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SUMMARY 

A high-performance hquld chromatographlc method for the determmatlon of plrenzepme 
In human plasma 1s reported using lmlpramme as an internal standard The assay has a lower 
hmlt of detection of 2 5 ng/ml The cahbratlon function 1s found to be linear m the range 
from 5 ng/ml up to at least 100 ng/ml Two sets of chromatographlc condltlons are 
described, which provide different chromatographlc selectlvltles for the separation of the 
compounds of interest from other material present m a sample 

INTRODUCTION 

Plrenzepme (Fig. 1, I) (Gastrozepm@, Dr Karl Thomae GmbH) 1s an antl- 
cholmerglc agent, which mhlblts gastnc secretion [l] During the development 
of the drug, the pharmacokmetlcs and the metabolism of plrenzepme were m- 
vestlgated using liquid scmtlllatlon counting for the determination of plasma 
concentrations after admmlstratlon of radlolabelled plrenzepme [Z] A radlo- 

nnmunoassay (RIA) has been employed for the measurement of plrenzepme m 
serum and cerebrospmal fluid after admmlstratlon of therapeutic doses to 
healthy volunteers [3] The use of these sensltlve (and selective, m the case of 
RIA) techniques was called for, since the mean maxnnum plasma concentration 
after 25 mg of plrenzepme given as a single oral dose to volunteers was found 
to be 25 ng/ml, whereas 24 h after dosing a mean concentration of 7 5 ng/ml 
was reported [4] 

To our knowledge, only one high-performance hquld chromatographlc 
(HPLC) method for the determmatlon of plrenzepme has been published until 
now [5] This method, however, IS more suited for the analysis of dosage 
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Fig 1 Chemical structures of plrenzlpme (I) and lmlpramme (II) 

forms, since it exhibits a hmlt of detection as high as 1 pg/ml, and 1s therefore 
not applicable for the determination of plrenzepme concentrations m the 
therapeutic range AddItionally, an mternal standard was not used in the work 
cited above. 

A second pubhcatlon mentions the HPLC separation of plrenzepme and 
ramtldme, but a fully developed analytical method 1s not described [6]. We 
report here XI HPLC assay that 1s sensltlve enough to allow the measurement 
of plrenzepme m therapeutic concentrations 

EXPERIMENTAL 

Ma terurl.9 
Prenzepine was purchased from Karl 0 Helm (Hamburg, F R G ) as the 

dlhydrochlonde salt Imlpramme (Fig 1, II) was chosen for use as an internal 
standard and was delivered by Sigma Chemle (Taufklrchen, F.R G ) Sodium 
bicarbonate, dlchloromethane and phosphoric acid were obtamed from Merck 
(Darmstadt, F R G ) Acetonltrlle was received from Rledel de Haen (Seelze, 
F R G ) Trlethylanune (97-99s purity) was from Aldrich Chemle (Stemhelm, 
F R.G.). All chermcals were of analytical grade If not stated otherwise Human 
plasma was obtamed from a local blood bank Bovme serum was purchased 
from Behrmg (Marburg, F.R.G ) Punfled water (resistance 18 Ma) was 
produced by a Mllhpore-Q reagent water system (Mllhpore--Waters, Eschborn, 
F.R.G.). 

Chromatographzc apparatus 
The chromatographic system consisted of a Model 6000A pump, a WISP 

710B automatic sample processor, a system controller and a Data Module 
integrator, aU from Mllhpore-Waters The UV detector was a Spectroflow 773 
variable-wavelength instrument from Kratos (Karlsruhe, F R G ) The detector 
was operated at a wavelength of 280 nm and the range was set at 0 002 a u f s 

Chromatograpklc condztzons 
Two s&s of chromatographlc conditions were developed. The first Set com- 

pnsed a 25 cm x 4 6 mm I D Altex Ultrasphere silica 5-pm column (Beckman 
Instruments, Munich, F.R.G ) or a 30 cm X 4 6 mm I D @orasd dlca lo-Pm 
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column (Mlhpore-Waters) and a presaturator column contammg PPorasll 
(10 pm), which was placed between the pump and the injector The moblle 
phase used on the silica columns was 0 014 M tnethylamme in water (adjusted 
to pH 10 5 with phosphoric acld)acetomtrlle (40 60). 

The second set of chromatographlc condltlons employed a 25 cm X 4 6 mm 
I D Nucleoal SA ion-exchange lo-pm column (Knauer, Bad Homburg, 
F R G.) In this case, the mobile phase was 0.1 M trlethylamme m water (ad- 
Justed to pH 3 0 with phosphoric acid)-acetomtrlle (45 55) A presaturator 
column was not used with this moblle phase. The moblle phase was degassed 
before use under vacuum by somhcatlon. In all expenments, the HPLC pump 
was operated at a flow-rate of 1 5 ml/mm and the columns were kept at room 
temperature. 

Preparation of plasma samples 
Samples were stored at -20°C pnor to analysis To 1 ml of plasma, 0 1 ml of 

1 M carbonate buffer (pH 9.0) was added followed by 75 ~1 of a solution con- 
taming 2 pi/ml lrmpramme m water. The sample was then extracted for 10 min 
mto 5 ml of dlchloromethane on a reclprocatmg shaker After 10 mm centrlfu- 
gatlon at 4000 g, 4 5 ml of the organic layer were plpetted mto a clean tube 
The solvent was then evaporated under a gentle stream of nitrogen at room 
temperature The residue was finally redissolved m 100 ~1 of the appropriate 
mobile phase and 40-60 ~1 of the sample were inJected into the HPLC system 

Calabratlon and calzbratzon samples 
Standard solutions were prepared contammg 1, 0 5 and 0 1 pg/ml 

plrenzepme m water, respectively. When stored at 4”C, these solutions can be 
used for up to four weeks Appropriate ahquots of the standard solutions were 
added to human plasma or bovine serum to gve l-ml samples contammg 
5-100 ng/ml plrenzepme Additionally, a blank sample and a reagent blank 
(which was not spiked with the mternal standard) were worked up m each 
series. The callbratlon samples were then processed as described above. 

From the measured peak-area ratios and the correspondmg spiked 
concentrations, the cahbratlon function was calculated by means of 
least-squares regresslon analysis. A complete senes of cahbratlon samples was 

prepared and evaluated on each day of analysis. 

RESULTS 

The assay method reported m this paper has now been used for the analysis of 
several hundred plasma samples from clmlcal trials, under both sets of chroma- 
tographic condltlons. 

Fig. 2 shows three typical chromatograms of samples taken at various time 
points durmg a clmlcal trial The plrenzepme peaks in Fig 2B and C correspond 
to 35 and 8 ng/ml, respectively The chromatograms demonstrate that the 
work-up procedure results m sufficiently clean samples mth no mterfenng 
endogenous matenal present m the regon of interest It can further be seen 
that the method provides the analytlcal sensltlvlty that 1s necessary to follow- 
up a 24-h sampling protocol after single-dose admmlstratlon of pvenzepme 
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Fig 2 Chromatograms of plasma samples (A) Predose, (B) 3 h and (C) 24 h after a smgle 
oral dose of 50 mg of plrenzepme Peak at 4 4 mm IS the internal standard Chromatographtc 
condltlons PPorasll column, for mobile phase, see text 

The limit of detection of the method was e&mated during the development of 
the assay. In order to do so, plasma was repeatedly spxked with decreasing con- 

centrations of pirenzepme and subsequently analysed. 
Fig 3 depicts one series of results The signal correspondmg to 2 5 ng/ml 

can be clearly distinguished from the blank A calibration sample contammg 
5 ng/ml was routinely quantitated, thus estabhshmg the lower end of the 
calibration range. Consequently, under the conditions reported, the hmit of 
quantitation was accepted to be 5 ng/ml, whereas the limit of detection was 
< 2 5 ng/ml 

Due to the high pH value of the mobile phase, the column life of the normal- 
phase columns was sub-average when the system was operated continuously 
wrthout mtermittent purge steps In consequence, we developed the second 

chromatographlc system. For this purpose, an ion-exchange column was chosen, 
smce early results had indicated unsatisfactory chromatography on reversed- 
phase materials showmg broad front peaks at the sensitivity range of 0.002 
a u,f.s. used m our experiments 

Fig 4 demonstrates the separation and sensitivity that were achieved using 
the ion-exchange material The pvenzepme peak m Fig 4B corresponds to 15 

ng/ml 
With both sets of chromatographlc conditions, precise and accurate deter- 

minations were possible Peak-area ratios of the calibration samples measured 
over the entire calibration range on both chromatographic systems showed no 
statistically significant differences between the systems The calibration 
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Fig 3 Chromatograms of plasma spiked wth plrenzepme (A) Blank plasma, (B) plasma 
spiked with 5 ng/ml pirenzepme; (C) plasma spiked with 2 5 ng/ml plrenzepine. Peak at 6 4 
mm IS the mternal standard, peak at 7 86 mm IS pwenzepme Chromatographlc condltons 
Altex Ultrasphere Sl column, for mobile phase, see text 
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Fig 4 Chromatograms of plasma samples (A) Predose, (B) 8 h after a smgle oral dose of 
50 mg of plrenzepme Peaks at 8 20 and 8 37 mm are the internal standard, peak at 6 8 mm 
1.9 pwenzepme Chromatographlc condltlons Nucleosll-SA column, for moblle phase, see 
text 
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functron (y = ax: + b, where y 1s peak-area ratio and x 1s concentration) had a 
slope (I of 6 112 and an mtercept b of -0 009 on the basis of 150 cahbratron 
samples. The correlation coefflclent for this set was calculated to be 0.991, 
thus mdlcatmg a linear relatlonshlp between concentration and peak-area ratio 
over the cahbratron range The coeffrclents of varnatron ranged from 25% at 
5 ng/ml to 8% at 100 ng/ml (n > 17 at each concentration level). The accuracy 

of the determmatlons was monitored by means of control samples of known 
concentrations, whrch were stored and analysed together wrth the test samples 
The average bras within the calculated results of these control samples was 

found to be -8% at 5 ng/ml, +lO% at 10 ng/ml and -4% at 100 ng/ml 

DISCUSSION 

Our obJective was the development of an HPLC assay for prrenzepme that 
would reliably measure prrenzepme m samples taken up to 24 h after admmls- 
tratron of a smgle dose of 25 mg We knew from the hterature that such an 

assay should require a llmlt of quantltatlon of at least 7.5 ng/ml and that an 
upper lnnrt of 100 ng/ml m the cahbratlon range would meet our needs [4] 
Furthermore, the assay method should be simple and allow a suffrcrent number 
of samples to be analysed m the laboratory. 

A number of solvents were tested for the hqurd-hqurd extractron step that 
was used for clean-up and concentratmg Most of them showed good extractron 
recoveries of ca 80%, which were slmrlar for both substances of mterest 

Finally, we chose drchloromethane for our method, because this solvent gave 
cleaner extracts compared to others, e g chloroform_ This fact became m- 
creasmgly rmportant when our experrments demonstrated that prrenzepme and 

lmlpramlne could not be re-extracted with satisfactory yield into small volumes 
of acid 

A sufficiently high pH value 1s reqmred for the successful extraction of both 
compounds from aqueous systems mto orgamc solvents Smce the use of 

carbonate buffer resulted m acceptable recovenes and good phase separation, 
possible alternatives were not mvestlgated 

It 1s possible to further mcrease the recoverres up to ca 95% by extractmg 
tmce with 3 ml of solvent each. Smce increased peak areas were found for both 
compounds after this moddlcatlon, an mcreased analytrcal sensltlvlty may be 
achieved m this way 

During a survey on stationary phases for HPLC at an early phase of this 

work, we found that prrenzepme and lmlpramine could be separated on slhca 
columns and lon-exchange columns without mterferences from co-extracted 
endogenous mater& The development of the final mobile phase for the srhca 
column was a simple task, after we had accepted that a pH > 10 m the aqueous 
part of the mobile phase 1s mevltable Under these condltlons, the retention 
times of both compounds are decreased with decreasmg percentage of orgamc 
solvent m the mobile phase 

The situation on the ion-exchange column IS a more complex one Fig 5 
shows the retention times of both compounds as a function of pH and the 
aqueous constituent of the mobile phase Depending on the percentage of 
the aqueous buffer in the mobile phase, three different regions can be defined. 
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Fig 5 Retention time (RT) as a function of pH and mobile phase composltlon Abscissa 
percentage of buffer (0 1 M trlethylamme) at pH 2 0 (-), pH 5 0 (- - -) and pH 7 0 
(- * - - -m), acetonltrlle was used to make up to 100% Ordmate retention time (0) 
Pvenzepme, (A) nnlpramme, the Internal standard 

At low contents, a separatron can be achieved with lmlpramme elutmg first; 
at higher contents, the separation is pertamed with a reversed elutmg order, 
between these two regions, both compounds elute together with httle or no 
separation Thus, the chromatography of plrenzepme and nmpramme on an 
ion-exchange column displayed features of theoretical interest The data 
strongly suggest a non-uniform mechanism of separation Mechanisms that are 
possibly operative in the chromatography of tricychc ammes with solvents 
contammg dkylamines as modifiers have been discussed recently [‘7] We chose 
the option to use a mobile phase with a high percentage of aqueous buffer, 
because this resulted m narrower peaks with a better shape for pnenzepme 

Both chromatographlc systems can be used with good results m routme 
applications Therefore, the question of which system a user should employ m 
order to achieve separation free from interferences by endogenous or 
xenoblotlc compounds will entirely depend on a specific chmcal situation, 

with possible influences also from co-medication and disease state We have not 
yet mvestigated systematically the influence of possible interferences by other 
medications 

In conclusron, we have developed a sensrtlve HPLC assay method for the 
determlnatlon of plrenzepme m the low nanogram range, which permits the 
processmg of ca 50 samples per day by one person 
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