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SUMMARY 

A high-performan ce liquid chromatographic method is described for the determination 
of (R)- and (8)alprenolol and (R)- and (S)-metoprolol in human plasma. Separation of the 
enantiomers was accomplished after preparation of diastereomeric derivatives with sym- 
metrical anhydrides of tert_-butoxycarbonyl-L-leucine followed by treatment with trifluoro- 
acetic acid at 0°C to remove the tert_-butoxycarbonyl group. The separations of the diaste- 
reomeric derivatives were p&formed using a reversed-phase system with rBondapak C,, as 
support and phosphate buffer pH 3.0 with the addition of acetonitrile as the mobile phase. 
High stability of the chromatographic system was achieved. 

The repmducibilities in the determination of (R)- and (S)-alprenolol and (R)- and (S)- 
metoprolol in human plasma were 9-4 and 9.8% (relative standard deviation) for alprenolol 
and metoprolol, respectively, at drug levels of 0.5 ng/ml. 

hr two subjects who received single oral doses of alprenolol (lOO-mg tablet) and meto- 
pro101 (50-mg tablet) the plasma levels of the (R)-isomers were lower than for the (S)-isomers. 

INTRODUCTION 

Most commercially available adrenergic beta-receptor blocking drugs are 
racemic mixtures. The (S)-forms are considered to cause most of the pharma- 
cological effects [1] _ 
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Recently we developed a high-performance liquid chromatographic (HPLC) 
technique enabling separation and quantitation of(R)- and (S)-propranolol as 
their diastereomeric derivatives with N-trifluoroacetyl-L -proline or L -1eucine 
12, 31, and we found that the two isomers had different plasma disposition 
kinetics after giving the racemate to man [Z] _ Similar results were reported 
thereafter [4] _ Differences in the kinetics of optical isomers may be importznt 
clinically and in studies onconcentration-effect relationships. It is of general 
interest to make possible such studies also with other beta-receptor blocking 
drugs_ Therefore we have developed a HPLC method for the separation and 
quantitation of (R)- and (S)-alprenolol and (R)- and (S)-metoprolol in plasma 
after administration of clinical doses of the racemic drugs to man. 

This paper presents studies of the formation rates of the diasteromeric L- 
leucine derivatives of the two drugs, using the technique described previously 
[3], as well as the chromatographic behaviour of the diastereomeric derivatives. 
Plasma concentrations of the (R)- and (S) -isomers of the two drugs in two 
healthy volunteers given single doses, 100 mg of alprenolol and 50 mg of meto- 
prolol, are also presented_ 

EXPERIMENTAL 

Apparatus 
The liquid chromatographic system was built up from an Altex Model 100 

solvent delivery system and a Waters lMode1 U6K injector_ A Schoeffel FS 970 
L-C_ fluorimeter -as used as the detector. The detector was operated with an 
excitation wavelength of 193 nm (for metoprolol determinations) or 198 nm 
(for alprenolol determinations) without cut-off emission filter. The mass spec- 
trometer was an LKB 2091 equipped with a digital PDP 11105 computer sys- 
tem and operated in the electron-impact mode at 70 eV_ Infrared (IR) spectra 
were recorded with a Perkin-Elmer 457 spectrophotometer. pH was measured 
with an Orion Research Model 801 A/ digital pH meter equipped with an In- 
gold combined electrode Type 401. 

Chemicals 
Racemic alprenoiol hydrochloride, (R)- and (S)-alprenolol tartrate and racemic 

metoprolol tartrate were kindly supplied by AB Hiissle, Miilndal, Sweden. N- 
ferf. -Butoxycarbonyl-L-leucie (Boc-L-Leu) and N-ferf_-butoxycarhonyl-L- 
&nine (Boc-~-Ala) were obtained from Sigma (St. Louis, MO, U.S.A.). N,N- 
Dicyclohexylcarbodiimide and phosgene were obtained from Fluka (Buchs, 
Switzerland)_ The support, PBondapak C 18 (10 em), was obtained from E. 
Merck (Darmstadt, G.F.R.)_ The acetonitrile was of grade S quality and pur- 
chased from Rathburn Chemicals (Walkerbum, Great Britain). Triethylamine 
“zur Synthese” and trifluoroacetic acid (TFA) “fiir die Spektroskopie” were 
obtained fiorn E_ Merck. The triethylamine was treated overnight with sodium 
hydroxide pellets to remove water. The sodium hydroxide pellets were re- 
moved by filtration and naphthylisocyanate (270, v/v) was added to the 
triethylamine before distillation to remove primary and secondary amines [5] _ 
All other chemicals used were of analytical or equivalent grade and were used 
without further purification. 
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Chromatogmphic technique 
Chromatographic analyses were performed at room temperature. The mobile 

phases were prepared from phosphoric acid (final phosphate concentration 0.1 
i%f), appropriate amounts of sodium hydroxide (pH was adjusted to 3.0) aceto- 
nitrile and water. The mobile phase was degassed in an ultrasonic bath before 
use. The volume of the mobile phase in the column, V,, was measured either 
by injection of water or phosphate buffer pH 7.5. 

The asymmetry factor was calculated by drawing a perpendicular to the 
baseline from the vertex formed by the two peak tangent lines. The back part 
of the peak baseline divided by the front part gives the asymmetry factor. 

Column prepamtion 
The column (100 X 3.2 mm) was made of 316 stainless steel with a polished 

inner surface, equipped with modified Swagelok connections and Altex stain- 
less-steel frits (2 Dm). The column was packed by a modification of the 
balanced density slurry technique described by Majors [6] _ The support was 
suspended in 10 ml of chloroform and poured into the packing column which 
was filled by hexane- Acetone was used as driving liquid in the Haskel pump 
which was operated at 36.2 MPa. After packing the column was washed by 
pumping 50 ml of acetonitrile through the column followed by 100 ml of 
acetonitrile-water (50: 50). The column was then equilibrated with 150 ml of 
the mobile phase. 

Synthesis of the reagents 
Symmeirical anhydrides of Boc-L-Ala and Boc-L-Leu were prepared in two 

different ways: either by use of phosgene [7] or N,N-dicyclohexylcarbodiimide 
181 - 

Phosgene method_ A solution of 1 mmole of the Boc-amino acid and 1.1 
mmole of triethylamine in 5.0 ml of methylene chloride was chilled in a dry 
ice-ethanol bath to -40°C. One half mmole of phosgene (a 20% phosgene 
solution in toluene) was added and after 5 min the reaction mixture was 
analysed by IR spectroscopy_ The symmetrical anhydrides have threecharacter- 
istic absorption bands at 1830, 1750 and 1720 cm-’ [7] _ The reagents were 
stored at -20°C until they were used. 

N,N-Dicyclohexylcarbodiimide method_ To a solution of 1 mmole of the 
Boc-amino acid in 3.0 ml of methylene chloride was added O-5 mmole of N,N- 
dicyclohexylcarbodie (2.0 ml of a 0.25 M N,Ndicyclohexylcarbodiimide 
solution in methylene chloride) and allowed to react for 1 h at 0°C. The reac- 
tion mixture was filtered to remove the urea formed during the reaction and 
finally analyzed by IR spectroscopy as above. 

Evaluation of react&m conditions 
A reaction scheme for the derivatization process is given in Fig_ 1. 
Reaction of alprenolol and metoprolol with the leucine reagent. (1) gcemic 

alprenolol hydrochloride and metoprolol tartrate corresponding to 97 and 104 
ng as base, respectively, were added to 1.0 ml of 1 M carbonate buffer pH 9.9. 
Six millilitres of water-saturated diethyl ether were added and the tubes were 
agitated for 15 min. After centrifugation at 4200 g for 5 min, 5.0 ml of the 
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Fig. I_ Reaction of alp~nolol and metoprolol with symmetrical anhydrides of Boc-amino 
acids. TEA = triethylamine- 

ether phases were evaporated at 35°C in a stream of dry nitrogen- 
(2) The residues were dissolved in 250 ~1 of a solution of triethylamine in 

methylene chloride (for alprenolol 89 pmoles of triethylamine and for meto- 
pro101 35.6 pmoies of triethylamine, see below) and 100 ~1 of the reagent (Boc- 
L-hu) were added. After suitable intervals samples were taken out in duplicate 
and evapora+& under nitrogen at 35X_ Two millilitres of 0.1 M sodium hydrox- 
ide were added to the tubes aud the tubes were agitated for 10 min to hydro- 
lyse excess reagent. Six millilitres of ether were added and the solutions were 
extracted with ether for 15 min. After centrifugation 5.0 ml of the ether phases 
were evaporated with dry nitrogen at 35°C. 

(3) The residues were treated for 10 mm with 250 ~1 of TFA in au ice-bath 
(see below)_ The reaction was stopped by addition of 2.0 ml of 2 M sodium 
hydroxide. The solutions were extracted with 6-O ml of ether and 5.0 ml of the 
ether phases were collected and extracted with 100 ~1 (for metoprolol) or 150 
1_t1 (for alprenoIo1) of 0.1 M phosphoric acid. 
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RESULTS AND DISCUSSION 

Extraction procedures 
AIprenolo~ and matoprolol are secondary amines with a pK, of 9.63 f 0.02 

and 9-68 t 0.02, respectively [9]. Alprenolol is quantitatively extracted by 
ether from 1 M carbonate buffer pH 9.9 with a phase-volume ratio (V&V& 
of 3-0, Under the same conditions 98-570 of metoprolol is extracted by ether. 
These extraction studies were performed with alprenolol hydrochloride and 
metoprolol tartrate concentrations of 96.1 and 139.7 pg/ml, respectively_ 

After the removal of the Boc protection group, the r.,-Leu derivatives of al- 
prenoloI and metoprolol were extracted by ether from the 2 M sodium hydrox- 
ide solution_ The degree of extraction of these derivatives was determined by 

I quantitation of the diastereomeric derivatives in the two phases using the liquid 
chromatographic systems described under Experimental (4) It was found that 
the two diastereomeric derivatives of alprenolol were quantitatively extracted 
to the organic phase, while 94.7% of the L-Leu derivative of (S)-metoprolol and 
98.7% of the (R)-metoprolol derivative was extracted into ether under the same 
conditions_ This study was performed using alprenolol- and metoprolol-L-Leu 
concentrations of 4.9 and 5.0 pg/ml, respectively- 

The L-Leu derivatives of alprenolol and metoprolol were extracted by 0-l M 
phosphoric acid in the last extraction step. The degree of extraction of the 
derivatives by the phosphoric acid was determined by qua&it&ion of the 
derivatives in the two phases chromatographically. With a phase-volume ratio 
<V,-,&V,,) of 50, the two metoprolol derivatives were found to be quantita- 
tively extracted into the aqueous phase_ The degree of extraction of the more 
lipophilic alprenolol derivatives was91_7and85_6%for the (S)- and (R)-alprenolol 
derivatives, respectively, with a phase-volume ratio (VO,..JVaq) of 33,3_ The 
same sample concentrations as for the above extraction study were used_ All 
extraction yields are the mean values of two determinations_ 

Synthesis of the reagent 
The symmetrical anhydride of Boc-leucine was prepared in two different 

ways, either by reaction of the triethylammonium salt of the Boc-amino acid 
with phosgene or by reaction of Boc-leucine with N,Ndicyclohexylcarbo- 
diimide. It was, however, sometimes observed that by-products are formed 
when *he phosgene method is used_ Pig_ 2A demonstrates an IR spectrum of a 
contaminated symmetrical anhydride of Boc-leucine_ The peaks at 1685 and 
1785 cm-’ are probably the result of an excess of phosgene in the reaction 
mixture [7] _ 

The second method, in which N,Ndicyclohexylcarbodiimide was used for 
the synthesis of the Leu reagent, is easier to reproduce and the peaks at 1685 
and 1’785 cm-’ in the IR spectrum have never been observed using this method. 
An IR spectrum of a symmetrical anhydride of leucine of good quality is 
demonstrated in Fig_ 2B- 

Preparation of the Leu reagent by the latter method has the disadvantage 
that it is slower than the phosgene method. 



119 

2000 1800 1600 cm? 2000 1800 1600 cm -1 

Fig. 2. IR. spectra of symmetrical anhydrides of Boc-L-leucine. (A) Contaminated reagent 
prepared by the phosgene method. (B) Reagent of good quality prepared by the N,N-di- 
cyclohexylcarbodiimide method. Peaks 1 (1830 CLII-~) ar,d 2 (1760 cm-‘) arise from the 
carbonyl group of the symmetrical anhydride; peak 3 (1720 cm-‘) arises from the carbonyl 
group of the Boc protection group. Peaks 4 (1790 cm-‘) and 5 (1690 cm-‘) are by-products 
171- 

Derivatization procedure 
Diastereomeric derivatives of alprenolol and metoprolol were prepared by 

reaction with a symmetrical anhydride of Ieucine, and by use of triethylamine 
as the catalyzing agent_ This derivatization technique has been described in a 
previous paper for preparation of diastereomeric derivatives of propranolol 131. 

It was observed that the content of triethylamine in the reaction mixture 
influences the yield of the diastereomeric derivatives of alprenolol and meto- 
prolol. This study was performed by reacting the two substances with the Leu 
reagent for 30 min and by varying the triethylamine content in the reaction 
mixture between 1.78 and 124.6 pmoles. The result of this study is demon- 
strated in Fig. 3, and it was observed that the maximum catalyzing effect was 
obtained with 36 and 90 pmoles of triethylamine, corresponding to a molar 
excess of triethyl amine of 95,000 and 222,000 times for metoprolol and 
alprenolol, respectively. 

The relationship between the yield of the Boc-L-Leu derivatives of alprenolol 
and metoprolol and the reaction time was evaluated as described under Experi- 
mental_ Fig. 4 demonstrates the result of this study; maximum yield of the 
metoprolol derivatives was obtained after 15 min whereas a 30-min reaction 
time was required for alprenolol. No significant level of underivatized substance 
was detected in the reaction mixture after the reaction with the Leu reagent for 
the stated times. This was assessed by reaction of alprenolol and metoprolol 
according to the procedure given under Experimental. After the reaction with 
the Leu reagent and extraction with ether (paragraph 2 of the procedure), an 
aliquot of the ether phase was extracted with 0.1 M phosphoric acid, which was 
analyzed chromatographically. 
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Fig_ 3_ l&Yluence of tieth&nine concentration on the yield of alprenoloi- and metoprolol- 
Boc-L-Leu_ (0), (S)-Metoprolol-Boc-L-Leu; (A), (R)-metoprolol-Boc-L-Leu; (*), (S)-akren- 
olol-Boc-L-Leu; (A), (R)-alprenolol-Boc-L-Leu. 

Fig. 4_ Formation rates of the alprenolol- and metoprolol-Boc-L-Leu derivatives_ Symbols as 
in Fig_ 3. 

Deprotection of the Boc-L-Leu derivatives of alprenolol and metoproloi 
The last step in the derivatization procedure is deprotection of the primary 

do pup of the got-L-Leu derivatives of alprenolol and metoprolol. The 
Boc group is removed by reaction with TFA in an ice-bath at O°C as described 
previousIy 133 _ M aximum yield of the L&X derivatives of the two substances is 
obtained after 10 min, and no indications of non-completion of this reaction 
were found_ In accordance with previous findings for propranolol, the BOC-L- 
Leu derivatives of the (R)-isomers of alprenolol and metoprolol are more slowly 
hydrolyzed than the corresponding (S)-isomer derivatives [3] _ This effect is 
demonstrated in Fig_ 5 where the peak axea ratios (S/R) for the diastereomeric 
pairs are plotted against the reaction time. From Fig. 5 it can be seen that 

Peak srea ra?io 

f i 
5 10 15 min 

Fig_ 5_ S/R peak area ratios after different times of hydrolysis by TFA. (a), Alprenolol-s- 
Leu; (A), metoprolol-L-Leu. 



121 

initially the S/R peak area ratios rapicily decrease, but after 5 mm the curves 
level off and reach constant values at about 1.1 and 0.94 for the alprenolol and 
the metoprolol derivatives, respectively. The discrepancy from 1.0 .of the S/R 
peak area ratios is probably caused by the extraction procedure used in the 
isolation step. It ~2s shown under Rlctmction procedures that the two dia- 
stereomeric alprenolol derivatives are not extracted to the same -tent in the 
last extraction step (into 0.1 M phosphoric acid) and a peak area ratio (S/R) of 
1.07 is created by this extraction. It was also observed that the metoprolol-l- 
Leu derivatives are not extracted to the same degree into ether from a 2 M 
sodium hydroxide solution (see Extraction procedures). This extraction step 
creates a ratio (S/R) of 0.96 which is in good agreement with the 0.94 found 
iIlFig.5. 

Racer&at&m test 
To confirm that the discrepancies from 1.0 of the S/R peak area ratios are 

not caused by racemization during the derivatization procedure, (S)- and (R)- 
alprenolol were reacted separately according to the procedure given under 
Experimental.~ Fig. 6A and B show the result of this study. Only one peak in 
each chromatogram was detected, corresponding to the L-Leu derivatives of 
(S)- and (R)-alprenolol, respectively. This is in accordance with previous find- 
ings for propranolol derivatized with symmetrical anhydrides of Boc-amino 
acids [3]. 

(A) (6) 

I- 

n-tin 10 6 6 L 2 0 min 10 8 6 L 2 0 

Fig_ 6. Rzcemization test. (A) (S)-Alprenolol (48-5 ng as base) derivatiied according to the 
procedure given under Experimental. Arrow indicates the retention time for the (R)-alpren- 
olol-L-Leu derivative. (B) (R)-Alprenoloi (48.1 ng as base) derivatized as above. Arrow 
indicates the retention time for the (S)-dprenolol-L-Leu derivative. Column: 100 X 3.2 mm 
packed with PBondapak CIs (10 pm). Mobile phase: 35% acetonitrile in phosphate buffer 
(pH 3.0); flow-rate, 0.5 mllmin. 
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Identification of the derivatives 
The identity of the derivatives was confirmed by mass spectrometry. The 

fragmentation pattern coincided with that for the L-Leu derivatives of propra- 
nolo1 and the base peaks were in accordance with the propranolol-L-Leu 
derjvatives m/e = 86 131. Molecular ions with low intensity were also present in 
the spectra at m/e 362 and 380 for the alprenolol and the metoprolol deriv- 
atives, respectively_ Peaks at m/e = 229 were also obtained for the two deriv- 
atives, which arise from cleavage of the ether linkage. 

Chromatogmphic studies 
The diastereomeric derivatives of alprenolol and metoprolol were separa+kd 

using fiBondapa.k C18 as support and acetonitrile in phosphate buffer pH 3.0 as 
the mobile phase- In a previous study the L-Leu derivatives of propranolol were 
separated using LiChrosorb RP-18 as support and a mobile phase consisting of 
phosphate buffer (pH 3_0)acetonitrile, with addition of the tertiary amine 
N,N&methyloctylamine [3] _ -4ddition of the tertiary amine to the mobile 
phase was a prerequisite for obtaining good chromatographic performance of 
the propranolol derivatives_ It was observed, however, that by use of PBonda- 
pak C, 8 as support the tertiary amine could be excluded from the mobile phase 
without loss of column efficiency or peak symmetry, which also has been 
observed previously during chromatography of secondary and tertiary amines 

WI - 
The capacity factor of the L-Leu derivatives of alprenolol and metoprclol 

can be regulated over a wide range by varying the content of acetonitrile in the 
mobile phase; this is demonstrated in Fig. 7_ The selectivity increases with de- 

10s k’ 
I 2.0 7 

B CHaCN 

Fig. 7. Regulation of the capacity factor (k’) by the acetonitrile concentration_ Column and 
flow-rates as in Fig. 6. Mobile phase: phosphate buffer (phosphate concentration 0.1 Ai) pH 
3.C with different concentrations of acetonitrile. Symbols as in Fig_ 3. 
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c==i.t% concentration of acetonitrile, and the separation factor, (Y, ranges be- 
tween l-9-1.67 and l_lO-l-49 for the metoprolol and the alprenolol deriv- 
atives, respectively_ Baseline separation of the diastereomeric alprenolol and 
metoprolol derivatives was obtained using mobile phases containing 35 and 
30% (v/v) acetonitriIe in phosphate buffer (pH 3.0), respectively- Typical 

~bromatographic data for the derivatives using these mobile phases are given 
in Table I. The separation efficiency shows a strong dependence of the capacity 
factor and a drastic increase of H (the height of a theoretical plate) was ob- 
served with capacity factors below 5. The ahmine derivatives of the two drugs 
were also prepared and tested but theseparation factors obtained were lower 
compared to the L-Leu derivatives_ It was also observed that no resolution at all 
was obtained by chromatography of +be Boc-L-Leu derivatives of alprenolol 
and metoprolol. This is in accordance with a previous observation during 
chromatography of the Boc-L -Leu derivatives of 3,4dihydroxyphenylalanine 
[ll] _ The high selectivity obtained between the two diastereomeric pairs by 
the coupling of L-Leu to the two substances contributes to the high sensitiv- 
ity obtained with the described method_ Large separation factors allow the 
use of a short column, which gives low interstitial volumes and an increase 
in the maximum concentration in the eluted peak [12]. 

TABLE I 

CHROMATOGRAPHIC DATA 
Support: ~Bondapak C,, (10 pm) in a 100 X 3.2 mm column- Mobile phase: phosphate 
buffer (pH 3-O) containing 30% (for metoprolol derivatives) or 35% (v/v) acetonitrile (for 
alprenolol derivatives); flow-rate, 0.5 ml/min. 

Compound 6’ Q K-I (pm) Asymmetry 
factor 

(S)-Alprenolol-L-Leu 7.16 
l-27 

66 1.07 
(R )-Alprenolol-L-Leu 9.11 78 OS4 
(S)-Metoprolol-L-Leu 4.03 
(R)-Metoprolol-L-Leu 5.86 1.45 

87 1.11 
120 0.96 

Fluorimetric detection 
Fluorimetric detection was used for quantitation of the diastereomeric deriv- 

atives of alprenolol and metoprolol in human plasma. This detection system 
gave excellent sensitivity and made possible the selective detection of the deriv- 
atives of the drugs in plasma. Fig_ 8 demonstrates the relative fluorimetric re- 
sponse obtained with different excitation wavelengths_ The alprenolol deriv- 
atives gave _ 1 response with an excitation wavelength of 198 nm, while 
193 nm was the maximum for the metoprolol derivatives_ No interference from 
endogenous compounds in human plasma was observed in the cbromatograms 
using the excitation wavelengths above. 

Determination of(R)- and (S)-alprenoloi and metoprolol in human plasma 
The plasma concentrations of (R)- and (3)alprenolol and (R)- and (S)- 

metoprolol were determined using the method described under Experimental_ 
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Fig_ 8_ Relative fluorimetric 
Leu; (A), metoprolol-L-Leu_ 

at different excitation wavelengths_ 0). Alprenolol-L- 

min 12 10 8 6 L 2 0 min 8 6 4 2 0 

Fig. 9. Separation of (R)- and (S)-alprenolol and (R)- and (S)-metoprolol extracted from 
human plasma- (A) 1 = (S)-Alprenolol-L-Leu (6-6 ng/ml), 2 = (R)-a.Iprenolol-L-Leu (1.6 
ng/ml)_ Conditions as in Fig_ 6_ (B) 1 = (S)-Metoprolol-L-Leu (225 rig/m..), 2 = (R)-meto- 
prdol-L-Leu (14-2 @ml)_ Mobile phase: 30% acetonitrile in phosphate buffer pH 3.0. 
Column and flow-rate as in Fig_ 6_ 

Fig_ 9A and B demonstrate the separation of the (R)- and (S)-isomers of the 
two drugs as their diastereomeric derivatives. The plasma samples were ob- 
tained from healthy male volunteers l-12 and 1.25 h after oral administration 
of a 100-mg Aptin tablet and a 50-mg Seloken tablet, respectively_ Standard 
curves used for qu&%ation of the isomers in plasma were constructed by 
plotting the peak height against the sample concentrations_ The standard 
curves were linear in the studied concentration ranges 0_5-48.5 and 0.5-52 
ngiml for alprenolol and metoprolol, respectively; the curves are shown in 
Fig_ lo_ Correlation coefficients were in ah cases better than 0.9992. 

Standard samples were extracted after addition of drug-free plasma to avoid 
differences in the recoveries of the drugs from original plasma and standard 
samples due to protein binding. 
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Fig_ 20. Standard curves for alprenolol and metoprolol. (0). (S)-alprenolol-L-Leu; 
alprenolol-L-Leur (o), (S)-metoprolol-L-Leu; (A), (R)-metoprolol-L-Leu_ 

(‘1, (RI- 

The reproducibility of the method was studied at three different concentra- 
tions and the results are summarized in Table II. 

The minimum detectable concentrations were 0.2 and 0.4 ng/rnl for al- 
prenolol and metoprolol, respectively. The signal-to-noise ratio was 3: 1 for 
each compound at these concentrations_ 

The column used for this study has a high stability with the mobile phases 
used. No significant change in the separation efficiency has been observed 
during continuous use of the column for more than 5 months. 

TABLE II 

REPRODUCIBILITY OF (R)- AND (S)-ALPRENOLOL AND (R)- AND (S)-METOPROLOL 
DETERMINATIONS IN HUMAN PLASMA 

The relative standard deviation (SD.) calculated for R = 6. 

AlprenoIol Metoprolol 

Sample cont. Relative Sample cont. Relative 

t ng/ml) SD. (%) (ng/d) S-D. (%) 

o-5 9.4 OS 9.8 
12.1 6.7 12-5 6.5 
48.5 4.9 52.0 5.1 

Pharmacokinetis 
To test the applicability of the methods for studies in patients alprenolol 

and metoprolol were given to two subjects. 
The plasma concentrations of (R)- and (S)-alprenolol in one subject (A) who 

received a single oral lOO-mg dose of racemic alprenolol is shown in Fig. 11. 
The concentration of (S)-alprenolol was much higher than that of (R)-alprenolol 
This subject (subject 7 in ref. 13) had earlier received alprenolol and, as in this 
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11. PIasma concentrations of (R)-alprenolol (A) and (Qalprenolol (0) in one subject 
(A) receiving a lOO-mg commercial tablet. 

stucZy, had low plasma concentrations of the drug. The same subject has 
also been shown to achieve unusually high plasma concentrations of the active 
metabohte 4-hydroxyaIprenolol. It is likely that most of accumulated 4-hy- 
droxyalprenolol is the @)-form, which should be inactive. Thus studies esti- 
mating relative activities of alprenolol and its active metabolites 1143 should 
reach higher precision if one also considers the separak kinetics of the (R)- and 
the (S)-isomers_ The above subject also had lower availability of (R)- than of 
(S)-propranolol after a single oral dose (40 mg) of racemic propranolol (subject 
B, Fig. 3 in ref. 2)_ 

In the present study this subject also received a single oral dose (XLmg 
tablet) of racemic metoprolol. As shown in Fig. 12, subject _A also had a lower 
plasma concentration of (RI-metoproiol and thus has lower plasma concentra- 
tions of the (R)-isomers of three different beta-receptor blocking drugs, prob- 
ably indicating that his liver oxidizes the (R)-isomers of these drugs faster than 
the (S)-isomers. Fig_ 12 also shows that another subject (B) had similar con- 
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Fig_ 12_ Plasma concentrations of (R)-metoprolol (c) and (S)-metoprolol (0) in two sub- 
jects (A and B) receiving 50-mg commercial tablets. 
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centrations of (R)- and (S)-metoprolol after receiving racemic metoprolol. 
There seems to be an individual variation in the concentration ratios of the 
(R)- and the (S)-isomers_ We have recently observed this for propranolol fl51. 

In conclusion, our HPLC method has enabled simul~eous determination of 
the (R)- and @)-isomers of alprenolol and of metoprolol after giving clinial 
doses of commercially available tablets_ The results show that the isomers can 
have different kinetics_ Therefore it is worthwhile to investigate if this is im- 
portant clinically_ 
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