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Summary: The activity of class I and II alcohol dehydrogenases in the sera of alcoholics was estimated using
specific and highly sensitive fluorogenic Substrates. It was found that serum class I activity was increased about
2 fold above that of the control group. No such increase was observed in the activity of class II, and we did not
find a significant difference in non-alcoholics. The total alcohol dehydrogenase activity measured by classical
spectrophotometric methods at pH 9.2 confirmed the increase of class I alcohol dehydrogenase. Additionally, the
activity of liver injury markers were detected. Only γ-glutamyltransferase activity exceeded the normal r nge.
Based on the results of the present study, we would suggest that the significant elevated serum activity of class I
alcohol dehydrogenase may be derived not from liver cells, because they did not display the obvious enzymatic
markers, but from different organs, especially the gastrointestinal tract. The tissue distribution of alcohol dehydroge-
nase isoenzymes and γ-glutamyltransferase would help to confirm this possibility.

Introduction

Human alcohol dehydrogenase (EC 1.1.1.1) is a highly
polymorphic enzyme1). The isoenzymes are dimeric and
are divided into three classes (I, II, III) on the basis of
differences in Substrate specificity, sensitivity to inhibi-
tors, immunological properties, and. electrophoretic mi-
gration (1). Class I of alcohol dehydrogenase isoen-
zymes are mainly expressed in liver and they are also
present in the gastrointestinal tract, kidneys, and lungs
(2, 3, 4). Class II alcohol dehydrogenase is observed
only in the liver (5). Class ΠΙ is present in all examined
tissues (6).

Human alcohol dehydrogenase is the main enzymatic
System responsible for ethanol oxidation. Class I and II
have low Km ranges, and can effectively metabolize eth-

!) Enzymes:
Alcohol dehydrogenase (EC 1.1.1.1)
Alanine aminotransferase (EC 2.6.1.2)
Aspartate aminotransferase (EC 2.6.1.1)
Alkaline phosphatase (EC 3.1.3.2)
γ-Glutamyltransferase (EC 2.3.2.2)
Lactate dehydrogenase (EC 1.1.1.27)

anol in vivo, while class ΠΙ does not oxidize ethanol up
to 2 mol/1 (7). Alcohol dehydrogenase can metabolize a
variety of aliphatic and aromatic alcohols to correspond-
ing aldehydes. This reaction is reversible and the reduc-
tion of aldehydes occurs more rapidly than alcohol oxi-
dation (8). Recentjy, two new aromatic aldehydes sim-
ilar to the Substrates of human alcohol dehydrogenase
have been described (9). 4-Methoxy-l-naphthaldehyde
is a completely specific and highly sensitive Substrate
for class I, and 6-methoxy-2-naphthaldehyde for class II
enzyme. The products of reduction, 4-methoxy-l-naph-
thalenemethanol and 6-methoxy-2-naphthalenemetha-
nol, exhibit a strong fluorescence, which can be detected
with a spectrofluorimeter. Up to now, only the total ac-
tivity of alcohol dehydrogenase in serum was detectable,
but using this method isoenzymes can be measured even
in the subnanomolar r nge.

The polymorphism of human alcohol dehydrogenase can
contribute to the explanation of the important differ-
ences in alcohol metabolism between alcoholics and
non-alcoholic patients. However, differences in the dis-
tribution of hepatic isoenzymes encoded at loci ADH2
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and ADH3 were not found (10, 11). On the other band,
the isoenzyme profile of hepatic alcohol dehydrogenase
was altered in alcoholics s compared to non-alcoholics
(12). In alcoholics, the hepatic activity of alcohol dehy-
drogenase changed proportionally with the severity of
liver disease (11, 13, 14) and differences in serum en-
zyme activity were noted (14, 15).

In the present study, we investigated by means of a new
fluorimetric method the activity of class I and II isoen-
zymes of alcohol dehydrogenase in the sera of alcohol-
ics and total alcohol dehydrogenase activity (spectro-
photometric method) at pH 9.2 (16). The results can elu-
cidate whether the elevated serum activity derived only
from the liver (class II) or probably from the gastrointes-
tinal tract (partly class I) s well, which plays a signifi-
cant role in first-pass metabolism of ethanol in humans.

C F — F
v = — X — 2:|>mol/min]Fst t ^

t = 1 0 minutes
Ft = fluorescence at time t
F0 = fluorescence at the beginning of the reaction
Csl = concentration of the product used s a Standard
Fst = the fluorescence of the added product

Alcohol dehydrogenase activity concentration was expressed s
μπιοΐ/min.

Spectrophotometric assays

Total serum alcohol dehydrogenase activity was estimated at pH
9.2, which was assumed to give the highest activity for the serum
enzyme (16) according to the method of Bonnichsen & Brink (17)
using a Technicon RA-1000 analyzer. The enzyme was assayed at
340 nm, 37 PC for 3 min in the reaction mixture which contained
18 μΐ of serum, 28 mmol/1 of ethanol, 0.44 mmol/1 NAD and 344
μΐ of the buffer (0.1 mmol/1 glycine buffer pH 9.2). The c ntrol
tube contained the reaction mixture without alcohol. Using 12
mmol/1 of 4-methylpyrazole, artifactual activity was also moni-
tored and subtracted.

Materials and Methods

Patients

The study was carried out on the sera of 98 patients (men) aged
30—60 years, hospitalized for alcoholism for 10—20 years. En-
zyme activity was also assayed in the sera of 50 healthy men (non-
alcoholics) s a c ntrol group. These patients were classified ac ·̂
cording to the data obtained by interview, clinical investigations
and determinations of aspartate aminotransferase, alanine amino-
transferase, lactate dehydrogenase, γ-glutamyltransferase and alka-
line phosphatase.

Determination of other enzyme activities

Alanine aminotransferase, aspartate amiriotr risfer se, lactate dehy-
drogenase, γ-glutamyltransferase and lactate dehydrogenase, the
liver injury markers, were detected in a Technicon RA-1000 bio-
chemical analyzer using diagnostic kits from bioMerieux.

Statistical analysis

Statistic l analysis was performed using Wilcoxon's test for two
independent samples. Differences were considered significant at
p < 0.05.

Chemicals

4-Methylpyrazole, 4-methoxy-l-naphthaldehyde and ethyl alcohol
were purchased from Aldrich Chemicals Company, Inc. (Milwau-
kee WI). Nicotinamide adenine dinucleotide (NAD"1") and nicotin-
amide adenine dinucleotide, reduced form (NADH) were obtained
from Sigma Diagnostics (St. Louis, MO). 4-Methoxy-l-naphtha-
lenemethanol, 6-methoxy-2-naphthaldehyde and 6-methoxy-2-
naphthalenemethanol were synthesized by Dr. Jacek Wierzchowski
(Department of Physical Chemistry, Medical School, Wars w, Po-
land) (9). The diagnostic kits for alanine aminotransferase, aspar-
tate aminotransferase, alkaline phosphatase, γ-glutamyltransferase
and lactate dehydrogenase were obtained from bioMerieux.

Alcohol dehydrogenase assays

Fluorimetric procedures

All reaction mixtures (3 ml) were prepared by addition of 150 μΐ
of a 300 μηιοΐ/ΐ solution of 4-methoxy-l-naphthaldehyde (substrate
for class I isoenzymes) or 6-methoxy-2-naphthaldehyde (substrate
for class II), 100 μΐ of l mmol/1 NADH, and 2.69 ml of 0.1 mol/1
sodium phosphate buffer, pH 7.6. After equ ibration for 5 min, the
reaction was started by the addition of 60 μΐ of serum. Changes in
fluorescence were recorded for up to 10 min on an Aminco Bow-
man spectrofluorimeter (excitation wavelength 316 nm, emission
wavelength 370 nm for class I and 360 nm for class II). Sixty μΐ
of product (200 μιηοΐ/ΐ) was then added to provide an internal Stan-
dard and its fluorescence intensity was measured. For the evalua-
tion of alcohol dehydrogenase activity, two assays were carried out:
one with substrate and the second with a substrate of 50 μΐ of 12
mmol/1 solution of 4-methylpyrazole. The rate of reaction (initial
velocities) was calculated according to the formyla:

Results

Figure l shows the alcohol dehydrogenase activity in
the sera of alcoholic and rton-alcoholic men.

16

10

Class l Class II

Alcohol dehydrogenase

Fig. l The activities of class I and II alcohol dehydrogenase mea-
sured by fluorimetric methods in the sera of alcoholics.
The asterisk denotes the significant difference between control
group and alcoholics (p < 0.05).
• controls
D alcoholics , j
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Tab. 1 The activity of total serum alcohol dehydrogenase and enzymatic liver injury markers.

Total alcohol
dehydrogenase

Controls
Alcoholics

U/l

4.77
8.14*

±2.05
± 2.78

Aspartate
aminotransferase
U/l

16.6
44.4*

± 4.8
± 36.0

Alanine
aminotransferase
U/l

17.4
51.5*

± 7.5
± 45.4

Lactate
dehydrogenase
U/l

171.6 ± 33.7
186.7* ± 41.4

γ-Gluatamyl-
transferase
U/l

14.6
89.4*

± 6.5
± 136.3

Alkaline
phosphatase
U/l

21.9 ±
34.6* ±

6.8
11.6

The activity of serum class I alcohol dehydrogenase in
alcoholics was significantly higher than in non-alcohol-
ics. The activity of class I alcohol dehydrogenase isoen-
zymes in alcoholics was about 2 times higher than that
of the control group and reached a mean value of 3.27
μτηοΐ/mm. In contrast, the serum activity of class II alco-
hol dehydrogenase does not significantly differ between
alcoholics and non-alcoholics. Although the analysis in-
dicated a non-significant difference between the mean
values of both groups, sorne alcoholics show a much
higher enzyme activity than the mean value of the con-
trols.

Biochemical data of the studied subjects are shown in
table 1. A higher activity of liver injury markers were
found in the sera of alcoholics than in non-alcoholics.
The analysis indicated significant differences between
these groups, but orily γ-glutamyltransferase activity ex-
ceeds the normal r nge (up to 75 U/l). The activities of
other enzymes were elevated but within the ranges
found in healthy people (aspartate aminotransferase and
alanine aminotransferase up to 50 U/l, lactate dehydro-
genase up to 230 U/l and alkaline phosphatase up to
45 U/l).

Discussion

It is known th t prolonged ethanol abuse is an important
factor in hepatic dysftmction (18). We observed that the
serum activity of class I alcohol dehydrogenase was sig-
nificantly higher in alcoholic patients than in controls.
In contrast, serum aetivity of class II alcohol dehydroge-
nase isoenzyines was similar to controls. Based on these
results, we wo ld suggest that the elevated serum activ-
ity of class I may be derived from tissues other than
the liver. The activity of class I alcohol dehydrogenase
isoenzymes is detected especially in stomach and intesti-
nal tiss e. It has been well established that human gas-
tric mucosa contains only class I alcohol dehydrogenase
isoenzymes in addition to the ubiquitous class III en-
zyme (7) and that prolonged ethanol intake causes in-

flammation of gastric and duodenum mucosa (19). Also,
the predominant form of class I alcohol dehydrogenase
present in human gastric mucosa is the γ subunit (20).
In contrast, isoenzymes containing β subunits are pre-
sent in small amounts. This is consistent with our re-
sults, s we used 4-methoxy-l-naphthaldehyde which is
a good Substrate for all isoenzymes of this class with the
exception of form , which kinetically differs distinctly
from other class I isoenzymes (9).

The second possible Interpretation of these results may
be selective extraction the class I alcohol dehydrogenase
isoenzymes from liver cells, in which these isoenzymes
are also found. Coman & Gheorghe (12) reported that
liver alcohol dehydrogenase isoenzyme patterns in alco-
holic cirrhosis were related to the degree of liver dam-
age. The activity of first anodic isoenzymes and one ca-
todic form, named A! and C, respectively, decreased
markedly while the activity of the second anodic form
A2 was significantly decreased in fatty liver or absent in
cirrhosis. The class I alcohol dehydrogenase molecular
forms exhibit cathodic mobility in starch gel electropho-
resis, whereas class II alcohol dehydrogenase isoenzyme
migrates anodically.
We found that the significantly elevated activity of class
I serum alcohol dehydrogenase and the unchanged activ-
ity of class II are connected with the results (above nor-
mal r nge) of other biochemical tests of liver damage
(except γ-glutamyltransferase), indicating mild and re-
versible liver cell damage.
It should also be noted that γ-glutamyltransferase is pre-
sent in cell membranes of many tissues.
The activity of class II, similar to the activity of other
enzymes of liver origin, was found to be at the upper
limit of the normal r nge, suggesting that in the investi-
gated group we did not observe obvious enzymatic evi-
dence of liver damage but rather increased activity of
alcohol dehydrogenase isoenzyme I, total alcohol dehy-
drogenase activity and γ-glutamyltransferase, which
may orginate directly from another tissues damaged by
alcohol, especially stomach and intestine.
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