. The third is that the presence of micelles can in-
fluence main component neutrality versus the bulk solution.
The normal working range for CE is pH 2–12. For compati-
ble separations, CE can offer a rapid, useful and orthogonal

method for the determination of impurities in a variety of
bulk chemicals.
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