
Gut, 1979, 20, 666-672

Monooxygenase enzyme activity in alcoholics
with varying degrees of liver damage1
H. HOENSCH2, F. HARTMANN, H. SCHOMERUS, P. BIECK, AND W. DOLLE
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SUMMARY Monooxygenase enzymes are involved in the biotransformation of drugs and of environ-
mental carcinogens. The activity of 7-ethoxycoumarin 0-deethylase and associated NADPH-
cytochrome c reductase was determined in 9000 g supernatant from bioptically obtained liver
specimens from patients with various liver diseases in order to study in vitro drug metabolising
capacity. Monooxygenase and reductase activity was significantly higher in the livers of 21 patients
with alcoholic liver disease (fatty liver, alcoholic hepatitis, cirrhosis of the liver) than in 22 normal
controls or in six patients with chronic active hepatitis. The raised activity of drug-metabolising
enzymes obtained from alcoholics with liver damage differs from normal values found in five
alcoholics without liver disease. Both groups were comparable in respect to the amount of alcohol
consumed and duration of abuse. A strikingly low monooxygenase activity was observed in eight
patients with cirrhosis of the liver and ascites, with, however, no apparent effect on reductase activity.
The results show that alcoholic liver disease is associated with enhanced monooxygenase and
reductase activity, but alcoholism, per se, is not. This rise of drug-metabolising enzyme activity
could lead to selectively increased rates of biotransformation in patients with alcoholic liver damage.

It has been shown that there is an increased rate of
drug-metabolism in alcoholics when they are
abstinent (Misra et al., 1971). These studies have not
reported, however, whether differences exist between
alcoholics with liver damage and those without
(Kater et al., 1969; Misra et al., 1971; Neuvonen et
al., 1976). Furthermore, data were mostly obtained
from in vivo experiments and in vitro data from
studies with humans i; scarce (Schoene et al., 1972;
Shah et al., 1972; Kratz, 1976). The kinetics of drug
metabolism are largely dependent on the activity
of drug-metabolising enzymes in the liver, although
a large variety of factors, such as volume of distribu-
tion, protein binding, and hepatic circulation may
influence kinetic rates.

Drug-metabolising enzymes are located in the
smooth endoplasmic reticulum of the liver cells,
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although enzyme activity occurs in other organs,
such as the small intestine, the lungs, and the skin
(Hoensch et al., 1976). These microsomal enzymes
participate in the biotransformation of a large
variety of foreign substances such as drugs, en-
vironmental carcinogens, and other lipophilic com-
pounds (Remmer, 1970). Monooxygenase enzymes
play a major role among these enzymes, being able
to catalyse the reaction:
R-CH3+02+NADPH+H+=

R-CH20H+NADP++ H20.
This process leads to more polar products, which

are more water-soluble. This constitutes in many
instances a detoxification reaction, which could
protect the organism from the harmful effects of
lipophilic toxicants (Wattenberg, 1972). Neverthe-
less, some of the products of monooxygenase
reactions might be more toxic than the parent com-
pounds and various other factors such as half-life,
binding capacity, and chemical stability, as well as
additional metabolism of the active intermediate,
determine what the final effect of the biotrans-
formation will be.

It has been suggested that microsomal mono-
oxygenases are also involved in ethanol metabolism
(Lieber and DeCarli, 1970). As there are marked
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variations in individual susceptibility not only to the
toxic side-effects of drugs, but to alcohol as well, it
seemed important to examine the in vitro mono-
oxygenase activity in the liver of individual patients.
We measured the enzymatic activity of one mono-

oxygenase enzyme, 7-ethoxycoumarin 0-deethylase
(EOD) and the activity of the associated electron-
donating enzyme-NADPH-cytochrome c reductase
-in biopsy specimens from patients with liver
damage due to alcohol as well as to other causes and
in patients with no liver disease.

Methods

Liver biopsy specimens were taken during peri-
toneoscopy from 81 patients (54 male and 27
female). This procedure was done within the first
20 days after admission to the hospital in order to
assess the extent of liver damage. Ten to twenty
milligrams of wet weight were used for enzyme
determination; the remainder for histological
examination. None of the alcohol-abusing patients
had been abstinent at the time of admission. The
patients were carefully questioned about their
previous drug therapy and their smoking habits.
The mean interval between admission and biopsy

was 7-2 ±4-7 days in all cases: for the alcoholics with
liver damage (group II) it was 7-8 ±4-2 days and for

150
.c

E - 100 i
0

0 50.
.C a

0.-U,-nG ~

Fig. 1 Activity of 7-ethoxycoumarin 0-deethylase in
9000 g supernatant of human liver biopsy specimens
from patients with and without liver disease. Mean±
standard deviation of individual values are indicated.

the alcoholics without liver disease (group V) 12-2 ±
7-2 days. The amount of ethanol consumed per day
for at least five years was reportedly 142 ±52 g in
group II and 158 +52 g in group V. Patients who had
been consuming more than 100 g alcohol per day
for at least five years were considered to be alcoholics.
The liver tissue samples were weighed and frozen

at -200C for five to 10 days. Compared with fresh
samples the monooxygenase-activity decreased with-
in four days after freezing, though it remained
unchanged between the fifth and tenth day in
surgical biopsy specimens. After thawing, the sample
was homogenised in 0-1 M Tris-HCl buffer (PH=
7 6), using a dounce homogeniser, sonicated for
10 seconds at 25 W and then centrifuged at 9000 g
for 10 minutes. The resulting 1% supernatant con-
tained 10 mg liver/ml and was used for the enzyme
assay.

Microsomes were prepared from 9000 g super-
natant with specimens heavier than 20 mg wet
weight by centrifuging at 104 000 g for 60 minutes.
EOD activity was determined by the method of

Ullrich and Weber (1972), NADPH-cytochrome c
reductase with that of Williams and Kamin (1962) and
protein concentration with the procedure developed
by Lowry et al. (1951).

Appropriate assay conditions for human liver
biopsy specimens were established using surgically
obtained liver tissue. The 250 ,ul of incubation
mixture contained 125 jil 1% supernatant, 5 x 10-4
M 7-ethoxycoumarin, and 2 x 10-4 M NADPH
in 0-1 M Tris-HCL buffer, PH 7-6.

In 9000g supernatant the EOD reaction rate was
proportional to protein concentrations which ranged
from 0-2 to 2-0 mg/ml and, for the reductase, from
concentrations from 0-1 to 3 0 mg/ml. In microsomal
suspension bothenzyme rates were protein-dependent
from 0-1 to 0-6 mg/ml. EOD was linear with time up
to 30 minutes, whereas the reductase was linear only
up to two minutes. The concentrations of NADPH
saturated the enzymes. The KM value of 0-deethyla-
tion was 7 x 10-5 M in normal livers. The coefficients
of variation of specific EOD activity were 9 13 % in
normal livers (n=7) and 17 2% in cirrhotic livers
(n=4). Histological evaluation of the biopsy speci-
mens was carried out by an independent pathologist
who was unaware of the enzyme values and who
classified the liver on a routine basis.
The patients were assigned to the following

groups on the basis of clinical and histological
criteria:
I NORMAL CONTROLS
(n= 22; 15 male, seven female; age: 46-2 ± 14 1 years)
Normal serum liver function tests (SGOT, SGPT,
alkaline phosphatase, bilirubin, gamma glutamyl-
transferase) and normal liver histology were found.
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Peritoneoscopy was performed on all patients who
had neoplastic haematological disorders, to rule out
liver involvement.
II ALCOHOLIC LIVER DISEASE
(n= 21; 18 male, three female; age: 42-5 ± 12.4 years)
These patients-all alcoholics-had pathological
serum liver function tests, though no signs of liver
function decompensation were observed. Histo-
logical results showed alcoholic hepatitis in 33% of
the patients (n=7), fatty liver in 53% (n=i1)-in
addition, two of these patients had Mallory bodies-
and alcoholic cirrhosis of the liver in 14% (n= 3).
III CHRONIC ACTIVE HEPATITIS
(n= 6; four male, two female; age: 48-8 ± 19-5 years)
Histologically, chronic aggressive hepatitis was
described; serum liver enzymes and gamma globu-
lines were raised.
IV CIRRHOSIS OF LIVER WITH CLINICAL DECOMPENSA-

TION
(n= 8; three male, five female; age: 44-3 ± 11-7 years)
Ascites, hypalbuminaemia, and pathological serum
liver enzymes were present. The histology showed
active cirrhosis of the liver. Six of these eight patients
were alcoholics.
V ALCOHOLICS WITHOUT LIVER DAMAGE
(n±6; all males; age: 41-0±17-6 years)
Amount and duration of alcohol abuse was similar
to that in group II, but these patients showed no
functional or histological signs of liver disease.

Bioptically obtained liver tissue was examined
which had been taken from five patients who took
inducing drugs, six with fatty liver, presumably not
caused by alcohol, three with histological signs of
chronic pericholangitis, one with hemangioma of the
liver, one with intrahepatic cholestasis of unknown
aetiology, one with siderosis of the liver, and one
with chronic persistent hepatitis.
For statistical analysis the unpaired Student's

t test was used to compare group I with group II
and the Wilcoxon test to compare groups III, IV,
and V with each other and with groups I and II.

Results

As shown in Table I, EOD activity was much higher
in patients with alcoholic liver disease than in the
other groups. This difference became apparent when
the enzyme reaction rate of 1% 9000 g supernatant
was expressed in terms of specific activity as well as
of total activity per 10 mg of liver wet weight.
The difference of mean values between EOD

activity in group I (normal controls) and the activity
in group II (alcoholic liver disease) was greater where
specific activity was concerned (p < 0-0005) than
activity per wet weight (p <0-0125). In group II
protein content of 9000 g supernatant was 0-59 ±0-21

(SD) mg per 10 mg of wet weight of liver as com-
pared with 0-77 ±0-20 found in normal control
subjects.
A similar pattern was found for NADPH-

cytochrome c reductase: activity was increased in
patients with alcoholic liver disease, although the
number of cases per group was smaller than for
EOD.

Specific EOD activity could be measured in a
small number of microsomal preparations: 433-0±
97-5 pmol/min/mg protein (n=3) in group II and
268-9 ±96-1 pmol/min/mg protein (n=4) in group I.
Although only a few results have been obtained, the
difference in microsomal enzyme activity appears to
be the same as for the supernatant.

a% c

8

h.
v

c E
.Q ;

o E

-

o to

, >.

vE a9
> Cb
x nf
0 4,

E
IC _

r= 0 77

(P<0001 )

0
7- Ethoxycoauxarin o-deethylation of microsomes

( pmoles 7-hydroxycoumarin /min/mg protein )

Fig. 2 Relationship between 7-ethoxycoumarin
0-deethylation of microsomes and 9000 g supernatant in
human liver ofpatients. Nine thousand grams supernatant
and microsomes were preparedfrom liver biopsy
specimens of more than 20 mg of wet weight and enzyme
assays were performed in both preparations.
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Table 1 7-ethoxycoumarin 0-deethylation and NADPH-cytochrome c reductase activities in liver biopsy specimens
ofpatients*

Diagnosis Group 7-ethoxycounarin 0-deethylase NADPH-cytochrome c reductase
(pmol/min) (nmol/min)

per mg protein per 10 mg wet weight per mg protein per 10 mg wet weight

Normal controls I 652+203 (22) 505±200 (22) 33-8± 9-1 (11) 250± 7-4 (11)
Alcoholic liver disease II 116-0±24-4 (21)tIj 68-4±29-6 (21)111 58-2±16-3 (7)$ ll 40-1 ± 11-4 (7)$
Chronic active hepatitis III 62-9+10.0 (6) 41-5± 6-8 (6) 38-8 (1) 24-4 (1)
Decompensated liver cirrhosis IV 28-5+15-6 (8)§ 8-4+ 4-7 (8)§ 35-1 ±18 7 (5) 14-8±10-9 (5)
Alcoholics without liver damage V 49 4±20 5 (6) 37-9+18-3 (6) 33-6 (2) 17-4 (2)

*Values represent mean ±standard deviation of individual determinations in 9000 g supernatant. Number of cases are given in parenthesis.
tHigher at P <00005 level than those of group I.
4Higher at P <0-0125 level than those of group I.
SLower at P <0 01 level than those of the other groups.
iHigher at P<0 01 than those of the other groups except groupL.

Whereas in alcoholic liver disease (group II) both
EOD and reductase were raised, a different pattern
was observed for patients with decompensated
cirrhosis of the liver (group IV). EOD had less than
half normal activity in this group, but reductase
activity was not affected either by cirrhosis or by
liver failure. Alcoholics without liver disease (group
V) exhibited EOD and reductase activity that was

nearly normal. Although patients with chronic
active hepatitis (group III) showed clinical and
histological signs of inflammation, no change in
monooxygenase activity was found.

Data on drug therapy revealed that, of 19 patients
in group II, five were treated with diazepam, one
with lorazepam and amitriptyline and another one
with phenobarbitone, 20 mg per day; the remainder
{n=12) received no tranquillisers or psychoactive
drugs. There was no significant difference in specific
EOD-activity between the alcoholic patients with and
without the drug treatment mentioned (120 ±23
versus 125 ±21 pmol/min/mg protein).

Smoking did not affect the monooxygenase
activity in these patients either. Similarly, no dif-
ference of EOD values was observed among smoking
and non-smoking, non-alcoholic patients with
normal liver histology (66 ±24, n=4 versus 63 ±27,
n=9).

In two patients with non-alcoholic fatty liver and

two non-alcoholics with normal liver who were treat-
ed with tranquillisers specific EOD activities were
not raised (47 ±23).
High EOD activity (128-4 ±49-6 pmol/min/

mg protein) was measured in five patients: two of
these patients took phenytoin and carbamazepine,
one abused tranquillisers (diazepam, prazepam,

chlordiazepoxide) and two female patients had been
treated with female sex hormones, one additionally
with nitrophenylbenzodiazepine, the other one with
medazepam and prazepam. Reductase activity was

not measured in these patients. In normal controls a
sex difference of EOD activity was not apparent
(&=66-3+22-6, Q=63A4±15-2). One patient with
siderosis of the liver and another with chronic
persistent hepatitis had specific EOD activities of
53 0 and 75-1 pmol/min/mg protein.
Frequency of individual EOD values is shown in

Fig. 3. As the distribution shows, there is an accumu-
lation of alcoholic liver disease in the range above
90 pmol/min/mg protein. Only two patients with
alcoholic liver disease were found in the range below
90 pmol/mon/mg protein, whereas 20 out of 22
normal controls had values below 90. The highest
EOD activity (216-8 pmol/min/mg protein) was
measured in an earlier mentioned patient, who was

receiving antiepileptic drugs. His EOD value was too
high to be included in the Figure.

Table 2 7-ethoxycoumarin 0-deethylation in liver biopsy specimens ofpatients with varying degrees of alcoholic
.lhver damage

Type of alcoholic Age Sex 7-ethoxycoumarin 0-deethylase
-liver dainage (yr) (pmollmin)*

M F
per mg proten per 10 mg wet weigh

Fatty liver 42±9 9 2 121-5±21-8 82-2±20-7
Alcoholic hepatitis 46±17 7 0 119-8±18-9 85-8±24-3
Alcoholic cirrhosis without liver failure 46±18 2 1 86 5±31.6 64-4±34 9

*Values represent mean±standard deviation of individual determinations in 9000 g supernatant. The age (mean±SD) and the number of
male and female patients are given. By using analysis of variance at P<001 no significant difference between the clinical categories
was observed.
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The EOD activity of all alcoholics without liver
damage and of four out of six patients with non-
alcoholic fatty liver were well below 90 pmol/min/mg
protein. EOD values higher than 90 were found in
two patients with chronic pericholangitis, in one with
intrahepatic cholestasis of unknown aetiology, one
with hemangioma of the liver, two with non-
alcoholic fatty liver, and two with normal livers, as
well as in all patients on inducing drugs.

Discussion

Liver injury caused by alcohol is now the most
common cause of liver disease. Since there are
instances when either histology or history or both
are equivocal, it is important to evaluate in a clinical
situation the biochemical impact of ethanol on the
liver.

Alcohol causes a wide variety of biochemical and
morphological changes in the liver (Lieber, 1973;
Hoensch, 1972; Rubin and Lieber, 1968a). Excessive
ethanol intake produces a spectrum of pathological
findings which range from fatty liver to acute and
chronic alcoholic hepatitis and to cirrhosis of the
liver (Hoensch, 1972). Fifty-three per cent of our
patients with alcoholic liver disease (group II) were
found to have fatty liver, 33 % had alcoholic hepa-
titis, and 14% had compensated cirrhosis.

Alcohol has been shown to induce the in vitro
activity of monooxygenase enzymes in the liver of
man and rat (Rubin et al., 1968, 1970; Tobon et al.,
1971; Ishii et al., 1973; Liu et al., 1975). Thus it
might be possible that induction of monooxygenase
activity could serve as an index of the effect of
ethanol on the liver in patients who do not take
enzyme inducing drugs.

Most studies on drug metabolism of alcoholics
have been done in vivo and have demonstrated en-
hanced rates of drug metabolism (Lieber, 1973).
Combined in vivo and in vitro measurements of drug
metabolism were performed by Sotaniemi et al.
(1977). These authors point out that, in alcoholics,
cytochrome P-450 content and antipyrine kinetics
are dependent on the mass of parenchymal liver cells.
We investigated the in vitro activity of the mono-

oxygenase enzyme 7-ethoxycoumarin 0-deethylase
(EOD) and of NADPH-cytochrome c reductase in
liver biopsy specimens of various groups of patients
with and without alcoholic liver injury to find out
whether the induced state of the enzyme is associated
with excessive ethanol intake.
As expected we found that EOD and reductase

activity was significantly higher in the liver of
patients with alcoholic liver disease (group II) com-
pared with normal controls (Table 1, Fig. 1). Table 2
shows that the enhanced monooxygenase does not

vary significantly in the different forms of alcoholic
liver injury (fatty liver, alcoholic hepatitis, com-
pensated cirrhosis). EOD was found to be raised
even in alcoholic compensated cirrhosis of the liver,
although less than in fatty liver and alcoholic
hepatitis. These findings are in contradiction to the
results of other authors (Schoene et al., 1972; Kratz,
1976), though in decompensated liver cirrhosis with
ascites and hypoalbuminia (group IV) we observed
a significantly lower activity ofEOD, while reductase
appeared to be unchanged (Table 1). This is in
agreement with the findings of Schoene et al. (1972).
As six of eight patients with decompensated liver
cirrhosis were alcoholics our results suggest that in
combination with alcohol the extent of liver damage
affects the monooxygenase but has no influence on
the reductase levels.

It was surprising to find normal EOD and re-
ductase values in six alcoholics who showed no signs
of liver disease (group V). The amount of alcohol
consumed and the duration of the drinking habit
were the same in these subjects as in group II. The
interval between admission to the hospital and liver
biopsy was slightly longer for group V. However,
as the inducing effect of alcohol on drug metabolism
lasts four weeks at least (Shah et al., 1972) a four-day
longer interval could not account for the difference.
In addition, there was no evidence that alcoholics
without liver disease had discontinued alcohol
consumption before admission.
From these results, it was obvious that excessive

ethanol consumption does not lead necessarily to an
induced state of P-450 dependent monooxygenase
enzyme but that raised enzyme activity was related to
the alcohol induced liver damage. The fact that higher
activities of the enzymes could be demonstrated only
in alcoholics with slight to moderate degree of liver
damage might be due to the disease process, which
could lead to an activation of the microsomal enzyme
system (Vesell et al., 1971). Alterations of the endo-
plasmic reticulum in alcoholic liver disease have been
described (Rubin et al., 1970).
The higher EOD activity in five patients who

drank no alcohol but were on drugs such as anti-
epileptics can probably be related to an enzyme
induction. This is in accordance with the findings of
other authors (Schoene et al., 1975). On the other
hand, our findings indicate that therapeutic doses of
tranquillisers do not influence EOD activity, not even
in the presence of alcoholism.
As the activity of the microsomal monooxygenase

was measured in 9000 g supernatant, the question
can be raised whether enzyme determination in the
supernatant really represents microsomal enzyme
values. This appears to be true as a close correlation
(r=0-77) could be shown to exist between values
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obtained simultaneously from supernatant and from
microsomal suspension of 16 biopsies (Fig. 2). These
specimens came from groups I (n=4), II (n=3),
III (n== 1), IV (n=3), and V (n= 1); the remainder
came from various other cases. Furthermore, sig-
nificantly higher EOD values were obtained from
microsomal preparations from three group II
patients than from four from group I. These experi-
ments with microsomes support the conclusions
drawn from results with supernatant (Fig. 3).

Inflammatory liver changes are not likely to be
responsible for enhanced monooxygenase activity,
as normal activity was found in chronic active
hepatitis, and the transaminases, as well as gamma-
glutamyl transferases, do not correlate with enzyme
activities studied.
The level of significance calculated for wet weight

is somewhat lower because of the higher fat content
of the liver in alcoholic liver disease (Table 1). Fatty
infiltration per se is not related to enhanced mono-
oxygenase activity, as no significant differences in
EOD values were observed among group II patients
who had fatty liver and those who did not. Moreover,
normal activity was observed in patients with fatty
liver of presumed non-alcoholic origin and there was
no correlation between protein content and mono-
oxygenase values.
We have not evaluated dietary factors which have

been implicated in variations of drug-metabolising
enzymes (Joly et al., 1975).
Our results obtained from alcoholics with varying

degrees of liver damage suggest that enzyme in-
duction does not always follow excessive ethanol
intake and that the state of non-induction is asso-
ciated with normal liver histology.
The enhanced monooxygenase activity in the

absence of enzyme inducing drugs might be indica-
tive of alcoholic liver damage.
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