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SUMMARY

A reversed-phase high-performance liquid chromatographic method is described, which allows
the simultaneous quantification of propranolol and 4-hydroxypropranclol enantiomers in human
plasma. After extraction from plasma (pH 10.5) using ethyl acetate, the enantiomers are deriva-
tized with R-(+ )-phenylethylisocyanate as chiral derivatization reagent and triethylamine as
basic catalyst in chloroform. Ascorbic acid is used to prevent 4-hydroxypropranolol from oxidation
during the extraction. Chromatographic separation on ODS columns and fluorescence detection
(228 nm/ > 340 nm) allows sensitive quantitation of all derivatives. Incubation of the plasma
samples with S-glucuronidase/arylsulfatase and the use of the specific S-glucuronidase inhibitor
saccharo-1,4-lactone allows the quantitation of both the sulfate and glucuronide conjugates of the
enantiomers. The method was applied to human plasma samples from a subject after administra-
tion of 60 mg racemic propranolol three times daily.

INTRODUCTION

Propranolol is a non-selective f-adrenergic blocking agent used in the treat-
ment of hypertension, cardiac arrhythmias, angina pectoris and prophylaxis
of secondary acute myocardial infarction [1]. Commercial propranolol
(Inderal®) is a racemic mixture, with the (— )-enantiomer being about 100
times more potent than its optical antipode. Pharmacokinetics and metabo-
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lism of propranolol are associated with large differences between the enan-
tiomers in both animals {2,3] and man [4,5]. Previously described methods
for separation of propranolol enantiomers including radicimmunoassay [6],
radioreceptor assays [7] and gas chromatography-mass spectrometry using
deuterium-labeled pseudoracemates [3] have some disadvantages. These
methods either are very time-consuming and expensive, or lack specificity.

High-performance liquid chromatographic (HPLC) assays using chiral sta-
tionary phases have recently been introduced [8,9], but to date HPLC assays
using optically active derivatization reagents are the most common procedure
in clinical studies [10-14]. R-(+ )-Phenylethylisocyanate (PEIC) is fre-
quently used as derivatization reagent. It is relatively stable and shows no ra-
cemisation during storage [13]. Separation of the derivatized propranolol en-
antiomers can be achieved with reversed-phase chromatography [12,13].
Furthermore, R-(+ )-PEIC can be applied to the separation of the enantiom-
ers of 4-hydroxypropranolol [14 ], a propranolol metabolite (Fig. 1) with qual-
itatively similar biological activity to propranolol [15].

There are two possible ways the derivatization reagent can react: (1) only
the secondary amino group will be derivatized forming the mono-PEIC deriv-
ative (urea derivative) or (2) both the secondary amino group and the phe-
nolic hydroxy group are derivatized forming di-PEIC derivatives (urea and
carbamate derivatives). Reaction of the chiral secondary hydroxy group has
not been observed for either propranolol, 4-hydroxypropranolol [13] or other
S-blockers like pindolol [16]. Wilson and Walle [14] reported that without
any basic catalyst 4-hydroxypropranolol forms a mixture of both derivatives.
After derivatization the carbamate end of the di-PEIC derivative can be selec-
tively hydrolyzed using 0.1 M hydrochloric acid [14]. The resulting mono-
PEIC derivatives were separated using silica gel HPLC, whereas it was not
possible to separate the derivatized enantiomers with reversed-phase chro-
matography [14].

In our investigations we are using triethylamine as basic modifier during the
derivatization reaction. This results in the exclusive formation of the di-PEIC
derivative. Both the enantiomers of the di-PEIC derivative of 4-hydroxypro-
pranolol and the enantiomers of the propranolol derivatives were determined
simultaneously using reversed-phase HPLC.

OH

H,C— CH—CH,— NH — CH(CH, ),
|

OH
Fig. 1. Structure of 4-hydroxypropranolol.
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The method was applied to determine the stereochemical composition of
propranolol and 4-hydroxypropranolol and their glucuronide and sulfate con-
jugates in human plasma and urine after oral administration of racemic
propranolol.

EXPERIMENTAL

Reagents

R-(+)-PEIC (purity >98% ) was purchased from Aldrich (Milwaukee, WI,
U.S.A.) and (4 )-and (—)-propranolol hydrochloride, triethylamine, 8-glu-
curonidase (with sulfatase activity, partial purified, G-0751), saccharo-1,4-
lactone from Sigma (St. Louis, MO, U.S.A.). Chloroform and methanol (HPLC
grade) were obtained from Fischer Scientific (Fair Lawn, NJ, U.S.A.) and
used without further purification.

Instrumentation

The HPLC system consisted of a Constametric III G high-pressure pump
(LDC/Milton Roy, Riviera Beach, FL, U.S.A.), an ISS 100 automatic injector
(Perkin Elmer, Norwalk, CT, U.S.A.), a Kratos FS 970 fluorescence detector
(Kratos Analytical Instruments, Ramsey, NJ, U.S.A.) and a Whatman Par-
tisil 5 ODS-3 column (12.5 ¢cm X 4.6 mm, 5 um particle size, Fisher Scientific).
The excitation wavelength was set at 228 nm and a 340-nm cut-off filter was
used for emission. The mobile phase consisted of methanol-water (60.5:39.5,
v/v) and the flow-rate was 1.2 ml/min.

Plasma extraction

To 0.5 ml of plasma 1.0 ml of phosphate buffer (0.2 M; pH 10.5), 5 mg of
ascorbic acid and 4.0 ml of ethyl acetate were added. The mixture was then
shaken vigorously for 10 min and centrifuged at 1500 g for 15 min. The organic
phase (3 ml) was removed and evaporated at 37°C under nitrogen.

Chiral derivatization

The residue after extraction and evaporation was dissolved in 0.5 ml of chlo—
roform; 30 ul of triethylamine and 2 ul of R-(+ )-PEIC were added and the
tubes were shaken and left for 30 min at room temperature, tightly capped.
The samples were then evaporated to dryness at room temperature under ni-
trogen and the residue was reconstituted in 300 ul of mobile phase. A 50-ul
aliquot was injected into the HPLC system. After enzymatic cleavage of the
glucuronidase and sulfate conjugates only 30 ul were injected into the HPLC
system.
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Analysis of conjugates of propranolol and 4-hydroxypropranolol

To 0.5 ml of plasma 5 mg of ascorbic acid and 100 ul of sodium acetate buffer
(1 M, pH 5.5) were added. The mixture was shaken and treated with 100 ul of
B-glucuronidase/sulfatase (80 mg/ml) for 4 h at 37°C. After extraction (pH
10.5) with ethyl acetate, the extract was derivatized with R- (4 )-PEIC as de-
scribed above. For the exclusive determination of the sulfate conjugate sac-
charo-1,4-lactone (2 mg), a specific f-glucuronidase inhibitor, was added be-
fore the treatment with f-glucuronidase/sulfatase.

Assay validation

Calibration curves were obtained after analyzing plasma standards, which
were prepared by adding racemic propranolol hydrochloride (2.5-200 ng, cal-
culated as base) and racemic 4-hydroxypropranolol (10-300 ng) to 0.5 ml of
drug-free plasma. Six concentrations were used for the calibration curve. Ab-
solute peak heights were measured and plotted against the concentration of
each enantiomer. The slopes and intercepts were determined using linear-least
squares regression. Reproducibility measurements (intra- and inter-day vari-
ability) were based upon a minimum of five replicates on three different
concentrations.

Application

One healthy, male subject received 60 mg racemic propranolol (Inderal®)
three times daily for three days. On the fourth day only one dose was admin-
istered and 10-ml blood samples were drawn before dosing and 0.5, 1, 1.5, 2, 3,
4, 6 and 8 h after administration. Blood was allowed to clot for 20 min. After
centrifugation the serum was removed, 40 mg of ascorbic acid were added to
the serum and the samples were frozen (—70°C) until assayed.

RESULTS AND DISCUSSION

The chiral derivatization of propranolol and 4-hydroxypropranolol results
in the exclusive formation of two sets of equally sized peaks (Fig. 2A). The
first set of peaks, at retention times of 27 and 31 min, corresponds to the dia-
stereomeric derivatives of propranolol. The second set of peaks, at retention
times of 37 and 42 min, results from the derivatization of 4-hydroxy propran-
olol. The two peaks were assumed to be the derivatives after reaction at both
the amino and the phenolic groups (di-PEIC derivatives), because the mono-
PEIC derivatives, which are more polar than the di-PEIC and the propranolol
derivatives, have shown shorter retention times in comparison to the propran-
olol derivatives, whereas the di-PEIC derivatives have higher retention times
using reversed-phase HPLC [14]. Chiral derivatization in chloroform without
any basic catalyst gave a mixture of the mono- and di-PEIC derivatives of 4-
hydroxypropranolol [14]. The reaction conditions in the present study (chlo-
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Fig. 2. (A) Chromatogram of a plasma samples spiked with ( + )-proprancloland ( + )-4-hydroxy-
propranolol. (B} Chromatogram of a dog urine sample after oral administration of S-(— )-pro-
pranolol and enzymatic cleavage of the glucuronic and sulfate conjugates.

roform, triethylamine, 40 min at room temperature ) result in the quantitative
formation of the di-PEIC derivatives. The peak symmetry as well as the reso-
lution (R;) of the propranolol and the 4-hydroxypropranolol derivatives is good
(R,=1.35 and 1.7, respectively).

Identification of the individual diastereomers derived from 4-hydroxypro-
pranolol was possible after oral administration of 60 mg S-( — )-propranolol to
one dog. Urine was collected for 4 h. After enzymatic cleavage of the conju-
gates, extraction and derivatization, the chromatogram shown in Fig. 2B was
obtained. For both propranolol and 4-hydroxypropranolol the derivative of the
(—)-enantiomer is eluted first. These results were verified for propranolol
using pure enantiomers for the derivatization.

Peak heights of the propranolol and 4-hydroxypropranolol derivatives cor-
related linearly (r> 0.99) with concentrations of both enantiomers in the con-
centration ranges 5-400 and 20-600 ng/ml, respectively. Tables I and IT show
the intra- and inter-day variability of the method. The coefficients of variation
(C.V.) were less than 12%.

We tested a number of other -blockers, tricyclic antidepressants and N-w-
methyltryptamine as internal standard. Only N-w-methyltryptamine was use-
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TABLE I

INTRA-DAY VARIABILITY

Concentration n Concentration C.V. Accuracy
added assayed (%) (%)
(ng/ml) (ng/ml)
(—)-Propranolol

50 5 47.15 8.3 94.3
100 5 93.3 5.1 93.3
150 5 144.2 4.0 96.2

(+)-Propranclol

50 5 47.7 8.4 95.4
100 5 96.6 2.9 96.6
150 5 146.3 4.1 97.5
(—)-4-Hydroxypropranolol
100 7 104.6 9.5 104.6
150 4 160.9 9.4 107.2
250 4 245.5 8.6 98.2
(+)-4-Hydroxypropranolol
100 5 100.5 10.8 100.5
150 5 150.3 8.6 100.1
250 10 2499 7.0 100.0

ful. It reacts also with R- (+ )-PEIC and the derivative shows a retention time
of about 6 min. However, the coefficients of variation during intra- and inter-
day variability studies were higher when N-w-methyltryptamine was used as
internal standard. This may be caused by partial degradation of N-w-methyl-
tryptamine or less reproducible reaction with R-(+ )-PEIC. Hence, no inter-
nal standard was used in this assay.

The method was then applied to determine the stereochemical composition
of unconjugated as well as glucuronic acid- and sulfate-conjugated propranolol
and 4-hydroxypropranolol in human plasma at steady state.

The enzyme preparation used has glucuronidase and sulfatase activity and
hydrolyzed both conjugates. After addition of the specific glucuronidase inhib-
itor, saccharo-1,4-lactone, the concentration of the sulfate conjugates can be
measured [17]. The use of a partially purified enzyme preparation is necessary
because unpurified enzymes have fluorescence impurities, which interfere with
this assay.

The plasma concentrations of unconjugated propranolol enantiomers were
less than 30 ng/ml with higher concentrations for the S- ( — )-enantiomer (Fig.
3) [18]. No unconjugated 4-hydroxypropranolol could be detected.

Further, the steady-state concentrations of the S-(— )-propranolol glucu-
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Concentration n Concentration C.V. Accuracy
added assayed (%) (%)
(ng/ml) (ng/ml)
(—J}-Propranolol

50 5 48.1 12.0 96.13
100 5 102.2 9.7 102.2
150 5 1499 6.9 99.9
(+)-Propranolol

50 5 49.2 8.5 98.5
100 5 96.8 11.2 96.8
150 6 149.5 74 99.7
(—)-4-Hydroxypropranolol
100 5 103.6 8.6 103.6
150 6 148.9 6.6 99.2
250 6 242.7 6.5 97.1
(+)-4-Hydroxypropranolol
100 5 107.9 12.3 107.8
150 5 148.3 74 98.9
250 5 249.2 5.1 99.7
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Fig. 3. Plasma concentrations of conjugated and unconjugated propranolol enantiomers after oral
administration of 60 mg racemic propranolol three times daily to one subject: A, ( — )-propranolol
glucuronide; A, (+ )-propranolol glucuronide; O, (~)-propranolol (unconjugated); @, (+)-

propranolol (unconjugated).



358

= 100

= 1000

- SULFATE GLUCURONIDE
< goodt &)

o

£

[ GOOJ—

z

3

2 400% ) -)

8 (+)
S 2004 \

o

o

g N

0

Fig. 4. Area under the plasma concentration-time curve during one dosing interval (AUC, 4y, for
the 4-hydroxypropranolol conjugates after oral administration of 60 mg racemic propranolol three
times daily to one subject.

ronide conjugate were much higher than those for the R-(+ ) -enantiomer (Fig.
3). Less than 1% of the propranolol conjugates are sulfate conjugates. The R-
(+ )-propranolol glucuronide has a shorter half-life than the glucuronide of
the S-(—)-enantiomer [4].

As shown in Fig. 4 glucuronidation of 4-hydroxypropranolol favours the S-
(—)-enantiomer, whereas the sulfatation shows a large preference for the R-
(+ )-enantiomer; the area under the concentration-time curve during one dos-
ing interval (AUC,_g,) is about three times higher for the R-( + )-enantiomer
than for the S-(— )-enantiomer (Fig. 4). Results from other studies on urine
samples [19,20] showed similar differences between the enantiomers. There-
fore, these differences in plasma concentrations of the sulfate and glucuronide
conjugates seem to be due to stereospecific formation of the conjugates and are
not due to differences in renal clearance.

In summary, the described method can be used to determine the stereochem-
ical composition of unconjugated and conjugated propranolol and 4-hydroxy-
propranolol in human plasma. This method is presently used in our laboratory
to evaluate the extent and mechanism of pharmacokinetic interactions be-
tween calcium antagonists and propranolol.
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