
Br. J. clin. Pharmac. (1984), 17, 679-685

The relationship between debrisoquine oxidation phenotype
and the pharmacokinetics and pharmacodynamics of
propranolol
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University Department of Therapeutics, The Royal Hallamshire Hospital, Sheffield SIO 2JF

1 The pharmacokinetics and pharmacodynamics of propranolol (80 mg by mouth) were
studied in seven extensive and four poor metabolisers of debrisoquine.
2 Evidence for impairment of the 4'-hydroxylation of propranolol was found in poor
metabolisers. However, no significant difference was detected in the oral clearance of
unchanged drug between the two groups of debrisoquine oxidation phenotypes.
3 Poor metabolisers of debrisoquine did not experience more intense or more prolonged
,8-adrenoceptor blockade than extensive metabolisers of debrisoquine.
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Introduction

An association between debrisoquine oxidation
phenotype and the ability to metabolise the ,8-
adrenoceptor antagonists, metoprolol and bufu-
ralol, has been described. Population studies
also suggest that the metabolism of these drugs is
under common genetic control (Lennard et al.,
1982a, b, 1983a; Dayer et al., 1982, 1983).
Furthermore, there is evidence that metoprolol
produces more intense and more prolonged ,8-
adrenoceptor blockade in poor metabolisers of
debrisoquine than in extensive metabolisers
(Lennard et al., 1982b).
An anecdotal report suggested that the meta-

bolism of propranolol (Shah et al., 1982) may
also be under this type of genetic control. Von
Bahr et al. (1982a) have reported evidence for a
correlation between the 4'-hydroxylation of
propranolol and that of debrisoquine in human
liver microsomes. The aim of the present study
was to explore the relationship between debriso-
quine oxidation phenotype and the pharmaco-
kinetics and pharmacodynamics of propranolol
in a panel of healthy volunteers.

* Present address: Department of Therapeutics,
The Royal Infirmary, Edinburgh

This work was presented in part to the Scottish
Society for Experimental Medicine in Glasgow
in June 1983.

Methods

Eleven healthy non-smoking men aged 31 + 5
(s.d.) years consented to take part in the study,
which was approved by the Royal Hallamshire
Hospital Ethics Committee. All subjects had
normal hepatic and renal function. Oxidation
phenotype was determined by measurement
of urinary debrisoquine/4-hydroxydebrisoquine
ratios as described elsewhere (Lennard et al.,
1982b) and the panel consisted of seven exten-
sive and four poor metabolisers of debrisoquine.

After a 12 h fast a venous blood sample was
taken and 80 mg of propranolol hydrochloride
was given orally. Further blood samples were
taken at 0.5, 1, 1.5, 2, 3, 4, 6, 8, 12 and 24 h after
dosing. Plasma was separated and then stored at
-20 °C until analysis.
Before dosing with propranolol the subjects

were exercised on a bicycle ergometer for 4 min
at a work-load sufficient to achieve a heart rate
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greater than 140 beats/min. This test was re-
peated using the same work-load at 2, 12 and 24 h
after dosing. Post-exercise heart rates were
measured from an ECG recording using the
mean of the first 4 beats after cessation of exer-
cise. ,3-adrenoceptor-blockade was expressed as
the percentage reduction in post-exercise heart
rate compared with pre-dosing values.

Plasma concentrations of unchanged propran-
olol and of 'total' propranolol and 4'-hydroxy-
propranolol after enzyme hydrolysis of the sam-
ple were measured by the h.p.l.c. method of Lo
et al. (1982). Conjugated metabolites were
hydrolysed by incubating plasma samples with a
mixture of /3-glucuronidase and aryl sulphatase
(G-075 1, Sigma) at 37 °C for 3 h. This procedure
converts quantitatively the glucuronide but not
the sulphate conjugate to the aglycone (Walle et
al., 1983).
The areas under the plasma concentration-

time curve for unchanged propranolol (AUC0),
total (free plus conjugated) 4'-hydroxypro-
pranolol [(AUCmIl ) ] and conjugated propran-
olol [(AUCm2)o] were calculated using the trape-
zoidal rule with extrapolation to infinity. The
oral clearance of propranolol was calculated by
dividing the dose by the AUCO. The ratios
(AUCmi )O/AUCO and (AUCm2)o/AUCo were
used as measures of the partial intrinsic clearance
of propranolol down the 4'-hydroxylation and
conjugation pathways, respectively (see
Appendix).
The statistical methods used were the Mann-

Whitney U test and the Spearman rank correla-
tion (r%).

Tw*fh)
Figure 1 Plasma total 4'-hydroxypropranolol (a) and
unchanged propranolol (b) concentrations vs time
after administration of a single 80 mg oral dose of
propranolol hydrochloride to seven extensive metabo-
lisers (0) and four poor metabolisers (0) of debriso-
quine. Vertical bars represent s.d.

Results

At all sampling times, plasma total 4'-hydroxy-
propranolol concentrations were about five to
seven times higher in extensive metabolisers
compared to poor metabolisers of debrisoquine
(Figure Ia). Mean values (+ s.d.) at 2, 12 and 24
h were 719 + 313, 145 + 93 and 35 + 28 ng/ml,
respectively, in extensive metabolisers and 152 +

23, 26 + 6 and 5 + 4 ng/ml in poor metabolisers.
Values for the ratio (AUCm.)o/AUCo correlated
inversely with the urinary debrisoquine/4-
hydroxydebrisoquine ratio (rs = -0.93, P <
0.001) (Table 1, Figure 2a).

In contrast, the mean plasma concentrations
of unchanged propranolol were similar in the
two oxidation phenotypes (Figure lb). Mean
values (+ s.d.) at 2, 12 and 24 h were 62 + 42, 10
+ 9 and 2 + 1 ng/ml in extensive metabolisers
and 54 + 26, 10 + 7 and 2 + 2 ng/ml in poor
metabolisers. There was no relationship
between the AUCO values for unchanged pro-

pranolol and the urinary debrisoquine/4-hydrox-
ydebrisoquine ratio (rs = 0.56, P > 0.05) (Figure
2b). The 95% confidence limits for the difference
between the mean AUCO values for extensive
and poor metabolisers of debrisoquine were
-436 to +436 ng ml h. The elimination half-
life of unchanged propranolol was not signifi-
cantly different in the two phenotypes (Table 1).
The area under the plasma concentration-time

curve for conjugated propranolol [(AUCm2)o]
was significantly higher in poor metabolisers
(3050 + 606 ng ml -h) than in extensive metabo-
lisers (1985 + 796 ng ml-' h) (P = 0.012).
However, values of the ratio (AUCm2)/AUCo, a
measure of partial metabolic clearance by
conjugation, were not significantly different
between the two phenotypes and were not
related to the urinary debrisoquine/4-
hydroxydebrisoquine ratio (rs = 0.40, P > 0.05)
or to the partial clearance to 4'-
hydroxypropranolol (rs = 0.16, P > 0.05).
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Figure 2 Relationship between tfhe urinary debriso-
quine/4-hydroxy-debrisoquine ratio (D/HD) and (a)
the 4'-hydroxypropranolol AUCO/propranolol AUCo
ratio and (b) propranolol AUC,. 0 - extensive meta-
bolisers, 0 - poor metabolisers of debrisoquine.

,B-adrenoceptor blockade did not correlate
with the urinary debrisoquine/4-hydroxydebri-
soquine ratio at either 2 h (rs = 0.06, P > 0.05) or
12 h (rs = -0.28, P > 0.05) (Figure 3). At 24 h,
,3-adrenoceptor blockade was less than 10% in
all subjects (Table 1).

Discussion

The inverse relationship between the ratio
(AUCmi)o/AUCo and the urinary debriso-
quine/4-hydroxydebrisoquine ratio provides in
vivo evidence that the 4'-hydroxylation of pro-
pranolol and that of debrisoquine are closely
linked, supporting the in vitro findings of Von
Bahr et al (1982a). Our results, therefore, are
consistent with impaired 4'hydroxylation of pro-
pranolol in poor metabolisers of debrisoquine.
This conclusion rests pn a number of assump-
tions (Appendix), however. In particular, the
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Figure 3 Percentage ,8-adrenoceptor antagonist
effect (% /3-adrenoceptor-blockade) at 2 and 12 h after
dosing with propranolol. 0 - extensive metabolisers,
0 - poor metabolisers of debrisoquine.

renal clearance of the metabolite in the two deb-
risoquine phenotypes is assumed to be the same.

4'-Hydroxypropranolol and its conjugate(s)
are minor urinary metabolites of propranolol,
accounting for 6-27% of an 80 mg oral dose in
man (Schneck et al., 1980; Silber et al., 1983;
Walle et al., 1983). Therefore, impairment of
this pathway alone would not be sufficient to
exert a sizeable influence on the kinetics of the
parent drug. Thus, the lack of relationship
between the oral clearance of unchanged pro-
pranolol and debrisoquine oxidation phenotype
in this study suggests that the control of other
pathways of propranolol metabolism is not
linked to that of the 4-hydroxylation of debriso-
quine. Confidence limits for these data are wide
and proof of no difference in the oral clearance
of propranolol in the two phenotypes would
require a study with larger numbers of subjects.
On the other hand, large differences in metopro-
lol AUC between extensive and poor metabo-
lisers of debrisoquine were observed in a study of
similar design and size (Lennard et al., 1982b).

Other known routes of propranolol metabol-
ism are N-dealkylation followed by side-chain
deamination and glucuronidation of parent drug
(Smith & Tucker, 1980). As with the 4-hydroxy-
lation of debrisoquine N-dealkylation reactions
are catalysed by the mixed-function oxidases.
However, there are no precedents for N-deal-
kylation reactions being under polymorphic con-

trol of the debrisoquine-type (Lennard et al.,
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1983b). Using the ratio (AUCm2)JAUCo as an
index of the partial clearance of propranolol to
its conjugated products we found no connection
between these routes of propranolol metabolism
and debrisoquine oxidation phenotype or partial
clearance to 4'-hydroxypropranolol.
The lack of relationship between debrisoquine

oxidation phenotype and B-adrenoceptor
blockade was consistent with similar plasma con-
centrations of unchanged drug in both pheno-
types. This assumes, however, that only un-
changed drug contributes to the pharmacological
effect. It has been shown in dogs that 4'-hydroxy-
propranolol and propranolol are equipotent in
their /3-adrenoceptor blocking properties (Fitz-
gerald & O'Donnell, 1971). 4'-Hydroxypropra-
nolol is formed in significant amounts only after
oral dosing in man (Paterson et al., 1970) and
indirect evidence based on a disparity between
the extent of f3-adrenoceptor blockade achieved
after oral and intravenous propranolol suggested
that 4'-hydroxypropranolol contributes signifi-
cantly to /3-adrenoceptor blockade after a
single oral dose of drug (Cleavland & Shand,
1972; Coltart & Shand, 1970). If this is the case
and if it is assumed that differences in the plasma
concentration of total metabolite (unconjugated
plus conjugated) reflect differences in those of
unconjugated metabolite alone, less pharmaco-
logical activity would be anticipated in poor
compared with extensive 4'-hydroxylators of
propranolol given similar concentrations of
parent drug. This was not observed in the present

study, suggesting therefore that 4'-hydroxy-
propranolol may not have contributed signifi-
cantly to the ,3-adrenoceptor-blocking effects of
the parent drug. Thirty per cent of the metabolic
products of propranolol have not been charac-
terised in humans (Walle et al., 1983) and others
have suggested that some of these metabolites
may make a substantial contribution to the f8-
adrenoceptor-blocking action of propranolol
(Bai & Abramson, 1983). The present study in-
dicates that the extent of formation of these
metabolites may not be related to the polymor-
phic oxidation of debrisoquine.
A further complication in the interpretation of

our data is the fact that propranolol undergoes
stereoselective disposition, the S(-) enantiomer
being more active than the R(+) form (Von
Bahr et al., 1982b; Walle et al., 1984). Whether
there are significant differences in plasma
concentrations of the isomers of parent
propranolol and its metabolites between
extensive and poor metabolisers of debrisoquine
remains to be investigated.

In an anecdotal report it has been proposed
that propranolol should be added to the list of
,3-adrenoceptor blockers which may produce
unacceptable side-effects in poor metabolisers of
debrisoquine (Shah et al., 1982). Our findings
provide no evidence that phenotyping with deb-
risoquine can identify those individuals who may
be most vulnerable to side-effects, if those side-
effects are related to plasma propranolol concen-
trations.
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Appendix

Propranolol undergoes extensive first-pass
metabolism after oral administration (Shand et
al., 1970). Therefore, when calculating the
extent of metabolite production that formed on
the 'first pass' and that formed following recircu-
lation through the liver must be considered:

Amount of
metabolite i formed =contribution from first-

pass + contribution from
recirculation

Amj = EH x fraction of total
metabolised drug accoun-
ted for as metabolite i
+ FH x fraction of total
metabolised drug accoun-
ted for as metabolite i.

where EH and FH are the hepatic extraction ratio
and systemic availability of the drug, respec-
tively.
Assuming that linear kinetics apply, that there

is no drug metabolism in the gut and that the liver
is 'well-stirred' and the sole site of drug meta-
bolism (Pang & Rowland, 1977), the fraction of
total metabolised drug converted to metabolite i
is given by

CLmi.int
CLint

where CLmiint is the partial intrinsic clearance of
drug to metabolite i and CLint is the total intrinsic
metabolic clearance of the drug.

Therefore:
CL. CL.

Am1 = D.EH. miint + D.FH.(1-fe). mi,intCLint CLint
**.(1)

where fe = fraction of drug dose, D, excreted
unchanged in the urine.
If fe<< 1:

Am, = (EH + FH).D. CLmijint ... (2)

But:

EH + FH = I

And assuming the 'well-stirred' model of
hepatic drug clearance and that fe<< 1:

CLint = CLo
where CL0 is the oral clearance of drug.

Replacing D/CL. by AUC0, where the latter is
the area under the plasma drug concentration-
time curve after oral administration:

Ami = AUCO. CLmi,int ... (3)
If the metabolite undergoes no further meta-

bolism and is excreted unchanged in the urine, its
renal clearance is given by

CLR (Mi) Am) (4)
(AUCmi)o

where (AUCmj)o is the area under the plasma
metabolite concentration-time curve after oral
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administration of drug. Therefore, assuming that CLR(mi) is constant,
Substituting Ami in equation (3) into equation the ratio (AUCmi)o/AUCo reflects the partial in-

(4) and rearranging gives: trinsic clearance of drug to metabolite i.

(AUCmi))o CLmi.int .(5)
AUCo CLR(mi)


