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Abstract-An in uiuo investigation was made of the distribution of acetaldehyde (AcH) during ethanol 
metabolism. Different doses of ethanol were administered orally to male and female Sprague-Dawley 
rats (n = 96) and AcH measured at various times thereafter in the liver, blood, brain and breath. 
The results showed that the liver was the primary site for the oxidation of the ethanol-derived AcH. 
Only a small amount of the total AcH formed in this organ escaped into the rest of the body, but 
this amount increased with increased hepatic ethanol concentration. The hepatic AcH level was higher 
in male rats than in females with the same hepatic ethanol concentration. The extrahepatic AcH 
levels in arterial cerebral and in peripheral tail blood correlated well with the corresponding hepatic 
AcH levels. The bulk of the hepatic AcH output was eliminated extrahepatically, thus drastically chang- 
ing the AcH level from that initially leaving the liver. Sex differences also appeared in the extrahepatic 
blood AcH levels, with the female rats displaying higher AcH levels, as a result of their less efficient 
extrahepatic AcH elimination. The peripheral tail blood AcH was found to be similar to the AcH 
level of the venous blood before the hepatic blood AcH is added to it. Regardless of the AcH levels 
in the liver and blood. no AcH was found in the brain. Less than 5 per cent of the hepatic AcH 
output was exhaled. Pentobarbital anaesthesia strongly depressed the amount of AcH exhaled. The 
AcH in the breath did not reflect the hepatic AcH as well as the blood AcH levels did. 

Acetaldehyde (AcH), the first metabolite formed dur- 
ing ethanol oxidation, and its role in the actions of 
ethanol have recently become the subject of much 
interest. It has been shown with rat strains raised by 
genetic selection for high or low voluntary ethanol 
intake, that during ethanol oxidation those with a 
high ethanol preference have lower blood and liver 
levels of AcH than those with a low preference Cl]. 
The parallels between differences in ethanol prefer- 
ence and AcH levels were in accordance with the 
assumption that AcH may interact with brain meta- 
bolism, and thus alter neural function and affect be- 
haviour [2]. 

The pharmacological effects of AcH depend, of 
course, upon the quantities of AcH that leave the liver 
and reach the brain and other parts of the body. 
There has, however, been much confusion concerning 
the distribution of AcH during a normal ethanol oxi- 
dation. For instance, as can be seen in the review 
by Truitt and Walsh [a], the majority of the previous 
studies have measured the AcH levels occurring dur- 
ing disulfiram treatment and thus convey little infor- 
mation about the normal levels after ethanol 
administration. Among the remainder of the studies 
there still are great variations in the blood AcH levels 
reported. Similarly very discrepant values have also 
been reported for AcH levels in the brain [3-111. The 
discrepancies in AcH values appear to be partly the 
result of different experimental conditions (animals, 
sexes, ethanol doses and times of ethanol oxidation) 

and partly because of technical difficulties. The main 
difficulty in this respect has been an ethanol-induced 
non-enzymatic formation of AcH in protein-precipi- 
tated blood or tissue samples [12-141. 

Because of the current interest and the theoretical 
importance recently attached to AcH, it was felt that 
these discrepancies should be resolved. Consequently, 
an investigation was conducted to determine the AcH 
distribution in the liver, brain, blood and breath. In 
order to get a well-rounded picture under different 
conditions of ethanol oxidation, the AcH distribution 
was studied after various doses of ethanol and at dif- 
ferent times after ethanol administration. 

MATERIALS AND METHODS 

Animals. Fed male and female Sprague-Dawley 
rats, 5-6 months of age were used. The 48 males 
weighed 386 + 47 g (mean + S.D.), while the 48 
females averaged 256 + 30g. The rats were given a 
standard laboratory diet (Astra-Ewos AB, SijdertBlje, 
Sweden) and water ad lib. 

Liver and brain freeze-stops. The experimental 
design is shown in Fig. 1. Liver and brain freeze-stops 
were made 15, 30, 60, 120 and 240min after the 
administration of the different ethanol doses. Fifteen 
min prior to the freeze-stops, the rats were anaesthe- 
tized with 30mg pentobarbital (Nembutal R, Abbot 
S. A., Brussels, Belgium) per kg body wt intraperi- 
toneally (i.p.), given as a 1% (w/v) solution in saline. 

241 



242 C. J. P. ERIKSSON and H. W. SIPPEL 

Fig. 1. Experimental design for the ethanol dose (g/kg 
body wt) and the time between ethanol administration and 
sampling (h). The groups are numbered from 1 to 12 and 
each group includes 4 male and 4 female rats. Ethanol 

was given per OS as a 15% (w/v) solution in saline. 

A special operation table was constructed, which ena- 
bled the liver and brain freeze-stops to be taken at 
the same moment (by two persons). A 2-3 g sample 
of each liver was frozen in situ by means of aluminium 
clamps precooled in liquid nitrogen. The brains were 
freeze-stopped by means of the coppertube method 
previously described [lo]. The frozen liver samples 
and brains were pulverized in mortars cooled with 
liquid nitrogen and the tissue powder was suspended 
in 0.6 M ice-cold perchloric acid, shaken, and the pre- 
cipitates were centrifuged at 4000 g for 15 min at 4”. 
Ethanol and AcH were determined from the superna- 
tants. In order to determine the blood contamination 
of the brain a small part of the brain powder was 
suspended in water and the hemoglobin was spectro- 
photometrically estimated by the method of 
Klein [15]. 

Cerebral blood determinations. Immediately after 
the brain was removed two blood samples were taken 
from the arterial blood spurting into the cerebral 
cavity. The first blood sample (0.1 ml), taken less than 
5 set after the freeze-clamping, was pipetted into 
1.2 ml 0.6 M ice-cold perchloric acid, shaken, the pre- 
cipitates centrifuged as before, and the ethanol and 
AcH measured. The second blood sample was hemo- 
lysed in water and used as a reference for the estima- 
tion of the blood contamination in the brain samples. 

Peripheral blood determinations. Blood samples 
were taken from the tip of the tail 6min before the 
freeze-stops, and also 6min before each of the other 
sampling times seen in Fig. 1, if the freeze-stops were 
made 30min or more after ethanol administration. 
The blood samples were treated in the same way as 
that described for the first cerebral blood sample. 

Breath determinations. Beginning 14 min before 
each of the times shown in Fig. 1 the rats were placed 
in glass cylinders, and the exhaled AcH and ethanol 
collected by a method described by Forsander and 
Sekki [16]. Compressed air is blown through the 
cylinder and then bubbled through 10ml cold water 
(4”). The rats remained in the cylinders for 8 min each 
time and the total amount of AcH and ethanol 
exhaled during these periods was estimated. 

AnalyticaI technique. Ethanol and AcH were 
measured with a Perkin-Elmer F 40 gas chromato- 
graph (column: 15% polyethylene glycol on Celite 
60/100 and column oven temperature: 75”) using FID 
and application of the head-space technique as de- 
scribed previously [14]. The samples to be analysed 
were pipetted into serum bottles, sealed with a rubber 

stopper, and incubated for 15 min at 65” in a sam- 
pling turntable, after which head-space samples auto- 
matically were taken by means of an electropneuma- 
tic dosing system. Since AcH is non-enzymatically 
formed in the presence of ethanol in the tissue and 
blood supernatants [12-141, ethanol and AcH were 
measured from supernatants containing thiourea (p.a., 
E. Merck AG, Darmstadt, Germany), which has been 
found to prevent this non-enzymatic formation of 
AcH [14,17]. The blood and brain supernatants had 
25 mM thiourea and the liver supernatants 45 mM 
thiourea added. This method measures the total AcH 
content without regard to possible binding [14]. 

RESULTS 

The distribution of ethanol after oral administration. 
Figure 2 demonstrates the distribution of ethanol in 
liver, brain, cerebral and peripheral (tail) blood after 
oral administration of 0.75, 1.5 and 3.Og ethanol/kg 
body wt. No significant sex differences were found; 
the ethanol values from both sexes were therefore 
combined. Liver, brain and cerebral blood ethanol 
levels did not differ significantly. However, the peri- 
pheral blood ethanol level was not as high as the 
other levels during the first hour alter the oral 
administration. From the data shown in Fig. 2, an 
approximate ethanol oxidation rate of 12 ~mole/lOO g 
body wt per min or 3.5 pmole/g liver per min can 
be obtained by extrapolating the hepatic ethanol 
levels to the time when the 3 g/kg dose is completely 
oxidized. 

It should be noted that all these ethanol levels 
(Fig. 2) were measured during the pentobarbital an- 
aesthesia. However, the peripheral blood . ethanol 
levels from unanaesthetized rats did not differ signifi- 
cantly from the respective levels of the anaesthetized 
animals. 
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Fig. 2. The distribution of ethanol after oral adminis- 
tration. Rats were treated and analyses made as described 
in the’Materials and Methods section. Liver (o), brain (A), 
cerebral (A) and peripheral (0) blood ethanol values are 
given as means (S.D. = lO-30%) with the male and female 
rats combined. The number of animals per mean was 8 
except in the following groups: brain, n = 3, group 1, Fig. 
1; 5, group 3; 6, groups 4 and 5; 7, groups 2, 6 and 8, 
and cerebral blood, 3, group 1; 6, groups 4 and 5; 7, group 
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Fig. 3. Correlation between liver ethanol and acetaldehyde 
levels. Rats were treated and analyses made as described 
in the Materials and Methods section. Individual values 
for males are marked with open circles and those for 

females with solid circles. 

~orre~~t~n between liver et~u~~ and ucetalde~~de. 
The hepatic AcH level during ethanol oxidation was 
shown to correlate positively (r = 0.68, p < 0.001 For 
males and r = 0.59, p c 0.001 for females) with the 
hepatic ethanol concentration (Fig. 3). The shape of 
the correlation was curved and a significant (t = 2.78, 
p < 0.01 for all animals; ip = 96) sex difference 
occurred, with the female rats displaying a lower level 
of AcH than the males at the same ethanol concen- 
tration. The average ethanol/AcH ratios _+ S.D. after 
the dose of 0.75 g/kg (n = 12) were 67.0 f 22.0 and 
77.5 f 18.1, after lSg/kg (n = 16) 94.0 k 19.0 and 
103 rf: 26 and after 3 g/kg (n = 20) 174 + 43 and 
203 + 70 in male and female rats, respectively. No 
significant correlations were found when the hepatic 
AcH levels, within same ethanol concentration range, 
were plotted to the time after ethanol administration. 

~o~elation between liver and bkwd ~c~t~$de~~de. A 
nearly linear, positive correlation (r = 0.81 for males 
and r = 0.59 for females) was found between the liver 
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Fig. 4. Correlation between liver and cerebral blood acet- 
aidehyde. Rats were treated and analyses made as de- 
scribed in the Materials and Methods section. Marking 

as in Fig. 3. 
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Fig. 5. Correlation between iiver and peripheral (tail) 
blood acetaldehyde. Rats were treated and analyses made 
as described in the Materials and Methods section. Mark- 

ing as in Fig. 3. 

and the cerebral blood AcH concentration (Fig. 4). 
A significant sex difference was demonstrated with the 
female rats having a higher AcH concentration in the 
cerebral blood compared with male animals having 
the same hepatic AcH levels. 

The same signi~cant sex differences were observed 
in the peripheral blood as demonstrated in Fig. 5, 
where the (tail) blood AcH levels were plotted against 
liver AcH. The peripheral AcH levels were lower than 
the respective cerebral blood and liver levels, with 
a more distinct difference occurring in the male rats. 
Only slight differences were obtained in the peripheral 
blood AcH levels of anaesthetized rats compared to 
respective levels of unanaesthetized animals, with the 
female rats showing higher AcH levels during the an- 
aesthesia (Fig. 6). 
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Fig. 6. -Effect of pentobarbital anaesthesia on the peri- 
pheral (tail) blood acetaldehvde. Rats were treated and 
analyses made as described id the Materials and Methods 
section. (a) represents means - S.D. (n = 4) during pento- 
barbital anaesthesia. (0) represents means -tS.D. (n = 16, 
group 8, Fig. 1; 12, groups 4 and 9; 8, groups 1, 5 and 

10; 4, groups 2, 6 and 11) during no anaesthesia. 
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Fig. 7. Brain acetaldehyde during ethanol oxidation. Rats 
were treated and analyses made as described in the Mater- 
ials and Methods section. Marking as m Fig. 3. The calcu- 
lated acetaldehyde represents the expected acetaldehyde 
concentration caused by cerebral blood contamination in 
the freeze-stopped brain samples. The diagonal line rep- 
resents a ratio of one between observed AcH in the brain 

and the amount of calculated AcH. 

Brain acetaldehyde during ethanol oxidation. Only 
a small fraction of the hepatic AcH levels were ‘found 
in the freeze-stopped brains. These samples contained 
an average contamination of 6.8 f 2.7 ml of 
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Fig. 8. Correlation between breath and cerebral blood 
acetaldehyde. Rats were treated and analyses made as de- 
scribed in the Materials and Methods section. Marking 

as in Fig. 3. 
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Fig. 9. Effecect of pentobarbital anaesthesia on the exhaled 
acetaldehyde. Rats were treated and analyses made as de- 
scribed in the Materials and Methods section. (0) rep- 
resents means + SD. (n = 4) during pentobarbital anaes- 
thesia. (0) represents means -SD. (n = 16, group 8. Fig. 
1; 12, groups 4 and 9; 8, groups 1, 5 and 10; 4, groups 

2, 6 and 11) during no anaesthesia. 

blood/100 g wet wt brain (mean + S.D., n = 33). Since 
this blood contained AcH which would be measured 
spuriously as being in the brain, it was necessary to 
calculate the amount of contaminating blood AcH 
in each sample. These are plotted in Fig. 7 against 
the total levels of AcH in each brain sample. The 
two sets of values were of the same magnitude; conse- 
quently, when the contaminating AcH was subtracted, 
essentially no AcH was found to be in the brain itself. 

Breath acetaldehyde and ethanol. Breath AcH and 
ethanol were measured not as breath concentrations 
but as the total amounts exhaled during the 8 min 
periods. Figure 8 demonstrates the positive correla- 
tion between the amount of exhaled AcH and the 
cerebral blood AcH concentration (r = 0.59, 
p c 0.001 and r = 0.24, p < 0.1 for males and females 
respectively). The corresponding correlations between 
the exhaled and hepatic AcH were r = 0.62, p < 0.001 
and r = 0.30, p < 0.05. When the AcH was calculated 
as amounts exhaled per body wt, significant sex differ- 
ences occurred, with the female rats exhaling more 
AcH than the male animals. The average ratios 
between the amount of AcH exhaled (nmole/min per 
100 g body wt) and the cerebral blood AcH concen- 
tration (nmole/ml) were 7.0 x lo-’ f 3.9 x lo-’ 
(mean + S.D., n = 39) for males and 14.6 x lo-* f 
11.9 x 10m2 ( n = 41) for females. 

The correlation between the total amount of eth- 
anol exhaled/time per body wt and the cerebral blood 
ethanol concentration was highly significant (r = 0.76, 
p < 0.001 and r = 0.57, p c 0.001 for males and 
females respectively). The same significant sex differ- 
ences as with the AcH occurred, with the female rats 
exhaling more ethanol per body wt than did the male 
animals. The average ratios between the amount of 
ethanol exhaled (nmole/min per 100 g body wt) and 
the cerebral blood ethanol concentration (nmole/ml) 
were 6.8 x 1O-3 k 2.8 x 1O-3 (n = 39) and 
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11.5 x lo-’ +_ 5.6 x 10m3 (n = 41) for males and 
females respectively. 

The amounts of exhaled AcH and ethanol de- 
scribed above were determined from rats during pen- 
tobarbital anaesthesia. When not anaesthetized both 
male and female rats exhaled about twice as much 
AcH (Fig. 9). Anaesthesia had a similar effect, both 
qualitatively and quantitatively, on the exhaled eth- 
?lllOl. 

DISCUSSION 

Distribution of ethanol after oral administration. 
Gastric intubation was chosen as the means of eth- 
anol ‘administration because it corresponds best to 
the physiological conditions occurring when alcohol 
is drunk. The levels of ethanol found in the liver, 
cerebral blood and brain were all approximately the 
same. The level found in the tail blood was, however, 
initially lower, apparently because a longer time was 
required for the establishment of equilibrium 
there [NJ. A similar effect has been seen previously 
and referred to as an “overshoot” in the brain ethanol 
level [19]. It may be responsible, in part, for the 
phenomenon of acute tolerance, i.e. the finding of a 
greater behavioural impairment during the ascending 
portion of the peripheral blood-ethanol curve than 
in the descending portion may partly be caused by 
the brain ethanol concentration being higher than the 
peripheral level during the ascending phase. Because 
tail-blood samples are so frequently used for the 
determination of ethanol, it is important that this dis- 
crepancy between the ethanol levels there and in the 
brain and liver be recognized. 

Liver acetaldehyde during ethanol oxidation. Unlike 
the distribution of ethanol, the distribution of its first 
metabolic product, AcH, has until recently only been 
subjected to limited investigations. One of the main 
reasons for this has probably been difficulties with 
the determination of AcH from biologic 
samples [ 12,203, including a non-enzymatic forma- 
tion of AcH in the presence of ethanol in blood pre- 
cipitates [12], in blood supernatants and, especially, 
in liver supernatants [13,14]. Recent data from our 
laboratory has shown that this non-enzymatic pro- 
duction of AcH can be stopped by the use of 
thiourea [14,17]. 

Hepatic AcH levels during ethanol metabolism 
have previously been reported by Forsander et 
al. [Zl], who measured the hepatic AcH in rats 60 min 
after an intraperitoneal ethanol injection, and by 
Tsukamoto [7], who determined hepatic AcH levels 
in guinea pigs at different times after orally adminis- 
tered ethanol. However, the problem of non-enzyma- 
tic AcH formation had not yet been recognized and, 
therefore, neither study controlled for it. 

Subsequent in uivo studies have measured the AcH 
levels properly as well as the rate of ethanol oxi- 
dation [l, 221. From these and an estimated hepatic 
blood flow of 0.79 ml/min per g liver [23], it can be 
calculated that over 95% of the AcH produced in the 
liver is further metabolized immediately. Perfusion 
studies have also indicated that the major portion 
of the ethanol-derived AcH is metabolized within the 
liver, and only a small amount leaves the 
liver [l, 24,251. The same conclusion can be obtained 

from the data collected in the present study. In addi- 
tion the present results show that the amount of AcH 
escaping the liver correlates positively to the hepatic 
ethanol concentration (Fig. 3) and that the hepatic 
AcH metabolism achieves a steady state within 
15 min of the administration of ethanol. 

Blood acetaldehyde during ethanol oxidation. Very 
different levels of ethanol-induced AcH have been 
reported previously (see review I by Truitt and 
Walsh [2]). Some of the differences appear to be legi- 
timate consequences of different experimental condi- 
tions, such as whether pretreatment with disulfiram 
was employed, the species used, the metabolic state, 
the type of diet and whether there had been previous 
chronic alcohol administration. In other cases, how- 
ever, the discrepancies can be traced to non-specific, 
insensitive or unreliable measurement tech- 
niques [20]. 

The present study points out another cause for dif- 
ferences: the location in the body from which AcH 
1s sampled. The level in the liver is highest; of the 
locations sampled here, the cerebral blood was next 
highest, the peripheral blood from the tail came third, 
and the brain last. 

The AcH concentration in the liver output via the 
uena hepatica has been shown to be approximately 
the same as that in the liver itself [21]. This blood 
is, however, diluted by other venous blood on its way 
to the heart. Consequently, the AcH concentration 
in the arterial blood could be written as: 

CAcHl arterial = (X%CAcWhepat,c + 

(100 - W%CAcHlvmd x k (1) 
where X is the dilution of the hepatic blood, reported 
to be about 20% in rat [26], and k is a correction 
factor which includes any possible elimination of AcH 
from the blood before it becomes arterial by oxi- 
dation in the blood, by diffusion out of the blood 
or by elimination in the lungs. However, little AcH 
is thought to be oxidized within or diffused from the 
blood during the short interval needed for the blood 
to flow from the liver to the aorta. Some AcH is 
lost in the lungs, but, as will be discussed later, this 
represents less than 5 per cent of the hepatic output. 
Consequently little error is introduced if k is elimin- 
ated from equation (1). This equation can be rewritten 
a.%: 

CAcHI,em,, = 1.2X-AcHlar,,,,,, 
- O.WAcHl,wm (2) 

and the values for the arterial and hepatic AcH levels 
shown in Fig. 4 can be iritroduced to calculate the 
approximate venous AcH concentration. The values 
calculated in the present study for the venous AcH 
levels are shown in Fig. 10, plotted against the hepatic 
levels. It will be noticed that the peripheral tail blood 
AcH concentrations in Fig. 5 present a rather similar 
picture. Therefore, measurements of the tail blood 
could be used to represent the venous AcH concen- 
tration. 

The importance of extrahepatic factors in modify- 
ing the liver output AcH levels was also demonstrated 
in the sex differences revealed in this work: the male 
rats had a lower blood AcH level than the females, 
but had a higher level in the liver than the females. 
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Fig. 10. Correlation between calculated venous blood and 
liver acetaldehyde. Rats were treated and analyses made 
as described in- the Materials and Methods section. Mark- 
ing as in Fig. 3. The venous blood acetaldehyde is calcu- 

lated by equation (2). 

Similar sex differences have previously been reported 
in the ANA (non-alcohol drinking) rat strain Cl]. 
Another finding of the same sort was reported by 
Keslniemi [27]; the peripheral blood AcH in preg- 
nant rats was found to be higher than in non-preg- 
nant rats with same hepatic AcH levels. The probable 
explanation for the sex differences is that the female 
rat may have a slower extrahepatic AcH elimination; 
a tendency which might even be potentiated during 
pregnancy. Theoretically differences in an extrahepa- 
tic AcH formation, blood flow rate or distribution 
volume could also have contributed to the sex differ- 
ences obtained here. 

Brain acetaldehyde during ethanol oxidation. The 
role of AcH in the actions of ethanol in the brain 
has recently become a topic of strong interest [2,28]. 
Much of the discussion and speculation has centered 
on the condensation with the brain biogenic 
amines [29,30] and interactions with their metabo- 
lism [2,31]. Brain AcH levels, which could cause such 
effects, had been found in the rat [3-6], guinea pig [7] 
and mouse [8,9,11]. However, in a recent study Sip- 
pel found no AcH in rat brain after an intraperitoneal 
ethanol dose of 3 g/kg when the AcH concentration 
of the cerebral blood was less than 200 nmole/ml [lo]. 
Only with higher cerebral blood AcH levels could 
measurable amounts of AcH be detected in the brain. 
In the present study the cerebral blood AcH concen- 
tration did not exceed 200nmole/ml and no signifi- 
cant amounts of AcH could be found in the brain, 
thus supporting the previous findings by Sippel. 

There appear to be two important differences, 
which could explain the discrepancies between the 
recent study by Sippel and our study on one hand 
and the other previously reported studies on the other 
hand. First we corrected the brain AcH values for 
AcH contained in the small amount of blood con- 
tax&nation in the brain samples. The second and 
more important difference was that we used thiourea 
to inhibit the non-enzymatic formation of AcH, which 
occurs in blood and liver supernatants [13,14]. In 
preliminary studies, we found that this non-enzymatic 
formation of AcH did occur also in rat brain superna- 

tants. The amount of AcH formed in the supernatants 
to which ethanol was added was of such an order 
that it easily could explain the earlier findings of high 
brain AcH levels, measured at corresponding condi- 
tions. 

There are some factors which could, theoretically, 
have produced high brain AcH levels during ethanol 
oxidation. These include higher blood AcH concen- 
tration, ethanol metabolism in the brain and impaired 
oxidation of AcH in the brain or in the cerebral capil- 
laries. It is also important to consider possible strain 
and species differences. In a study of brain AcH in 
mice by Ortiz et al. [9] no non-enzymatic AcH forma- 
tion was reported with ethanol present. It, therefore, 
appears that mice might differ from rats in this re- 
spect. 

The total absence of AcH in the rat brains strongly 
suggests that the AcH is metabolized rapidly before 
reaching the brain parenchyma. The cerebral capillary 
walls have been proposed to oxidize a certain amount 
of AcH, and, thus, act as an effective blood-brain 
barrier against exogenous AcH [lo]. An alternative 
explanation would be that within the present AcH 
range most of the arterial cerebral blood AcH is 
bound in the erythrocytes and, therefore, not free to 
enter the brain parenchyma. This could be the case 
since the total AcH contents were measured without 
differentiating between bound and unbound AcH. 
Considering the role of AcH in the actions of ethanol 
in the brain, the absence of AcH levels in the brain 
is important to recognize. It means that reactions 
such as the condensation of AcH with the biogenic 
amines, which demands a relatively high AcH concen- 
tration [29], seem unlikely to occur within the brain. 
A more likely possibility would be that AcH could 
interfere with the metabolism of biogenic amine [31], 
by competing for the aldehyde dehydrogenase or 
reductase, which normally is used for the metabolic 
pathway of the biogenic amines. The present results 
suggest that this interaction would be unlikely to take 
place in the brain, but would be more likely in the 
cerebral capillary cells. Nevertheless, a role of an AcH 
metabolism inside the brain cannot be completely 
excluded because AcH could theoretically be formed 
and oxidized here without producing any measurable 
levels. The possibility of formation of AcH from eth- 
anol within the brain was suggested by Raskin and 
Sokoloff [32] who demonstrated a small amount of 
alcohol dehydrogenase activity in the rat brain. 
Veloso et al. and Tabakoff and Wartburg [33,34], 
however, calculated that ethanol oxidation rate in the 
brains would be negligible (in the range of 1 nmole/ 
min per g brain). 

Acetaldehyde in the breath during ethanol oxidation. 
Exhaled AcH during ethanol oxidation has been stud- 
ied surprisingly little compared to its possible role 
in the elimination of the extrahepatic AcH. Freund 
and O’Hollaren [35] have measured AcH in the 
breath of man, Redmond and Cohen [36] in that of 
mice and Forsander and Sekki [16] in rats. None of 
these investigators have tried to make any estimations 
on how much of the ethanol-derived AcH is exhaled. 

From the calculated value of ethanol oxidation rate 
(see the Results section) and from the data of Fig. 
9, it can be calculated that the amount of exhaled 
AcH was 0.02-0.10 per cent (for males) and 0.05-0.25 



Acetaldehyde in rats during ethanol oxidation 247 

per cent (for females) of the total amount of AcH 
formed during ethanol oxidation. The corresponding 
percentages for the exhaled ethanol were 0.4-5.0 per 
cent and 0.5-6.7 per cent for males and females re- 
spectively. The exhaled AcH amounted to approxi- 
mately 0.42.0 per cent (males) and l-5 per cent 
(females) of the hepatic AcH output (about 5 per cent 
of the hepatic AcH formation), thus showing that only 
minor amounts of the extrahepatic AcH are exhaled. 
Pentobarbital anaesthesia was found to reduce 
strongly the amount of exhaled AcH and ethanol. 

Sex differences in the opposite direction, with male 
mice exhaling during ethanol oxidation several times 
more AcH than females of the same strain, have been 
found by Redmond and Cohen [36]. However, the 
conditional variables, such as the distribution of AcH 
or ethanol, were not determined and thus it is imposs- 
ible to tell whether the sex differences were caused 
by hepatic or extrahepatic differences. which makes 
it difficult to compare these mouse results to our rat 
results. 

Freund and O’Hollaren suggested from their 
human data that the alveolar an AcH concentration 
rapidly reaches a plateau due to a constant rate of 
ethanol oxidation in the liver [35]. Forsander and 
Sekki have recently shown that the exhaled AcH cor- 
relates positively with the exhaled ethanol [16]. This 
was confirmed in the data obtained here, demonstrat- 
ing that the amount of AcH in the breath is deter- 
mined by the hepatic output of AcH which is, in turn, 
determined by the hepatic ethanol concentration, and 
modified by extrahepatic AcH elimination. Thus the 
high initial levels of exhaled AcH found by Forsander 
and Sekki [16] were probably caused by a corre- 
sponding high hepatic ethanol level and the resulting 
high AcH output. 

The breath AcH has been assumed to reflect more 
reliably the hepatic AcH concentration than the peri- 
pheral blood AcH [16,35-J. Furthermore, many of the 
technical problems involved in blood or tissue AcH 
determinations are eliminated. Thus it was surprising 
to find such a weak correlation between the expired 
AcH and the arterial cerebral blood or hepatic AcH 
in spite of the very high correlation between the eth- 
anol values. This shows that there are certain limi- 
tations in using breath measurements for getting a 
reliable picture of the AcH levels within the body. 

Acknowledgements-We thank Drs. K. Eriksson, 0. A. 
Forsander, K. 0. Lindros and J. D. Sinclair for helpful 
discussions and H. Salohalla, P Johansson and G. 
Ronnholm for excellent technical assistance. 

REFERENCES 

1. C. J. P. Eriksson, Biochem. Pharmac. 22, 2283 (1973). 
2. E. B. Truitt and M. J. Walsh, in The Biology of Alcoho- 

lism (Eds. B. Kissin and H. Begleiter) Vol. 1, p. 161. 
Plenum Press, New York (1971). 

3. K.-H. Kiessling, Expl. Cell Res. 27, 367 (1962). 
4. J. W. Ridge, Biochem. J. 88, 95 (1963). 
5. G. Duritz and E. B. Truitt, Biochem. Pharmac. 15, 711 

(1966). 
6. B. B.’ Coldwell, G. S. Wiberg and H. L. Trenholm, 

Can. J. Physiol. Pharmac. 48, 254 (1970). 
-, S. Tsukamoto, Jap. J. Stud. Alcohol 7, 168 (1972). 
i: 

9. 

10. 
11. 

12. 
13. 
14. 

15. 
16. 

17. 
18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 
28. 

J. M. Littleton, P: J. Griffiths and A. Ortiz. J. Pharm. 
Pharmac. 26, 81 (1974). 
A. Ortiz, P. J. Griffiths and J. M. Littleton, J. Phnrm. 
Pharmac. 26, 249 (1974). 
H. W. Sippel, J. Neurochem. 23, 451 (1974). 
D. C. Lin, Res. Commun. them. Path. Pharmac. 11, 365 
(1975). 
E. B. Truitt, Q. JI Stud. Alcohol 31, 1 (1970). 
H. W. Sippel, Acta them. stand. 27, 541 (1973). 
C. J. P. Eriksson, H. W. Sippel and 0. A. Forsander, 
in The Role of Acetaldehyde in the Actions of Ethanol 
(Eds. K. 0. Lindros and C. J. P. Eriksson) The Finnish 
Foundation for Alcohol Studies 23, 9 (1975). 
J. R. Klein, Archs Biochem. 8, 421 (1945). 
0. A. Forsander and A. Sekki, Med. Biol. 52, 276 
(1974). 
H. W. Sippel, Acta them. stand. 26, 3398 (1972). 
R. N. Harger and H. R. Hulpieu, in Alcoholism (Ed. 
G. N. Thompson), p. 103. Charles C. Thomas, Spring- 
field (1956). 
H. Wallgren and H. Barry, III, in Actions of Alcohol 
Vol. 2, p. 479. Elsevier, New York (1970). 
G. Duritz and E. B. Truitt, Q. JI Stud. Alcohol 25, 
498 (1964). 
0. A. Forsander, M. E. Hillbom and K. 0. Lindros, 
Acta pharmac. tox. 27, 410 (1969). 
C. .I. P. Eriksson, M. Marselos and T. Koivula, Bio- 
them. J. 152, 709 (1975). 
J. H. Birnie and J. Grayson, J. Physiol., Land. 116, 
189 (1952). 
J. R. Williamson, R. Scholz, E. T. Browning, R. G. 
Thurman and M. H. Fukami, J. biol. Chem. 244. 5044 
(1969). 
K. 0. Lindros, R. Vihma and 0. A. Forsander, Bio- 
them. J. 126, 945 (1972). 
A. Fischer, in The Liver (Ed. C. Rouiller) Vol. I, p. 
329. Academic Press, New York (1963). 
Y. A. Keslniemi, Biochem. Pharmac. 23, 1157 (1974). 
M. J. Walsh, in Biological Aspects of Alcohol (Eds. M. 
K. Roach, W. M. McIsaac and P. J. Creaven) p. 233. 

29. 
30. 

31. 

32. 

33. 

34. 

35. 

36. 

University of Texas Press, Austin (1971). 
G. Cohen and M. A. Collins. Science 167. 1749 (1970). 
Y. Yamanaka, M. J. Walsh and V. E. Davis, Nature, 
Lond. 227, 1143 (1970). 
R. A. Lahti and E. Majchrowicz, Biochem. Pharmac. 
18, 535 (1969). 
N. H. Raskin and L. Sokoloff, J. Neurochem. 19, 273 
(1972). 
D. Veloso, J. V. Passonneau and R. L. Veech, J. Neuro- 
them. 19, 2679 (1972). 
B. Tabakoff and J. P. Wartburg, Biochem. biophys. Res. 
Commun. 63, 957 (1975). 
G. Freund and P. O’Hollaren, J. Lipid Res. 6, 471’ 
(1965). 
G. P. Redmond and G. Cohen, Nature, Lond. 236, 117 
(1972). 


