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Abstract

An enantioseparation high performance liquid chromatographic (HPLC) method was developed and validated to determine
d-(+)- andl-(−)-vesamicol in human plasma. The assay involved the use of a solid phase extraction for plasma sample clean
up prior to HPLC analysis utilizing a C18 Bond-Elute column. Chromatographic resolution of the vesamicol enantiomers was
performed on a vancomycin macrocyclic antibiotic chiral stationary phase (CSP) known as Chirobiotic V with a polar ionic
mobile phase (PIM) consisting of methanol:glacial acetic acid:triethylamine (100:0.1:0.05 (v/v/v)) at a flow rate of 1.0 ml/min
and UV detection set at 262 nm. All analyses were conducted at ambient temperature. The method was validated over the range
of 1–20�g/ml for each enantiomer concentration (R2 > 0.999). Recoveries ford-(+)- andl-(−)-vesamicol enantiomers were in
the ranges of 96–105% at 3–16�g/ml level. The method proved to be precise (within-run precision ranged from 1.3 to 2.7% and
between-run precision ranged from 1.5 to 3.4%) and accurate (within-run accuracies ranged from 0.8 to 3.4% and between-run
accuracies ranged from 1.7 to 5.0%). The limit of quantitation (LOQ) and limit of detection (LOD) for each enantiomer in human
plasma were 1.0 and 0.5�g/ml (S/N = 3), respectively.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

It has recently been established that frequently only
one of the two enantiomers of a drug is pharmaco-
logically active, whereas the other can be inactive or
toxic [1]. Differences between the biological activity
of enantiomers arise because of differences between
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protein binding and transport, mechanism of action,
rate of metabolism, rate of clearance, and persistence
in the environment[2–4]. Despite this, many com-
pounds such as drugs, agrochemicals, and food addi-
tives have been marketed as racemic mixture.

On the other hand, the enantioselective character of
pharmacokinetic processes leads to different plasma
concentration–time profiles for the constituent enan-
tiomers[5]. For this reason, the evaluation of the dis-
position of a drug employed as a racemic mixture
based on data achieved from the non-selective assay is
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not only seriously limited, but can also be highly mis-
leading, particularly when attempting to relate plasma
concentration to a pharmacological effect or therapeu-
tic benefit[6]. This is true for both newly developed
drugs and agents with long-term use in clinical prac-
tice, but now subject to reevaluation in this area. The
investigation of enantioselectivity represents a great
challenge for clinical pharmacology in terms of the
control of individual variability of clinical responses.
The clinical relevance of the phenomenon is particu-
larly important for drugs of low therapeutic index ad-
ministered as racemates.

A prerequisite for progress in acquiring knowledge
of stereospecific pharmacodynamics and pharmacoki-
netics of optical isomers is the development of an
enantioselective analytical methodology. In the last
two decades extensive research has been performed
on the resolution of the enantiomer by liquid chro-
matography (LC) and capillary electrophoresis (CE)
because of their high efficiency, speed, preparative ca-
pability, wide range of applications, and reproducibil-
ity. A search of the literature indicates that the most
interesting research in this area involves the devel-
opment of new chiral selector and different types of
chiral selector have been used in chromatography for
direct enantiomers resolution (without derivatization)
[1].

Macrocyclic antibiotics have been introduced by
Armstrong et al as powerful chiral selector in liquid
chromatography[7], thin-layer chromatography[8],
and capillary electrophoresis[9]. The glycopeptides
macrocyclic antibiotic such as vancomycin has been
widely used as a chiral stationary phase (CSP) and
a great variety of racemic compounds have been re-
solved on it[10]. The enantioselectivity of these chiral
selector due to several reasons: (i) they are ampho-
teric (i.e. contain acidic and basic ionizable groups);
(ii) they have the necessary geometry and functionali-
ties that accentuate chiral recognition in solution; and
(iii) they contain both hydrophilic and hydrophobic
moieties[11].

A simplified approach has proven very effective for
the resolution of a broad spectrum of racemate ana-
lytes. The first consideration in this direction is the
structure of the analytes. If the compound has more
than one functional group capable of interacting with
the stationary phase and at least one of those groups is
on or near the stereogenic center, then the first mobile
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Fig. 1. The chemical structure of (A)l-(−)-vesamicol, (B)
d-(+)-vesamicol, and (C) acyclovir (IS).

phase choice would be the polar organic phase. Due
to the strong polar groups present in the macrocyclic
peptides, it was possible to convert the original mobile
phase concept to 100% methanol with an acid/base
added to effect selectivity. The key factor in obtaining
complete resolution is still the ratio of acid to base
[12]. The importance and superiority of macrocyclic
antibiotics as chiral selector, in comparison with other
chiral selector, is because they can be used in normal
and reversed phases with greater stability and capacity
[1].

Vesamicol, 2 - (4 - phenylpiperidino) cyclohexanol
(Fig. 1) is a potent synthetic inhibitor of vesicular
acetylcholine storage. Vesamicol inhibits the transport
of acetylcholine into synaptic vesicles in choliner-
gic nerve terminals[13,14]. Pharmacological studies
showed that the inhibition of acetycholine transport is
stereospecific and concentration-dependent between
the two enantiomers.l-(−)-Vesamicol is 25-fold
more potent thand-(+)-vesamicol[15]. A chiral high
performance liquid chromatographic (HPLC) sepa-
ration was reported using a Chiralcel OD column
without quantitative studies[16]. Recently, Zhou
and Stewart[17] determined vesamicol enantiomers
in human serum by capillary electrophoresis using
sulfated-�-cyclodextrin.

This method is not first method for vesamicol chiral
assay. However, it provides an alternative way for the
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assay of vesamicol enantiomers. This study describes a
validated HPLC method for the quantitation ofl-(−)-
and d-(+)-vesamicol enantiomers in human plasma
using vancomycin CSP column commercially known
as Chirobiotic V as the chiral selector.

2. Experimental

2.1. HPLC system

The analysis was performed by a 1525 Binary
HPLC pump, 717 plus utosampler, 2487 Dual� ab-
sorbance detector and In-line degasser AF, (Water
Milford, MA, USA). The column used in this study
was the macrocyclic antibiotic vancomycin known as
Chirobiotic V (25 cm× 4.6 mm i.d.) purchased from
Advanced Separation Technologies (Whippany, NJ,
USA). The mobile phase was methanol:glacial acetic
acid:triethylamine (100:0.1:0.05 (v/v/v)). The mobile
phase was filtered through a Millipore membrane filter
(0.2�m) from Nihon, Millipore (Yonezawa, Japan).
The flow rate was 1.0 ml/min the sample injection
volume was 20�l and the chromatograms were mon-
itored by UV detection at a wavelength of 262 nm.

2.2. Chemicals and reagents

(±)-Vesamicol,d-(+)-vesamicol,l-(−)-vesamicol,
and acyclovir (internal standard) were purchased from
RBI (Natick, MA, USA). HPLC-grade methanol and
triethylamine were obtained from Fisher Scientific
(Fairlawn, NJ, USA). Analytical reagent grade glacial
acetic acid was purchased from BDH Chemicals
(Poole, UK). Deionizes water was purified using a
cartridge system (Picotech Water System, RTP, NC).
Water Oasis HLB and Sep-Pak C18, C8, and CN
cartridges were obtained from Water Corp (Milford,
MA). Human plasma was obtained from the King
Faisal Specialist Hospital Blood Bank (Riyadh, KSA).
All plasma samples were stored at−20± 5◦C.

2.3. Preparation of stock and standard solution

Stock solutions of individuald-(+)-vesamicol,
l-(−)-vesamicol, and acyclovir (internal standard)
(1 mg/ml) were prepared in methanol. A seven-point
non-zero calibration standard curve, ranging from

1 to 20 ug/ml, was prepared by spiking the drug
free plasma with appropriate volume ofd-(+)- and
l-(−)-vesamicol. The quality control (QC) samples,
at three concentration levels, i.e. 3, 9, and 16�g/ml
were prepared in similar manner from the stock so-
lution. Before the spiking, the drug-free plasma was
tested to make sure that there was no endogenous
interference at retention times ofd-(+)-vesamicol,
l-(−)-vesamicol, and internal standard. The qual-
ity control samples were extracted with the cal-
ibration standards to verify the integrity of the
method.

2.4. Preparation of plasma samples

Human plasma sample (0.5 ml) was placed into
1.5 ml Eppendrof tube and accurately measured
aliquots ofd-(+)- and l-(−)-vesamicol were added.
Then 20�l of the internal standard was added to
each tube and diluted with water to 1 ml and vor-
tex vigorously for 60 s to give final concentration of
3, 9, and 16�g/ml of each vesamicol enamtiomers.
Waters Oasis HLB and Sep-Pak C18, C8 and CN
cartridges were studied. Cartridges were conditioned
with 2 × 1 ml methanol and 2× l ml deionized wa-
ter before applying the plasma samples. Care was
taken that the cartridges did not run dry. The entire
spiked plasma samples were then transferred to solid
phase extraction (SPE) cartridges. Vacuums were
then applied to obtain a flow through the cartridges
of 0.5 ml/min. The cartridges were then washed with
2 × 500�l deionized water. The cartridges were then
dried under vacuum for 5 min. All SPE cartridges
were eluted with 2× 500�l methanol containing 1%
TEA. The eluting solvent was evaporated to dryness
using a Savant speed vac concentrator (Farming-
dale, NJ, USA). The residue was dissolved in 500�l
deionized water and 20�l was injected into an HPLC
system.

2.5. Selectivity

The selectivity of the assay was checked by analyz-
ing four independent blank human plasma samples.
The chromatograms of these blank plasma samples
were compared with chromatograms obtained by ana-
lyzing human plasma samples spiked with vesamicol
enantiomers and internal standard.
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2.6. Linearity

Calibration plots for thed-(+)- andl-(−)-vesamicol
enantiomers in plasma were prepared by diluting
stock solutions with pooled human plasma to yield
seven concentrations over the range of 1–20�g/ml for
each enantiomer, respectively. Calibration standards
at each concentration were extracted and analyzed
in triplicate. Calibration curves of vesamicol enan-
tiomers were constructed using the observed analyte
peak area versus nominal concentrations of the ana-
lytes. Least squares linear regression analysis of the
data gave slope, intercept, and correlation coefficient
data. From this data, a first order polymonial model
was selected for each analyte.

2.7. Precision and accuracy

The within-run and between-run accuracy and pre-
cision of the assays in plasma were determined by as-
saying three quality control samples in triplicate over
a period of 3 days. The concentrations represented
the entire range of the calibration curves. The lowest
level was at third the expected limit of quantitation
(LOQ) for each enantiomer. The second level was at
the mid-point of the calibration curves and the third
level was at 80% of the upper concentration of the
calibration curves. Calibration curves were prepared
and analyzed daily and linear models were used to de-
termine concentrations in the quality control samples.
The nine measured concentrations per concentration
level (triplicates from three runs) were subjected to es-
timate the within-run and between-run precision. Per-
cent accuracy was determined (using the data from the
precision assessment) as the closeness of spiked sam-
ples to the nominal value of in-house standards. Pre-
cision was reported as % relative standard deviation
(%R.S.D.).

2.8. Limit of detection and limit of quantitation

The limit of detection (LOD) and the limit of quan-
titation were determined as 3 and 10 times the baseline
noise, respectively, following the United States Phar-
macopoeia[18]. The results of the statistical analysis
of the experimental data, such as the slopes, the in-
tercepts, the correlation coefficients obtained by the
linear squares treatment of the results along with stan-

dard deviation of the slope (Sb) and intercept (Sa) on
the ordinate and the standard deviation of the residu-
als (Sy/x). The good linearity of the calibration graphs
and the negligible scatter of experimental points are
clearly evident by the values of the correlation coef-
ficient and standard deviation[19]. The robustness of
the method is demonstrated by the versatility of the
experimental factors that affect the peak area.

2.9. Recovery

The absolute recoveries of each enantiomer from
plasma was calculated by comparing drug peak area
of the spiked analyte samples to unextracted analyte
of stock solution that has been injected directly into an
HPLC system. The assay absolute recovery for each
compound, at each concentration, was computed us-
ing the following equation: absolute recovery= (peak
area of extract)/(mean peak area of direct injection)×
100.

3. Results and discussion

3.1. Optimization of the chromatographic
conditions

The chemical structures ofd-(+)- andl-(−)-vesa-
micol, and acyclovir (IS) are shown inFig. 1. Van-
comycin chiral stationary phase has been widely
used for enantiomer resolution because it very ef-
fectively recognizes the enantiomers of anionic com-
pounds. The selectivity towards these compounds
is because of the presence of amine groups in the
chiral selector and, in fact, better recognition is ob-
tained at acidic buffer pH below or close to the
isoelectric point of the antibiotic. The polar ionic
mode (PIM) has been described as a novel method
to obtain difficult enantioselective separation with
macrocyclic antibiotic-based chiral stationary phases
[20]. This approach uses a non-aqueous polar com-
ponent (methanol) with glacial acetic acid or triflu-
oroacetic acid and an amine such as triethylamine
which are necessary to achieve enantioseparation.
In this study, baseline separation of the vesami-
col enantiomers was achieved on the vancomycin
CSP column with a polar ionic mobile phase con-
sisting of methanol:glacial acetic acid:triethylamine
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Table 1
Chromatographic parameter data for vesamicol enantiomers and internal standard in spiked human plasma

Analyte TR (min) (mean± S.D., n = 3) k (mean± S.D., n = 3) Tailing factora αb Rsc

Acyclovir 5.82 ± 0.05 5.08± 0.04 1.0 d d

l-(−)-Vesamicol 11.48± 0.03 10.83± 0.07 1.0 2.13 7.66
d-(+)-Vesamicol 13.22± 0.02 12.66± 0.06 1.1 1.17 2.00

a Calculated at 5% peak height.
b Separation factor, calculated ask2/k1.
c Rs= 2(t2 − t1)/(wb2 + wb1), wheret2 and t1 are the retention of the second and first peaks andwb2 andwb1 are the half peak width

of the second and first peaks.
d Not calculated.

(100:0.1:0.05 (v/v/v)) (Table 1). No enantiomeric sep-
aration were observed in the absence of triethylamine
when the mobile phase consisted of methanol:acetic
acid (100:0.1 (v/v)). This could be explained on the
basis of strong repulsive effects between the proto-
nated amino groups of the analyte molecules and of
the CSP. An increase of the triethylamine concentra-
tion in the mobile phase (to about 0.2%) decreases
the retention factors of the studied analytes. This
demonstrates that it is the concentration (ratio) of
acetic acid and triethylamine in mobile phase that has
a substantial influence on the retention factors and
not the ionic strength of the mobile phase which was
constant.

Aboul-Enein and Ali [21] reviewed the possible
bonding between the enantiomers and the macrocyclic
glycopeptide antibiotics CSPs. The most important
bondings involved are�–� complexation, hydrogen
bonding, inclusion complexation, dipole interactions,
steric interactions, anionic and cationic bindings.
These bonding are a result of the complex structures
of this CSP which consists of sugar moieties, phenyl
rings, along with several chiral centers, inclusion bas-
kets, hydrogen donor and acceptor sites. It has been re-
ported that these bonding sites are responsible for the
surprising chiral selectivities of these antibiotics[7].
The studied enantiomers of vesamicol (Fig. 1) contain
nitrogen and oxygen atoms, along with benzene ring,
which interact with the complimentary groups on the
chiral selectors (antibiotics). The inclusion baskets
and the other functional moieties provide the chiral
sites in which the enantiomers fit stereogenically in
different fashion which result in the chiral discrimi-
nation between the vesamicol enantiomers. Besides,
the steric effect is also playing an important role for

the chiral resolution of the studied drug on these
CSPs.

3.2. Applications to spiked human plasma

In the course of developing a solid phase extrac-
tion procedure for plasma sample clean up, several
types of cartridges were investigated (Water Oasis
HLB and Sep-Pak C18, C8, and cyanopropyl). The
cyanopropyl cartridge showed interference endoge-
nous plasma peaks at retention time of the analytes.
An octyl (C8) SPE column was also found to be un-
acceptable due to low recoveries (<60%) for vesam-
icol enantiomers and internal standard. Oasis HLB
cartridge showed recoveries in excess 70% whereas
an octadecyl (C18) SPE column gave high recoveries
for vesamicol enantiomers and internal standard (more
than 90%) while at the same time removing endoge-
nous interference.Figs. 2 and 3show chromatograms
of a blank plasma sample and a calibration sample,
respectively.

3.3. Linearity

The linear regression analysis ofd-(+)-vesamicol,
l-(−)-vesamicol enantiomers was constructed by plot-
ting the peak area ratio of each enantiomer to the inter-
nal standard (y) versus analyte concentration (�g/ml)
in spiked plasma samples (x). The calibration curves
were linear in the range of 1–20�g/ml for d-(+)- and
l-(−)-vesamicol, with correlation coefficient (R2) of
more than 0.999 (Table 3). A typical calibration curve
has the regression equation ofy = 0.0053x + 0.0586
for d-(+)-vesamicol andy = 0.0059x − 0.0578 for
l-(−)-vesamicol.
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Fig. 2. Chromatogram of blank pooled human plasma.

3.4. Precision and accuracy

A summary of the accuracy and precision results is
given in Table 2. The acceptance criteria (within-run
and between-run %R.S.D. of<15% and an accuracy

between 85 and 115%) were met in all cases. The
precision and accuracy of the method were deter-
mined by using plasma samples spiked at three levels
(Table 2). The data indicate that within-run precision
and accuracy (n = 3) as expressed by %R.S.D. and
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Fig. 3. Chromatogram of pooled human plasma spiked with 20�g/ml acyclovir [I], 5�g/ml l-(−)-vesamicol [II], and 5�g/ml
d-(+)-vesamicol [III].

percentage error were 1.3–2.7 and 0.8–2.8%, respec-
tively for d-(+)-vesamicol and 1.5–2.4 and 1.7–3.4%
for l-(−)-vesamicol, respectively. The between-run
precision and accuracy (n = 9) expressed by %R.S.D.

and percentage error were 1.5–2.2 and 1.7–4.1% for
2.5–3.4% and 2.7–5.0% for D-(+)-vesamicol and
L-(−)-vesamicol respectively. The detailed analytical
data are shown inTable 2.
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Table 2
Accuracy and precision of human plasma spiked with vesamicol enantiomers

Analyte Nominal
concentration (�g/ml)

Measured
concentration (�g/ml)

Error (%) R.S.D. (%)

Within-runa

d-(+)-Vesamicol 3 2.95± 0.08 1.7 2.7
9 8.93± 0.12 0.8 1.3

16 15.56± 0.26 2.8 1.7
l-(−)-Vesamicol 3 2.94± 0.07 2.0 2.4

9 8.85± 0.13 1.7 1.5
16 15.45± 0.32 3.4 2.1

Between-runb

d-(+)-Vesamicol 3 3.08± 0.09 2.7 2.9
9 9.36± 0.32 4.0 3.4

16 16.80± 0.42 5.0 2.5
l-(−)-Vesamicol 3 3.05± 0.06 1.7 1.9

9 9.32± 0.14 3.6 1.5
16 16.66± 0.37 4.1 2.2

a Mean± S.D. based onn = 3.
b Mean± S.D. based onn = 9.

3.5. Limit of detection and limit of quantitation

The LOD as defined inSection 2were 1.0�g/ml
for d-(+)- andl-(−)-vesamicol enantiomers (Table 3).
The LOQ of each calibration graph was 0.5�g/ml for
each enantiomer.Table 3also shows the results of the
statistical analysis of the experimental data, such as
the slopes, the intercepts, the correlation coefficients
obtained by the least squares treatment of the results
along with standard deviation of the slope (Sb) and in-

Table 3
Validation parameters for the determination of vesamicol enan-
tiomers using the proposed method

Parameters d-(+)-Vesamicol l-(−)-Vesamicol

Concentration range
(�g/ml)

1–20 1–20

Intercept (a) −0.0205 −0.0981
Slope (b) 0.6449 0.6582
Correlation

coefficient (R2)
0.9995 0.9996

Sy/x 0.0374 0.0468
Sa 0.0029 0.0038
Sb 0.0002 0.0003
LOQ (�g/ml) 1.0 1.0
LOD (�g/ml)a 0.5 0.5

a S/N = 3.

tercept (Sa) on the ordinate and the standard deviation
of the residuals (Sy/x).

3.6. Selectivity

The analytical figures of merit for this method are
shown inTable 1. d-(+)- andl-(−)-vesamicol enan-
tiomers were well separated under the HPLC condi-
tions applied. Retention times were 11.48 and 13.22
l-(+)- andd-(−)-vesamicol enantiomers, respectively.
No interference was observed in drug free human
plasma samples.Figs. 2 and 3show chromatograms
of a blank plasma sample and a calibration sample,
respectively.

4. Conclusion

A high-performance liquid chromatography method
for the determination ofd-(+)- andl-(−)-vesamicol
in human plasma was developed and validated. The
vesamicol enantiomers were separated with a van-
comycin chiral stationary phase. The method used an
efficient solid phase extraction procedure for sample
clean up of plasma. The total run time for this method
is 15 min, which allows processing of over 90 samples
per day. This method has provided good sensitivity
and excellent precision and reproducibility.
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