Bull. Environ. Contam. Toxicol. (1996) 57:47-53 :Environmental

© 1996 Springer-Verlag New York Inc. gg:ﬁ&;ggggg

d-Aminolevulinic Acid Dehydratase Activity in Weanling
and Adult Rats Exposed to Lead Acetate

A. L. S. Rodrigues,’J. B. T. Rocha,’M. E. Pereira,’D. O. Souza’

‘Departamento de Bioquimica, Centro de Ciéncias Bioldgicas, Universidade
Federal de Santa Catarina, 88040-900, Florian6polis, SC, Brazil

‘Departamento de Quimica, Centro de Ciéncias Naturais e Exatas, Universidade
Federal de Santa Maria, 97119-900, Santa Maria, RS, Brazil

‘Departamento de Bioquimica, Instituto de Biociéncias, Universidade Federal
do Rio Grande do Sul, 90046-900, Porto Alegre, RS, Brazil

Received: 11 September 1995/Accepted: 9 February 1996

Lead is an environmental pollutant with no known beneficial health effects, and
environmental or occupational exposure to this metal is known to result in
toxicity. It may affect numerous organ systems, including the renal,
reticuloendothelial, reproductive, and nervous system (Al Saleh 1994). Children
and young animals are particularly sensitive to the toxic effects of this meta,
being the centra nervous system the main target of lead toxicity. Adults seem to
be more resistant to lead neurotoxicity, but lead nephrotoxicity is a prominent
effect (Nolan and Shaikh 1992).

Lead inhibition of d-aminolevulinic acid dehydratase (ALAD), a sulfhydryl
enzyme of the heme-biosynthesis pathway, has been implicated in the
pathogenesis of lead poisoning, since various critical cellular processes are
affected by a reduced concentration of heme. Several studies suggest that
neurotoxicity associated with lead exposure result from depletion of heme (for
review, see Goering 1993). In addition, the substrate of the enzyme, d-

aminolevulinate (ALA), which accumulates in lead poisoning, has been proposed
to be responsible, at least in part, for lead neurotoxicity by generating active
oxygen species (Bechara et al. 1993). Several studies concerning inhibition of
ALAD activity by lead have been conducted, especialy in erythrocytes of various
animal species (Granick et a. 1973, Rodrigues et a. 1989, Simmonds et al.
1995). ALAD reactivation index by the SH-reducing compound dithiothreitol
(DTT) has aso been reported to be a very sensitive parameter to evaluate ALAD
inactivation (Granick et a. 1973, Sakai et al. 1980). Literature on ALAD specific
activity in lead-exposed animals have mainly measured the activity of the enzyme
in blood, kidney, and liver. Few studies have investigated cerebral ALAD activity
in lead-exposed animals and the results reveal an insensitivity of brain ALAD to
lead action (Oskarsson 1989, Rocha et al. 1995). However, in these studies lead
exposure had been imposed during relatively short periods, which may not be of
sufficient duration to cause an effect on the enzyme. Moreover some studies
suggest that a cerebral lead-binding protein might reduce cerebral ALAD
inhibition in lead-exposed animals by lowering the intracellular availability of
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lead to the enzyme in a similar way that occurs in the kidney (Goering 1993).
Thus, the relative insengitivity of renal and cerebral ALAD to lead would be due
to this mechanism of protection. Taking this information into account, we
decided to compare lead effects on forebrain, cerebellar, and rend ALAD activity
and the reactivation index with DTT obtained from: a) prenatal and lactational
lead-exposure of rats and b) prenatal, lactational and long-term postlactational
lead-exposure of rats.

MATERIALS AND METHODS

Female Wistar rats (110-150 g) were maintained on a 12 hour light- 12 hour dark
schedule in a temperature controlled room (22-26°C). The control group
received deionized water (milli-Q) and lead-treated rats received 0.5 or 4.0 mM
lead acetate trihydrate in drinking deionized water. All animals had free access to
food (containing less than 0.5 mg lead/kg dry weight) and to drinking fluid
(water or lead acetate solution). After 6 weeks of exposure, females were mated
with non-lead-exposed males for 5 consecutive days and maintained on the same
drinking fluid throughout this period. Pregnant rats were maintained on the same
drinking solution until the end of the suckling period. Offspring were weaned at
21 days of age. Two rats from each litter were killed by decapitation and
forebrain, cerebellum, and kidneys were immediately dissected on ice. From each
litter, samples of forebrain or cerebellum were pooled for ALAD activity assay.
Kidneys from one pup per litter were used for ALAD activity assay, whereas
kidneys from the other pup of the same litter were stored at -20°C and used
for lead analysis. The lead analysis was carried out by graphite furnace atomic
absorption spectrophotometry (Perkin-Elmer spectrophotometer, model 2380)
using acid digestion with nitric acid (4% v/v). After decapitation, blood was
collected into heparinized tubes, pooled and also stored at -20°C until lead
analysis was carried out. Blood lead analysis was done using a matrix modifier
which contained Triton X-100 (0.5 % v/v) and dibasic anmonium phosphate (0.2
% viv). After weaning, the remaining rats were separated by sex and maintained
on the same treatment that had been administered to the mothers until 6 months
of age, when ALAD activity was measured in kidney, forebrain, and cerebellum
from one animal per litter.

ALAD activity in forebrain, cerebellum, and kidney was assayed according to the
method of Sassa (1982) (rate of product porphobilinogen=PBG formation),
except that 70 mM sodium phosphate buffer (pH 6.8) and 2.5 mM ALA were
used. Simultaneously, a set of tubes was assayed using a similar incubation
medium, except that 15 mM dithiothreitol (DTT) was also added in order to
obtain the reactivation index. This index indicates the extent of the reactivation of
ALAD activity by DTT and is defined as follows:

(ALAD activity with DTT - ALAD activity without DTT) x 100%

ALAD activity with DTT
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Tissue preparation was done according to Rocha et al. (1995). The incubation
was carried out for 1-3 h at 39°C. The assay was carried out under conditions
of constant velocity and there was a linear relationship between protein content
and PBG formation (data not shown). Enzyme activity was expressed as nmol
PBG/hr/mg protein. Protein was measured by the method of Bradford (1976),
using bovine serum albumin as standard.

Data were analyzed by one-way ANOVA followed by Duncan’s multiple range
test when appropriate. Differences between groups were considered significant if
p<0.05. Never more than one rat from the same litter was used as an independent
measure in order to avoid litter effect.

RESULTS AND DISCUSSON

The exposure of pupsto lead from conception to adult age did not influence the
weight gains of the animals (Table 1). The body weight values of 6-month-old
rats presented in Table 1 are similar to values obtained in a study performed
using a larger sample size (data not shown). The kidney-to-body weight ratio
was significantly increased in 21-day-old rats exposed to the highest lead dose
(p<0.0l), whereas both 6-month-old |ead-exposed groups showed an increase in
this ratio (p<0.05 and p<0.01 for 0.5 and 4.0 mM groups, respectively, Table 1).
This indicates a gross anatomical alteration, that could be related to a lead-
induced cell proliferation in kidney (Choie and Richter 1974) since kidney-to-
body weight increase was not related to an increase in water content (data not
shown). On the other hand, there were no changes in forebrain-to-body-weight
ratio or cerebellum-to-body weight ratio in any lead-exposed group. Thisisin
accordance with literature which reports no overt anatomical changes in cerebra
tissues associated with low-level lead exposure in offspring (Hasan et al. 1989,
Rocha et d. 1995).

Blood lead levels were measured in order to evaluate the level of intoxication
attained, and to compare our study with those which determined lead levelsin
blood. Blood lead level of weanling rats in the 0.5 mM group féll in the range
that seems to be non-neurotoxic (Davis et al. 1990) and did not differ
significantly from the control group (Table 2). Conversdly, the weanling rats
exposed to 4.0 mM lead acetate and the 6-month-old rats exposed to 0.5 or 4.0
mM lead acetate had a significantly (p<0.01) higher blood lead level than the
control group. The blood lead levels obtained in our lead exposure regimen are
similar to the blood lead levels which cause toxicity in humans (Davis et d.
1990).

Lead deposition in kidney (Table 2) was significantly (p<0.01 or p<0.05)
increased in a dose-dependent manner in lead-exposed rats. The increase was
about 3- and 8-fold the control values in the 21-day-old rats exposed to 0.5 and
4.0 mM group, respectively. In 6-month-old rats, lead deposition increased 9-
fold to 13|-fold above control for the 0.5 and 4.0 mM groups, respectively.
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Table 1. Body weight and tissue-to-body weight ratio of 21-day-old and 6-month-old lead-exposed rats. Data are mean + SEM

(g or mg wet weight/g body weight).

Control 0.5 mM Group 4.0 mM Group
21-day-old 6-month-old 21-day-old 6-month-old 21-day-old 6-month-old
n="7 n==6 n=>5 n=6 n=38 n==6
Forebrain-to-body-
weight 19.53 £0.72 3.74+£0.38 18.18 £ 0.56 3.99+0.30 20.11+1.52 3.78 +£0.29
Cerebellum-to-
body-weight 3.66 +£0.14 0.93+£0.11 3.51+0.16 0.93 £0.09 3.85+0.31 1.01 +£0.08
Kidney-to-body-
weight 10.56 + 0.29 5.56 £0.39 10.95 £ 0.33 6.76 £ 0.31* 13.68 £ 0.40** 7.65 + 0.34%*
Body weight® 434+ 1.4 M: 3616 425+22 M:341+8 43.6 £2.8 M: 358+7
F. 233+ 12 F. 236 + 4 F: 246 +3

* p<0.05 or ** p<0.01 when compared to the control group by Duncan’s multiple range test. *The number of 6-month-old

rats is 3 males (M) and 3 females (F) in each group.

Table 2. Blood and kidney lead levels in 21-day-old and 6-month-old lead-exposed rats. Data are mean + SEM (ug Pb/dl

whole blood or ug Pb/g kidney weight).

Control 0.5 mM Group 4.0 mM Group
21-day-old  6-month-old 21-day-old 6-month-old 21-day-old 6-month-old
n=>5 n==6 n=4 n=>5 n==o6 n==6
Blood 6.53+0.33 7.61+1.01 977£0.17  41.63 +3.66%* 4435+ 6.23** 116.91 + 11.89%**
Kidney 0.18+0.02 0.18+0.01 0.54 + 0.03* 1.68 £ 0.13* 1.38 £ 0.15%* 23.66 + 1.29%*

* p<0.05 or ** p<0.01 when compared to control group by Duncan’s multiple range test.
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Table 3. ALAD activity and reactivation index with DTT in forebrain, cerebellum, and kidney of 21-day-old and 6-month-old
lead-exposed rats. Data are mean + SEM nmol porphobilinogen/hr/mg protein or are presented as reactivation index (%).

Control 0.5 mM Group 4.0 mM Group
21-day-old 6-month-old 21-day-old 6-month-old 21-day-old 6-month-old
Forebrain n=7 n==6 n==6 n=35 n=28§ n==6
Specific activity ~ 9.18 + 0.23 8.37+£0.44 9.64 +0.40 7.07 £0.38 9.30 +0.44 6.40 + 0.49*
Reactivation index 19.6 +2.0 36.7+2.8 19.6 £ 0.5 343+28 21.8+0.9 49,9 +2.9*
Cerebellum n==6 n==6 n=6 n=>5 n=38§ n=>5

Specific activity 994+ 0,59  8.08 + 0.41 11.39+0.87 7.17 £0.42
Reactivation index  32.1+1.2 379+£57 304+1.5 426+0.7
Kidney n=>35 n==6 n=4 n=35
Specific activity 58.80+10.37 22.57+1.78 61.92+10.42 1332+ 1.37**
Reactivation index 19.6 +2.4 26.9+6.7 28.9+6.0 49.0 + 4.9*

11.93 £ 0.56 7.28 £0.53
26.6 £0.9 48.1 +£6.3*
n==o6 n=>5
41.64 + 3.68 10.33 £ 1.18**
43.8+7.1*% 67.0 £ 5.8**

* p<0.05 or ** p<0.01 when compared to the control group by Duncan’s multiple range test.



ALAD specific activity of forebrain, cerebellum and kidney of lead-exposed rats
(Table 3) can not be considered a good parameter for the evauation of lead
toxicity because there was not a consistent effect of the metal on enzyme
specific activity. In contrast, reactivation index with DTT seems to give a better
indication of lead intoxication, since in kidney of 21-day-old rats and in
cerebellum of 6-month-old rats it revealed an effect of lead not apparent in
ALAD specific activity. A similar finding describing more efficient results with
DTT, was previoudly reported for blood ALAD (Granick et al. 1973, Sakai et al.
1980).

The reactivation index of brain (forebrain and cerebellum) from 6-month-old rats
was increased by exposure to 4.0 mM lead. In contrast, cerebral enzyme activity
of 21-day-old rats was not affected by lead treatment. Oskarsson (1989) reported
no effect on cerebral ALAD of weanling rats (blood lead leve of 147 pg/dl)
raised by dams exposed to 12 mM lead acetate through drinking water during
pregnancy and the suckling period. In that study the weanling rats had blood lead
levels much higher than the levels obtained in our 21-day-old rats, but the blood
lead levels were similar to those obtained in our 6-month-old rats exposed to the
highest lead dose. It seems that along-term lead-exposure is necessary to cause
an effect on the enzyme. Our findings on cerebral ALAD suggest that this
enzyme is not insensitive to lead effects, since the inhibition of ALAD activity
occurred in the 6-month-old rats exposed to the highest lead dose. The regimen
of lead exposure associated in the present study with cerebral ALAD inhibition
caused neither undernutrition nor gross learning deficits, as previoudy reported
by us (Rodrigues et a. 1993).
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