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ABSTRACT 

Metoprolol is a lipophilic, cardioselective /Gadrenergic blocking agent commercially available as a 

racemic compound. A normal phase high-performance liquid chromatographic method was developed to 

directly determine individual enantiomeric concentrations of metoprolol in human serum. Separation of 

the enantiomers was accomplished by a cellulose-t;is(3,5-dimethylphenylcarbamate) chiral stationary 

phase. Metoprolol enantiomers were detected by means of fluorescence with excitation and emission 

wavelengths of 275 and 315 nm, respectively. Standard curves were linear over the concentration range 

12.5400 ngjml for each enantiomer. Within-day coeffient of variation was < 15% at all concentrations 

and the between-day coefficient of variation ranged from 4.1 to 11.2%. The limit of detection was deter- 

mined to be 5 ng/ml for each enantiomer and the stereoselective resolution (x) of R- and S-metoprolol was 

3.08. The assay was employed to determine enantiomeric serum concentrations of metoprolol in healthy 

male volunteers. 

INTRODUCTION 

Metoprolol is a lipophilic, cardioselective /?-adrenergic blocking agent which is 
marketed as a racemic mixture. The drug is approved by the United States Food 
and Drug Administration to treat such diseases as angina pectoris, hypertension, 
arrhythmias, and patients surviving the acute phase of myocardial infarction [ 11. 
S-( - )-Metoprolol has been reported to be more potent than R-( + )-metoprolol 
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in both animal and human models [2,3]. Furthermore, stereoselective drug dispo- 
sition and genetically determined polymorphic drug metabolism have been cited 
as potential determinants of pharmacological response [4-61. Since each of these 
processes apply to metoprolol, it is imperative to evaluate the disposition of each 
enantiomer when considering the pharmacokinetics and pharmacodynamics of 
this agent. 

Although several methods have been used to separate the enantiomers of me- 
toprolol, few of these methods have been employed to quantify enantiomeric 
concentrations of metoprolol in biological fluids. Separations of R- and S-me- 
toprolol have been accomplished by high-performance liquid chromatography 
(HPLC) with lo-( + )-camphor sulfonate as an ion-pairing reagent [7], chiral de- 
rivatization and separation by non-chiral HPLC [S-13] or chiral stationary 
phases (CSP) [l&l 81. 

Chiral derivatization has been used for the quantitation of metoprolol 
enantiomers in plasma or urine by several groups. Hermansson and Von Bahr [8] 
used tert.-butoxycarbonyl-L-leucine anhydride to prepare diastereomeric deriv- 
atives of metoprolol. The derivatization required 30 min to complete and was 
followed by deprotection of the primary amino group. This method requires 
precise timing and controlled temperatures. The derivatization procedure of Sed- 
man and Gal [9] utilized the commercially available reagents 2,3,4,6-tetra-O- 
acetyl-j?-D-glucopyranosyl isothiocyanate (GITC) and 2,3,4-tri-O-acetyl-z-D-ara- 
binopyranosyl isothiocyanate (AITC). A selectivity (2) value of 1.24 was reported 
for metoprolol. The derivatization with GITC has been used by Lennard et al. 

[ 141 for the determination of the R/S ratio of metoprolol in urine for a pharmaco- 
genetic study. Schuster et al. [ 151 were able to measure the enantiomers of me- 
toprolol in plasma by this method with a detection limit of 10 ng/ml for each 
enantiomer (a = 1.34). Recently, a quantitative thin-layer chromatographic 
method to determine the urinary excretion of R- and S-metoprolol and two other 
P-adrenergic blockers was developed [ 121. This method used S-( + )-benoxaprofen 
chloride as the chiral derivatizing agent followed by chromatography on silica gel 
plates, and the limit of detection by fluorescent densitometry was found to be 0.5 
ng. Pflugmann et al. [13] used (q-( - )-phenylethyl isocyanate (PEIC) as a chiral 
derivatizing agent to determine the concentrations of R- and S-metoprolol in 
plasma and urine. The detection limit of this HPLC assay was 2 ng/ml with a 
coefficient of variation of 7-S% at 25 or 100 ng/ml and was based on a method 
developed by Thompson et al. [19] for propranolol enantiomers. The largest CI 
value (a = 3.35) for the separation of metoprolol enantiomers by chiral deriv- 
atization was achieved by Lindner et al. [20] using (R,R)-O,O-dibenzoyltartaric 
acid anhydride as the derivatizing agent. While no quantitative method for me- 
toprolol was reported, this group recently described [21] a method utilizing 
HPLC to quantitate propranolol enantiomers in human plasma by derivatization 
with the commercially available agent (R,R)-O,O-diacetyltartaric acid anhydride 
which produced an ,M value of 1.84. Direct separation of metoprolol enantiomers 
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by HPLC on CSP has also been attempted. Armstrong et al. [22] reported a 
modest a value of 1.03 for metoprolol when two 25-cm long /?-cyclodextrin col- 
umns were connected in series. Schill et al. [23] studied the resolution of metopro- 
101 on an al-acid glycoprotein CSP silica column and found an Q value between 
1.44 and 1.64, depending on the mobile phase. Previously, a cellulose-tris (3,5- 
dimethylphenylcarbamate) CSP column was used to quantitate betaxolol 
enantiomers in rat hepatocytes [24]. The resolution factors (&) for several fl-adre- 
nergic blocking agents were reported, and the R, value for metoprolol was 2.26. 
Straka et al. [25] used a similar cellulose-based CSP column for the quantification 
of propranolol enantiomers in human plasma. Recently, several HPLC assays to 
quantitate the enantiomers of metoprolol have been published using a cellulose- 
based CSP column [ 17,181 or a silica-bonded ccl-acid glycoprotein column [16]. 

This paper describes a direct normal-phase HPLC determination of metopro- 
101 isomer concentrations after extraction from human serum. Separation of the 
enantiomers was accomplished on a cellulose-tris(3,5_dimethylphenylcarbamate) 
CSP. Eliminating the need to produce diastereomeric derivatives has greatly re- 
duced the time and labor previously required to produce enantiomeric separation 
of metoprolol. 

EXPERIMENTAL 

Chemicals 
R-Metoprolol hydrochloride and S-metoprolol hydrochloride were kindly do- 

nated by Ciba-Geigy (Basel, Switzerland), racemic metoprolol tartrate was pur- 
chased from Sigma (St. Louis, MO, U.S.A.) and the internal standard, racemic 
verapamil, was a gift from Knoll Pharmaceuticals (Whippany, NJ, U.S.A.). 
HPLC-grade hexane was purchased from Fisher Scientific (Fairlawn, NJ, 
U.S.A.) while HPLC-grade methanol and 2-propanol, as well as reagent-grade 
anhydrous diethyl ether were purchased from Mallinckrodt (Paris, KY, U.S.A.). 
Octylamine was purchased from Aldrich (Milwaukee, WI, U.S.A.). All other 
chemicals were reagent grade. 

Instrumentation and conditions 
All chromatography was performed with an LC-BA pump, RF-535 fluores- 

cence detector and CR3A Chromatopac integrator (Shimadzu, Columbia, MD, 
U.S.A.). The samples were injected onto the column by means of a SIL-6A auto- 
matic injector (Shimadzu) with a 50-~1 injection loop. Enantiomeric separation 
was carried out on a 25 cm x 0.46 cm I.D. stainless-steel analytical column 
packed with the CSP cellulose-tris(3,5_dimethylphenylcarbamate) polymer ad- 
sorbed onto macroporous silica (Chiralcel ODE) purchased from Diacel Chem- 
ical Industries (New York, NY, U.S.A.). 

Metoprolol enantiomers were eluted from the column with a mobile phase 
consisting of hexane-Zpropanol (9O:lO. v/v) which contained 10 mM octyla- 
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mine. The mobile phase flow-rate was maintained at 1.0 ml/min. The optimal 
excitation and emission wavelengths for fluorescence detection of the compounds 
of interest were determined to be 275 and 315 nm, respectively. 

Calibration 
A 50-~1 aliquot of a standard racemic metoprolol solution in methanol (25,60, 

125,250,500 or 800 ng per 50 ~1) was added to 1 ml of drug-free serum to prepare 
standard samples containing 12.5400 ng/ml of each enantiomer. A 50-~1 aliquot 
of a 1 pg/ml solution of racemic verapamil (internal standard) in methanol was 
then added to each standard. 

SampIe preparation 
A 50-,~l aliquot of a 1 pg/ml solution of racemic verapamil (internal standard) 

in methanol was added to each patient sample. A 500-~1 volume of 0.5 M hydro- 
chloric acid and 4 ml of anhydrous diethyl ether were then added, the samples 
were vortexed for 30 s and centrifuged at 2000 g for 5 min. The organic layer was 
removed and discarded. To the remaining aqueous layer, 100 ~1 of 2 A4 sodium 
hydroxide and 4 ml of diethyl ether were added, the tubes were vortexed for 60 s 
and centrifuged at 2000 g for 10 min. Finally, the organic layer was removed and 
placed into 12-ml centrifuge tubes, dried under a stream of helium gas in a water 
bath at 35°C and reconstituted with 150 ~1 of the mobile phase. A 25-~1 aliquot of 
the final preparation was then injected onto the column. 

Assay validation 
Concentrations of R- and S-metoprolol were calculated from standard curves 

determined by the application of weighted least-squares regression analysis to 
peak-height ratios as a function of the enantiomeric concentration of standards 
[26]. The weight used at each concentration was the reciprocal of the observed 
sample variance, estimated by determining the variance of the peak-height ratios 
of the pooled data. Analysis of variance was performed on the cumulative data 
collected from nine duplicate standard curves run on nine separate days. The 
total variability (~~~~~1) within-day component of variability (s,J and the be- 
tween-day component of variability (sbd) were determined as described by Amen- 
ta [27]. The stotal and &d were calculated by taking the square root of the corre- 
sponding sum of squares divided by their degrees of freedom. The Sbd was 
calculated by (h’&d/2)1’2 where M&d is the between-day mean squared error 
from the ANOVA table. An alternative determination of the within-day var- 
iability was performed from six replicates of each concentration on a single day. 
Extraction efficiency was determined by comparing the absolute peak heights of 
the extracted samples to the peak heights of the standard solutions (normalized 
for amount of drug) injected directly into the HPLC system. 
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RESULTS 

R-Metoprolol, S-metoprolol and the internal standard were well separated 
with the hexane-2-propanol mobile phase. The calculated r value was 3.08 for the 
metoprolol enantiomers. Fig. 1 represents the chromatogram of blank human 
serum (A), an extracted sample spiked with racemic metoprolol (B) and an ex- 
tracted patient serum sample collected 2 h after the ingestion of a 200-mg oral 
dose of metoprolol tartrate (C). Although the internal standard is a racemic 
compound, the enantiomers were not resolved on this column. Retention times 
for the R-and S-enantiomers were 6.13 and 14.34 min, respectively, and 9.80 min 
for the internal standard (Fig. 1B). The standard curves were linear throughout 
all standard concentrations. Mean (range) coefficients of determination (r2) for 
R- and S-metoprolol were 0.990 (0.9774.997) and 0.969 (0.928-0.995), respec- 
tively, for between-day curves. The corresponding r2 values for R- and S-me- 
toprolol within-day curves were 0.993 (0.988-0.997) and 0.986 (0.945-0.996), re- 
spectively. The extraction efficiency of this method of sample preparation was 
found to range between 63 and 79% for either the R- or S-enantiomer at the 
enantiomeric concentrations of 30, 125 and 250 ng/ml. The detection limit was 
determined to be 5 ng/ml (0.83 ng of each enantiomer on-column) based on a 
signal-to-noise ratio of 5: 1. 

Tables I and II summarize the accuracy and precision data. Metoprolol and 

time (min) 

Fig. I. Typical chromatograms of (A) blank human serum, (B) human serum spiked with 250 ng of racemic 

metoprolol and (C) human serum 2 h after oral administration of 200 mg racemic metoprolol. Peaks: 1 = 
R-metoprolol; 2 = internal standard; 3 = Smetoprolol. 
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TABLE II 

ACCURACY AND PRECISION DATA FOR R- AND SMETOPROLOL 

From an alternative method of determination of within-day variability. 

Concentration 

added (ng/ml) 

Concentration s 

measured (ng/ml) 

C.V. 

W) 

R-Metoproiol 

12.50 

30.00 

62.50 

125.00 

250.00 

400.00 

S-Metoprolol 

12.50 

30.00 

62.50 

125.00 

250.00 

400.00 

12.43 0.45 3.64 

28.97 1.45 4.99 

59.1 5.24 8.86 

127.65 3.75 2.94 

260.61 15.78 6.06 

431.02 24.01 5.57 

12.84 1.19 9.27 

29.81 1.84 6.17 

66.2 4.53 6.85 

124.03 11.48 9.25 

260.01 20.30 7.81 

374.95 36.56 9.75 

the internal standard appear to be relatively stable chemical entities, as no appre- 
ciable degradation of the compounds was observed while they were stored in 
methanol at 4°C for t90 days. 

DISCUSSION 

The assay described in this paper provides a method by which enantiomeric 
concentrations of metoprolol may be determined by means of normal-phase 
HPLC with a cellulose-tris(3,5-dimethylphenylcarbamate) CSP. This method of- 
fers significant advantages over earlier methods. The s( value of 3.08 achieved by 
this column was much higher than those reported for other assays, with the 
exception of the method reported by Persson et al. [16] who used an al-acid 
glycoprotein column. The R, value was found to be 4.11, and the peaks of interest 
were essentially symmetrical with symmetry values for R- and S-metoprolol of 1 .O 
and 1.19, respectively. Sample preparation was relatively simple and required less 
time per sample compared to procedures requiring derivatization of the 
enantiomers. Furthermore, retention times were shorter when compared to previ- 
ous reports of CSP assays [ 16-181. While the extraction procedure described 
herein is somewhat more time-consuming than that reported by Rutledge and 
Garrick [17], our experience is consistent with that of Ching et al. [18], who found 
a single liquid-liquid ether extraction step to be insufficient in removing sub- 
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stantial interfering endogenous peaks found in the blank serum. Unlike Ching et 

al. [ 181, our method used an internal standard that appeared as a single peak and 
avoids the somewhat costly use of solid-phase extraction columns. Extraction 
efficiency did not appear to be concentration-dependent and was determined to 
be in the order of those seen with similar liquid-liquid extractions of this com- 
pound. Fig. 1A demonstrates the extraction of blank human serum with diethyl 
ether after alkalinization of the serum by sodium hydroxide. The endogenous 
potentially interfering substances observed at 6.60, 6.92 and 13.66 min were sub- 
stantially removed by acidification of the serum with hydrochloric acid and ex- 
traction by diethyl ether prior to the alkalinization step. 

The accuracy and precision estimates of the data were found to be acceptable 
for each enantiomer for the purpose of clinical pharmacokinetic studies. The 
detection limit of this assay was determined to be 5 ng/ml (for R- or S-metopro- 
101). The lower limit of reliable estimate may lie between this value and the lowest 
concentration of the standard curve (12.5 ng/ml) given the reasonable estimates 
of precision at that concentration (Tables I and II). 

The maximum coefficient of variation can be seen from Table I to be less than 
15 %. The use of weighted regression dranatically improved the precision of the 
assay at the lower concentration ranges. This was evident by the inclusion of zero 
within the 95% confidence interval for each estimate of the intercept of each 
standard curve subsequent to weighted analysis. Prior to the application of 
weighting analysis, zero was not uniformly included within the 95% confidence 
intervals. The assay was linear over the concentration range used. The coefficient 
of determination exceeded 0.924 for all standard curves. Of note were the rela- 
tively larger coefficients of variation observed for the S-metoprolol compared to 
R-metoprolol. This may be a function of the longer retention time of the rela- 
tively broad S-enantiomer peak. Although the addition of an amine modifier 
improved the peak shape, the interaction of the CSP column with S-metoprolol 
appears to result in a less than optimal peak shape. 

Several substances were evaluated for their potential to interfere with the 
quantification of metoprolol enantiomers. Table III summarizes the respective k’ 
values of these compounds. No interference with any of the peaks of interest was 
observed with any of the listed compounds. Overall, the CSP was relatively stable 
and performed well under the conditions of this assay. Of note was an apparent 
difference in the inter-column performance. Experience with two different col- 
umns from the same manufacturer revealed substantial differences in retention 
times with the same flow-rate and mobile phase. The c( values were found to be 
2.73 and 3.08 for the metoprolol enantiomers on the two columns tested. This 
apparent lack of reproducibility between columns may be important to other 
applications of this methodology where a values approach 1 .OO. The column life 
is not yet known, but each column may be used for at least 1000 injections, in 
contrast to the relatively less stable al-acid glycoprotein column used by Persson 
et al. [16]. 
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TABLE III 

HPLC CAPACITY FACTORS (k’) FOR R- AND SMETOPROLOL, VERAPAMIL AND OTHER 

COMPOUNDS OF POTENTIAL CONCOMITANT USE 

Compound k’ 

(R)-Metoprolol 

(S)-Metoprolol 

Verapamil 

Procainamide 

Quinidine 

Diazepam 

Digoxin 

Furosemide 

Lidocaine 

Prochlorperazine 

0.78 

4.78 

2.11 

3.67 
_D 

- 

_ 

- 

_ 

_ 

y Not detectable under present conditions 

This assay was employed to evaluate the pharmacodynamics of metoprolol 
enantiomers in healthy male volunteers [28]. The logarithm of concentration ver- 
sus time plots are illustrated in Fig. 2 for two subjects identified as one extensive 
metabolizer (EM) and one poor metabolizer (PM). The total (R- + S-metopro- 
101) area under the concentration-time curve (AUC) was determined to be 757 
and 6937 ng.h/ml for the EM veYSU.s PM respectively. Other investigators [5] 
evaluating the two metabolic groups reported mean& S.D. AUC values of 
1246 =t 796 and 7250 f 1220 for EMS and PMs, respectively. The AUC values 
calculated for each subject evaluated by this procedure compare favorably with 
these results. 

time (h) 

0 10 20 30 40 50 60 70 

time(h) 

Fig. 2. Serum concentration-time profile for R-metoprolol (0) and S-metoprolol (0) in extensive (A) and 

poor (B) metabolizers after a 200-mg dose of racemic metoprolol at 0 and 24 h. 
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In conclusion, the assay described in this paper is capable of measuring clin- 
ically significant enantiomeric metoprolol concentrations in human serum with 
reasonable accuracy and precision. Although the initial cost of purchasing the 
chiral column is relatively large, the simplicity and efficiency of this assay provide 
a novel and important method for the quantification of metoprolol enantiomers 
in human serum. 
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