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MIZOI, Y., I. IJIRI, Y. TATSUNO, T. KIJIMA, S. FUJIWARA, J. ADACHI AND S. HISHIDA. Relationship between 
facial flushing and blood acetaldehyde levels after alcohol intake. PHARMAC. BIOCHEM. BEHAV. 10(2) 303-311, 
1979.--Normal subjects were divided into two groups, i.e., those showing, and those not showing, facial flushing after 
consuming a small amount of alcohol. In the flushing group, increases of pulse rate, facial skin temperature and carotid 
arterial pressure and blood flow rate, as well as changes of digital plethysmogram and electrocardiogram, were found 
together with a conspicuous rise in blood acetaldehyde levels after the drinking. However, significant change of the signs as 
mentioned above and elevation of blood acetaldehyde did not occur in the non-flushing group. The maximum blood alcohol 
levels and the rate of alcohol elimination showed no difference between these two groups. Furthermore, urinary excretions 
of epinephrine and norepinephrine increased in the flushing cases after the drinking. 
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COMPARED with other drugs, the qualitative and quantita- 
tive reactions that occur in the human body to alcohol intake 
vary vastly from man to man. Many people,  on intake of an 
adequate amount of alcohol, get into a stage in which general 
hot feeling, euphoria, talkativeness and excitation occur. As 
they drink more, they usually get into the stage of  severe 
toxic symptoms and signs such as disturbance in gait, emo- 
tional fluctuation, vomiting and disturbance in conscious- 
ness. There are, on the other hand, not a few people who, 
even on drinking a small amount of  alcohol, present  marked 
facial flushing, and fall into drunken sickness, feeling palpi- 
tation and a chest distress. Others, even with a small amount 
of  alcohol, present  ataxia associated with marked euphoria,  
while some contrarily do not present  any changes in the face 
or ataxia even with a relatively large amount of  alcohol. 

Individual difference in the metabolic pathway of alcohol, 
interactions between the metabolism of alcohol and of  other 
substances, and individual difference in the sensitivity of the 
living body may be considered responsible for such a wide 
variability in the response to alcohol. It appears to involve 
complex problems such as whether these causes are congeni- 

tal or acquired ones, or whether some pathologic factors are 
involved. 

The involvement of  acetaldehyde may be considered one 
of  the possible causes for the above-mentioned individual 
variability of  symptoms and signs of  alcohol drinking. 
Acetaldehyde is produced by the oxidation of  alcohol, but 
because it is usually oxidized rapidly to acetate,  its toxicity 
does not manifest itself. In the disulfiram-alcohol reaction 
[21], however,  the blood level of  acetaldehyde is markedly 
increased, associated with facial flushing, elevation of skin 
temperature,  and increase in pulse rate and ventilation. It 
was shown by Asmussen et al. [6] that these manifestations 
evolve even on slow intravenous infusion of  acetaldehyde. 
These symptoms and signs may be considered to result from 
the production of  sympathomimetic effects by acetaldehyde, 
and reports of  experiments on animals indicate that acetal- 
dehyde increases the blood and urine levels of cat- 
echolamines [3, 23, 34]. Since the clinical observation of  in- 
creased urinary excretion of catecholamines following the 
administration of  alcohol [35], many authors have described 
the relations of  alcohol to the urinary excretion of 
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catecholamines [1, 4, 7, 17, 36]. The possible involvement 
not only of acetaldehyde but also of catecholamines in the 
symptoms and signs following the intake of alcohol must be 
considered. 

In the present work, a study has been made of individual 
variability in facial flushing, facial skin temperature, pulse 
rate and peripheral blood flow, alcohol and acetaldehyde 
levels in the blood, and their relations to the urinary excre- 
tion of catecholamines, in subjects drinking a small amount 
of alcohol. 

METHOD 

Experimental Procedures 

Healthy subjects kept without breakfast on the day of ex- 
periment, were each made to drink 200 ml (200-1000 ml in 
Experiment 3) of sake (Japanese rice wine, with 16 v/v% 
alcoholic content), together with 30 g of "okaki" (a rice 
cracker), between 10:30 and 10:40 a.m. (10:40-11:20 in Ex- 
periment 3) and then kept at rest on a sofa (lying in a supine 
position in Experiment 3). The room temperature was main- 
tained at 24--26°C. They were allowed to eat a light meal 
(lunch) following blood sampling 2 hr after the start of the 
drinking. 

Determination of Blood Alcohol 

Blood samples were collected from the median cubital 
vein of each subject at 30 min and 1, 2, 3, 4 and 5 hr after the 
drinking to determine alcohol levels in the blood. A 0.5 ml 
portion of each sample was delivered into an 18 ml vial 
tightly closed with a rubber stopper and an aluminum cap; 
0.5 ml of 0.8 per mil n-propanol was added to the vial as an 
internal standard solution; the vial was incubated at 55°C for 
30 min; and gas chromatography was performed on 0.5 ml of 
the head space gas. T~e peak area was calculated with the 
digital integrator. 

Determination of Blood Acetaldehyde 

Blood acetaldehyde levels were determined by the same 
gas chromatographic procedure as the blood alcohol levels, 
except that 0.5 ml of 0.02 per mil n-propanol in physiologic 
saline solution was used as internal standard and the incuba- 
tion period was 20 rather than 30 min. 

Determination of Urinary Catecholamines 

Each subject was made to void immediately before the 
drinking; urine was collected during the 5 hr after the start of 
the drinking and assayed for epinephrine and norepineph- 
rine. On the day preceding the experiment with alcohol, 
each subject was made to drink 200 ml of water under the 
same conditions as for the experiment with alcohol; urine 
was collected as a control sample during the following 5 hr. 
A modification of the method of von Euler and Fioding [13] 
was used for the assay. The recovery rate of epinephrine was 
94.3 -+ 8.9%, and that of norepinephrine, 87.3 -+ 3.1%. 

Skin Temperature 

The forehead skin temperature was determined by a 
thermister-type digital thermometer with a sensitivity of 
O. I°C. 

TABLE 1 

AVERAGES AND STANDARD DEVIATIONS OF /3~, (MG/ML/HR), r 
AND RATE OF ALCOHOL ELIMINATION (MG/KG/HR) IN THE NON- 
FLUSHING, SLIGHTLY FLUSHING AND HIGHLY FLUSHING 

GROUPS FOLLOWING INTAKE OF 200 ML SAKE 

Group fl,;,, r Elimination 
(1--4 hr) (1-4 hr) 

Non-Flushing 0.13 0.79 100 
_+ SD 0.02 0.13 11 

Slightly Flushing 0.13 0.86 106 
_+ SD 0.02 0.14 19 

Highly Flushing 0.12 0.83 102 
_+ SD 0.02 0.21 20 

Pulse Wave 

The pulse waves in the left index fingertip were recorded 
photoplethysmographically. 

Blood Flow Rate and Arterial Pressure 

The blood flow rate in the common carotid artery was 
measured on the skin surface of the left lateral region of the 
neck with the ultrasonic blood flowmeter (Nihon Kohden, 
Model EUD-3B), and the arterial pressure in the common 
carotid artery was measured by attaching a transducer (Ni- 
hon Kohden, Model TF-111S) to the right lateral region of 
the neck. 

Estimation of  the Degrees of Facial Flushing 

Those who presented marked facial flushing and some- 
times showed in addition flushing of the neck, anterior chest 
region, upper and lower extremities, after the drinking were 
assigned to the highly flushing group; those who showed 
flushing only around the eyelids, to the slightly flushing 
group; and those who showed no changes in the face, to the 
non-flushing group. 

RESULTS 

Experiment 1: Degrees of Facial Flushing, Blood Alcohol 
Level, and Alcohol Elimination Rate Following Drinking 

Twenty-eight, including 2 women, out of 75 subjects were 
assigned to the highly flushing group; 16 (including 1 
woman), to the slightly flushing group; and 31 (including 2 
women), to the non-flushing group. 

Mean ages in the highly and slightly flushing groups and 
the non-flushing one were 24.1, 22.3 and 23.3 years, and 
their mean body weights were 60.5, 59.7 and 64.3 kg, re- 
spectively. 

Although the blood alcohol level varied from subject to 
subject, the mean level in each group reached a maximum 
30 min after the start of the drinking, which was 0.44 mg/ml 
in the non-flushing group, 0.45 mg/ml in the slightly flushing 
group and 0.47 mg/ml in the highly flushing group. The alco- 
hol disappeared from the blood in all three groups in 5 hr. 
Table 1 shows the averages and standard deviations of Wid- 
mark's factor/3,,, factor r [43] and rate of alcohol elimination 
in the three groups. No significant differences were detected 
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TABLE 2 

BLOOD ALCOHOL AND ACETALDEHYDE (AeH) LEVELS AND THE RATE OF IN- 
CREASE IN PULSE RATE AFTER INTAKE OF 200 ML SAKE 

Before 30 min 1 hr 2 hr 3 hr 4 hr 

Non-Flushing Group N = 15 
Blood alcohol (mg/ml) 0 
± SD 

Blood AcH (/zg/ml) 0 
± SD 

Increase of 
pulse rate (%) 

Flushing Group N = 11 
Blood alcohol (mg/ml) 0 
± SD 

Blood AcH (/xg/ml) 0 
± SD 

Increase of 
pulse rate (%) 

0.47 0.44 0.32 0.17 0.04 
O. 14 0.08 0.08 0.07 0.03 

O. 101 0 .071 0 .040  0 .026  0.018 
0.080 0 .063  0 .052 0 .038  0.028 

5 4 4 7 8 

0.47 0.44 0.29 0.14 0.03 
0.12 0.15 0.09 0.10 0.03 

0.508 0 .571 0 .425 0.394 0.226 
0.279 0 .103  0.163 0 .166  0.150 

43 39 21 27 16 
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TABLE 3 
URINARY EXCRETIONS OF EPINEPHRINE (EP) AND NOREPINEPH- 

RINE (NE) AND MAXIMUM BLOOD ACETALDEHYDE (AcH) 
LEVELS IN CONTROL AND ALCOHOL EXPERIMENTS 

Non-Flushing Flushing Group 
Group N = 15 N = 11 

Age (Range) 25.9 (20--45) 25 (20--33) 

EP (tzg/hr) ± SD 
Control 0.60 - 0.20* 0.65 ± 0.21t 
Alcohol 0.60 ± 0.19" 1.08 ± 0.40t 

NE (/zg/hr) ± SD 
Control 1.48 ± 0.50* 1.47 ± 0.41:~ 
Alcohol 1.50 ± 0.54* 2.57 ± 0.77~: 

Maximum 
Blood AcH (/zg/ml) ± SD 

Before 0.0 0.0 
After alcohol 0.103 ± 0.088 0.693 ± 0.124 

*Not significant; tp<0.01; :~p<0.001 by t-test. 

by the t-test which was made on any of these parameters 
among the three groups. 

Experiment 2: Relationship Between Physiological Re- 
sponses to Alcohol, Blood Acetaldehyde Level, and Urinary 
Excretion of  Catecholamines 

Eleven out of the subjects who presented marked facial 
flushing, and 15 who showed no facial flushing in the preced- 
ing experiment were selected as subjects. 

Facial flushing after the drinking. The 11 subjects of the 
flushing group all presented also severe facial flushing in this 
experiment for about 30-60 rain after the start of the drink- 
ing, and normal facial color returned in 3-4 hr. 

Relationship between blood alcohol and acetaldehyde 
levels and pulse rate. The blood alcohol and acetaldehyde 
levels and the rate of increase in pulse rate in the flushing and 
non-flushing groups are shown in Table 2. As observed in the 
preceding experiment, there was no difference in the blood 
alcohol level between the two groups. The blood acetal- 
dehyde level of the non-flushing group scarcely increased 
and remained 0-0.31/zg/ml, while that of the flushing group 
was markedly increased and reached to the maxima 0.48-- 
0.95/~g/ml between 0.5 and 2 hr after the drinking. The pulse 
rate in the non-flushing group virtually did not increase, 
while the rate in the flushing group strikingly increased 30-60 
min after the drinking. 

Urinary excretion of  catecholamines. The urinary excre- 
tions of epinephrine and norepinephrine and the maximum 
blood acetaldehyde levels in the non-flushing and flushing 
groups in the control experiment and the experiment with 
alcohol are shown in Table 3. The urinary epinephrine and 
norepinephrine in the control experiment varied consid- 
erably from subject to subject, but no difference was noted in 
the mean excretion of either catecholamine between the 
non-flushing and flushing groups. In the alcohol experiment, 
the excretion of both catecholamines presented no signifi- 
cant difference in the non-flushing group, but a significant 
increase in the flushing one. 

Alterations in skin temperature, pulse rate, pulse waves 
of  fingertip and electrocardiogram. In all the flushing sub- 
jects, the forehead skin temperature rose by 1.0-2.5°C at 30 
min after the start of the drinking, dropped as the flushing 
faded, and returned mostly to the same pre-drinking level by 
3--4 hr after the drinking. The temperature was scarcely 
found to rise in the non-flushing subjects. The blood pressure 
did not vary markedly in either group. 

In Fig. l(a) are shown the findings in a typical case where 
palpitation was complained of, 30 min after the start of the 
drinking, associated with flushing not only in the face but all 
over the body, and where the blood pressure remained un- 
changed, but the blood acetaldehyde level, pulse rate, skin 
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FIG. 1. Time course of changes of blood alcohol and acetaldehyde levels, degrees of facial flushing, skin 
temperature, pulse rate and blood pressure following intake of 200 ml sake in flushing (a) and non-flushing (b) 

subjects. 

temperature, urinary excretions of epinephrine and nor- 
epinephrine were all increased. No symptoms and signs of 
drunken sickness evolved, however. In Fig. l(b) are shown 
the findings in the case of a student with little experience of 
drinking, where no facial flushing occurred, but where mild 
dizziness was complained of 2 hr after the drinking, and a 
mild headache 3 hr after the drinking, but both of these 
complaints disappeared 4 hr after the drinking. The blood 
acetaldehyde level scarcely increased. The blood pressure 
remained unchanged nor were the skin temperature, pulse 
rate and urinary excretions of  epinephrine and norepineph- 
rine increased. 

In all the flushing subjects, a marked incisura appeared in 
the fingertip plethysmogram 30 min after the drinking, but 
the normal pattern gradually returned thereafter as the blood 
acetaldehyde level decreased. In Fig. 2(a) are shown altera- 
tions in the pulse wave pattern of one flushing subject. The 
coefficient of  incisura 30 min after the drinking was 0.23, 
with the incisura disappearing along with the fading of  the 
flushing and a decrease in pulse rate. In Fig. 2(b) are shown 
the pulse wave patterns of one non-flushing subject. No al- 
terations occurred either in the pulse rate or the pulse wave 
pattern of this subject. The pulse wave  pattern did not alter 
in any other non-flushing subject. 

In many flushing subjects, the electrocardiogram pattern 
showed an increase in heart rate and a depression of T 
waves. On the other hand, no depression or very slight de- 
pression of T waves, if any, was observed in the non-flushing 
subjects. 

Experiment 3: Alterations in the Blood Flow Rate and Arte- 
rial Pressure in the Common Carotid Arteries After Drinking 

Sixteen normal subjects aged 20-30 were given sake. The 

mean blood flow rate in the common carotid artery was in- 
creased by not less than 25%, 30-60 min after the start of  the 
drinking in 5 out of 16 subjects, the increase being associated 
with marked facial flushing and increases in pulse rate in all 
of them, while the facial color remained unchanged or only 
slight facial flushing occurred in the other subjects. In the 
subjects presenting marked flushing, the blood flow rate pat- 
tern became diphasic, along with an increase in arterial pres- 
sure, while no alterations occurred in the non-flushing sub- 
jects.  In Fig. 3(a) and (b) are shown the recordings in typical 
cases where flushing occurred and not, respectively. The 
wave patterns of the arterial pressure and blood flow rate 
changed in the former case after the drinking, but not in the 
latter case. 

Figure 4 shows the time course of changes of the findings 
in the same subjects as Fig. 3. In the flushing case, the mean 
arterial pressure in the common carotid artery was 1.30 
g/cm 2 before, and 3.65 g/cm 2 2 hr after the drinking, and the 
mean blood flow rate was 6.41 cm/sec before, and 9.38 
cm/sec after the drinking; thus, both parameters were mark- 
edly increased after the drinking. In the non-flushing ease, 
however, the arterial pressure was 1.38 g/cm 2 before, and 
1.25 g/cm" 1 hr after the drinking, and the mean blood flow 
rate was 6.39 cm/sec and 7.76 cm/sec; thus, neither param- 
eter was markedly increased. In the former (the flushing 
case), 200 ml of sake was administered, and in the latter (the 
non-flushing case), 400 ml; however, the blood acetaldehyde 
levels were higher in the former. 

D I S C U S S I O N  

Alcohol has been reported to produce peripheral vasodil- 
atation [5, 8, 16, 18, 19, 25]. On the other hand, there are also 
many reports, indicating that an adequate amount of alcohol 
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FIG. 4. Time course of changes of blood alcohol and acetaldehyde levels, pulse rate, and the carotid 
arterial pressure and blood flow rate of common carotid arteries in the same subjects as Fig. 3. 

is either inert on, or only transiently and slightly increases, 
the heart rate, cardiac output and blood pressure [8, 9, 18, 
20, 24, 30, 38]. The present study demonstrated that alcohol 
might be only partly responsible for the symptoms and signs 
that evolve after drinking, associated with vasodilatation, 
but acetaldehyde is responsible for the major part of the 
severe symptoms and signs. In his study on dogs, Han- 
dovsky [22] found the sympathomimetic actions of acetal- 
dehyde such as acceleration of  respiration and cardiac ac- 
tion, and a sharp rise in blood pressure; these effects of 
acetaldehyde have been confirmed by many authors [3, 10, 
15, 29, 33, 39]. 

It was shown by Klingman and Goodall [26] as well as by 
von Wartburg et al. [41] that the urinary excretion of 
catecholamines increases in animals given alcohol. It was 
also disclosed by Walsh and Truitt [40] that alcohol only 
slightly increases the urinary excretion of  norepinephrine in 
cats and rabbits,  but that acetaldehyde markedly increases 
the excretion. Perman [34] and Akabane et  al.  [3] found that 
acetaldehyde increases the release of  epinephrine and 
norepinephrine from the adrenal glands; and Nakanishi et  al. 
[32] revealed that alcohol does not increase the release of  
epinephrine and norepinephrine from the same glands. 

Some authors [1,5] report  that the urinary excretion of  
catecholamine is increased when normal men drink alco- 
hol, while others [7,17] find that the excretion does not 
vary. However ,  there are no published studies of  the rela- 
tionship between the urinary excretion of catecholamine and 
the blood acetaldehyde level. From the findings in our pres- 
ent study, it may be considered that the discrepancies be- 
tween these reports are largely attributable to the difference 
in the blood acetaldehyde level, and individual or ethnic 
differences in the sensitivity to acetaldehyde. Wolff [44] re- 
ported that 83% of Japanese and Taiwanese adults responded 

to alcohol ingestion with a marked visible flush and with in- 
creased optical density of the earlobe, while only one of the 
34 Caucasian adults showed visible flushing and only 2 had 
an increase on optical density of  the earlobe comparable to 
that of the Oriental adults. Ewing et al. [14] described that 24 
Oriental subjects showed higher blood acetaldehyde levels in 
response to alcohol ingestion than 24 Occidental ones, and 
that the former were significantly more sensitive to alcohol, 
responding with skin flushing, increased heart rate and a 
drop in blood pressure. Reed et al. [37] also showed that 
there is a difference in the blood acetaldehyde level as well 
as in the rate of alcohol metabolism between Caucasians, 
Chinese and Ojibwas. Zeiner [45] reported that the responses 
of the Caucasians to alcohol differ from those of the 
Tarahumara Indians. 

All the experiments in our present study were made on 
Japanese only; and the slightly and highly flushing sub- 
jects  accounted for 21% (16 subjects) and 37% (28) of  a total 
of 75 subjects selected for the first experiment.  However,  
care was exercised in our experiments so as to include more 
flushing subjects. For  this reason, the actual population of 
flushing people in the Japanese may be considered to be 
slightly less than the figures given above. In the highly flush- 
ing subjects are included subjects with alcohol intolerant 
constitutions who readily presented dysphoric symptoms, 
e.g.,  severe palpitation, pounding in the head, nauseous feel- 
ing, and increased pulse rate; such people may be estimated 
as accounting for about 10% of  the Japanese [28]. These 
symptoms are similar to the manifestations of  disulfiram- 
alcohol reaction, and the fact suggests that at least high 
blood acetaldehyde levels are related with the evolvement of 
these symptoms and signs. However,  the problem as to 
whether the constitution giving rise to such symptoms and 
signs is under genetic influence or not has not been thor- 
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oughly  solved as yet ;  therefore, this  p r ob l em  could not  be 
specu la ted  on  in the  p r e s en t  s tudy.  V on  W a r t b u r g  [42] pro- 
posed  the hypo thes i s  tha t  individual  d i f fe rences  in the  re- 
sponse  to a lcohol  are gove rned  by  the  gene t ic  polymor-  
ph i sms  seen  in the  h u m a n  l iver a lcohol  dehyd r ogenase .  On 
the  o the r  hand ,  individual  d i f ference  o f  the  b lood acetal-  
dehyde  level might  be  co r re l a t ed  wi th  the  act ivi ty  of  al- 
d e h y d e  d e h y d r o g e n a s e  in l iver,  becaus e  it has  been  
suggested  tha t  a ce t a l dehyde  me tabo l i sm dur ing  e thano l  oxi- 
da t ion  is regula ted  by  the  act ivi ty  of  l iver  a ldehyde  dehydro-  
genase  [12], and  it has  been  s h o w n  tha t  in rat  af ter  e thano l  
admin is t ra t ion ,  the  ace t a ldehyde  c o n c e n t r a t i o n s  in b lood 
and  l iver  of  the  s t ra in  with low pre fe rence  for  e thanol  are 
h igher  than  in the e thanol -pre fe r r ing  s t ra in  [11] and  tha t  the  
e thano l -avo id ing  ra t  s t ra in  has  h igher  a lcohol  d e h y d r o g e n a s e  

and  lower  a ldehyde  d e h y d r o g e n a s e  act iv i t ies  t han  rats  o f  the 
e thano l -p re fe r r ing  s t ra in  [27]. It may  be,  the re fore ,  antici-  
pa ted  that  s tudies  on  the  r e sponse  to a lcohol  will include a 
g rea te r  genet ica l  aspec t  in the  future .  

It r ema ins  yet to be  s tudied w h e t h e r  the  inc reased  ur inary  
exc re t ion  o f  c a t echo l amines  resul ts  d i rec t ly  f rom the in- 
c reased  b lood  ace t a ldehyde  levels or  not ,  and  why  facial  
f lushing is re la ted  wi th  the  inc reased  ur inary  ca techola -  
mines .  

Fo r  the  last,  it might  be added  that  the re  is a great  differ- 
ence  be tween  the  h u m a n  b lood  ace t a ldehyde  levels  r epor t ed  
by E w i n g e t  al. [14] and  Reed et al. [37] and  those  ob ta ined  in 
the  p r e sen t  s tudy,  because  the  s p o n t a n e o u s  fo rma t ion  of  
ace t a ldehyde  resu l t ing  f rom hemolys i s  or  depro te in iza t ion  of  
the  b lood sample  was  avoided  in our  p r o c e d u r e  [31]. 
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