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Abstract.  To investigate the effects of blood lead and other related factors on δ -aminolevulinic acid 
dehydratase (ALAD) activity in lead workers. In 121 lead workers and 117 reference subjects, the following 
data were collected from health examination: blood lead, BMI, glucose AC, and Hct. A questionnaire 
including of demographic data, medical history, smoking and alcohol consumption was completed by each of 
subjects. ALAD activity was determined by the standardized method of the European Community. ALAD 
genotyping was using a method of PCR-RFLP. In this study, 229 ALAD1-1 homozygotes (96.2%), 8 
ALAD1-2 heterozygotes (3.8%) were identified, and none of ALAD2-2 homozygote was observed. Blood 
lead levels in lead workers and reference subjects were 19.5 µg/dL (SD = 14.7) and 2.9 µg/dL (SD = 1.9), 
respectively. Lead workers had significantly lower ALAD activity then reference subjects (42.6 ± 22.4 U/L vs. 
64.3 ± 13.8 U/L, P < 0.001). According to the multiple regression results, the following independent variables 
were significant related to ALAD activity: ALAD activities in females were much lower 8.15 U/L then males 
(P < 0.001); blood lead and glucose AC were inversely associated with ALAD activity (P < 0.001), but the 
effect of blood lead was profound. The regression coefficients of blood lead and glucose AC were 1.04 and 
0.11, respectively. Individuals with alcohol consumption showed lower ALAD activity (P = 0.049). The 
possible threshold value of blood lead for ALAD activity was determined around 10 µg/dL. ALAD activity 
was inhibited by lead sensitively and stoichiometrically, thus ALAD activity may be adopted as a reliable 
biomarker of lead toxicity in humen. 
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Introduction 
 
One of the mechanisms of lead induced anemia is, 
specifically, inhibition of heme synthesis. Lead inhibits 
three enzymes in the heme biosynthesis 
pathway-δ-aminolevulinic acid dehydratase (ALAD), 
coporphyrinogen oxidase, and ferrochelatase- but its 
effects on ALAD are the most profound. Lead inhibits 
ALAD stoichiometrically, and the degree of erythrocyte 
ALAD inhibition has been used clinically to gauge the 
degree of lead poisoning (Chisolm et al., 1985; Jaffe et 
al., 1991). ALAD inhibition results in the buildup of 
aminolevulinic acid, detectable in the plasma and urine at 
blood lead levels more than 10 µg/dl. At the molecular 
level, lead displaces a zinc ion at the metal binding site, 

not the active site, producing inhibition through a change 
in the enzyme’s quaternary structure (Rogan et al., 1986; 
Warren et al., 1998). Thus, the ALAD activity may be 
inversely related to higher blood lead levels. 

The goal of this study was to establish ALAD 
activity assay in Taiwan firstly. Secondly, we compared 
the frequency of ALAD genotype in occupational 
lead-exposure workers to general population, and find the 
genotype more vulnerable to environmental and 
occupational lead. Finally, the effects of lead exposure on 
hematological system and the ALAD activity with the 
modification of the relative genotypes were analyzed. 
 
Materials and Methods 
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The study was carried out in a lead manufactory, We 
asked the workers whether they agreed to participating 
the study that checked their ALAD genotype and activity 
in addition to the regular health examination, and their 
consent form were obtained. On the other hand, age and 
sex matched workers from the same area but different 
plants without lead used in their industries were selected 
to serve as reference group; thus, their socioeconomic 
status was similar to the lead workers. 

ALAD genotyping was conducted by PCR 
amplification, followed by polymorphism-specific 
restriction enzyme digestion and gel analysis. ALAD 
genotyping was conducted by using the polymerase chain 
reaction and restricted fragment length polymorphisms 
(PCR-RFLP). ALAD activity was measured using the 
European standardized method with spectrophotometric 
determination carried out at 555 nm (Berlin and Schaller, 
1974). 

Regression analysis could give us the correlation of 
ALAD activity and blood lead levels with adjustment of 
the other confounders. In addition, the effects of 
interaction between lead and ALAD activity or the other 
biochemical can be estimated by multiple regressions. 
Significance was set at 0.05 (two-tailed). 

 
Results and Discussion 
 
In this study, 229 ALAD1-1 homozygotes (96.2%), 8 
ALAD1-2 heterozygotes (3.8%) were identified, and 
none of ALAD2-2 homozygote was observed. Blood 
lead levels in lead workers and reference subjects were 
19.5 µg/dL (SD = 14.7) and 2.9 µg/dL (SD = 1.9), 
respectively. Lead workers had significantly lower 

ALAD activity then reference subjects (42.6 ± 22.4 U/L 
vs. 64.3 ± 13.8 U/L, P < 0.001). According to the 
multiple regression results, the following independent 
variables were significant related to ALAD activity: 
ALAD activity in females were much lower 8.15 U/L 
then males (P < 0.001); blood lead and glucose AC were 
inversely associated with ALAD activity (P < 0.001), but 
the effect of blood lead was profound. The regression 
coefficients of blood lead and glucose AC were 1.04 and 
0.11, respectively. Individuals with alcohol consumption 
showed lower ALAD activity (P = 0.049). The possible 
threshold value of blood lead for ALAD activity was 
determined around 10 µg/dL.  
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Fig. 1.  Linear regression trend between ALAD activity and blood lead in all subjects. (n=238, R2 = 0.58, p<0.001) 
 

 
Conclusion 
 
ALAD activity was inhibited by lead sensitively and 
stoichiometrically, thus ALAD activity may be adopted 
as a reliable biomarker of lead toxicity in human. 
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