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Abstract

A sensitive enantioselective high performance liquid chromatographic assay for determination of the dihydropy-
ridine-type calcium antagonist amlodipine in human plasma samples is described. Chiral chromatography is
performed on an o)-acid glycoprotein column (i.e. Chiral-AGP) and the eluted enantiomers are trapped and
compressed on two short columns before final achiral chromatography on a narrow bore column (i.e. Zorbax SB-Ph)
using electrochemical detection. Both stereoselective quantitative analysis and enantiomeric ratio analysis, for samples
with a known total concentration of amlodipine are described. The quantitative assay shows linearity over the range
0.5-10 ng ml~' for the two enantiomers and the limit of detection is about 0.2 ng ml~!. The method has been
applied to a pharmacokinetic study of the enantiomers of amlodipine in human subjects.

Keywords: Amlodipine; Chiral a,-acid glycoprotein; Column switching; Dihydropyridine; Electrochemical detection;
Enantiomer; High performance liquid chromatography; Solid-phase extraction

1. Introduction

Amlodipine is a potent dihydropyridine calcium
channel blocker used in treatment of hypertension
and angina pectoris [1]. Like most other calcium
channel blockers of this class amlodipine is thera-
peutically used as a racemate. Since the desirable
vasodilating effect only occurs with the S-(—)-
enantiomer [2,3], information about the pharma-
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cokinetic behaviour of the enantiomers is needed.

In order to measure amlodipine in human
plasma, a fast and sensitive assay with a limit of
quantitation in the subnanogram per milliliter
range is required. The non-enantioselective
method most frequently referred to in clinical
studies is a sensitive gas chromatography (GC)
assay with electron capture detection after deriva-
tization with trimethylacetyl chloride [4] and re-
cently an enantioselective GC assay based on this
method has been presented [S]. In this indirect
method the enantiomers of amlodipine are con-
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verted to their acyl derivatives with the chiral
reagent (4 )-(S)-a-triffuoromethylphenylacetyl
chloride (Mosher’s reagent) and then separated as
diastereoisomers with conventional GC. This as-
say shows a high sensitivity for the drug in human
plasma samples (i.e. 0.02 ng ml—1!), but the
derivatives are not baseline-separated within a
reasonable time (i.e. 30 min) and the gas chro-
matograph is working under rather high tempera-
tures which increase the risk of thermal
decomposition of the derivatives or oxidation of
the dihydropyridine moiety of amlodipine [6]. Un-
derivatized neutral dihydropyridines require high
working temperatures for GC and the derivatized
amlodipine is even less volatile [4-6]. Further-
more, since the sample preparation is extensive
and time-consuming ( > 3.0 h), a robot has to be
used to achieve increased capacity of the assay.
High performance liquid chromatography
(HPLC) for direct enantiomeric separation on
chiral columns has been reported for several dihy-
dropyridines. Many chiral phases in both normal-
(e.g. Pirkle-type and cellulose/amylose) [8-10,12—
21,23] and reversed-phase (e.g. proteins, cyclodex-
trins) [7,10,11,22-26] have been successfully used.
The cellulose phases, however, have become the
most popular chromatographic tools for stereose-
lective bioanalysis of these substances since they
can be easily combined with GC analysis. The use
of mobile phases based on organic solvent allows
collection of the enantiomers in fractions that can
then be concentrated by evaporation before a
final off-line quantitation. Assays suitable for de-
termination of the drug enantiomers in plasma
have been developed for felodipine [13-15],
manidipine [16], nicardipine [13,17], nilvadipine
[13,18], nimodipine [13,16], nisoldipine [13,20,21]
and nitrendipine [13]). All these substances have
been separated on a Chiralcel OJ column (i.e.
tris(4-methyl-benzoate)cellulose) with the excep-
tion of nilvadipine, which was separated on a
Chiralpak OT( + ) column (i.e. polymethacrylate),
and all the columns were run in the normal-phase
mode. In a majority of these assays off-line detec-
tion with GC-electron capture detection (ECD)
[5,13,18] or GC-mass spectrometry (MS) [14,19-
21] was used. Manidipine, however, was detected
off-line with UV in an achiral HPLC system [16].

The application of chiral chromatography to
studies of the stereoselective pharmacokinetics of
dihydropyridine calcium antagonists in humans
has recently been reviewed [23].

Chromatographic materials prepared with the
extremely stable human protein «,-acid glyco-
protein immobilized on silica (i.e. Chiral-AGP)
have been shown to be chiral selectors with a
broad range of applications [24]. The enantiomers
of dihydropyridines such as felodipine [24,25],
isradipine [11], nicardipine [26], nimodipine [11]
and nisoldipine [24] have for instance been base-
line-separated. However, the AGP material has
not yet been used for stereoselective analysis of
these substances at human plasma levels due to
the lack of sensitive techniques for direct detec-
tion in combination with the chiral chromatogra-
phy. Furthermore, since chromatography is
performed in the reversed-phase mode, fraction-
ated collection with off-line GC detection is
difficult to apply.

The aim of the present study was to find a
reversed-phase HPLC method for enantiomeric
separation that could be combined with achiral
chromatography in a coupled-column system. The
intention was to use a recently presented achiral
HPLC assay, based on sensitive electrochemical
detection, for the final determination of amlodip-
ine [27]). The enantiomeric separation of rac.-am-
lodipine on an «;-acid glycoprotein column (i.e.
Chiral-AGP) was studied. Both enantiomeric ra-
tio analysis of samples with a known total con-
centration of amlodipine and enantioselective
quantitative analysis using internal standardiza-
tion were evaluated.

2. Experimental
2.1. Chemicals and materials

Acetonitrile (far-UV) and methanol (HPLC-
grade) were purchased from LabScan Analytical
Sciences (Dublin, Ireland) and 1-propanol was
from Fluka (Buchs, Switzerland). Acetic acid
(100%), ammonia (25%), disodium hydrogenphos-
phate-2-hydrate, sodium acetate and ethylenedi-
aminetetraacetic acid disodium salt dihydrate
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(EDTA), all pro analysi, were purchased from
Merck (Darmstadt, Germany). Potassium dihy-
drogenphosphate and tetrabutylammonium hy-
drogensulfate (TBAHS) were from Fluka.
R-(+)-, S-(—)- and rac.-amlodipine (maleate),
and rac.-UK52.829 (fumarate) were obtained
from Pfizer Central Research (Sandwich, UK).
Structures are shown in Fig. 1.

Bond Elut C2 extraction columns, with a sor-
bent mass of 100 mg in 3 ml cartridges, were
purchased from Analytichem (Harbor City, CA)
and the same size Isolute C2 and C2 EC (end-
capped) columns were from International Sorbent
Technology (IST; Hengoed, UK).

2.2. Solutions. standards and samples

Stock solutions of rac.-, R-(+)-, and S-(—)-
amlodipine and rac.-UKS52.829 (1 mg ml ") were
prepared with 10 mg of the free base in 10 ml
methanol. Stock diluted solutions (1:100) to a
final concentration of 10 ug ml~' were prepared
in methanol-water 1:1 (v:v) and stored at +4°C.
Working solutions (1.0 and 0.1 xg ml~') were
prepared by successive 1:10 dilutions in
methanol-water 1:1 (viv).

Standards and controls were prepared on the
day of analysis. Blood samples were collected in
EDTA K; Vacutainers (Becton & Dickinson,
Meylan, France) by venipuncture. After centrifu-
gation (2000g, 5 min) human plasma samples
were stored at —80°C. No loss in recovery of
amlodipine in spiked plasma samples was seen
after four freeze—thaw cycles.
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Amlodipine H CHZ'O‘CHz‘CHz-NHQ
UK52.829 Cl CH5-0O-CHy-CH,-NH;

Fig. 1. Molecular structures.
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Fig. 2. Schematic diagram of the experimental set-up. Both
values (I and 1) in off position. LTC = left trapping column,
RTC =right trapping column (i.e. CT-sil Phenyl).

2.3. Apparatus

The chiral chromatography part of the coupled
HPLC system consisted of a Waters 717 autosam-
pler, a Waters 590 programmable solvent delivery
module and a Waters WAVS automated valve
station with two six-port valves (Milford, MA).
Two CT-sil Phenyl trapping columns, 10 mm x
2.1 mm i.d., were mounted on one of the valves
and a CT-sil C18 guard column, 10 mm x 3.0 mm
i.d. (ChromTech, Higersten, Sweden) was
mounted in front of the autosampler as a mo-
bile phase scavenger (Fig. 2). Chromatography
was carried out on a Chiral-AGP column (i.e.
aj-acid  glycoprotein), 100 mm x 4.0 mm id.
(ChromTech), with a 10 mm x 3.0 mm i.d. Chiral-
APG guard column. The chiral column was
housed in a Jones chromatographic column
heater/chiller, model 7955 (Hengoed, UK).

The achiral chromatography part of the cou-
pled HPLC system connected to the WAVS valve
station, consisted of a Gynkotek 480 pump (Mu-
nich, Germany), an Antec Decade amperometric
detector (Leiden, The Netherlands) and an
EZChrom Scientific Software integrator system
(San Ramon, CA). The built-in detector oven
housed an Antec VT-03 analytical cell with a 50
um spacer, an ESA 5020 guard cell (Bedford,
MA), an Antec LO-Pulse pulse damper and the
analytical column. Chromatography was carried
out on a Zorbax SB-Phenyl, 150 mm x 2.1 mm
i.d., Rockland Technologies (Chadds Ford, PA)
column. The detector cell was attached to the
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Table 1
Timetable for the column-switching program

Row Time (min.) Valve 1 Valve 11 Valve I Event*

! 0 - - - Injection —
1 0 On On Vv AGP phase to waste

2 8 Off On \Y% Wash of the LTC with AGP phase

3 8.5 Off Off Vv R-(+)-AML to the RTC

4 13 Off On S S-(—)-AML to the LTC

5 18 On Off S Elution from RTC to the SB-Ph column

6 23 On On S Elution from LTC to the SB-Ph column

- 25 - - - New injection. Ratio analysis T
7 25 Off On \% UK(I) to the LTC

8 32 On On S Elution from LTC to the SB-Ph column

- 32 - - - New injection. Quantitative analysis 1
9 45 On Off S Resting (AGP mobile phase flow 0.1 ml min—')

* Left (LTC) and right (RTC) trapping columns, i.e. CT-sil Ph. Amlodipine (AML) and UK52.829 (UK).

analytical column with the shortest possible
PEEK capillary.

An IST VacMaster preparation system was
used for the extraction and organic solvents were
evaporated with a Heto Lab Equipment vacuum
concentrator, Hetovac VR-1, CT 110 (Birkerod,
Denmark).

2.4. Chromatographic conditions

Chiral chromatography was carried out at a
flow rate of 0.9 ml min—' and a temperature of
20°C. The mobile phase was prepared in 5l
batches by adding 0.3% of l-propanol to an ac-
etate buffer (pH 3.9; 50 mM) containing 5 mM
TBAHS and finally passed through a 100 mm x
4.6 mm Hypercarb-S (Shandon, Runcorn, UK)
column ( = 3.0 ml min ~ ') before use. The Hyper-
carb-S column was restored by washing with pure
methanol and water between batches. So far the
column has been used for more than 10 batches
without deterioration.

Achiral chromatography was a modified ver-
sion of a previously presented amlodipine assay
[27] with a flow rate of 0.4 ml min~—' and a
detector oven temperature of 30°C. The analytical
cell had an applied voltage of +0.95 V and the
nanoampere sensitivity range was used. The ap-

plied voltage of the guard ceil was + 0.95 V. The
mobile phase was prepared by mixing methanol -
acetate buffer (pH 4.0; 0.1 M) (55:45, v/v). EDTA
was added to a concentration of 10 mg 1! and
TBAHS to a final concentration of 5 mM. The
mobile phase was passed through a 0.22 um filter
and recycled in the chromatographic system for at
least 12 h, with the analytical- and guard cells
under working conditions, before analyses.

2.5. Switching procedure

The autosampler was working as a master in
the chromatographic system initiating the switch-
ing program of the valve system when a sample
was injected onto the AGP column (Fig. 2). The
first-eluted enantiomer of amlodipine (R-( + )-)
was transferred to the right trapping column by
switching valves I and II, after which the second-
eluted enantiomer (S-( — )-) was transferred to the
left trapping column by switching only valve 1I,
according to the timetable described in Table 1.
The R-(+ )-enantiomer was then eluted and ap-
plied to the achiral HPLC system by letting the
Zorbax SB-Ph mobile phase pass through the
right trapping column by switching valves I and
II. At the same time the EZChrom integrator
system was started. After 5 min, when the first
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Fig. 3. Chromatograms and timetable of mobile phase flows in the switching system. Bottom: chromatogram from trapping window
check analysis with UV detection (240 nm) showing the initial enantiomeric separation on the Chiral-AGP column. Injected amounts
are 100 ng rac.-amlodipine and 200 ng rac.-UK52.829. Top: chromatograms showing the final quantitation of the enantiomers on
the achiral Zorbax SB-Ph column. Injected amounts are 5.0 ng R-(+)- and S-( —)-amlodipine and 50 ng rac.-UK52.829 using

electrochemical detection ( + 0.95 V).

chromatogram was completed, S-( — )-amlodipine
was eluted from the left trapping column by
switching valve II. If enantiomeric ratio analysis
was performed a new injection onto the AGP
column was made now. However, if quantitative
analysis with an internal standard was performed,
the first-eluted enantiomer of UKS52.829 was then
transferred to the left trapping column while the
second chromatogram was completed according
to Fig. 3. The second enantiomer of UKS52.829
was directed to waste, the first enantiomer was
eluted from the left trapping column and the
third, and last, chromatogram was completed. A
new injection onto the AGP column was initiated
at the same time as the internal standard was
eluted from the left trapping column. The three
chromatograms of R-(+)- and S-( —)-amlodip-
ine and the internal standard from the final achi-
ral chromatography are shown at the top of Fig.
3. The complete procedure of chiral chromatogra-
phy, trapping, elution and final achiral chro-
matography with detection took less then 35 min.

Retention time windows for sampling from the
AGP column were determined beforehand by in-
jecting 100 ng rac.-amlodipine and 200 ng rac.-
UKS52.829 with a UV detector (240 nm) coupled
directly to the outlet of the AGP column (Fig. 3).

By using one of the low pressure valves on the
WAVS station an AGP-mobile-phase-saving ar-
rangement could be established without any risk
of cross-contamination of the two mobile phases
in the coupled-column system.

2.6. Extraction procedure

A solid-phase extraction procedure with high
recovery (i.e. = 95%) was used as previously de-
scribed [27]. The Bond Elut C2 extraction
columns were conditioned before use with 2 ml
acetonitrile, 1 ml water and 1 ml phosphate buffer
(pH 7.0; 0.025 M). To the column cartridge were
added 0.5 ml phosphate buffer (pH 7.0; 0.025 M),
50 ul internal standard solution (0.2 xg ml~'
UK52.829 in methanol-water, 1:1 (v:iv)), 1 ml
plasma sample and another portion of 0.5 ml
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buffer. The solution was applied to the columns
with a gentle underpressure of 2-5 mm Hg. The
columns were then washed with 2 ml 20% acetoni-
trile in water, dried by vacuum suction for 5 min,
and finally washed with 1 ml acetonitrile at 25
mm Hg. The samples were eluted with 1 ml of a
solution of 2.5% ammonia in acetonitrile and the
solvent was evaporated with the Hetovac vacuum
concentrator.

Samples were dissolved in 50 u1 of a solution of
2% 1-propanol in 50 mM acetic acid, and then
transferred into microvials for the automated in-
jection system where 40 ul was injected.

3. Results and discussion

In chiral HPLC method development it seems
natural to focus on the chromatographic consider-
ations and to forget aspects such as the detectabil-
ity of the analyte in the actual eluting media and
the constitution of the injected samples, both of
which are crucial to the final result when determi-
nation of low concentrations of a drug in complex
matrices (e.g. plasma, urine, faeces) is the objec-
tive. Many chiral HPLC assays require highly
purified biological samples in order to obtain
stability for long-term work and the majority of
the chiral HPLC columns on the market are run
in the normal-phase mode, which can be unfa-
vourable for the detection of the analyte. The
current findings, however, show that an achiral
HPLC assay with sensitive electrochemical detec-
tion can be combined on-line with a chiral separa-
tion of amlodipine performed in the
reversed-phase mode on a protein column. The
solid-phase extraction used allowed a high num-
ber of injections on the chiral column without
affecting the chromatography.

3.1. Detection

Therapeutic plasma concentrations of amlodip-
ine in humans, vary between 1 and 20 ng ml~'
and in pharmacokinetic studies, after single-dose
administration, plasma levels below 0.5 ng ml~'
have to be detected [I]. The UV response or
native fluorescense of amlodipine is far from that

required for analysis of human plasma sample
levels. Furthermore, studies of diastereomeric am-
lodipine derivatized with the highly fluorescent
reagent ( + )-1-(9-fluorenyl)ethyl chloroformate
(( +)-FLEC) surprisingly showed markedly low
response, probably due to quenching between am-
lodipine and the fluorenyl moiety in the deriva-
tives. Amperometric electrochemical detection,
however, has successfully been used by this group
in an achiral reversed-phase HPLC assay, on a
narrow bore column, for determination of rac.-
amlodipine in human plasma samples [27]. At an
applied voltage of * + 1.0 V the dihydropyridine
moiety in amlodipine is readily oxidized and
forms the pyridine analogue. A drawback of elec-
trochemical detection in chiral chromatography is
that the technique can not be used in the normal-
phase mode. Therefore the selection of phases for
use in combination with electrochemical detection
is restricted to protein, cyclodextrin and antibiotic
phases which can be used in the reversed-phase
mode.

3.2. Chiral separation

The «;-acid glycoprotein column (i.e. Chiral-
AGP) has been shown to be a versatile chiral
selector. Changes in enantioselectivity and reten-
tion on the Chiral-AGP columns are achieved by
simple modifications of the mobile phase compo-
sition such as changes in the nature and concen-
tration of uncharged modifier (e.g. methanol,
ethanol, propanol) [28] or changes in pH [29]. The
mechanisms of the stereoselective interaction with
the AGP material are still unclear but the protein
surface contains many different binding groups
(i.e. amino acid and glycoprotein residuals), al-
lowing several possibilities for stereoselective in-
teractions [30].

Baseline separation of the amlodipine and
UKS52.529 enantiomers was achieved on a 4 mm
i.d. Chiral-AGP column with a mobile phase con-
sisting of an acetate buffer, pH 3.9 with 0.3%
1-propanol. The chromatogram is shown at the
bottom of Fig. 3. Several organic modifiers were
compared (e.g. methanol, ethanol, 1- and 2-
propanol, acetonitrile) and 1-propanol was found
to have the highest selectivity for the enantiomers
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of amlodipine. Furthermore, the pH was found to
be the most critical regulator of the capacity and
selectivity of the analytes. Even a small increase in
pH (0.1 pH units) markedly increased the reten-
tion of the analytes, in agreement with the find-
ings of Hermansson and Grahn [29]. They showed
that the enantioselectivity of hydrophobic basic
drugs increases while the retention markedly de-
creases, when the pH of the mobile phase de-
creases from operations at pH 7 to a pH near 4.
Furthermore, in the present study it was found
that for the AGP column the content of organic
modifier (i.e. 1-propanol) needed careful adjust-
ments, typically in the range 0.2-0.6%, to ensure
that similar chromatographic conditions were
achieved. In order to reduce secondary interac-
tions with the silica matrix and enhance peak
shapes a cationic modifier was added to the mo-
bile phase. Since amines are readily oxidized by
the electrochemical detector and thereby give an
enormous background signal only a quarternary
ammonium salt (e.g. TBAHS) could be used.

As in many applications with chiral separation
on a protein column the peaks were broad, with
some tailing, which is not optimal for quantitative
analysis. Even though there was a marked in-
crease in sensitivity when a 2 mm i.d. Chiral-AGP
column (narrow bore) was used instead of the 4
mm i.d. column, the signal-to-noise ratio was still
too low. Furthermore, there was a marked long-
term instability when the narrow bore column was
used, with a drifting baseline induced by the
injection, even though sample volumes as low as 5
1 were injected.

3.3. Column switching

Column-switching techniques have been used
successfully in several assays for optimization of
the chromatography of drugs in complex biologi-
cal matrixes [31]. By combining the Chiral-AGP
chromatography of amlodipine with the achiral
HPLC mentioned above [27] in a coupled-column
system a sensitive on-line assay for determination
of the amlodipine enantiomers was obtained. A
condition was the access to an effective sample
preparation procedure (i.e. single-step solid-phase
extraction) that allowed injections of a high num-

ber of samples on the AGP column without dete-
rioration of the chromatography. However, since
the peaks from the Chiral-AGP chromatography
were broad, a direct switching of the enantiomers
on to the achiral SB-Ph column would imply large
injection volumes (2-5 ml) of mobile phase from
the chiral system, disturbing the chromatography
and the electrochemical detection in the achiral
HPLC system. Walhagen and Edholm [32] have
shown that in coupled-column chromatography
systems the efficiency and selectivity of the chiral
chromatography on protein columns could be im-
proved by peak compression and hydrophobic
trapping columns. The low concentration of or-
ganic modifier in the AGP mobile phase (i.e. 0.3%
1-propanol) allowed collection of amlodipine on
short hydrophobic reversed-phase columns (i.e.
CT-sil Ph). With the mobile phase used for the
achiral HPLC system (1.e. 55% MeOH) the ana-
lytes (i.e. R-(+) and S-(—)-amlodipine and
UK52.829) could be easily eluted from the trap-
ping columns and applied to the SB-Ph column
for final chromatography with high sensitivity
electrochemical detection. Using this procedure
the peak shapes were improved and thereby the
sensitivity of the assay increased. Chromatograms
are shown at the top of Fig. 3. To configure a
suitable automated system, two six-port valves
interconnected the two analytical columns (i.e.
Chiral-AGP and Zorbex SB-Ph) via the two trap-
ping columns (i.e. CT-sil Ph) according to Fig. 2.
As a result of large trapping volumes in combina-
tion with a sensitive detection method, interfering
peaks were seen in the final chromatogram when
pure AGP mobile phase was trapped. By passing
the mobile phase, in batches of >2 |, through the
highly hydrophobic Hypercarb-S column, inter-
fering substances could be removed. This proce-
dure caused no further changes to the mobile
phase composition, as could be seen by compar-
ing AGP chromatography using the same batch
before and after processing.

Decreased separation factors for the analytes
were observed after about 50 injections onto the
AGP column but chromatography was restored
by washing with about 100 m! of a solution of
20% acetonitrile in water.
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3.4. Determination of the enantiomeric ratio

For plasma samples with a known concentra-
tion of rac.-amlodipine, a simplified and less time-
consuming method without internal standard was
used for the determination of the R-(+)/S-(—)-
concentration ratio. The detector response was
expressed as the peak-height ratio between the
enantiomer and the sum of the peak heights of
both enantiomers (i.e. R/[R+ S] and S/[R + S)).
Using this procedure losses during sample prepa-
ration and injection could be neglected. In these
analyses a total cycle of enantiomeric separation,
trapping and final achiral chromatography with
detection was about 25 min.

Calibration curves were prepared from plasma
samples spiked with 2 ng ml~' amlodipine in
R-(+)/S-(—) ratios of 25/75, 50/50 and 75/25. A
linear response for the peak-height ratios of R-
and S-amlodipine was seen, with correlation co-
efficients above 0.999. Controls were prepared by
spiking plasma with 2 and 5 ng ml~' amlodipine
in R(+)/S(—) ratios of 40/60 and 60/40. These
controls were used regularly throughout the
analyses to ensure that the switching windows
were correct and that no cross-contamination be-
tween the two enantiomers was seen. The controls
used in the assay validation are shown in Table 2.
The R-(+)-/S-(—)- ratios of the amlodipine

Table 2

Assay validation for the enantiomeric ratio analysis of am-
lodipine. Variation in peak-height ratios of enantiomer versus
total in human plasma samples spiked with R-(+)- and S-(—)-
amlodipine added at two fixed ratios

Spiked Total Number  Mean ratio + SD RSD
R/S ratio® amount  of samples (% of total) (%)
(ng mi~")

40/60 (a) 2 4 40.1/609 £ 19  4.8/3.2
60/40 (a) 2 4 60.6/39.4 +2.2 3.6/5.6
40/60 (b) 2 4 39.7/60.3+24  6.1/4.5
60/40 (b) 2 4 60.9/39.1 + 1.1 1.9/2.9
40/60 (b) S 4 40.0/60.0 + 1.8  4.5/3.0
60/40 (b) 5 4 58.7/41.3+ 1.5 2.5/3.5

2 [ntra- (a) and between-day variations (b) for the correspond-
ing R/S ratios with amlodipine added at different total con-
centration levels.

—0— R-(+)-amlodipine
—0— S-(-)-amlodipine

Concentration (ng/ml)

0 12 24 36 48 60 72
Time (hours)

Fig. 4. Plasma concentration—time profiles for R-(+)- and
S-(—)-amlodpine in four healthy male subjects after oral
administration of 5 mg rac.-amlodipine (Norvasc®). Determi-
nation of the enantiomers with ratio analysis.

enantiomers in about 250 samples from a phar-
macokinetic study, in a concentration range be-
tween about 0.5 and 5.0 ng ml~!, were
determined by this procedure. Plasma concentra-
tions had earlier been determined with the achiral
amlodipine assay developed by Josefsson et al.
[271. The pharmacokinetics of R-(+)- and S-(—)-
amlodipine, in four healthy male subjects, after
oral administration of 5 mg rac.-amlodipine (Nor-
vasc®) are shown in Fig. 4.

3.5. Internal standardization

In this chiral-achiral coupled-column system it
was rather difficult to find a suitable internal
standard (IS). The IS either has to be completely
separated from amlodipine in the chiral chro-
matogram and trapped separately or, if co-eluted
from the chiral column, the separation must be
achieved during the achiral chromatography.

The enantiomers of the IS UK52.829 could be
separated from amlodipine with the chiral chro-
matography and rac.-UKS52.829 was separated
from amlodipine with the achiral Zorbax SB-Ph
chromatography. A drawback was the strong re-
tention of UK 52-829 on the Chiral-AGP material
which increased the total time of the analysis.
However, by using a more complex trapping/elu-
tion program (Fig. 3, Table 1) the amlodipine
enantiomers could be applied consecutively to the
final achiral chromatography before the internal
standard was collected at one of the trapping
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Fig. 5. Chromatograms showing the enantiomeric separation of amlodipine and the internal standard rac.-UK52.829: (A) blank
plasma; (B) human plasma spiked with 5 ng ml—' R-(+ )- and S-( — )-amlodipine and 40 ng ml~' of the internal standard; (C) 1
ml of a human plasma sample at steady state after once-daily administration of 5 mg rac.-amlodipine.

columns and thus the total run time was kept to a
reasonable level.

For human plasma samples with unknown am-
lodipine concentration this procedure was used for
the quantitation of R-( + )- and S-( — )-amlodipine
(Fig. 5). A linear detector response for the peak-
height ratio of each enantiomer of amlodipine and
UK52.829(1) was observed over a range 0.5-10 ng
ml ~ ' plasma with a correlation coefficient close to
0.999. The limit of detection was determined to be
about 0.2 ng ml—!. Calculated relative standard
deviations (RSDs) of controls consisting of human
plasma samples spiked with amlodipine in R-( + )/
S-(~) ratios of 1.0/4.0 ng ml~! and 4.0/1.0 ng
ml ! are listed in Table 3. When R-(+)/S-(~)
ratios of 1.0/8.0 ng ml~! were analysed the RSDs
were below 15% for the enantiomers. The deter-
mined concentration of the S-( — )- enantiomer in
the 8.0/1.0 ratio samples, however, was more than
20% too high, probably because of peak tailing of
the R-( 4 )- enantiomer in the AGP chromatogra-
phy. This was not evaluated further since extreme
R-( +)/S-(—) concentration ratios, where the R-
(4 )- enantiomer dominates, will probably be of
little relevance in studies of human plasma samples
after administration of rac.-amlodipine.

4. Conclusions

The present work shows that chiral chromatog-
raphy on a protein column (i.e. Chiral-AGP) with
broad peak shapes and an accordingly high limit of
quantitation can be markedly improved by a cou-
pled-column system. The use of chiral chromatog-
raphy in the reversed-phase mode, with a low
content of organic modifier in the mobile phase,
makes a column-switching procedure with trap-
ping of the analytes on hydrophobic columns (i.e.
CT-sil Phenyl) possible. In combination with con-
ventional achiral HPLC where the higher content
of organic modifier makes on-line elution of the
analytes from the trapping columns possible, the
peak shape could be enhanced and the detection
optimized. Furthermore, thanks to the use of
water-based mobile phases throughout the system
a sensitive electrochemical detection could be used.

This work also shows that internal standardisa-
tion is possible in a more complex coupled system
even though there are some difficulties with the
optimization of the chromatography. The use of
ratio determination of the enantiomers has been
shown to be a good alternative when the total
amount of the analyte is known.
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Table 3

Assay validation of the quantitative analysis of the amlodipine enantiomers. Variation in concentration levels of each enantiomer
of spiked human plasma samples with R-(+)- and S-(—)-amlodipine added at two fixed R/S ratios.

Amount R/S (ng ml~')? Number of samples Means + SD (ng ml ') RSD (%)

R S R N
1.0/4.0 (a) 4 0.99 +0.10 4.06 +0.24 9.7 6.0
4.0/1.0 (a) 4 4.01 +£0.25 1.05 +0.10 6.2 9.1
1.0/4.0 (b) 3Ix2 1.01 £ 0.07 4,01 +£0.10 7.1 24
4.0/1.0 (b) Ix2 4.1440.21 1.07 +£0.10 5.0 9.8

“Intra- (a) and between-day variations (b) in concentration levels of each enantiomer for the control samples. All with the internal

standard rac.-UK52.829 added at a total amount of 40 ng ml~',

Finally, this concept for sensitive enantioselec-
tive HPLC analyses could probably be applied to
other dihydropyridines (e.g. nisoldipine, ni-
trendipine) separated on cither protein or cy-
clodextrin columns used in the reversed-phase
mode.
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