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SUMMARY

A simple and rapid high-performance liquid chromatographie method is described for the
quantitative analysis of three g-receptor blocking drugs of similar molecular structure (aryl-
oxypropanolamines, AOPAs) but with different polarities. The method consists of extrac-
tion, reversed-phase ion-pair chromatography and fluorometric detection, whereby slight
modifications in these parameters allow analysis of the different AOPAs in a similar way.
The method was used to determine concentrations of propranolol, metoprolol and atenolol-
in plasma and various organs of the rat. in samples of 1 ml of plasma and 0.5—1.7 g of tissue,
drug concentrations of at least 2 ng/ml and 5 ng/g, respectively, can be measured. Extension
of the method to other AOPAs is possible.

INTRODUCTION

B-Adrenoceptor blocking drugs are of therapeutic value in the treatment of
various cardiovascular disorders, such as angina pectoris, cardiac arrhythmia,
hypertension (for review see refs. 1 and 2). A great number of g-blockers
are available, which, however, differ not only in their specific g-adrenocep-
tor blocking effects (i.e. receptor affinity and selectivity, intrinsic sympa-
thomimetic activity), but also in their non-specific effects. The latter can
be related io the physicochemical nature of these drugs and can result in
a membrane-stabilizing effect, a local anaesthetic action as well as a cardio-
depressant effect [3—5].

0378-4347/82/0000—0000/$02.75 © 1982 Elsevier Scientific Publishing Company
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Most of the B-adrenoceptor block1 _ drugs ' *aryloxypropano»ammes':'
\(AOPAs) Representatlve compounds of this- group are? propranolol ‘a-highly
: hpophlhc “drug;: atenolol, -which::is- ;hlghly hYdrop_hxhc com ound a.nd‘fr
- metoprolol ‘a substance: with an. mtermedlate ‘P lan (Table-I).: - = Sl
LA~ great - number of- methods have beetL descn ::_determme.the concen- .
f'tratlons of these compounds mamly in plasma or urine. These methods can. be
classxfied accordmg to:two analytxcal systems. Flrstly, a. spectroﬂuorometnc
~-system . mthout chromatography -Was’ reported for: propranolol [6—9] and
atenolol: [10 11]. Secondly,: dlfferent chromatographlc -systems’ have been
descnbed' gas. chromatography has been used for. propranolol [12], atenolol
[13, 14] and metoprolol: [15];: thm-layer chromatography was ‘described for
propranolol [16] and atenolol. [17] ; and finally, high-performance liquid chro-
matography - (HPLC) with spectroﬂuorometnc detectlon ‘was - reported for
propranolol [18—25]. and atenolol [26—281.. S

-Just recently; an HPLC. method ‘was. pubhshed whlch alEows the detection of
several B-blockers in. plasma and urine; tissue samples were not studied [29].
Since B-adrenoceptor ‘blocking drugs-exert their pharmacological effects at the
level  of various organs, such as:heart, lung and brain, drug concentration in
these target -organs are of. utmost ‘interest -when: studying the dynamic and
kinetic behaviour of these compounds. In addition, tissue concentratlons of B-
blockers are slso of 1mportance in veterinary: medicine.

The -method _presented in this paper takes advantage of the common
molecular structure (AOPA) of the g-blockers, which differ in polarity because
of ‘the different aryl groups (Table I). This approach may be fruitful, since, as
already mentioned, many different g-blockers are used therapeutically, of
which, however, their concentrations can not be analyzed by a single method.
In the following, an HPLC method with spectrofluorometric -detection is
described, - which allows- the detection and quantitation of g-blockers of
different lipophilicity in plasma and various tissues of the rat. On the basis of
their different polarities, the g-blockers propranolol, metoprolol and atenolol
were chosen as representative .compounds. Neither urine samples nor
‘metabolites were ‘included in the study, since only atenolol undergoes renal
elimination, .whereas propranolol and metoprolol are metabolized by the liver.
Furthermore, the only metabolite of interest, 4-hydroxypropranolol, does not
contribute to the pharmacological effect after intravenous administration of
propranolol.

EXPERIMENTAL

Standards and reagents -

All reagents used were reagent g‘ade and purchased from Merck (Darmstadt,
G.F.R.). Only deicnized glass-distilled water was used. The racemic mixtures of
propranolol hydrochloride and atenolol-were kindly supplied by Rhein-Pharma
(Planckstadt, G.F.R. ), (+)-Metoprolol hydrochloride was from Hassle (Molndal
Sweden).

7 Standard solutlons from. 2 mg/ml to 10 ng/ml were obtamed from aqueous
stock solutions (2 mg/ml) of each compound These solutions were stored at
4°C for up to one month. . , S
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‘The mobile phase was prepared as follows. Ten millilitres of 85% phosphoric
acid and 0.0025 moles of an alkyl sulfuric acid as sodium salt were mixed
with 990 ml of water and with 990 ml of methanol, respectively. Both phases
were filtered through a membrane filter (0.45 pm) and stored at 4°C. Before
use the aqueous and methanolic phases were mixed as needed and degassed in
an ultrasonic bath under vacuum. :

HPLC instrumentation and conditions

‘The HPLC system consisted of a constant-flow pump (Gynkotek, 600/200),
an injection valve (Waters, UK 6), a reversed-phase column (Knauer, 25 cm X
4.6 mm; LiChrosorb C,3 10 um), a spectrofluorometer with a 150 W xenon
lamp (Kontron, SFM 22), an absocrbance detector (Waters, 440) and a
computing integrator (Spectra Physics, SP 4100).

The mobile phase, which consisted of a methanol—water mixture containing
alkyl sodium sulfate as counter-ion and 1.3% phosphoric acid to ionize the
amine function of the compounds, was modified in regard to the polarities.
The methanol—water ratio was 65:35 for propranolol and 60:40 for
metoprolol and atenolol. As counter-ion octyl sodium sulfate was added for
propranolol and metoprolol and dodecyl sedium sulfate for atenolol. The flow-
rate was 2 ml/min. The activation monochromator of the fluorometer was set
at 280 nm for all three compounds and the emission monochromator was set at
300 nm for metoprolol and atenolol and at 333 nm for propranolol. The
fluorescence detector was connected to the integrator, and peak heights were
measured. The flow system was controlled by the absorbance detector.
Chromatography was carried out at ambient temperature.

Sample preparation

Plasma and tissue samples of various organs from light—dark-synchronized
male Wistar rats of about 150—180 g were used [30]. The rats were sacrificed
by decapitation, and blood was collected in 12-ml conical glass tubes
containing 50 ul of heparin (250 1.U.). After centrifugation (900 g, 15 min)
1-ml plasma portions were pipetted into 12-ml screw-capped glass tubes and
kept at —35°C. The organs were dissected out, rinsed in ice-cold 0.9% saline
solution, blotted on filter paper, weighed, frozen in liquid nitrogen and finally
stored at —35°C.

Plasma extraction (Fig. 1)

The 1-ml plasma samples were thawed and 0.5 ml of 2 N NaOH was added.
Then 3 ml! of a compound-specific 1-butanolol—rn-heptane mixture were added,
the 1-butanol—n-heptane ratios being 20:80, 10:90 and 50:50 for propranolol,
metoprolo! and atenolol, respectively. The tubes were shaken for 15 min and
the layers separated by centrifugation. Aliquots of 2.5 ml of the organic layer
were transferred to 10-ml conical glass tubes which contained 0.1 mlof 0.1 N
sulfuric acid. The samples were vortexed for 1 min and centrifuged for 10 min.
Finally, aliquots of the ageous layer (50—75 pl) were injected into the column.

Tissue extraction (Fig. 1)
To each sample of frozen tissue (0.5—1.5 g wet weight) 5 ml of 0.4 N per-
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Fig. 1. Schematic outline of the extraction procedure.

chloric acid were added. The samples were homogenized with an Ultra-Turrax
homogenizer in stainless-steel tubes at 4°C. After centrifugation at 7000 g for
15 min, the supernatants were transferred to 12-ml screw-capped glass tubes
containing 0.3 ml of 10 N NaOH, and vortexed for 10 sec. Then 6 ml of the
1-butanol—n-heptane mixture were added as described above. The two layers
were mixed by shaking for 15 min and separated by centrifugation. Aliquots of
5 ml were transferred to 12-ml screw-capped glass tubes and re-extracted with
0.2 ml of 0.1 N sulfuric acid as described above. Finally, aliquots of the aqueous
layer (10—150 ul) were injected into the column.

Standard curves and recovery studies

Blank plasma and tissue samples from untreated rats were spiked with
varying amounts of the compounds. These samples were treated as described
above and standard curves of added concentrations versus peak height were
calculated. From these data recoveries for each compound were calculated over
the whole concentratlon range.

The range of concentrations for each of the three compounds used to
_establish standard curves for a specific tissue was chosen according to the tissue
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concentratlons expected and observed after mtravenous mjecuon of equlmolar
(6 pmol/kg) doses of the dmg [30].

1In addition, we tested to see if the recevery ‘was dependent on the amount of .
tlssue extracted; in these experiments pieces of lung tissue (250, 500, 750, and
1000 mg wet welght) were splked with 500 ng of the respectlve drugs.. ‘

RESULTS AND DISCUSSION

As can be seen in Figs. 2 and 3, the extraction of propranolol, metoprolol
and atenolol with 1-butanol-n-hepatane and the back-exiraction into acid
yielded clean samples without interfering peaks in the chromatograms. All
three compounds were eluted from the column as symmetrical peaks with
retention times of 5.5, 3.8 and 4.2 min for propranolol, metoprolol and

METOPROLOL BRAIN

SPIKED STANDARDS

pow T+ IKJL wfk “Pk

min
nglg 1] 9 44 88 220
EX VIVO SAMPLES
| h
T
ﬂ 7
nglg 14 24 &3

min p._ injection 210 160° 10° 60°

Fig. 2. Representative chromatograms of metoprolol in brain samples. Upper part shows
spiked samples in which metoprolol was added at 0—220 ng/g. Lower part shows ex vivo
samples in which metoprolol was injected intravenously into rats, and brain tissue was
isolated 60—210 min after drug application; the concenirations obtained are indicated.
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Fig. 3. Representative chromatograms of brain samples spiked with propranolol (upper part)
or atenolol (lower part); arrows igdicate the respective retention times.

atenolol, respectively. The standard curves showed a linear relationship
- between compound concentration and peak height.

In Tables II—-IV. are summarized all the data that were obfained for
propranolol, metoprolol and-atenolol in plasma, liver, lung, muscle, heart,
brain and kidney of the rat. It can be seen that for all compounds in all organs
the correlation coefficient between drug concentration and peak helght is
greater than 0.99. With the system used, the recovery for metoprolol in plasma
was 47% and ‘in the tissues it was in the range 56—64% (Table III), while for
atenolol recovery was  in the range 25—37% (Table IV). The recovery of
propranolol greatly varied from 70% for plasma to 16% for liver tissue (Table
II). Additional" expenments with varying amounts of tissue revealed that the

' recovery of propranolol is dependent upon the amount of tissue extracted (Fig.
4); thus the limiting factor for this highly llpODhlllC compound is the ratio of
 tissue weight to volume of perchloric acid.

“The analysis of about 1300 samples w1thm a study on the kinetic behavmur
of the three drugs in rat after : intravenous administration [30] has
demonstrated the applicability of the method. In Fig. 2 chromatograms of ex
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Fig. 4. Recovery of propranolol (PROP), metoprolol (METO) and atenolol (ATEN) in rela-
tion to tissue weight.

vivo samples of metoprolol (6 umol/kg, intravenously) in brain tissue are
shown. It can clearly be seen that brain drug concentration declines with time
after drug application. Fig. 5 shows the lowest concentrations of propranolol,
metoprolol and atenolol measured in this study. It can be seen that also ex vivo
all three compounds can be precisely identified and quantified in concentra-
tions as low as 2.2, 2.9 and 5.2 ng/g or ng/ml for propranolol, metoprolol and
atenolol, respectively. Also in this study no interfering peaks have been
observed (see also Fig. 2). Nevertheless, if a chromatogram were to show inter-

PROPRANOLOL METOPROLOL ATENOLOL
T T T
blank 'J‘ " j‘ '
4 ‘Vﬁ'_- v‘u Yopo— }”
i

?: ! | T |
’\V,L J wj\#
{ |

compound

organ: plesma plasma brain
concentration: 2.2ng/mt 29ng/mt 5.2nglg
sample volume

injected 75ul S50ut 1S5S0 ut
peck height/noise Amn 2811 251

Fig. 5. Chromatograms of the lowest concentrations of propranolol, metoprolol and
atenolol measured 3.5 h after intravenous application of 6 pmol/kg.
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, fenng peaks the retentlon tlmes of the drugs could be changed by changmg the g

,mlxture of the: mobﬁe phase (1cmc pollution) and/or the counter-ion’ (non-xomc, }
' 'pollutlon) (Fxg. 6) The apphcablhty -of -this- -procedure is’ demonstrated in Fig.
7, .which . shows .a: chromatogram -from-. plasma extracted - ‘without back-
. extraction into" -acid. By changing the counter-lon the propranolol peak could .
'be separated from the mterfermg peak

gk
" — c‘2H255°‘N0
vl o Calﬁ,SOLNo ’
T1+2
14
1 2
PROP
METO
ATEN
at - ~— —— - F——————min
90110 80120 70130 60/40 MeOH/H20 2 4 6 8

Fig. 6. The capacity factor &’ in relation to the mixture of the mobile phase and/or the alkyl
chain length of the counter-ion. Abbreviations as in Fig. 4.

Fig. 7. The chromatogram at the top shows an interfering peak (1+2) with the same
retention time as propranolol.. By changing. the counter-ion from C\H,,SO/Na to
C,H, ;SO Na the propranolol peak (2) could be separated from the unknown interfering peak
(1), as can be seen in the bottom chromatogram.

In conclusion, the HPLC method presented here provides for the first time
the possibility of investigating the concentration, accumulation and kinetic
behaviour of various g-adrenoceptor blocking drugs with great differences in
polarity without the necessity of varying greatly the extraction procedure and
the chromatographic system. As indicated, this system has been successfully
used when studying the acute intravenous kinetic behaviour of propranolol,
metoprolol and atenolol in plasma and various tissues of the rat [30] as well as
in preliminary studies in man (unpublished data).

If necessary, further methodological variations can be introduced to lower
the detection limit for a compound of interest or to detect also drug metab- -
olites as well as other §-blockers of the AOPA type.



234

ACKNOWLEDGEMENTS

This work was supported by a graht froin the Deutsche Foxschungsgemein-
schaft (Le 318/7). The techmcal assistance of U. Schmidt and J. Heuser is
gratefully acknowledged.

REFERENCES

1O b

=»OWwW O~ O bw

[y

D.G. McDevitt, Drugs, 17 (1979) 267.

A_ Scriabine, Pharmacology of Antihypertensive Drugs, Raven Press, New York, 1980,
p.179.

J.V. Levy, Eur. J. Pharmacol., 2 (1968) 250.

B. Lemmer, G. Wiethold, D. Hellenbrecht, I.J. Bak and H. Grobecker, Naunyn-Schmie-
deberg’s Arch_Pharmacol., 275 (1972) 299.

D. Hellenbrecht, B. Lemmer, G. Wiethold and H. Grobecker, Naunyn-Schmiedeberg’s
Arch. Pharmacol., 277 (1973) 211,

J.W. Black, W. A M. Duncan and R.G. Shanks, Brit. J. Pharmacol., 25 (1965) 577.

D.G. Shand, EM. Nuckolls and J_A. Qates, Clin. Pharmacol. Ther., 11 (1970) 112.
C.A. Chidsey, P. Morselli, G. Bianchetti, A. Morganti, G. Leonetti and A. Zanchetti,
Circulation, 52 (1975) 313.

L. Offerhaus and J.R. van der Vecht, Brit. J. Clin. Pharmacol., 3 (1976) 1061.

C.M. Kaye, Brit. J. Clin. Pharmacol., 1 (1974) 84.

B. Flouvat, M. Bazin, M. Lucsko, A. Roux and J. Guedon, Ann. Biol. Clin., 36 (1978)
339.

T. Walle, J. Morrison, K. Walle and E. Conradi, J. Chromatogr., 114 (1975) 351.

B. Scales and P.B. Copsey, J. Pharm. Pharmacol., 27 (1975) 430.

M. Ervik, K. Kylberg-Hanssen and P.-O. Lagerstrom, J. Chromatogr., 182 (1980) 341.
M. Ervik, Acta Pharmacol. Toxicol., 36 (1975) 136.

M. Schifer, H.E. Geissler and E. Mutschler, J. Chromatogr., 143 (1977) 607.

M. Schifer and E. Mutschler, J. Chromatogr., 169 (1979) 477.

W.D. Mason, E.N. Amick and O.H. Weddle, Anal. Lett., 10 (1977) 515.

R.L. Nation, G.W. Peng and W.L.. Chiou, J. Chromatogr., 145 (1978) 429.

A.-M. Taburet, A_A_ Taylor, J R. Mitchell, D.E. Rollins and J.L.. Pool, Life Sci., 24
(1979) 209.

P. Jatlow, W. Busch and H. Hochster, Clin. Chem., 25 (1979) 777.

D.W. Schneck, J.F. Pritchard and A _H. Hayes, Res. Commun. Chem. Pathol. Pharmacol.,
24 (1979) 3.

J.F. Pritchard, D.W. Schneck and A_H. Hayes, J. Chromatogr., 162 (1979) 47.

J. Hermansson and C. von Bahr, J. Chromatogr., 221 (1980) 109.

M. Lo and S. Riegelman, J. Chromatogr., 183 (1880) 213.

O.H. Weddle, EXN. Amick and W.D. Mason, J. Pharm. Sci., 67 (1978) 1033.

S. Decourt and B. Flouvat, J. Chromatogr., 174 (1979) 258.

Y.-G. Yee, P. Rubin and T.F. Blaschke, J. Chromatogr., 171 (1979) 357.

M_A_ Lefebvre, J. Girault and 4.B. Fourtillian, J. Liguid Chromatogr., 4 (1981) 483.

B. Lemmer, Naunyn-Schmiedeberg’s Arch. Pharmacol., 316 (1981) R60.



