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Objective: The purpose of this study was to separate the enantiomers of amlodipine by High Performance Liquid Chromatography (HPLC)
using ovomucoid (OVM) as chiral selector, respectively by Capillary Electrophoresis (CE) using cyclodextrines and to evaluate the analytical
performance of the both proposed methods. Material and methods: HPLC enantioseparation of amlodipine was performed on an HPLC
Agilent Technologies 1100 series using as chiral stationary phase an Ultron ES OVM, 150x4.6 mm column with ovomucoid as chiral selector.
The stereoselective CE analysis of amlodipine was achieved on Agilent Technologies 7100 CE using uncoated fused-silica capillaries 48 cm x
50 mm and different type of cyclodextrins as chiral selectors. Results: A mobile phase consisting of 80% Na2HPO4 10 mM at a pH level of
5.0 and 20% ACN, isocratic elution at a flow of 1 ml/min turned to be the optimal experimental conditions for HPLC analysis (R=5.51; a=1.71)
with retention times shorter than 10 minutes for the two isomers, tR (S-AML) = 4.63 (min); tR (R-AML) = 5.54 (min). The migration times for
amlodipine enantiomers were tm (S-AML) = 8.15 (min) and tm (R-AML)= 8.45 (min) and the optimum CE conditions have proven to be a buffer
solution containing 256 mM H3PO4 at pH 3.0 and 20 mM a-CD as chiral selector and a capillary temperature set at 15°C (R=1.51; a=1.03).
Conclusion: The analytical performances of the chromatographic method using OVM as chiral selector are superior to the electrophoretic

analysis method but the CE method is more economical and may represent an alternative to the HPLC chromatographic separation.

Keywords: amlodipine, enantioseparation, ovomucoid, cyclodextrins, HPLC, CE

Received 28 November 2017 / Accepted 28 December 2017

Introduction

During the past years, one of the main research direction
in the pharmaceutical industry is the implications of chi-
rality in the pharmacological effect and therapeutic use,
respectively the development of modern enantiosepara-
tion methods for chiral drugs. Although high performance
liquid chromatography (HPLC) remains a powerful tech-
nique in analysis of chiral drugs, capillary electrophoresis
(CE) offers advantages in terms of low consumption of or-
ganic solvents and the wide variety of chiral selectors that
can be easily added into background electrolyte solutions
[1].

In the past years, chromatographic methods have been
the first choice for the enantioseparation of chiral mole-
cules. Nowadays, CE using cyclodextrins (CD) as chiral
selectors presents many advantages compared to HPLC.
Worth to mention that in CE, the consumption of organic
solvents is relatively low; the type, ionic strength, concen-
tration of electrolytes and the pH of the background elec-
trolyte (BGE), can be easily changed; the buffers that can
be used may be polar or non-polar. More importantly is
that, in CE, the chiral selector can be easily changed [2,3].
HPLC is a very well known technique offering high ro-
bustness and reproducibility. Nevertheless, in LC related
chiral analysis methods, the chiral selector usually can be
found at the level of the stationary phase. Thus beeing
said, the versatility in changing the chiral selector resides
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in changing the chromatographic column, which involves
high costs due to the high purchasing prices of chiral col-
umns [4].

An interesting drug molecule with optical activity is
amlodipine. Amlodipine (AML), (3-ethyl 5-methyl-2-[(2-
aminoethoxy) methyl]-4-(2-chlorophenyl)-6-methyl-1,4-
dihydropyridine-3,5 dicarboxylate), a leader among di-
hydropyridine class, is used alone or in combination with
other active pharmaceutical ingredients in various cardio-
vascular pathologies [5]. Amlodipine has one chiral center,
due to the presence of an asymmetric carbon atom in posi-
tion 4, which automatically generates two optical isomers
(Figure 1). Amlodipine is available in pharmaceutical dos-
age forms as racemic mixture, although, the eutomer, lev-
amlodipine (S-AML) was reported to be 1000 times more
active than R-AML [6]. In few countries amlodipine is
available as S enantiomer tablets.
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Fig. 1. Amlodipine chemical structure (* denotes the asymmetric
carbon atoms)
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In recent years, only few HPLC chiral methods have
been reported for the chiral discrimination of AML enan-
tiomers, such as an enantioseparation with the aid of a Lux
Cellulose-4 chiral column by using a mobile phase com-
posed of acetonitrile (ACN), ethanol and diethylamine
[7]. Another HPLC method for amlodipine separation
was developed by Luksa et al. [8]. They used a1- acid glu-
coprotein immobilized on 5 pm silica gel column and a
mobile phase consisting of acetate buffer and propranol.
The ovomucoid has been also used in the past by Ansari et
al. [9] for its ability to distinguish between the enantiomers
of many drugs. They developed an isocratic HPLC method
for the enantiopurity quantitation of S-AML by using an
OVM chiral column and a mobile phase consisted of phos-
phate buffer and acetonitrile.

In terms of chiral electrophoretic analytical methods de-
veloped for the enantioseparation of amlodipine, there are
many methods reported in the literature where cyclodex-
trins were used as chiral selectors. Zandkarimi et al. [10]
have succeeded the enantioseparation of amlodipine using
highly sulfated cyclodextrins (HS-B-CD) as chiral selector.
Another derivatized anionic cyclodextrin used by Owens et
al. [11] aimed to solve the chiral separation of amlodipine
was sulfobutylether-B-cyclodextrin (SBE-B-CD). Neutral
hydroxypropyl-B-CD (HP-B-CD) were used by Wang et
al. [12] for the enantioseparation of amlodipine. The use
of randomly methylated 3-CD (RAMEB-B-CD) as chiral
selector by Hancu et al. [13] allowed the chiral separation
of amlodipine with a resolution greater than 2. Native CD,
o.-CD, has been used for AML enantiomers separation us-
ing CE by Small et al. [14] with the migration times longer
than 25 minutes for both enantiomers.

Our study was focused on investigating the chiral en-
antioseparation behaviour of AML, with the help of two
different newly developed methods. The chosen methods
were based on HPLC and CE techniques, aiming in the
separation of amlodipine enantiomers in less than 10 min-
utes analysis time.

Materials and methods

Chemicals and reagents

Racemic amlodipine besylate and its pharmacologically
active enantiomer, S-amlodipine used as reference sub-
stances were purchased from Sigma Aldrich (Germany).
Acetonitrile (ACN), methanol (MeOH) and ethanol
(EtOH) (LC Grade, Merck, Germany) were used as sol-
vents in the composition of mobile phases or as solvents
for standard solutions preparation. Sodium dihydrogen
phosphate, disodium hydrogen phosphate, sodium hy-
droxide and orto-phosphoric acid (Merck, Germany) were
used for the preparation of the HPLC mobile phases and
for the ECZ buffers solutions. A Millipore Direct Q water
purification system was used to obtain ultra-pure water. As
chiral selectors for ECZ analysis various types of cyclodex-
trins were used: o-cyclodextrin (a-CD), 2-hydroxypropyl-
B-cyclodextrin (2 HP-B-CD), randomly methylated-

B-cyclodextrin (RAMEB-B-CD), y-cyclodextrin (y-CD)
(Cyclolab, Hungary).

Instruments

Chromatographic conditions

The HPLC stereoselective method of amlodipine was
developed on an Agilent 1100 Series System (Agilent
Technologies, USA) equipped with an UV-VIS detec-
tor. As chiral stationary phase, an Ultron ES OVM was
used, packed in a 150x4.6 mm column (5 um particles)
(Shinwa Chemical Industries LTD, Agilent Technologies).
The chiral selector consisted of ovomucoid glycoprotein
immobilized on an aminopropylsilane-derivatized silica
column. Different mobile phases were tested, containing
different proportions of aqueous component as phosphate
buffers (Na2HPO4; NaH2PO4) and various proportions
of organic modifiers (ethanol, methanol and acetonitrile).
The mobile phases were degassed by ultrasonication (Elma
Transsonic bath) for 15 minutes prior to use.

Electrophoretic conditions

The CE enantioseparation of amlodipine besylate was per-
formed on an Agilent Technologies 7100 CE equipped
with a diode array UV detector. The equipment was as-
sisted by ChemStation 7.01 software. The AML solutions
were hydrodynamically injected at the anodic end of the
capillary. Uncoated fused silica capillaries (50 cm x 50 mm
- Agilent, Germany) were used, while different types of
cyclodextrins have been screened for stereospecific inter-
actions with amlodipine: a-CD, 2-HP-B-CD, RAMEB-
B-CD and y-CD. BGEs were prepared by dissolving the
appropriate amount of buffer (H3PO4; Na2HPO4; NaH-
2PO4) in ultrapure water and adjusting the pH, when it
was necessary, with NaOH 1 M or H3PO4 10%. The cap-
illary was conditioned with NaOH 0.1 M for 30 minutes,
followed by purified water for 15 minutes and finally with
the BGE for 15 minutes. Between runs, the capillary was
preconditioned with purified water for one minute and
with the BGE, for two minutes.

The detection undertook for both methods at the wave-
length value of 238 nm, where amlodipine recorded maxi-
mum absorbance. The Terminal 740 (Inolab) pH meter,
previously calibrated, was used for pH buffer adjustments
of mobile phases (HPLC) and for BGE solutions (CE). An
ultrasonic bath T700H (Elma Transsonic) was used for the
preparation and degassing of the mobile phases.

Samples, mobile phases and BGE preparations

AML stock solutions were prepared by weighing a suitable
amount of powder and disolving it in methanol in order to
give a concentration level of 1000 pg/mL in a volumetric
flask. Stock solutions were later diluted to the appropri-
ate concentration with the mobile phase mixture. S-AML
stock solution was prepared also in methanol, at a concen-
tration level of 10 pg/mL. CDs solutions were prepared at
a concentration level of 50 mM by dissolving the CD in
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BGE. All samples, CDs and buffer solutions, were filtered
through a 0.45 pm syringe filter and ultrasonicated for five
minutes prior to use. The detection took place at the cath-
ode end of the capillary.

Results and discussions

HPLC method development and optimization

The proposed HPLC method is based on the separation
due to the interaction with chiral stationary phase CSP.
The chiral selector belongs to the protein class, chemically
bonded to spherical silica gel particles. The ovomucoid,
a chiral polymer is able to present stereoselective inter-
actions with a large number of pharmacologically active
compounds, exhibiting a very complex recognition mecha-
nism. The chiral selector contains chiral recognition sites
for a pair of enantiomers, and the chiral separation mech-
anisms are based on unique combinations of hydropho-
bic and polar interactions between the chiral analyte and
ovomucoid molecules [15].

Since the overall charges both for the ionizable enanti-
omers and the proteic stationary phases are influenced by
the pH, one of the most important parameters for enantio-
meric separation on an ovomucoid is the pH of the mobile
phase by taking in consideration to the pKa of the analyte
(pKaAML = 9.10).

OVM has an isoelectric point (pI) of 4.1, therefore, it is
expected for the stationary phase to be negatively charged
when the mobile phase pH is above the plI values. The de-
crease of the mobile phase pH towards the ovomucoid pl
reduces the negative charges of the stationary phase, result-
ing in shorter retention for the basic compounds, whereas
increasing in the mobile phase pH towards the pI reduces
the positive charge of the stationary phase, resulting thus
in shorter retention times for acidic compounds [15,16].

Taking into account these facts, the HPLC method was
developed and improved by changing some of the critical
chromatographic conditions such as the pH of the mo-
bile phase’s aqueous component, proportion of the mobile
phase’s organic modifier (ethanol, methanol or acetoni-
trile), the chromatographic column temperature, all in an
univariate manner.

The influence of the mobile phase’s aqueous component
pH was studied at different pH values between 3 and 7. It
is worth mentioning that the tested pH interval fell within
the manufacturer recommended pH usage range of the
column.

The optimal pH value with whom the chiral resolu-
tion and selectivity are associated with enantioseparation
of amlodipine, is 5.0 (R=5.51; a=1.71). The obtained re-
tention times were shorter than 10 minutes for the two
isomers, tR (S-AML) = 4.90 (min); tR (R-AML)= 7.18
(min). (Figure 2)

Taking into account that the temperature has an im-
portant role on all chromatographic techniques and due
to the fact that both the thermodynamics and kinetics of
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Fig. 2. Chromatograms of the enantioseparation for racemic AML
at different pH values (50ug/ ml) (HPLC conditions: Ultron ES-OVM
column; 25°C; mobile phase: A — Na,HPO, 10 mM 78%, B — ACN
22%, flow 1 ml/min, isocratic elution).

adsorption processes are temperature dependant, column
temperature was varied between 20-35°C. This tempera-
ture range is supported by the stationary phase, accord-
ing to the producer statement. In this study, lowering the
elution temperature produces a decrease in retention time
and an improving, consecutively, of the peaks shape. El-
evated temperatures are able to decrease the viscosity of
the mobile phase and to increase solubility and diffusivity,
improving thus the separation resolution and the selectiv-
ity of the method. (Table I)

Optimal HPLC experimental conditions were estab-
lished at a column temperature of 30°C, the percentage
of the aqueous buffer component of the mobile phase was
80% (Na2HPO4 10mM) at a pH level of 5.0. The or-
ganic modifier, consisting of ACN, turned to be optimal
when it is used under a proportion of 20%. The elution
mode was isocratic at a flow of 1 ml/min. The established
chromatographic conditions allowed the separation of the
enantiomers of amlodipine, in less than 7 minutes.

Table I. Variation of separation parameters (t;, N, R, o) of amlodip-
ine depending on the elution temperature

Amlodipine
Column temperature
try tre N, N, Rs o
20 °C 5.02 7.66 3706 2740 5.76 1.79
25°C 4.89 7.18 3801 3157 5.51 1.71
30°C 4.63 5.54 3894 3263 5.04 1.65

35°C 4.57 6.01 4248 3688 4.26 1.50
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CE method development and optimization

The selectivity for capillary electrophoresis depends pri-
marily on the electrical charge, which can be induced
by changing the pH of the buffer solution and the ionic
strength. The buffer composition and the ionic strength
can influence the enantiorecognition, because the mobility
of the analytes and cyclodextrins, respectively, are strongly
affected. In the case of CE, cyclodextrins play the role of
chiral selectors, the separation of chiral molecules can be
achieved in CE, given the fact that it forms inclusion com-
plexes with different stability and mobilities for the two
isomers [2,3].

To improve the selectivity in CE, using cyclodextrins as
chiral selectors, the optimum buffer concentration was de-
termined by recording the electropherograms of racemic
amlodipine, under identical conditions, at different con-
centrations of the phosphate buffer: 25 mM, 50 mM, 75
mM or 100 mM. High separation selectivity was observed
when using the most diluted phosphate buffer solution,
25 mM.

The pH of the BGE also turned to be a critical param-
eter. This happened due to the fact that it influenced the
electric charge of both the analyte and the cyclodextrin,
modifying thus the electrostatic interactions between the
chiral selector and the two isomers, in the end resulting in
the different mobility of the complexes. Considering the
pKa value of amlodipine (9.1) the electropherograms have
been recorded in a pH range comprised between 2.0 to
7.0. The best stereoresolution of the amlodipine enantiom-
ers was achieved at a pH value of 3.0.

To improve the selectivity CE, the optimum BGE con-
centration was determined by recording the electrophero-
grams of racemic AML, using different concentrations of
the phosphate buffer between 25-100 mM. High separa-
tion selectivity was observed when using 25 mM phos-
phate buffer solutions.

Once the optimum composition and concentration of
the BGE had been established, the enantiomeric resolu-
tion of AML was further studied using several types of na-
tive CD: a-CD; B-CD and y-CD and derivatized B-CD:
2-HP-B-CD, RAMEB-B-CD. The CDs were added in dif-
ferent concentrations relative to the used buffers in order
to observe the enantiomeric separation mechanism, taking
in consideration chiral resolutions. (Figure 3)

According to the Dalgliesh’s three-point interaction
rule, chiral recognition is possible in a context where at
least three simultaneous interactions between the enanti-
omer and the used chiral selector must exist.

Although AML is a relatively large molecule presenting
two aromatic rings in its chemical structure, the CD with
the smallest inner cavity, a-CD was the only one able to
support the complete separation under the electrophoretic
conditions mentioned above. Regarding the AML mol-
ecule from 3D perspective with molecular energy opti-
mization the 2 aromatic rings are almost orthogonal one
with respect to the other and the benzene ring has no steric
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Fig. 3. Electropherograms of the chiral separation for racemic AML
using different CD as chiral selectors (CE conditions: phosphate
buffer 25 mM, pH 3, injection pressure/time: 30mbar/3sec, voltage
+25kv, 25°C, CD concentration 20mM: a)a. CD; b)2HP-B3-CD; c)
RAMEB-3-CD; d)y-CD).

hindrance in the S-enantiomer, therefore a higher binding
energy between S-AML and cyclodextrin is more probably.
(3]
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After the establishment of the optimum chiral selector,
the capillary temperature was varied between 15°C and
30°C. This was done only to observe if the capillary tem-
perature in the case of electrophoretic determination may
represent a critical parameter as in the case of chromato-
graphic determination.

The increase in capillary temperature leads to a de-
creased viscosity of the buffer solution, altering both the
chiral AML and CD-analyte complex mobility. Whereas
the chromatographic method was negatively influenced by
the increase of the temperature as both the resolution and
the selectivity were lowered, in the case of the electropho-
retic method, the variation of capillary temperature affects
only the resolution, without affecting the enatiomeric se-
lectivity. (Table IT)

The optimum CE conditions seemed to be based on us-
ing a buffer solution containing 25 mM H3PO4 at pH 3.0
and 20 mM 0—CD as chiral selector. The optimum sepa-
ration underwent under an applied voltage of + 25 kV, a
capillary temperature set at 15°C and UV detection at 238
nm. Under these parameters, the separation for the two
enantiomers of amlodipine succeeded in approximately 10
minutes, with a resolution of 1.51 and a stereoselectivity
factor of 1.03. (Figure 4)

The elution order and the migration time of the enan-
tiomers were established by injecting the solution of the
pure enantiomer, S-AML, in the same optimiezed chro-
matographic/electrophoretic conditions, and was S-AML
followed by R-AML.

Table Il Electrophoretic parameters (R, o) recorded following of
enantioseparation of amlodipine

Capillary o-CD 2 HP-B-CD RAMEB-B-CD
temperature o R o R o
15°C 1.51 1.03 1.05 1.02 0.94 1.02
18 °C 1.46 1.03 1.04 1.02 0.91 1.02
21°C 1.32 1.03 1.01 1.02 0.90 1.02
24 °C 1.25 1.03 0.96 1.02 0.89 1.02
27 °C 1.22 1.03 0.72 1.02 0.86 1.02
30°C 1.09 1.03 0.69 1.02 0.84 1.02

Table IV Analytical performance for the proposed HPLC and CE
methods

Enantiomer HPLC CE
Retention R o Migration R o
time (min) time (min)
R-AML 4.63 8.15
5.04 1.65 1.51 1.03
S-AML 5.54 8.45
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The evaluation of the analytical performances of the
two proposed chiral methods

Calibrations of the two methods were achived by fitting a
linear curve to five concentration points covering ranges
between 20-500 pg/mL for AML enantiomers (HPLC
method) and 50-500 pg/mL (CE method), respectively.
Three independent injections were performed at each con-
centration level.

The limit of detection (LOD) for the two isomers was
established in terms of peak height to background noise
signal ratio, which must not be less than three times the
noise signal intensity for both of the proposed methods.
The limit of quantification (LOQ) was set at the lowest
concentration at which the peak’s height of the analytes
were 10 times more intense than the noise signal intensity.
As can be seen, the limits of detection and the limits of
quantification for the two developed methods are substan-
tially different. (Table IIT and IV)

The two proposed methods were statistically evaluated
by comparing the variances of the retention times (tR-
HPLC) and migration times (tm-CE) of the amlodipine
enantiomers (F test, N=5, 0.=0.05). (Table V)

F test revealed that, there is no statistical difference be-
tween the variances of the retention times obtained with
the help of HPLC method compared to the variances of
the migration times obtained when using the CE method,
for both enantiomers, R-AML and S-AML, respectively.

Conclusions

Both developed methods turned to comply to the desired
separation performance parameters in terms of resolution,
selectivity and migration times. Analysis time is was short-
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Fig. 4. Typical electropherogram for racemic amlodipine (100pg/
ml) (analytical conditions: 25 mM phosphate buffer, pH 3.0, 20 mM
a-CD chiral selector, voltage + 25 kV, temperature 15°C, injection
pressure/time: 30mbar/3sec, UV detection 238 nm)

Table Ill The limit of detection (LOD) and limit of quantitation (LOQ) for the proposed HPLC and CE chiral method

Enantiomer HPLC CE
Regression equation R2 LOD LOQ Regression equa- R2 LOD LoQ
(Hg/mi) (ng/mi) tion (Hg/ml) (ug/mi)
R-AML y= 4.835x-31.34 0.999 2.02 6.31 y=9.016x-29.69 0.998 10.06 29.69
S-AML y = 4.829x-31.83 0.999 212 6.43 y=9.013x-31.58 0.997 10.33 30.67
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Table V Comparison between qualitative precision of the two methods, HPLC and CE

R-AML Variable 1 Variable 2 S-AML Variable 1 Variable 2
HPLC (tg) vs CE (t,,) HPLC (tg) vs CE (t,)

Mean 4.592 8.282 Mean 5.484 8.492
Variance 0.00082 0.00772 Variance 0.00328 0.00152
CV% 0.6236 1.0443 CV% 1.0609 0.4591
Observations 5 5 Observations 5 5

F 0.1062 F 2.1579

P(F<=f) one-tail 0.0517 P(F<=f) one-tail 0.4745

F Critical one-tail 0.1565 F Critical one-tail 6.3882

er than 7 minutes for the HPLC method and shorter than
10 minutes in the case of CE method.

The analytical performances of the chromatographic
method using OVM as chiral selector (R-5.04; a0 — 1.71;
LOD —2pg/mL) are superior to the electrophoretic analysis
method (R-1.51; a0 — 1.03; LOD —10pg/mL). Although
analysis times from the literature published in previous
studies are similar with those obtained in this study, the
enantioresolution of our method (R=5.04) is clearly supe-
rior (R=1.43).

The proposed electrophoretic method, using o-CD as
chiral selector to the BGE, has been successfully applied for
the steric discrimination of AML enantiomers, with good
repeatability of the migration time and peaks areas. More
to be added, the method is more economical may represent
an alternative to the HPLC chromatographic separation.

Although the evaluation of the analytical performances
of the two methods indicates that the HPLC method is
more efficient in enantioseparation of AML, due to low
solvent, analyte and chiral selector consumption and lower
operational cost, the CE proposed method represents a vi-
able alternative for the quantitative determination of AML
emantiomers in pharmaceutical forms.
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