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SUMMARY 

I. Liver biopsies were performed in healthy control 
suhjects and in subjects with alcoholic and non-alcoholic 
liver disease in order to examine alcohol dehydrogenase 
(ADH; EC 1.1.1. l) and aldehyde dehydrogenase 
[ALDH; aldehyde dehydrogenase (NAO+); EC I. 2. I. 3j 
activities. Erythrocyte ALDH and ethanol metabolism 
were also investigated in the same subjects. 

2. Fifteen per cent of the subjects studied (seven of 48 
subjects tested) presented atypical AOH activity, charac
terized by elevated activity at pH 7.4 or 8.8 compared 
with that found in subjects with the usual AOH form. 
However. the ethanol elimination curves obtained in two 
subjects with atypical ADH were indistinguishable from 
the kinetics of the group with normal AOH. Subjects dis
playing atypical ADH activity showed normal liver and 
erythrocyte ALOH activities. 

3. Considering only the subjects with the normal AOH 
form. hepatic ADH activity was unaltered in subjects with 
non-alcoholic liver disease (chronic hepatitis or cirrhosis) 
and in those with alcoholic steatosis. Subjects with alco
holic hepatitis or alcoholic cirrhosis showed a lower AOH 
activity compared with the healthy control group. 

4. In spite of the change~ detected in subjects with 
alcoholic liver disease. curves of blood ethanol concentra
tion after oral administration of 0.4 g of ethanol/kg were 
indistinguishable between the alcoholic hepatitis group 
and the control group. 

5. Hepatic ALOH activity, assayed at 300 µmol/1 
acetaldehyde, was found to be diminished in all liver 
pathologies investigated. regardless of their aetiology. 
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Nevertheless, erythrocyte ALDH activity was not modi
fied in suhjects with non-alcoholic or alcoholic liver 
disease. As a result of these findings, no relationship was 
found between hepatic and erythrocyte ALOH. 

6. In summary, our data demonstrate that (a) marked 
modifications in ADH activity, as found in patients with 
atypical ADH or in subjects with alcoholic liver disease, 
are not accompanied by parallel alterations in the kinetics 
of ethanol disappearance, suggesting that ADH activity 
per se does not limit ethanol metabolism in viva, (b) 
hepatic high-Km ALDH activity is decreased in patients 
with liver disease independent of alcoholism, and there
fore decreased ALDH activity cannot be considered as a 
primary defect in alcoholism but as a consequence of liver 
damage. and (c) erythrocyte ALOH does not reflect 
hepatic high-Km ALOH. 

Key words: alcohol dehydrogenase, aldehyde dehydro
genase, cirrhosis, hepatitis, steatosis. 

Abbreviations: AOH, alcohol dehydrogenase (EC 
1.1.1.1); ALDH, aldehyde dehydrogenase [aldehvde 
dehydrogenase (NAO+); EC 1.2.1.3]. 

INTRODUCTION 

The principal site for ethanol elimination from the body is 
the liver [ 1, 2] where it is metabolized by enzymatic con
version first to acetaldehyde and then to acetate, which is 
then metabolized peripherally to CO:, and H 20. Although 
alternative pathways exist, in man the two enzymes that pre
dominantly catalyse the sequential oxidation of ethanol to 
acetate when the ethanol concentration is below 20 
mmol/1 are alcohol dehydrogenase (AOH; EC 1.1.1.1) 
and aldehyde dehydrogenase [ALDH; aldehyde de
hydrogenase (NAO·); EC 1.2.1.3 ]. Both of these enzymes 
exhibit multiple isoenzymic forms [1, 3-10], and it has 
been· shown that this variation may be responsible for 
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111divid11al and r;1rial dillnl'lll'l'S in Sl'llsitivity to akohol 
/ 10 121. An ·a1,p1ral' Imm of i\l>l I, with an optimal pll 
al a 111orl' phy,iolPg1cal pll (X .. ~) than thl' normal form of 
thl' rn1y111r (op1i11111111 I O.Xi and highn specific activity. 
w;1, dnnilwd some Yl'ars ago I 3, 4 I. Due to tlw high 
incidl'ncc of ·a1ypical i\ DI I' in Orientals, it was proposl'd 
that this c111v111l' wa, l'l'sponsihle for this population's 
mnra,l.'d ,c11,itivi1y to ethanol I 131, although soml' douhh 
havl' rl'Cl'llt I\ hl'l'll cast on this association I 14. 15 I. 
In this lalll'r v.nrk. thl.' higher sensitivity to l'lhanol in the 
Oriental population was associated with their deficiency 
in the liver low-A: 111 intramitochondrial isocnzymc t;f 
A LDII, which is responsible for their raised blood 
acctakkhyd1: levels. In alcoholics there is also a tendency 
to augmented circulating levels of acctaldehydc after 
ethanol ingestion. and this effect has been specifically 
associated with a decrease in the cytosolic (high-A: 111 ) 

ALDI I i.,oenzyme I 16-1 HI. although it has been also 
recently reported that thl' low- rather than the high-K 111 

isocnzymc is the one that is reduced in these patients/ I 91. 
hythrocytes contain an ALDH that is identical with the 
hepatic cytosolic enzyme/ 20] and like hepatic activity, it is 
reduced in drinking alcoholic subjects [21, 22 ]. 

In the present study we have attempted to correlate 
hepatic ADH activity and the kinetics of ethanol elimina
tion after oral ethanol administration in healthy control 
individuals and in subjects with different alcoholic and 
non-alcoholic liver diseases. In addition, we have investi
gated whether liver disease is characterized hy specific 
alterations in the hepatic activities of AOH or ALOH. 
and whether changes in erythrocyte ALDH parallel those 
of liver ALOH. To that effect we have studied the kinetics 
of ethanol elimination after its oral administration as well 
as the activities of hepatic AOH and ALOH and erythro
cyte ALDH in healthy control Spanish subjects. with the 
normal and atypical forms of AOH, and in Spanish 
patients with alcoholic steatosis, alcoholic hepatitis. 
chronic non-alcoholic hepatitis, non-alcoholic cirrhosis or 
alcoholic cirrhosis. 

METHODS 

Subjects 

The study was performed on 48 Spanish Caucasian 
subjects. In one initial set of experiments. we used 
samples of fresh human liver biopsies taken for diagnosis 
during abdominal surgery (cholecystectomy) in nine 
patients who were later proved to be histopathologically 
unaffected. 

In a later set of experiments, we used liver biopsies 
taken for diagnosis from 39 subjects. Of these 16 had 
alcoholic liver disease (six with alcoholic steatosis, eight 
with hepatitis hut no cirrhosis, and two with an established 
cirrhosis). l 7 had non-alcoholic liver disorders ( 13 with 
chronic active hepatitis and four with primary biliary 
cirrhosis), and six were normal controls. Each of the alco
holic subjects had consumed more than 80 g of ethanol 
daily for more than 9 years and was drinking at the time of 
the study. Subjects were classed as normal controls for the 

purpose of this study if tlwir livn function and histology 
tests were normal at thl' time of the study. Normal suh
ject.s or patients with non-akoholic livl·r disease had 
never ingested morl' than 80 g of ethanol a day. All sub
jects stopped drinking I month before the study. Details 
of all the ahoVl' patients are shown in Tahk I. An oral 
l'lhanol administration test was performed (0.4 g of 
ethanol/kg of body WL'ight) in some of the ~ame patients in 
whom the hepatic biopsy was performed. 

Determination of ADH and ALDH acth·ities 

Immediately after the liver biopsy samples had been 
excised during abdominal surgery. they were placed in 
ice-cold 50 mmol/1 sodium phosphate buffer (pH 7.5). 
and after homogeniLation ( I: I. w /v I in a glass Potter vessel 
with a Teflon pestle. placed in ice and sonicated in a MSE 
sonifier (set at 12 .11 for I min). They were then centrifuged 
at 56 000 g for 20 min at 4°C. The supernatants were then 
centrifuged at 143 000 g for 60 min. and the final super
natants were immediately used for enzymatic assays. 

Liver needle (Trucut) biopsy samples were divided into 
two so that one portion could he sent for routine 
histology. The other portion, selected for ADH and 
ALOH assays, was dropped into ice-cold 50 mmol/1 
sodium phosphate buffer (pH 7.5). Samples were 
homogenized with a glass homogenizer in 50 mmol/1 
phosphate huff er (pH 7 .5) ( 1:1, w /v ). Homogenates were 
spun at 56 000 g for 30 min at 4°C in an ultracentrifuge 
and the supernatant was used for enzyme assays. AOH 
and ALOH activities were assayed the same day by the 
spectrophotometric methods described by Von Wartburg 
er al. [3] and by Blair & Bodley [23] with a few modifica
tions [24]. 

AOH was assayed at 25°C in cuvettes containing 67 
mmol/1 sodium phosphate (pH 7.4) or 100 mmol/1 
glycine-NaOH buffers (pH 8.8 or 10.5 ), 1.3 mmol/1 
NAO+ and 0.8-1.0 mg of protein (20 µI of sample) in 3 
ml. The reaction was initiated by adding ethanol up to a 
final concentration of 17 mmol/1. ALOH assay was per
formed at 3 7°C in cuvettes containing 100 mmol/1 
glycine-NaOH, 130 mmol/1 KCI, 1 mmol/1 pirazol and 
1 mmol/1 NAO+. pH 8.8, and 0.8-1.0 mg of protein in 1 
ml. The reaction wa~ started by adding 50 or 300 µmol/1 
acetaldehyde (final concentration). 

When ALDH was assayed in erythrocytes, blood was 
collected with heparin on the same day that the liver 
biopsy was taken. Blood was centrifuged at 1000 g for 10 
min and the plasma was discarded. Erythrocytes were 
washed three times with saline ( 150 mmol/1 NaCl) and 
successive centrifugations. Washed erythrocytes were 
sonicated in the presence of 1 mmol/1 ethylenediamine
tetra-acetate and 0.1 % ( v /v) mercaptoethanol. After cen
trifugation at 56 000 g for 20 min at 4 °C. a portion of 
supernatant was passed through a Sephadex C-50 column 
(at 5°C). The column was washed with 20 mmol/1 sodium 
phosphate buffer (pH 6.0) and portions of the eluate were 
collected. ALDH activity in the erythrocyte eluates was 
assayed at 37°C in cuvettes containing 100 mmol/1 



T11hlt• I. ( 'linit-111 d11111 of n1wri111t•nt11l ~uhjt'l'ls 

Vah1L'' a, l' ,h, ,1111 a, r;111gc,. 
------·-·-

< ·11111rnl Alu,h,,h,· 
,1ca111,1, 

II r, I, 

Aµc (n•ar,1 
, , 1,.1 2X ~2 

Mak/kmak 1;1110 -~: I r,:O 
I 11,1111 y 111 L'th;i1111I l'l)ll\lllllpl11 )11 (I -~ ') Hl 

I vcar, I 
Ani1111nt of ethanol c,11isumcd (I XO 100- !<)() 

daily (g1 

Mean r11rpu,cula1 v11lumc 1111/cdl: XX 124 X<J 1114 
I lacm11glohi11 \g,'dl ! 1.4 I.I, 1.2 - I.I, 
A,partalc aminotran,fn.1'c' a,·ti\ ii\ 1.1 (1) 21- I (ll) 

Im-units/ml! 
B1lirnhin I mg/di I O.:HlX 0.7-2.2 

sodium rhosph.11l' huller. I mmol/1 NAD'. pi I 7.-l. and 
200 1d of cluall' ThL' rL'action was star!cd by thl' addi1ion 
of 20 mmol/1 acL'takkhyde or propionaldd1ydc (final con
centration). In all the a,says. measurements were made 
with a Beckman DU-88 (Kinetics II) spectrophotometer 
at J .. H) nm. On each experimental day. assays for one par
ticular sample were rerformed in duplicate or triplicate 
interspersed with other samples; the SEM for each particu
lar sample was never above .1'¼,. One unit of enzymatic 
activity corresponded to I 11mol of substrate trans
formcd/min. Protein was determined by the method of 
Lowry et al. [25 [. 

Ethanol administration studies 

After the ingestion of ethanol ( 0.4 g/kg body weight) by 
patients fasted overnight. blood samples were collected in 
order to determine the circulating concentrations of 
ethanol and acetaldchydc. Blood samples were collected 
in tubes containing JOO pi of I 00 mmol/1 chloral hydrate 
12,2.2-trichloro-1. l-cthanediol). Ethanol and acetaldchyde 
determinations were always performed on fresh blood 
samples on the same day that they were collected. The 
method of Von Wartburg & Ris [26] was followed with 
some modificatiLins [27]. Immediately after placing blood 
samples in chloral hydrate, proportions were adjusted to 
I: l ( v /v) by weighing the tubes and adding the appropri
ate amount of chloral hydrate. After thorough mixing at 
4'C and centrifugation at 1000 g for 15 min, 150 µ1 
portions of supernatant were placed in 1 ml glass vials 
containing 300 111 of saline .. 500 1tl of 1.5 mmol/1 propan-
1-ol (internal standard) and :iO µI of 60% (w/v) HC1O4, 

after which the vials were hermetically sealed. External 
standard vials, containing plasma from untreated subjects 
supplemented with chloral hydrate, saline and different 
amounts of ethanol and acetaldehyde, were always run in 
parallel with blank vials. All vials were subjected to head
space gas chromatography performed with a Perkin
Elmer Sigma 15 apparatus and a Carbowax 1540 column. 
Temperatures were 60°C for the sample thermostat and 
150°C for the injector and detector block. With this 
procedure, the amounts of ethanol and acetaldehyde 

t\ln,!11,h,· Alrnholic N, 111 -al,·, ,h, ,111· N, 111- ak, ,h, ,lie 
hq,,11111, ,·11 rho"' d11 orn,· hq1a1111, ci I rht1'1\ 

X 2 1.1 •I 
.11 (1/, ~•) Id IX <,X 27 I, 7 

(l ~ I :I 12: , . ' 
It I 2~ 1() 40 (I 20 (I I~ 

XO 4XII IXO- 21 ll (I XO () XO 

1/X 12.1 10.l 11.1 XI, 1/X l)) <l7 
I.I 1.7 I 1-1.2 1.2- 1.7 1.0 1./, 
)() I l)~ 4X- <J) .14 200 .111 l 'l .1 

()_<) 2 .. 1 1.9 0.4-1.4 o.r,- I. I 

rccPvcred fnim fresh plasma samples wnc I 0(1% and 
98" "· respect 11 cly. 

St.1tistical analysis 

Results are expressed as means± SFM and statistical 
comparison among the groups was performed by analysis 
of 1ariancc and further post-hoe /-tests. Correlation was 
studied by the minimum square method. 

RESULTS 

Ethanol metabolism and ADH and ALDH acthities in 
subjects hearing the atypical form of ADH 

The presence of the atypical form of ADH was investi
gated in samples from liver biopsy in a healthy control 
group and from other groups with different liver diseases: 
alcoholic steatosis. alcoholic hepatitis. alcoholic cirrhosis. 
non-alcoholic chronic hepatitis and non-alcoholic cirrho
sis. As reported. subjects with atypical ADH had higher 
activities at pH 7.4 or 8.8. whereas no significant dif
ferences were detected at pH 10.5 ( data not shown). 
Among the 48 subjects investigated. only SC\ en presented 
atypical ADH. corresponding to 15% of the screened 
population. Table 2 summarizes the incidence of ·atypical' 
ADH found in the different hepatopathics studied; no 
increase in the frequency of this form was found in any 
specific liver disease. 

We examined whether the enhanced ADH activity 
present in subjects with the atypical form of ADH might 
lead to a faster rate of ethanol elimination. In order to 
assess this. we studied the curves of blood dhanol con
centrations after the oral ingestion of ethanol (0.4 g/kg 
body weight) in subjects bearing either the normal or the 
atypical form of ADH (Fig. 1 ). Blood ethanol concentra
tions rose immediately after ingestion and they peaked by 
30 min. decreasing slowly afterwards. Blood ethanol con
centrations were higher than 5 mmol/1 even 3 h after 
ingestion. No differences were detected between the 
control group (four individuals) and the group with 
atypical ADH (two individuals) (Fig. 1 ). Blood acetalde
hyde levels were not detectable in either group investi
gated at all the time points studied (data not shown). 



A. /.ouano l't al. 

W,· al,n im,·,til!atl'd 1h,: hqiatic and vrvthrocytc activi
tl\'' 111 l'thanol P\idi,i1112. l'll/\'lllL'' in ,uhJL'L'ls with thl' 
11, 11 ma! form ;111d ,uhll'rt, with t hl' at ypiral form of A I) 11. 
I ht· at~·pil'al 1111111 of ;\ I >I I wa, not associated with any 

111od1fi,·atin11 of hl'palir and nvthrncytL' Al.DI! activities. 

Tahll· 2. lnddl'lll'C of 'atypil-111' ADIi in diffl•rent hep11to-
1111thil's 

c ·onlmh 
Aknholi\' ,tcato,i, 
Alcoholic hcpalitis 
Alniholi\' cirrhn,is 
Non-alcoholic chronit- hepatitis 
N, n1-;1lcol1< ,lie cin'IH "i' 
Tnl.tl 

,-
-;:: 

E 
E 

c 
u 
;:: 
u 
i:: 
" ..r:: 
:;; 

1 
:i: 

15 

5 

30 

-0., 
' ' ' 

60 90 120 

Time1min) 

150 

Frcqu,·n,·y 

4/ I :i 
1 /(1 

0/8 
0/2 
2/ I.'\ 
0/4 
7 /48 

180 

Fig. I. Changes in blood ethanol concentrations after oral 
ingestion of 0.4 g of ethanol/kg body weight in subjects 
with normal ( • •) or atypical ( o- - -0) ADH. 
Results arc means± SFM of four observations in the 
normal group and two observations in the atypical group. 
Differences between the groups were not significant. 

and in fact. nn difkrL'llt'l's were detected hctwecn groups 
(Tahk 3). 

Fffl•rt of 11koholk and 11011-akoholir livl'r diw11st• on 
lwp11tk A Dll 11l·thity and l'lh1111ol mctaholio;m 

I kpatic ;\[)I I activity was investigated in liver nl.'cdk 
biopsy samples from a hl'althy control group and other 
grnups with liver disl'asl'. After <.focarding subjects with 
·atypical' ADH. ,w detected a marked decrease in ADH 
activity in patients with alcoholic: hepatitis and in two sub
jects with akoholic cirrhosis (Tahle 4 ). Hepatic A DI! 
activity was not altered in any of the other liver diseases 
studied (Tahlc 4 ). 

The kinetics of ethanol elimination were also investi
gated in some of thl' previous groups. In Fig. 2. data on 
blood ethanol concentrations after oral ingestion (0.4 
g/kg) arc presented in control and alcoholic hepatitis 
groups. No significant differences in the pattern of ethanol 
metabolism were observed between either group. in spite 
of the lower hepatic ADH activity found in alcoholic 
hepatitis (sec Table 4). Concentrations of circulating 
acetaldehyde were undetectable or indistinguishable from 

Table 4. Hepatic ADH activity in healthy control subjects 
and patients with alcoholic and non-alcoholic liver 

disease 

Rt.'sults are means± SEM for the number of observations 
given in parentheses. ADH activity was assayed in 
t.'xtracts from liver needle biopsies at pH 8.8, 25°C and 17 
mmol/1 ethanol. Statistical significance: * P< 0.05 com-

pared with controls. 

Control 
Alcoholic steatnsis 
Alcoholic hepatitis 
Alcoholic cirrhosis 
Non-alcoholic chronic hepatitis 
Non-alcoholic cirrhosis 

ADH activity 
iunits/g of liver tissue: 

3.39 ± 0.22 (4; 
3.25 ± 0.52 (5: 
2.06 ± 0.29 (8:* 

1.20 (2) 

2.95 ± 0.24 I 11 I 
3.74±0.6513) 

Tahle 3. Lher ADH and ALDH and erythrocyte ALDH activities in subjects with normal and 
atypical ADH 

Results are means± SEM of 31-38 observations in the normal ADH group and four to five in the 
atypical ADH group. Liver samples were obtained by needle biopsy. Statistical significance: 

* P< 0.05 compared with the normal ADH group. 

Liver ADH lunits/g) 
pH 8.8 
pH 10.5 

Liver ALDH (units/g) 
Low-Km 150 µmol/1 acetaldehyde) 
High-Km (300 µmol/1 acetaldehyde) 

Erythrocyte ALDH (m-units/ml) 
20 mmol/1 propionaldehyde 
20 mmol/1 acetaldehyde 

Subjects with 
normal ADH 

2.81 ±0.18 
4.37 ±0.32 

0.46 ± 0.07 
0.87±0.09 

39.8 ± 3.2 
31.8 ± 3.3 

Subjects with 
atypical ADH 

19.0 I ± 2.87* 
5.1.H 1.21 

0.46 ±0.09 
0.92 ±0.16 

40.6 ±II.I 
21.8 ± 7.0 
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l'ill' st11dv prrformnl in subjects with livn disL·asc was 
l'\ll'lllkd to the inwstigation of the e111yme rcspo11sihlr 
!or acctaldrhylk o.xidation. ALDI I. in liver a11d L'rythro
cytes. Tlw results arc presented i11 Tahir 5. I kpatic 
A I .DI I activil\ was assayed at two diffcrL·nt acct aldehyde 
c1111rrntrati!lt1s. 50 and 300 ,,mol/1. in nrdrr to diffcrl'!lti
;1t,· hrt11L'L'n the high- and h,w-f.:,,, isol'!11ymrs described in 
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Fig. 2. Changes in blood ethanol concentrations after oral 
ingestion of 0.-1 g of ethanol/kg body weight in healthy 
control subjects ( • •) and subjects with alcoholic 
hepatitis \ o- - -o ). Results are means± SEM of four 
observations in both the control group and the group 
with alcoholic hepatitis. Differences between the groups 
were not significant. 

h11111an lin'I I 2S. .' 11 j. l'nt;rl ( low- plu, high-/\ 11 ,) liver 
All>I I actl\tl\ \\;1, sig11iliv;111tlv lower in all group, wilh 
hvn damage as n 1111pa1 nl wi1h con I rnls. indcpcndcnl ol 
whclhn or 1101 thn· had an alcoholic hi,tory. ;\ g1catn 
individual variatinn was found i11 the low-I\,,, ;\I ,l>I I 
act1viti,·s in liHT :\lthnugh vahtl'S Wl'll' lmH-r i11 akoholic 
and no11-akoh111i,· patients with liver diSl·a,es than i11 
co11trols. till' diffl'l"L'IICl'S WL'rl' 110I sig11ificant. Nnnc of 
thl'sc dillnL'IIL'l's l·ould hl· accounted for hy changes in 
liver prnll'i11 Clllll'L'lllratio11 as this parametn did not 
diffn a111011g the groups (Tahir 5). In spite of this varia
tion. liwr ADI I and ALDI I activities among the groups 
wnc linearly corrdated when individual values were 
plot tcd togetlKr \ ,- = 0.5 7<1. /'<().()I ). 

The activity of :\LDI I in erythrocytes was also studied. 
whc11 possible. in the sanK individuals subjected to needle 
liwr biopsy \Tahk 5). Due to the easy availability of 
erythrocytes fwm healthy controls. this group was 
enlarged with some additional volunteers. ALDI-! activity 
was not altered in any of the liver diseases subjected to 
study. not even in cirrhosis. which manifested greater 
c1frcts on hepatic ALDH activity. We failed to detect any 
significant relationship between liver and erythrocyte 
A LDH activities when individual data from all the groups 
studied were pooled (r= 0.039) (data not shown). There 
was also no relationship between these two variables 
when the individual data from just the healthy control 
group were considered. 

DISCUSSION 

The results of the present study provide evidence that. in 
humans. modification of ADH activity. such as in subjects 
with atypical ADH or in patients with alcoholic hepatitis, 
does not lead to parallel alterations in the kinetics of 
ethanol elimination. Previous data on ethanol metabolism 
by subjects with atypical ADH are contradictory. Von 
Wartburg & Schurch [ 4 j observed a more rapid elimina
tion of alcohol in subjects with atypical ADH, whereas 
Edwards & Evans I 30 j found a more rapid elimination in 
one of two subjects with atypical ADH. In conclusion, 

Table 5. Liver and erythrocyte ALDH activity in healthy control subjects and patients with 
alcoholic and non-alcoholic lhcr disease 

Results are means± SEM for the number of observations shown in parentheses. ALDH activity 
was assayed. from extracts of liver needle biopsies. at pH 8.8. 37°C and acetaldehyde concentra
tions of either 50 (low-Krn1 or 300 µmol/1 (total). ALDH activity was assayed in extracts of 
erythrocytes at pH 7.4 and 37°C at an acetaldehydc concentration of 20 mmol/1. Statistical 

significance:* P< 0.05 compared with controls. 

Controls 
Alcoholic steatosis 
Alcoholic hepatitis 
Alcoholic cirrhosis 
Non-alcoholic chronic hepatitis 
Non-alcoholic cirrhosis 

Liver ALDH activil\ · units/gl 

Low-K,,, 

0.63±0.17(4) 
0.44±0.17(5) 
0.39 ± 0.07 (7) 

0.21 (2) 
0.40±0.08(6) 

0.34 \2) 

Total 

1.37±0.17(5) 
0.76 ±0.14 (41* 
0.86 ± 0.10 (7)* 

0.34(2) 
0.77 ±0.13 ( 13)* 
0.79±0.12 (4)* 

Erythrocyte ALDH activity 
(m-units/ml · 

31.1 ±4.5\15) 
31.9±6.9(3) 
23.5 ±4.1 (6) 

44.6 (I) 
33.7 ± 5.7 ( 13) 
35.7±12.7(4) 
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11w1ali111i,111 I .1 I I. 

l'll'\l'nl rl'sul1, al,ll ,h(lw that thl' i11ridl'ltl'l' (If till· 
alvp1cal l,11111 of hl'patir ,\1>11 in lhl' Spani,h popula1i(l11 
1., 111 the ,;1111c 1a11gl' ;p, in llthn ( ·auc:1,ian populat ill11, I .l. 
I I. 12. I •I. 30. 31 I. and thl' lark of its acrn111ulatio11 in a 
,pcrific group of patients with liv,.:r disl'aSl' also coincide, 
with pn:viously reported findings I 19 I.· In addition. ,uh
jl'cls with atypical ADIi studil·d hen: have normal Al.DI! 
activities. which is an l'SSl'ntial difference when compared 
with Orientals who have a very high incidence of atypical 
ADI I (X:'i-90%) and furthermore a high frequency (52%) 
of ddicicncy in the hepatic low-A: ... intramitochondrial 
islll'n1ymic form of A I DI 111 .i. I :'i I. 

In our study we found that patients with alcoholic 
hepatitis or cirrhosis have reduced liver A DI I and 
ALDH activities. whereas patients with non-alcoholic 
liver disease or alcoholic st,:atosis have reduced liver 
A LDH activity hut normal ADH. This latter finding 
diffrrs from prcviom reports I 19. 32. 33 I. although the 
ADH activit\ in patients with non-alcoholic hepato
pathics has hccn found hy Nuutincn [ 191 to he less affected 
than in alcoholics. The difference between these reports 
and our results may be due to the greater liver damage in 
the former. This possibility is made more likely by the 
higher liver protein concentration found in hcpatopathic 
patients by Nuutinen I 19]. whereas we did not find any 
change. Our findings of reduced liver ALDH activity in 
both alcoholic and non-alcoholic patients with liver 
damage contrast with those of Palmer & Jenkins [ 18. 34 ]. 
who found no significant decrease in this enzyme activity 
in patients with non-alcoholic related liver disorders. In 
agreement with Matthewson et al.132], our results there
fore indicate that the abnormality in liver ALDH activity 
is not specific to alcoholics but occurs in a variety of acute 
and chronic liver disorders. independent of alcoholism. 
This abnormality cannot therefore be considered a 
primary defect in alcoholism or a predisposition factor for 
alcoholism or alcoholic liver disease as suggested hy 
Thomas et al. [ 17] and, on the contrary, it seems more to 
be a consequence of liver damage. The linear correlation 
between hepatic A DH and ALDH activities found here 
when all the individual values were considered, coincides 
with the parallel reductions in these two enzymes previ
ously reported in patients with different liver disorders 
I 19. 32, 33]. This linear correlation is even found in other 
enzymes not directly related to alcohol metabolism such 
as isocitrate dehydrogenase (NAO+) (EC 1.1.1.41) [34]. 
indicating that the degree of liver damage may have 
similar effects on different enzyme activities. 

The present findings of a lack of change in erythrocyte 
ALDH activity among the different groups studied and a 
lack of a significant correlation between that parameter 
and hepatic high-Km ALDH activity, are in contrast to 
reported reductions in erythrocyte ALDH activity in 
alcoholic patients l 21, 22 ]. Whether the basis for these 
contradictory findings stems from differences in the daily 

ethanol intakl· hv till' cont rlll \llhJl'l'l\ 01 from another 
l:1<'1llr. rl'lnai11, to hl· \l'l'II. It i, ktl!>\\ll th;1t ery1hr11l'ytl' 
,\ I I )11 artivit\' return, Ill 11111111al vallll'' a fin a ,hort 
pl'11od llf ab,tilll'IKl' I 11/I: this nntld c,plain lhl' diffn
cncl''· since our suhjLTls did abstain for al lca'1 I month. 
In ,pile of thl' kml'tic propcrtics. l'kctrophoretic mobility 
a11d i,oelcctnr point of crythrorvte ,.\I .DI I a11d the 
hq,alil· high-J..,,, rn1ymc being ,cry similar 120 . ."l:'il, 
prl'\l'llt fi11di11)!, indicate that nythrocyll' ,.\ I ,I )11 activity 
i., not an adequate marker for the liver en1y111e. 

In conclusion, our data demonstrate that (a) marked 
mlldifications in ADI I activity, as found in patients with 
atypical ADIi or in subjects with alcoholic liver disease. 
arc not accompanied hy parallel alterations in the kinetics 
of l'thanol disappearance suggesting that ADH activity 
11cr sc docs not limit cthanol mctaholism in ri\'O, (h) 
hepatic high-A:"' A LDH activity is decreased in patients 
with liver disease. indepcndcnt of alcnholism, and thcrc
forL' decreased ALDH activity must he considcred as a 
consequence of liver damage. not a primary defect in 
alcoholism. and I c, erythrocyte A LDH docs not rcncct 
hepatic high-A: 111 ALDH. 
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