
Biochemical Pharmac~h)g~. V o l  24. p p  lg07 Igl 1 Pergamon Plcss. 1975 Printed in (}feat I]lit~litl 

LIVER ALDEHYDE AND ALCOHOL 
DEHYDROGENASE ACTIVITIES IN RAT STRAINS 
GENETICALLY SELECTED FOR THEIR ETHANOL 

PREFERENCE 

TIMO KOIVULA, MARTTI KOIVUSALO and KA10.  LINDROS 

Department of Medical Chemistry, University of Helsinki and Research Laboratories of the 
State Alcohol Monopoly (Alko). Hclsinki, Finland 

(Received 28 Am, trier 1974, accepted 18 March 1975) 

Abstract Rat strains raised by genetical selection for either high (AA straim or low (ANA strain) 
vohmtary ethanol consumption were compared with respect to their hepatic alcohol and aldehyde 
dehydrogcnase activities. Liver alcohol dchydrogenase activity was lower in both sexes in the AA 
strain compared with the ANA strain. The NAD-dependent aldehyde dehydrogenase activity was higher 
in the lnitochondrial and microsomal fractions and lower in the soluble fraction in the AA strain 
than in the ANA strain. These differences were more pronounced in females than in males. The NAD- 
dependent utilization of acetaldehyde in liver homogenates was higher in the AA strain in both sexes. 
when the initial acetaldehyde level was 0-40 raM. but there was no difference at. 0"I3 mM acetaldehyde. 
It is concluded that the higher activities in the AA strain are due mainly to thosc aldehyde dehydro- 
genases of mitochondrial and microsomal fractions, which have K,,-vahlcs for aldehydes in the millimo- 
lar range. The higher alcohol dehydrogenase and lower aldehyde dchydrogenase activity in livers of 
rats of the ethanol-avoiding ANA strain may contribute to the previously found higher acetaldehyde 
levels in blood and liver of rats of this strain after ethanol administration. 

Strains of mice and rats have been found to differ 
in their level of alcohol consumption when given a 
choice between water and a dilute ethanol solution 
{for a review see Rodgers[1]). It is clearly established 
that genetic factors are involved in these differences, 
but the underlying biochemical basis is still partly 
unknown. The ethanol-avoiding mouse strains have 
been reported to have generally lower liver alcohol 
dehydrogenase activity than the ethanol-preferring 
strains [I].  Sheppard et al.[2, 3] have demonstrated. 
using inbred strains of mice, that liver aldehyde 
dehydrogenase activity was significantly lower in eth- 
anol-avoiding animals: these animals also had a 
higher acetaldehyde level in the blood after ethanol 
administration than the ethanol-preferring mice. It 
was suggested, that the lower enzyme activity might 
result in an acetaldehyde-induced avoidance of eth- 
anol. 

In two strains of rats raised by genetic selection 
for either high (AA strain) or low (ANA strain) volun- 
tary ethanol consumption by Eriksson[4, 5], the eth- 
anol-preferring AA strain was also found to have 
higher acetaldehyde levels in blood and liver [6]. The 
present work was undertaken to determine if differ- 
ences in liver aldehyde and alcohol dehydrogenase 
activities between the AA and ANA strains could con- 
tribute to the differences in acetaldehyde levels. It has 
been shown recently that there are several types of 
aldehyde dehydrogenases in rat liver, which differ in 
their subcellular distribution, K,,-values for aldehydes 
and some other properties [7, 8]. We have therefore 
measured aldehyde dehydrogenase activities separa- 
tely in the soluble, mitochondrial and microsomal 
fractions prepared from liver tissue of both strains. 

MATERIALS AND METHODS 

Chemicals 

NAD + and glucose-6-phosphate were purchased 
from Boehringer, Mannheim, Germany. Pyrazole was 
obtained from Aldrich-Europe, Beersc, Belgium. 4- 
methyl-pyrazole from Labkemi AB, G~Steborg, 
Sweden, and p-iodonitrotetrazolium violet (INT) from 
Sigma Chemical Co., St. Louis. MO, U.S.A. Pro- 
pionaldehyde, acetaldehyde and all other chemicals 
were obtained from E. Merck, Darmstadt, Germany. 

Animals 

Rats weighing 150250 g of the AA (Alko, Alcohol) 
and ANA (Alko. Non-Alcohol) strains were used in 
these experiments, These strains have been developed 
in an outbreeding program in which animals were 
selected for their ethanol preference [-4]. The ANA 
strain prefers water to a 10'l;~ (WV) ethanol solution; 
the AA strain prefers the ethanol solution. The rats 
were given a standard laboratory diet (Astro-Ewos, 
Astra AB, S/3dert:dlje, Sweden) and water ad lib. No 
ethanol had been given to the animals previously. 

Two series of experiments were conducted. In the 
first 16 female AA and 16 female ANA rats were used. 
In the second both males and females of both strains 
were used. 

Suhcelhdar /factimultion 

The rats were killed by decapitation, and the livers 
excised and homogenized with a Potter-Elvet\jem 
type Teflon glass homogenizer in 0.24 M sucrose con- 
taining 10 mM Na-phosphate buffer, pH 7"4, and 2 
mM mercaptoethanol to make a 107~, (w/v) homo- 
genate. The homogenate was centrifuged in a Sorvall 
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SS-I centrifuge for 5 min at 7(X)#t. The pellet was 
washed once with 20 ml of the buffered sucrose solu- 
tion and centrifuged again as above. The combined 
supernatants were centrifuged for 10 rain at 4500g. 
The pellet was then washed once with 20 ml of the 
buffered sucrose solution and centrifuged for 10 rnin 
tit 12,5(X)g. The pellet, containing the mitochondrial 
fraction, was suspended in 5 ml 0'158 M KC1. 

The postmitochondrial supernatant was centrifuged 
for 60 min at 105,000.# in a Spinco Model L tlltra- 
centrifuge. The supernatant was tised as the soluble 
fraction and the pellet which contained the microso- 
real fraction was suspended in 10ml 0'158 M KCI. 

Aldehyde dehydrogenase activity' was liberated 
from the mitochondria in the first series of cxpcri- 
ments by freezing the mitochondrial suspension 
rapidly in an ethanol solid CO e naixturc, and then 
thawing it. This wets repeated three times and tile sus- 
pension was then centrifuged for 60 min at 105.0000. 
The resulting supenmtant was used for thc enzyme 
assays. In the second series sodium deoxycholatc was 
added to the mitochondrial and microsomal suspen- 
sions to a linal concentration of 0-2", (X~ '~r)" The 
enzyme activities were then measured directly from 
lhe clear solutions without centrifuging. 

Assay methods 

Aldehyde &'hydrogemlse. Enzyme activity was mea- 
sured spectrophotometrically by following the NADH 
production at 340nm with a Gilford model 200{I 
attachment for the Beckman D L  monochromaior.  
The cuvette holder was maintained tit 25.  The rcac- 
tion mixture contained 70 mM sodium pyrophos- 
phate buffer pH ~0. 133 mM N A D  and 1.67 nlM 
pyrazole. The reaction was started by thc addition 
of aldehyde, bringing the total volume to 3 nal. Two 
concentrations of aldehyde were used. either 4"5 mM 
propionaldehyde or 0'5 mM acetaldehyde. The kinetic 
constants for acetaldehyde and propionaldehyde are 
of the same magnitude for the different rat liver tilde- 
hyde dehydrogenases (Koivula and Koivusalo, un- 
published results}. Blanks without substratc were 
measured simultaneously. One unit of activity is 
defined as the amount of enzyme catalyzing thc for- 
mation of 1 llmole of NADH per rain under the 
above conditions. 

Alcohol duh.t'drogemlst'. The assay mixture con- 
tained 70 mM NaOH glycine buffer, pH 9.6, 0.67 
mM N A D - ,  and 10 mM ethanol. Total volume was 
3 ml. The reaction was started by addition of the 
coenzyme and the initial rates of N A D H  production 
were measured spectrophotometrically as in tile uldc- 
hyde dehydrogenase assay. 

Ghwose-6-phostUultase. Activities were measured s.tt 
2 5  in the subcellular fractions and in deoxycholate- 
treated total homogenate (0'21!,, w,'v final con- 
centration) by the method of Harper [9]. An average 
yield of 70'Iii was found for the microsomal fraction. 
About 25'I,, of the total ghicose-6-phosphatase activity 
was found in the in i tochondr ia l  f lact ion and only a 
negligihle alnount ill the sohlble fraction. 

Succinate-lNT-ruductase. Succinate-I NT-rcductasc 
was used as a marker enzyme for mitochondria. Its 
activities were determined in the subcellular fiactions 
and in deoxycholate-treated (0"2"ii final concn) total 
homogenate by the method of Permington[10]. An 

average yield of 45",, was found [~.}l the mitochondrial 
fractiou. There were onl\, negligible activities in the 
soluble and microsomal fractions. 

Calculution Ot ahluhvdu dchydro~lt'tlu',c autiritw',. 
Thc actixities are expressed as imloles per rain per 
g liver wet wt. The \ield and purit,, e l  the mitochon- 
drial and microsomal fractions were assessed on the 
basis of succinatc-INT-rcductase uud glucosc-6-phos- 
phatusc acti\.itics in these Ir~ctions. \~hen compared 
with tile activities in deoxychol;-ite-trcated (()._ ,, lhml 
conch) total homogenatc. The lhaal \alues arc c o l  
retted on this basis. 

Frotuin. Thc bitu-ct method of (Mrnull ~'I e l . t i l l  
v~;.ts used wilh dr\ bo;inc serum albunfin as standurd 
(Armour Pharmaceutical ('o. Ltd.. f{;-istbournc. [{ng- 
land). (orrect ions  for the eltccts of sucrose and dcox\.- 
choktte in the samples wcrc made b\ adding these 
in the corresponding amounts Io the protein stan- 
dards. 

Dewrmination ql:\'..ID-dependcnt m'utaldchvdc mili- 
-_alien. The capucity of liver homogcnates to utilize 
acetaldehyde in the presence of NAD was determined 
b',. a modification of the method described by Mar- 
janen[12]. Sumples from deep-frozen lixers \s.ere 
homogenized with a Pottcr-Elveh.icm homo,,eni/er in 
4 parts 10 mM Na-K-phosphate bufl;er, pH 7.4. con- 
taining 0.25 M sucrose, 2 nlNI nlerc~lptoctl-ianol urid 
1'>,, Tr i ton X-100. Acctaldchyde uptake rates t<~,elc 
determined al 37 in 50 mM Na-K-f~hosphale bul]cr, 
pH 74, supplcnlenied witi~ 4 mM NAD.  ()-16 mM 
4-metll31-pyrazolc and ;.ill initiul ~lcet~ildellyde con- 
centration of ()-40 or ()13 raM. Fhe re;Lotion \~:.ls 
started b', addi t ion of ( )2m l  homogenalc and the 
[lnal \,roltinle was 3-2 ml. S;-lnlples wel-c \~,ithdrawn ;.it 
2-rain intervals, pipettcd into scrul-ll bottles contain- 
ing 0-6 M percldoric acid und unal}zcd I;t)r their con- 
tent of acetaldellvdc bx a Pcrkin Ehner t 40 <,as chro- 
inatograph using tile head-space technique as tie- 
scribed previously t~,l. Blunks wi lh N A I )  omit ted 
from the leaction mixture wore subtracted from the 
results. Tile uptake \~as tisu;tll~ linear for ul lc;lsl 6 
tn in. 

b'tati.stical [FC+II'HlC'/II olre.vdt.s. Results urc expressed 
;-is nletnls +; S.E.M. TIle slalistical conlparison 
between the struins x,x, iere made with Sltidcnt's f-test. 

RESt l.l'S 

In the first series of experinaents the mitochondrial 
uldehyde dehydrogenusc activit3 was liberated b~ 
several freezing thawing cycles, a method which tends 
to release primarily the lo~.-K,,, enzyme IKoivula und 
Koivusalo. unpublished results). With this technique. 
no statistically significant difl'crenccs between the 
strains could be observed in tile aldehyde dehydro- 
genasc activities of the liver sohlble 10-502 _+_ 0.016 
and 0-512 + t)-019 /unolcs, min per g liver wet x~t in 
AA and ANA strain, respectively) or mitochondrial 
(0-559 _4 0.033 and 0.591 4__ 0.031 tanolcs:min per g 
liver wet wt in AA and ANA strains, respectively) 
fractions. Microsomal activity wt~s not measured. 
Alcohol dehydrogenasc activit,, was significantly 
higher (P < 0-005) in lhe soluble fraction from livers 
of the ANA strain (Table I). Preliminar3 cxpcrimenls 
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Table 1. Alcohol dehydrogenase activities in liver of AA and ANA strain rats 

1809 

AA strain ANA strain 
0~moles/min per g liver wet wt) 

Females (n = 16 in both groups) series I 2.14 + 0'10 2-87 _+ 0-22* 
Females (AA:n - 10, ANA:n = 8) series lI 2.14 _+ 0-05 2.98 _+ 0.09* 
Males (n - 6 in both groups) series II 1.23 + 0.25 1.83 _+ 0.27* 

Values are means _+ S.E.M. The activity was assayed in the soluble fraction as described in Methods. 
* P < 0.005 for difference between AA and ANA strains. 

in this series on brain aldehyde dehydrogenase acti- 
vity in the soluble and crude mitochondrial  fractions 
indicated no difference between the strains. 

In the second series sodium deoxycholate was used 
to release aldehyde dehydrogenase activity in the 
mitochondrial and microsomal fractions. Addition of 
sodium deoxycholate to give a final concentration of 
0.20/o (w/v) has been found to liberate more of the 
high-Kin enzymes located in these fractions (Koivula 
and Koivusalo, unpublished results). 

The aldehyde dehydrogenase activities measured 
with a relatively high aldehyde concentration (4"5 mM 
propionaldehyde) as substrate are presented in Table 
2. Female rats of the AA strain had significantly 
higher activity in both mitochondrial  (P < 0.025) and 
microsomal (P < 0.005) fractions than those of the 
ANA strain, but in the soluble fraction the aldehyde 
dehydrogenasc activity was higher (P < 0"025) in 
ANA rats. The total activity in female rats (calculated 
as the sum of the activities in the three fractions) was 

higher (P < 0.05) in the AA strain. In male rats there 
was the same trend as in females but the differences 
were statistically significant (P < 0.025) only in the 
microsomal fraction, where the AA rats had again 
higher activity. 

When the same preparations were assayed for alde- 
hyde dehydrogenase activities using a low concen- 
tration of aldehyde (0.5 mM acetaldehyde) as sub- 
strate (Table 3), the measured activities were consider- 
ably lower in all fractions than with a higher aldehyde 
level. The activity was higher in the soluble fraction 
prepared from livers of ANA rats both in females 
(P < 0.005) and males (P < 0.025). In the microsomal 
fraction, however, AA rats had higher activity 
(P < 0-005) in both sexes than ANA rats, There were 
no significant differences in the mitochondrial or total 
activities. 

Determinations of K,,-values for propionaldehyde 
and acetaldehyde using pooled soluble and mitochon- 
drial liver fractions indicated no significant differences 

Table 2. Aldehyde dehydrogenase activities in liver of AA and ANA strain rats assayed with 4.5 mM propionaldehyde 
as substrate 

(/~moles/min per g liver wet wt) 
Females Males 

AA strain ANA strain AA strain ANA strain 
(n = 10) (n = 8) (n = 6) (n = 6) 

Soluble fraction 039 + 0.02 
Mitochondrial t?action 1'03 ± 0"07 
Microsomal fraction 0.86 _+ 0.05 
Sum of activities in soluble, 
mitochondrial and 
microsomal fractions 2.27 +_ 0.13 

0'49 +_ 0'03t 0'50 ± 0"03 0"48 _+ 0-01 
0.82 _+ 0-05"i" 0-94 _+ 0"12 0"81 +_ 0.05 
0-65 +__ 0'03~; 0'78 ± 0"05 0"59 + 0-06'1" 

I'96 ± 0-09* 2"22 ± 0-19 1"88 ± 0"11 

The assays are described in Methods. 
The values are from experimental series II and are expressed as means +_ S.E.M. 
* P < 0.05. 1 P < 0.025. ++ P < 0.005 for differences between AA and ANA strains. 

Table 3. Aldehyde dehydrogenase activities in liver of AA and ANA strain rats assayed with 0.5 mM acetaldehyde 
as substrate 

(#moles/min per g liver wet wt) 
Females Males 

AA strain ANA strain AA strain ANA strain 
(n = 10) (n = 8) {n - 6) (n - 6) 

Soluble fraction 0.093 _+ 0.007 0-142 _+ 0.012t 0.119 _+ 0.004 0.141 ± 0.007* 
Mitochondrial fraction 0'351 _+ 0"034 0"299 _+ 0'025 0.359 + 0-064 0-366 _+ 0.038 
Microsomal fraction 0.083 i 0"005 0"061 _+ 0.004+ 0.090 _+ 0-009 0"059 + 0.003t 
Sum of activities in soluble, 
mitochondrial and 
microsomal fractions 0.527 _+ 0.037 0.502 ± 0.033 0-568 _+ 0.070 0.566 + 0.040 

The assays are described in Methods. 
The values are from experimental series II and are expressed as means + S.E.M. 
* P < 0.025. + P < 0-005 for differences between AA and ANA strains. 
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either in the high-K,, or low-K,,, enzymes betwcen 
the two strains. Further  work with more purified 
enzyme preparations is in progress in order to study 
this aspect  in more detail. 

The glucose-6-phosphatasc activity of the liver mic- 
rosomal fraction was also measured in the second 
series in all males of both stratus. No diffcrencc was 
tbund between them: the vahics were 4.88 + 0.28 and 
4.85-I-0-20 /xmoles/min per g liver wet wt for AA 
and ANA strains, respectively. The ratio of microso- 
mal aldehyde dehydrogenase to ghicose-6-phospha- 
tase activities was sigriificantly higher {P < 0005) in 
the rats of AA strain (0-I58 _+ 0.(X)7) than in ANA 
strain (0.121 _+ 0-008). 

The strain differences were the same if the aldehyde 
dehydrogenase activities of the fractions were 
expressed  per mg of protein. 

The strains were compared also with respect to the 
capacity of total liver homogenates to utilize acetalde, 
hyde in the presence of added NAD. These cxperi- 
ments were performed at physiological pH t74) and 
temperature (37) and ,:it acetaldehyde levcls close to 
those observed during ethanol oxidation in the intact 
livcr [6, 13]. With 0.40 mM acetaldehyde as substrate 
the NAD-dependent acetaldehyde utilizatiori was sig- 
nificantly higher in preparations from AA rats than 
in those fiom ANA rats both in females (P < 0-001} 
and in males (P < 0.05) (Table 4). At the lower initial 
acetaldehyde level of (/.13 raM. however, there was 
rio difference between the strains in the utilization 
rates. 

DISCUSSION 

The aldehyde oxidizing capacity with indoleacetal- 
dehyde as substrate  was reported by Sheppard et 
al.[2] to be 2 3 fold higher iri liver homogenates from 
the ethanol-preferring C57BL/6J inbred strain of mice 
than from the ethanol-avoiding inbred DBA/2J strain. 
The same authors also found 2 3 fold differences in 
the Kin-constant tbr aldehyde substrates when par- 
tially purifed liver aldehyde dehydrogenase prep- 
arations from the two strains were compared [3]. In 

Tablc 4. NAD-dependent acetaldehyde utilization of liver 
homogcnates from AA and ANA rats 

Ini 

Utilization of acctaldehyde 
(tmaolcs/g liver wet wt per mini 

concn of acetaldehyde 
0.40 mM 0.13 mM 

Female rats 
AA (19) 2.82 ± 0.07 1.84 ± 0.05 
ANA [11} 2.25 ± 0.13+ 1.83 + 0.09 

Malc rats 
AA (6) 2.87 ± 0.09 1.78 + 0,06 
ANA (6) 2"55 ± 0.08" 1.70 ± 0.15 

Samples from detergent-treated liver homogenates were 
incubated at 37' in the presence of N A D  and an initial 
acetaldehyde concentration of 0.40 or 0"13 mM. Acetalde- 
hyde disappearance was determined by gas chromat- 
ography. For further details see Methods. Values are 
means +_ S.E.M. 

* P < 0.05. i P < 0.001 for difference between AA and 
ANA strains. 

contrast to this result Kriksson and Pikkaramcn[il4] 
were unable to detect any significant difference m 
aldehyde oxidizing capacity of liver preparations from 
C57BL and C B A C a  (ethanol-avoiding! straills of 
mice. This discrepancy might be explained by the l,icl 
that the latter authors measured the activity onl'~ in 
the soluble Iiaction. 

In the present study differences were found between 
liver aldehyde dehydrogenasc activities of the ethanol- 
preferring AA strain of rats and the cthanol-awfiding 
ANA strain, but the differences wcre not nearl\~ as 
large as the differences in aldehyde oxidizing capacit3 
found by Sheppard ut al.[2] in micc. Wc consistently 
found the microsomal aldehyde dehydrogcnasc acti- 
vity to be significantly higher in the AA strain. The 
mitochondrial activity was also generally highcr in 
the AA strain. These differences wcrc in general more 
pronourlced in female r`ttts. 

According to recent investigations 17. <'.4] lherc arc 
several typcs of rat liver aldehyde dehydrogenases. An 
enzyme with relatively high-K,,, for aldehydes (in thc 
millimolar range)is found both in the mitochondrkll 
and microsomal flactions: the mitochondria also ha~e 
an additional aMehydc dehydrogenasc with a low-/',,, 
for aldehydes (in the micromolar range). In ll~e sol- 
uble fraction at least one different cnzymc is Iound 
with a high-K,, for aldehydes. When analyzed with 
4'5 mM propionaldehyde the total aldehyde dehydro- 
genasc activity of rat liver is distributed between the 
subcellular fractions so that :.lbout 40°. is found ill 
the mitochondria. 40",> in tile microsomal fractioll 
`tind the resl in the soluble fraction (Table 21. At ;i 
lower aldehyde concentratiolL 05 mM acetaldehyde. 
the distributiorl is shifted so that onl 3 15 2()",> of the 
activity is collt]ilcd to thc microsonl`tll lractioll (Table 
31. This heterogcneit 3 of liver aldehyde dch3.chogenase 
activity necessitates the use of clearl3 defined tissue 
preparations and stlbstratc concentratiorls in the acti- 
vity detcrnlinations especiall.',, with crude prcp:.ualions 
and makes the colllparison of old results from differ- 
ent laboratories diflicnh. Using low aldehyde con- 
centrations only the activit 5, of the mitochondrial lox~- 
K,,, enzyme is detcrnlined, and x~ith illcrcasing con- 
ccntrations of aldeh~dc the IllC:.istlrod aclivit) in- 
creases due to tins high-K,,, Cllzymcs. If the aldeh3dc 
concentration used is too high. howcvcr, substrate in- 
hibition appcars. 

A comparison of the activities lound in the mito- 
chondrial fractions when assayed :.it 1o',3<' aild high 
aldehyde levels ITablcs 2 4) indicates that thcrc is no 
or little difference between the strains in the actix.it'~ 
of the mitochondrial low-K,,, enzyme. When the mito- 
chondrial aldehyde dehydrogenase activit\ was liber- 
ated with repeated freezing thawing cycles there was 
no difference between thc strains but after dcoxycho- 
late treatment a significant difl'crcncc was (bund. ( 'on- 
trol cxperilnenis with unselected Wistar rats demon- 
stratcd that tile freezing thawing proccdurc liberated 
mainly Iow-K,, activib and that with dcoxycholat¢ 
treatment relatively more high-K,,, activity could be 
lound (Koivula arid Koivusalo, unpublished). This 
also indicates that the strain difference in the mito- 
chondrial fraction is due to the high-K,,, cnzvme. 

The difference between the stratus in microsonlal 
aldehydc dehydrogenase activity was not duc to an) 
general difference in microsomal enzvmc activities as 
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indicated by the absence of any difference in glucose- 
6-phosphatase activity. 

Our finding that the liver alcohol dehydrogenase 
activity is significantly lower in the ethanol preferring 
rats is opposite to studies in mice, where the higher 
activities have been found in the ethanol-preferring 
strains [1,2, 14]. The liver alcohol dehydrogenase ac- 
tivities did not correlate with the previously reported 
ethanol elimination rates [6]. 

According to Eriksson[6], after ethanol 
administration, the acetaldehyde concentrations in 
blood and liver of the ANA rats were higher than 
in the AA rats; this effect was more pronounced in 
females. Acetaldehyde has also been reported to ac- 
cumulate in blood following ethanol administration 
m mouse strains with low preference for ethanol 
[3, 15]. 

The differences in liver aldehyde dehydrogenase ac- 
tivities between the ethanol-avoiding and ethanol-pre- 
ferring rat strains found in this work were rather 
small and apparently restricted to the enzymes with 
high-K,,,-values for aldehydes. These enzymes, may, 
however, be important in the regulation of aldehyde 
levels because their activity increases with increasing 
aldehyde concentration, while the low-K., enzymes 
are fully active already at very low aldehyde levels. 
Lower aldehyde dehydrogenase activity together with 
higher alcohol dehydrogenase activity in the livers of 
the ethanol-avoiding ANA rat strain may, at leasl in 
part, be responsible for the higher blood and tissue 
acetaldehyde levels found in this strain after 
administration of ethanol [6]. The higher acetalde- 
hyde level in the tissues of ethanol-avoiding animal 
strains after ingestion of ethanol might then be a rea- 
son for their avoidance of ethanol, possibly through 
effects on brain metabolism as has been suggested 
previously E I, 3.6, 15]. 
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