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Aims The objectives of this study were: (i) to evaluate the effect of a cytochrome
P450 (CYP) 3A4 inhibitor, erythromycin, on the pharmacokinetics of intravenous
lignocaine and its two pharmacologically active metabolites, monoethylglycinexyli-
dide (MEGX) and glycinexylidide (GX); (ii) to assess whether the effects of the
erythromycin inhibitory action on lignocaine clearance and the results of the MEGX
liver function test depend on liver functional status; and (1) to determine the effects
of both moderate and severe liver dysfunction on the disposition kinetics of
lignocaine.

Methods The study was carried out on 10 healthy volunteers, and 10 Child’s class
A and 10 class C cirrhotic patients, according to a double-blind, randomized, two-
way crossover design. On day 1 of the investigation, all subjects received three oral
doses of erythromycin (600 mg of the ethylsuccinate ester) or placebo, and two
further doses on day 2. One hour after the fourth dose, subjects were given
1 mg kg™ lignocaine intravenously. Timed plasma samples were then obtained until
12 h for determination of the concentrations of lignocaine, MEGX and GX.
Results Erythromycin caused statistically significant, although limited, modifications
of lignocaine and MEGX pharmacokinetic parameters. In healthy volunteers,
lignocaine clearance was decreased from 9.93 to 8.15 ml kg™ min™' [mean percent-
age ratio (95% CI), 82 (65—98)] and the half-life was prolonged from 2.23 to 02.80 h
[mean percentage ratio (95% CI), 130 (109-151)]; MEGX area under the concen-
tration-time curve from 0 h to 12 h was increased from 665 to 886 ng ml™' h [mean
percentage ratio (95% CI), 129 (102-156)]. Quantitatively similar modifications were
observed in the two cirrhotic groups. GX concentrations were lowered in all study
groups, although not to statistically significant extents. Erythromycin coadministra-
tion caused no appreciable interference with the results of the MEGX test. Only
in patients with Childs grade C liver cirrhosis were lignocaine kinetic parameters
significantly altered with respect to healthy volunteers. Thus, clearance was approx-
imately halved, steady-state volume of distribution was increased, and terminal half-
life was more than doubled.

Conclusions Although erythromycin only modestly decreases lignocaine clearance,
it causes a concomitant elevation of the concentrations of its pharmacologically
active metabolite MEGX. A pharmacodynamic study following lignocaine infusion
to steady state appears necessary to assess the actual clinical relevance of these
combined effects. The degree of liver dysfunction has no influence on the extent
of the erythromycin-lignocaine interaction, whereas it markedly influences the
extent of the changes in lignocaine pharmacokinetics. These findings indicate that
no dose adjustment is needed in patients with moderate liver cirrhosis, whereas the
lignocaine dose should be halved in patients with severe cirrhosis.
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Lignocaine—erythromycin interaction in subjects with normal and impaired liver function

Introduction

Lignocaine is a local anaesthetic agent that is also useful
in the acute intravenous treatment of ventricular arrhyth-
mias. Owing to its high lipophilicity, it is eliminated
mainly by metabolism, <5% being excreted unchanged
in urine (see [1] for a review). The principal metabolic
pathway of lignocaine in human beings is oxidative de-
ethylation to monoethylglycinexylidide (MEGX), which
is further de-ethylated to glycinexylidide (GX). The latter
is hydrolysed to xylidine and then oxidized to 4-
hydroxy-xylidine, the main metabolic product found in
urine [1].

Cytochrome P450 (CYP) 3A4 has been proposed as
the main CYP isoform responsible for MEGX formation
[2]. Erythromycin has been shown to produce quasi-
irreversible inhibition of CYP3A4 in vitro, via formation
of a CYP3A4-iron-metabolite complex, and to cause
clinically important drug interactions with CYP3A4 sub-
strates (see [3, 4] for recent reviews). According to a
previous study in healthy volunteers [5], erythromycin
causes a statistically significant but limited increase in
lignocaine half-life, and a more pronounced increase in
the MEGX area under the concentration-time curve.
While the present study was in progress, a further inves-
tigation on healthy volunteers was published, which
found no significant effect of erythromycin on lignocaine
disposition kinetics [6].

The present study had the following objectives:

1 To evaluate the effect of erythromycin, as a prototyp-
ical CYP3A4 inhibitor, on the disposition kinetics of
lignocaine in healthy volunteers and patients with
liver cirrhosis. This disease causes progressive capillar-
ization of liver sinusoids, with a drastic reduction of
effective blood flow. Consequently, the flow-depen-
dent clearance of drugs such as lignocaine becomes
more and more capacity-limited [7] and, according to
theoretical predictions [8], much more sensitive to the
action of metabolic inhibitors. Therefore, the results
obtained in healthy subjects cannot a priori be
extended to patients with liver dysfunction.

2 To assess the possible interference of erythromycin
with MEGX liver function test (involving measure-
ment of a single MEGX concentration after intrave-
nous (i.v.) bolus injection of lignocaine) [9].

3 To determine the eftect of erythromycin on GX con-
centration, which was not measured in the two pre-
vious studies [5, 6]. These data are important for the
correct interpretation of results, as the concentration
of MEGX depends on both the rate of its generation
from lignocaine and that of its conversion to GX.
Measurement of MEGX and GX concentrations is
also clinically relevant, as these metabolites retain
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some antiarrhythmic activity and also contribute to
lignocaine toxicity [1].

4 To reassess the effects of both moderate and severe
liver dysfunction on lignocaine pharmacokinetics.
Although numerous studies have investigated the
pharmacokinetics of i.v. lignocaine in patients with
liver cirrhosis, only preliminary data are available on
the relation of the severity of liver dysfunction to the
extent of changes in lignocaine pharmacokinetics, as
small numbers of patients (5-6 per cirrhotic group)
have been examined [10].

To this end, the pharmacokinetics of lignocaine,
MEGX and GX were studied in healthy volunteers and
cirrhotic patients, stratified according to the degree of
liver dysfunction, after coadministration of either placebo
or therapeutic doses of erythromycin.

Methods
Subjects

Thirty male subjects (ten healthy volunteers and 20
patients with biopsy-proven liver cirrhosis) participated
in the study, after giving their informed written consent.
The study design was approved by the Ethics Committee
of the University Hospital of Padova. Healthy volunteers
were recruited from outpatients attending the hospital for
routine laboratory tests. They were diagnosed as healthy
by means of a thorough clinical examination, including
medical history, physical examination, electrocardiogram
and standard laboratory tests. All participating patients had
posthepatitic cirrhosis and were clinically stable, i.e. they
showed no significant changes in clinical profiles or bio-
chemical variables during a 1-month period prior to the
initiation of the study. Ten patients were in a compensated
state and were categorized as Child’s class A, and 10 were
in a decompensated state and were categorized as Child’s
class C [11]. The functional reserve of the liver was scored
according to Pugh ef al. [12]. Patients were excluded from
this study if they had a history of gastrointestinal bleeding,
severe encephalopathy or any other disease. None of the
participants was a smoker or a heavy consumer of alcohol.
They were requested to abstain from alcohol during the
preceding week and throughout the period of investiga-
tion. For ethical reasons, treatment of patients with dec-
ompensated cirrhosis with furosemide and/or canrenone
was not suspended. However, none of the participants
took drugs known to induce or inhibit CYP3A4 [13] or
suspected to interfere with lignocaine metabolism.

Study design and procedures

The study was conducted according to a double-blind,
randomized, two-way crossover design with a washout
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period of at least 7 days. On the morning of study day
1, after an overnight fast, all participants entered the
Gastroenterology Unit of the University Hospital of
Padova and received either 600 mg erythromycin ethyl-
succinate or a matched placebo orally at 07.00, 15.00 and
22.00 h. On day 2 they received a fourth dose of eryth-
romycin or placebo at 07.00 h, and 1 h later, 1 mg kg™’
intravenous lignocaine, infused over 1 min by means of
a precise volumetric infusion pump. A final erythromycin
or placebo dose was given at 15.00 h. A similar erythro-
mycin dosage has been shown to decrease markedly the
elimination of the CYP3A4 substrate triazolam [14].

After lignocaine administration, all subjects remained
supine for 2 h. They were asked to report any subjective
adverse effects and their vital signs were closely monitored.
A meal low in protein and fat content (to prevent food-
induced changes in liver blood flow) was provided after
4 h. Blood samples were collected through an indwelling
catheter in heparinized plastic tubes at 0 (predose), 2, 5,
10, 15, 20, 30, 45 min and 1, 1.5, 2, 2.5, 3, 4, 6, 8, 10,
12 h after the end of the 1-min lignocaine infusion. Blood
was centrifuged immediately after collection and plasma
samples stored at —40°C until assayed. Lignocaine, MEGX
and GX concentrations were determined by h.p.l.c., with
ultraviolet detection as described by O’Neal and Poklis
[15]. The limits of quantification were 6 ngml™ for
MEGX and GX, and 20 ng mI™" for lignocaine. The intra-
and inter-assay coefficients of variations (CV) for MEGX
and GX (n=10) were <10% at 10 ng ml™" and <5% at
100 ng ml™". Intra- and inter-assay CVs for lignocaine
were <11% at 100 ng ml™" and <7% at 1000 ng ml™".
Preliminary experiments showed that erythromycin did
not interfere with the assays.

Pharmacokinetic analysis

The lignocaine plasma concentration-vs-time data were
modelled by means of GraphPad Prism 3.0 software.
With few exceptions, the best fit was obtained using a
triexponential equation. Pharmacokinetic parameters,
defined in Table 2, were calculated from the coefficients
and exponents of the best-fitting equations using standard
formulae [16]. The pharmacokinetics of MEGX and GX
were characterized by areas under the plasma concentra-
tion-time curves from Oh to 12h (AUC, ), peak
plasma concentrations (C,,) and peak times (f,..).
Because of the irregular shapes of the curves, AUC, i,
was calculated by means of the trapezoidal rule. C,,, and
fmax Were estimated from the experimental data.

Statistical analysis

We first performed power analyses for both inter- and
intra-group comparisons using the CSS power assess-
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ment procedure (CSS; Statsoft Inc., Tulsa, OK, USA;
1991). On the basis of the coefficients of variation
obtained by Villeneuve et al. [10] for lignocaine clear-
ance, these analyses indicated that: (i) 10 subjects should
be sufficient to detect intergroup differences of 20%,
with a significance level (o) of 0.05 and a power (1-B)
of 0.95, and (ii) the same number of subjects should be
sufficient to detect intragroup differences in clearance of
20%, with a significance level of 0.5 and a power of
0.92. Pharmacokinetic parameters and MEGX concen-
tration values from 15-60 min (MEGX test) were then
tested for normal distribution using the Wilk-Shapiro
test (SAS univariate procedure; SAS release 6.03., SAS
Institute, Cary, NC, USA; 1988) and for homogeneity
of variances using the Levene test (CSS Levene test of
homogeneity of variances). As normal distribution of the
data could not be rejected, inter- and intra-group com-
parisons were made by one- and two-way analyses of
variance (ANOVA), respectively, using a general linear
model (SAS GLM procedure). In case of significant dif-
ferences (o= 0.05), the ANOVA was followed by the
Newman-Keuls multicomparison test for pairwise com-
parisons. For f,,, the nonparametric Kruscal-Wallis test
was used. A P-value of <0.05 was considered statistically
significant.

Results

The characteristics of the subjects studied are listed in
Table 1. There were no statistically significant differences
between the three groups for age, weight, height, or
body mass index. On the basis of the conventional liver
function tests, minor differences were apparent between
patients with Child’s grade A cirrhosis and healthy vol-
unteers. In contrast, test results indicative of
advanced hepatocellular insufficiency in Childs class C
cirrhotic patients. No significant changes in blood pres-
sure or pulse rate were observed after lignocaine injec-
tion. Subjective adverse eftects (paraesthesia, dizziness or

were

drowsiness) were mild and transient, and only occurred
in a few subjects (1-3) in each of the three study
groups.

The plasma profiles of
lignocaine, MEGX and GX in the three study groups are
shown in Figure 1. It is evident that erythromycin pro-
duced similar effects in healthy volunteers and the two
groups of cirrhotic patients. Thus, it impaired lignocaine
elimination, increased MEGX concentrations, and
reduced those of GX. Table 2 shows that erythromycin
coadministration  caused a  statistically  significant,
although modest (about 20%), reduction in lignocaine

concentration vs. time

clearance and a somewhat more pronounced increase in
terminal half-life, both effects being quantitatively similar
in the three study groups. No significant modification of
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Table 1 Summary of patient characteristics

Characteristic (normal range) Healthy subjects

Age (years) 53+12
Weight (kg) 78 £8
Height (cm) 1756
Body mass index (kg m™) 254134
Albumin (35-55 g1™) 41.5+43
Bilirubin (5-17 umol ") 13.3+3.1
Prothrombin level (70-100%) 89.1 £8.4
Pugh score (5)7 5(5)

Patients with cirrhosis

Child’s class A Child’s class C

55%7 54£9

82+ 10 79+8
1726 170 £7
27.0%£23 28.0+2.7
39.7+3.6 27.9 £3.3%*
17.6 £5.2 49.9 £ 26.0**
81.4%£7.7 68.8 + 14.9*%

5 (5-6) 10.5 (10-14)**

Data are presented as means +s.d. *P < 0.01; **P < 0.001 vs. healthy subjects and Child’s class A cirrhotic patients. TMedian (range).

either 1/, or 1/, was observed. Table 2 also indicates that
only in decompensated (Child’s class C) cirrhotic patients
were the disposition kinetics of lignocaine profoundly
altered compared with healthy volunteers. In particular,
CL was approximately halved, whereas 1, was increased
and, consequently, f,, was more than doubled. As shown
in Table 3, MEGX AUC,_, increased significantly (about
30%) following erythromycin administration, whereas
GX AUC_, decreased, but to a lesser and statistically
nonsignificant extent. The eftect of liver dysfunction was
manifest in both Child’s class A and C cirrhotic patients,
with significant reductions in both MEGX and GX
AUC,_j». A marked prolongation of MEGX f,,,, was also
observed in decompensated cirrhotics.

Irrespective of sampling time (15, 30, 45 or 60 min),
erythromycin coadministration had no consistent effect
on MEGX concentrations (the MEGX liver function
test) (P> 0.05 for all paired comparisons) (Figure 2).

Discussion

At variance with previous investigations [5, 6], this study
has shown that concomitant administration of erythro-
mycin decreases lignocaine clearance in healthy volun-
teers to a statistically significant extent. A greater increase
in terminal half-life (30%, compared with the 16%
reported in [5]) was also observed. Unlike that on other
CYP3A4 substrates [3, 4], the modest effect of erythro-
mycin on lignocaine disposition may be due to the fol-
lowing reasons. (i) Lignocaine has a high extraction ratio
(62-81% [1]), therefore, its systemic clearance depends
more on liver blood flow than metabolic capacity and,
consequently, may not be very sensitive to the action of
metabolic inhibitors. (ii) Other CYP isoforms may
contribute to lignocaine biotransformation. According
to a recent report [17], CYP1A2 catalyses the 3-
hydroxylation of lignocaine and is also involved in its
de-ethylation (MEGX formation), although the relative
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contribution of this isoform to the metabolic clearance
of lignocaine has not been quantified.

In accordance with Isohanni ef al. [5], we found that
erythromycin coadministration increased MEGX AUC.
To explain this observation, Isohanni ef al. [5] hypothe-
sized that erythromycin inhibits further MEGX metabo-
lism. Three metabolic routes have been identified for
MEGX elimination: 3-hydroxylation, further de-
ethylation to GX, and hydrolysis of the amide bond with
generation of 2,6-xylidine. However, it has been shown
that 3-hydroxy-MEGX production is negligible in man
(0.3% of a lignocaine dose [18]). Inhibition of MEGX
hydrolysis seems unlikely as, to our knowledge, no effect
of erythromycin on amidases has ever been reported. In
order to test whether the effect of erythromycin on
MEGX concentrations is due to inhibition of MEGX
de-ethylation, we also measured GX concentrations.
Although the latter were found to be lower after
erythromycin  coadministration, did not
reach statistical significance. However, because of the
unexpectedly large wvariability in GX concentrations
(Table 3), no definitive conclusion can be drawn from
these results. A retrospective power analysis based on the
observed differences revealed that more than 20 subjects
would have been necessary to demonstrate statistical sig-
nificance with a power of 0.8. In in vitro experiments
with human liver microsomes, we have observed a
marked inhibition of MEGX conversion to GX by the
structurally related CYP3A4 inhibitor troleandomycin
(paper in preparation).

Liver cirrhosis causes progressive alteration of hepatic
microcirculation, leading to capillarization of the sinuso-
ids and consequent decrease in drug uptake. Thus, as
liver function worsens, the clearance of highly extracted
drugs flow-dependence and
becomes capacity-limited, as shown for lignocaine [7].
Hence, inhibition of lignocaine metabolizing enzymes
should result in a more marked reduction of clearance in

differences

progressively loses its
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patients with liver cirrhosis. Contrary to this hypothesis,
erythromycin caused very similar changes in lignocaine
clearance in healthy volunteers and the two groups of
cirrhotic patients. The lack of a more marked reduction
in clearance in cirrhotic patients may be due to reduced
uptake of the inhibitory drug by the cirrhotic liver,
resulting in decreased enzyme inhibition. In this context,
decreased or absent enzyme induction has been observed
in liver disease (see [19] and [20] for reviews). Alterna-
tively, a macrolide antibiotic such as erythromycin may
not be the ideal drug to test this hypothesis, as its inhib-
itory action is consequent upon the formation of a
nitrosoalkane metabolite [4], which might be produced
to a lesser extent in subjects with liver dysfunction. On
the other hand, the other currently used CYP3A4 inhib-
itors, the azole antifungals, have been shown to have no
effect on lignocaine and MEGX kinetics [5]. Further
tests with highly extracted drugs metabolized by other
CYP isoforms are necessary for a definitive assessment of
whether or not the clearance of flow-dependent drugs
becomes more sensitive to enzyme inhibition in liver
cirrhosis.

Although many drugs can induce or inhibit CYP3A4
activity [13], few studies have investigated the possible
interference of such drugs with the MEGX test [6, 21—
23]. We investigated the effect of erythromycin coadmin-
istration on the MEGX test at various sampling times
used by others, namely, from 15 to 60 min (see [24] and
references therein). In accordance with the results of
Swart et al. [6] and those obtained with other known
modifiers of CYP3A4 activity [21-23], we found no
significant effect of erythromycin on the MEGX test in
any of our study groups.

With regard to the effect of liver dysfunction on
lignocaine disposition kinetics, this study has shown that
the extent of the kinetic modifications is closely depen-
dent on the stage of liver cirrhosis. No significant mod-
ifications in CL or f,, were observed in patients with
compensated (Child’s grade A) liver cirrhosis, whereas
profound alterations of both parameters were found in
decompensated (Child’s class C) cirrhotic patients. At
variance with the changes in these two parameters, I
also increased to a significant extent in compensated
patients. No such modification had been reported in a
previous study [10]; but our results are in good agree-

Figure 1 Mean plasma concentration vs. time profiles of’
lignocaine (circles), monoethylglycinexylidide (MEGX) (squares)
and glycinexylidide (GX) (triangles) after i.v. injection of 1 mg
kg™ lignocaine. Open and filled symbols indicate coadministration
of placebo or erythromycin, respectively. Standard errors are not
shown, for sake of clarity. MEGX and GX concentration data are
reported from the first measurable concentration.
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Table 2 Effect of erythromycin coadministration on the pharmacokinetic parameters of lignocaine.

Patients with cirrhosis

Healthy subjects

Child’s class A

Child’s class C

Parameters Placebo Erythromycin Placebo Erythromycin Placebo Erythromycin
CL (ml kg ' min'") 9.83 £3.02 8.15 £ 3.39% 9.56 £2.03 7.79 £ 2.43% 5.46 £ 1.831t 4.26 = 1.77*%*1t
Ratio % (95% CI) 82 (65, 98) 81 (63, 99) 77 (62, 91)

V. (kg 0.66 £ 0.35 0.61 +£0.31 0.38 £0.18 0.40 £0.13 0.38 £0.13 0.42+0.13
Ratio % (95% CI) 102 (79, 125) 105 (75, 135) 110 (89, 129)

V. (kg 1.47 £0.27 1.34 £0.34 1.95 +0.38+ 2.08 £0.74F 2.44 +0.72+F 2.42 0.68+F
Ratio % (95% CI) 92 (77, 106) 105 (87, 124) 100 (89, 111)

1/, (h) 2.23+0.55 2.80 + 0.45%% 3.15+0.94 4.09 +2.13%% 5.77 + 1.19t++ 7.74 £ 2315+

Ratio % (95% CI)

130 (109, 151)

124 (104, 145)

132 (118, 147)

Data are presented as means +s.d. CL, Systemic clearance; V7, apparent volume of the central compartment; V7, apparent volume of distribution
at steady state; f1,5, elimination half-life. *P < 0.05; **P < 0.01 vs. placebo. TP < 0.05; 1P < 0.01; 1P < 0.001 vs. healthy volunteers.

Table 3 Effect of erythromycin coadministration on the pharmacokinetic parameters of monoethylglycinexylidide (MEGX) and

glycinexylidide (GX).

Healthy subjects

Patients with cirrhosis

Child’s class A

Child’s class C

Parameters Placebo Erythromycin Placebo Erythromycin Placebo Erythromycin
MEGX

AUC, 1, (ng ml'" h) 665 +270 886 + 498* 312 £ 8611t 405 £ 123*1t 281 £ 119ttt 347 £ 115* 1T
Ratio % (95% CI) 129 (102, 156) 129 (102, 156) 127 (110, 144)

Coax (ng mI'") 108 + 64 141+ 114 9579 95+73 80 £ 69 73167
Ratio 5 (95%CI) 130 (80, 180) 110 (62, 158) 107 (85, 130)

toax () 1(0.25,2.5) 1.5 (0.25, 8) 1 (0.25, 6) 1(0.25, 4) 7 (0.5, 10)t 8 (2.5, 10)t
Ratio % (95% CI) 139 (31, 247) 121 (69, 173) 132 (85, 180)

GX

AUC, > (ng ml'" h) 315170 233 +£110 136 £ 901t 80 £ 651t 104 £ 701t 95 £ 601t
Ratio % (95% CI) 80 (45, 115) 80 (49, 111) 95 (49, 141)

Coax (ng ml'Y) 71 61 62 £50 46 £35 36 £26 21+18 28 £24
Ratio % (95% CI) 100 (50, 150) 71 (34, 107) 160 (95, 225)

foax (WE 6 (1, 10) 8 (6, 10) 7 (1.5, 10) 8 (6, 10) 9 (1, 10) 10 (8, 10)

Ratio % (95% CI)

129 (100, 157)

142 (30, 255)

163 (74, 252)

Data are presented as means (s.d.). *P < 0.05 vs. placebo. TP < 0.05; TP < 0.01; TP < 0.001 vs. healthy volunteers. tMedian value (range).

ment with the observation of Barry ef al. [25] that the
concentration of ay-acid glycoprotein and, consequently,
lignocaine plasma protein binding, start to decrease sig-
nificantly in Child’s grade A liver cirrhosis. Collectively,
these findings indicate that only in patients with decom-
pensated liver cirrhosis is a reduction of lignocaine dose
required.

In conclusion, unlike previous investigations [5, 6], this
study has shown that concomitant administration of
erythromycin causes a moderate but statistically signifi-
cant decrease in lignocaine clearance that, contrary to
predictions, is quantitatively similar in healthy subjects
and cirrhotic patients. Because erythromycin also signif-

© 2003 Blackwell Science Ltd Br | Clin Pharmacol, 55, 86—93

icantly increases the AUC of MEGX, which has been
shown to have 80—90% of the antiarrhythmic potency of
lignocaine [1], maintenance of the rate of lignocaine
infusion at the lower end of the therapeutic range (1-
4 mg kg™') may be prudent and it may be advisable to
monitor closely patients in the event that inadequate
clinical response requires upward dose adjustment.
Clearly, only a pharmacodynamic analysis of the eryth-
romycin-lignocaine interaction, following lignocaine
infusion to steady state, can provide a definitive answer
to this question.

An additional finding of this study is that erythromy-
cin had virtually no effect on MEGX concentrations in
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Figure 2 Eftect of erythromycin on individual
monoethylglycinexylidide (MEGX) plasma concentrations 30 min
after i.v. lignocaine injection.

the early period after lignocaine injection, and therefore
does not interfere with the MEGX test. As analogous
observations have been made in patients treated with
therapeutic doses of other CYP3A4 inhibitors or induc-
ers [21-23], it may be concluded that the MEGX test
is insensitive to the action of modifiers of CYP3A4
activity.
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