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Failure of 'therapeutic' doses of P-adrenoceptor antagonists to
alter the disposition of tolbutamide and lignocaine

J. 0. MINERS, L. M. H. WING, K. J. LILLYWHITE & K. J. SMITH
Department of Clinical Pharmacology, Flinders Medical Centre, Bedford Park, South Australia, Australia

1 The effects of separate 1 week pre-treatments with each of the ,B-adrenoceptor
antagonists, propranolol (80 mg every 12 h), metoprolol (100 mg every 12 h) and
atenolol (50 mg once daily), on the disposition of a single i.v. dose of tolbutamide were
studied in six healthy volunteers. In addition, the effects of a 1 week pre-treatment with
metoprolol (100 mg every 12 h) and atenolol (50 mg once daily) on the disposition of
orally and i.v. administered lignocaine were determined in seven healthy subjects.
2 Tolbutamide clearance, half-life, volume of distribution and plasma protein binding
were not altered by the I-adrenoceptor blocker pre-treatments. Similarly, neither
metoprolol nor atenolol had a significant effect on the systemic clearance, apparent oral
clearance or other dispositional parameters of lignocaine. 'Therapeutic' plasma
concentrations of the 3-adrenoceptor blockers were confirmed on each study day.
3 It is concluded that the inhibition of oxidative drug metabolism previously reported
for lipophilic ,-adrenoceptor blockers may be selective for different forms of
cytochrome P450 and possible concentration-dependent.
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Introduction

A strong correlation between the lipophilicity
of a series of 3-adrenoceptor antagonists and
their ability to inhibit the metabolism of ligno-
caine by rat liver microsomes has recently been
demonstrated (Deacon et al., 1981). Thus, in
vitro the most lipid soluble 1-adrenoceptor
blocker propranolol inhibited lignocaine meta-
bolism to the greatest extent while atenolol, the
most polar P-adrenoceptor blocker, had no
effect on lignocaine metabolism. Metoprolol,
a P-adrenoceptor blocker of moderate lipo-
philicity, had an effect on lignocaine metabolism
intermediate between that of propranolol and
atenolol. Consistent with these effects in vitro,
there is some evidence that certain 1-adreno-
ceptor blockers may be inhibitors of oxidative

drug metabolism in man. Propranolol co-
administration has been shown to inhibit the
elimination of antipyrine (Greenblatt et al.,
1978; Bax et al., 1981), chlorpromazine (Peet et
al., 1980), lignocaine (Ochs et al., 1980; Conrad
et al., 1983) and theophylline (Conrad &
Nyman, 1980). Similarly, metoprolol has been
reported to reduce the clearance of antipyrine
(Bax et al., 1981) and lignocaine (Conrad et al.,
1983), although the reduction in the clearances
of these drugs was generally only approximately
half that following propranolol pretreatment.
In contrast, atenolol administration had minimal
(Daneshmend & Roberts, 1982) or no effect
(Tucker et al., 1982) on antipyrine clearance in
normal volunteers.
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To define further the extent of the inhibitory

effect of f-adrenoceptor blockers on oxidative
drug metabolism in man, we have determined
the effect of propranolol, metoprolol and
atenolol on the metabolism of tolbutamide, the
clearance of which is determined by one oxida-
tive pathway. In addition, we have investigated
the effect of metoprolol and atenolol on the
disposition of orally and i.v. administered
lignocaine to assess the relative importance of
changes in haemodynamic factors and drug
metabolising enzyme activity due to these ,B-
adrenoceptor blockers.

Methods

Subjects for both the tolbutamide and lignocaine
studies were healthy as determined by medical
history, physical examination and biochemical
and haematological parameters. No medications,
other than those required for the studies, were
taken for 1 week before or during the studies.
Written informed consent was obtained from
each subject and the studies were approved by
the Clinical Investigation and Drug and Thera-
peutics Advisory Committees of Flinders
Medical Centre.

Tolbutamide study

Protocol Subjects were six male volunteers,
aged 19-25 years, weight 76-94 kg. All subjects
were non-smokers. The study consisted of four
phases, each of which involved the administra-
tion of tolbutamide (Rastinon) by i.v. infusion
(500 mg over 10 min). During the first phase of
the study (T phase) tolbutamide alone was
administered. Subsequently tolbutamide was
administered on three separate occasions; after
a 1 week pre-treatment period with each of the
3-adrenoceptor blockers atenolol (Tenormin,

50 mg once daily), metoprolol (Betaloc, 100 mg
every 12 h) and propranolol (Inderal, 80 mg
every 12 h) (TA, TM and TP phases, respec-
tively). On each study day the 3-adrenoceptor
blocker dose was administered immediately
prior to the tolbutamide infusion and treatment
with the P-adrenoceptor blockers was continued
until blood sampling was completed after the
separate tolbutamide infusions. The control
phase was not randomised to ensure safety of
tolbutamide administration but thereafter the
order of the 3-adrenoceptor blocker pre-
treatments was randomised. The tolbutamide
infusions for the TA, TM and TP phases were
separated by at least 2 weeks.
Blood samples (10 ml) were collected through

an indwelling cannula inserted into a vein of the

forearm opposite to that of the infusion site,
before and at 5, 10, 15, 30, 45 min and 1, 2, 4, 6,
8, 24, 28 and 32 h after each infusion. Plasma
was separated and stored at -20°C until assayed.

Analytical Plasma concentrations of tolbut-
amide were measured by a specific high per-
formance liquid chromatographic (h.p.l.c.)
method (Nation et al., 1978) and tolbutamide
plasma protein binding was determined by
equilibrium dialysis (Miners et al., 1982).
Plasma atenolol concentrations were deter-

mined by a specific h.p.l.c. meth9d (Gillilan &
Mason, 1983).

Similarly, a h.p.l.c. procedure was developed
which allowed the quantitation of both pro-
pranolol and metoprolol. To 1 ml of plasma
(sample or standard) were added 0.1 ml of
internal standard (metoprolol, 10 ,ug/ml or
propranolol, 2.5 ,g/ml), 0.1 ml of 2 M NaOH
and 5 ml of diethylether. The solution was
vortex mixed for 2 min and then centrifuged at
1500 g for 3 min. The aqueous layer was frozen
in acetone-dry ice and the organic phase
decanted into a nipple tube containing 0.1 ml of
0.05 M H2SO4. After vortex mixing for 2 min
phases were separated by centrifugation (1500 g
for 3 min) and 0.05 ml of the aqueous layer was
injected into the chromatograph. Unknown
concentrations were determined by comparison
of peak height ratios with those of the calibration
curves in the range 10-500 Fg/l. The chromato-
graph used was fitted with a ,u-Bondapak
phenyl column (Waters Associates) and
operated at ambient temperature. Quantitation
was achieved with a Spectra Physics model 970
fluorescence detector using an excitation wave-
length of 230 nm and a 295 nm cut-off emission
filter. The mobile phase was sodium acetate (10
mM, pH 7.0)-methanol (43:57) at a flow rate of
2.0 ml/min. Under these conditions metoprolol
and propranolol chromatographed with reten-
tion times at 3.75 and 7.5 min, respectively. The
limit of sensitivity for both compounds was 10
,ug/l and the mean intra-assay coefficients of
variation (mean ± s.e. mean) for propranolol
and metoprolol were 3.6 ± 0.9% (n = 6) and
2.9 ± 0.5% (n = 10), respectively.

Lignocaine study

Protocol Seven subjects participated in the
study; four males aged 20-31 years, weight 64-
82 kg, and three females aged 20-34 years,
weight 52-72 kg. Two subjects (one male and
one female) were smokers. All subjects were
studied on three pairs of consecutive study
days, before (L phase) and after separate 1
week pre-treatments with each of the I-
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adrenoceptor blockers atenolol (LA phase) and
metoprolol (LM phase). A single oral dose of
lignocaine hydrochloride (200 mg) in hard
gelatin capsules was administered on 1 day and
on the other day lignocaine hydrochloride was
infused i.v. over 2 min. The i.v. dose was 100
mg lignocaine base for subjects over 65 kg body
weight and 75 mg for the others. In all cases,
lignocaine was administered after an overnight
fast. The order of dosing with oral and i.v.
lignocaine was randomised on each occasion.
The doses of atenolol and metoprolol were the
same as those described above (tolbutamide
study) and the order of pre-treatments with the
3-adrenoceptor blockers was randomised. Once

again the control lignocaine study was not
randomised for safety reasons. Atenolol and
metoprolol were taken in the hour preceding
lignocaine administration. Dosing of ,3-
adrenoceptor blockers was continued until the
second lignocaine study day had been com-
pleted. Each pair of study days was separated
by at least 2 weeks.
On each study day a cannula was inserted

into a forearm vein for blood sampling. Blood
samples (10 ml) were collected before and at
10, 20, 30, 45 min, and 1, 1.5, 2, 3, 4, 6 and 8 h
after lignocaine administration.

Analytical

Plasma lignocaine concentrations were deter-
mined by a specific gas-liquid chromatographic
procedure employing nitrogen-phosphorous
detection (Wing et al., 1984).

Analysis of results

The following parameters were estimated from
the tolbutamide and lignocaine plasma concen-
trations in each individual study. Area under
the plasma concentration-time curve (AUC)
was determined by the trapezoidal rule with
extrapolation to infinity. Elimination half-life
(t,/2,,) was calculated from the slope of the
terminal portion of the concentration-time
curve by linear least squares regression and
volume of distribution at steady state (V.s) by
the model-independent procedure of Benet &
Galeazzi (1979). The systemic clearance of
tolbutamide and lignocaine were determined
as,

CL = D (i.v.)/AUC (i.v.) x B.W.

where B.W. is the body weight in kg. For the
oral dosing studies lignocaine apparent oral
clearance was calculated as,

CLo = D (oral)/AUC (oral) x B.W.

The oral bioavailability of lignocaine (expressed
as a percentage of the dose) was calculated as,

F = D (i.v.) x AUC (oral) x 100
D (oral) x AUC (i.v.)

The factors required for the conversion of
plasma concentrations of propranolol, meto-
prolol and atenolol (Table 4) from ,ug/l to
S.I. units (nmol/l) are 3.86, 3.74 and 3.75,
respectively.

All results are expressed as mean ± s.e.
mean. For each parameter differences between
all study phases were compared by repeated
measures analysis of variance. Atenolol and
metoprolol plasma concentrations during the
intravenous and oral phases of the LA and LM
studies were compared by paired Student's t-
test. Values of P < 0.05 were considered
significant. Using the mean control phase values
for tolbutamide CL and lignocaine CL and ClO
and the appropriate residual mean squares from
analysis of variance and assuming that the effect
of each ,3-adrenoceptor blocker would be
similar, the power of each study was calculated
(Winer, 1971).

Results

The effect of subacute atenolol, metoprolol and
propranolol treatment on tolbutamide disposi-
tion is summarised in Table 1 and individual
and mean data for tolbutamide CL are shown in
Figure 1. Data presented here demonstrate that
none of these 3-adrenoceptor blockers had a
significant effect on tolbutamide CL, t,2, or
Vss. The calculated probability of demonstrating
a 20% change in tolbutamide CL by any of the
three P-adrenoceptor blockers was > 0.99 at
the 1% level. At comparable times (2, 10 and
24 h) after the commencement of the tolbut-
amide infusion in each of the study phases,
there was no difference in tolbutamide free
fraction (Table 2). Tolbutamide free fractions
10 h and 24 h after the infusion in each study
phase were, however, significantly lower (P <
0.05) than at 2 h after the infusion, confirming
the previously reported concentration depen-
dence of tolbutamide protein binding (Miners et
al. ,1982).

Neither atenolol nor metoprolol pre-treat-
ment had any effect on lignocaine CL, CLO,
t%,X2 z Vss or oral bioavailability (Table 3, Figure
2). The calculated probability of demonstrating
a 20% change in lignocaine CL by either
atenolol or metoprolol was > 0.99 at the 5%
level and > 0.90 at the 1% level; likewise, for a
30% change in lignocaine CL0 the calculated
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Table 1 Effect of atenolol, metoprolol and propranolol pre-treatments on
tolbutamide disposition

CL t,,12.Z
Study phase (ml min' kg') (h) (llkg)

T 0.147 ± 0.013 9.52 ± 0.97 0.116 ± 0.004
TA 0.140 ± 0.013 9.44 ± 0.94 0.111 ± 0.005
TM 0.145 ± 0.015 10.03 ± 1.16 0.119 ± 0.005
TP 0.140 ± 0.016 9.83 ± 1.08 0.112 ± 0.003

Results expressed as mean ± s.e.

probability was > 0.94 at the 5% level and >
0.74 at the 1% level.
For the tolbutamide study atenolol, meto-

prolol and propranolol plasma concentrations
were determined in the pre-dose, 2, 8 and 24 h
samples of the TA, TM and TP phases, respec-
tively, and after both oral and i.v. lignocaine
dosing atenolol (LA phase) and metoprolol
(LM phase) concentrations were measured in
the pre-dose, 2 and 8 h samples (Table 4).
There was no significant difference in atenolol
and metoprolol concentrations at comparable
times during the i.v. and oral phases of the LA
and LM studies.

Discussion

This study has investigated the effect of several
P-adrenoceptor blockers on the disposition of
the model drugs tolbutamide and lignocaine.
Data presented here demonstrate that pre-
treatment with either atenolol, metoprolol or
propranolol in doses commonly administered
clinically had no effect on the clearance of
tolbutamide and that lignocaine disposition was
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Figure 1 Individual tolbutamide systemic clearances
in control (C) and propranolol (P), metoprolol (M)
and atenolol (A) pretreatment phases. Group mean
+ s.e. mean in each study phase shown as dashed
line.

similarly unaffected by either atenolol or meto-
prolol pre-treatment. Each study was sufficiently
powerful to detect clinically relevant differences
in tolbutamide and lignocaine dispositional
parameters. It could be argued that, as neither
study was completely randomised, factors asso-
ciated with the control phase may have exerted
a consistent conditioning effect on subsequent
responses. This possibility is acknowledged but
would seem unlikely since there is no evidence
to indicate that either tolbutamide or lignocaine
alter their own clearance or will change the
inhibitory or inducing effects of interacting
drugs.
Tolbutamide was chosen as a model drug

since it undergoes almost quantitative conversion
to hydroxytolbutamide by the hepatic mixed
function oxidase system (Nelson & O'Reilly,
1961; Thomas & Ikeda, 1966). Since tolbut-
amide clearance is limited by hepatic metabolic
capacity ('low clearance' drug), the lack of
effect of any of the ,B-adrenoceptor blockers on
tolbutamide systemic clearance indicates that
these agents do not inhibit the enzyme(s)
responsible for tolbutamide metabolism.
Although lignocaine is also eliminated primarily

Table 2 Effect of atenolol, metoprolol and pro-
pranolol on tolbutamide plasma protein binding

Tolbutamide free fraction x 100
Study phase 2 h* 10 h 24 h

5.67 5.27* 5.30**
T ±0.14 ±0.10 ±0.08
TA 5.72 5.31** 5.26*

T
0.16 ± 0.09 ± 0.09

TM 5.63 5.32** 5.17*
T

0.12
±

0.12 ± 0.07

TP 5.53 5.33** 5.22*
± 0.10 ± 0.09 ± 0.10

Results expressed as mean ± s.e. mean.
*Time after commencement of tolbutamide infusion
**Compared to value at 2 h in same phase, P < 0.05
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Table 3 Effect of atenolol and metoprolol pretreatments on the disposition of i.v. and orally administered
lignocaine

CL CL0 T,,2 Vss F
Study phase (ml min-' kg') (ml min-' kg') (h) (l1kg) (%)

L i.v. 10.84 ± 1.41 1.78 ± 0.21 1.58 ± 0.19
L oral 45.00 ± 7.99 1.71 ± 0.19 - 29.1 ± 5.2
LA i.v. 10.16 ± 0.98 1.77 ± 0.15 1.52 ± 0.13
LA oral 47.18 ± 7.17 1.94 ± 0.10 23.9 ± 3.9
LM i.v. 9.33 ± 0.99 1.98 ± 0.21 1.56 ± 0.18
LM oral - 44.51 ± 9.60 1.93 ± 0.11 28.2 + 6.3

Results expressed as mean ± s.e. mean

by oxidative metabolism (Keenaghan & Boyes,
1972) it is a high hepatic clearance drug and
thus systemic clearance is limited by hepatic
blood flow. Potential interactions between ,B-
adrenoceptor blockers and lignocaine may in-
volve effects on both hepatic blood flow and
drug metabolising enzyme activity and thus to
define such interactions fully lignocaine was
administered by both the i.v. and oral routes in
the same subject. In this study lignocaine CL,
CL. and oral bioavailability were all unaltered
by the atenolol and metoprolol pre-treatments.

In dogs a 23% decrease in lignocaine systemic
clearance following propranolol administration
was shown to be entirely due to the haemo-
dynamic effects of propranolol reducing liver
blood flow, there being no change in hepatic
extraction (Branch et al., 1973). A finding in
man consistent with this observation is that in
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normal volunteers co-administration of pro-
pranolol during continuous infusion of ligno-
caine increased mean steady state lignocaine
plasma concentrations by 30% (Ochs et al.,
1980). More recently, Conrad et al. (1983)
reported that lignocaine CL was decreased 31%
by metoprolol pre-treatment and 47% by pro-
pranolol pre-treatment. In particular, the change
due to propranolol is greater than that expected
by the reduction in hepatic blood flow usually
observed with ,-adrenoceptor blockade and
suggests an additional substantial contribution
from reduced extraction. Propranolol was not
administered with lignocaine in the present
study. In the present study there was no
significant difference in lignocaine CL between
the control phase and either of the ,B-adreno-
ceptor blocker pre-treatment phases. Although
the mean values were lower in both pre-
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Figure 2 Individual lignocaine systemic clearances and oral clearances in control (C) and metoprolol
(M) and atenolol (A) pretreatment phases. Group mean ± s.e. mean in each study phase shown as
dashed line.
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Table 4 ,-adrenoceptor blocker plasma concentrations during tolbutamide and lignocaine
studies

1-adrenoceptor blockerltime*

Atenolol
pre-dose
2 h
8 h
24 h

Metoprolol
pre-dose
2 h
8 h
24 h

Propranolol
pre-dose
2 h
8 h
24 h

1-adrenoceptor blocker concentration (Lgll)
Tolbutamide study Lignocaine study

i. v. phase oral phase

27.0 + 2.0
150.3 + 24.2
97.5 ± 15.0
84.2 + 33.2

17.2 + 3.4
74.7 ± 11.4
29.7 + 7.6
43.3 ± 12.2

160.8 + 28.0
183.8 ± 23.1
108.4 ± 12.9

77.4 ± 13.9
106.6 ± 22.3
42.4 ± 10.4

151.3 ± 30.8
187.7 ± 18.6
121.4 ± 16.6

71.9 ± 19.7
114.9 ± 24.7
32.4 ± 8.9

14.5 ± 2.0
65.0 ± 12.6
20.8 ± 1.9
39.0 ± 14.4

*Time of sampling refers to time after tolbutamide/lignocaine dose. For details of 13-
adrenoceptor blocker administration, see Methods.

treatment phases (LA phase 7% reduction, LM
phase 14% reduction), there was considerable
interindividual variability in response (Figure
2). The extent of 1-adrenoceptor blockade
achieved in this study was not determined but
plasma concentrations of the individual ,B-
adrenoceptor blockers were similar to those
observed by others in the presence of significant
,3-adrenoceptor blockade (Chidsey et al., 1976;
Johnsson & Regardh, 1976; McAinsh, 1977). It
should be noted that the results of this study are
consistent with those of Parker et al. (1983) who
failed to show a significant effect of pre-
treatment with propranolol, metoprolol or
nadolol on indocyanine green clearance in
healthy volunteers.

Although the absence of any effect of atenolol
on lignocaine CLO in this study is consistent
with the lack of inhibition of lignocaine meta-
bolism by atenolol in vitro, the lack of effect of
metoprolol on lignocaine CL. is at variance
with the in vitro data as metoprolol has been
reported to reduce the in vitro metabolism of
lignocaine by rat liver microsomes by approxi-
mately 30% (Deacon et al., 1981). It is acknow-
ledged that the power of the present study with
respect to CLO was more limited than for
lignocaine CL and small decreases in lignocaine
CLO may not have been detected. However, a
factor which may be of relevance is the differ-
ence in 1-adrenoceptor blocker concentrations
used in the in vitro study and those achieved in
the plasma of subjects during the 1-adreno-
ceptor blocker treatments. The concentrations

of 1-adrenoceptor blockers used in the in vitro
study of lignocaine metabolism were 50-100
times greater than the maximum plasma con-
centrations observed in the present study.
Similarly, the concentrations of certain 1-
adrenoceptor blockers reported to inhibit
ethoxyresorufin deethylase and disopyramide
dealkylation in rat liver microsomes were 50-
350 times greater than peak therapeutic plasma
concentrations measured here (Ahokas et al.,
1983). Again, it must be acknowledged that 3-
adrenoceptor blocker plasma concentrations
may be considerably lower than those in hepa-
tocytes (Ong et al., 1981). In addition, the
putative metabolic inhibitory effect of 3-
adrenoceptor blockers may not be due to the
parent drug but to a covalently bound metabolic
intermediate, as suggested for propranolol (Bax
et al., 1983). In these cases inhibitory effects
may not be reflected in peripheral concentra-
tions of unchanged ,B-adrenoceptor blocker.
As the plasma concentrations of atenolol,

metoprolol and propranolol measured in this
study are similar to those observed during
clinical dosing with these drugs (Chidsey, 1976;
Johnsson & Regardh, 1976; McAinsh, 1977),
the findings in the present studies suggest that
clinically significant inhibition of tolbutamide
metabolism by propranolol, metoprolol or
atenolol is unlikely. Similarly, clinically signifi-
cant inhibition of lignocaine metabolism is
unlikely with usual therapeutic doses of meto-
prolol and atenolol. While the possibility exists
that the extent of metabolic inhibition due to
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,B-adrenoceptor blockers is concentration-
dependent, the present data still appear to be at
variance with the findings that common thera-
peutic doses of propranolol reduce the elimina-
tion of the low clearance drugs antipyrine,
chlorpromazine and theophylline and similarly
for the reduction in antipyrine clearance follow-
ing metoprolol. It should be noted that thera-
peutic doses of propranolol do not alter the
elimination of quinidine (Ochs et al., 1978). As
it is accepted that there are multiple forms of
cytochrome P450 with different but overlapping
substrate specificities, an explanation for these
disparate results is that the inhibition of oxida-

tive drug metabolism by lipophilic ,-adreno-
ceptor blockers could be selective for different
forms of cytochrome P450. Thus, while pro-
pranolol appears to inhibit those enzymes
involved in antipyrine, chlorpromazine, ligno-
caine and theophylline metabolism, it does not
affect the form(s) of cytochrome P450 involved
in tolbutamide metabolism.

This study was supported in part by grants from the
National Heart Foundation of Australia and from
I.C.I. (Australia). The authors gratefully acknowledge
the contribution of Mrs Belinda Harrington, S.R.N.
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