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Metoprolol and atenolol are chemically diverse cardioselective /3-adreno- 
ceptor antagonists, with atenolol relatively hydrophilic and metoprolol 
relatively lipophilic. As a consequence of widespread use of these and other P- 
adrenoceptor antagonists in the treatment of hypertension and angina pectoris 
[l, 21, there are many published methods for their determination in plasma 
and urine. Early methods employed gas-liquid chromatography using either 
electron-capture [3--141 or mass spectrometric [ll] detection, These 
methods, while specific and sensitive, involved a lengthy derivatization step. 
Recent methods based on high-performance liquid chromatography (HPLC) 
[15-231 have been shown to be selective and sensitive; however, extraction 
procedures used (differential, pH-dependent solvent extraction followed by 
evaporation and reconstitution with mobile phase) tend to be laborious, taking 
from 30 min to 1 h or more. 

The procedure reported here for the extraction of metoprolol and atenolol 
from plasma is based on solid-phase extraction media used in Bond-ElutTM 
columns. The extraction is versatile, efficient, rapid (1 min for extraction) 
and avoids exposure to alkaline conditions. Extracts can be immediately 
subjected to sensitive and selective assay using HPLC with fluorometric detec- 
tion. While a sample is being chromatographed the next can be extracted, or 
up to ten samples can be extracted at any one time. We are only aware of one 
previous report of this extraction technique being used [24], application being 
limited to the hydrophilic compound, atenolol. 
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EXPERIMENTAL 

Materials and reagents 
Metoprolol was supplied by Ciba-Geigy (Switzerland) and atenolol by ICI 

(Australia). HPLC-grade acetonitrile was obtained from Waters Assoc. (Sydney, 
Australia), al1 other reagents were of anal 

%M 
tical grade. Bond-Elut CN and Cl8 

columns (1 ml capacity) and the Vat-Elut manifold (Analytichem, Harbor 
City, CA, U.S.A.) were purchased from FSE Scientific (Melbourne, Australia). 

The HPLC system consisted of a Constametric III pump (LDC, Riviera 
Beach, FL, U.S.A.), a Model 7010/7011 injection valve with a 20-~1 loop for 
metoprolol and a 50-~1 loop for atenolol (Rheodyne, Berkeley, CA, U.S.A.), 
a Model FS970 fluorescence detector (Schoeffel Instrument, Westwood, NJ, 
U.S.A.) and an Omniscribe recorder (Houston Instruments, Austin, TX, 
U.S.A.). For metoprolol determination a 30 cm X 0.46 cm I.D. stainless-steel 
column packed with Cl8 lo-pm PBondapak (Waters Assoc.) was used. For the 
atenolol determination a 25 cm X 0.3 cm I.D. stainless-steel glass-lined column 
packed with spherisorb 5pm nitrile silica (SGE Scientific, Ringwood, 
Australia) was used. 

Bond-EEu t extraction procedure 
Atenolol was extracted using a Bond-Elut column containing silica modified 

with covalently bound cyanopropyl groups (CN column) and metoprolol was 
extracted using a Bond-Elut column containing ODS-modified silica (Cl8 
column). The Bond-Elut columns were placed in luer fittings in the top of 
the Vat-Elut cover, which has the capacity for ten columns. A vacuum of 
25-50 cmHg was applied to the manifold to effect the various stages of the 
extraction. Both types of column were activated before use by washing with 
2 X 1 ml of acetonitrile followed by 2 X 1 m1 of distilled water. 

To extract metoprolol from plasma, 1 ml of plasma was passed through the 
activated C,s Bond-Elut column which was then washed twice with 0.5-ml 
aliquots of distilled water-acetonitrile (90 :lO). The vacuum was released from 
the Vat-Elut and the stainless-steel needles of the Vat-Elut cover were wiped. 
Appropriately labelled tubes were placed under the column, which was then 
eluted with 0.5 ml of actonitrile-O.1 M hydrochloric acid (50 :50), with the 
vacuum re-applied. The collected extract was then ready for injection onto the 
HPLC column. 

A similar process was used to extract atenolol from plasma. Plasma (1 ml) 
was passed through an activated CN Bond-Elut column which was then 
successively washed with 0.5 ml distilled water and 0.5 ml acetonitrile. To elute 
the atenolol from the column two 0.25-ml aliquots of 0.05 M sodium 
dihydrogen orthophosphateacetonitrile (70 : 30) containing 4 mM triethyI- 
amine adjusted to pH 4 with orthophosphoric acid were used. 

Preparation of standards 
Stock solutions of metoprolol and atenolol at a concentration of 1 mg/ml 

were made in distilled water. Appropriate dilution of this solution with drug- 
free plasma gave a range of standards which could be used to standardize the 
extraction procedure and calibrate the HPLC determination. The amount of 








