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SUMMARY 

The quantitative enantlospeclfic determmatlon of the/?,-selective adrener@c antagomst (R,S) - 
cehprolol m human plasma and urine IS described It mvolves a two-step hquld-hquld extraction 
of cehprolol from blologlcal material and separation of the undenvatlzed enantlomers by high- 
performance liquid chromatography on a choral stationary phase (cellulose tns-3,5-dlmethyl- 
phenyl carbamate, coated on silica gel) with fluorlmetrlc detection R- ( + ) -Propranolol was used 
as an internal standard The detection limits of 1 5 ng/ml enantlomer m plasma and 2 5 ng/ml 
enantlomer m urine at signal-to-noise ratios higher than 3 permit the performance of pharmacok- 
metlc studies after therapeutic doses 

INTRODUCTION 

(R,S)-Cehprolol hydrochloride (Selectol@), 3- [3-acetyl-4-(3-tert -butyl- 
amino-2-hydroxypropoxy)phenyl]-l,l-diethylurea hydrochloride (Fig l), is 
a j31-selective adrenerglc antagonist with weak vaso- and bronchoddating ef- 
fects Cehprolol was first introduced in 1985 and has been used as a racemate. 
Several pharmacokinetic studies [l-7] have been performed with the racemic 
drug In healthy human volunteers, the maximum plasma concentrations 

“Presented at the Annual Meeting of the German Pharmaceutical Society, Erlangen, F R G , Sep- 
tember 1988 This paper 1s part of the Ph D Thesis of Claudia Hartmann, Department of Phar- 
macology, Umverslty of Frankfurt/Main, F R G 

037%4347/89/$03 50 0 1989 Elsevler Science Publishers B V 



388 

fl 

O+H3 

(H&)2N-C-NH 
x5- 

‘_’ 0-CH+H-CH3-NH-C(CH313 

OH 

Fig 1 Structure of cellprolol The astensk indicates an asymmetric centre 

ranged from 114 to 662 ng/ml after therapeutic oral doses of 200 mg, and the 
terminal half-lives variedbetween 3 and 13.6 h Between 3 and 22% of the given 
racemlc cehprolol dose was found unchanged in the urine. Metabohc clearance 
was described as being very low [ 2,5,7] or entirely absent [ 1,4]. The oral blo- 
availability was calculated to be between 30 and 70% [ 4,5,7], depending on the 
given dose and food intake 

Radiohgand binding studies showed that the enantlomers of celiprolol have 
different pharmacodynamic properties [ 81 and, therefore, enantiospecific 
evaluation of the pharmacokmetics is necessary. However, the available ana- 
lytical methods [9-13 J permit quantification of the racemate only We have 
therefore developed a sensitive method for the simultaneous determination of 
cehprolol enantiomers m human plasma and urme without any derivatizatlon. 
The method is based on the direct resolution of (R)- and (S)-cehprolol with 
a choral stationary phase. The applicability of this method was tested with one 
healthy volunteer who had received a single oral dose of 200 mg of racemic 
celiprolol 

EXPERIMENTAL 

Racemlc celiprolol hydrochloride and cehprolol hydrochloride enantiomers 
were kindly provided by Rorer (Blelefeld, F.R.G. ), racemlc celiprolol base by 
Chemie Lmz (Lmz, Austria) and (R) - ( + ) -propranolol (internal standard) 
by ICI-Pharma (Planckstadt, F.R.G. ). Solvents of analytical-reagent grade 
and the buffer solution of pH 10.00 used for sample preparation (11 contained 
3 092 g of boric acid, 3.728 g of potassmm chloride and 1.756 g of sodium hy- 
droxide) were supplied by E. Merck (Darmstadt, F.R.G.). Diethylamine was 
purchased from Fluka (Buchs, Switzerland). 

Equcpment 
The high-performance liquid chromatographic (HPLC ) system consisted of 

a Knauer (Berhn, F.R.G.) 64 pump, a Rheodyne (Cotati, CA, U.S.A.) 7125 
injection valve with a 100-p sample loop, a Shlmadzu (Dusseldorf, F.R.G.) 
RF-535 fluorescence spectrometer, and a Knauer TY recorder. The vacuum 
centrifuge used was a Speed Vat concentrator (Bachofer, Reutlingen, F.R.G.). 
The thin-layer chromatographic (TLC) plates were scanned with a KM 3 
chromatogram spectrophotometer (Carl Zeiss, Oberkochen, F.R.G.) and a 



Model 56 recorder (Perkin-Elmer, Uberlingen, F.R.G.). Solutions were ap- 
plied on to TLC plates using a Linomat III (Camag, Muttenz, Switzerland) 

Sample preparation 
In a screw-capped glass centrifuge tube, 1 ml of heparimzed plasma was 

extracted with 5 ml of &chloromethane-propan-2-ol(95 5, v/v) after addition 
of 100 ~1 of buffer solution (pH lO.OO), resulting in a pH of 9. The buffer 
solution also contained 100 ng of the mternal standard [R- ( + )-propranolol] 
After shaking for 15 min and centrlfugation at 2500 g for 20 mm at 10’ C, 4 ml 
of the organic layer were carefully removed and transferred into another cen- 
trifuge tube. The extraction was repeated with 4 ml of dichloromethane-pro- 
pan-a-01 and the combined orgamc phases (8 ml) were evaporated to dryness 
in a vacuum centrifuge at 30’ C. The residue was dissolved in 250 ,ul of mobile 
phase 

The work-up of urine samples (1 ml) was identical except that 1 ml of buffer 
solution was used (resulting in a pH of 10 in the aqueous phase before the 
extraction step) 

Chromatography 
The stationary phase was cellulose tns-3,5dimethylphenyl carbamate poly- 

mer coated on macroporous silica (10 pm) commercially prepacked in a 250 
mm~4.6 mm I.D. column (Chiralcel OD from J.T. Baker, Gross-Gerau, 
F.R.G.). Further, a precolumn (50 mmX 4.6 mm I.D.) containmg the same 
material was used for plasma and urine samples. Resolution of the enantiomers 
was achieved with n-hexane-propan-2-ol-diethylamine (85 20 0.1, v/v) as 
the mobile phase at a flow-rate of 1 ml/min. The injection volume was 100 ~1 
(loop filling) and the mean pressure was 2.3 MPa. A xenon lamp with two 
monochromators was used as the light source for fluorescence detection with 
the detection wavelengths set at 350 nm for excitation and 480 nm for emis- 
sion. The first elutmg enantiomer was (S) - ( - )-cehprolol with a retention 
time of 12.7 min and R- ( + )-celiprolol eluted after 17.0 min. The internal stan- 
dard eluted after 9.5 min and was detected with the wavelengths set at 295 nm 
for excitation and 345 nm for emission. 

Drug and metabohte rnterferences 
Several drugs for a&hypertensive therapy were tested for interference with 

the assay. The substances tested belonged to the following groups of drugs: (a) 
dmretics (hydrochlorothiazlde, furosemide, amiloride and trlamterene); (b) 
calcium channel blockers (verapamil and nifedipine ); (c) angiotensin-con- 
vertmg enzyme inhibitor (captopril ) ; (d) other /3-adrenoceptor-blocking agents 
(atenolol, acebutolol, carteolol, labetalol, metoprolol, oxprenolol, penbutolol 
and pmdolol); (e) other drugs (reserpine, clonidine, a-methyldopa and dihy- 
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dralazme) A l-,ug amount of each drug was added to 1 ml of plasma containing 
100 ng of (I&S)-cehprolol as well as to celiprolol-free plasma 

Whether or not cehprolol metabolites interfere with the assay was lnvesti- 
gated by fractional collection of the two cehprolol enantiomers in the present 
system and subsequent analysis of the concentrated samples in &stmct chro- 
matographlc systems. Plasma and urine samples from human healthy volun- 
teers obtained at different times after oral administration of 200 mg of (R,S)- 
cehprolol were studed. The chromatographic systems used were as follows 

(1) On a Waters Nova Pak Resolve C,, (4 pm) HPLC column ( 150 mmx 3.9 
mm I D. ) (Waters-Millipore, Eschborn, F.R.G. ) several mobile phases were 
tested at a flow-rate of 1 ml/mm (a) acetonitrile-water-triethylamme 
(25 75 0.01, v/v); (b) methanol-water-tnethylamme (75 30 0.02, v/v); and 
(c) methanol-water-triethylamme (40 60 0 02, v/v) 

(11) Volumes of 50 ~1 of the concentrated fractions were applied on a pre- 
coated sihca gel 60 TLC plate with fluorescence indicator Fss4 (20 cm x 20 cm; 
Merck) The plate was developed at room temperature m an unlined glass tank 
(Desaga) contammg chloroform-methanol-ammonia (80 14 1, v/v). The 
spectrophotometer was operated in the fluorescence mode (arrangement 
monochromator-sample). The light source was an ST 41 mercury lamp with 
365 nm as excitation wavelength. The emission was filtered with an FL 43 filter 
(slit 1x6 mm). 

Short- and long-term stabthty 
The short-term stability of (R) - and (S) -cehprolol m plasma and urme was 

tested after stormg samples for five days at 8’ C For long-term stabihty stud- 
ies, samples were stored for ten months at - 22 o C. 

Accuracy and reproduclb&y 
Reproducibility experiments were performed at three different concentra- 

tions (5,25 and 50 ng/ml enantiomer in plasma and 50 and 500 ng/ml enan- 
tiomer m urine) with ten samples for each concentration Intra-day coeffi- 
cients of variation (C.V.) were calculated. Inter-assay variability was 
determined over a period of four weeks by analysing calibration graphs in the 
range 5-250 ng for plasma and 5-500 ng for urme. The accuracy was tested by 
a comparison of the concentrations m samples (n = 10, plasma and urme from 
a healthy volunteer) obtained applying the racemic assay of Buskm et al. [ 91 
and those determined with the present method. 

Recovery from samples 
In order to define the recovery, spiked plasma (5, 25 and 50 ng/ml enan- 

tiomer ) or urine samples (50 and 500 ng/ml enantiomer ) were analysed and 
the peak areas compared with those of non-extracted celiprolol base dissolved 
in the mobile phase. 
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Lmeartty studzes 
The linear behaviour of the calibration graph was tested with spiked plasma 

and urine samples in the range 2 ng/ml-1 pg/ml racemate Peak areas or, when 
an internal standard was used, the peak-area ratios were calculated and plotted 
against the concentrations of (R)- an (S)-cehprolol. 

Apphcatron of the enantrospeccfuz cehprolol assay after a 200~mg oral dose 
In order to test the apphcabihty of this method for pharmacokmetic studies 

in patients, one healthy volunteer received an oral dose of 200 mg of racemic 
cehprolol. At timed intervals before and 0.5, 1, 1.5, 2, 2.5, 3, 3.5,4, 5, 6, 8, 10, 
12, 14, 24, 32 and 48 h after dosage, venous blood was taken and transferred 
into heparuuzed screw-capped glass centrifuge tubes and the plasma was sep- 
arated by centrifugation at 600 g for 20 min imme&ately after collection and 
stored at - 22’ C until assayed. In addition, urine was fractionally collected 
over 48 h (O-2,2-4,4-6,6-9,9-12,12-24 and 24-48 h) 

RESULTS AND DISCUSSION 

The apphcation of the chiral stationary phase for enantiospeclfic determi- 
nation allows the lrect chromatographic separation of the enantiomers of ce- 
hprolol, a procedure that can be performed without derrvatization and is also 
possible for extracts from biological material With respect to the present 
method, the most striking advantage is that the fluorescence measurement of 
the parent compound permits selective quantification without the addition of 
possible interfering impurities, such as by-products resulting from denvatiza- 
tlon procedures. Fig. 2 shows a chromatogram of cehprolol enantiomers with 
internal standard after extraction from plasma from a healthy volunteer com- 
pared with extracted drug-free plasma. The separation factor, LY, was 1.42 with 
a resolution factor, R, of 2 23. The elutlon order was (R)- ( + )-propranolol 
(k’=2.80), (S)-( -)-celiprolol (k/=4.08) and (R)-( +)-celiprolol (k’=5 80). 
In order to protect the analytical column from contammation with co-ex- 
tracted plasma or urine constituents, a precolumn was necessary (especially 
with plasma samples). 

Extractzunprocedure and relatrve recovery 
A single extraction step did not yield sufficient extraction rates and there- 

fore a second extraction step was introduced. This procedure led to relative 
recoveries from plasma samples of more than 90% (Table I) In urine samples 
(Table II) the relative recovery decreased at concentrations higher than 500 
ng/ml enantiomer, reflected by non-lmearity of the calibration graph above 
this range This fact can be neglected when concentrations occurrmg in phar- 
macokmetic studies are low For higher concentrations reduced sample vol- 
umes (0.2 ml) were used for the assay. 
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Fig 2 Chromatograms from plasma from a healthy human volunteer (A) Drug-free plasma, 
(B ) = (R ) - ( + ) - and (S)- ( - ) -cellprolol measured with excltatlon at 350 nm and emlsslon at 480 
nm, (C) and (D) same sample measured with excltatlon at 295 nm and emission at 345 nm m 
order to detect (R)- (+ )-propranolol (Internal standard, 1 st ) 

Interferences 
Therewere no interferences from plasma constituents. Further, none of the 

tested antlhypertenslve drugs interfered with celiprolol Metabohtes of ceh- 
pro101 could not be detected. 

Short- and long-term stab&y 
In all instances the concentrations of both enantlomers of celiprolol re- 

mained constant throughout the observation periods 

Lmearrty studtes, accuracy and determtnatton lrmrt 
Cahbratlon graphs obtained for both enantlomers were linear over the range 

5-500 ng, which covers chmcally relevant concentrations The detection hmlt 
was 15 ng/ml enantiomer for plasma and 2 5 ng/ml enantlomer for urine at 
signal-to-noise ratios higher than 3. Intra- and inter-assay variabilities are 
summarised for plasma and urine m Tables I-IV Even without an internal 
standard the intra-day coefficients of variation were always below 9% for both 
enantlomers. When an internal standard was used the coefficients of variation 
improved to values < 5% The racemate assay of Buskm et al [9] and the 
enantlospecific HPLC assay used here (sum of R and S enantlomers) gave 
congruent results at the tested sample concentrations. The linear equation 
obtained was y= 1.03x- 0 17; the correlation coefficient was 0 9999. In sum- 
mary, the accuracy and the mtra-assay and inter-assay varlablhty indicate a 
high rehabrlity. 
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TABLE I 

INTRA-ASSAY ACCURACY AND PRECISION FOR DETERMINATION OF (R,S)-CELI- 
PROLOL IN HUMAN PLASMA (n = 10) 

Compound IS” Concentration Concentration found Coefficient Recovery 
added (mean&SD) of variation (%) 
(x/ml) (w/ml) (o/o) 

(S)-Cellprolol No 50 501f17 33 100 
25 256fl7 66 102 
5 47+04 90 93 

Yes 25 247+08 30 99 
5 55kO2 42 110 

(R)-Cehprolol No 50 469-tO9 19 94 
25 239*14 59 96 
5 47kO4 82 95 

Yes 25 240+06 25 96 
5 53+02 46 105 

a (R ) - ( + ) -Propranolol as mternal standard (I S ) 

TABLE II 

INTRA-ASSAY ACCURACY AND PRECISION FOR DETERMINATION OF (R,S)-CELI- 
PROLOL IN HUMAN (n= 10) 

Compound IS” Concentration Concentration found Coefficient Recovery 
added (mean ?SD) of vanatlon (%) 
(ne/ml) (x/ml) (So) 

(S)-Cellprolol No 500 4158-tl12 27 83 
50 48Ok 33 68 96 

Yes 500 49001162 33 98 
50 51oi 15 30 102 

(R) Xehprolol No 500 4285k116 27 86 
50 512f 27 53 102 

Yes 500 505Ok162 32 101 
50 525k 14 27 105 

‘(R) ( + ) -Propranolol as mternal standard (I S ) 

Prelamuaary pharmacokrnetrc study 
The plasma concentration-time curves for (S) - ( - ) -cehprolol and (R) - ( + ) - 

cehprolol m one healthy volunteer are shown in Fig 3. The maximum plasma 
concentrations were 294 ng/ml (R ) - ( + ) -cellprolol and 280 ng/ml (8) - ( - ) - 
cehprolol after a 200-mg oral dose. The tllz values were 4.7 h for (R)- ( + )- 
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TABLE III 

INTER-ASSAY PRECISION FOR DETERMINATION OF (R,S)-CELIPROLOL IN HU- 
MAN PLASMA (n=6) 

Compound IS” Day* Regression 
slope 

Regression Correlation 
Intercept coefficient 

(ng) (r) 

(S) -Celiprolol No 1 0 10 0 12 0 9997 
2 0 06 -002 0 9998 

Yes 3 0 19 004 0 9992 
4 0 17 005 10000 

(R) -Cehprolol No 1 0 10 0 25 0 9995 
2 006 0 08 10000 

Yes 3 0 18 0 05 0 9990 
4 0 17 0 06 0 9990 

“(R) - ( + )-Propranolol as internal standard (I S ) 
*Over a penod longer than four weeks 

TABLE IV 

INTER-ASSAY PRECISION FOR DETERMINATION OF (R,S)-CELIPROLOL IN HU- 
MAN URINE (n=6) 

Compound IS” Day* Regression 
slope 

Regression 
intercept 
(ng) 

Correlation 
coefficient 

(r) 

(S)-Cehprolol No 1 128 0 55 0 9996 

2 157 0 67 10000 
Yes 3 0 30 0 02 0 9991 

4 0 46 0 19 0 9999 
(R-Cehprolol No 1 130 0 49 0 9994 

2 148 .031 10000 
Yes 3 0 33 0 02 0 9988 

4 0 51 0 6’7 0 9999 

“(R)- ( + ) -Propranolol as mternal standard (I S ) 
*Over a period longer than four weeks 

celrprolol and 6 7 h for (S) - ( - ) -cehprolol. The cumulative renal excretion of 
(S) - ( - ) -cehprolol and (R) - ( + ) -cehprolol m the same volunteer is shown in 
Fig. 4. The amount excreted unchanged into urine was 14 06 mg (7.03% of the 
dose, S/R ratio 103). The unchanged renal clearance was 70.17 ml/mm for 
(S) - ( - ) -celiprolol and 72 83 ml/min for (R ) - ( + ) -celiprolol. 
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Fig 3 Plasma concentration-time curves for ( + ) (R) - ( + ) - and (0 ) (S) - ( - ) -cehprolol m one 
healthy human volunteer after oral admmwtratlon of 200 mg of racemlc cellprolol 
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Fig 4 Cumulative renal excretion of ( + ) (R) - ( + ) - and (0 ) (S) - ( - ) -cehprolol m one healthy 
human volunteer after oral admmlstratlon of 200 mg of racemlc cehprolol 
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