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acid dehydratase in man1 
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PRPIC-MAJIC D, TELI~MAN S, K E ~ I C  S. In vitro study on lead and alcohol interaction and the in- 
hibition of erythrocyte delta-aminolevulinic acid dehydratase in man. Scand J Work Environ Health 10 
(1984) 235-238. The effect of lead (Pb) and ethanol (EtOH) interaction on the inhibition of erythrocyte 
6-aminolevulinic acid dehydratase (ALAD) was investigated in human blood in vitro. Two different doses 
of ethanol (equivalent to 16.28 mmol of EtOH/l of blood and 108.53 mmol of EtOH/l of blood) and 
lead (equivalent to 2.17 pmol of Pb/l of blood and 4.34 pmol of Pb/l of blood) were examined separately 
and in combination. The dose-effect (EtOH-ALAD) relationship for a wide range of ethanol concentra- 
tions (0-217.06 mmol of EtOH/l of blood) was also investigated. The results obtained indicate that 
ethanol by itself does not inhibit ALAD, while lead does it readily. Neither ethanol concentrations signifi-' 
cantly altered ALAD activity. The dose-effect (EtOH-ALAD) relationship did not reveal any inhibitory 
effect of ethanol on ALAD either; however, a weak trend towards increased ALAD activity was found. 
The effect of ethanol combined with lead indicated no significant difference as compared to the effect 
of the same dose of lead per se; however, a weak trend towards decreased ALAD activity was found. 
These findings support the hypothesis that the effect of ethanol on the transient inhibition of ALAD 
activity in vivo does not occur directly, but possibly through the intermediary action of lead from the 
body lead pool. 
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An inhibitory effect of alcohol intake on the lead- 
sensitive enzyme (2) erythrocyte 6-aminolevulinic acid 
dehydratase (ALAD) has been reported for chronic 
alcoholics (6, 10, 11, 13, 14, 15) and after hard liquor 
ingestion (12, 14). Only in some studies (11, 13, 15) 
were blood lead data recorded, allowing for the es- 
tablishment of the relationship between ALAD in- 
hibition and blood lead and/or blood alcohol. The 
depression of ALAD by ethanol (EtOH) was ex- 
plained by an increase in the intracellular redox po- 
tential through ethanol ingestion, the consequence 
being excessive concentrations of the sulfhydryl co- 
factor responsible for inhibiting enzyme activity (14). 
Danish authors (1 1) suggested that the depressing ef- 
fect of alcohol intake on ALAD activity in chronic al- 
coholics (suffering from liver cirrhosis) occurred 
through the lead released from the liver into the blood 
due to acute alcohol-induced liver damage. Since 
ethanol intake increases the tissue redox potential in 
the organism [Both ethanol oxidizing to acetaldehyde 

and acetaldehyde oxidizing to acetate produce an 
equivalent of reduced nicotinamide adenine dinucleo- 
tide (NADH) and hydrogen (Hf).], it seems logical 
to suppose that alterations in the redox potential may 
also affect the redistribution of lead from the body 
lead pool and thus increase the biologically active 
lead fraction which in turn inhibits ALAD activity. 
This hypothesis was the basis for studies involving 
both in vitro and in vivo investigations. This paper 
deals with the results of the in vitro study. 

Materials and methods 

The effects of two different doses (low and high) of 
ethanol and of lead in blood on ALAD activity were 
examined separately and in combination. The ethanol 
doses were equivalent to the concentration of 16.28 
mmol of EtOH/I of blood (which produces a slightly 
drunken state) and of 108.53 mmol of EtOH/l of 
blood (a lethal dose). The lead doses were equivalent 
to an increase of 2.17 pmol/l (a moderately increased 
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ALAD activity indicated a "normal" level of environ- 
mental lead exposure. Set A consisted of seven dif- 
ferent blood samples, and sets B and C of six different 
blood samples each. The samples were divided into 
four (sets A and B) or five (set C) aliquots of 2 ml of 
blood in each tube. To the first tube (control) in each 
set of blood samples, 100 pl of deionized water was 
added. To the remaining tubes of each blood sample 
a total volume of 100 p1 of ethanol-containing, lead- 
containing, or both ethanol- and lead-containing 
solutions were added. The ethanol used for preparing 
the solutions was from Merck (Uvasol, for spec- 
troscopy), and the lead used was lead nitrate "BDH" 
(for atomic absorption spectroscopy). 

In each set, prepared blood samples from each sub- 
ject were preincubated at the same time in Parafilm- 
covered tubes at 37°C for 30 min before the ALAD 
determination (to simulate the in vivo conditions). 
A preliminary experiment examining different prein- 
cubation lengths (30,60, 120, & 180 min) showed the 
lead-induced inhibition of ALAD to be dependent on 
the length of the preincubation time (the negative ex- 
ponential relationship), while the ethanol effect on 
ALAD activity proved to be uninfluenced by the 
length of the preincubation period (ie, as compared 
to control blood samples which contained an equal 
volume of deionized water). Since the difference 
between the lead and the ethanol effect on ALAD 
activity was sufficiently pronounced during the prein- 
cubation period of 30 min (37"C), this time was chosen 
as the preincubation period for all the blood samples. 

The dose-effect relationship between different eth- 
anol concentrations (corresponding to 0-217.06 
mmol of EtOH/I of blood) and ALAD activity was 
examined in four samples of heparinized blood, taken 
from four subjects nonoccupationally exposed to 
lead. Each sample was divided into six aliquots of 
2 ml of blood. To the first tube (control) 100 of 
deionized water was added. To the remaining tubes 
100 ~1 of ethanol-containing solution was added. 

Before the ALAD analyses the samples containing 
different ethanol concentrations (ie, 0, 16.28, 32.56, 
65.12, 108.53 and 217.06 mmol/l of blood) were 
preincubated in Parafilm-covered tubes at 37°C for 
30 min. 

ALAD activity was measured by the standardized 
European method (1) (coefficient of variation 5 2  %). 
All analyses were performed in duplicate, and the 
mean values were used for the calculations. The re- 
sults obtained are expressed by the means and stan- 
dard deviations and compared with the corresponding 
control samples. In addition, the samples contain- 
ing both ethanol and lead were compared with the 
matching samples containing only lead. The signifi- 
cance of the difference between the results was calcu- 
lated by the Student's t-test (ie, t = %,,,/SEdiff). 

Results 

A comparison of the results in table 1 ,  obtained after 
the addition of ethanol- and/or lead-containing solu- 
tions with respect to the control samples (containing 
an equal amount of water) showed that ALAD activity 
was significantly decreased in the blood samples con- 
taining only lead, or both lead and ethanol, while it 
was practically unchanged in the samples containing 
only ethanol. In the samples containing both ethanol 
and lead, a highly significant (p < 0.001) decrease in 
the ALAD values was found as compared with the 
corresponding control samples. The difference be- 
tween these results and those from blood samples 
containing only lead was not significant. Indirect- 
ly, this result is proof that ALAD inhibition in the 
samples with both ethanol and lead was not caused 
by ethanol, but by lead. 

The dose-effect relationship between the rising 
ethanol concentration added to human blood and the 
ALAD activity is shown in figure 1 .  The change in 
ALAD was minimal and the trend for the mean values 

Table I. The erythrocyte S-aminolevulinic acid dehydratase (ALAD) activity in the control blood samples and the differences 
in ALAD due to the addition of ethanol (EtOH) andlor lead (Pb) with respect to the control samples and with respect to the 
addition of Pb per se. 

ALADlnmol . s-1 Difference in ALADlnmol . s-I (I Ercs)-l 

Set of (I Ercs)-I With respect to With respect to 
samples (control value) EtOH andlor Pb added in blood control values Pb per se 

Mean SD Mean SD Mean SD 

A (N = 7) 636.63 102.35 16.28 mmol EtOHll blood 10.17 12.34 
2.17 ~ m o l  Pbll blood -433.59' 61.18 
(16.28 mmol EtOH + 2.17 q o l  Pb)ll blood -433.92' 60.18 -0.17 10.50 

B (N =6) 598.79 132.69 108.53 mmol EtOHll blood 6.67 16.00 
2.17 cmol Pbll blood -341.23' 57.34 
(108.53 mmol EtOH +2.17 Fmol Pb)ll blood -350.40' 90.35 -9.17 43.51 

C (N =6) 750.65 161.03 16.28 mmol EtOHll blood -13.34 39.17 
4.34 a m ~ l  Pbll blood -647.96* 179.87 
(16.28 mmol EtOH + 4.34 lLmol Pb)ll blood -652.30' 172.70 -4.50 20.67 
(108.53 rnrnol EtOH + 4.34 rrnol Pb)ll blood -661.30' 185.20 -15.34 44.68 



was not decreasing, but rather increasing. This finding 
also supports our assumption that ethanol by itself 
does not inhibit ALAD activity in human blood. 

Discussion 

Within the limits of the experimental conditions in 
the present study, the data obtained indicate no sig- 
nificant effect of ethanol per se on ALAD activity in 
human blood in vitro (table 1). The dose-effect rela- 
tionship between ethanol and ALAD indicated no 
significant decrease in ALAD activity with respect to 
the increase of blood ethanol concentrations (figure 
I). Moreover, a trend of increasing ALAD activity 
was observed. In addition the influence of ethanol 
combined with lead indicated no significant increase 
in ALAD activity, as compared to the effect of the 
same dose of lead per se (table 1). Moreover, a trend 
of decreasing ALAD activity was observed. Both 
these findings are in contradiction with the data re- 
ported by other authors who found a decrease in 
ALAD activity due to ethanol per se (14) and a de- 
pression of ALAD by both ethanol and lead, sepa- 
rately, that was partially reversed when the two were 
combined (13). However it is possible that at least 
part of this disagreement could be ascribed to dif- 
ferent experimental conditions. It should be empha- 
sized that the present in vitro experiment was per- 
formed with thoroughly washed, ie, lead-free, glass- 
ware. 

Some of the reported conclusions on an "alcohol- 
induced" inhibition of ALAD activity are based on 
results from in vivo and in vitro experiments with 
rats (13, 14). However, the rat is not a suitable an- 
imal model for the investigation of effects which 
may occur in man under the influence of a toxic 
substance, particularly if these effects are mediated 
through oxido-redox alterations of the relevant en- 
zymes. Ascorbic acid (a "vitamin" for man but not 
for rat), an important redox catalyzer, is a good ex- 
ample of this situation (3). The other example is glu- 
tathione. The level of erythrocyte glutathione is much 
higher in the rat than in man (5). The glutathione 
turnover in erythrocytes is also much higher in rat 
than in man (9). Moreover, for comparable blood lead 
levels', the erythrocyte ALAD activity in a "normal" 
rat is considerably lower than in a "normal" man 
(13). On the other hand, considerably higher blood 
lead levels are necessary to produce a reduction of 
approximately 50 070 of the "normal" erythrocyte 
ALAD activity in rat, as compared to in man (13). 
These examples indicate that the intensity and dynamic 
pattern of changes in the oxido-redox system may 
differ significantly in rat and in man, thus the results 
should be interpreted with caution. 

In the in vitro system of rat liver homogenate, a 
linear fall of ALAD activity with a rising ethanol 
concentration was found (13). In another paper, in 
an in vivo experiment with rats fasted for 48-h, 43.41 

Figure 1. Dose-effect relationship between ethanol (EtOH) 
and erythrocyte 8-aminolevulinic acid dehydratase (ALAD) 
activity in  vitro in blood samples of four "normal" subjects 
nonoccupationally exposed to lead. 

mmol of EtOH/kg of body weight (given orally) did 
not inhibit ALAD activity in the liver (7), and no sig- 
nificant change in ALAD activity could be observed 
during the 24 h following ethanol ingestion. This 
disagreement could probably be explained by the in- 
stability of the liver homogenate. Jocelyn (8) reported 
a rapid fall of the glutathione concentration in rat liver 
homogenate during incubation under aerobic condi- 
tions. Since ALAD is an enzyme which depends on 
glutathione concentration (4) for activity, the ques- 
tion arises as to whether the "alcohol-induced" in- 
hibition of ALAD activity in vitro in the liver ho- 
mogenate system is really due to the effect of ethanol 
only or is a reflection of glutathione variation in such 
systems. Since absolute anaerobic experimental con- 
ditions are extremely difficult to achieve, the ques- 
tion is pertinent also for anaerobic experimental con- 
ditions. 

The results of the present in vitro study suggest the 
possible involvement of lead in the inhibition of 
ALAD activity in vivo after alcohol ingestion. Before 
any conclusion can be drawn, an in vivo investigation 
should be carried out to complete the present study. 
However, the results of the in vitro study, even with- 
out the in vivo results, undoubtedly show that ethanol 
by itself does not inhibit ALAD and that lead does it 
readily. 
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