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ABSTRACT 

Fast liquid chromatography was applied to the assay of several drugs in plasma. Short columns, 3.3~4 cm long, packed with C18 
material, 3/~m particle size, were used. The peaks were little subject to extra-column band-broadening because the investigated drugs 
were eluted with high capacity factors in order to obtain an adequate separation from plasma components. The main influences on 
efficiency were the response time of the detector and the solvent composition of the injected sample. Conventional apparatus was used. 
A fully automated analytical system combining liquid-solid extraction via disposable extraction columns and fast liquid chromatogra- 
phy on a small-dimensioned 3 #m particle size column is described for the assay of drugs in plasma. Automation was accomplished by 
using the Automatic Sample Preparation with Extraction Columns system. 

INTRODUCTION 

Since the first use of 3-/~m particles in reversed- 
phase high-performance liquid chromatography 
(RP-HPLC) [1,2], the availability of columns 
filled with 3-#m particle materials has been in- 
creasing. The reduction in particle size from 10 or 
5/~m to 3/~m leads to an increase in both column 
efficiency [3,4] and optimum mobile phase flow- 
rate [4,5]. The column length can then be reduced 
and the flow-rate increased. Separations on short 
3/~m particle size columns can be achieved with 
reduced analysis time and little or no compro- 
mise in performance [4-6]. Nevertheless, such 
columns are rarely used for the routine analysis 
of  drugs in body fluids. 

In this study, a practical evaluation of short 
columns packed with 3-/tm particles was per- 
formed so as to establish the best conditions of 
use for sensitive analysis of  numerous samples. 
Liquid-liquid extraction from plasma was ap- 
plied to the determination of two new antiepilep- 
tic drugs prior to chromatography. Liquid-solid 

extraction via disposable extraction columns 
(DECs) was applied to the determination of car- 
bamazepine and its epoxide and trans-diol me- 
tabolites. As liquid-solid extraction requires only 
liquid transfers, it is easier to automate. There- 
fore, the assay of carbamazepine involving 
liquid-solid extraction was automated. The Au- 
tomatic Sample Preparation with Extraction Col- 
umns (ASPEC) system [7,8] was used. 

EXPERIMENTAL 

Materials 
Carbamazepine (5H-dibenz[bd]azepine-5-car- 

boxamide), a tricyclic antiepileptic drug, its epox- 
ide metabolite (10,11-epoxycarbamazepine), its 
trans-diol metabolite (10,11-dihydro- 10,11-trans- 
dihydroxycarbamazepine) and the internal stan- 
dard (5,6-dihydro-ll-oxo-llH-dibenz [b,e]aze- 
pine-5-carboxamide) were provided by Ciba-Gei- 
gy (Basle, Switzerland). 

Two new structurally related antiepileptic 
drugs, ATE I and ATE II (CGP 33 101), and two 
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analogue compounds used as internal standards, 
ATE 1II and IV, were also provided by Ciba- 
Geigy. The four compounds are triazole-carbox- 
amide derivatives with the triazole ring attached 
to a benzyl moiety. Propyphenazone, triclaben- 
dazole and its sulfone and sulfoxide metabolites 
were also provided by Ciba-Geigy. 

Reagents 
Potassium dihydrogenphosphate, dipotassium 

hydrogenphosphate and pH 12 buffer (Yitrisol) 
were purchased from Merck (Darmstadt, Ger- 
many). Diethyl ether and dichloromethane (Pes- 
tipur quality) were purchased from SdS (Peypin, 
France). Acetonitrile (HPLC quality) and metha- 
nol (Royal Society American Chemical Society 
quality) were from Carlo Erba France (Puteaux, 
France). Water was purified and deionized using 
a Milli-Q reagent-grade water system (Millipore, 
Bedford, MA, USA). 

Apparatus 
The chromatographic system consisted of a 

Model 303 pump (Gilson, Villiers-le-Bel, 
France), a SEDERE Model Sedex 100 (Touzart 
et Matignon, Vitry-sur-Seine, France) or a WISP 
Model 710 B (Waters, Milford, MA, USA) in- 
jector, an ASPEC system (Gilson) instead of the 
injector for the assay of carbamazepine and a 
Model Spectroflow 783 or 773 variable-wave- 
length UV detector (Kratos, Ramsey, N J, USA). 
The wavelength was set at 210 nm for the assay of 
carbamazepine and its metabolites and at 230 nm 
for the assay of ATE I and ATE II. The response 
time was set at 1 s. A Model C-R3A integrator 
recorder (Shimadzu, Kyoto, Japan) was used. 
Connecting tubes with an internal diameter of 
0.25 mm were used. 

Columns and filter 
A guard column (stainless-steel tube, 3.3 cm × 

4.7 mm I.D.) was placed between the pump and 
the injector. It was filled in our laboratory. A 
0.8-g aliquot of Partisil 10 ODS-3, 10 pm particle 
size (Whatman, Clifton, N J, USA), was suspend- 
ed in 27 ml ofisopropanol-methanol  (80:20, v/v). 
Methanol was used as the pressurizing solvent. 
The filling pressure was set at 450 bar for 30 rain 
with a Haskel pneumatic pump. 

Prepacked analytical columns (stainless-steel 

tube, 4.7 mm I.D.), filled with 3-pm particles, 
were used: Hypersil ODS, 4 cm long (Soci6t~ 
Franqaise Chromato Colonne, Neuilly-Plaisance, 
France); Pecosphere Cls, 3.3 cm long (Perkin- 
Elmer France, Montigny-le-Bretonneux, 
France); Supelcosil LC-18, 3.3 cm long (Supelco 
France, St-Germain-en-Laye, France). 

A filter (No. FL 01, Soci6t6 Fran~aise Chro- 
mato Colonne) with a replaceable 2-pro-pore frit 
was inserted between the injector and the analyt- 
ical column. 

Disposable extraction columns (DECs) 
Cls DECs of capacity 1 ml filled with 50 mg 

were used. They were manufactured by J. T. Bak- 
er (Deventer, Netherlands) and supplied by So- 
chibo (V61izy-Villacoublay, France). 

Sample handling 
Liquid-liquid extraction. A 500-pl aliquot of 

plasma, 1 ml of pH 12 buffer and 50 pl of cali- 
bration solution (containing one of the two new 
antiepileptic drugs and the internal standard) 
were shaken for a few seconds on a vortex mixer 
in a 10-ml glass tube. A 7-ml aliquot of diethyl 
ether- dichloromethane (2:1, v/v) was added. The 
mixture was shaken for 15 rain at 250 rpm and 
centrifuged for 5 min at 2200 g. A 6-ml sample of 
the organic phase was evaporated to dryness at 
37°C under a stream of nitrogen. The residue was 
redissolved in 200 pl of  a mixture of water and 
acetonitrile [containing between 6 and 10% (v/v) 
acetonitrile] and the tube was shaken for 5 rain at 
350 rpm. A 50-pl aliquot of the final sample was 
injected. 

Liquid-solid extraction. The automated proce- 
dure of extraction of carbamazepine and its me- 
tabolites is described in detail in a separate paper 
[9]. A 100-/tl aliquot of plasma was diluted 
manually with water. All the following oper- 
ations were performed automatically by the 
ASPEC system. Diluted plasma was loaded onto 
an activated 50-mg DEC. After washing with 
0.02 mol/1 dipotassium hydrogenphosphate and 
water-methanol (95:5, v/v), the analytes were 
eluted with 250 pl of methanol. A 950-pl volume 
of water was added and the mixture was injected 
via a 500-pl sample loop. Each plasma sample 
was prepared during the chromatography of the 
previous sample. 
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Chromatography 
The mobile phase was acetonitrile-metha- 

nol-0.05 mol/1 potassium dihydrogenphosphate 
(15:5:80, v/v/v) for the determination of  carba- 
mazepine and its metabolites, and acetoni- 
trile-0.01 mol/1 potassium dihydrogenphosphate 
for the determination of ATE I (16:84, v/v) and 
ATE II (14:86, v/v). The aqueous part was fil- 
tered before use through a 0.45-/2m filter (Milli- 
pore). The flow-rate of  the mobile phase was 2 
ml/min. The chromatography was carried out at 
room temperature. 

RESULTS AND DISCUSSION 

Mobile phase flow-rate 
An increase in mobile phase flow-rate between 

1 and 3 ml/min did not significantly modify the 
efficiency of the 3 /2m particle size column. The 
baseline noise level measured on the chromato- 
gram was not increased with increasing flow-rate. 
A flow-rate of  2 ml/min was selected for routine 
analysis in order to maintain an acceptable pres- 
sure drop across the analytical column (between 
60 and 80 bar at the top of  a 3.3-cm-long col- 
umn). 

Response time of the detector 
A response time of the detector of  1 s was used 

as a compromise between efficiency and baseline 
noise level: when decreasing the response time 
from 1 to 0.5 s, the noise level (measured when 
the detector was set at a high sensitivity) was in- 
creased by a factor of  2, whereas the increase in 
efficiency was less than 5% (for ATE I and ATE 
III). 

Solvent composition of the injected sample 
It has been shown that the injected volume 

must be as small as possible to minimize band- 
broadening due to injection when using columns 
packed with 3-/2m particles [10,11]. However, 
large volumes (50-100 /21) have been injected 
without loss of efficiency when the eluting 
strength of the injected sample was lower than 
that of  the mobile phase [12]. Since 50-/21 volumes 
of plasma extract or more are often injected onto 
conventional 5/2m particle size columns for phar- 
macokinetic studies, large volumes of  extract 

have also been injected onto the 3-/2m particle 
columns used in our laboratory so as to achieve a 
sufficient sensitivity. After liquid-liquid extrac- 
tion and evaporation of  the solvent and prior to 
injection, the residue was redissolved in a mixture 
containing less organic solvent than in the mobile 
phase. After liquid-solid extraction, the eluting 
strength of the extract was decreased by dilution 
with an aqueous solution prior to injection. 

Equipment 
Because analytes are rapidly eluted in small 

bands in fast LC, extra-column band-broadening 
can occur. This effect has been shown to become 
critical at k' values below 2 [3]. However, after 
extraction from plasma, drugs are generally elut- 
ed with relatively high k' values in order to ob- 
tain an adequate separation from co-extracted 
plasma components. For ATE I (k' = 10) and 
ATE III (k' > 10), no differences in efficiency 
greater than 10% were observed after addition of 
a filter and after substitution of either the 8-/21 
flow cell of the Kratos detector for a 2.4-/21 flow 
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Fig. 1. Chromatograms corresponding to the determination of 
ATE I in plasma. Column, 4 cm long, Hypersil ODS, 3/ml parti- 
cle size; mobile phase, acetonitrile4).01 mol/1 potassium dihy- 
drogenphosphate (16:84, v/v); flow-rate, 2 ml/min; injected sam- 
pie; (A) extract of a blank plasma sample, (B) extract of a spiked 
plasma sample containing 0.36 pmol/l ATE I and 3.6 /~mol/l 
internal standard (ATE III). 
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cell, or the WISP injector for a SEDERE injector 
affording a low dead volume (equipped with a 
50-#1 sample loop)• For all investigated drugs, 
good efficiencies were obtained with the conven- 
tional apparatus used: about 110 000 plates per 
meter for ATE I and ATE III for a 50-/fl injected 
volume and about  80 000 plates per meter for 
carbamazepine and its less retained metabolite 
dihydroxycarbamazepine (k' = 5, t~ = 1.3 min) 
for a 500-#1 injected volume• Chromatograms are 
shown in Figs. 1-3. 

Column stability 
A guard column was inserted between the 

pump and the injector and a filter with a low dead 
volume was inserted between the pump and the 
analytical column. When the filter frit (2-/~m 
pores) was exchanged twice a week, no increase 
in pressure occurred• Pore frits of 0.5 /~m were 
not used because increases in pressure occurred 
after only a few injections. 
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Fig. 2. Chromatograms corresponding to the determination of 
ATE II in plasma. Column, 3.3 cm long, Pecosphere C18, 3/~m 
particle size; mobile phase, acetonitrile 0.01 mol/1 potassium di- 
hydrogenphosphate (14:86, v/v); flow-rate, 2 ml/min; injected 
sample, (A) extract of a blank plasma sample, (B) extract of a 
spiked plasma sample containing 10.5 /2mol/1 ATE I1 and 4.3 
/~mol/1 internal standard (ATE IV). 
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Fig. 3. Chromatograms corresponding to the determination of 
carbamazepine and its metabolites in plasma. Column, 3.3 cm 
long, Supelcosil LC-18, 3 ~m particle size; mobile phase, aceto- 
nitrile~methanol~.05 mol/1 potassium dihydrogenphosphate 
(15:5:80, v/v/v); flow-rate, 2 ml/min; injected sample, (A) extract 
of a blank plasma sample, (B) extract of a spiked plasma sample 
containing 0.5 #mol/l carbamazepine and its metabolites and 5 
~mol/1 internal standard. 

Automatic procedure 
The ASPEC system reproduces automatically 

the operations of DEC conditioning, sample 
loading, washing and elution. Liquid transfers 
and mixings by bubbling can be accomplished 
[7,8], but evaporation of the eluate cannot be per- 
formed. Therefore, the eluate was directly inject- 
ed in order to realize the automatic junction be- 
tween extraction and HPLC. The eluting strength 
of the eluate was decreased before injection by 
addition of an aqueous solution. The weakest hy- 
dro-organic solvent that removed analytes from 
the sorbent in a volume as small as possible was 
determined in order to inject a reasonable sample 
volume without band-broadening and/or column 
damage• 

For the assay of carbamazepine and its metab- 
olites, a non-polar C18 DEC had to be used in 
order to trap the less retained metabolite dihy- 
droxycarbamazepine. This metabolite could then 
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be eluted from the DEC with the mobile phase 
used for chromatography. But absolute metha- 
nol had to be used to remove the most hydro- 
phobic analyte, carbamazepine. The overall re- 
coveries were 70-80% when no washing was per- 
formed as compared with a direct injection. They 
were about 90% when two washing steps, neces- 
sary to eliminate interfering compounds, were 
applied. The analytes might consequently begin 
to migrate across the DEC during the rinsing ATE t 
steps, and this permitted reduction of the volume o.2 
of methanol necessary to remove the analytes o.4 
from the DEC. 0.7 

4 
With 50-rag DECs, the volume of methanol 18 

used for the elution of the analytes was only half 70 
of that required with the commonly used 100-mg 
DECs. As smaller solvent volumes were trans- ATEH 
ferred, the time for sample preparation and in- 0.1 

0.2 
jection was reduced from 12 to 10 min. Similar 0.4 
recoveries and chromatograms for an extract of 2 
blank plasma were obtained with 50- and 100-mg 4 
DECs. 8 

TABLE I 

WITHIN- AND BETWEEN-DAY PRECISION AND ACCU- 

RACY OF THE ASSAY 

Nominal Within-day Between-day 

plasma (n = 6) (n = 4-6) 

concentration 

(#mol/l) Nominal/found C.V. Nominal/found C.V. 

(mean) (%) (%) (mean) (%) (%) 

104 4 103 8 

106 2 107 5 

101 1 102 2 
101 1 100 1 

101 0.5 99 I 

95 I 99 3 

100 6 - - 
100 5 101 4 

96 l 103 2 

97 1 10l 3 

100 1 102 2 
100 2 - - 

Reproducibility and limit o f  quantitation 
Within- and between-day precision and accu- 

racy for series of plasma samples spiked with 
ATE I or ATE II are shown in Table I. Repro- 
ducibility results for carbamazepine and its me- 
tabolites are given in a separate paper [9]. The 
limit of  quantitation, established with a coeffi- 
cient of variation lower than 10% and a mean 
recovery between 95 and 107% was 0.2/~mol/1 
(about 50 ng/ml) for ATE I and 0.1 #mol/1 (about 
25 ng/ml) for ATE II and carbamazepine and its 
metabolites. This limit was similar to that ob- 
tained with a 5/~m particle size column. The time 
of chromatography was between two and three 
times lower for the 3 gm than for the 5/~m parti- 
cle size column when the resolution and the pres- 
sure at the top of the columns were similar. 

Applications 
Short 3 /~m particle size columns were subse- 

quently used as described above for the determi- 
nation of other drugs in plasma. 

Propyphenazone was determined in plasma 
following protein precipitation, dilution with wa- 
ter and injection of  a 50-/~1 aliquot onto a Supel- 
cosil LC-18-DB column, 3 #m particle size, 3.3 

cm long [13]. About 350 deproteinized plasma 
samples have been injected per Column without a 
significant change in the separation. 

Triclabendazole and its sulfoxide and sulfone 
metabolites have been determined in plasma fol- 
lowing liquid-solid extraction by using the 
ASPEC system and chromatography on a Supel- 
cosil LC-18 column, 3 #m particle size, 3.3 cm 
long [13]. Non-polar 100-mg C18 DECs had to be 
used to trap triclabendazole and its metabolites 
as they were highly bound to plasma proteins and 
thus little retained on the sorbent during the 
loading step. A 1.5-ml aliquot of methanol was 
required to elute the compounds from the DEC 
after washing with water (Table II) and 1 ml only 
after washing with a mixture of water and metha- 
nol. A 1-ml sample of  eluate diluted with water 
was injected in order to reach a sensitivity suffi- 
cient for pharmacokinetic purposes (10 ng/ml). 
An example of  a chromatogram is given (Fig. 4). 

CONCLUSION 

Small-dimensioned 3/~m particle size columns 
should be useful to increase the work capacity of  
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TABLE 11 

I N F L U E N C E  OF THE W A S H I N G  STEP ON THE OVERALL RECOVERY OF T R I C L A B E N D A Z O L E  A N D  ITS METABO- 
LITES F R O M  THE E X T R A C T I O N  C O L U M N  

Conditions: extraction column, Baker C~8, 100 rag; column, Supclcosil LC-18, 3 iml particle size, 3.3 cm long; mobile phase, acetoni- 
tr i le-methanol-0.013 mol/l pH 5.2 phosphate  buffer (8:47:45, v/v/v); flow-rate. 2 ml/min; injected sample volume, 1 ml. 

Rinsing step Elution step Recovery" (n = 2) (%) 

Sulphone Sulphoxide 
metabolite metabolite 

Triclabendazole 

I ml water l ml methanol  57 57 46 
I ml water 1.5 ml methanol  I02 103 96 
I ml methanol-water  (55:45, v/v) 1 ml methanol  98 92 95 

Calculated from the direct injection of  a s tandard solution. 
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Fig. 4. Chromatograms  corresponding to the determination of 
triclabendazole and its metabolites in plasma. Chromatographic  
conditions as in Table II. Injected sample, (A) extract of  a blank 
plasma sample, (B) extract of  a spiked plasma sample containing 
0.3 /~mol/1 triclabendazole and its metabolites and 1.2 /maol/l 

internal standard. 

LC for drug analysis. They can be used in con- 
junction with an automated system such as the 
ASPEC apparatus. 
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