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Abstract

A rapid and simple method for separation of enantiomers of a variety of compounds is desirable
as infarmation regarding the enantiomeric compaosition may not be provided by the chemical suppliers
espedially chemical drug compounds. These drugs are commercially available with no information
regarding whether they are pure enantiomers or racemic mixtures. Each enantiomer may have different
pharmacological activity. Thus the information of chirality is important. This work aims to employ a
capillary electrophoresis with UV detection as a simple and rapid method for separation of enantiorers
to determine the compound chirality. The developed method has been applied for separation of different
functional chemicals of drugs, such as B-blockers and neurotransmitter, by using a single capillary
electrophoresis method. The buffer conditions for the capillary method were optimized with regards to
the chiral selector type and concentration for improving the efficiency of enantiorer separation. The
optimum condition of buffer was phosphate buffer (20.0 mM, pH 2.7) containing CM-B-CD (4.0 mM). The
single method was applied to the separation of four different drug compounds, viz. atenolol, propranolol,

octopamine, and ibuprofen, to demonstrate the effectiveness of the developed method.

Keywords: Capillary electrophoresis, Chiral separation, Chiral selector, Drug chemical structure

Introduction pharmacokinetics and toxicology. Although chirality

Separation of enantiomer compounds is  of compound is important, many times chemical
becoming the focus of researchers. Itis well-known  supplier and manufacturer of the drugs do not
that enantiomeric compounds are closely related  provide any information about the chirality of the
to their pharmacology. Enantiomers have the same  compounds. Many suppliers sell their drugs with
chemical formula and chemical properties but lack of chiral information.

differences in terms of pharmacodynamics,
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Determination of enantiomers employs
separation methods, such as gas chromatography
(GC), high performance liquid chromatography
(HPLC), and capillary electrophoresis (CE), for
qualitative and quantitative analysis. These
techniques have been successfully applied to
separation of enantiomer compounds [1-4].
Capillary electrophoresis technique is a powerful
method of separation of enantiomer compounds.
It is simple, rapid, employs very low volume of
sample and reagent, and with high efficiency of
separation. Various CE modes have been employed,
including capillary zone electrophoresis (CZE),
micellar electrokinetic chromatography (MEKC),
capillary electrochromatography (CEC), and gel
capillary electrophoresis (GCE). Chiral separation by
CZE technique is performed by adding a chiral
selector to the running buffer. Various chiral
selectors have been used, such as amino acids [5,
61, antibiotics [7], and cyclodextrins (CDs) [8-101.
Although various chiral selectors were successfully
applied, cyclodextrins are desirable as a chiral
selector in view of their low cost, solubility in water,
and UV transparency. They come in different
properties (e.e nonpolar, polar, and charged), so it
can be selected suitable for the target compound.
Cyclodextrins are synthetic macrocyclic
oligosaccharides that have basic structure of six,
seven, or eight glucopyranose, representative of a,
B, and y CD. The interior and exterior of CDs have
clifferent properties (hydrophobic and hydrophilic),
generating formation of a complex between CD, as
the host molecule, and an enantiomer, as guest
molecule [11]. It was reported that the dimensions

of B-CD was effective to induce inclusion complexes

with molecules composed of hydroxyl groups and
one or two condensed aromatic groups.
Such inclusion-complexation mechanism is useful
for increasing selectivity of enantiomeric separation
[12].

The goal of this work is to employ a single
capéary electrophoresis with UV detection system
as a simple and rapid method for enantiomeric
separation for drugs with different chemical
structures (see Table 1). UV detection is the most
common detection method for capillary
electrophoresis. It is efficient and convenient for
detection of drugs having a chromophore in the
UV-visible region. The single system was sussesfully
appliedfor chiral separation of three different drugs,
viz. atenolol, propranolol and octopamine. The
separation of enantiomers of these drugs by
employing a single capillary electrophoresis method

has nat been previously reported.

Material and Methods
Reagents and materials
Racemic mixtures of atenolol, propranoclol,
and ibuprofen were kindly provided by Assoc. Prof.
Chutima Phechkrajang, Faculty of Pharmacy,
Mahidol University. A racemic mixture of octopamine
hydrochloride (analytical erade) was purchased from
Sigma (Steinheim, Germany). Orthophosphoric acid
(85%, analytical grade) was supplied by Ajax
(Victoria, Australia). Sodium hydroxide (analytical
aade) and anhydrous caffeine (299%, HPLC grade)
were purchased from Fluka (St. Louis, MO, USA).
The maL selectors, carboxyrmethyl-B-cyclodextrin
-B-CD) and heptakis (2,3,6-tri-O-methyl)-B-
cyclodextrin (TM-B-CD), were obtained from
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Cyclolab (Budapest, Huneary). Deionized water
(ultrapure 18.0 MQ-cm) was obtained from Siermens
Ultra Clear™ TWF EDI (Evoqua Water Technologies,
PA, USA). Stock solutions of atenolol (1,000 ph),
propranolol (1,000 pM), octopamine (1,000 M),
ibuprofen (2,000 uM) and caffeine (1,000 puM, as EOF
marker) were prepared in deionized water.
Phosphate running buffer (20.0 mi) was
prepared by diluting 2.0 mL of 500 mM
orthophosphoric acid with deionized water to the
final volume of 50 mL. Sodiumn hydroxide (1.0 M)
was used to adjust pH to 2.7. The chiral selector
was dissolved in the running phosphate buffer to

concentrations of 4.0, 5.0, and 6.0 mM, respectively.

Instrumtation

The capillary electrophoresis system was
constructed in-house. It comprised a UV detector
ﬁ)plied Biosystems, 785A UV detector, CA, USA),
g)hish voltage (HV) power supply (Spellman
CZE1000R, Hauppauge, USA), and a tray for the
sample and buffer vials. A plexiglass safety box was
designed and constructed to house the system. It
has a togele switch to tum on or off the high voltage
whenthe CE instrument is operating. The absorbance
signal was recorded using data acquisition software
from eDAQ (Denistone, NSW, Australia). A fused-silica
capillary tubing (Polymicro Technologies, Phoenix,
AZ, USA) was utilized as the separation column.
The capillary has a total length of 57.4 cm, effective
length of 36.0 cm, OD 360.0 um and ID 50.0 pm.
The capillary column was conditioned with NaOH
solution (0.1 M), ultrapure water (18.0 MQ-cm), and
running buffer daily before use. Electrokinetic

injection was performed by applying 15.0 k¥ for 2.0 s

for sample introduction. Then an electrical field of
348.4 V cm was appliedto the running buffer for
electrophoretic separation of the enantiomers.
Detection wavelength was set at 225 nm. The
temperature of the caplillary column was not
controlled since it was an in-house instrument.
However the CE instrument was operated at the

room temperature of 25°C.

Results and discussion

The CE method was developed for
enantiomeric separation. A chiral selector was
added to the running buffer. This work describes
the effect of the chiral selector and the choice of
suitable concentration of the selected chiral
selector for chiral separation of various types of

drugs.

Selection of chiral selector

The criteria for the selection of chiral
selector are charege, molecular size, inner cavity,
and functional egroup of target enantiomeric
compounds. Mative CD has been described to have
ability to separate chiral compounds, such asamino
acids and B-blockers, but few applications for other
groups of compounds, such as NSAIDs [13]. Two
synthetic chiral selectors, CM-B-CD and Ti-B-CD,
were tested for their ability for enantiomeric
separation of octopamine (see Figure 1). Neutral
and anionic cyclodextrins were used for separation
in this work.

Figure 1 shows electropherograms of
separation of enantiormners of octopamine using two
types of chiral selectors. As previously investicated

by our research group, CM-B-CD was used for the
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successful separation of enantiomers of
methamphetamine, pseudoephedrine, and
ephedrine [14]. In this research, it was observed
that CM-B-CD was successful for the separation of
octopamine into its two enantiomers. These results
agreed with our previous work [14]. This is because
CM-B-CD has anionic property and therefore
migrates towards the anode against the direction

of the electro-osmotic flow. Thus CM-B-CD provides

B0

slower mobility of the enantiomers of each analyte
and so make them separable [15, 16].

Another chiral selector TM-B-CD was
reported as a suitable selector for enantiomer
compound containing a carboxylic group [17].
However octopamine and ephedrine are similar in
terms of a benzene ring attached to the chiral
center. Thus CM-B-CD was selected for further

investigation.

&0

20

UV response at 225 nm (mV)

(a) TM-P-CD
(b) CM-pCD
40 .l\_(a) K
Lo
o}
I S S S S S

Migration time (min)

Figure 1. ELectrophero“ms of racemic mixture of chiral octopamine a‘raancentration of 25.0 M. CE
condiﬂonnohosphate buffer (20.0 mM, pH 2.7) with addition of (a) 4.0 mM TM-B-CD and (b) 4.0 mM

CM-B-CD, electrokinetic injection for 2.0 s at 261.3 Vcm, applied electrical field strength of 348.4 V cm'™

and UV detection at 225 nm.

Concentration of chiral selector

The concentration of chiral selector in the
running buffer is important for optimization of
enantiormeric separation. High concentration of

chiral selector will lead to both enantiomers of the

compounds to fully form inclusion complexes
within the inner cavity of cyclodextrin giving no
separation [18]. Thus optimization of CM-B-CD

concentration was investigated.
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Figure 2. Electropherograms of enantiomers of octopamine at 25.0 uM, containing caffeine 250.0 pM,
and with different concentration of W&CD (a) 4.0 mM, (b) 5.0 mM, and (c) 6.0 mM. CE conditions:
phosphate buffer (20.0 mM, pH 2.7), electrokinetic injection for 2.0 s at 261.3 V cm’', applied electrical
field strength of 348.4 V cm™ and UV detection at 225 nm. *Caffeine, as EOF marker.

Figure 2 shows the effect of separation for
concentrations of CM-B-CD of 4.0 mM (Figure Za),
5.0 mM (Figure 2b), and 6.0 mM (Figure 2c),
respectively. Each electropherogram in Figure 2 was
selected from three replicate injections. Precision
of migration time was less than 2 %RSD for all peaks.

Calculation of R (peak resolution) was from the
-

m'J.,":

time of the first enantiomer, t,is migration time of

equation R=1.18 ( ), where t is migration
the second enantiomer, and W is summation of
peak width at half height. The R values between
two peaks of enantiomers when e;mpLoying 4.0 mha
and 5.0 mM CM-B-CD were 1.52 + 0.06 and 1.51+0.4,
respectively. Increasing CM-B-CD concentration to
6.0 mM could affect the velocity of electroosmotic

flow (EOF) (see caffeine peaks, the EOF marker, in

Figure 2). This effect was similarly observed in the
previous reports (15, 18). Therefore 4.0 miA CM-B-CD
was chosen for separation of drugs with different
chemical structures (see Table 1) since 4.0 mM gave
more reproducible migration times (less than 1.2%
RSD) compared to the use of 5 mM CM-B-CD (up
to 1.7% RSD, results are not shown). In addition,
decreasing the CD concentration lowers the final

analysis cost of the developed method.

Application of enantiomeric separation of chiral
drugs by single CE-UV method

Four different chiral drugs (atenolol,
propranolol, octopamine, and ibuprofen) were
tested usirathe single CE method. Their chemical

structures are shown in Table 1
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Table 1 Chemical properties of target enantiomeric compounds o]
Molecular
Enantiomer
Chemical name Chemical structure weight pKa
compound
(g/mol)
B-blockers
Atenolol 2-{4-[2-hydroxy-3-(propan- OH
e ierep e Aoy o
(CMH22N203J 2-ylamino)propoxylphenyl] E'HE @\)_LNHQ 266.34 9.60
acetamide
Propranolol 1-naphthalen-1-yloxy-3-propan- O Sl
, ® O"JVNECH’ 25935  9.42
(€ H,NO) 2-ylamino)propan-2-ol 3
Neurotrasmitter NH,
Octopamine 4-2-amino-1-hydroxyethyl) : ,E[H 153.18 9.64
(C,H NO) phenol H
NSAID
CH, o H
Ibuprofen 2-[4-(2-methylprophyl)phenyl] H;C-(_Md 206.28 4.91
(CHO) propionic acid Hy

13 18 2

Figure 3 shows the electropherograms of
the four compounds; atenolol (Figure 3a),
propranolol (Figure 3b), octopamine (Figure 3c) and
ibuprofen (Figure 3d). The separation of these drug
compounds were carried out using a single CE
ndiﬂon (running buffer condition was phosphate
buffer (20.0 mM, pH 2.7) containing 4.0 mM CM-B-
CD). However separation was not successful for
Ibuprafen. This may be due to ibuprofen being a
weak acid {pka=£1_91) and its ionization is suppressed
at pH 2.7 of the running buffer. Therefore it may
migrate the same velocity as caffeine (see Figure
3d). TM-B-CD was reported as a suitable selector
for enantiomeric compound containing a carboxylic
group. As discussed by Zhu et al. [17], separation
of S and R enantiomers of ibuprofen was achived
by employing TM-B-CD chiral selector in the running
buffer (0.10 M, pH 4.92) with 0.1% HPMC . However

in our work we did not use TM-B-CD since we wish
to employ a single buffer system for capillary
eleclectrophoresis. Thus separation of enantiomners
of ibuprofen could not be achieved when emplaying
CM-B-CD.

Separation of enantiomers by adding a
chiral selector, such as cyclodextrin, is achieved by
formation of a complex with the selector due to
the inclusion of enantiomer as guest into the
hydrophaobic cavity of cyclodextrin as host. This
interaction is due to Van der Waals and hydrophobic
interaction. The equilibrium or thermodynamic
complexation is characterized by a binding constant
or distribution constant, K. The different affinities
of enantiomers give rise to different values of K (ie.,
K, # KH). This causes different mobility of each
enantiormer leading to different migration time of

enantiomers [19-23].
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Figure 3. Electropherogram of chiral compounds, (a) atenolol, (b) propranolol, (c) ornpamine (25.0 pm),

(d) ibuprofen (1000.0 uM) containing 250.0 uM caffeine. CE conditn]s: phosphate buffer (20.0 mM, pH

2.7) containing CM-B-CD (4.0 mM), electrokinetic injection for for 2.0 s at 261.3 ¥ em™, applied electrical

field strength of 348.4 V cm™ and UV detection at 225 nm. *Caffeine 250.0 pM as EOF marker.

Conclusion

We report a single method for separation
of enantiomers by employing capillary
electrophoresis with UV detection. The method was
used for separation of various racemic druegs, such
as atenolol and propranolol (B-blocker drugs),
octoparnine (neurctransmitter drug) and Ibuprofen
(NSAID drug). These compounds are commercially
available and their chirality are not provided.
Therefore investigation of the chiral property will
be useful for possible future chirality applications.
This work employed CM-B-CD (4.0 mM) as a chiral
selector in the running phosphate buffer (20.0 mi,
pH 2.7). The CE method has an analysis time of only
12.0 min. The chiral separation of different three
groups of drugs (viz. beta-blockers, neurotransmitters,
NSAID drugs) was presented. This method has
already been applied to amphetamine, metham-

phetamine, ephedrine, and pseudoephedrine [14].

Application of this CE-UV method may be applied
to other drugs, such as arotinolol, clenbuterol,
terbutaline sulfate, sotalol and other cardiovascular
agents and bronchiectasis drugs to demonstrate the

method performace [16].
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