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Delta-aminolevulinic acid dehydratase, EC 4.2.1.24 (ALAD) is one of the
enzymes participating in heme synthesis. It catalyzes the condensation of two
molecules of delta-aminolevulinic acid, yielding one molecule of
porphobilinogen (PBG) and two molecules of H,O (Finelli et al., 1974).

The inhibition of ALAD activity in blood and various tissues by lead has been
documented in humans (Hernberg et al., 1972; Tomokuni, 1974; 1981; Prpic-
Majic et al., 1984), rats (Rozhaja et al., 1990), cattle (Rice et al., 1987; Prpic-
Maijic et al., 1990), Japanese quail (Stone et al., 1977), laying hens (Elezaj et
al., 1988, Bakalli et al., 1990), broiler chicks (Bakalli et al., 1995b). Studies by
Nakao et al. (1968), Hernberg et al. (1970) and Mclntire ez al. (1973) have
shown a highly significant negative correlation between blood lead
concentration and erythrocyte ALAD activity.

Neiburg er al. (1974) reported that the activity of blood ALAD was closely
correlated with amounts of chelatable lead in the body, and that the degree
of inhibition of this enzyme may be a better indicator of lead toxicity than
actual lead concentrations for the purposes of identifying individuals with an
increased soft tissue lead content.

In a previous study (Bakalli ez al., 1995a) lead was fed to broiler chickens at
0, 1, 10 and 100 pug/g for 42 days; blood ALAD and tissue lead levels were
measured. After 42 days of feeding Pb, an inverse relationship between blood
ALAD and tissue Pb levels was apparent.

The study reported here was designed to determine the activity of erythrocyte

ALAD and the relationship between this enzyme and tissue lead levels in
chickens, during Pb intake and after withdrawing Pb from the feed.
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MATERIALS AND METHODS

All chemicals and reagents were American Chemical Society Reagent Grade.
Deionized water was used for preparing solutions.

Forty-five three-week-old male commercial chickens (Peterson x Arbor Acre
strain) were housed in wire floor battery brooders. A 24:0-hr light:dark cycle
was maintained throughout the studies.

Table 1. Diet composition.

Ingredients and composition Amounts
%
Ground yellow corn 57.34
Soybean meal (dehulled) 3348
Poultry fat (stabilized) 3.15
Poultry by-product meal 3.00
Iodized sodium chloride 21
DL-Methionine (98%) 19
Vitamin premix' 25
Trace mineral premix’ .05
Defluorinated phosphate 1.54
Limestone .79

Estimated Composition

Protein 23.13
Energy, kcal/g 3.13
Methionine (%) S7
Cystine (%) 35

"Bakalli et al. (1995b).

For 14 days the chickens were fed a commercial-type broiler starter diet
(Table 1) ad libitum. For the first 7 days only, 50 ug/g Pb as lead sulfate was
mixed into the feed.

Approximately 10 ml of blood was taken by heart puncture, and the same
birds were killed by cervical dislocation at the start (5 chickens) and 4 chickens
at 1, 2, 3, 5 and 7 days from the start and 1, 2, 3, 5 and 7 days after giving
feed without supplemental Pb. Blood lead level was determined by wet
mineralization (Detection limit = .01 pg/ml; Prpic-Majic, 1985).

Tissue samples were frozen at -20°C and thawed before analysis. Bursa of
Fabricius, brain, liver and kidney were dried in a vacuum oven and dry-ashed
as described by Blanusha and Breshki (1981). Legs were heated in water to
facilitate removal of soft tissue from the tibia before dry ashing. Tissue lead
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was measured by the method of flame atomic absorption spectrophotometry
(Perkin Elmer 5000).

Blood §-aminolevulinic acid dehydratase (ALAD, EC.4.2.1.24) was determined
by the measurement of porphobilinogen (PBG) synthesized when an aliquot
of hemolyzed blood was incubated for 1 hour at 37°C in the presence of excess
delta-aminolevulinic acid (Buchet et al., 1988).

Data were analyzed using one-way analyses of variance (SAS, 1985). Means
were compared by Duncan’s New Multiple Range test. Correlation coefficients
were computed using SAS (1985) Proc Corr for the results of this experiment
and an earlier experiment described by Bakalli et al. (1995a).

RESULTS AND DISCUSSION

The results in Table 2 show that 50 ug lead/g feed reduces enzyme activities
to 62% within 24 h, and after 7 days to 31% of normal values. Twenty four
hours after the lead was withdrawal from feed, enzyme activity increased 32%,
and after 7 days to 90%. Two days after the Pb was withdrawn from the feed,
the activity of ALAD was significantly increased. After seven days, the activity
of ALAD was near normal (not significantly different from the start).

Lead levels in blood, bursa, brain, kidney and tibia were significantly higher
24 h after 50 pug lead was added per g of feed. Liver lead levels were
significantly higher 48 h from the start (p<0.05).

Seven days after lead was withdrawn from feed, blood and tibia lead levels
were still significantly higher than at the start. Lead levels in bursa and liver
returned in 5 days to the same level as at the start; in brain by 7 days and in
kidney by 3 days. The correlation matrix from our earlier experiment (Bakalli
et al., 1995a) and this experiment are presented in Table 3. Correlations
between blood ALAD activity and blood, liver and tibia lead levels in Bakalli
et al. (1995a) experiment were very high and significant. The same relations
were found in the first phase of the current experiment. After withdrawing
lead from feed (second phase), the correlation between ALAD activity and
lead levels in liver, tibia and especially in kidney were reduced.

In the previous experiment (Bakalli et al., 1995a), even 1 ug lead/g feed
reduced blood ALAD activities to 75%, 10 ug lead reduced them to 56% and
100 ng to 12% of normal values. There were significant correlations between
body weight and feed conversion ratio, and blood ALAD (Bakalli ez al., 1995a;
Table 3). The correlations between blood ALAD and tissue Pb in the longer
feeding trial were very similar to what was observed in the current experiment
where feeding and withdrawal gave a wider range of values in a shorter period
of time. Stone et al. (1977) observed similar results in experiments with
Japanese Quail. We have shown the depressed and then increased activity of
ALAD following a very low lead level exposure (1 ug/g feed; Bakalli ez al.,
1995a), and exposure for a short time (50 ug/g, 24 h; Table 2). This
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demonstrates the ALAD sensitivity to lead and extends the conclusions of
Stone et al. (1977), Tomokuni (1974), deBruin and Hoolboom (1967),
Weisberg et al. (1971), and Bakalli et al. (1990).

Lead from feed significantly accumulated in all analyzed tissues. After
ingestion, bursa accumulated Pb the fastest, followed by liver > brain >
kidney > tibia (based on % increase). After lead was withdrawn from the
feed tibia retained lead the longest, followed by brain < kidney < liver <
bursa (based on % decrease).

Enzyme activity and tissue lead levels had significant inverse relationships
(Table 3). The most significant and strongest negative correlations were
between blood ALAD activity and blood lead level. The correlations with lead
levels in liver and tibia were higher than in experiments with Japanese Quail
(Stone er al., 1977).

The chicken is proposed as a model for studying lead toxicity since it is very
sensitive with measurable responses to low Pb levels after as little as 24 hours.
Serum ALAD in chickens may be used to monitor lead concentration in the
environment.
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