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Hepatic alcohol dehydrogenase activity in alcoholic
subjects with and without liver disease

F Vidal, J Perez, J Morancho, B Pinto, C Richart

Abstract
Alcohol dehydrogenase activity was measured
in samples of liver tissue from a group of
alcoholic and non-alcoholic subjects to deter-
mine whether decreased liver alcohol dehydro-
genase activity is a consequence of ethanol
consumption or liver damage. The alcoholic
patients were classified further into the foliow-
ing groups: control subjects with no liver
disease (group 1), subjects with non-cirrhotic
liver disease (group 2), and subjects with
cirrhotic liver disease (group 3). The non-
alcoholic subjects were also divided, using
the same criteria, into groups 4, 5, and 6,
respectively.
The analysis of the results showed no

significant differences when mean alcohol
dehydrogenase activities of alcoholic and non-
alcoholic patients with similar degrees of liver
pathology were compared (groups 1 v 4, 2 v 5,
and 3 v 6. Alcohol dehydrogenase activity was,
however, severely reduced in patients with
liver disease compared with control subjects.
Our findings suggest that alcohol consump-

tion does not modify hepatic alcohol dehydro-
genase activity. The reduction in specific
alcohol dehydrogenase activity in alcoholic
liver disease is a consequence of liver damage.
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Some 80% to 90% of ingested alcohol is oxidised
in the liver where ethanol is metabolised to
acetaldehyde, a product that is much more toxic
than ethanol itself. There are three different
ethanol oxidising systems in the hepatocyte
localised in different subcellular compartments:
alcohol dehydrogenase, located in the cytosol;
catalase in the peroxisomes; and the microsomal
ethanol oxidising system in the endoplasmic
reticulum. '

Catalase and the microsomal ethanol system
oxidise less than 20% of the ethanol that enters
the hepatocyte during low alcohol consumption.
Alcohol dehydrogenase is responsible for the
conversion of ethanol to acetaldehyde, since it
oxidises more than 80% of the alcohol meta-
bolised in the liver.2 Alcohol dehydrogenase
catalyses the rate-limiting step in the oxidation of
ethanol to acetaldehyde. Different factors con-

trol the rate of the alcohol dehydrogenase path-
way, and the alcohol dehydrogenase content of
the liver is one of them.3 The reaction takes place
with the reduction of a co-factor NAD+ to
NADH. Acetaldehyde production via alcohol
dehydrogenase and the alteration in NADH:
NAD+ ratio may play an important role in the
development of liver damage in alcoholics.4 Both
factors are at least partly dependent on the
alcohol dehydrogenase content ofthe hepatocyte.
The behaviour of and modifications in alcohol

dehydrogenase activity in various clinical con-
ditions have been investigated by several
authors.5"'4 A low liver alcohol dehydrogenase
activity has been reported but it is not clear
whether this is a consequence of alcohol intake or
of liver damage. The effect of chronic alcohol
consumption on hepatic alcohol dehydrogenase
activity is still unclear. Some studies'5 6 show
stimulatory effects while others show no
changes'017 or even inhibition. 8
The purpose of the present study was to

determine the activity of human liver alcohol
dehydrogenase in a group of alcoholic and non-
alcoholic subjects with and without liver disease
to evaluate the effect of two variables, alcohol
consumption and liver damage.

Material and methods

PATIENTS
During the study, 149 consecutive liver biopsies
were performed. All subjects were white. The
patients were classified into two main groups,
alcoholic and non-alcoholic, based on clinical
data and liver histopathology. They were
divided further into the following subgroups:
control patients, non-cirrhotic liver disease
patients, and patients with cirrhosis.

Control subjects were defined as those with
normal or minimally altered liver function tests
and normal liver pathology. Patients with non-
cirrhotic liver disease in the alcoholic group
included those with alcoholic steatosis, or
alcoholic hepatitis, or both. In the non-alcoholic
group, patients with non-alcoholic steatosis,
chronic persistent hepatitis, and chronic active
hepatitis were included.
The alcoholic group included men with an

alcohol intake greater than 100 g/day over the
past 10 years and women with an alcohol intake
greater than 40 g/day during the same period of
time. The alcohol intake in patients studied was
usually greater than 150 g/day.

Alcohol dehydrogenase activity was plotted
against the presence of alcohol withdrawal
syndrome in each group of alcoholic subjects to
evaluate the effect of recent heavy drinking on
activity. The existence of a noticeable tremor,
hallucinations, delirium, and seizures'9 or a score
greater than 15 in the scale proposed by Foy, or
both,20 were used to define alcohol withdrawal
syndrome in the absence of any other condition
that might explain these symptoms.
The non-alcoholic group included patients

with an average daily alcohol consumption less
than 20 g or subjects who drank alcohol only
occasionally.
Among the 149 patients, 26 were excluded

because of: outlier activity - alcohol consump-
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TABLE I Clinical and biochemical data (means) ofthe groups studied

M/F Age MCV AST ALT yGT Prothrombin Albumin
Groups ratio (years) 3 (U/i) (U/i) (U/i) (%) (gil)
1 17/1 45 945 34-8 38-9 44-3 84 41-6
2 33/3 46 99-2 92-2 83-9 270-9 84 42-3
3 7/3 51 96-2 89-3 77-5 389-8 65 34 0
4 14/3 45 88-9 21-2 26-8 38-9 80 40 1
5 16/11 49 90 128-9 147-5 136-3 75 40 4
6 4/11 59 95 7 141 118-7 157-9 68 34 9

Group 1=alcoholic control subjects.
Group 2=alcoholic non-cirrhotic liver disease patients.
Group 3=alcoholic cirrhosis patients.
Group 4=non-alcoholic control subjects.
Group 5= non-alcoholic non-cirrhotic liver disease patients.
Group 6=non-alcoholic cirrhosis patients.

tion of more than three times the standard
deviation of the mean (seven),2' intermediate or
undetermined ethanol ingestion (11), indeter-
minate liver pathology (five), and possible
previous use of drugs that inhibit alcohol
dehydrogenase (three).

Liver alcohol dehydrogenase activities were
evaluated in 123 patients. These data and classi-
fication ofthegroups are shown in Tables I and II.

Informed written consent was obtained from
each patient. The study was approved by the
hospital Investigation and Clinical Assay
Commitee.

LIVER SAMPLES
Liver samples were obtained by percutaneous
liver biopsy, using a Menghini needle.22 All
biopsies were performed for diagnostic pur-
poses, with the exception of those performed in
non-alcoholic controls. In these patients biopsy
samples were obtained during elective abdomi-
nal surgery for non-malignant disease.

Liver tissue was divided into two parts. One
was fixed in 10% formalin for pathological
examination. The other was immediately frozen
and maintained at -40°C until enzyme determi-
nation. The usual storage time was a few days
(maximum two months). The effect of storage
time was plotted against liver alcohol dehydro-
genase activity (see below). Special care was
taken to avoid repeated freezing and thawing of
the samples, since this may decrease alcohol
dehydrogenase activity.23

REACTIVES AND SUBSTRATES
The following reactives and substrates were
used: nicotinamide adenine dinucleotide
(NAD+) (N-7004; Sigma), ethanol absolut (Art
986; Merck), Coomasie brilliant blue (R-500-
0006; BIO RAD). Human albumin was pur-
chased from Behring (ORHA 20/2 1).

TABLE II Classification, number ofpatients, and specific
alcohol dehydrogenase (ADH) activity in the different groups

Mean (SD)
ADH activity

Group (mUlmg)
Alcoholics:
Group 1 - controls (n= 18) 57 42 (21-76)
Group 2 - non-cirrhotic liver disease (n=36) 33-34 (14-82)
Group 3 - cirrhosis (n= 10) 21-89 (16-22)
Total (n=64) 37-12 (20 97)

Non-alcoholics:
Group 4 - controls (n= 17) 49-67 (13-23)
Group 5- non-cirrhotic liver disease (n=27) 37-46 (2082)
Group 6-cirrhosis (n= 15) 28-02 (13-00)
Total (n=59) 38-57 (18-69)

MCV=mean corpuscular volume, normal range 82-92 U/1.
AST=serum aspartate aminotransferase, normal range 0-37 U/l.
ALT=serum alanine aminotransferase, normal range 0-40 U/1.
yGT=gammaglutamyl transferase, normal range 11-50 U/l.
Albumin, normal range 34-50 g/l.

ANALYTICAL METHODS
Samples of liver tissue were thawed immediately
before analysis and were homogenised in NaOH-
glycine 100 mM, pH 10, buffer. The homo-
genate was centrifuged at 800 g for eight
minutes, at 4°C. Specific alcohol dehydrogenase
activity was determined in the supernatant.

SPECIFIC ALCOHOL DEHYDROGENASE
ACTIVITY DETERMINATION
A modification of the method described by
Bonnichsen and Brink24 was used. Specific
activity was measured by spectrophotometry,
evaluating the reduced nicotinamide adenine
dinucleotide (NADH) production at 340 nm
absorbance, through an ultraviolet Hewlett &
Packard 8450 spectrophotometer at 30°C con-
stant temperature.
The assay mixture contained NaOH-glycine

100 mM, pH 10, buffer, NAD+ 2-4 mM, and
ethanol 24-6 mM. The reaction was initiated
with the addition of the homogenate to the
mixture. A blank reaction without substrate was
analysed simultaneously. The increase in
absorbance was measured every minute for 10
minutes.
The results were expressed in mU of activity.

One unit of specific alcohol dehydrogenase
activity was defined as the amount of enzyme
necessary to catalyse the formation of 1 mmol of
NADH per minute under the conditions men-
tioned above. The final results were expressed in
mU/mg of protein of the sample.

QUALITY CONTROL
Intra-assay and interassay variations were
measured six and seven times, respectively. The
influence of storage time on alcohol dehydro-
genase activity was also tested in five patients.
Activity in fresh liver was compared with activi-
ties obtained froni aliquots after 15, 30, 45, 60,
75, and 90 days of storage.

PROTEIN ASSAY
The protein content of each specimen of liver
tissue was measured by the Bradford method.25
Human albumin was used as a standard.

STATISTICAL ANALYSIS
The alcohol dehydrogenase specific activity
values of the different groups were expressed as
mean (SD). All groups had a normal distribution.
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Figure 1: Alcohol dehydrogenase activity (ADH) in the six
groups. p: NS when comparing group I v 4, group 2 v 5, and
group 3 v 6. Alcoholics: group I v 2 p<O0OO1, group 2 v 3
p<0005. Non-alcoholics: group 4 v 5 p<00I, group 5 v 6
p<O05.

Statistical analysis of the differences in hepatic
alcohol dehydrogenase activities was performed
by a modified Scheffe test.26 A p value lower
than 0-05 was considered to be statistically
significant.

Results
Clinical and biochemical data are shown in Table
I. Mean values of alcohol dehydrogenase activity
in the groups are shown in Table II.

Alcohol dehydrogenase activities were evalu-
ated in 124 patients. Sixty four were alcoholics
and 59 non-drinkers (Table II). Among alcoholic
patients with non-cirrhotic liver disease, 17 had
steatosis and 19 alcoholic hepatitis (11 with
concomitant steatosis). Non-cirrhotic liver
disease in the non-alcoholic group included six
patients with non-alcoholic steatosis, 10 with
chronic persistent hepatitis, and 11 with chronic
active hepatitis. Patients with non-alcoholic
cirrhosis were found to have the following
aetiologies: primary biliary cirrhosis (n=2),
postnecrotic cirrhosis (n= 4), lI antitrypsin
deficiency (n= 1), and criptogenetic cirrhosis
(n=8).
No differences in alcoholic dehydrogenase

activity were found between the alcoholic
(groups 1, 2, and 3) and non-alcoholic (groups 4,
5, and 6) populations: 37-12 (20 97) v 38-57

Alcohol withdrawal syndrome

|
7
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Control Non cirrhotic liver disease
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Figure 2: Mean alcohol dehydrogenase activity (ADH) in
alcoholic groups classified according to the presence or absence
ofalcohol withdrawal syndrome.

G 1+4: Total controls

G 2+5: Total non cirrhotic
liver disease

E G 3+6: Total cirrhotics

53-66

p<0001 p<0-005

Figure 3: Mean alcohol dehydrogenase activity in the patients
studied in relation to the result ofliver pathologyfindings.

(18-69) mU/mg (p: NS). Mean values of specific
alcohol dehydrogenase activity were also similar
in alcoholic and non-alcoholic controls (group 1
and group 4) (Fig 1).
The mean alcohol dehydrogenase values in

patients with non-cirrhotic liver disease of
alcoholic origin (alcoholic steatosis plus alcoholic
hepatitis) (group 2) was closely related to the
activity in the non-cirrhotic, non-alcoholic liver
disease group (group 5) (p: NS). Moreover,
alcoholic and non-alcoholic patients with cirrho-
sis (group 3 and group 6) also showed no
difference in the mean alcohol dehydrogenase
value (p: NS). (Fig 1).
The alcoholic patients were analysed separat-

ely and alcohol dehydrogenase activity values
were plotted against the presence or absence of
alcohol withdrawal syndrome. Eleven of the 18
alcoholic control subjects showed one or more
symptoms of alcohol withdrawal syndrome.
They had a mean daily alcohol intake greater
than 200 g. The mean lapse of time between the
last heavy bout ofdrinking and the needle biopsy
was five days. The other seven patients did not
have alcohol withdrawal syndrome. Their usual
alcohol ingestion was 130 g/day and the mean
duration of alcohol abstinence was 18 days. The
mean alcohol dehydrogenase value was 57'68
(22-69) mU/mg for alcoholic control patients
with withdrawal syndrome and 57-01 (21-98)
mU/mg for those without (p: NS) (Fig 2).
Among 37 alcoholics with non-cirrhotic liver

disease, 21 had alcohol withdrawal syndrome.
Their mean alcohol consumption was 189 g/day
and the mean duration of alcohol abstinence was
6-1 days. They had a mean alcohol dehydro-
genase (SD) activity of 30-63 (15-16) mU/mg.
Those without withdrawal syndrome (n= 15) in
the same group of patients had a mean daily
alcohol intake of 157 g and a mean period of
abstinence of 21 2 days. Their alcohol dehydro-
genase activity was 39- 15 (12-64) mU/mg (p: NS)
(Fig 2).
The alcohol dehydrogenase activity of the

control patients, both alcoholics and non-
drinkers, however, was different from that of
subjects with liver disease. The mean alcohol
dehydrogenase value in the control group
(groups 1 and 4) was 53 66 (18-32) mU/mg.
Alcohol dehydrogenase activity in the non-
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27-7 28 1

Intraassay variation Interassay variation

INTERASSAY AND INTRA-ASSAY
VARIATION
The interassay variation was evaluated seven
times and the intra-assay variation six times. No
variation above 10% of the mean was obtained in
either test (Fig 4).
The effect of storage time was also assessed. In

five patients, the liver biopsy specimen was
divided into seven aliquots. One was assayed
fresh. The other six were immediately frozen and
the alcohol dehydrogenase activity was deter-
mined after 15, 30, 45, 60, 75, and 90 days. The
samples were frozen and thawed once only. The
results are shown in Figure 5. The frozen
samples maintained an activity very close to the
value obtained by the fresh samples for more
than two months but after this time the activity
gradually decreased.

Test

Figure 4: Intra-assay and interassay variation in alcohol dehydrogenase (ADH) activity
determninatton.

cirrhotic liver disease groups (groups 2 and 5,
both alcoholic and non-alcoholic subjects) was

lower than that of controls (p<0001). Specific
alcohol dehydrogenase activity in subjects with
cirrhosis was also significantly reduced when
compared with controls (p<0-001) (Fig 3).
The differences between the mean activities of

patients with non-cirrhotic liver disease and the
cirrhotic population also reached statistical
significance (p<0Q005) (Fig 3).
When the alcoholic patients were analysed

separately, control patients (group 1) had a
mean activity greater than the value reached by
non-cirrhotic liver disease patients (group 2)
(p<0001). A comparison of the mean values for
non-cirrhotic liver disease subjects and those
with alcoholic cirrhosis was also significant
(p<0005) (Fig 1).
The results for the non-alcoholics were similar.

Controls (group 4) had an activity greater than
patients with non-cirrhotic liver disease (group
5) (p<001). Patients with cirrhosis unrelated to
alcohol (group 6) had lower alcohol dehydro-
genase values when compared with the non-

cirrhotic liver disease group (p<005)
(Fig 1).

* Fresh g 45 days 90 days

E 15 days EZ 60 days

30days 75days

E

E
I

2 4

Patients

Figure 5: Effect ofstorage time on alcohol dehydrogenase (ADH) activity. In thefive patients
analysed, enzymatic activity was stable during more than two months ofstorage time at -40°C.

Discussion
The liver alcohol dehydrogenase activity in
alcoholic people and in patients with liver disease
is controversial,5"'8 probably because of the
heterogeneity of the groups analysed. Many of
the studies were performed in livers obtained
at necropsy,'4 from non-homogeneous groups

of patients,'2 or from a limited number of
subjects.5 I

In the present study we have analysed changes
in liver alcohol dehydrogenase activity in relation
to alcohol consumption and liver damage. Our
data indicate that alcohol dehydrogenase activity
is similar in chronic alcoholics with no liver
disease and in non-drinkers without liver
disease. Moreover, patients with non-cirrhotic
liver disease have similar alcohol dehydrogenase
activities, independent of the alcoholic or non-

alcoholic aetiology of the liver damage. Patients
with cirrhosis, both of alcoholic and non-

alcoholic origin, also had similar values for
hepatic alcohol dehydrogenase activity.
The results obtained from alcoholics, plotted

against alcohol consumption and the presence of
alcohol withdrawal syndrome, showed that
heavy and active drinkers had comparable
alcohol dehydrogenase activities to those who
drank less alcohol. This was true for both control
and liver disease subjects. A recent or heavy
bout of drinking did not produce any change
in hepatic alcohol dehydrogenase activity.
These results contrast with those reported by
Sharwaki'l in rats, who found that the recent
intake of a large amount of alcohol may lower
liver alcohol dehydrogenase activity.

Alcohol dehydrogenase activities were low,
however, in patients with liver disease. This
finding was independent of the alcoholic or non-
alcoholic aetiology of the liver disease. Our
results indicate that alcohol dehydrogenase
activity falls when the liver damage progresses to
cirrhosis. Our results agree with those obtained
by Mezey and Tobon"° and Nuutinen.

Figueroa and Klotz' also found reduced liver
alcohol dehydrogenase activity in patients with
alcoholic cirrhosis. Although they suggested a
direct toxic effect of alcohol consumption as a

cause of this decrease in enzyme activity, our

results do not support their conclusion.
Asada and Galambos7 found a decreased liver
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alcohol dehydrogenase activity in liver disease
patients that did not correlate with the severity of
the pathological changes. Analysis of our data
indicates that the more advanced the liver
disease, the lower the alcohol dehydrogenase
activity. Schwartzmann et all and Ugarte et al,8
however, reported a reduced alcohol dehydro-
genase activity in alcoholics, with no differences
in activities obtained from control subjects and
liver disease patients. Our results do not agree
with their conclusions. We did not find that
longterm and recent heavy alcohol consumption
had a lowering effect on liver alcohol dehydro-
genase activity.

In conclusion, our results indicate that the
decreased liver alcohol dehydrogenase activity
observed in patients with alcoholic liver disease
is a consequence of liver damage and not a
consequence of alcohol consumption. Thus, the
increased metabolisation of alcohol usually
found in chronic alcohol abusers is independent
of the alcohol dehydrogenase pathway of ethanol
metabolism. Induction of the microsomal
ethanol oxidising system, the other enzymatic
system in ethanol oxidation, has been offered as
an explanation by several authors.27 Further
studies, evaluating the effect of both alcohol
consumption and liver damage on alcohol
dehydrogenase activity and the microsomal
ethanol oxidising system in humans, are needed
to confirm this hypothesis.
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Investigaciones Sanitarias de la Seguridad Social (FISss) no 87/
1751.
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