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Penbutolol, HOE 893, d-(-)-l-tert.-butylamino-3-(2-cyclopentylphenoxy)- 
2-propanol, is a noncardioselective beta-adrenoceptor blocking agent._ Prelim- 
inary studies in man have shown that penbutolol (PB) was four [l] to te’n 
[Z] times more potent than the other major beta-receptor antagonists and 
exhibited a long-lasting action. This latter was attributed to the biotransforma- 
tion of PB in several active metabolites, among which the 4-hydroxy derivative 

($-OH-PB) appeared to be the most important [3,8] - 

In order to define the role of 4-OHPB formation in the pharmacological 
effects of PB in man, it was necessary to possess a method allowing the specific 
measurement of PB and 4aHPB after the administration of a single thera- 
peutic dose of PB. 

Since the already published techniques suffered from a lack of either speci- 
ficity [4,5] or sensitivity [l,S] , the aim of the present work was to develop 
a new method using basic extraction and high-performance liquid chromato- 
graphic (HPLC) separation with fluorimetric detection_ 

rsr_Le method was applied to the specific measurement qf unchanged PB and 
4-OH-PB and their conjugates in biological fluids. 
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EXPERIMEhTAL 

Apparatus 
An ‘azx&tical liquid chromatograph (Hewlett-Packard, Model 3081B) was 

used_ The effhmnt was monitored with the fluorescence-sensitive detector 
(Rontron LC 770) set at 290 nm excitation wavelength and 330 nm emission 
wavelength for the detection of 4_OH-PB and propranolol (used as internal 
standard, IS), then at 278 nm excitation and 310 nm emission for the detec- 
tion of PB (exictation and emission slits, 4 nm). 

The chromatographic column (250 X 4.6 mm ID.) was packed with Li- 
Chrosorb RP8,lO pm particle size (Merck, Darmstadt, G-F-R_)_ The working 
temperature was regulated at 28 c 02°C. 

Chemicals and reagents 
PB sulfate and 4-OHPB sulfate (Z-stereoisomers) were kindly supplied by 

Hoechst (Frankfurt, G_F_R_)_ dl-Propranoiol hydrochloride was a gift of ICI 
(Mereside, Great Britain)_ 

Diethyi ether and acetonitrile of analytical grade (Merck) were distilled 
before use. 

Soiutions of 1 N sodium hydroxide and 1 N and 01 N hydrocbioric acid 
were prepared in bid&tilled water_ 

The mobile phase was a mixture of 52% citric acid-odium citrate buffer 
03 M adjusted to pH 2.85 with 1 N hydrochloric acid and 48% acetonitrile 
and further addition of 1 gjl sodium heptanesulfonate. 

The hydrolysis of conjugates was performed in acetate buffer pH 5 (sodium 
acetate 0.1 Jf) with fi-glucuronidase (10,000 U/ml) and suifatase 0.6 U/ml 
(Sigma, St. Louis, MO, U.S.A.) 

Stock solutions were prepared by dissolving 0.1 mg/mI PB, 4_OH-PB and 
IS in methanol_ They were found to be stable at 4°C for at least three months_ 

Extraction procedures 
Unchanged compounds (procedure I)_ In a 15ml glass centrifuge tube 0.5 

ml of the IS solution (100 ng/mI) was introduced and evaporated to dryness 
at 37°C under a gentle stream of nitrogen_ To the dry residue, 1 ml of plasma 
or u&e, 0.5 ml of 1 N sodium hydroxide and 8 ml of freshly distihed diethyl 
ether were added. The tube was stoppered and placed on a rotating shaker 
(60 _rpm) for 15 min. After centrifugation (15 min at 1200 g) 6.5 ml of the 
organic layer were transferred into a conical test-tube after passing through 
a smah coiumn (4 mm ID.) filled with glass-wool to a height of 2 cm, and 
evaporated to dryness under the conditions already described_ A 200~~1 volume 
of mobile phase was added to the extract and a 20+1 aiiquot of this solution 
was injected onto the column by means of an injection loop, at a flow-rate 
of 1.7 ml/rain under a pressure of 38 bars at 28°C. 

Colrjugated compounds (procedure II)_ In a 15-mI giass centrifuge tube 
0.5 ml of the IS solution (100 ng/mI) was introduced and evaporated to dry- 
ness. Then, 1 ml of plasma or urine, 1 ml of acetate buffer and 0.1 ml of 
&glucuronidase-suEatase solution were added. As demonstrated by prelim- 
inary experiments, the mixture was kept at 37°C for 48 h to ahow fuh hydro- 
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l&s.- Aft&r r&&n to rootiltemp&at&~,~ Oi5 ml ‘Of X N sod&n hydroxide and 
8~ n;ll -of &esh&-.-distilled -dieihyl- ethk were -added--The tibe &as stpppik~ 

: ai@- plzked -dn .a. rotatirig sh&&(60 =rp&) -for : 15. &I&_ Aft& ct&rifQga$ion 
(15. minz ii--yl2oO'g) 6.5:1x+of the- organic layer -w&r& transferrd to another 
t%k -&n&l extra&e&with, 6I.M -of -03. N hy@rochloric acid for i5 min on .a 
rota&g shaker (60. rpm);. Following c+zrifugation (10. min at 1200 g) 5.5 .ml 
of the acidic aqueous phase were t&n&erred to-a new tube containing.O.7 ml 
of 1 N sodium hydroxide and the mixture was extracted with- 6 ml of diethyl 
ether: for 15 ~miu on a.rotating shaker (60 rpm), After centrifugation (10 min 
at 1200 g), -5 ml of the organic phase were transferred to a lo-ml conical tube 
and &vaporatecl to dryneq The residue-was rcdissOlvecl in 0.2 ml of mobile 
phase and 20 ~1 of this solution were injected into the HPLC system. 

Calibration graphs 
Standard curves were obtained by adding known amounts of each compound 

to 1 ml of biological fluids. The samples were carried throilgh the whole pro- 
cedure and the peak height ratio of PB and 4_OH-PB to IS was plotted against 
the- concentration of the corresponding drug’. The concentration of glucuro- 
nides was -calculated as the difference between the drug concentration found 
after and before hydrolysis. 

RESULTS AND DISCUSSION 

Specificity 
Under the chromatographic conditions described above the compounds were 

well separated. The retention times of 4_OH-PB, IS and PB were 3.25, 4.00 
and 7-75 min, respectively_ 

As shown in Fig_ 1, neither plasma or urine extraction nor hydrolysis 
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Fig. 1. Chromatograms of a mixture (a) of 4-OH-PB, IS and PB (50 ng each), an extract 
of plasma sample before (b) and after (c) hydrolysis, and an extract of urine sample before 
(d) and after (e) hydrolysis_ Iu the lower part are shown the corresponding blanks. The 
arrow indicates the shift of the baseline due to the change of detection wavelengths_ 
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brought any peaks interfering with those of the compounds measured. 
The large time interval (3.75 min) between the IS. and PB .peaks allowed 

the change of excitation and emissi onlwavelengths. This change was necessary 
to take the relative sensitivities of the three compounds into account [5]. 
On the other hand, the observed baseline shift (indicated by the arrow in 
Fig_ 1) due to this change of wavelengths was not important and did not pre- 
vent the measurement of quantities of PB as small as 2 ng/ml of biological 
fluid when maximal sensitivity was set up, 

The chromatograms in Fig. 1 were obtain&l before and after deconjugation 
of plasma and urine samples drawn from one subject who had received 6 h 
previously a single oral dose of 40 mg of PB. 

An unidentified peak (?) was detected at a retention time of 7.0 min. Pre- 
sumably the responsible compound is another metabolite of PB which exists 
in both the unconjugated and conjugated form. Its structure is currently under 
investigation, 

Linearity 
The standard curves (Fig. 2) were checked on plasma and urine samples 

spiked with different concentrations (from 50 to 1000 ng/ml) of 4-OH-PB and 
PB and a constant concentration of IS (50 ng/ml). They were expressed as 
peak height ratios of 4-OHPB or PB to IS against the concentration of the 
corresponding compound. 

Assunzing that injection by the loop system was reproducible, the recoveries 
were estimated at 69, 88 and 92% for 4_OH-PB, IS and PB, respectively, 
through procedure I, and at 36, 78 and 80% through procedure II. In the 
latter case, the decreased recoveries were due to the backextraction pro- 
cedures used to remove impurities from the hydrolysis_ In particular, this 
effect was noted for 4aH-PB which was siightly soluble in the acidic aqueous 
phase. Consequently, the standard curves for 4-OH-PB obtained during pro- 
cedures I (Fig. 2a) and II (Fig. Zb) were different. 
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Fig. 2. Standard curves for the determination of 4-OH-PB (- - - - -) and PB (-) before (a) 
and after (b) hydrolysis in p&ma or urine. Mean (f SD_) of six determinations. 
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SenSitivi fv -._ 
‘I%6 detection limit in plasma or urine_ (three times greater tinin the fluores- 

ceqce background) wa& found at 3: ana 2 rig/ml for 4_OH-PB and- PB, respec- 
tively, through procedure -I, and at 5 and 2 ngfml through procedu&II~ In 
comparison with other methods [X,4,5] the specificity and the sensitivity 
were increased_ Indeki, the gas.chromatographic method used by Giudicelh 
et al. [l] only allowed the determination of nonconjugated PB- in &asma 
with a sensitivity of 15 .ng/ml_ Wallner et al. [4] only determined non-con- 
jugated PB in plasma and urine with a fluorimetric method for which the 
sensitivity was not outhned. The procedures described by Hajdu et al. [5] 
allowed the determination of both compounds in unconjugated and con- 
jugated form in plasma and urine. However, the lowest detection limit was 
only 40 ng/ml for PB and 25 ng/ml for 4-0H-PB because direct fhiorimetric 
measurement without chromatographic separation was used. 

Reproducibility 
Table I shows the intra-assay reproducibility of the technique calculated 

from six determinations and for two concentrations (50 and 500 ng/ml) 
of 4-OH-PB and PB in plasma and urine through procedures I and II. The 
coefficient of variation did not exceed 10.9%. 

TAB- I 

INTRA-ASSAY REPRODUCIBILITY OF THE METHOD 

Biological Compound Added Found + S.D. Coefficieni; of 
fluid (ndml) (w/ml) variation (%) 

Procedure I Plasma I-OH-PB 

PB 

Urine 4 -0HPB 

PB 

Procedure II Plasma I-OH-PB 

PB 

Urine Q-OH-PB 

PB 

50 52.2 i 3.9 7.4 
500 502.2 t 23.6 4.7 

50 53.3 + 3.6 6.7 
500 509.3 t 19.3 3.8 

50 46.6 k 4.4 
500 510.1 r 10.2 :-: 

50 53.5 r 2.8 5:2 
500 506.9 + 22.8 4.5 

50 26.5 * 4.8 10-3 
500 525-O -i 37.1 7-l 

50 48.4 r 1.7 3.5 
500 495.6 r 13.9 2.8 

50 
500 

50 
500 

49.2 2 5.4 10.9 
495.8 t 46.6 9.4 

49-9 r 2.7 5.5 
497-O s 17.4 3-5 

Pharrnacokinetic application 
In order to assess its validity the method described above was apphed to 

observing the pharmacokinetics of PB and 4_OH-PB in humans. 
Fig. 3 represents the plasma concentration--time curves obtained in one 

patient with severe renal insufficiency (glomerular filtration rate = 18 ml/ 
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Fig_ 3. Plasma levels of PB (-) acd 4-OH-PB (- - - - -) before (open symbols) and after 
hydrolysis (closed symbols) in a patient with renal insufficiency after a single oral ad- 
ministration of 40 mg of PB_ 

min) who had received a single oral dose of 40 mg of PB. 
These resuIts showed that PB was rapidly absorbed and distributed and 

slowly eliminated, as indicated by the biphasic decreasing part of the cor- 
responding nonconjugated PB plasma level curve. The specificity and the 
sensitivity of the present analytical method allowed us to follow the apparent 
elimination phase of PB until 48 h after administration at least. Consequent- 
ly, a twocompartment open model could be used to describe the pharmaco- 
kinetics of PB [7] _ Other authors 151 fitted their data (in healthy volunteers) 
according to a onecomp_artment open model, but the analytical method used 
did not allow the measurement of concentrations of PB lower than 40 ng/ml 
of plasma. 

As already known 153, conjugated PB exhibited plasma concentrations far 
more elevated than those of PB and a very slow elimination rate (Fig. 3). On 
the other hand, any pharmacological effect could hardly be attributed to the 
active metabolite 4OH-PB because of its negligible concentrations. 

The present technique appears suitable to describe the pharmacokinetics 
ofPBinhumans who have received a single therapeutic dose. 
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