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Dietary habits are often considered as a pathogenic factor for fatty liver. The impact of dietary
intake and steatosis on drug metabolism remains poorly investigated. Our aim was to assess the
effect of dietary intake onin vivo cytochrome P450 (CYP) activities in eleven patients with
abnormal liver function tests potentially due to fatty liver and associated with a high-sugar diet.
Liver function tests, liver volume, aminopyrine breath test (ABT) and chlorzoxazone (CZ)
pharmacokinetics (area under the curve, AUC) which are known to reflect CYP2E1 activity were
evaluated before and after 2 months restriction of dietary sugar intake. Features at inclusion were
an increased BMI (30⋅3 (SD 3⋅2) kg/m2), high hepatic volume (1⋅96 (SD 0⋅48) litres), hyperecho-
genic liver parenchyma, elevated liver enzyme activities (alanine aminotransferase (EC 2.6.1.2)
58⋅6 (SD 17⋅4) IU/l with alanine aminotransferase : aspartate aminotransferase (EC 2.6.1.1) ratio
. 1), together with a normal ABT value (0⋅68 (SD 0⋅21) % specific activity of administered dose
of [ 14C]aminopyrine in breath after 1 h) and a high CYP2E1 activity (CZ AUC 20⋅3 (SD 7⋅1)
mg/ml per h). A dietary sugar restriction was prescribed. On the basis of repeated interviews by
the same dietitian, unaware of any clinical and biochemical data, six patients remained compliant
to the diet and exhibited reductions in BMI (P, 0⋅001), serum alanine aminotransferase
(P=0⋅008), liver volume (P=0⋅002) and CYP2E1 activity (P=0⋅007), a significant increase in
ABT (P, 0⋅001) together with the disappearance of liver hyperechogenicity at ultrasound. In
contrast, the five non-compliant patients did not show any significant change in any of these
variables. In conclusion, CYP2E1 activity is induced in patients with perturbations of liver
function tests potentially due to fatty liver. In these patients, effective dietary sugar restriction is
associated with a reduction in liver volume, a reduction in CYP2E1 activity and an increased
aminopyrine metabolism rate.

Cytochrome P450: Aminopyrine: Chlorzoxazone: Liver

Liver fatty infiltration, i.e. steatosis, is a common condition
often associated with malnutrition, starvation, jejunoileal
bypass, gastric partitioning, diabetes mellitus, obesity, total
parenteral nutrition (Burtet al. 1991; Alperset al. 1993; Day
& Yeaman, 1994), and carbohydrate-enriched diet (Acheson
et al. 1984; Frayn & Kingman, 1995). Enhancement of the
expression and activity of the hepatic lipogenic enzymes by
a high-carbohydrate diet is a well known phenomenon able
to produce liver steatosis (Achesonet al. 1984; Frayn &
Kingman, 1995; Aarslandet al. 1997).

The impact of dietary intake and steatosis on liver meta-
bolic functions remains unclear. In healthy subjects, energy
intake restriction decreases aminopyrine clearance (Krish-
naswamyet al. 1984). In patients with steatohepatitis, a
single study aimed at investigating cytochrome P450 (CYP)

activity showed that antipyrine clearance is dramatically
impaired in this condition and is improved following dietary
therapy (Fiataroneet al. 1991). Evidence has also been
provided that transplanting a steatotic liver significantly
increases the risk of primary non-function (Adamet al.
1991; Ploeget al. 1993). Liver steatosis is also a probable
risk factor for halothane or acetaminophen hepatotoxicity
(Black, 1984; Cousinset al. 1989), an event known to be
influenced by the level of CYP2E1 activity (Raucyet al.
1989; Kharaschet al. 1996).

To assess the effect of dietary intake and steatosis on
CYP, we investigated a group of such patients for amino-
pyrine demethylation and chlorzoxazone (CZ) pharmaco-
kinetics at the time of inclusion in the study and after
2 months dietary sugar restriction.
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Subjects and methods

Subjects

Caucasian patients (n 11: nine males and two females) aged
from 25 to 64 years (mean age 44⋅9 (SD 11⋅6) years)
participated in the investigation. The protocol was approved
by the St-Luc University Hospital ethical committee
(Catholic University of Louvain, Brussels, Belgium) and
all patients gave written informed consent before taking part
in the study. Criteria for diagnosis were a compatible
clinical history, a hyperechogenic liver parenchyma at
upper abdominal ultrasound (Osawa & Mori, 1996) together
with abnormal liver function tests characterized by an
alanine aminotransferase (EC 2.6.1.2) : aspartate amino-
transferase (EC 2.6.1.1) (ALT : AST) ratio . 1 in the
absence of any other detectable cause of liver injury.
Before inclusion, a complete clinical history including
height and weight, previous history of transfusion and
associated non-hepatic conditions was obtained in all cases
together with a routine clinical examination and biochemical
data. Wilson’s disease, viral hepatitis B and C, auto-immune
hepatitis,a1-antitrypsin deficiency and haemochromatosis
were excluded on the basis of biochemical work-up. A
detailed alcohol intake appraisal was obtained by two
different physicians, ten patients being abstinent while the
remaining patient drank less than 20 g alcohol per week.
Moreover, in all patients the AST : ALT ratio, uric acid
concentration and erythrocyte mean corpuscular volume did
not show any change suggestive of excessive alcohol con-
sumption. No patient was taking any medication known to
produce liver injury or to influence CYP activities (Table 1).
A single subject (patient 8) was smoking five to ten
cigarettes per day.

At both the time of diagnosis and at inclusion in the study,
a dietary inquiry was performed by the same dietitian. A
detailed questionnaire about diet ingested during the pre-
ceding week was provided by each patient including a
precise quantification of food and beverages ingested
during the 3 d before inclusion in the study.

After an overnight fast, blood count, standard liver
function tests (serum albumin, bilirubin, ALT and AST,
alkaline phosphatase (EC 3.1.3.1),g-glutamyl transferase
(EC2.3.2.2)), prothrombin time, ferritin, glucose,b-hydroxy-
butyrate, insulin and glycated haemoglobin, triacylglycerol
and cholesterol concentrations were determined by routine
clinical methods. Patients 2 and 9 underwent a 75 g 2 h
glucose-tolerance test because of slightly elevated fasting
blood glucose. Liver volume, aminopyrine demethylation
rate and CZ pharmacokinetics were performed on the same
day.

A dietary reduction in mono- and disaccharide intake
without change in protein and lipid intake was prescribed
for a 2-month period. Compliance to the diet was evaluated
by weekly interviews performed by telephone and repeated
interviews performed in person by the same dietitian, who
was unaware of any clinical and biochemical data, after
1 month and at the end of the study. In addition, each
patient made a precise determination of the quantity of
food and beverages ingested during the 3 d preceding the
inclusion in the study.

At 2 months, physical examination, recent clinical history,
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blood tests, liver ultrasound, liver volume, aminopyrine
demethylation rate and CZ pharmacokinetics were repeated.

Liver biopsies performed in three patients within 1 month
(patient 7), 2 years (patient 6) and 8 years (patient 5) before
inclusion showed characteristic features of steatohepatitis
(Lee, 1989).

Methods

Liver volume was evaluated by single proton emission tomo-
graphy of the liver after intravenous injection of approxi-
mately 110 MBq99mTc-labelled sulfur colloid. Single proton
emission tomography acquisitions were performed on a
single head camera (400AC/T, GE, Milwaukee, WI, USA)
equipped with a LEHR collimator in a 64×64 matrix (pixel
size 6⋅5 mm) using a 20 % window around the photopeak;
sixty-four projections were acquired along an elliptical
orbit. The data were reconstructed using the filtered back
projection algorithm with a Shepp-Logan filter and a Hanning
window. The V filter (Kuwahara & Hachimura, 1980) was
then applied on the transverse slices: this filter smoothes the
activity inside the liver without significant reduction of the
contrast of the liver contour. The number of voxels included
in the liver were further determined using the Gy histogram
method (Mortelmanset al. 1986).

CYP1A2 and -3A activities were evaluated using the
[ 14C]aminopyrine breath test (ABT) as previously described
by our group (Horsmanset al. 1995b). Briefly, fasting
patients were given an intravenous trace dose of the labelled
compound (37⋅0–55⋅5 Bq [14C]aminopyrine). Breath [14C]
activity was measured 1 h after injection, and the specific
activity (SA), corrected for body weight, was expressed as the
percentage of the administered dose (SA 1 h %). In healthy
volunteers whose mean age was 27 years ABT values were
0⋅60 (SD 0⋅15) SA 1 h % (Horsmanset al. 1995a).

CYP2E1 activity was assessed by the pharmacokinetics
of CZ and its metabolite 6-hydroxychlorzoxazone (Girre
et al. 1994) following oral administration of CZ (500 mg)
(Sigma Chemicals Co., St Louis, MO, USA) and agreed for
human use by the pharmaceutical department of the Uni-
versity St-Luc Hospital, Brussels, Belgium). Venous blood
samples were drawn before drug intake and 0⋅5, 1, 1⋅5, 2, 3,
4, 5, 6, 7 and 8 h thereafter. Plasma CZ and 6-hydroxy-
chlorzoxazone were determined by a reverse-phase HPLC-
based assay as recently described by our group (Leclercq
et al. 1998b).

The individual CZ and 6-hydroxychlorzoxazone pharma-
cokinetic data were processed by the ELSFIT program
(Sheiner, 1983). Data were expressed as the CZ area under
the curve (CZ AUC) inmg/ml per h. In healthy subjects
whose mean age was 38 years, CZ AUC was 46⋅7 (SD 14⋅6)
mg/ml per h (Leclercqet al. 1998a).

Statistical analysis

Data are expressed as means and standard deviations.
Comparisons between variables before and after normo-
glucidic diet were performed using the paired Student’st
test, with P# 0⋅05 taken as the lower limit of statistical
significance. The correlation between the extent of weight
reduction and CYP2E1 activity reduction was examined by
calculating Spearman’s rank correlation coefficient,r s.

Results

At the time of diagnosis all patients were taking a high-
sugar diet in which 47 (SD 8) % of total daily energy intake
(11⋅34 (SD 2⋅94) MJ/d) was supplied as carbohydrate (of
which 2⋅94 (SD 1⋅43) MJ/d was mono- and disaccharides),
1⋅68 (SD 0⋅36) MJ/d was from protein, and 4⋅33 (SD 0⋅70)
MJ/d was from lipid. Ten out of eleven patients had a
slightly excessive body weight while patient 6 had a normal
weight. Typical biochemical abnormalities included a 2-
fold increase in serum ALT with ALT : AST ratio. 1 and a
2⋅5-fold increase in serumg-glutamyl transferase. Serum
bilirubin, albumin concentration and prothrombin time were
normal in all instances. Fasting serum cholesterol and
triacylglycerol concentrations at diagnosis are listed in
Table 1. Serumb-hydroxybutyrate and fasting insulin
concentrations were normal in all instances. The glucose-
tolerance test performed in patients 2 and 9 because of
slightly elevated fasting plasma glucose showed a moderate
postprandial hypoglycaemia. Serum Fe concentration was
normal in all cases while serum ferritin was slightly increased
in five patients (patients 1, 4, 5, 8 and 9) with values ranging
from 300 to 340 ng/ml (normal value, 300 ng/ml).

At diagnosis, the mean hepatic volume was 1⋅96 (SD 0⋅48)
litres. ABT values showed a wide inter-individual variabil-
ity (0⋅68 (SD 0⋅21) SA 1 h %; range 0⋅37–1⋅14 %) (Fig. 1(a)).
CZ AUC value in the whole group was 20⋅3 (SD 7⋅1) mg/ml
per h; the individual values ranged from 9⋅8 to 31⋅0mg/ml
per h (Fig. 1(b)).

Effect of diet on laboratory findings, liver volume,
cytochrome P450 activity and liver echogenicity

On the basis of repeated interviews by the dietitian, who was
unaware of any clinical and biochemical data, six patients
were found to be compliant to the 50 % reduction in mono-
and disaccharide dietary supply (1⋅08 (SD 0⋅49) MJ/dv. 3⋅56
(SD 1⋅26) MJ/d at inclusion;P=0⋅01). The five remaining
patients did not modify their dietary habits, the total energy
supply remaining unchanged (10⋅45 (SD 2⋅89) MJ/d after 2
monthsv.10⋅19 (SD 2⋅78) MJ/d at inclusion from which 3⋅02
(SD 0⋅63) MJ/dv. 2⋅81 (SD 1⋅26) was provided as mono- and
disaccharides) (Table 2).

In the group overall, serum ALT, liver volume, ABT
and CZ AUC values did not show any significant change
(Table 3).

In the six compliant patients, the change in diet led to a
significant reduction in body weight (85⋅3 (SD 11⋅5) kg v.
90⋅5 (SD 12⋅3) kg;P, 0⋅001), BMI (P, 0⋅001), serum ALT
(P=0⋅008), hepatic volume (P=0⋅002) and to disappear-
ance of liver hyperechogenicity at ultrasound. ABT values,
however, were significantly increased (P, 0⋅001) (Table 3
and Fig. 1(a)). In this group, the 2-months sugar-restricted
diet also resulted in a significant decrease in CYP2E1
activity as demonstrated by a significant increase in CZ
AUC (P=0⋅007) (Table 3 and Fig. 1(b)). A significant corre-
lation was observed between the extent of weight reduction
and variation in CZ AUC level (r s 0⋅57, P=0⋅008).

In the five non-compliant subjects, BMI remained
unchanged, serum ALT increased (P=0⋅03) whereas ABT
values, hepatic volume, hyperechogenic aspect of the liver
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at ultrasound and pharmacokinetic parameters of CZ did not
change significantly (Table 3 and Fig. 1(b)).

Discussion

A group of patients with elevated serum liver enzymes
probably related to fatty liver as assessed by the evidence
of a hyperechogenic liver parenchyma, in the absence of any
other detectable cause of liver injury and occurring together
with a high-sugar diet, was investigated for CYP activities.
Changes occurring after a 2-month sugar-restricted diet
were also documented.

Liver fat accumulation was directly confirmed in three
cases by a liver biopsy performed before the study and
indirectly in six patients on the basis of the improvement in
biochemical and echographic features following mono- and
disaccharide intake restriction (Erikssonet al. 1986; Keeffe
et al. 1987). In patients compliant to the prescribed diet a
significant decrease in BMI and an improvement of liver
function tests occurred. Moreover, in the same group dietary
changes were associated with an increase in CYP1A2 and
CYP3A activities and a decrease in CYP2E1 activity as

assessed by the ABT and the pharmacokinetics of CZ
respectively. In contrast, non-compliant patients did not
show any significant change in any of these variables.
Our data thus suggest that, in compliant patients, effective
sugar restriction results in an increase in ABT values, a
reduction in CYP2E1 activity and a decrease in fat liver
storage. Even though an age-matched healthy control group
was not included, comparison of this group of patients with
probable fatty liver with historical control groups of healthy
subjects (Horsmanset al. 1995a; Leclercq et al. 1998a)
provides further arguments suggesting that CYP2E1 activity
is induced in this condition.

Until now, the effect of dietary changes on CYP activities
has mainly been investigated in healthy subjects showing
that energy intake restriction (protein, lipid and carbo-
hydrate ratio being unchanged) decreases aminopyrine clear-
ance (Krishnaswamyet al. 1984). In contrast, in our patients
the opposite effect was observed, as was previously reported
in a similar group of patients using antipyrine clearance
(Fiataroneet al. 1991) as a marker of CYP1A2 and CYP3A
activities. Recently it has also been shown using immuno-
histochemistry of liver biopsy material that hepatic CYP2E1

260 I. Leclercqet al.

Fig. 1. Effect of dietary sugar restriction on compliant (n 6) (B——B) and non-compliant (n 5) (A - - -A) patients with elevated serum liver enzymes
probably related to fatty liver. (a) Aminopyrine breath test (ABT) to asess cytochrome P450 1A2 and 3A activities and (b) chlorzoxazone area under
the curve (CZ AUC) after oral ingestion of 500 mg chlorzoxazone to assess cytochrome P450 2E1 activities at the start of the study and 2 months
later. SA 1 h %, percentage of specific activity of administered dose of [14C]aminopyrine in the breath after 1 h. For details of procedures, see
p. 259.

Table 2. Composition of diet of patients (n 11) with elevated serum liver enzymes at the start of and after 2 months of prescription of a
dietary sugar restriction

(Values are means and standard deviations)

Patients compliant to the Patients uncompliant to the
sugar restriction (n 6) sugar restriction (n 5)

At inclusion At 2 months At inclusion At 2 months

Mean SD Mean SD Mean SD Mean SD

Total energy intake (MJ/d) 12⋅56 2⋅81 9⋅48** 2⋅15 10⋅19 2⋅78 10⋅45 2⋅89
Protein (% total energy intake) 13⋅9 5⋅6 16⋅2 1⋅4 15⋅9 4⋅2 15⋅8 4⋅2
Lipid (% total energy intake) 36⋅4 8⋅0 38⋅6 4⋅6 40⋅6 2⋅1 38⋅9 5⋅3
Glucids (% total energy intake) 49⋅7 10⋅8 45⋅1 5⋅8 43⋅3 2⋅2 45⋅3 7⋅2
Mono- and disaccharides (% total energy intake) 28⋅5 8⋅2 11⋅5*** 4⋅4 20⋅2 6⋅8 18⋅0 5⋅8

Mean value was significantly different from that at the start of the study: **P , 0⋅01, ***P , 0⋅001.
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content is increased in patients with steatohepatitis whereas
CYP3A is decreased compared with normal livers (Weltman
et al. 1998). Taken together, these data suggest that steatosis
per seand not only dietary sugar restriction may play a role
in the observed inhibition of CYP1A2 and CYP3A activities.
Conversely, the significant correlation observed between
the extent of weight reduction and the extent of CYP2E1
activity reduction favours another hypothesis: a direct
relationship between the modulation of CYP2E1 activity
and the subject’s volume of distribution.

To our knowledge, the effect of dietary composition on
CYP2E1 has rarely been studied in human subjects. Using
CZ pharmacokinetics, we have shown that in healthy subjects
CYP2E1 activity is decreased by watercress (Nasturtium
officinale) ingestion (Leclercqet al. 1998a). In contrast,
CYP2E1 activity has been found to be elevated in obesity
(O’Sheaet al. 1994), uncontrolled diabetes mellitus (Song
et al. 1990), and in clinical situations associated with liver
steatosis. In uncontrolled diabetes mellitus, increased serum
ketone bodies have been suggested to induce a pretransla-
tional activation of CYP2E1 (Barnettet al. 1988; Yunet al.
1991). In obese subjects (O’Sheaet al. 1994) as in our
patients, CYP2E1 modulation was, however, observed in
the absence of ketosis. Hypoinsulinaemia has also been
implicated since an induced CYP2E1 activity in human
lymphocytes from poorly controlled insulin-dependent
diabetics has been described (Songet al. 1990). In our
patients, the role of such a mechanism involving an imbal-
ance between glucose level and insulin secretion is also
unlikely to be involved since serum glucose, insulin, gly-
cated haemoglobin and glucose-tolerance test were all in the
normal range.

Changes in CYP2E1 activities observed in our patients
may also be directly related to the degree of steatosis and/or

to inflammation which may be associated with steatosis.
Mediators of inflammation are known to down-regulate the
expression of many CYP (Abdel-Razzaket al. 1993; Tapner
et al. 1996) or, like interleukin 4, to induce CYP2E1 expres-
sion and activity (Abdel-Razzaket al. 1993).

In our patients, dietary intervention led to a reduction in
energy intake and also a reduction in the dietary content of
mono- and disaccharides. Therefore, observed changes may
be related to either or both of these effects directly or through
the improvement of liver steatosis.

Future studies should thus evaluate the relative impact of
steatosis, energy restriction, and sugar restriction on the
changes in CYP activities observed in patients with fatty
liver. For ethical reasons, a validated method of non-
invasive assessment of steatosis should be used for this
purpose.

In conclusion, in patients with elevated serum liver
enzymes probably related to fatty liver, effective energy
and sugar restriction is associated with a reduction in body
weight, liver volume, CYP2E1 activity and an increase in
ABT values. Dietary habits should be taken into account
when assessing liver function and when administering
xenobiotics in such a setting.
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