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THE EFFECT OF CHLORPROMAZINE, METYRAPONE,
IMIPRAMINE AND SKF525-A ON THE HEPATIC FIRST

PASS ELIMINATION OF PROPRANOLOL IN THE PITHED RAT

H.E. BARBER, N.R. KIrwERINGHAM & J.C. PETRIE

Department of Pharmacology and Department of Therapeutics and Clinical Pharmacology, University Medical Buildings,
Foresterhill, Aberdeen, AB9 2ZD

1 The effect of chlorpromazine, metyrapone, imipramine and SKF 525-A on the hepatic first pass
elimination of propranolol has been studied in the pithed rat.
2 The effect of chlorpromazine, metyrapone, imipramine and SKF 525-A on the inhibition caused
by propranolol of an elicited electrically induced tachycardia has also been studied.
3 The hepatic first pass elimination of propranolol was reduced following pretreatment with
chlorpromazine, imipramine and SKF 525-A but was not affected by pretreatment with
metyrapone.
4 Chlorpromazine, imipramine and SKF525-A all resulted in an increased propranolol blood
concentration after hepatic portal vein administration which was associated with decreased forma-
tion of metabolites and an enhanced inhibition of an electrically induced tachycardia.

Introduction

The P-adrenoceptor blocking agent propranolol un-
dergoes extensive first-pass elimination (FPE) after
oral administration. This results in low oral bioavaila-
bility and large inter-individual variation in blood
concentrations (Shand, Nuckolls & Oates, 1970).
Reduction of the hepatic first pass elimination

(HFPE) of propranolol has been investigated in the
pithed rat. The effects of chlorpromazine and known
inhibitors of hepatic drug metabolizing enzymes, im-
ipramine, metyrapone and SKF 525-A, have been
studied using methods which permit the simultane-
ous measurement of the pharmacokinetics and phar-
macological effects of propranolol. Preliminary ac-
counts of this work have been presented to the British
Pharmacological Society (Barber, Kitteringham &
Petrie, 1980; 1981).

Methods

Experimental procedures

Male Sprague-Dawley rats (200-250g) were pithed
under halothane anaesthesia following tracheal can-
nulation. They were immediately respired with
100% 02 by means of a small animal ventilator. The
right carotid artery was cannulated and blood pres-
sure was measured (Gould Statham transducer) and
displayed on a Grass polygraph. The pressure pulse
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was used to trigger a heart rate meter. The contrala-
teral carotid artery was cannulated for removal of
blood samples. The left external jugular vein was
cannulated for intravenous (i.v.) drug administra-
tion. Oral administration of drugs was simulated by
injection directly into the hepatic portal vein (h.p.v.).
This was accomplished by cannulation of the splenic
vein such that the tip of the cannula was secured in
the anastomosis of the splenic and hepatic portal
veins. The rectal temperature of the rat was moni-
tored continuously and maintained at 36.5 ± 0.5°C by
external heating.

Experimental detailsfor chIorpromazine on the
pharmnacokinetics ofpropranolol in thepithed rat

Chlorpromazine (0.27 mgkg- min-1; 0.83 gmol
kg-'min-) or saline (0.27mlkg-'min-') was in-
fused for 15 min via the hepatic portal vein
(h.p.v.). The infusion rate was then re-
duced to 0.5nmlkgtlmin-1 (0.5mgkgtlmin-I of
chlorpromazine) and was maintained at that rate
throughout the remainder of the experiment.
(3H]-propranolol (1001ggkg-1; 0.38 imolkg-1;
200yCi kg-1) was rapidly injected 45 min after the
start of the chlorpromazine infusion, via either the
i.v. or the h.p.v. routes. Blood samples (0.24 ml) were
removed at specific times and were assayed for prop-
ranolol and its metabolites as described below.
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Experimental detailsfor imipramine, metyrapone and
SKF525-A on thepharmacokinetics ofpropranolol in
thepithed rat

Equimolar doses (1.56 pmol kg1 min-1) of imip-
ramine (0.53 mgkg-' min1), metyrapone (0.38 mg
kg- min-') or SKF525-A (0.61 mgkg- min-1)
were infused for 15 min via the h.p.v. Saline
(0.27mgkg1lmin-1) was infused in control
animals. [3H]-propranolol (100 igkg-1; 0.38 tmol
kg-1; 2001ACikg-1) was injected after the 15 min
infusion via the h.p.v. and blood samples were re-

moved for assay at specific times.

Experimental detailsfor chlorpromazine, imipramine,
metyrapone andSKF525-A on thepharmacological
effectofpropranolol in thepithed rat.

The preganglionic sympathetic nerves to the heart
were stimulated between the pithing rod and an

indifferent electrode placed subcutaneously dorsal
and parallel to the spine (Gillespie, Maclaren &
Pollock, 1971).
A discrete tachycardia of 25-30 beats/min above

resting values was elicited every minute by short
trains of stimuli (0.05 ms, 1 Hz, 30V, 3-5s dura-
tion). The pharmacological effect of propranolol was
quantified in control and drug pretreated animals by
the percentage inhibition of the electrically induced
tachycardia.

In experiments in which either chlorpromazine or

imipramine was administered, and in the respective
control experiments, stimulation of the cardioac-
celerator nerves was continuous (0.05 ms, 1 Hz,
20-60 V). Such continuous stimulation in these ex-

periments was necessitated because of the norad-
renergic uptake blocking action of chlorpromazine
and imipramine (Iversen, 1965). Both drugs poten-
tiated and prolonged the duration of a discrete
tachycardia induced as above. Therefore, in pre-
treated animals the applied voltage was reduced,
compared with controls, such that a continuous
tachycardia of 100 beats/min above resting values
was elicited in both drug pretreated and control
animals.

Analysis ofblood samplesforpropranolol and
metabolites

Blood concentrations of [3H]-propranolol were

quantified by liquid scintillation spectrometry after
separation from its metabolites by solvent extraction
and high performance liquid chromatography
(h.p.l.c.). [14C]-propranolol (0.3 fg, 3.6 nCi) was
added to each blood sample before extraction and
acted as an internal standard. The assay methods
used were those of Pritchard, Schneck & Hayes

(1979) adapted to measure [3H]-propranolol in
whole blood samples. The elution of propranolol
from the h.p.l.c. column (Spherisorb ODS 5 tLm
packing) was monitored fluorimetrically (Perkin
Elmer LC1000 fluorimeter) at excitation and emis-
sion wavelengths of 301 nm and 340 nm respectively.
The h.p.l.c. solvent (50:50 v/v acetonitrile:
phosphoric acid [0.4 M] containing the propranolol
was collected and counted in Picofluor (Packard)
scintillation fluid (10 ml). Dual isotope quench cor-
rection, with external standardization, was used to
determine the d/min for [14C]- and [3H]-propranolol.
The total propranolol concentration in each blood
sample was calculated from the specific activity of the
dose. The recovery of [3H]-propranolol after extrac-
tion and h.p.l.c. was determined by calculating the
[14C]-propranolol recovery and assuming equal re-
covery of [3H]-propranolol.

Individual metabolites were not quantified but
three groups, basic, acidic and highly polar non-
extractable metabolites were measured by scintilla-
tion counting after differential solvent extraction.
The concentration of metabolites in each group was
expressed in propranolol equivalent concentrations
as authentic samples of all the metabolites were
unavailable.

Materials

All drugs were administered in 0.9% w/v NaCl
(saline) and concentrations quoted refer to the base.
The following drugs were used: propranolol HCl
(Sigma), [4-3H]-propranolol HCI (Amersham),
[14C]-propranolol (a gift from ICI), chlorpromazine
HCl (May and Baker), imipramine HCI (Geigy),
SKF 525-A P-diethylaminoethyldiphenylpropyl
acetate HCl) (Smith Kline and French) and
metyrapone (Sigma). All analytical reagents were
analar grade.

Calculation ofpharmacokinetic values

Blood concentration-time data from individual ani-
mals were analysed by non-linear regression using
the computer programme AUTOAN (Sedman &
Wagner, 1971) and declined in a bi-exponential
manner. The area under the blood concentration-
time curve from zero to infinite time (AUCo) was
calculated from computer estimates of A, a, B and 1,
using the relation

A B
AUCo= - +-

c

where a and ,B are both hybrid rate constants and A
and B are the extrapolated zero time intercepts of
each exponential.
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Results

The effects ofchlorpromazine, imipramine,
metyrapone andSKF525-A on the blood
concentrations ofpropranolol

The blood concentrations of propranolol following

I

Time (min)
Figuwe 1 The blood concentrations of propranolol after i.v. and h.p.v. administration of propranolol (1OO gkg-1)
in control and chlorpromazine (Cpz) pretreated pithed rats: propranolol i.v. (0); propranolol h.p.v. (0); pretreat-
ment Cpz + propranolol i.v. (U); pretreatment Cpz + propranolol h.p.v. (0).
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Figpre 2 The blood concentrations of propranolol after h.p.v. administration of propranolol (100Lg kg-) in
control and metyrapone, impme and SKF 525-A pretreated pithed rats: propranolol h.p.v. (0); pretreatment
metyrapone + propranolol h.p.v. (U); pretreatment imipramine + propranolol h.p.v. (0); pretreatment SKF 525-
A + propranolol h.p.v. (0).

i.v. and h.p.v. administration in control and chlor-
promazine pretreated animals are shown in Figure 1.
Chlorpromazine had only a small effect on the con-
centration of i.v. propranolol. In contrast, chlor-
promazine markedly increased the blood concentra-
tions following h.p.v. propranolol resulting in ap-
proximately 10 fold higher blood concentrations at
all sampling times.
The effects of pretreatment with imipramine,

metyrapone and SKF 525-A on the blood concentra-
tion of h.p.v. propranolol are shown in Figure 2.

Imipramine and SKF525-A, but not metyrapone,
increased propranolol concentrations to an extent
similar to that seen after chlorpromazine pretreat-
ment. After pretreatment with SKF 525-A the mean
peak concentration of propranolol was not achieved
until after 10 min.

Average values of the pharmacokinetic parame-
ters ofpropranolot from control and drug pretreated
rats are shown in Table 1. After i.v. administration
there was no statistically significant difference be-
tween any of the calculated parameters in control and
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chlorpromazine pretreated animals. Nevertheless,
the values of apparent volume of distribution and
elimination half life were lower in the chlor-
promazine pretreated animals and the area under the
blood concentration time curve (AUCo) was 44%
greater than in control animals.
The kinetics of propranolol after h.p.v. administra-

tion were markedly altered by chlorpromazine pre-
treatment. The AUC?- was increased by 8 fold after
chlorpromazine pretreatnent reflecting a 50% de-
crease in the extraction ratio of propranolol during
HF'PE. The total body clearance was decreased by

chlorpromazine to a value similar to that seen in
control rats after i.v. administration.
Imipramine and SKF 525-A both altered the

AUCe and the total body clearance of propranolol
following h.p.v. administration by amounts similar to
that seen after chlorpromazine. Metyrapone had lit-
tle effect on propranolol kinetics. No statistically
significant changes in these parameters were ob-
served. The values of clearance and half life suggest if
anything, an enhanced rate of drug elimination.
None of the drug pretreatments resulted in a statis-

tically significant change in drug half life.
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Figure 3 Propranolol equivalent concentrations of total metabolites after i.v. and h.p.v. administration of
propranolol (1O0Agkg-) in control and chlorpromazine (Cpz), metyrapone, imipramine and SKF 525-A pre-
treated pithed rats. For clarity, standard error bars are included at certain times only. Propranolol i.v. (0);
propranolol h.p.v. (0); pretreatment metyrapone + propranolol h.p.v. (A); pretreatment Cpz + propranolol h.p.v.
(S); pretreatment imipramine + propranolol h.p.v. (A); pretreatment SKF 525-A + propranolol h.p.v. (0).
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The effect ofchlorpromazine, imipramine, SKF525-A
and metyrapone on theformation ofpropranolol
metabolites

The mean concentrations, in propranolol equival-
ents, of total metabolites in blood following i.v. ad-
ministration of propranolol in control animals, and
after h.p.v. administration of propranolol in control
and drug pretreated animals are shown in Figure 3.

Initially, the concentration of metabolites was at
least 3 fold greater after h.p.v. compared with i.v.
administration of propranolol to control animals.
Chlorpromazine, imipramine and SKF 525-A all de-
creased the metabolite concentrations after h.p.v.
administration of propranolol during the early blood
samples. However, metyrapone did not affect the
concentrations in the initial samples but increased the
concentrations subsequently such that, after 2 h the
metabolite concentration was significantly greater
than in h.p.v. controls.
The areas under the blood metabolite

concentration-time curves were calculated using the
trapezoidal rule, from 0 to 25 min, 0 to 60 min and 0
to 120 min and the mean values are displayed in
Table 2. The contributions to the total metabolite
AUC of metabolites extractable from basic and
acidic media are also given in Table 2 for the same
time periods; the remainder of the total AUC being
attributable to non-extractable, highly polar metabo-
lites. Under the assay conditions employed, the basic
and acidic metabolites extracting from the aqueous
medium include 4-hydroxypropranolol, naphthox-
ylactic acid, N-desisopropyl propranolol, prop-
ranolol glycol and a-napththol (Pritchard, Schneck&
Hayes, 1979). In no case could more than 25%
(mean 13 ± 2%) of the AUC for total metabolites be
accounted for by these known metabolites; the re-
mainder resisted attempts to isolate them from aque-
ous solution.

Comparison of metabolite profiles in control ani-
mals after h.p.v. and i.v. administration of prop-
ranolol shows that the AUC of total metabolites is
significantly less, after i.v. dosing for at least 2 h. At
all times the concentrations of acidic and basic
metabolites were very similar.
Chlorpromazine, imipramine and SKF 525-A, but

not metyrapone, all reduced the AUC for total
metabolites after h.p.v. propranolol during the first
25 min (the period most likely to reflect reduced
HFPE). The decreased formation of acidic metabo-
lites observed after all pretreatments was only statis-
tically significant after chlorpromazine whereas
chlorpromazine, metyrapone and SKF 525-A all sig-
nificantly increased the concentrations of basic
metabolites compared with h.p.v. controls. The
trends observed during the first 25 min were reflected
in the values of AUC up to 2 h.
The AUC for total circulating radiolabelled com-

pounds, i.e. the sum of the AUC for propranolol and
total metabolites, up to 25, 60 and 120 min after
propranolol administration is shown in Table 3.
There are no statistically significant differences be-
tween any of these values.

The effectofchlorpromazine, imipramine, SKF525-A
and metyrapone on thepharmacological effect of
propranolol

The average percentage inhibition of the induced
tachycardia caused by propranolol after i.v. and
h.p.v. administration in control and drug pretreated
rats is displayed in Figure 4. The area under the
percentage inhibition-time curve was calculated,
from 0 to 20 min, for individual experiments and the
mean values are given in Table 4. Calculation of the
AUC for pharmacological effect allowed direct com-
parison of the results irrespective of the method used
to induce the initial tachycardia (i.e. continuous or

Table 3 Total radiolabelled compounds in blood after i.v. and h.p.v. administration of [3H]-propranolol to pithed
rats

AUCo5
(ngmin ml1)

I.v. administration
Control (4) 912 ± 67

A IrTC60°
(ngminmF1)

1891± 104

A UC&140
(ngminFnl-l)

3804± 274

H.p.v. administration
Control (8)
+ Chlorpromazine (5)
+ Imipramine (4)
+ SKF 525-A (4)
+ Metyrapone (4)

914± 69
1137± 88
1216± 134
956± 81
1088± 150

2305 ±190
2618 ±231
2467± 196
2207± 181
2756 ± 462

4816±403
4974±400
4669± 355
4219± 339
6026 ± 910

Areas under the radiolabelled compounds concentration (in propranolol equivalent concentration) versus time
curves were computed, using the trapezoidal rule, from 0 to 25 (AUC25), 0 to 60 (AUC60) and 0 to 120 min

(AG120).
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Figure 4 Percentage inhibition of electrically induced tachycardia after i.v. and h.p.v. administration of propranolol
(10Ojgkg-1) in control, and chlorpromazine (Cpz), metyrapone, imipramine and SKF 525-A pretreated pithed
rats: propranolol i.v. (0); pretreatment Cpz + propranolol i.v. (U); propranolol h.p.v. (0); pretreatment
Cpz+ propranolol h.p.v. (0); pretreatment metyrapone + propranolol h.p.v. (A); pretreatment
imipramine + propranolol h.p.v. (A); pretreatment SKF 525-A + propranolol h.p.v. (O).

Table 4 The pharmacological effect of propranolol after i.v. and h.p.v. administration in pithed rats

Treatment AUC2O0 (% inhibition min)

I.v. administration
Control (5) 1268± 25**
+ Chlorpromazine (3) 1339± 71**

H.p.v. administration
Control (8) 413± 34
+ Chlorpromazine (5) 783 ± 138*
+ Imipramine (4) 1537 94**
+ SKF 525-A (4) 1364± 96**
+ Metyrapone (4) 379± 71

The area under the percent inhibition versus time curve was computed, using the trapezoidal rule, up to 20 min
following propranolol (1OOitgkg-1) administration. Statistical analysis between h.p.v. control and anl other
treatments was by non-paired Student's ttest: *P<0.01; **P<0.001. Number of experiments is given in
parentheses.

T - T T
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Intravenous and h.p.v. administrati
doses of propranolol produced very diff
upon heart rate consistent with the
blood propranolol concentrations. Pretri
chlorpromazine, imipramine and SKF 5
tiated the percentage inhibition of el(
duced tachycardia from h.p.v. proprano
after metyrapone, the response to prol
virtually identical to that of control anim
lation between the pharmacological effe
concentration of propranolol was atteml
ting the AUC200 for percentage inhibitio
logarithm of AUC200 of propranolol c
(Figure 5). Responses, in control animal
and i.v. administration are joined by the

1500F

1000-

500k

I 1
50 100

AUCZO propranolol concentration (ng

Fge 5 The mean pharmacological el
against the blood concentrations of propran
and h.p.v. administrations of propranolol
h.p.v. administration of propranolol (101
control and chlorpromazine (Cpz), metyr
ramine and SKF 525-A pretreated pithel
ranolol i.v. (0); pretreatment Cpz+pro
(-); propranolol h.p.v. (0);
Cpz + propranolol h.p.v. (0); I
metyrapone + propranolol h.p.v. (A); I

imipramine + propranolol h.p.v. (A); pretr
525-A + propranolol h.p.v. (0).

inistration of
d in virtually
s of stimula-

on of equal
ferent effects
difference in
eatment with
i25-A poten-
ectrically in-

The responses after chlorpromazine treatment were
lower than would be predicted from the propranolol
concentrations after both i.v. and, particularly, h.p.v.
administration. This suggests that a phar-
macodynamic interaction may occur between chlor-
promazine and propranolol.

Discussion

olol, whereas, This study shows that the hepatic first pass elimina-
pranolol was tion (HFPE) of propranolol in the pithed rat is re-
ials. A corre- duced following pretreatment with chlorpromazine,
-ct and blood imipramine and SKF 525-A, but is not affected by
pted by plot- pretreatment with metyrapone. Chlorpromazine, im-
n against the ipramine and SKF 525-A all resulted in an increased
oncentration propranolol blood concentration after hepatic portal
Is after h.p.v. vein (h.p.v.) administration which was associated
broken line. with decreased formation of metabolites and en-

hanced P-adrenoceptor blockade.
Chlorpromazine, imipramine and SKF 525-A all

increased the AUCoQ of h.p.v. propranolol to such an
extent that the bioavailability approached that ob-

2 tained after i.v. administration. Although the AUCoQ
of h.p.v. propranolol was altered similarly by chlor-
promazine, imipramine and SKF 525-A, an interest-
ing difference in the blood concentration profile was
observed following SKF 525-A. SKF 525-A ap-
peared to delay the passage of propranolol into the
systemic circulation, an effect which may be due to
altered hepatic blood flow. Reduced blood flow after
SKF 525-A has been reported in the rat (Marchand
& Brodeur, 1970) although other studies have shown
no change (Nies, Wilkinson, Rush, Strother &
McDevitt, 1976).
The dose of propranolol used in these experiments

was low in order to minimize the non-linear kinetics
known to occur in rats after larger oral doses (Shand,
Rango & Evans, 1972). The doses of chlor-
promazine, imipramine and SKF 525-A used were
large relative to the dose of propranolol, but were
calculated, in the cases of chlorpromazine and imip-
ramine, to produce blood concentrations equivalent
to those achieved in clinical practice.500 1000 The low dose of propranolol made quantification

mn ml-') of individual metabolites difficult but the use of

ffect plotted radiolabelled propranolol had the advantage that
iolol after i.v. total metabolite concentrations could be accurately
after i.v. and determined. After i.v. or h.p.v. administration at no
[)Jggkg-1) in time could more than 25% of all metabolites be
apone, imip- accounted for by basic and acidic metabolites. Thus,
d rats: prop- the more commonly measured propranolol metabo-
pranolol i.V. lites, such as 4-hydroxypropranolol and naphthox-
pretreatment ylactic acid represented only a small fraction of the
pretreatment 'total metabolites in this study.
eatmentSKF The reduction in total metabolite concentrations

caused by chlorpromazine, imipramine and SKF
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525-A could not be attributed to decreased basic or
acidic metabolite concentrations. On the contrary,
concentrations of basic metabolites were generally
increased by these three drugs. These results are
consistent with the inhibition of a secondary
metabolic pathway for the basic metabolites, e.g.
glucuronide formation. 4-Hydroxypropranolol
glucuronide has been shown to be a major urinary
metabolite in man (Walle, Conradi, Walle, Fagan &
Gaffney, 1980) and inhibition of glucuronyl transfer-
ase would lead to increased circulating 4-
hydroxypropranolol concentrations. An alternative
explanation may be that other, as yet unidentified,
phase I metabolic pathways exist which produce
highly polar metabolites, and that inhibition of the
enzymes involved would provide more substrate for
alternative pathways; thus increased basic metabolite
formation would result. The fact that chlorpromazine
(Dybing, 1972), imipramine (Dybing, 1973) and
SKF 525-A (Cooper, Axelrod & Brodie, 1954) have
all been shown to inhibit the glucuronidation of
certain drugs suggests that inhibition of phase II
metabolism may represent the main mechanism of
the reduced HFPE seen in this study.
The lack of effect of metyrapone upon total

metabolite formation is also of interest as it has been
shown to inhibit the in vitro metabolism of the struc-
turally related P-adrenoceptor blocking agent, al-
prenolol (Grundin, Moldeus, Orrenius, Borg, Skan-
berg & von Bahr, 1974). Metyrapone differs from
SKF 525-A, imipramine and propranolol in that it
binds to cytochrome P-450 to produce a type II spec-
tral change (Hildebrandt, 1972). Moreover, it has
been shown to increase the metabolism of some
compounds, such as acetanilide (Liebman, 1969), as
well as inhibiting the metabolism of others. En-
hanced hydroxylation of propranolol could account
for the transient increase in basic metabolite concent-
rations which was used in this study.
From the results obtained it is concluded that the

HFPE of propranolol was reduced by chlor-
promazine, imipramine and SKF 525-A as a result of
inhibited metabolism. The possible influence of al-
tered liver blood flow may be unimportant since,
theoretically, the clearance of propranolol after oral
or h.p.v. administration is dependent solely upon

hepatic enzyme activity (Nies et al., 1976). In addi-
tion, the pharmacological effects of chlorpromazine
and imipramine would be expected to result in oppo-
site changes in liver blood flow, although the predic-
tion of any change is complicated in a pithed animal.
Also in addition, an altered volume of distribution is
unlikely as a possible explanation for the increased
propranolol concentrations since the sum of the con-
centrations of propranolol and its metabolites were
similar after all treatments. The small effect that
chlorpromazine had upon disposition of propranolol
confirmed that volume of distribution changes could
not account for the reduced HFPE.
The clinical implications of these results are of

considerable interest and may influence the pre-
scriber to use non-metabolizable, water soluble drugs
such as atenolol, nadolol or sotalol rather than exten-
sively metabolizable lipid soluble drugs. Indeed, an
interaction between chlorpromazine and prop-
ranolol, similar to that demonstrated in the present
study, has been observed in man (Vestal, Korn-
hauser, Hollifield & Shand, 1979).

Established problems with drugs such as prop-
ranolol which undergo extensive FPE, include large
inter-individual variations in blood concentrations
and low oral bioavailability. Two further prescribing
problems are indicated by this study. First, there may
be a requirement to modify doses when concurrent
drugs affecting metabolism are prescribed. Secondly,
the effects of variable and sometimes large blood
concentrations of circulating metabolites require
evaluation. Recently, the effect of propranolol upon
chlorpromazine bioavailability has been investigated
in man and an increase in the bioavailability of chlor-
promazine was reported (Peet, Middlemiss & Yates,
1980); the authors suggested that the antischizo-
phrenic properties of propranolol could be attributed
entirely to this pharmacokinetic interaction. The ef-
fect of highly metabolized drugs such as propranolol
upon the bioavailability of other drugs undergoing
extensive FPE is an area of study that also requires
further study.

This work was supported by I.C.I. Ltd. We thank Dr J.
Cruickshank for his interest in this project.
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