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PIERINA SUELI BONATO,2 AND VERA LUCIA LANCHOTE2*
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ABSTRACT Direct stereoselective separation on chiral stationary phase was devel-
oped for HPLC analysis of the four stereoisomers of �-hydroxymetoprolol in human
plasma and urine. Plasma samples were prepared using solid-phase extraction columns
and urine samples were prepared by liquid–liquid extraction. The stereoisomers were
separated on a Chiralpak� AD column at 24°C with fluorescence detection and a mobile
phase consisting of a mixture of hexane:ethanol:isopropanol:diethylamine (88:10.2:1.8:
0.2) for plasma samples and hexane:ethanol:diethylamine (88:12:0.2) for urine samples.
Calibration curves for the individual stereoisomers were linear within the concentration
range of 2.0–200 ng/ml plasma or 0.125–25 µg/ml urine. The methods were validated
with intra- and interday variations less than 15%. The absolute configuration of the pure
stereoisomers were assigned by circular dichroism spectra. The methods were em-
ployed to determine the concentrations of �-hydroxymetoprolol stereoisomers in a me-
tabolism study of multiple-dose administration of racemic metoprolol to hypertensive
patients phenotyped as extensive metabolizers of debrisoquine. We observed stereo-
selectivity in the �-hydroxymetoprolol formation favoring the new 1�R chiral center from
both metoprolol enantiomers (AUC0–24

1�R/1�S = 3.02). The similar renal clearances (ClR)
of the four stereoisomers demonstrated absence of stereoselectivity in their renal ex-
cretion. (–)-(S)-metoprolol was slightly more �-hydroxylated than its antipode
(AUC0–24

2S/2R = 1.19), suggesting that this pathway is not responsible for plasma accu-
mulation of this enantiomer in humans. Chirality 15:542–549, 2003.
© 2003 Wiley-Liss, Inc.
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Metoprolol is a �1-adrenoceptor selective antagonist
clinically used as the racemic form for the treatment of
hypertension and ischemic heart disease.1 It is mainly
eliminated by hepatic oxidative metabolism. About 85% of
an administered dose is excreted in the urine as metabo-
lites, with a small amount of the unchanged parent com-
pound.2 Stereoselectivity in metoprolol pharmacokinetics
has been reported with higher plasma concentrations of
(–)-(S)-metoprolol and higher renal excretion of (+)-(R)-
metoprolol in healthy volunteers receiving a single oral
dose of racemic metoprolol3,4,5 or at steady-state6,7 and in
hypertensive patients at steady state.8

In humans, the main metabolic pathways of metoprolol
are �-hydroxylation, O-demethylation (Fig. 1), and oxida-
tive deamination. The �-hydroxylation pathway contributes
to the elimination of only 10% of the dose but it results in
the formation of the pharmacologically active �-hydroxy-
metoprolol, with 1/10 of the potency of metoprolol in re-

ducing exercise heart rate.2,9 This has been suggested to
be a major contributor to the effects of metoprolol in re-
duction of essential tremor.10

The formation of �-hydroxymetoprolol has the potential
to yield four isomeric products because a new chiral center
is formed upon benzylic hydroxylation.11 This pathway is
catalyzed by CYP2D6, which is polymorphic and cosegre-
gates with the metabolism of debrisoquine.12 In vivo and in
vitro studies using human liver microsomes have sug-
gested stereoselectivity of the �-hydroxylation process, fa-
voring formation of a new 1�R chiral center from both
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enantiomers of metoprolol.9,11 The formation of �-hydroxy-
metoprolol is impaired in poor metabolizers of debriso-
quine.13 Consequently, the CYP2D6 oxidation phenotype
and stereoselectivity represent the major factors that yield
interindividual variability in the metabolism of metopro-
lol.4,7,9

Metoprolol enantiomers have been separated by direct
analysis using four types of chromatographic columns
based on chiral stationary phases: �1-acid glycopro-
tein,14–17 cellulose tris(3,5-dimethylphenylcarbamate),18–26

amylose tris(3,5-dimethylphenylcarbamate),8,24 and the an-
tibiotic Teicoplanin.27 Schuster et al.28 used 2,3,4,5-tetra-O-
acetyl-�-d-glucopyranosyl isothiocianate (GITC) as deriva-
tization reagent to assay metoprolol enantiomers and �-hy-
droxymetoprolol diastereomers indirectly. Only Balmér et
al.21 developed a method able to separate the four stereo-
isomers of �-hydroxymetoprolol. This separation was per-
formed on a Chiralcel OD (cellulose tris(3,5-dimethylphen-
ylcarbamate coated on silica-gel) column at 25°C, 10%
1-propanol, 0.1% diethylamine, and 600 mg/l water in hex-
ane as eluent at a flow rate of 0.5 ml/min; and it takes more
than 50 min to elute all the stereoisomers. The absolute
configuration of the four �-hydroxymetoprolol stereoiso-
mers was not determined in this work, with the peaks
being identified only by the metoprolol chiral center after
administration of the (–)-(S)-metoprolol in a dog. Quite
recently, the same column has been successfully applied
by Kim et al.26 and the elution order was assigned on the
basis of the metabolic process of the single enantiomers of
metoprolol. An HPLC assay of �-hydroxymetoprolol was
reported also by Mistry et al.,27 but not all the stereoiso-
mers were resolved.

Murthy et al.9 studied the �-hydroxylation process ana-
lyzing the urinary �-hydroxymetoprolol stereoisomers in
eight extensive metabolizers of debrisoquine and they ob-

served preferential formation of the new 1�R chiral center
over a new 1�S chiral center by 3-fold, regardless of the
chirality of the propanolaminic sidechain. The assay was
performed using HPLC followed by GC-MS after adminis-
tration of a single dose of pseudoracemic metoprolol pre-
pared by dissolving equimolar amounts of tartrate salts of
(2S)-metoprolol-d2 and (2R)-metoprolol-d0 in water. There
are no studies in human plasma to confirm that the stereo-
selectivity observed in the urinary �-hydroxymetoprolol re-
sults from the preferential formation of the 1�R stereoiso-
mers or if it is a consequence of stereoselective renal ex-
cretion.

In the present study, we describe a procedure for the
stereoselective analysis of �-hydroxymetoprolol in human
plasma and urine using direct enantioselective HPLC and
we determined the absolute configuration of each peak
using circular dichroism. We also report an investigation of
stereoselectivity in the metabolism of metoprolol adminis-
tered in multiple doses to hypertensive Caucasian patients
phenotyped as extensive metabolizers of debrisoquine.29

EXPERIMENTAL
Chemicals

(±)-Metoprolol tartrate was obtained from Sigma (St.
Louis, MO) and the metoprolol metabolites H 119/66
as p-OH-benzoate (�-hydroxymetoprolol), H 117/04 hydro-
chloride (acid metabolite), H 105/22 as p-OH benzoate (O-
demethylmetoprolol), and H 104/83 were kindly donated
by Astra Hässle AB, Sweden. The (1�S/1�R:70/30)-�-
hydroxymetoprolol sample was kindly donated by Prof.
Wendel L. Nelson. Solvents used as mobile phases were
HPLC-grade from Merck (Darmstadt, Germany). Other re-
agents were of analytical-reagent grade. Water was purified
with a Milli-Q Plus ultrapure water system (Millipore, Bed-
ford, MA).

Apparatus

The HPLC system consisted of a model 7125 manual
loop injector (Rheodyne, Berkeley, CA), a pump for
isocratic elution, a model RF 551 fluorescence detector
operating at 229 nm (�exc) and 298 nm (�em), and a model
C-R6A integrator (Shimadzu, Kyoto, Japan). The chiral col-
umn used was an amylose tris(3,5-dimethylphenylcarba-
mate) coated on 10 µm silica-gel (Chiralpak� AD, 250 × 4.6
mm) from Daicel Chemical Industries (Tokyo, Japan) with
a 4 × 4 mm Lichrospher� 100 CN precolumn, 10 µm par-
ticle size (Merck). The flow rate was 1.2 ml/min at 24°C.

The circular dichroism spectra were obtained with a Jo-
bin Yvon CD6 dichrograph (Jobin Yvon, Stanmore, En-
gland) and a Jasco 810 spectropolarimeter (Jasco, Japan).
Both instruments were interfaced to personal computers to
acquire and elaborate data. All measurements were carried
out at room temperature using 0.5 and 1 mm pathlength
cells.

Standard Solutions

Standard solutions of (±)-�-hydroxymetoprolol as the p-
hydroxybenzoate were prepared in methanol at 0.2 mg free
base/ml. The diluted solutions were prepared at concen-

Fig. 1. Major pathways of metoprolol metabolism in man.
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trations of 0.8, 1.6, 2.0, 4.0, 8.0, 10, 20, 40, and 100 µg/ml
methanol for analysis of plasma and urine samples. A so-
lution of (±)-�-hydroxymetoprolol at 20 mg free base was
prepared in 1 ml ethanol for purification of the four stereo-
isomers. Solutions of the metoprolol as well as the other
metoprolol metabolites were prepared at concentrations of
0.1 mg/ml free base in methanol. All of the standard solu-
tions were stored at −20°C in the dark.

Sodium chloride (Merck) and sodium hydroxide solu-
tions were washed twice with di-isopropyl ether:dichloro-
methane 1:1, v/v.

Sample Preparation
Urine samples. Urine samples (100 µl) were alkalin-

ized with 25 µl of a 1 M NaOH aqueous solution. After
mixing for 30 sec and a 5-min rest, 10 mg sodium chloride
and 2.0 ml dichloromethane:di-isopropyl ether (1:1, v/v)
were added. The samples were shaken for 30 min in a
horizontal shaker (220 ± 10 cycles/min) and centrifuged at
2,000g for 5 min and the organic phases were transferred to
conical tubes and evaporated to dryness under an airflow at
room temperature. The residues obtained were dissolved
in 200 µl of the mobile phase consisting of a mixture of
hexane:ethanol:diethylamine (88:12:0.2, v/v/v). The
samples were injected with a 50-µl injection loop.

Plasma samples. Plasma samples (1,000 µl) were
supplemented with 500 µl of a 0.02 M disodium tetraborate
aqueous solution. The mixtures were applied to LC-18 SPE
columns (Supelclean� LC-18 SPE, 3.0 ml tubes; Supelco,
Bellefonte, PA) preconditioned by sequential washing with
methanol (2.0 ml) and a 0.02 M disodium tetraborate so-
lution (2.0 ml). Cartridges were washed successively with
2.0 ml 0.02 M disodium tetraborate solution and 2.0 ml
water. Excess water was removed by leaving the cartridges
in a vacuum system for 20 min, washing with 1.0 ml ace-
tonitrile, and maintenance in a vacuum system for an ad-
ditional 4 min. The analytes were eluted from the car-
tridges with 6.0 ml methanol. The eluates were evaporated
to dryness under an airflow at room temperature. The resi-
dues obtained were dissolved in 100 µl of the mobile phase
consisting of a mixture of hexane:ethanol:isopropanol:
diethylamine (88:10.2:1.8:0.2, v/v/v/v) and 50 µl were in-
jected into the chromatograph.

Calibration Curves and Validation of the Method

The pooled human plasma and urine employed for the
validation of the analytical method were initially used to
determine the absence of interference peaks with retention
times equal or close to those of �-hydroxymetoprolol ste-
reoisomers.

The calibration curves were constructed from 1,000-µl
samples of blank plasma or 100-µl urine samples spiked
with diluted standard solution of �-hydroxymetoprolol. The
linear regression equations and the correlation coefficients
were obtained from the heights of the peaks plotted against
their respective plasma concentrations (5–50 ng/ml
plasma or 0.125–25 µg/ml urine for each �-hydroxymeto-
prolol isomer).

The recovery of �-hydroxymetoprolol stereoisomers was

evaluated by comparing the heights of the peaks obtained
after extraction with the heights of the peaks obtained after
direct injection of the standard solutions.

The quantitation limit was determined as the lowest in-
tra-assay concentration (n = 5) analyzed with a coefficient
of variation of less than 20%.

The linearity of each method was studied by analysis of
samples spiked with increasing �-hydroxymetoprolol con-
centrations in relation to those employed for the construc-
tion of the calibration curve. The method was considered
to be linear up to the highest concentration studied, having
a linear relationship with the detector response.

The precision of each method was evaluated by analysis
of blank plasma or urine samples spiked with two different
�-hydroxymetoprolol concentrations and the results were
reported as within-day (n = 8) and between-day (n = 5)
coefficients of variation.

The interference of metoprolol, the other metabolites,
and other drugs possibly coadministered with the antihy-
pertensive agent in the �-hydroxymetoprolol stereoiso-
mers assay was evaluated by analysis of blank plasma

Fig. 2. I: Plasma analysis; II: Urine analysis. Chromatograms of (A)
blank samples; (B) blank samples spiked with rac-metoprolol and rac-�-
hydroxymetoprolol, and (C) samples from a patient treated with rac-
metoprolol tartrate. (1) (+)-(R)-metoprolol; (2) (–)-(S)-metoprolol; (3)
(1�S,2R)-�-hydroxymetoprolol; (4) (1�S,2S)-�-hydroxymetoprolol; (5)
(1�R,2R)-�-hydroxymetoprolol; (6) (1�R,2S)-�-hydroxymetoprolol.
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spiked with drug concentrations similar to those observed
at therapeutic doses.

Purification and Determination of the
Absolute Configuration

The 20 mg/ml solution of (±)-�-hydroxymetoprolol was
injected successively into the HPLC system using a 20-µl
loop. The pure stereoisomers were collected and in the end
an aliquot of each solution was injected to assure that the
stereoisomers were at least 90% pure. The mobile phase
was evaporated to dryness under an airflow at room tem-
perature, resulting in a 4.4 mg of peak 3 (RT = 16.5 min),
5.4 mg of peak 4 (RT = 17.9 min), 5.3 mg of peak 5 (RT =
22.2 min), and 5.5 mg of peak 6 (RT = 27 min) (Fig. 2II).
The residues obtained were dissolved in methanol (1 ml)
and transferred to a circular dichroism (CD) cell of 0.5 mm
optical length (200 µl volume). The measurements were
taken from 210 nm to 320 nm at each 0.25 nm with 1 sec for
integration. The procedure was repeated three times and
the average spectrum was subtracted from blank spectrum
(methanol).

Clinical Sampling

The direct methods to analyze plasmatic and urinary
�-hydroxymetoprolol stereoisomers were applied for the

investigation of stereoselectivity in the metabolism of met-
oprolol administered in the racemic form in a multiple p.o.
dose. The study protocol was approved by the Research
Ethics Committee of the local hospital (Ribeirão Preto, SP,
Brazil). Patients were included in the study after giving
written consent to participate and after hepatic, renal, and
cardiac functions were found to be normal by clinical ex-
amination and on the basis of laboratory data (Table 1).
The patients were treated with racemic metoprolol tartrate
(Seloken�, Astra, Brazil) in a multiple dose schedule (2
tablets of 100 mg each every 24 h) for 7 days. On the
seventh day of treatment the patients were admitted to
Hospital São Paulo, Ribeirão Preto, SP, Brazil, and received
the daily dose of metoprolol with 200 ml of water under
fasting conditions. Blood samples were removed via an
intravenous catheter at zero, 0.5, 1, 1.5, 2, 3, 4, 6, 8, 10, 12,
16, 20, 22, and 24 h after metoprolol administration, with
heparin (Liquemine� 5000 IU, Roche, Nutley, NJ) used as
anticoagulant. The blood samples were centrifuged at
1,800g for 10 min and the plasma stored at −20°C until
chromatographic analysis. Urine was collected at each 6-h
period until 24 h after drug administration.

The pharmacokinetics of �-hydroxymetoprolol were
analyzed on the basis of the open monocompartmental
model.30 The elimination half-life (t1/2�) was determined

Fig. 3. Circular dichroism spectra of isolated �-hydroxy-
metoprolol stereoisomers.

TABLE 1. Demographic, clinical, and laboratory data of the patients

Patient (sex) Age (years) Weight (kg) Height (cm)
ClCR

(ml � min−1 � 1.73 m−2) Coadministered drugs

1 (M) 32 60 160 110.8 —
2 (M) 45 78 174 141.6 —
3 (F) 76 67 166 56.9 —
4 (F) 75 49 155 69.0 —
5 (F) 63 67 169 131.2 Estradiol benzoate
6 (M) 55 103 168 90.3 Acetylsalicylic acid, propatyl nitrate
7 (F) 43 72 147 104.6 —
8 (M) 49 84 170 101.0 Bromazepam
9 (F) 28 76 169 65.6 N-Butylscopolamine

10 (F) 61 91 160 — —

CR = creatinine; — not determined.
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directly by the graphic method (log c vs. t). Parameters
such as elimination rate constant (�), area under the
plasma concentration vs. time curve (AUC0–24), and appar-
ent total clearance (ClT/f = dose/AUC0–24) were deter-
mined as described previously.30 Maximum plasma con-
centration (Cmax) and the time needed to reach Cmax (tmax)
were directly calculated from the plasma isomer concen-
trations obtained. Renal clearance (ClR) was calculated by
dividing the amount of each �-hydroxymetoprolol stereo-
isomer recovered in 24 h urine by its AUC0–24, the apparent
eliminated dose fraction (fel/f) was calculated dividing the
metoprolol dose corrected by the molecular weight of �-hy-
droxymetoprolol by the amount of each �-hydroxymeto-
prolol stereoisomer recovered in 24 h urine and the partial
clearance of �-hydroxymetoprolol formation (ClM/f) was
calculated multiplying the apparent total metoprolol clear-
ance by the apparent eliminated dose fraction of �-hy-
droxymetoprolol stereoisomers in 24 h.

RESULTS AND DISCUSSION

In the present study we developed methods for the
analysis of �-hydroxymetoprolol stereoisomers in human
plasma and urine. The analysis was carried out on the
chiral column Chiralpak� AD with fluorescence detection.

The analysis of the blank plasma or urine pools collected
from different healthy volunteers did not show interference
of the endogenous components with the �-hydroxymeto-
prolol stereoisomers eluted from the chiral stationary
phase column (Fig. 2I,II).

The stereochemistry of the new benzylic hydroxylation
center was established by Shetty and Nelson,11 by synthe-
sis and analysis of their CD spectra. A good correlation
exists between the sign of the Cotton effect of the 1La band
(shorter wavelength transition) and the absolute configu-
ration of phenylcarbinols, which does not vary with the
substituent in the aromatic ring. However, the sign of the
Cotton effect associated with the 1Lb and (longer wave-
length transition) is highly dependent on the substituent
attached to the aromatic ring and on the solvent. The �-hy-
droxymetoprolol mixture with stereochemistry defined by
Shetty and Nelson11 (1�S/1�R:70/30) showed in our experi-
ments the same positive CD band at 280 nm observed by
the authors. The comparison of the CD spectra of the iso-

lated isomers (Fig. 3) with that of the defined stereochem-
istry sample, i.e., the (1�S)-�-hydroxymetoprolol, allowed
to assign the 1�S stereoisomers as the less retained on
column. Furthermore, taking into account that 2R-met-
oprolol elutes first with respect to the 2S one, the following
elution order can be proposed: 1�S,2R; 1�S,2S; 1�R,2R; and
1�R,2S (Fig. 2). Experimental support to this conclusion
was obtained by checking the elution order of the �-hy-
droxymetoprolol stereoisomers on Chiralcel OD. The re-

TABLE 2. Confidence limits of the methods for the
analysis of �-hydroxymetoprolol stereoisomers in plasma

and urine samples

Recovery
(%)

Quantitation limit
(ng/ml)

Linearity
(ng/ml)

Plasma
(1�S,2R) 93.3 2.0 2–200
(1�S,2S) 92.0 2.0 2–200
(1�R,2R) 101.0 2.0 2–200
(1�R,2S) 88.5 2.0 2–200

Urine
(1�S,2R) 66.3 125.0 125–25000
(1�S,2S) 64.8 125.0 125–25000
(1�R,2R) 62.3 125.0 125–25000
(1�R,2S) 60.9 125.0 125–25000

TABLE 3. Precision and accuracy of the methods for
analysis of �-hydroxymetoprolol stereoisomers; within-day

precision (n = 10)

Concentration
added (ng/ml)

Concentration
observed (ng/ml)

(mean)
Precision
(CV %)

Accuracy
(systematic

error %)

Plasma 20 ng/mI
(1�S,2R) 19.07 1.6 −4.6
(1�S,2S) 19.04 3.5 −4.8
(1�R,2R) 19.12 1.1 −4.4
(1�R,2S) 19.50 3.3 −2.5

Urine 1.0 ng/ml
(1�S,2R) 0.95 9.1 −5.0
(1�S,2S) 0.94 9.9 −6.0
(1�R,2R) 0.93 9.4 −7.0
(1�R,2S) 0.95 9.9 −5.0

12.5 ng/ml
(1�S,2R) 12.27 9.6 −1.8
(1�S,2S) 12.89 9.4 3.1
(1�R,2R) 12.14 10.2 −2.9
(1�R,2S) 12.29 10.7 −1.7

Systematic error = (concentration observed − concentration added/
concentration added) × 100.
CV = coefficient of variation [(SD/mean) × 100].

TABLE 4. Precision and accuracy of the methods for the
analysis of �-hydroxymetoprolol stereoisomers;

between-day precision (n = 5)

Concentration
added (ng/ml)

Concentration
observed (ng/ml)

(mean)
Precision
(CV %)

Accuracy
(systematic

error %)

Plasma 20 ng/ml
(1�S,2R) 19.80 7.9 −1.0
(1�S,2S) 19.59 9.4 −2.0
(1�R,2R) 19.74 8.9 −1.3
(1�R,2S) 19.42 8.3 −2.9

Urine 1.0 ng/ml
(1�S,2R) 0.93 5.9 −7.0
(1�S,2S) 0.93 4.3 −7.0
(1�R,2R) 0.91 3.9 −9.0
(1�R,2S) 0.90 5.8 −10.0

12.5 ng/ml
(1�S,2R) 12.6 13.5 0.8
(1�S,2S) 12.8 11.8 2.4
(1�R,2R) 12.6 14.9 0.8
(1�R,2S) 12.4 14.2 −0.8

Systematic error = (concentration observed − concentration added/
concentration added) × 100.
CV = coefficient of variation [(SD/mean) × 100].

546 CERQUEIRA ET AL.



sults obtained are in agreement with those reported in the
literature.21,26

Absolute recoveries (Table 2) obtained for �-hydroxy-
metoprolol stereoisomers by solid-phase extraction of
plasma samples were higher than those obtained by liq-
uid–liquid extraction of urine samples (93.7 vs. 63.6%) and
independent of the concentrations. Previously reported

methods of �-hydroxymetoprolol preferentially employ
procedures of liquid–liquid extraction with the use of di-
ethylether,21 dichloromethane,5,13,28,31–33 or a mixture of
diethyl ether and dichloromethane,9,17,34,35 with recoveries
normally higher than 80%. Balmér et al.21 achieved a quan-
titation limit of 14 ng/ml plasma for each isomer. In order
to analyze enantiomeric mixture of �-hydroxymetoprolol,
solid-phase extraction using C-2 for plasma samples36 or
C-18 columns for urine samples37 obtained high recovery
(more than 80.0%) and low quantitation limit (�1 ng/ml).

The peak height vs. concentration curves for �-hydroxy-
metoprolol stereoisomers were constructed in the 5–50
ng/ml plasma or 0.125–25 µg/ml urine range, with corre-
lation coefficients higher than 0.99. The quantitation limits
determined by the analysis of 1,000 µl plasma and 100 µl

Fig. 4. Plasma concentration vs. time curves for �-hydroxymetoprolol
stereoisomers in patients treated with a 200 mg of rac-metoprolol tartrate/
24 h. Data are reported as mean ± SEM (n = 10).

TABLE 5. Study of the selectivity of the methods for the
analysis of �-hydroxymetoprolol stereoisomers

Drug
Concentration

(µg/ml)

Retention time
(min)

Plasma Urine

(1�S,2R)-�-hydroxy-
metoprolol 0.1 15.8 16.5

(1�S,2S)-�-hydroxy-
metoprolol 0.1 16.6 17.9

(1�R,2R)-�-hydroxy-
metoprolol 0.1 20.1 22.2

(1�R,2S)-�-hydroxy-
metoprolol 0.1 24.3 27

(−)-(S)-metoprolol 0.05 7.8 7.8
(+)-(R)-metoprolol 0.05 6.0 6.3
(±)-N-dealkylmetoprolol 0.1 ND ND
(±)-O-demethylmetoprolol 0.1 10.4/12.2 10.5/12.5
(±)-Acidic metabolite* 0.1 32 25.3
Benzydamine 0.80 4.2 4.1
Lidocaine 5.00 4.0 3.9
Pindolol 0.20 8.5/10.4 8.5/10.3
Verapamil 0.45 5.8/6.3 5.6/6.0

ND: not detected (0 to 45 min).
*2-hydroxy-3-(4-methoxyethylphenoxy)-propanoic acid.
Drugs not detected (0 to 45 min): acetaminophen, aminopyrine, amioda-
rone, captopril, carbamazepine, clobazam, clomipramine, clonazepam,
chlorpromazine, dapsone, digoxin, disopyramide, etidocaine, metoclo-
pramide, nitrazepam, propafenone, quinidine, theophylline, trimipramine.

TABLE 6. Kinetic disposition of �-hydroxymetoprolol stereoisomers after a 200 mg/24 h oral dose of racemic
metoprolol tartrate; Mean (CI 95%); n = 10

Parameters (1�S,2R) (1�S,2S) (1�R,2R) (1�R,2S)

Cmax (ng � ml−1) 10.15 10.64 27.87 33.68*
(7.24–13.05) (7.65–13.64) (20.35–35.38) (22.90–44.45)

tmax (h) 2.48 2.78 2.68 2.78
(0.90–4.05) (1.17–4.39) (1.07–4.28) (1.17–4.39)

AUC0–24 100.97 113.60 287.51 351.91*
(ng � h � ml−1) (66.57–135.38) (79.52–147.69) (206.17–368.86) (243.02–460.79)

t1/2 � (h) 7.83 8.06 7.70 7.91
(6.53–9.13) (7.08–9.04) (6.83–8.57) (6.82–9.00)

Fel/f (%) 1.53 1.84 4.47 6.05*
(0.88–2.19) (0.99–2.70) (2.51–6.43) (3.06–9.04)

ClR (1 � h−1 � kg−1) 11.99 11.63 11.35 12.08
(8.22–15.75) (8.01–15.25) (7.94–14.75) (8.66–16.94)

ClM/f (1 � h−1 � kg−1) 3.61 3.98 7.61 10.82*
(1.15–6.07) (1.54–6.42) (3.01–12.21) (3.57–18.10)

AUC0–24
2S/2R 1.19

(1.06–1.32)
AUC0–24

1�R/1�S 3.02
(2.86–3.18)

*P < 0.05, Tukey-Kramer multiple comparisons test.

STEREOSELECTIVE METABOLISM OF METOPROLOL 547



urine samples were 2.0 ng/ml and 0.125 µg/ml, respec-
tively, for all �-hydroxymetoprolol stereoisomers analyzed
on a Chiralpak� AD column (Table 2).

The coefficients of variation obtained in the study of in-
tra- and interassay precision were less than 15%, assuring
the reproducibility and repeatability of the results (Tables
3, 4). The data obtained in the precision study also dem-
onstrated that the internal standard is not required in the
analysis.

The analysis of selectivity (Table 5) permitted the appli-
cation of the direct methods to investigate metoprolol me-
tabolism in clinical studies in combination with other
drugs. The metoprolol and the other metabolites also did
not interfere with the analysis.

The methods developed and validated were employed in
the investigation of stereoselectivity in the metabolism of
metoprolol administered p.o. in the racemic form in a mul-
tiple dose regimen (200 mg dose of the tartrate salt/24 h)
to patients phenotyped as extensive metabolizers of de-
brisoquine.29

The plasma concentration vs. time curves for the four
�-hydroxymetoprolol stereoisomers are presented in Fig-
ure 4 as means ± SEM (n = 10). The plasma concentrations
for the 1�R stereoisomers were significantly higher (p <
0.05) than those of 1�S stereoisomers, resulting in a mean
ratio AUC0–24

1�R/AUC0–24
1�S of 3.02, with the 2S stereoiso-

mers being the metabolites found in slightly greater
amount than the 2R (Table 6). There are no literature data
about the �-hydroxymetoprolol stereoisomers in plasma.
Murthy et al.9 reported mean urinary excretion ratio
Ae0–24

1�R/Ae°0–24
1�S of 3.12 in studies of a single oral dose

of racemic metoprolol in volunteers. No significant differ-
ences were observed between the stereoisomers in the
terminal half-life (t1/2�) and renal clearance (ClR) (Table 6;
Fig. 5). The absence of stereoselectivity in renal excretion
indicates that the higher plasma concentrations of the 1�R
stereoisomers result from the preferential formation of this
new chiral center. Considering the slightly greater amount
of (2S)-�-hydroxymetoprolol stereoisomers, we can con-

clude that this pathway is not responsible for the plasma
accumulation of (−)-(S)-metoprolol in humans.8
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