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Aims The objectives of the present investigation were: (a) to determine the
correlation between lignocaine and midazolam pharmacokinetics following intra-
venous administration in healthy volunteers, (b) to determine the effects of treatment
with an inhibitor of CYP3A4 (erythromycin) on this correlation and (c) to assess the
precision of the MEGX-test as a sole predictor of lignocaine and midazolam
pharmacokinetics.

Methods The study was conducted in four male and four female healthy volunteers,
aged between 21 and 26 years, who received 1 mg kg™ ' lignocaine HCl i.v. on days
1, 3, 5, 9 and 10 of the investigation. On days 5 and 10 they also received midazolam,
0.075 mg kg~ ' i.v. and from days 6-10 they took erythromycin 500 mg orally, four
times daily. Following administration of lignocaine and midazolam, frequent venous
blood samples were obtained for determination of the concentrations of lignocaine,
MEGX and midazolam.

Results In the absence of erythromycin a statistically significant linear correlation was
observed between the clearance of lignocaine and midazolam (CL,;da0lam =
0.41 x CLjignocaine +1.2; r*=0.857; P< 0.001). Erythromycin cotreatment resulted in
a loss of the correlation between the two clearances (¥ =0.39; P=0.1). Erythromycin
caused a statistically significant reduction in midazolam clearance from the original
value of 3.8 to 2.5 (95% CI for the difference —2.27, —0.35) ml kg ' min~'.
Interestingly there was no significant change in the clearance of lignocaine (6.4 vs 5.8
(95% CI for the difference —2.74, —1.51) ml kg™ ' min~'). Furthermore no
correlation at all was observed between the MEGX-test and lignocaine or midazolam
clearances. Considering the data on day 1, 3 and 5 the intra-individual coefficient of
variation in the MEGX-test was 45.3% at 15 min and 23.5% at 30 min, respectively.
Conclusions It is concluded that there is a significant correlation between lignocaine
and midazolam clearances but this correlation is lost after CYP3A4 inhibition by
erythromycin. The MEGX-test is of no value in assessing intra- and inter-individual
variability in midazolam clearance.
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which makes frequent dose adjustments necessary [3—6].

Introduction

Midazolam is frequently used in intensive care medicine
as an intravenous sedative [1-5]. The management of
sedation levels in these patients with midazolam is
complicated by the wide variability in dose requirements,
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There are indications that the observed variability in dose
requirement is, at least in part, related to variability in
liver function [2, 7-9]. It would be helpful to have a liver
function test available, which is predictive for midazolam
clearance and which might be used to guide a priori
dose requirements. Ideally such a liver function test
should be readily available, rapid, sensitive and specific
for cytochrome P-450 mediated oxidation.

In a study by Thummel et al. [10], it was shown that in
liver transplant patients total midazolam clearance in vivo
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is highly correlated with the hepatic cytochrome P-450
3A4 (CYP3A4) content. In addition it was demonstrated
that midazolam clearance could be accurately predicted
on the basis of the 1-hydroxymidazolam/midazolam
concentration ratio in plasma at 30 min following an
intravenous bolus dose. However a limitation of this test
is that it can only be applied in subjects unexposed to
midazolam, which means that it cannot be used as a basis
for dose adjustments during chronic therapy. Further-
more, the assay of midazolam and its metabolite
1-hydroxymidazolam is complex and relatively time-
consuming [11, 12].

In recent years, the so-called ‘MEGX-test’ has been
proposed as a dynamic liver function test in liver trans-
plantation [13—16]. This test is based on estimation of the
metabolic conversion rate of lignocaine into its meta-
bolite monoethylglycinexylidide (MEGX). Typically the
serum MEGX concentration at 15 or 30 min follow-
ing intravenous administration of a single bolus dose
of 1 mg kgf1 of lignocaine is measured [13-16]. An
important practical factor in this respect is that the assay
of serum MEGX concentrations is relatively simple and
straightforward [13].

Interestingly both the 1-hydroxylation of midazolam
and the oxidative N-deethylation of lignocaine are
mediated by CYP3A4 [9, 17]. This means that the
MEGX-test might potentially be useful in predicting
variability in midazolam elimination.

The objectives of the present study were therefore:
(a) to determine the correlation between lignocaine and
midazolam  pharmacokinetics  following
administration in healthy volunteers, (b) to determine
the effects of treatment with an inhibitor of CYP3A4
(erythromycin) on this correlation and (c) to assess the
precision of the MEGX-test as a sole predictor of

intravenous

lignocaine and midazolam pharmacokinetics. To this
end the pharmacokinetics of both lignocaine and mid-
azolam were determined in a longitudinal study in eight
healthy volunteers. The longitudinal design was chosen in
order to assess the intraindividual variability in MEGX
concentrations first and then the influence of midazolam
on these values. If coadministration of midazolam would
significantly alter the outcome of the MEGX-test, the
latter could not be used to predict the pharmacokinetics
of the former in ICU patients.

Methods

We studied four male and four female volunteers with
normal laboratory tests for hepatic function, aged between
21 and 26 years, bodyweight 58-90 kg, who were deemed
healthy on the basis of routine clinical examination and
normal ECGs. The volunteers were not taking drugs in
the month prior the study except for oral contraceptives.
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Subjects
were excluded. One male subject was taking pravastatin
(20 mg once daily) for familial hypercholesterolaemia,
but pravastatin has little potential for drug interactions
with substrates, inhibitors or inducers of the CYP3A4
system [18]. Chronic use of alcohol more than 3 units
a day was excluded and no alcohol or grapefruit juice
was allowed during the study period.

taking gestodene containing contraceptives

Approval was obtained from the hospital’s ethical
review board and the study was carried out according to
the Declaration of Helsinki. Written informed consent
was obtained from every subject.

On days 1, 3, 5, 9 and 10 the volunteers received
intravenous lignocaine (Lidocaine HCI 10 mg ml ™"
Miniplasco, Braun, Uden, the Netherlands) 1 mg kg_I,
given over 1 min. On days 5 and 10 they also received
midazolam (Dormicum 3 mg ml™ !, Roche, Mijdrecht,
the Netherlands) 0.075 mg kg ™'
before lignocaine administration. On days 6-10 the
volunteers took erythromycin 500 mg orally, four
times daily (Erythrocine 500 mg tablets, Centrafarm,
Etten-Leur, the Netherlands).

Venous blood samples were taken at 5, 10, 15, 20, 25
and 30 min and 1, 2, 4 and 8 h after the injection of
lignocaine. During the first hour after lignocaine injection

intravenously 1 min

the volunteers were in a recumbent position and their
ECG’s and blood pressure were monitored.

Blood samples were centrifuged immediately, trans-
ferred into plastic tubes and the plasma was stored at
—30° C until analysis. Lignocaine and MEGX were
measured with a highly specific fluorescence polarization
immunoassay (Abbott Laboratories, Amstelveen, the
Netherlands). Midazolam and 1-hydroxymidazolam
were measured by h.p.l.c. (modified method as published
by Vletter et al. [12]). The lower limit of quantification
for lignocaine was 100 pg 17!, for MEGX 10 ug 1~ 'and
for midazolam and 1-hydroxymidazolam 10 pg 17", The
intra- and inter-assay coefticients of variation were below
5.2% for all assays in the used concentration range.

The following pharmacokinetic parameters were cal-
culated using the squares program
WinNonlin (Professional Network Edition version 1.5,
Pharsight, Mountain View, California, USA): rate con-
stant of elimination, AUC, total body clearance and

extended least

volume of distribution for both lignocaine and midazolam
and the first two for MEGX. A two-compartment model
best described the data from all subjects.

A power analysis, based on the coefficients of variation
previously obtained for the 30-60 min MEGX concen-
trations [15] and midazolam concentrations [12], indicated
that eight subjects should be sufficient to detect differences
of 30% with a significance level () of 0.05 and a power
(1-a) of 90%. Midazolam clearance is expected to be
reduced by at least 30% due to the interaction with
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erythromycin [19-21]. Statistical evaluation was carried
out by anova. When the analysis indicated that the
results were different, a paired f-test was used to compare
them. Linear regression was used to assess correlations.
The inter- and intra-subject variability were defined as
s.d./mean x 100% (coefficient of variation).

Results

The laboratory results for albumin, bilirubin, ASAT,
ALAT, LDH and PT were within the normal range for
all volunteers. Following lignocaine administration all
subjects experienced transient side-eftects during and
immediately after the injections. Typical symptoms were
increased aural acuity, light-headedness and dizziness.
In addition, heart rate slowed down occasionally. No
dysrhythmias were observed. In all cases adverse effects
were transient, usually persisting for about 2—5 min, with
a maximum duration of 10 min.

Figure 1 shows the plasma concentration vs time pro-
files of lignocaine and MEGX on day 5 (without
erythromycin) and day 10 (during erythromycin cotreat-
ment) of the study. Figure 2 shows the plasma concentra-
tion vs time profiles of midazolam. The pharmacokinetic
parameter estimates of lignocaine and midazolam are
given in Tables 1 and 2, respectively.

Erythromycin caused a statistically significant reduction
in midazolam clearance from the original value of 3.8 to
25 ml kg™ ' min~" (95% CI for the difference —2.27,
—0.35 ml kg_1 min "~ '). However, no statistically signi-
ficant change in the clearance of lignocaine was observed
(95% CI for the difterence —2,74, 1.51 ml kg*1 min ).
Figure 3 shows the correlation between midazolam and
lignocaine clearance. In the absence of erythromycin,

Plasma lignocaine (mgmi™)
=
o
(1/67) x93 ewseld

Time (h)

Figure 1 MEGX (solid symbols) and lignocaine (open symbols)
plasma concentration vs time profiles on study day 5 (lignocaine
and midazolam, solid line) and study day 10 (lignocaine and
midazolam co-administered with erythromycin, dotted line)
(mean value and 95% CI).
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a statistically significant correlation was observed which
could be described by the equation CL,;dar0lam =0.41 X
CLiignocaine +1.2 (F=0.857; P<0.001).
cotreatment with erythromycin resulted in a loss of this
correlation (¥ =0.39; P=0.1).

The individual values of the MEGX-test (i.e. serum

MEGX concentrations at 15 and 30 min after an
1

However

intravenous dose of 1 mgkg  of lignocaine) are
shown in Table 3. No statistically significant effect of
midazolam treatment on MEGX concentrations was
observed on day 5 of the study nor of erythromycin
treatment on days 9 and 10 (Figure 4). When considering
the data on day 1, 3 and 5 the intra- and inter-individual

variability in lignocaine clearance were 18.3% and 21%,

600 [
500
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200

Plasma midazolam (hgml™)

100

Figure 2 Midazolam concentration vs time profile on study

day 5 (midazolam and lignocaine, solid line) and on study day 10
(midazolam and lignocaine co-administered with erythromycin,
dotted line) (mean value and 95% CI).

Table 1 Pharmacokinetic measurements of lignocaine on study day 5
in the absence of erythromycin and study day 10 during erythromycin
co-treatment.

Day 5 Day 10
CL CL
(ml kgil ty/2 \Y (ml Iegil t12 \%
Subject min=') (W) (LkeT')  min™!) () (ke )
1 4.8 2.1 1.3 5.1 2.1 1.3
2 10.7 1.2 1.1 6.0 2.9 1.5
3 6.4 2.1 1.1 3.9 4.1 1.3
4 6.5 1.8 1.0 4.2 2.3 0.9
5 5.8 2.3 0.9 6.9 2.4 0.8
6 5.8 1.7 0.9 7.8 2.4 1.6
7 5.3 3.7 0.9 8.0 2.7 1.8
8 5.7 1.9 1.0 4.2 2.1 0.7
Average 6.4 2.1 1.0 5.8 2.6 1.3
s.d. 1.8 0.7 0.1 1.7 0.7 0.4
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respectively. For the MEGX test at 15 min these values
were 45.3% and 57.7%, respectively, and at 30 min 23.5%
and 31.6%. No statistically significant correlation was
observed between lignocaine clearance and the MEGX-
test at 15 min and 30 min (Figure 5). The plasma
1-hydroxymidazolam/midazolam
30 min after administration of midazolam could not be

concentration  ratio
calculated because most 1-hydroxymidazolam concentra-
tions were below the detection limit of 10 pg 17"

Discussion

The correlation between lignocaine and midazolam
clearances suggests the possibility that the two drugs
may share a common elimination pathway, and that the
metabolism of one drug might be a marker for the other.
However, midazolam clearance, but not lignocaine
clearance, is reduced by erythromycin and the correlation

Table 2 Pharmacokinetic measurements of midazolam on study day 5
in the absence of erythromycin and study day 10 during erythromycin
co-treatment.

Day 5 Day 10
CL CL

(ml /eg71 tyo A% (ml /eg71 t1,2 A%
Subject — min~") () (lkg™")  min~") (h)  (Tke™ )
1 3.0 28 0.7 22 25 0.5
2 5.5 1.4 0.7 3.5 2.4 0.7
3 35 2.4 0.9 1.8 2.6 0.8
4 45 1.7 0.6 15 2.1 0.4
5 3.0 1.6 0.9 2.9 3.1 0.8
6 3.8 1.9 0.6 2.2 4.6 0.9
7 3.4 29 0.8 3.9 4.1 0.8
8 3.3 2.1 0.6 2.6 27 0.6
Average 3.8 2.1 0.7 2.5% 3.0% 0.7
s.d. 0.8 0.6 0.1 0.9 0.9 0.2

*Difference between day 5 and 10 95% CI —2.27, —0.35 ml

kg™ ! min~".

is lost. This suggests either that differences in the
pharmacokinetic properties of the two drugs result in
a differential effect on clearance as a result of enzyme
inhibition or that the drugs do not in fact share a common
elimination pathway.

Between lignocaine and midazolam there is a difference
in hepatic extraction ratio. As a result there may be dif-
ferences in the contribution of variability in hepatic
blood flow to the clearance. Because lignocaine has an
intermediate-high hepatic extraction ratio, its clearance
rate and MEGX formation depend on both metabolic
capacity and hepatic blood flow. Stimulation of hepatic
blood flow by food intake did not influence the MEGX
test in a study by Pritchard-Davies et al. [22], whereas
Elvin et al. [23] demonstrated that a high protein meal
increases hepatic clearance of intravenously administered
lignocaine by 21%. Our study design resembles that of
Pritchard-Davies et al. [22], because the volunteers were

y=1.2+0.41 X
r=0.926, n=8
P<0.001

e
-

.=~ y=0.56+0.34 x
r=0.626, n=8

Midazolam clearance (mlkg ' min™)
w

5l a . P=0.097
-
1 L n
2 4 6 8 10 12

Lignocaine clearance (mlkg™' min™)

Figure 3 Lignocaine and midazolam clearances given without
(solid line, open circles) and with (dotted line, solid squares)
erythromycin administration on days 5 and 10, respectively.

Table 3 MEGX-concentrations (g 17') 15 and 30 min after lignocaine administration on subsequent days.

MEGX t=15 min

MEGX t=30 min

Subject Day 1 Day 3 Day 5 Day 9 Day 10 Day 1 Day 3 Day 5 Day 9 Day 10
1 22.3 29.9 40.2 72.7 255 36.4 45.4 41.7 42.6 232
2 25.3 163.9 83.9 96.1 52.2 103.1 66.3 86.2 89.2
3 76.9 37.8 132.2 108.2 113.3 86 50.7 103 91.9 106.8
4 48.5 31.2 57.4 35.1 62.6 65.1 45.4 61.9 53.1 67.7
5 26.6 84 115.3 93.5 86.5 47.8 81.9 93.8 83.4 82.3
6 58.4 63 88.2 74.5 46.3 63.3 64.8 76.5 73.5 52.8
7 69.1 135.2 85.4 82.5 72.4 108.8 81.7 91.6 58.2
8 19 62.6 58.5 28.1 51.1 37.8 62 59.5 47.2 59.2
Average 43.3 76 82.6 73.8 70.9 57 71.5 73.1 71.2 67.4
s.d. 22.9 49.6 30.7 28.6 34.1 17.8 23.9 19.8 20.5 255
136 © 2002 Blackwell Science Ltd Br J Clin Pharmacol, 53, 133—139
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allowed to have a light breakfast. Therefore, only a small
part of the variability might be explained by the influence
of differences in food intake between study days. Further-
more, since midazolam has a lower extraction ratio of
0.3 to 0.4 [10, 24] as compared with lignocaine’s value
0.75 [25], it is unlikely that variation in hepatic blood
flow explains an important part of the observed variability
in healthy volunteers. However, because of lignocaine’s
higher extraction ratio, enzyme inhibition may not result
in as much a change in clearance as it does for midazolam.

Isohanni et al. [17] showed that concomitant admin-
istration of erythromycin does not affect lignocaine
pharmacokinetics. Interactions between erythromycin
and midazolam have been investigated by several authors.
Olkkola et al. [19] administered erythromycin 500 mg
three times daily for 7 days and detected an increase of
the elimination half-life of midazolam 15 mg orally from
2.4 t0 5.7 h. If midazolam 0.05 mg kg~ ' was administered
intravenously after the same dose of erythromycin the
elimination half-life increased from 3.5 to 6.2 h. Aranko
et al. [20] and Zimmermann et al. [21] showed an increase
in the half-life of midazolam 15 mg orally from 1.5 to
2.6 and from 2.2 to 4.1 h after 6 and 5 days respectively
of erythromycin 500 mg three times daily. We also found
a significant prolongation of the midazolam half-life and
decrease of its clearance.

The interaction between CYP3A4 and its substrates and
inhibitors 1s complex, which is probably attributable to
multiple binding sites within the active site of the enzyme.
As a consequence, the interactions observed with one
CYP3A4 probe may not be representative for those
observed with other CYP3A4 substrates [26]. Kenworthy
et al. [26] identified two distinct groups of CYP3A4
substrates based on their response to chemical modifiers of
CYP3A4 activity. Erythromycin and cyclosporin belong
to one group, midazolam to the other. Unfortunately
lignocaine was not included in this study. Our results
suggest that lignocaine may belong to a third, not yet
identified, group. Furthermore the difference between
lignocaine and midazolam might be explained by the fact
that there is an alternative metabolic route for lignocaine.
Hydroxylation mediated by CYP1A2 might contribute
more to MEGX formation than CYP3A4 at low ligno-
caine concentrations [16, 27]. For midazolam there are no
known alternative metabolic routes for hydroxylation
other than mediated by CYP3A4 [9].

With regard to the variability of the MEGX-test,
Oecllerich et al. [13] and Huang et al.[15] also showed
in their studies large interindividual variation in both
their control patients and patients with impaired liver
function. There was a significant overlap of MEGX levels
between the control group and diseased groups. This
did not restrain them from the conclusion that the MEGX
formation test is valuable both in the quantitative
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evaluation of liver function and in the prognostic
prediction of adults with liver disease. In our study the
presumed cut-off value of 50 pg 17" as an indicator for
hepatic dysfunction [13, 14] falls within the 95%
confidence interval of the first 2 study days as shown in
Figure 4 (95% CI day 1, 24.1, 62.4, day 3, 34.5, 117.4).
The mean value of MEGX formation after administration
of erythromycin on day 9 did not fall within the 95%
confidence interval of day 1, but did in that of day 3.
Inhibition of CYP3A4 by erythromycin therefore cannot
be predicted by the MEGX-test. These results and the
large wvariability indicate that MEGX formation is not
a valuable indicator for oxidative metabolic liver function
or even for changes in metabolic liver function.

Interpretation is also complicated by the fact that
some MEGX can be produced elsewhere in the body,
probably in the intestine and kidney, since there is
evidence for its extrahepatic production in an anhepatic
woman, showing a serum MEGX concentration at 15 min
of approximately 15 ug 17" [28]. Furthermore there are
sex related differences in MEGX formation and the
influence of contraceptives has to be taken into account
when the test results are evaluated. Premenopausal women
show significantly lower MEGX concentrations 30 min
after lignocaine administration than men, the lowest values
being observed in women taking contraceptives [29].
Gender does not influence midazolam pharmacokinetics,
but its clearance tends to be diminished in women taking
contraceptives [30]. This discrepancy also indicates ligno-
caine to be a member of a third group of CYP3A4
substrates other than erythromycin and midazolam.

The main advantage of the MEGX-test was that it
can be performed rapidly. However, our results show that
the predictive value of MEGX concentrations for the
estimation of clearance of drugs metabolized by CYP3A4
is low. Although it is possible to predict individual drug
pharmacokinetics with only a few data points of its plasma
concentration, this will inevitably take much more time.
Further investigations are necessary to find a suitable test
which can be performed quickly and has good predictive
value for a priori drug dosing.

In conclusion, there is a correlation between midazolam
and lignocaine clearances, but the decrease of midazolam
clearance induced by erythromycin administration is not
observed with lignocaine. The values of plasma MEGX
concentrations 15 and 30 min after administration of
a bolus of 1 mg kg~ ' of lignocaine vary considerably.
The effects of administration of midazolam or erythro-
mycin on the test results could not be determined due to
these large variations. No correlation was found between
MEGX concentrations 15 and 30 min after administration
and lignocaine or midazolam clearance. This makes the
MEGX test inappropriate to predict optimal drug dosing
for midazolam and perhaps also other drugs whose
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pharmacokinetics depend on CYP3A4 activity. Individual
measurement of plasma concentrations remains necessary
to adjust drug dosing to liver oxidative function.

We thank Mr J. Sewnath and Mr R. Mooren for their skilful
determination of the drug concentrations. The study was supported
by Abbott Laboratories, Amstelveen, the Netherlands.
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