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Fast enantiomeric separation of basis drugs

by electrokinetic chromatography. Application to
the quantitation of terbutaline in a pharmaceutical
preparation

Electrokinetic chromatography (EKC) using micelles of bile salts alone or mixed with
sodium dodecyl sulfate (SDS) and neutral, anionic, or cationic cyclodextrins (CDs) in
the separation buffer has been employed in order to achieve fast enantiomeric separa-
tion of basic drugs. A study of the enantiomeric separation ability of these chiral selec-
tors concerning four basic drugs (epinephrine, terbutaline, clenbuterol, and salbuta-
mol) has been carried out under different experimental conditions. The best chiral
selectors to perform the enantiomeric separation of these drugs were neutral 3-CD
derivatives, specifically permethylated $-CD PM-B-CD. The effect of the PM-3-CD
concentration, temperature, and applied voltage on the enantiomeric resolution of the
basic drugs was investigated. The use of a 25 mm ammonium acetate buffer (pH 5.0),
30 mm in PM-B-CD together with an applied voltage of 20 kV and a temperature of 15°C
enabled the individual and fast enantiomeric separation of epinephrine, norepine-
phrine, terbutaline, clenbuterol, and salbutamol each one into its two enantiomers in
less than 3 min. The EKC method was validated (precision and accuracy) to quantitate
terbutaline in a pharmaceutical preparation, obtaining a limit of detection of 4 ug/mL.
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Introduction

When a drug is administered as racemic mixture, fre-
quently one enantiomer has the pharmacological effects
while the other could have no or little effects or it could
show some undesired side effects. These reasons have
promoted the general policy of marketing single enantio-
mer drugs wherever possible. Accordingly, it is interesting
to develop analytical methods for chiral analysis to sepa-
rate the enantiomers of chiral drugs. In this regard, capil-
lary electrophoresis (CE) has experienced an enormous
growth in the field of chiral separations due to its high
separation efficiency and flexibility. Specifically, a mode
of CE known as electrokinetic chromatography (EKC),
based on the partitioning of the analytes between the
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buffer solution and a pseudophase, has been widely
employed to obtain chiral separations by CE when a chiral
selector capable of recognizing both enantiomers stereo-
selectively has been used [1-5].

For the separation of different chiral basic drugs, the
experimental conditions most employed in EKC are acidic
pHs (from 2.2 to 4.0) with neutral CDs such as -CD, hep-
takis(2,6-di-O-methyl)-p-CD (DM-B-CD), hydroxypropyl-
B-CD (HP-B-CD), heptakis(2,3,6-tri-O-methyl)--CD (TM-
B-CD), hydroxyethyl-B-CD (HE-B-CD) [6-28], with DM-f3-
CD being the most effective and employed chiral selector
[10, 11, 13-15, 17, 20, 27, 28]. Anionic CDs (sulfated
B-CD, sulfobutyl ether 3-CD, carboxyethyl-3-CD, carbox-
ymethyl-B-CD, heptakis-6-sulfato -CD) have also been
employed at acidic pHs (from 2.5 to 5.8) [8, 16, 19, 29—
34] for the enantioseparation of basic drugs. Only in one
work neutral pH and an anionic or a cationic CD synthe-
sized were employed by the authors to enantioseparate
terbutaline and salbutamol [35]. In all these works, the
analysis times ranged from 7 to 53 min, with the exception
of two cases [9, 10] which were about 4 min. Neverthe-
less, although the number of publications dealing with
the use of CDs in CE for the enantiomeric resolution of
basic chiral drugs is considerable, there are few reports
concerning the area of quantitation and/or validation of
chiral methods [21, 22, 27, 34, 36]. Therefore, it seems
interesting to test new CDs and experimental conditions
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in order to achieve a rapid enantioseparation of basic
chiral drugs and to validate this method to analyze them
in commercial formulations.

The aim of this work was the selection of experimental
conditions enabling a fast enantiomeric separation of a
group of chiral basic drugs. The drugs studied in this
work, have different pharmacological effects. Norepi-
nephrine and epinephrine are sympathomimethic drugs
with several pharmacological activities and clenbuterol,
terbutaline, and salbutamol are -agonists clinically used
as bronchodilators [37]. A systematic evaluation of sev-
eral chiral selectors (including micelles of bile salts alone
or mixed with SDS and neutral, anionic, or cationic CD
derivatives) in different separation media was carried
out. In addition, the influence of experimental conditions
such as the concentration of the chiral selector, tempera-
ture, and applied voltage on the enantiomeric separation
of the basic drugs studied was investigated for the best
chiral selector. Finally, the CE method was validated (in
terms of precision and accuracy) in order to quantitate
terbutaline in a pharmaceutical preparation.

2 Materials and methods

2.1 Chemicals and samples

All reagents were of analytical grade. 2-(N-Cyclohexyl-
amino)ethanesulfonic acid (CHES), taurocholic acid so-
dium salt (STC), taurodeoxycholic acid sodium salt
(STDC), and cholic acid sodium salt (SC) were purchased
from Sigma (St. Louis, MO, USA); sodium dihydrogen
phosphate, dimethyl sulfoxide (DMSO), and sodium
hydroxide were supplied from Merck (Darmstadt, Ger-
many); deoxycholic acid sodium salt (SDC), sodium
tetraborate, ammonium acetate, B-CD, and y-CD were
from Fluka (Buchs, Switzerland); HP-B-CD (degree of
substitution DS ~ 3), permethylated 3-CD (PM-B-CD,
DS ~ 12-13), carboxymethylated y-CD (CM-y-CD, DS
~ 3), carboxymethylated B-CD (CM-B-CD, DS ~ 3), suc-
cinylated y-CD (Succ-y-CD, DS ~ 3), and succinylated
B-CD (Succ-B-CD, DS ~ 3.5), B-CD sulfated (B-CD sul-
fated, DS ~ 12), B-CD phosphated (B-CD phosphated,
DS ~ 6), and 6-monodeoxi-6-monoamino-B-CD (B-CD-
NH,, DS = 1) were obtained from Cyclolab (Budapest, Hun-
gary). Water used to prepare solutions was purified
through a Milli-Q system from Millipore (Bedford, MA,
USA). All solutions were filtered through 45-um pore-size
disposable nylon filters from Scientific Resources (Eaton-
town, NJ, USA). Salbutamol, clenbuterol, norepinephrine,
and terbutaline were purchased from Sigma. Epinephrine
was supplied by Aldrich (St. Louis, MO, USA). The struc-
tures of these basic drugs are shown in Fig. 1. A pharma-
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Figure 1. Structures of the chiral basic drugs studied in
this work.

ceutical preparation (a syrup) containing terbutaline sul-
fate with excipients (sorbitol, glycerine, sodium citrate,
sodium benzoate, disodium edetate, aroma of raspberry
and lemon, and distilled water) was acquired from a che-
mist at Alcala de Henares (Madrid, Spain).

2.2 Apparatus

A HP3P GE system (Hewlett-Packard, Waldbronn, Ger-
many) equipped with an on-column diode array detector
(DAD) and an HP 3D-CE Chemstation software was used.
An uncoated fused-silica capillary from Composite Metal
Services (Worcester, England) with 50 um inner diameter
(ID) and 375 um outer diameter (OD) with an effective
length of 25 cm (33.5 cm total length) was employed.
Capillary temperature was varied from 15 to 45°C and
UV detection was performed at 230 nm. Electrolytic solu-
tions were degassed in an ultrasonic cleaner KM from
Raypa (Barcelona, Spain). A 654 pH-meter from Metrohm
(Herisau, Switzerland) was employed to adjust the pH of
the separation buffers.

2.3 Procedure

Electrolytic solutions were prepared in two steps:
(i) weighing and dissolving the appropriate amount of buf-
fer in Milli-Q water to obtain the required concentration
and adjusting the pH to the desired value with 1 M sodium
hydroxide or 1 m hydrochloric acid solutions and (ii) add-
ing 10 mL of the buffer solution to the desired amount of
chiral selector (bile salts with or without SDS or neutral
CD derivatives). When charged CD derivatives were
used in the separation buffer, the final step was to adjust
the pH to the desired value due to the acid or basic prop-
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erties of these CD derivatives. Standard solutions were
prepared by dissolving each basic drug in DMSO up to
a final concentration of 1000 ppm. Finally, dilutions of
this solution in DMSO were made in order to obtain the
required concentration. The determination of the terbuta-
line content in the pharmaceutical preparation (a syrup)
required a dilution of 40 pL of the syrup in a final volume
of 300 pL with DMSO. The resulting solution was directly
injected into the electrophoretic system. For the valida-
tion of the method, different sample solutions were pre-
pared by diluting different amounts of the syrup in DMSO
in order to obtain the desired concentration. Between
injections, the capillary was washed with 0.1 m NaOH for
2 min followed by the separation buffer for 4 min. The
injection was made by pressure: 30 mbar for 2 s of sam-
ple (50 mbar for 5 s in the validation of the method applied
to the quantitation of terbutaline) followed by 30 mbar for
2 s of separation buffer. The applied voltage ranged from
15to 25 kV.

2.4 Data treatment
Enantiomeric resolution was calculated by Eq. (1):
Rs=1.18 (to—t;) / (Wq + W) (1)

where t; and t, are the two enantiomers migration times
and w4, w, are the peak widths at half-height of the corre-
sponding peaks. All the experimental data were manipu-
lated using Excel 7.0 from Microsoft Office software [38].

3 Results and discussion

3.1 Fast enantiomeric separation of basic
drugs: selection of the experimental
conditions

Four chiral basic drugs (epinephrine, terbutaline, clenbu-
terol, and salbutamol) have been injected in a CE system
using different chiral selectors: bile salts alone or mixed
with SDS and neutral, anionic, or cationic CDs, in the
separation buffer. All conditions used in this work to try
the enantiomeric separation of these compounds are
summarized in Table 1. First, the four basic drugs were
injected in three different buffers: 25 mm borate (pH 9),
phosphate (pH 7), or acetate (pH 5) using bile salts (SC,
STC, SDC, and STDC) as chiral selectors. When bile salts
alone or with SDS were used, no chiral recognition was
observed for any of the basic drugs studied (Table 1).
Second, different CD derivatives (neutral, anionic, and
cationic) were used under different experimental condi-
tions in order to achieve the enantiomeric separation of
the basic drugs studied. Two different buffers were used
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Table 1. Experimental conditions tested for the enantio-
meric separation of the basic drugs studied?

Background Chiral selector Current Basic drug?
electrolyte intensity  enantiose-
(1A) parated (R)
25 mm Borate 50 mm Cholate 140-150 -
(pH 9) 50 mm Taurocholate
50 mm Taurodeoxy
cholate
50 mm Deoxycholate
25 mm Phos- 50 mm Cholate 120-160 -
phate (ph 7) 50 mm Taurocholate
100 mm Taurocholate
50 mm Taurodeoxy-
cholate
25 mm Acetate 50 mm Taurocholate 100-105 -
(pH 5) 50 mm Taurodeoxy-
cholate
25 mm Borate 50 mm Cholate + 160-230 -
(pH 9) 50 mm SDS
50 mm Deoxycholate +
50 mm SDS
25 mm Borate 10 mm CM-y-CD 200-250 (1.52)
(pH 9) 10 mm CM-B-CD 160-185 (1.30)
10 mm Succ-y-CD 135-160 -
10 mm Succ-B-CD 140-170 -
25 mm Acetate 10 mm y-CD 45-48 -
(pH 5) 10 mm B-CD 47-50 T (0.60);
Cl (0.56)
10 mm HP-B-CD 50-52 T(0.63)
10 mm PM-B-CD 47-48 E (0.69);
T(1.70);
Cl (1.19)
10 mm CM-B-CD 96-108 S (1.51)
10 mm CM-v-CD 140-160 -
10 mm Succ-B-CD 72-78 -
10 mm Succ-y-CD 58-62 -

10 mm B-CD phosphated 135-160 -
10 mm B-CD sulfated 240-260
10 mm B-CD-NH, 55-60

a) Conditions: uncoated fused-silica capillary, 33.5 cm
(25 cm to the detector) x50 um ID; UV detection at
230 nm; 25°C and 20 kV

b) E, epinephrine; S, sabutamol; T, terbutaline; Cl, clen-
buterol

with a fixed concentration (10 mw) of different CD deriva-
tives (Table 1). When different anionic CD derivatives (CM-
v-CD, CM-B-CD, Succ-y-CD, Succ-B-CD) were used in a
25 mm borate buffer (pH 9), only CM--CD or CM-y-CD
enabled the enantioseparation of terbutaline. In this
case, the peaks of the enantiomers were after the peak
of the electroosmotic flow (EOF) being both signals par-
tially overlapped for CM-y-CD. Then, a 25 mm acetate
buffer (pH 5) was employed with neutral (y-CD, B-CD,



3194 C. Garcia-Ruiz and M. L. Marina

mAU

" vy
. il S|
- y
0 T T
0 1 2
Time (min)

Figure 2. Enantiomeric separation of salbutamol in a
25 mm acetate buffer (pH 5) with 10 mm CM-B-CD. Ex-
perimental conditions: temperature 25°C; applied voltage
20 kV; UV detection at 230 nm; injection by pressure,
30 mbar for 2 s sample followed by 30 mbar for 2 s buffer;
50 pm ID, 375 um OD capillary of 33.5 cm length (25 cm to
the detector).

HP-B-CD, PM-B-CD), anionic (CM-B-CD, CM-y-CD,
Succ-B-CD, Suc-y-CD, B-CD phosphated, and 3-CD sul-
fated), and cationic (B-CD-NH,) CD derivatives. From the
charged CD derivatives employed with acetate buffer at
pH 5, only CM-B-CD enabled a rapid enantioseparation
of salbutamol (Fig. 2). Nevertheless, with the neutral
-CD derivatives HP-B-CD, B-CD, and PM-B-CD one or
more than one basic drug was enantiomerically sepa-
rated. Specifically, when 10 mm PM-B-CD was employed
in a 25 mwm acetate buffer (pH 5) the enantiomeric separa-
tion of a higher number of compounds (epinephrine, ter-
butaline, and clenbuterol) was achieved. Therefore, under
the above-mentioned conditions, the influence of several
experimental parameters such as the concentration of the
chiral selector, the temperature, and the applied voltage
on the enantiomeric separation of the basic drugs was
investigated.

Figure 3a shows the variation of the enantiomeric resolu-
tion obtained for epinephrine, terbutaline, clenbuterol,
and salbutamol as a function of the PM-B-CD concentra-
tion in a 25 mm acetate buffer (pH 5). It can be observed
that the most appropriate concentration to achieve the
higher enantiomeric resolution for the three basic drugs
enantioseparated is 30 mm of PM-B-CD. But this concen-
tration of PM-B-CD led to enantiomeric resolutions com-
prised between 1.1 and 1.5 for epinephrine, terbutaline,
and clenbuterol and no enantioseparation was observed
for salbutamol, for which the effect of temperature and
applied voltage was studied in order to obtain increasing
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Figure 3. Variation of the enantiomeric resolution for epi-
nephrine (E), terbutaline (T), clenbuterol (Cl), and salbuta-
mol (S) in a 25 mm acetate buffer (pH 5) as a function
of: (a) the PM-B-CD concentration at 25°C and 20 kV;
(b) the temperature using 30 mm PM-B-CD and 20 kV;
and (c) the applied voltage using 30 mm PM-B-CD and
15°C. Other experimental conditions as in Fig. 2.

enantiomeric resolutions. The variation of the enantio-
meric resolution of epinephrine, terbutaline, clenbuterol,
and salbutamol in a 25 mm acetate buffer (pH 5) with
30 mm PM-B-CD as a function of the temperature is
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Figure 4. Enantiomeric separation of epinephrine (E),
norepinephrine (NE), terbutaline (T), clenbuterol (Cl), and
salbutamol (S) by EKC in a 25 mm acetate (pH 5) buffer
containing 30 mm PM-B-CD at 15°C and 20 kV. Other
experimental conditions as in Fig. 2.

shown in Fig.3b. An increase can be observed in
the enantiomeric resolution when the temperature was
decreased. This fact, also observed for a group of chiral
dihydropyridines of pharmaceutical interest [39], could be
due to the increase in the stability of selector-selectand
complexes that takes place when the temperature is
decreased [1].

Since all the experiments described before were carried
out at a constant applied voltage of 20 kV, a 25 mm ace-
tate buffer (pH 5) containing 30 mm PM-B-CD at 15°C was
used in order to study whether a variation of the applied
voltage could enhance the chiral separation of the basic
drugs studied. Figure 3c shows the variation of the enan-
tioresolution of epinephrine, terbutaline, clenbuterol, and
salbutamol as a function of the applied voltage that was
varied from 15 to 25 kV. It can be observed that the high-
est enantiomeric resolution for the four basic drugs enan-
tioseparated was obtained at an applied voltage of 20 kV.
The selected conditions (25 mm acetate buffer, pH 5,
30 mm PM-B-CD at 15°C and an applied voltage of
20 kV) were applied to perform the enantiomeric separa-
tion of norepinephrine. The fast enantiomeric separation,
in less than 3 min, of epinephrine, norepinephrine, ter-
butaline, clenbuterol, and salbutamol was performed
(Fig. 4), although for salbutamol no baseline resolution
was obtained.
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3.2 Validation of the EKC method
for the quantitation of terbutaline
in a pharmaceutical preparation

Due to the short analysis time required for the enantio-
meric separation of terbutaline with the CE system con-
stituted by 25 mm acetate buffer at pH 5 with 30 mm PM-
B-CD at 15°C and 20 kV, the validation of this method was
performed for the quantitation of terbutaline in a pharma-
ceutical preparation, used as bronchodilator in patients
with asthma, bronchitis, emphysema and, in general,
breathing diseases with bronchoconstriction. The quanti-
tative analysis of terbutaline in the pharmaceutical pre-
paration (a syrup) was performed using the external stan-
dard method for calibration. Linear relationships were
obtained for the variation of the total peak area (the addi-
tion of the areas corresponding to the first and the second
migrating enantiomers) as a function of the concentra-
tion of terbutaline standard. Good linear correlations (r >
0997) could be observed when eight concentrations (5,
15, 30, 60, 100, 120, 160, and 200 pug/mL of terbutaline in
DMSO) were used for the calibration plot. The sensitivity
of the EKC method for terbutaline, evaluated as the slope
of the straight line obtained, was 0.35 mL/pg. The limit
of detection was calculated as the concentration corre-
sponding to a signal-to-noise ratio of 3. The noise was
estimated as the largest deviation of the detector signal
from the baseline measured in a section of about 2 min in
the absence of analyte and at 230 nm [40]. The limit of
detection calculated for terbutaline was about 4 ng/mL.
Figure 5 shows the electropherogram corresponding to
the signal obtained for the pharmaceutical preparation
diluted in DMSO up to 10 pg/mL.
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Figure 5. Enantiomeric separation of the terbutaline con-
tained in a pharmaceutical preparation (a syrup diluted in
DMSO up to 10 ug/mL) in a 25 mm acetate buffer (pH 5)
containing 30 mm PM-B-CD at 15°C and 20 kV; pressure
injection, 50 mbar for 5 s sample followed by 30 mbar for
2 s buffer. Other experimental conditions as in Fig. 2.
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Table 2. Precision of peak areas and migration times for
terbutaline enantiomers and terbutaline content
in a commercial syrup (calibration by the exter-

nal standard method) by the CE method?
Precision C» RSD RSD RSD RSD RSD RSD

(A1) (A2)  (A1/A2) (1) (t2) (Cy)

Repeata- 10 340 443 515 169 178 289
bility” 40 536 574 411 256 265 508
90 445 476 117 314 326 456
Reproduci- 10 533 4.03 414 278 225 6.44
bilty) 40 505 330 3.38 468 467 246
90 543 747 494 440 417 310

A1 and A2 are the peak areas of the first and second

migrating enantiomers, respectively.

t1 and t2 are the migration times corresponding to the first

and second migrating enantiomers, respectively.

a) Conditions as in Fig. 3

b) Concentration of terbutaline in a solution prepared by
dilution of the commercial syrup (ng/mL)

c) RSD values determined for six consecutive injections

d) RSD values determined for three different days (each
injection was made by duplicate)

To evaluate the precision of the CE method (Table 2),
repeatability and reproducibility were studied. The
repeatability in peak area and migration time of the enan-
tiomers and for the terbutaline content was determined
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(as RSD) for six consecutive injections of each of three
dilutions in DMSO of the pharmaceutical preparation (a
syrup solution with 300 ug/mL of terbutaline) of concen-
trations of 10, 40, and 90 ng/mL in terbutaline. RSD was
less than 3.3% for the migration time of the enantiomers,
5.7% for peak area of the enantiomers, and 5.1% in total
concentration. On the other hand, reproducibility in peak
area and migration time of the enantiomers and for the
terbutaline content in the pharmaceutical preparation
was measured as the RSD obtained in three different
days (injections by duplicate) for three different sample
dilutions of the syrup (10, 40, and 90 pg/mL of terbuta-
line). As it can be observed in Table 2, the RSD values
obtained were less than 7.5% for the peak area of each
enantiomer, 4.7% for the migration times of the enantio-
mers, and 6.4% for the terbutaline concentration calcu-
lated.

Accuracy of the method was evaluated by calculating the
recovery (%) of terbutaline content found when a known
quantity of terbutaline standard was added to a diluted
solution of the syrup with 10 ng/mL of terbutaline. In order
to evaluate the accuracy of the method, two samples with
a total concentration of 10 and 40 pg/mL of terbutaline
were injected by duplicate in three different days, and
the corresponding concentration obtained by the EKC
method was calculated by interpolating on the calibration
curve injected the same day. Table 3 groups the recovery
(%) of the terbutaline content determined in three different
days, being the mean recovery close to 98%.

Table 3. Accuracy estimated as recovery (%) of the terbutaline content?

Sample Day Calibration curve® C®  Ciomutaine? Cr®  Cce) Recovery
(%)
Commercial syrup 1 y =0.3540 x-0.1376 10 0 10 10.46 104.57
containing (n=8;r=0.999) 10 30 40 38.19 95.47
terbutaline 2 y =0.3484 x +0.0254 10 0 10 9.20 91.97
sulfate (n=5;r=0.999) 10 30 40 40.04 100.10
(300 pg/ml) 3 y=0.3487x-0.0821 10 O 10  9.98 99.84
(n=5;r=0.997) 10 30 40 38.69 96.72
Mean value
(RSD %)
98.11 (4.45)

a) Conditions as in Fig. 3

b) Calibration curves obtained in different days (n, number of points considered for the calibration

curve; r, correlation coefficient)

c) Concentration of terbutaline in a solution prepared by dilution of the commercial syrup (ng/mL)

d) Concentration of the terbutaline standard added (ng/mL) to the sample

e) Total concentration of terbutaline (ug/mL) in the analyzed solution

f) Concentration of terbutaline (ug/mL) determined by the CE method (average of two determina-

tions)



Electrophoresis 2001, 22, 3191-3197

4 Concluding remarks

A screening of various chiral selectors (bile salts alone or
mixed with sodium docecyl sulfate or neutral, anionic, or
cationic CD derivatives) under different experimental con-
ditions (buffer nature and pH), has shown that PM-B-CD is
the most useful chiral selector for the enantiomeric
separation of the basic drugs studied in this work (epi-
nephrine, terbutaline, clenbuterol, and salbutamol). A
study on the influence of the PM-B-CD concentration
showed that although the maximum enantiomeric resolu-
tion value depended on the basic drug investigated,
30 mm is the most appropriate value considering all drugs
studied. In addition, the enantioseparation obtained for
these compounds with PM-B-CD was highly influenced
by the temperature, observing an increase in the enantio-
meric resolution when decreasing the temperature.
Finally, a study on the influence of the applied voltage
enabled to select 20 kV as the most appropriate value.
As a result, a 25 mm acetate buffer (pH 5) containing
30 mm PM-B-CD at a temperature of 15°C and an applied
voltage of 20 kV enabled the fast enantiomeric resolution,
in less than 3 min, of five basic drugs: epinephrine, nore-
pinephrine, terbutaline, clenbuterol, and salbutamol.

Due to the short analysis time required for the separation
of terbutaline with the CE system based on 25 mwm acetate
buffer at pH 5 together with 30 mm PM-B3-CD at 15°C and
20 kV, the validation of this method for the quantitation of
terbutaline in a pharmaceutical preparation (a syrup) was
performed. Results obtained indicated good precision in
terms of peak area and migration time of the enantiomers
and an acceptable accuracy in the determination of the
total content of terbutaline.

The authors thank the Comision Interministerial de Cien-
cia y Tecnologia (Spain) for project PB98-0709.
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