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Abstract

An on-line coupled HPLC system is described for the determination of the enantiomers of diperodon in blood
serum. The method involves three steps: (i) off-line preconcentration and clean-up, (ii) separation of the diperodon
enantiomers from the matrix components on a reversed-phase stationary phase, and (iii) separation of the racemate
from the reversed-phase column on a teicoplanin chiral stationary phase. The method is suitable for simultaneous
determination of both enantiomers in serum up to 0.5 �g/ml. The degradation of diperodon enantiomers was studied
in serum by an in vitro method and the experimental rate constants were determined. The enantiomeric hydrolysis
rates and half-lives for diperodon in serum are different. © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

Diperodon (Fig. 1) (3-1-(piperidino)-bis-phenyl-
carbamate hydrochloride) is one of several pheny-
lurethane derivatives of dialkyl amino alcohols
which have demonstrated significant local anaes-
thetic activity [1,2]. The compound has a chiral
centre and is administered clinically as the
racemate.

Liquid chromatography has been shown to be
well suited for the separation and determination

of the enantiomers of diperodon. The optimisa-
tion of the separation of enantiomers of basic
drugs (including diperodon) on an �1-acid glyco-
protein bonded stationary phase has been de-
scribed by Schill et al. [3] and Hermansson and
Grahn [4]. Other chiral stationary phases suitable
for the separation of enantiomers of phenylcar-
bamic acid were based on the use of cyclodextrins
[5] and cellulose derivatives especially cellulose
tris-3,5-triphenylcarbamate [6]. Some �-associa-
tion type columns were also reported to be suit-
able for achieving chiral separation of derivatives
of phenylcarbamic acid [7,8]. Macrocyclic antibi-
otics form one of the most rapidly growing classes
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of chiral selectors. They are known to resolve a
variety of racemic compounds. Interactions that
are hydrophobic, hydrogen bonding, dipole, �–�,
steric repulsion and ionic in nature can occur
between these chiral stationary phases and chiral
analytes [9,10].

In this paper we describe an on-line coupled
column liquid chromatographic system to deter-
mine the enantiomers of diperodon in serum. The
method involves three steps: (i) an off-line clean-
up and pre-concentration step, (ii) analytical sepa-
ration of diperodon racemate from the matrix on
a reversed-phase column, and (iii) the separation
of the enantiomers from the analytical reversed-
phase column on a teicoplanin chiral stationary
phase. The developed method was used for study
of in vitro enzymatic hydrolysis of diperodon
enantiomers in rabbit blood serum. The results
can apply to human serum because there is no
significant difference in pharmacokinetic or phar-
macodynamic properties [11].

2. Experimental

2.1. Materials

The diperodon was prepared at Department of
Pharmaceutical Chemistry, Faculty of Pharmacy,
Comenius University in Bratislava. The organic
solvents methanol, acetonitrile and triethylamine
were of analytical grade (Merck, Germany), acetic
acid was also analytical quality (Lachema, Czech
Republic).

The packing of the off-line cartridge was C18,
Sep-Pak Vac 3cc (200 mg) (Waters, Germany).
For the achiral column Separon SGX C18 5 �m
(30×3.2 mm I.D.) or (150×3.2 mm I.D.)
(Tessek, Czech Republic) was used and the chiral
column was a teicoplanin (Chirobiotic T, 250×
4.6 mm I.D., 5 �m) (Astec, USA).

2.2. Off-line procedure

A 0.5 ml sample of blood serum was spiked
with 50 �l of aqueous solution containing diper-
odon (concentration 0.1 mg/ml) and injected on
Sep-Pak cartridge. Before use, the sorbent was

conditioned with 2 ml of methanol, 2 ml of aceto-
nitrile, and 10 ml of water. Then the sample was
passed through the sorbent layer and washed with
1 ml of water and then 1 ml of acetonitrile. The
diperodon retained by the sorbent was eluted with
1 ml of mixture methanol/acetonitrile/acetic acid/
triethylamine 75/25/0.3/0.2 v/v/v/v. A 50 �l sam-
ple of eluate was injected into the reversed-phase
column.

2.3. On-line procedure

The achiral column was conditioned with mo-
bile phase (see Section 2.4) before injection of the
serum extract or diperodon solution. After injec-
tion the achiral column was flushed with mobile
phase for 3 min. Then the achiral column was
connected to the chiral column and diperodon
racemate was eluted in the back-flush mode with
the mobile phase of the Chirobiotic T column (see
part Section 2.4).

The concentration of the diperodon enan-
tiomers was calculated from the total racemate
concentration found on the achiral column and
from the ratio of the peak areas of the enan-
tiomers determined on the chiral column.

2.4. Chromatographic separation

The measurements were carried out with
Hewlett–Packard HPLC system (series 1100) in-
cluding a quaternary pump, a Rheodyne injection
valve, and a photodiode array detector. With the
off-line procedure the diperodon was extracted
from serum and subsequently focused on the achi-
ral C18 column, using a mixture of methanol/ace-
tonitrile 45/55 v/v as mobile phase. For the chiral
column, the mobile phase methanol/acetonitrile/
acetic acid/triethylamine 45/55/0.3/0.2 v/v/v/v was
used. The flow rates for the achiral and chiral
columns were set at 0.5 ml/min, respectively. In-

Fig. 1. Structure of diperodon.
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jection volume was 50 �l and for detection, a
photodiode array detector set at 240 nm was used.

2.5. Identification of enantiomers

For the measuring of optical rotation, the po-
larimeter Polar L�P (Na lamp, �=589 nm) (IBZ
Messtechnik) was used. After separation, the frac-
tions of enantiomers were collected to measure
their optical properties. The preconcentrations of
enantiomers in fractions were done by using the
evaporation in nitrogen stream.

The elution order of enantiomers was deter-
mined by measuring the optical rotation of each
peaks after HPLC separation of diperodon race-
mate. The first eluted enantiomer of the diper-
odon rotated the plane of polarised light to the
right (+ ) and the second eluted enantiomer
shows the opposite rotation.

3. Results and discussion

When designing an on-line coupled LC column
system one is faced with problems concerning the
compatibility of the mobile phases and dispersion
of the sample. Usually the individual separation
steps can be well optimised by tuning the mobile
phase composition. However, the on-line transfer
of the sample in one mobile phase to another
mobile phase can destroy the separation on the
second column. Therefore, in practice, usually a
compromise in the mobile compositions must be
made.

In order to optimise our on-line two column
system, the effects of the mobile phase composi-
tion and the column dimension on the chromato-
graphic resolution of enantiomers have been
investigated.

3.1. The teicoplanin chiral stationary phase

As is evident from previous work the polar
organic mode is suitable for the separation of
enantiomeric derivatives of phenylcarbamic acid
on macrocyclic glycopeptide chiral stationary
phases [12]. Compounds with a minimum of two
polar functional groups capable of relatively

Fig. 2. Effect of methanol on k1, k2 and Rs of the diperodon
enantiomers on teicoplanin chiral stationary phase. Condi-
tions: mobile phase: methanol/acetonitrile/0.3% acetic acid/
0.2% triethylamine; flow rate: 0.5 ml/min; injection volume: 50
�l; detection: UV, 240 nm.

strong interactions with the chiral stationary
phase can be enantioseparated in the polar or-
ganic mode. At least one of the polar functional
groups must be on or near the stereogenic centre.
The other polar group can be located anywhere in
the molecule. The interactions are usually hydro-
gen bonds, but can sometimes be dipolar and/or
electrostatic in nature [13,14]. The organic
modifier concentration and amount of acid and
base in mobile phase appear to be the most
important parameters used to adjust the selectiv-
ity and retention on teicoplanin chiral stationary
phases in the polar organic mode. In most cases
methanol or acetonitrile is used as modifier.

For diperodon, the effect of the concentration
of methanol on the enantiomeric retention factors
(k1 and k2), and the values of resolution Rs were
investigated and the results are given in Fig. 2.
From this figure it can be seen that the methanol
concentration has a pronounced effect on the
values of the retention factors, but only a small
influence on the resolution of these enantiomers.
From these observation it can be concluded that
good conditions for the separation of the enan-
tiomers of diperodon are obtained using a mobile
phase of methanol/acetonitrile/acetic acid/triethy-
lamine 45/55/0.3/0.2. Fig. 3 shows a typical chro-
matogram of the diperodon enantiomers under
these conditions.
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3.2. The achiral column

The achiral reversed-phase column served two
functions. It focused the diperodon at the top of
the column and it separated the racemate from
the rest of the matrix compounds. Subsequently,
the concentrated enantiomers of diperodon were
eluted on the chiral teicoplanin column. This ap-
proach could be used with repeated injections of
the sample on the achiral column in case the
concentration of diperodon was below the limit of
detection. The limit of detection of diperodon
with this system after preconcentration of 200 �l
(4×50 �l) was approximately 30 ng/ml.

From a previous report on the analysis of
diperodon by reversed chromatography, good re-
tention (k�2.5) and symmetrical peaks were ob-
tained with a mobile phase mixture of
methanol/water (80/20) to which 6.8 g/l of sodium
acetate trihydrate was added [15]. However, this
mobile phase was found to be unsuitable for the
enantiomeric separation of diperodon on the tei-
coplanin column because injection of the diper-
odon solution (from the C18 column) destroyed
the separation of the enantiomers on the chiral
stationary phase. Therefore, a mobile phase was
used in which the diperodon is not eluted from
the achiral column (but is focused at the top of

Table 1
The influence of the length of the achiral column on the total
time of analysis, the values of the resolution of diperodon
enantiomers (Rs), and number of theoretical plates (N) on
teicoplanin chiral stationary phase

Length of achiral column (mm)

30150

19–2026–28Total time of analysis
(min)

0.9Rs
a 1.5

(2.7–2.9)×103Na (2.5–2.8)×103

a The values of Rs and N was calculated for separation of
enantiomers on the teicoplanin chiral stationary phase.

the column) while the matrix components are
eluted quickly. The mobile phase for the achiral
column was methanol/acetonitrile 45/55 (v/v)
which is completely compatible with the mobile
phase used for enantioseparation on the chiral
teicoplanin chiral stationary phase. In order to
desorb the diperodon enantiomer from the achiral
C18 column, a small amount of acetic acid and
triethylamine is added to the mobile phase (as
described in the previous section and Section 2).

The effect of the achiral column dimension on
the total time of analysis, the values of the resolu-
tion of diperodon enantiomers (Rs), and the effi-
ciency of the separation (N) is shown in Table 1.
By using the shorter achiral column, the total
elution time was reduced and it had a positive
effect on the number of theoretical plates for the
enantiomeric separation and on the resolution
values of the enantiomers. This was because band
broadening in the shorter achiral column was less.

3.3. The performance of the on-line coupled two
column system

The performance of the on-line coupled system
was investigated with standard solutions of diper-
odon racemate and spiked rabbit blood serum
samples. The calibration with standard solution
and spiked serum in the range of 0.1–100 �g/ml
(6 points) appeared to be linear for standard
solutions (r=0.99) and for spiked serum (r=
0.98). The enantiomer ratio with standard solu-

Fig. 3. Separation of diperodon enantiomers on teicoplanin
chiral stationary phase. Conditions: mobile phase: methanol/
acetonitrile/acetic acid/triethylamine 45/55/0.3/0.2 v/v/v/v;
flow rate: 0.5 ml/min; sample: 5 �g/ml of diperodon; injection
volume: 50 �l; detection: UV, 240 nm.
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tions was found to be 1.02�0.06 (n=15) and for
serum 1.13�0.07 (n=10). The limit of detection
(S/N=5) with standard solutions was approxi-
mately 0.1 �g/ml and for serum 0.5 �g/ml (50 �l
was injected on achiral column). The recovery
from the off-line clean-up of diperodon from
spiked serum at a concentration level 10 �g/ml
was found to be 85% with a R.S.D. of 3% (n=5).

Fig. 4 shows the chromatograms of standard
solutions of diperodon and spiked blood serum
obtained on the coupled achiral and chiral sta-
tionary phases.

3.4. In �itro kinetic study

The degradation of diperodon is caused by
various esterase enzymes. The developed HPLC
method was applied to investigate the kinetics of
enzymatic hydrolysis of the diperodon enan-
tiomers. Diperodon in blood serum via the action
of hydrolases, is decomposed to aniline, carbon
dioxide, and piperidine-1,2-propandiol. The stan-
dard solution of diperodon racemate was added
to the blood serum (t=0) and the samples were
incubated at 37 °C (time intervals from 0 to 6 h).
The time course of the in vitro degradation of
enantiomers of diperodon in blood serum is given
in Fig. 5. This curve shows the difference in the
concentration of the enantiomers after the incuba-
tion treatment, as well as the change in the enan-
tiomeric ratio with time. During first 2 h the
decomposition is rather rapid, in the next 4 h it
decreases slowly. After 6 h the concentration of
diperodon enantiomers in the blood serum does
not change and is about 25% for S(+ ) enan-
tiomer and 33% for R(− ) enantiomer. These
results may be due to the increasing aniline con-
centration which is formed from the decomposi-
tion of the diperodon enantiomers in the serum.
After 2 h the accumulating aniline (an inhibitor of
the enzymes responsible for the hydrolysis) caused
a decrease in the rate of decomposition of diper-
odon enantiomers. Similar results for degradation
of the racemate of diperodon in blood serum were
discussed in literature [15].

The experimental rate constants (k) were deter-
mined from the slopes of the linear plots of
reciprocal values of the concentration of enan-

tiomeric forms in plasma versus time curves.
Table 2 summarises the rate constants and the
half-life times of enzymatic hydrolysis for the
diperodon enantiomers. A longer half-life for the
R(− ) enantiomer is indicated. The rate constants
for hydrolysis of enantiomers in plasma were
different.

Fig. 4. Chromatograms of the standard solution of diperodon
(A) and spiked blood serum (B) obtained with the on-line
coupled reversed-phase C18 and teicoplanin chiral stationary
phase. Conditions: RP column: methanol/acetonitrile 45/55
v/v; chiral column: methanol/acetonitrile/acetic acid/triethy-
lamine 45/55/0.3/0.2 v/v/v/v; flow rate: 0.5 ml/min; sample: 5
�g/ml of diperodon; injection volume: 50 �l; detection: UV,
240 nm.
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Fig. 5. The time course of the diperodon enantiomers.

Table 2
The rate constants and the half-lives of enzymatic hydrolysis
of diperodone enantiomers

t1/2 (h)k (mol per 1 s)

2.04�0.1914.97�1.35S(+) enantiomer
3.36�0.31R(−) enantiomer 8.09�0.89
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