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CYP3A4 and CYP2A6 activities marked by the metabolism
of lignocaine and coumarin in patients with liver and
kidney diseases and epileptic patients
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1 The in vitro hepatic metabolism of lignocaine to monoethylglycinexylide (MEGX)
is mediated by CYP3A4 and that of coumarin to 7-hydroxycoumarin (70HC) by
CYP2A6. We investigated the usefulness of monitoring serum MEGX concen-
trations (after 1 mg kg-' lignocaine i.v.) and urinary 70HC excretion (after 5 mg
coumarin p.o.) to reflect liver function in patients with liver (n = 36), kidney (n =
12) and epileptic (n = 12) disease and in control subjects (n = 20). The extent of
liver disease was assessed using measurements of serum aminoterminal pro-
peptide (PIIINP) and Child-Pugh grades.

2 Serum concentrations of MEGX were decreased in severe (4.6 ± 3.0 s.d. ng ml-'),
moderate (19.1 ± 11.6 s.d ng ml-') and mild (32.8 ± 14.2 s.d ng ml-') liver
disease as compared with controls (53.4 ± 15.8 s.d ng ml-'). The excretion of
70HC over 2 h was decreased in severe (18.0 ± 10.3 s.d % of dose) and moderate
(34.2 ± 15.6 s.d %), but not in mild (49.7 ± 19.0 s.d %) liver disease as compared
with that in controls (56.2 ± 11.6 %).

3 In epileptic patients the urinary recovery of 70HC was increased (2 h value 69.5
+ 13.2 s.d %) suggesting enzyme induction. In contrast, serum MEGX concentra-
tion were low (40.0 ± 14.1 s.d ng ml-'), possibly due to competition for CYP3A4
between lignocaine and antiepileptic drugs.

4 In patients with kidney disease serum MEGX concentration (56.5 ± 26.1 s.d ng
ml-') was similar to that in controls. The excretion rate of 70HC was reflected in
the creatinine clearance (r = 0.664).

5 Serum PIIINP values correlated better than Child-Pugh grades with serum MEGX
concentration and excretion of 70HC.

6 The case history, extent of liver disease, kidney function and drug therapy must be
considered when evaluating liver function with probe drugs known to be metabo-
lized by specific hepatic isoforms of cytochrome P450.
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Introduction

Patients with hepatobiliary diseases need functional using probe drugs which mark the activity of iso-
assessment for prognostic evaluation and drug dosage forms of cytochrome P450.
adjustments, and knowledge of hepatic drug metabo- Lignocaine is N-deethylated to monoethylgly-
lizing ability is important when choosing liver donors cinexylide (MEGX) mainly by CYP3A4 [2]. Its
before transplantation. Recent developments allow a hepatic extraction is 0.6-0.8 [2] and after i.v. admin-
degree of quantification of hepatic drug metabolism istration its clearance should depend upon both
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oxidative metabolism and liver blood flow. Thus,
plasma concentrations of MEGX after i.v. injection of
lignocaine (MEGX test) reflect CYP3A4 activity [1,
2]. In patients with hepatobiliary diseases lignocaine
elimination is relatively slow [2].

Coumarin is hydroxylated to 7-hydroxycoumarin
(70HC) by CYP2A6 and urinary excretion of 70HC
after oral administration of coumarin (coumarin test)
reflects the activity of CYP2A6 [3-5]. Use of both
drugs has been suggested for measurement of liver
function in clinical practice [1, 4]. However, the
influence of kidney function and simultaneous drug
therapy on these tests needs further investigation and
was the subject of the present study.

Methods

Patients with liver disease

Thirty-six patients with alcoholic liver disease (29
men and 7 women) were studied (Table 1). The diag-
nosis had been confirmed histologically by methods
described previously [7]. Twenty-six patients had
hepatic cirrhosis and 10 had severe fibrosis with or

without fatty liver. They were classified into three
groups (severe, moderate, mild disease) on the basis
of fibrotic activity indicated by serum aminoterminal-
propeptide level (PIIINP) (Tables 1 and 2, Figure 1),
and this classification was compared with histological
diagnosis and with a modified Child-Turcotte score

[8] (Table 3). None of the patients had significant car-

diac decompensation and kidney function, estimated
by creatinine clearance, was normal. TIwenty-six
patients were taking drugs (digoxin, frusemide,

thiazides, ,-adrenoceptor blockers (atenolol/sotalol)
and nitroglycerin), but none was receiving com-

pounds known to alter hepatic CYP3A4 or CYP2A6
activities. Eight subjects were regular smokers, the
others were non-smokers.

Patients with kidney disease

Twelve patients (11 male and 1 female) with stable
chronic renal impairment due to hypertension [5],
glomerulonephritis [3], chronic pyelonephritis [2],
polycystic kidneys and renal artery stenosis (one
each) were studied. They had low creatinine clear-
ances (0.7 ± 0.4 s.d ml min-') and low serum albumin
(31.5 ± 2.8 s.d g 1-'). Liver function tests were nor-

mal. They were receiving drugs for the treatment of
heart failure (digoxin), angina pectoris (nitroglycerin)
or hypertension (frusemide, atenolol). Four patients
had radiological bone changes associated with
chronic renal disease (renal osteodystrophy), and they
had elevated PIIINP (Figure 1) and alkaline phos-
phatase levels. The elevation of PIIINP in these
patients reflected bone marrow fibrosis [9].

Epileptic patients

Twelve patients (six of each sex) with chronic
epilepsy, undergoing therapy with anticonvulsant
agents (six with carbamazepine, three with carba-
mazepine and clonazepam, and three with phenobar-
bitone and phenytoin) for 5 to 22, years, were

studied. The diagnosis had been confirmed by EEG
findings and clinical data. The patients had normal
liver and kidney function. Three were receiving drugs
for cardiovascular diseases (digoxin, nitroglycerin,
atenolol, frusemide).

Table 1 'inical nd laboratory data for patients with liver and kidney disease, epileptic patients and healthy control subjects

Age BMI Drug
(years) Sex (kg m-2) useSubjects

Bil ASAT ALAT
(mmol 1-1) (u 1'1) (u 1'1)

AP
(%)

Creatinine
ALB T-T clearance
(g 1-1) (%) (ml min-)

1 Alcoholic liver disease
severe 52 ± 9
(n = 12)
moderate 56 ± 9
(n = 12)
mild 56 ± 8
(n = 12)

2 Kidney disease 62 ± 11 11 M 25.7
(n = 12) 1 F 1.9

3 Epilepsy 53 ± 11 6 M 23.8
(n = 12) 6 F 1.8

12/12 11.6
7.8

12/12 9.6
1.5

54 ± 9 10 M 25.3 None 10.9
10 F 4.1 3.5

32.9 37.2 213.5a 31.5a 95.2 0.7a
21.8 36.7 43.7 2.8 6.9 0.4

23.5 29.3 144.5 37.5 100.0 1.1
6.1 12.6 43.7 2.8 0 0.3

27.7 25.5 135.6 37.7 100.0 1.6
6.2 9.3 39.0 1.8 0 0.6

8 M
4 F

IIM
I F

10 M

2 F

27.5
3.9

27.4
2.9

27.2
4.0

8/12 43.la
21.6

9/12 17.5
11.2

9/12 12.4
5.9

62.7a

31.9
45 .gb
28.8
37.7
26.1

41.2
27.9
61.0
19.8
47.3
31.5

37 1.9a
156.8
262.8c
189.5
173.7
84.9

32.7b
5.8

37.4
4.1

39.0
5.6

65.7a

30.2
96.2
15.9
98.2
6.7

4 Controls
(n = 20)

1.33
0.35
1.40
0.51
1.60
0.50

Data are mean ± s.d.
BMI = Body mass index, liver and kidney test values, Bil = total bilirubin, ASAT = aspartate transferase, ALAT = alanine
transferase, AP = alkaline phosphatase, ALB = albumin, T-T = thrombotest; N = normal P values compared with controls
a < 0.001, b < 0.01, c < 0.05
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Table 2 Serum type III procollagen (PIIINP), serum monoethylglycinexylidide (MEGX)
concentration and urinary 7-hydroxycoumarin (7-OHC) excretion in patients with liver (n = 36),
kidney (n = 12) and epileptic (n = 12) disease and in control subjects (n = 20)

Fibrotic activity Serum MEGX Urinary excretion of 7-OHC (% of dose) at
Subjects PIIINP (ug 1-') (ng ml-) 2 4 24 h

1 Alcoholic liver disease
severe 14.8a + 3.4 4.6a + 3.0 18.0a + 10.3 13.0 ± 5.6 21.5a ± 12.8
moderate 6.6a + 1.7 19.1a + 11.6 34.2a + 15.6 14.5 ± 7.1 10.4a + 15.5
mild 3.4 ± 0.5 32.8a±14.2 49.7 +19.0 10.7c + 6.6 12.2b 13.6

2 Kidney disease 5.7 ± 4.2 56.5 ± 26.1 27.8a + 15.7 26.3 ± 9.2 23.7a ± 12.5

3 Epilepsy 3.5 ± 0.4 40.0" + 14.1 69.5b + 13.2 11.3 ± 6.7 0.0 ± 0.0

4 Controls 3.4 ± 0.4 53.4 ± 15.8 56.2 ± 11.6 16.7 ± 8.2 2.5 ± 3.4

P values compared with controls a < 0.001, b < 0.01, c < 0.05.
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Figure 1 Serum type III procollagen (PIIINP) levels, serum
concentrations of monoethylglycinexylidide (MEGX) at
15 min after i.v. injection of lignocaine (1 mg kg-') and
urinary excretion of 7-hydroxycoumarin (70HC) at 2 h after
an oral 5 mg dose of coumarin in patients with liver and
kidney disease, epileptic patients and healthy control subjects.
(High PIIINP values in two kidney patients reflected bone
marrow fibrosis).

Control subjects

Table 3 Liver histology and Child - Pugh scores
of the liver disease patients (n = 36) classified by
fibrotic activity (PIIINP)

Classification PIIINP (lg 1-1)
< 4.2 4.3 - 9.9 . 10.0

Histology 6 Cir 9 Cir 12 Cir
6 FL + Fib 3 FL + Fib

Child - Pugh
- class A 6 5 0
-class B 6 5 3
-class C 0 2 9

Cir = cirrhosis, FL + Fib = Fatty liver and fibrosis.

kidney function tests were performed as part of their
clinical evaluation.

Protocol

The study protocol was approved by the local Ethics
Committee and the subjects gave their written
informed consent. The subjects were investigated as
inpatients after clinical and laboratory examination.
Blood and urine samples for liver and kidney func-
tion tests were taken after an overnight fast. Ligno-
caine hydrochloride (1 mg kg-1, Astra, Sodertelje,
Sweden) was given as a 1 min i.v injection. Blood
samples for the measurement of MEGX were taken
before and 15 min after the injection [1]. A Venalot®
capsule (containing 5 mg coumarin and 25 mg ruto-
sides, Schaper & Brummer, Ringelheim, Germany)
was given orally with 200 ml water after the 15 min
blood sample for MEGX assay had been taken [4].
The patients had breakfast 2 h after administration of
the coumarin capsule. Urine was avoided before and
at 2, 4 and 24 h after capsule administration. Blood
and urine samples were centrifuged immediately and
kept frozen (-20° C) until assay.

Assay ofMEGX and 70HC

Twenty age and sex-matched subjects who had no
evidence of liver disease, and who were not receiving
any medication known or suspected to induce or
inhibit CYP3A4 or CYP2A6, were studied. Liver and

MEGX was determined by a fluorescence polarization
immunoassay (FPIA) [1] using a commercial kit
(Abbott Diagnostics, Illinois, USA), as described pre-
viously [10]. The intra- and inter-assay coefficients of
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variation of the assay were 2.4% and 1.2% at a con-
centration of 310 nM (n = 10).
70HC was assayed by an h.p.l.c. method described

previously [4, 11]. Urine (0.25 ml) was incubated
with 3-glucuronidase (500 units ml-') for 30 min at
370 C. The mixture was then filtered and 20 gl
injected into the h.p.l.c. system, which consisted of
an Interchom Nucleosil C18 (5 ,um 25 cm) column,
an Altex model 110 pump, a Cecil Ce 2112 UV moni-
tor and a Hitach D-2000 integrator. The elution buffer
used as 1.5% v/v acetic acid: acetonitrile (75:25), and
pH was adjusted to 4.80 with ammonium hydroxide.
The flow rate was 1 ml min-' and u.v. detection was
at 313 nm. 4-Hydroxycoumarin was used as internal
standard. The intra-assay and interassay coefficients
of variation for duplicate analyses were 1.5% (n =
10) and 1.7% (n = 10), respectively, at a 70HC con-
centration of 20 nM.

Assay of serum collagen antigen content

PIIINP concentration was measured by an equilib-
rium-type radioimmunoassay as described previously
[12, 13]. The method overcomes the problem of non-
parallelism between the standard antigen and human
samples encountered with commercial PIIINP radio-
immunoassays. Intra- and interassay coefficients of
variation were about 5% at all antigen concentrations.

Liver function tests

Serum albumin concentration, total bilirubin content,
and the activities of aspartate aminotransferase and
alkaline phosphatase were measured using standard
automatic analyzer techniques. Prothrombin time was
determined using an automatic instrument.

Results

Patients with liver disease

The fibrotic process was related to serum MEGX con-
centrations and 70HC excretion and the results of
liver function tests (Figure 1, Tables 1-3). Serum
MEGX concentrations were lower in patients with
severe (-58.27 to -39.33, 95% confidence interval of
difference), moderate (-45.04 to -23.56) and mild
liver (-31.96 to -9.24) disease relative to control
subjects. The patients with severe (-46.51 to -29.89)
and moderate (-31.85 to -12.15) liver disease had
lower 70HC excretion at 2 h and increased excretion
at 24 h relative to controls. In patients with mild liver
disease 70HC excretion was normal at 2 h (-17.50 to
4.50), but differed at 24 h (Table 2). Comparison of
serum PIIINP values with MEGX and 70HC values
(Figure 2) revealed inverse correlations (r2 = 0.485,
P < 0.01; and r2 = 0.373, P < 0.05, respectively).

Epileptic patients

In patients treated with antiepileptic drugs (Tables 1
and 2, Figure 1) 70HC excretion was relatively rapid.
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Figure 2 Relationship between serum PIIINP and serum
MEGX concentrations (lower) and 2 h 70HC excretion
(upper) in patients with liver disease (n = 36).

At 2 h the patients excreted more metabolite than the
controls (95% confidence interval of difference 4.19
to 22.41), and recoveries were lower than those in the
controls (-24.73 to -2.07).

Patients with kidney disease

Patients with impaired kidney function had delayed
70HC excretion compared with controls (Table 2).
Recovery at 2 h was related to serum creatinine level
(r = -0.854, P < 0.001) and creatinine clearance (r =

0.664, P < 0.05). The total recovery of 70HC in the
renal disease patients (78%) was similar to that in
epileptic patients (81%) and controls (75%), suggest-
ing that excretion rather than formation of 70HC was
compromised in renal impairment (Table 2). Serum
MEGX concentrations were similar in patients with
renal disease and controls (Table 2).

Correlations

Serum MEGX concentrations and 2 h urinary 70HC
recovery were correlated, r2 = 0.451 (P < 0.01). A
positive correlation between the Child-Pugh score
and serum PIIINP (r2 = 0.421, P < 0.01) indicated
that both measures reflected liver function. The
PIIINP values were more closely related to CYP iso-
form activities (MEGX, r2 = 0.286, NS and 70HC,
r2 = 0.335, P < 0.05; Figure 2) than were the Child-
Pugh scores. Child-Pugh scores incorporating PIIINP
values as sixth parameter correlated with serum
MEGX (r2 = 0.395, P < 0.05) and 2 h 70HC recov-
ery (r2 = 0.458, P < 0.01).
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Discussion

Major problems in the investigation of drug metabo-
lism in liver disease include the assessment of hepatic
integrity and functional capacity, the need for simple
yet informative markers of functional disturbances,
and the determination of the extent to which abnor-
mal function affects drug metabolism. Clinical,
biochemical and histological methods and their com-
binations have been utilized in various scoring
systems [8, 14, 15], but no single index provides infor-
mation about the nature and severity of liver disease.
The assay of collagen antigens allows evaluation of

the activity of the fibrotic process, thought to be a
central phenomenon in different manifestations of
liver disease and injury. PIIINP, liberated during the
stoichiometric conversion of type III procollagen to
collagen by a specific peptidase [16-18], reflects de
novo synthesis of type III procollagen in the liver,
although the possibility that serum PIIINP is derived
from breakdown of extracellular type III procollagen
cannot be excluded in patients with subfulminant
hepatic failure [13]. Our patients with kidney disease,
who had normal liver function associated with bone
marrow fibrosis, had elevated serum PIIINP values.
Thus, chronic renal disease must be considered when
using serum PIIINP as an index of fibrosis.

In patients with liver disease the synthesis of pro-
collagen is stimulated by the inflammatory process,
necroinflammation of hepatocytes, activation of
cytokines and lymphokines and by compounds
released from macrophages [19-22], phenomena
associated with a decrease in drug metabolizing
enzyme activity [23]. Collagen production then
exceeds its regeneration by the liver and fibres
together with other extracellular matrix components,
non-collagenous glycoproteins and proteoglycans,
accumulate in the extracellular spaces [24]. This is
associated with disturbances in hepatic microcircula-
tion even in the early phase of the process [25, 26].
In advanced liver cirrhosis, thick trabeculae distort
lobular architecture and the vascular bed, leading to
arteriovenous shunting [25, 26] and decreased sub-
strate availability to already impaired enzymes.
Our data demonstrate that high PIIINP and low

serum MEGX concentrations both indicate impaired

liver function. Decreased enzyme activity together
with vascular changes associated with the fibrotic
process decrease lignocaine metabolism in patients
with liver disease. However, like lignocaine, many
other drugs (e.g. erythromycin, steroids, cyclosporine
A, nifedipine, midazolam, phenobarbitone and carba-
mazepine) are metabolized by CYPA3 enzymes [27],
and interactions may occur [28, 29]. Consequently,
concurrent use of these drugs may lead to erroneous
conclusions when using MEGX as a measure of liver
function.

Coumarin is at present the only drug known to be
oxidized by CYP2A6 [3]. The 7-hydroxymetabolite is
conjugated with glucuronic acid and excreted rapidly
into urine [5]. Our findings indicate that in patients
with severe or moderate hepatic disease 70HC excre-
tion is delayed, indicating an impairment of cou-
marin metabolism. However, the 2 h coumarin test
could not distinguish patients with mild liver disease
from controls. Furthermore, the coumarin test is not
applicable in patients with impaired kidney function.
CYP3A4 is the major cytochrome P450 enzyme in

human liver [30]. It can be induced by many drugs
including phenytoin [31], phenobarbitone [32] and
carbamazepine [33, 34], the drugs used by our epilep-
tic patients. Rapid 70HC excretion in these patients
relative to controls may indicate such induction of the
hepatic microsomal enzyme system including also
CYP2A6 isoform. However, in contrast, lignocaine
N-deethylation was delayed. Since, we presume that
these patients had normal hepatic blood flow, it is
likely that this observation can be explained by com-
petition between the anticonvulsant agents and ligno-
caine for CYP3A4, as seen in patients treated with
erythromycin and amiodarone [8, 28, 29]. Nine out of
12 epileptic patients were treated with carbamazepine
and epoxidation of this compound is mediated by
CYP3A4 [35]. The use of drugs competing for
CYP3A4 may delay MEGX production invalidating
the MEGX test as an index of decreased liver func-
tion.
The authors thank Mrs Ritva Tauriainen for her skillful
technical assistance. The study was supported by The
Academy of Finland Medical Research Council (contract
no. 1051029). This study was performed within the frame-
work of the COST B1 project.
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