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Abstract

Pentobarbital is a sedative hypnotic which is used in the treatment of people suffering from anxiety related conditions and
to manage elevated intracranial pressures and cerebral ischemia due to neurosurgical procedures. This paper develops and
validates a rapid and sensitive method for the determination of S-(—)- and R-(+)-enantiomers in serum using capillary
electrophoresis (CE) and UV detection. Stereoselective resolution was accomplished using 40 mM hydroxypropyl-y-
cyclodextrin contained in 50 mM phosphate buffer pH 9.0. The method involves a solid-phase extraction of both the
enantiomers and the internal standard, aprobarbital, from serum using C,, Bond-Elut cartridges. The CE system consists of a
52 cmX75 pm 1.D. fused-silica capillary maintained at a run voltage of 15 kV with sample detection performed at 254 nm.
The detection and quantitation limits for S-(—)- and R-(+)-pentobarbital are 1 pg/ml from serum. Linear calibration curves
from 1 to 60 pg of both S(—)- and R-(+)-enantiomers show a coefficient of determination of more than 0.999. The
precision and accuracy of the method calculated as R.S.D. and error are 0.20-2.20% and 0.00—4.40%, respectively for
R-(+)-pentobarbital and 0.30—2.19% and 0.30—6.40%, respectively for S-(—)-pentobarbital. [ 1997 Elsevier Science BV.
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1. Introduction

Enantiomers often differ in their effect on living
matter, as tissues are composed of chiral building
blocks like amino acids, sugars and nucleic acids.
Consequently, determination of individual enantio-
mers is essential for eucidating the distribution,
metabolism and excretion profiles of the enantiomers
[1]. To date, chira high-performance liquid chroma-
tography (HPLC) and gas chromatography (GC)
have been the most widely used techniques. The
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advantages of capillary electrophoresis (CE) like low
sample volumes, high efficiency and ease of opera-
tion provide powerful aternatives to existing chro-
matographic methodologies [2—-8]. Resolution of
enantiomers using CE has been performed using
various chemically diverse agents like macrocyclic
antibiotics (vancomycin, teicoplanin) [9], bile salts
(taurocholic acid, glycochalic acid etc.) [10], native
and derivatized cyclodextrins [11], bovine serum
albumin [12] and ergot alkaloids [13]. Cyclodextrin
mediated capillary zone electrophoresis (CZE) is a
versatile and probably the most well understood
separation principle to date. Hydroxypropyl-y-cyclo-
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dextrin is one of the most soluble cyclodextrins with
a solubility of about 45 g/100 ml. A solution of this
cyclodextrin may be stored for several weeks at
room temperature. Its cavity size is 8.3 A and as
such accommodates dlightly larger substrates.
Stereosel ective and nonstereosel ective quantitation of
barbiturates using HPLC and CE have been done
previously [14-16] but to date there has been no
report of CE stereoselective determination of pen-
tobarbital.

Pentobarbital is a sedative hypnotic used to relieve
anxiety prior to surgical procedures. It is also used to
manage elevated intracranial pressures and cerebral
ischemia from head injuries, asphyxiation and neuro-
surgical procedures. Pentobarbital shows some ad-
verse reactions at a dose of 0. 15to 1.5 mg/kg and is
reported to cause bradicardia, hypotension and
syncope. It is reported that calcium current is selec-
tively blocked by S-(—)-pentobarbital and not by
R-(+)-pentobarbital which might be the cause of the
cardiovascular adverse reactions observed on ad-
ministration of the high doses of the drug [17].
S(—)-Pentobarbital also enhances GABA response
which may account for the higher sedative effect of
S(—)- over the R-(+)-enantiomer [17].

2. Experimental
2.1. Reagents and chemicals

Racemic pentobarbital, S-(—)- and R-(+)-enantio-
mers were obtained from National Institute for Drug
Abuse. Phosphoric acid (85%), sodium dihydrogen-
phosphate monohydrate and ammonia solution were
obtained from J.T. Baker (Phillipsburg, NJ, USA).
Hydroxypropyl-y-cyclodextrin was obtained from
Research Biochemicals International (Natick, MA,
USA). Aprobarbital, B-cyclodextrin and dimethyl-3-
cyclodextrin were obtained from Sigma (St. Louis,
MO, USA). Drug free human serum was obtained
from Biological Speciaty (Colmar, PA, USA). C,,
solid-phase extraction (SPE) columns of 1 ml
capacity (100 mg/ml) were obtained from Varian
Sample Preparation Products (Harbor City, CA,
USA). All solutions were filtered through a 0.2 um

nylon filter (Acrodisc 13, Gelman Sciences, Ann
Arbor, MI, USA).

2.2, Preparation of stock and standard solutions

Individual stock solutions were prepared in 20%
methanol—water to give a concentration of 1.0 mg/
ml of S(—)- and R-(+)-pentobarbital and the inter-
nal standard, aprobarbital. Appropriate volumes of
the individua S-(—)- and R-(+)-pentobarbital and
internal standard were pipetted into a 2 ml volu-
metric flask and evaporated. Then 1 ml serum was
added and mixed well. A stock solution of sodium
dihydrogen phosphate was prepared in double dis-
tilled, deionized water and the pH was adjusted to
9.0 using 100 mM sodium hydroxide and concen-
trated phosphoric acid.

2.3 Electrophoretic system

All CE experiments were performed using a
P/ACE System 5000 (Beckman, Fullerton, CA,
USA) equipped with a UV detection system. An
uncoated fused-silica capillary 62 cm (effective
length 52 cm)X75 um |.D (Polymicro Technologies,
Phoenix, AZ, USA) was used for analysis. The
capillary was thermostatted at 25°C and the voltage
applied was 15 kV. The typical running current was
approximately 100 pA. A 0.5 cm detection window
was created by stripping the polyamide coating of
the capillary. The detection was towards the cathodic
end. The run buffer consisted of agqueous solution of
50 mM phosphate buffer pH 9.0 (adjusted with 100
mM  sodium hydroxide) containing 40 mM
hydroxypropyl-y-cyclodextrin. The analytes were
monitored at a wavelength of 254 nm.

2.4. Electrophoretic conditions

New capillaries were conditioned by rinsing with
1 M sodium hydroxide for 10 min followed by 10
min each with water, 0.1 M hydrochloric acid and
run buffer solutions. The sample introduction was
performed using vacuum injection (0.5 psi.; 1
p.s.i.=6894.76 Pa) for 10 s. Before each anaysis, the
capillary was rinsed for 2 min first with 0.1 M
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sodium hydroxide and 2 min with the run buffer
solution.

2.5. Assay procedure

Sample clean up was done using Bond-Elut C, g
SPE cartridges. The cartridge was pretreated using 3
ml of methanol and then with 3 ml of pH 9.0
phosphate buffer. The sample which contains R-(+)-
and S-(—)-pentobarbital and the internal standard
aprobarbital in 1 ml of serum was added to the
cartridge and allowed to flow down under low
vacuum. The cartridge was not allowed to dry
between the pretreatment and sample application
steps. The column was then washed with 3 ml of the
buffer and allowed to dry for 5 min. The analytes
were then eluted with 3 ml of methylene chloride.
The eluent was filtered with a nylon filter prior to
evaporation using a nitrogen stream. The samples
were reconstituted in 1 ml of 30% methanol in water
mixture and vacuum injected into the capillary for 10
s. Absolute recoveries were calculated by comparing
the drug peak height in the spiked serum analyte
sample to the unextracted stock solutions which had
been injected directly into the el ectrophoretic system.
SPE with Bond Elut C,, cartridges gave absolute
recoveries of 98-99% for both analytes and the
internal standard. The drug concentration used to
study the absolute recovery was 30 wg/ml. Cali-
bration curves were constructed using 1-60 pg/ml.
Linear regression analysis of concentration versus
drug/internal standard peak height ratios gave slope
and intercept data for each analyte, which were used
to calculate the concentration of unknown analytesin
serum samples.

3. Results and discussion

The chemica structures of R-(+)- and S-(—)-
pentobarbital and the internal standard aprobarbital
are shown in Fig. 1. Baseline resolution (R,=4.66)
of the pentobarbital enantiomers was achieved using
40 mM hydroxypropyl-y-cyclodextrin as a chira
complexing agent. The separation efficiency was
studied at pH values 7.5, 8.0 and 9.0 and was found
to be best a pH 9.0. Baseline resolution was
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Fig. 1. Chemical structures of pentobarbital and aprobarbital.

achieved at hydroxypropyl-y-cyclodextrin concentra-
tions of 25, 30, 35 and 40 mM but depletion on
repeated runs leading to a decrease in resolution was
prominent at concentrations less than 40 mM.

Migration times were also not significantly affect-
ed by increasing the concentration of the buffer.
Baseline resolution could not be achieved with native
B-cyclodextrin or trimethyl-B-cyclodextrin. The re-
maining derivatised cyclodextrins showed poor sepa-
ration efficiencies. The analyte peak shape symmet-
ries were found to be best at 50 mM phosphate
buffer and the migration time was around 10 min.
Fig. 2A shows the electropherogram of blank serum
and Fig. 2B shows the electropherogram of spiked
R-(+)- and S-(—)-pentobarbital with the internal
standard, aprobarbital.

Cyclodextrins separate enantiomers using the phe-
nomenon of host—guest complexation where a tran-
sient diastereomeric complex is formed between the
cyclodextrin and analyte. The affinity of the cyclo-
dextrin for the analyte is due to hydrophobic interac-
tions between the cyclodextrin cavity and analyte
and the hydrogen bonding of the functional groups
on the anayte with the hydroxyl groups in the
cyclodextrin ring [18]. Counter-current flow of ana-
lyte and cyclodextrin was effected by negatively
charging the analyte and moving it against the flow
of cyclodextrin. A pH of 9.0 was used to charge both
analyte and cyclodextrin, thereby inducing electro-
static interaction between both and significantly
improving the resolution [19]. Migration time repro-
ducibility was high with less than 0.5% R.S.D. (n=
9) for all three peaks.

To decrease the detection limit and to reduce band
broadening to achieve sharper peaks, the sample was
prepared in a lower conductivity solvent (methanol—
water) than the electrolyte solution. When a voltage
of 15 kV is applied across the capillary, a greater
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Fig. 2. Typica chromatogram of (A) blank serum and (B) serum spiked with R-(+)-pentobarbital (9.86 min), S-(—)-pentobarbital (10.10
min) and internal standard aprobarbital (10.86 min) on a 57 cmXx75 pum I.D. fused-silica capillary. The run buffer contained 40 mM
hydroxypropyl-y-cyclodextrin in 50 mM phosphate buffer (pH 9.0) with detection at 254 nm. The capillary was thermostatted at 25°C and

run voltage was 15 kV.

field develops across the sample plug. This causes
the ions to move faster. When the ions reach the
buffer they slow down due to the reduced field to
which they are subjected, thereby resulting in analyte
stacking within a narrow zone of the capillary
[20,21].

Pentobarbital is sometimes administered in combi-
nation with the anticonvulsants diazepam,
clonazepam and phenytoin. Fig. 3A shows the
separation of the pentobarbital enantiomers, ap-
robarbital, diazepam and clonazepam and Fig. 3B
shows the separation of the pentobarbital enantio-
mers, aprobarbital and phenytoin. Thus, the coad-
ministered drugs do not interfere or affect the
method developed.

The calibration curve showed a good linearity in
the range of 1 to 60 png/ml for both R-(+)- and
S(—)-pentobarbital. The range of concentrations
encompass the typical therapeutic range for pen-

tobarbital (20-40 pg/ml). The coefficient of de-
termination was 0.999 (n=3). Representative linear
regression equations obtained for R-(+)- and S-(—)-
pentobarbital were y=50.87x—7.08 and y=46.19x—
6.83, where y and x were concentration and drug to
internal standard peak height ratios, respectively. The
intra-day precision and accuracy (n=3) as expressed
by R.S.D. and error were 0.20-2.20%, 0.00—4.40%,
respectively for R-(+)-pentobarbital and 0.30—
1.50% and 3.40—4.40%, respectively for S-(—)-pen-
tobarbital. The inter-day precision and accuracy over
three days (n=9) expressed by R.S.D. and error were
0.77-1.80% and 0.30—2.60%, respectively for R-
(+)-pentobarbital and 1.80—2.19% and 0.30—6.40%,
respectively for S-(—)-pentobarbital. Table 1 gives
inter- and intra-day precision and accuracy values of
this method. The methods limit of quantitation was
found to be 1.0 pug/ml at a signal-to-noise (S/N)
ratio of 3/1.
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Fig. 3. Chromatogram of (A) diazepam and clonazepam (8.74 min), R-(+)-pentobarbital (10.89 min), S-(—)-pentobarbital (11.19 min) and
aprobarbital (12.16 min) and (B) R-(+)-pentobarbital (10.84 min), S-(—)-pentobarbital (11.11 min), phenytoin (11.32 min) and aprobarbital
(11.99 min) on a 57 cmXx75 pum 1.D. fused-silica capillary. The run buffer contained 40 mM hydroxypropyl-y-cyclodextrin in 50 mM
phosphate buffer (pH 9.0) with detection at 254 nm. The capillary was thermostatted at 25°C and run voltage was 15 kV.

In summary, the high-performance CE assay de- ous interferences and almost complete recovery. This
scribed herein is sensitive and suitable for simulta- method also shows good linearity, precision and
neous determination of R-(+)- and S-(—)-enantio- accuracy within the linear range of 1-60 wg/ml. The
mers of pentobarbital from serum. The SPE method method is rapid and sensitive and would be a good

provides excellent sample clean up with no endogen- aternative to chiral HPLC or GC methods.
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Table 1

Accuracy and precision of pentobarbital enantiomers added to serum

Concentration added Concentration found R.S.D. (%) Error (%)
(ng/ml) (ng/ml)

Intra-day (n=3)

R-(+)-pentobarbital 10 10.00+0.22 2.20° 0.00
30 31.37+0.06 0.20 4.40

S-(—)-pentobarbital 10 10.34+0.16 150 3.40
30 31.30+0.09 0.30 4.40

Inter-day (n=9)

R-(+)-pentobarbital 10 9.97+0.18 1.80° 0.30
30 30.79+0.24 0.77 2.60

S-(—)-pentobarbital 10 9.97+0.18 1.80 0.30
30 31.92+0.70 219 6.40

“*Mean+S.D., based on n=3 for intra-day assay.
"Mean+S.D., based on n=9 for inter-day assay.
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