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ERIKSSON, C. J. P. AND J. E. PEACHEY. Lack of difference in blood acetaldehyde of alcoholics and controls after
ethanol ingestion. PHARMAC. BIOCHEM. BEHAV. 13: Suppl. I, 101-105, 1980.-Ethanol and acetaldehyde (AcH)
metabolism were studied in male Caucasian alcoholic subjects and matched controls following I g/kg ethanol, which was
administered after a 10day, ethanol-free period. The rate of ethanol elimination was higher (p>0.05) in the alcoholics (0.120
glkgfhr) than in controls (0.108 g/kg/hr), Blood AcH concentrations were measured in either the supernatants of whole
blood deproteinized with perchloric acid (PCA) or from the supernatants of PCA-treated plasma obtained from blood added
to isotonic semicarbazide. There were no differences between the alcoholic and control subjects for AcH in blood dripped
directly into the PCA. The blood AcH concentrations decreased from 22 ILM (controls) and 23 ILM (alcoholics) to 7 ILM
(controls) and 3 ILM (alcoholics) at 1 hour and 7 hours after the start of drinking, respectively. No significant AcH was
found in blood first taken into heparinized tubes before deproteinization with PCA, after correction for artifactual AcH
formation was made. As well, no significant AcH was measured by the semicarbazide method after correction for artifac
tual AcH. These results suggest that elevated blood AcH levels after ethanol ingestion cannot be taken as a general marker
of alcoholism.

Ethanol Blood acetaldehyde Alcoholism marker

BLOOD acetaldehyde (AcH) levels, measured after ethanol
ingestion, are reported to be increased to a greater extent in
alcoholics compared with controls [9,19]. Impaired
mitochondrial AcH oxidation [9] and increased rate of
ethanol metabolism [19]have been used to explain the higher
blood AcH concentrations in the alcoholics. In addition,
blood AcH levels are reported to be increased in non
alcoholic individuals with alcoholic relatives [14], which
suggests that the previously reported raised blood AcH
levels in alcoholism were not necessarily the result of alco
holism, but could be involved in the etiology of alcoholism.

These reports of increased blood AcH in alcoholics and
relatives of alcoholics need to be reevaluated [1-3] in view of
new information concerning the determination of human
blood AcH [2-4,17]. The accurate measurement of blood
AcH levels in man depends upon rapid deproteinization of
the blood sample (to avoid rapid disappearance initiated by
the blood sampling) and correction for artifactual AcH for
mation (which occurs during treatment of the blood).

The goal of the present study was to test for the
possibility that elevated AcH is a general marker of the alco-

holic phenotype, with special emphasis on the control of
analytical problems involved in the determination of blood
AcH in man.

METHOD

Subjects

Our subjects were paid male Caucasian volunteers con
sisting of 10alcoholic and 10control, nonalcoholic drinkers,
matched for age (alcoholics: 40±9 years, controls: 39±9
years), weight (alcoholics: 70.8±9.8 kg, controls: 77.8±9.6
kg), height (alcoholics: 172±6 em, controls: 175± 14em) and
per cent body fat (alcoholics 20.8±3.3; controls: 19.0±5.9).

The alcoholics were steady drinkers (daily or almost daily
ethanol ingestion, n=3), binge drinkers (days or weeks of
continued drinking alternating with periods of abstinence,
n=6) and episodic drinkers (2 to 3 days drinking per week on
a regular basis, n= 1). The alcoholics reported daily ethanol
intake in excess of 130g (239.7±99.5) for a minimum of 10
years (20.6±5.9). For controls, the reported daily ethanol
intake was less than 70 g (44.2±15.8) over 14.7±6.7 years.
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All subjects were abstinent with respect to ethanol and
other drugs for at least 10 days prior to the experiments, did
not manifest withdrawal symptoms or brain abnormalities,
and had normal cardiovascular, hepatic and renal function.

Procedures

On the morning of the experiments , the subjects received
I g/kg ethanol orally as a 15% (v/v) solution in unsweetened
orange juice. The ethanol drink was taken over 30 min, 1
hour after a 400 calorie breakfast consisting of 12 g protein,
23 g fat and 35 g carbohydrate.

Blood samples were collected from an arm vein through a
heparinized, indwelling catheter (Butterfly'" No. 19, Abbott),
before ethanol ingestion and up to 7 hours following the start
of drinking. Approximately 1 ml of blood was dripped
through this catheter directly into 4 ml 0.6 Nice-cold per
chloric acid (PCA); a second blood sample was withdrawn
by syringe into heparinized tubes from which 1 ml of blood
was pipetted into the PCA. In addition, most subjects con
sented to give three further 4-ml blood samples, taken before
drinking, and at 1 and 2 hours after commencing drinking,
which were taken from the opposite arm by repeated ven
ipunctures using a Butterfly" catheter with the seal missing
in order to allow for direct dripping of the blood into the
PCA. This latter procedure for the collection of blood sam
ples has been recommended for human blood AcH determi
nations [3], and in the present study, this method of blood
collection gave results which were comparable to those ini
tial samples obtained by direct dripping from an indwelling
catheter. Consequently, only the AcH values on the blood
samples obtained by the indwelling catheter with direct
dripping into PCA are reported in the text.

In addition to the PCA analysis, blood AcH was analyzed
by the semicarbazide (16) and chloralhydrate [21] methods.
Blood samples were either collected by dripping the blood
directly into isotonic semicarbazide or chloralhydrate rea
gents through the indwelling catheter as well as the catheter
used for separate venipunctures, or they were withdrawn by
a syringe, placed in collection tubes and then pipetted into
the reagents. All samples were immediately centrifuged and
the plasma was treated with PCA, as described before
[16,21).

Artifactual AcH formation, which occurs during protein
precipitation with PCA [17], is a function of the ethanol con
centration at different blood dilutions [3]. The spontaneous
formation of AcH at blood dilutions and ethanol concentra
tions corresponding to the conditions of the present study
was calculated for the before-drinking samples, in the man
ner described elsewhere for the correction of artifactual AcH
formation [3]. The average AcH formation curves were used
to calculate a correction value which was subtracted from
the AcH levels measured in the samples collected after the
start of drinking. The formation of artifactual AcH was simi
larly controlled for during the semicarbazide and chloralhy
drate methods by adding ethanol, in concentrations corre
sponding to the levels measured during the present study, to
the semicarbazide and chloralhydrate reagents used for the
control blood samples.

AcH and ethanol concentrations were measured by
head-space gas chromatography from deproteinized super
natants [4]. Head-space and GC conditions were as follows:
1 ml supernatant was incubated at 6O"C for 18 minutes in 24
ml sealed " head-space" bottles. A 1.0 ml head-space sample
was injected into a Hewlett-Packard Model 571IA gas chro-
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matograph equipped with a flame ionization detector. A
glass column (1.8 mx4 mm i.d.) containing Chromosorb 102
on 60-80 mesh was used. The operating conditions were:
injection temperature, 1500C; column temperature, 1200C;
detector temperature 150"C; nitrogen flow rate 60 mVmin.
AcH and ethanol were measured by peak areas obtained
with a Hewlett-Packard Model 3380A integrator.

RESULTS

For the semicarbazide method, the uncorrected blood
AcH concentrations were approximately 10 p.M at I to 2
hours after the start of drinking. There were no differences in
the AcH values between the alcoholics and control subjects;
the combined AcH values are illustrated in Fig. 1. As well,
there were no differences between the AcH values from
blood dripped directly into semicarbazide reagent compared
with blood pipetted into the reagent from collection tubes. In
contrast to what has been reported earlier [16], artifactual
AcH formation was observed with the semicarbazide
method. As demonstrated in Fig. I , this artifactual AcH pro
duction increased with the age of the semicarbazide buffer
solution. Thus, it seems that after appropriate correction, no
in vivo AcH is found during these experimental conditions.
With the chloralhydrate method, the corresponding non
corrected values (1.0±5 p.M, n=5) were much lower. The
artifactual AcH formation observed with this method was in
the same order (almost negligible), so that no significant
levels of in vivo blood AcH were detected.

The average blood ethanol elimination curves are shown
in Fig. 2. It is interesting to note that, in spite of a higher
ethanol elimination rate in the alcoholics (0.I20±O.015
glhrlkg) compared with the controls (O.108±0.012 g/hr/kg),
calculated from the total time necessary to eliminate this
dose of ethanol, there were no significant differences be
tween the average slopes of the elimination phase of the
blood ethanol curves. This observation demonstrates the pit
fall of using only the slope as the measure of the average
ethanol elimination rate.

Blood AcH concentrations determined by direct sampling
into PCA are demonstrated in Fig. 3. No differences in either
corrected or uncorrected AcH values were observed be
tween the alcoholics and controls . The magnitude of the av
erage correction was similar for both the alcoholic and con
trol subjects and varied between 1 to 8 p.M, depending upon
the ethanol concentration and blood dilution. The slopes of
the AcH elimination curves for the alcoholic and control
subjects (Fig . 3b) were similar to the slopes of the corre
sponding ethanol elimination curves (Fig. 2).

The AcH concentrations measured in blood pipetted into
PCA from collection tubes, are shown in Fig. 4; there were
no differences in AcH values between the alcoholic and con
trol subjects. A comparison of the uncorrected (Fig. 4a) and
corrected (Fig. 4b) AcH values demonstrates that most of
the AcH measured by these methods was artifactuaUy
formed. Thus, most if not all of the in vivo blood AcH had
disappeared while taking the blood into collection tubes prior
to pipetting into PCA.

DISCUSSION

State ofHuman Blood Acetaldehyde Determination

The results of the present study confirm the need [I, 3,17]
for a reevaluation of earlier reported human blood AcH de
terminations; the AcH values reported in earlier studies have
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FIG. I. Blood acetaldehyde determined with the semicarbazide
method (see Method section). Dashed range: Non-corrected blood
acetaldehyde±SD (obtained 1-2 hr after start of ethanol drinking).
(0): Corresponding artifactual acetaldehyde (from control blood,
i.e., before ethanol ingestion, treated with semicarbazide containing
ethanol).
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FIG. 2. Blood ethanol (I g/kg)elimination in control subjects (0) and
alcoholics (e). Values are means±SD (n= 10+ 10).
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FIG. 3. Blood acetaldehyde in control subjects (0) and alcoholics
(e) after ethanol (I g/kg) ingestion. Acetaldehyde was measured
from blood immediately « 5 sec) deproteinized in perchloric acid
(see Method section). Values are means±SD (n=7-10). (A) Uncor
rected values for AcH. (B) AcH values corrected for artifactual
formation.
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FIG. 4. Blood acetaldehyde in control subjects and alcoholics.
Conditions as in Fig. 3 except that the blood was taken into
heparinized tubes and thereafter (about 30 sec) deproteinized in per
chloric acid. Values are means±SD (n=9--10). (A) Uncorrected AcH
values. (B) corrected AcH values.
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most likely reflected the combination of artifactually formed
AcH and residual in vivo AcH. Several new plasma methods
for the measurement of AcH have been described [12,16,21]
to overcome these analytical difficulties, and, in particular
the spontaneous formation of AcH. The common featur~
with these methods is that the proteins are not precipitated
until the cells, which contain most of the capacity for AcH
production, have been separated by rapid centrifugation [12]
and treatment with isotonic semicarbazide [16] or chloralhy
drate [21]. T~e present results (Fig. 1) de~onstrate, in con
trast to previous results [16], that correction for artifactual
AcH formation is necessary with the semicarbazide method.
However, the magnitude of artifactually formed AcH is
minimized by using fresh semicarbazide solutions.

The AcH levels after correction, which were measured in
the present study with the semicarbazide (Fig. 1) and
chloralhydra~e methods, are extremely low, which is in
agreement with a recent report of almost negligible «2 #LM)
h~man ~Iood AcH levels as determined using the rapid cen
t~fugatlon method [12]. Observations [10,18] of slightly
higher (2 to 6 #LM) AcH concentrations with the sernicar
bazide method may be explained by the lack of correction
for artifactual AcH. Significant AcH levels in excess of 80
#LM have been determined with the plasma methods in flush
ing individuals [18], in experiments with aldehyde dehydro
genase inhibitors [12], in certain alcoholics [10] and in a
single control subject [20].

One may ask why no in vivo AcH was detected with the
plasma methods, or with the PCA method involving the col
lection tube (Fig. 4), when significant AcH levels were ob
tained .with the PCA method involving direct sampling of
blood into the PCA (Fig. 3). It is unlikely that the AcH val
ues, obtained with direct PCA treatment, is due to an "initial
burst" of AcH formation which is not accounted for in the
correction procedure [3]. Rather, rapid AcH disappearance
during blood sampling would appear to be a more obvious
explanation. That this is not the whole answer, however, is
demonstrated by the present results, since there are no
differences in the blood AcH levels with blood dripped di
rectly into the semicarbazide solution compared to blood
pipetted into the reagent from collection tubes. One expla
nation is that, during normal conditions, there is little, if any,
free plasma AcH which can be trapped by the semicarbazide
reagent, or can be determined by the other plasma methods.
It is proposed that the in vivo AcH is "loosely" bound and is
unavailable to the semicarbazide but, at least partly, is re
leasable by direct treatment with PCA. Such a possibility is
supported by the observation (Eriksson, unpublished obser
vation) that it is not possible to recover, with the semicar
bazide method, the AcH which is added to rat blood and
which has been shown to bind incompletely to hemoglobin
[5]. Even if this type of hemoglobin binding has not been
demonstrated in human blood [5], there are indications of
AcH binding to blood proteins [6, 7, 15]. As proposed
elsewhere [3], loosely bound AcH may become rapidly
stabilized during blood sampling and the tightly bound AcH,

ERIKSSON AND PEACHEY

which is not released by PCA treatment could be cen
trifuged away with the protein precipitatio~.

Blood Acetaldehyde Levels in Alcoholic and Matched
Nonalcoholic Individuals

In contrast to previous observations [9,19], the results of
the present ~tudy do ~ot show a tendency to higher blood
AcH levels In alcohohcs compared with controls following
o~ 1.0 g/kg e~hanol administration. One possibility for this
discrepancy might be the previous lack of information con
cerning the circumvention of analytical problems involved in
hU?1an blood Ac~ determinations [2-4,17]. For example, the
artifactual formation of AcH might be more pronounced in
the blood of alcoholics. However, this was not the case in
t~e present ~tudy and.no conclusions regarding the possible
differences In the rapid AcH disappearance reaction can be
drawn from the present data.

In addition to explaining the contradictory AcH results on
the basis of analytical difficulties, it might be fruitful to look
for ~xplanatory differences in the subjects used in these
studies, The assumption is that with certain types of alco
holics, AcH levels are indeed elevated either with direct or
coincidental (indirect) relation to the alcoholism. The rela
~ion wo.uld be in~ir~c~ if the alcoholics chosen for the exper
Ime~~s Inc~u.de~,individuals belonging to ethnic groups which
are sensitive to ethanol and among which alcoholism
could be more common and based on factors other than AcH
induced sensitivity [13]. Unfortunately, previous studies do
~ot state the ethnic origin of their subjects [9,19]. However,
In the study of relatives of alcoholics compared with controls
only Caucasians were used [14].

In a~dition to. the possibility of elevated AcH being in
volved In the etiology of alcoholism [14], increased AcH
could be the direct result of alcoholism. Increased AcH
could be due to ethanol-induced impairment of mitochond
rial AcH .oxidation [9] or nutritional deficiency causing a
decrease In ald~hyde dehydrogenase activity. Indeed, de
cre~sed cytosolic aldehyde dehydrogenase activity in alco
hohcs has recently been observed [8]. A factor which would
~nhance the effect of impaired AcH oxidation is the ethanol
I~duced ada~tive incr~as~ of ethanol metabolism. The mag
nitude o~ this effect IS, 10 turn, highly dependent on the
elapsed time from the last drinking period [ll]. Thus, the
elevated blood AcH concentrations measured in skid-row
alcoholics on the day following admission [10] probably re
flect the combined effect of a greatly increased (>50%) rate
o~ ethanol metabolism and aldehyde dehydrogenase defi
ciency. However, even if this condition could be associated
with elevated AcH concentrations, it may be concluded that
an elevated AcH level cannot be taken as a general marker of
alcoholism.

ACKNOWLEDGEMENTS

. We thank Mr. M. Ramsey, Mrs. L. Adamson, Mrs. R. Berg and
MISS S. M. Maglana for excellent technical assistance, The support
of Dr. Y. Israel is gratefully acknowledged.

REFERENCES

I. Eriksson, C. J. P. Elevated blood acetaldehyde levels in alco
holics and their relatives: A reevaluation. Science 207: 1383
1384, 1980.

2. Eriksson, C. J. P. Problems and pitfalls in acetaldehyde deter
minations. Alcoholism 4: 22-29, 1980.

3. Eriksson, C. J. P., M. E. Hinbom and A. R. A. Sovijarvi, Diffi
culties in measuring human blood acetaldehyde concentrations
during ethanol intoxication. In: The Biological Effects of Alco
hol, edited by H. Begleiter. New York: Plenum Press, 1980, pp.
439-451.



BLOOD ACETALDEHYDE IN ALCOHOLICS AND CONTROLS 105

4. Eriksson, C. J. P., H. W. Sippel and O. A. Forsander. The
determination of acetaldehyde in biological samples by head
space gas chromatography. Analyt, Biochem, 80: 116-124,1977.

5. Eriksson, C. J. P., H. W. Sippel and O. A. Forsander. The
occurrence of acetaldehyde binding in rat blood but not in
human blood. FEBS Lett. 75: 205-208, 1977.

6. Gaines, K. C., J. M. Salhany, D. J. Tuma and M. F. Sorrell.
Reaction of acetaldehyde with human erythrocyte membrane
proteins. FEBS Lett. 75: 115-119, 1977.

7. Hoberman, H. D. Adduct formation between hemoglobin and
5-deoxy-D-xylulose-I-phosphate. Biochem. biophys, Res.
Commun. 90: 764-768, 1979.

8. Jenkins, W. J. and T. J. Peters. Selectively reduced hepatic
acetaldehyde dehydrogenase in alcoholics. Lancet J 8169:628
629, 1980.

9. Korsten, M. A., S. Matsuzaki, L. Feinman and C. S. Lieber.
High blood acetaldehyde levels after ethanol administration.
Difference between alcoholic and non-alcoholic subjects. New
Engl. J. Med. 292: 386-389, 1975.

10. Lindros, K. 0., A. Stowell, P. Pikkarainen and M. Salaspuro.
Elevated blood acetaldehyde in alcoholics with accelerated
ethanol elimination. Pharmac. Biochem, Behav, 13: SuppI. 1,
119-124, 1980.

II. Mezey, E. and F. Tobon. Rates of ethanol clearance and activi
ties of the ethanol-oxidizing enzymes in chronic alcoholic pa
tients. Gastroenterology 61: 707-715, 1971.

12. Pikkarainen, P. H., M. P. Salaspuro and C. S. Lieber. A method
for the determination of "free" acetaldehyde in plasma. Alco
holism 3: 259-261, 1979.

13. Reed, T. E., H. Kalant, R. J. Gibbins, B. M. Kapur and J. G.
Rankin. Alcohol and acetaldehyde metabolism in Caucasians,
Chinese and Amerinds. Can. Med. Assoc. J. 115:851-855, 1976.

14. Schuckit, M. A. and V. Rayses. Ethanol ingestion: Differences
in blood acetaldehyde concentrations in relatives of alcoholics
and controls. Science 203: 54-55, 1979.

15. Stevens, V. J., W. J. Fantl, C. B. Newman, E. Gordis, A.
Cerami and C. M. Peterson. Hemoglobin adducts with acetal
dehyde. Drug Ale. Depend. 6: 29-30, 1980.

16. Stowell, A. R. An improved method for the determination of
acetaldehyde in human blood with minimalethanol interference.
cu« chim. Acta 98: 201-205, 1979.

17. Stowell, A. R., R. M. Greenway and R. D. Batt. Acetaldehyde
formation during deproteinization of human blood samples con
taining ethanol. Biochem, Med. 18: 392-401, 1977.

18. Stowell, A. R., K. O. Lindros and M. P. Salaspuro. Breath and
blood acetaldehyde concentrations and their correlation during
normal and calcium carbimide-modified ethanol oxidation in
man. Biochem. Pharmac. 29: 783-787, 1980.

19. Truitt, E. B., Jr. Blood acetaldehyde levels after alcohol con
sumption by alcoholic and non-alcoholic subjects. In: Biological
Aspects ofAlcohol. Advances in Mental Science. Vol. 3. edited
by M. K. Roach, W. M. McIsaac and P. J. Creaven. Austin: The
University of Texas Press, 1971,pp. 212-223.

20. Wartburg, J-P. Comparison of alcohol metabolism in humans
and animals. In: Animal Models in Alcohol Research. edited by
K. Eriksson, J. D. Sinclair and K. Kiianmaa. New York: Aca
demic Press, 1980,pp. 427-443.

21. Wartburg, J-P. and M. M. Ris. Determination of acetaldehyde in
human blood. Experientia 35: 1682-1683, 1979.




