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ABSTRACT Two groups of men of different age ranges and with the same period of lead exposure
were selected for study in a recently opened car-battery factory. Two other groups of age-matched
men, not exposed to heavy metals in their work, were used as controls. Morning urines were collected
from control and exposed groups for determination of urinary kallikrein activity, urinary &-amino-
levulinic acid (ALA) and lead levels. The environmental lead levels and the urinary ALA and
lead values indicated that exposure in the factory was not heavy. The older group of lead-exposed
workers showed greatly reduced urinary kallikrein activity compared with that of the age-matched
controls. In contrast, the younger group did not show any significant alteration in urinary kallikrein
excretion.

Lead has a strong affinity for biochemical ligands.
Consequently it may act on enzymes, displacing their
essential metals (Finelli et al., 1974), modifying their
synthesis (Rhyne and Goyer, 1971) and blocking
their interaction with the substrate (lannaccone et
al., 1974a). These biochemical alterations induce
changes in the structure of mitochondria and endo-
plasmic reticulum in the kidney of exposed animals
(Galle and Morel-Maroger, 1965; Boscolo et al.,
1977a) and humans (Galle and Morel-Maroger,
1965; Cramer et al., 1974). There may be many
stages in the response of human kidney to chronic
lead exposure; intranuclear inclusion bodies seem to
be present only in the first of them (Cramer et al.,
1974).
A study by Dingwall-Fordyce and Lane (1963)

reported that pensioners, who had been heavily
exposed to lead in a battery factory, suffered a great
number of deaths attributable to cerebrovascular
catastrophes. Unfortunately this investigation did
not yield information about the incidence of nephro-
pathy or hypertension in these pensioners. However,
other studies (Lane, 1949; Lilis et al., 1968) demon-
strated that lead may induce renal disease and high
blood pressure in workers exposed to the metal under
conditions which were not clearly defined. Only
workers in carefully supervised plants (although
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absorbing more lead than the unexposed population)
escape the risk of nephropathy or vascular altera-
tions (Cramer and Dahlberg, 1966).

Sandstead et al. (1970) have reported a decrease in
plasma renin activity and in aldosterone secretion
rate in nine lead-intoxicated patients (one of them
hypertensive). Our unpublished study shows that
plasma renin activity may be either low or excessive
in lead workers without symptoms of poisoning,
while it seems to be reduced in lead-exposed subjects
with hypertension or nephropathy. This suggests that
hypertension induced by lead may not depend on an
increase of a vasopressor enzyme such as renin, but on
a decrease of a vasodilator substance such as kalli-
krein.

It has been demonstrated that urinary kallikrein
excretion is decreased in patients with essential hyper-
tension (Margolius et al., 1971; Greco et al., 1974;
Croxatto et al., 1974), while it seems to be unaltered
in patients suffering from renal hypertension.
Reduced levels of urinary kallikrein activity were
also found in members of families with high blood
pressure (Zinner et al., 1976).

Urinary kallikrein is an enzyme which seems to be
synthesised in the kidney only (Croxatto et al., 1974;
Nustad et al., 1975). It releases bradykinin, a potent
vasodilator polypeptide, from an 0C2 plasma globulin,
kininogen. The synthesis of this enzyme is related to
its excretion in the urine (Roblero et al., 1973). How-
ever, it is still not clear whether renal kallikrein acts
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on the kidney only, or can also pass into the vessels,
acting in the periphery of the vascular system
(Croxatto et al., 1974). Renal kallikrein seems also to
reinforce the vasodilator action of prostaglandins
(McGiff et al., 1976) and, with other hormones, to
regulate sodium excretion (Margolius et al., 1974).

In 1972 we determined the urinary kallikrein
activity in 24-hour urines of lead-exposed workers
admitted as inpatients to the Institute of Occu-
pational Medicine of the Catholic University of
Rome, in order to establish the diagnosis of lead
poisoning (lannaccone et al., 1974b; lannaccone et
al., 1975). We also made a preliminary study of the
urinary kallikrein excretion of lead-treated rabbits
(lannaccone et al., 1974b). Since 1974 we have been
monitoring urinary kallikrein activity in morning
urines of workers exposed to lead in a car-battery
factory. In March 1974 the urinary kallikrein activity
of exposed workers was very low; in September 1975,
after some environmental improvements, the urinary
kallikrein excretion of the same workers (still remain-
ing lower than that of a control group) was found to
have increased (Boscolo et al., 1977b). In June 1977,
after a further reduction of the lead in the air of the
factory, we determined the urinary kallikrein activity
of two groups of workers of different ages but with
the same period of lead exposure.

Subjects and methods

We studied lead workers in a car-battery factory set
in a village near Frosinone, 50 miles from Rome.
The factory, a small branch of a company in the
north of Italy, started production in 1968. Until 1972
there were two separate working rooms. From 1972
to 1974 the capacity of the plant increased and the
workers were then situated in four different depart-
ments. In 1974 the lead concentration in the air of the
factory was high; corrective measures were subse-
quently taken to improve the air quality, as reported
in a previous study (Boscolo et al., 1977b). From 1975
to 1977 the operations involving hazardous lead
exposure were isolated and workers employed in such
processes used personal protective devices. Table 1
shows the concentration of lead in the air and the

Table 1 Lead in the air ofafactory making car batteries

Sampling site No. of Lead in air (pg/m3)
workers*

Mean Range

Assembling 36 20 16-22
Welding 28 45 21-67
Plate-spreading 17 33 24-53
Foundry 10 66 50-100

*Excluding 15 workers assigned to cleaning and maintenance.
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number of workers near the sampling sites of each
department.The environmental lead levels were deter-
mined by filtering the dust on micropore membranes
(according to the Italian law n. 615) and by atomic
absorption and x-ray fluorescence analysis (Cecchetti
et al., 1969).

In 1968, 66 men were employed in the factory.
From 1972 to 1974 additional men were employed, to
a final total of 106. From 1972 the plant was super-
vised by the Ente Nazionale Previdenza Infortuni
(ENPI) in collaboration with the Catholic University
of Rome. Since 1972 workers, alerted to potential
occupational hazards, were forbidden to smoke or
eat in the factory. Suggestions from personnel were
also taken into consideration in improving the
environment of the workplaces and in the use of
personal protective devices.
From 1972 to 1974 ten workers, who suffered from

headache, bad taste in the mouth, constipation and
mild abdominal pain, were admitted to the Institute
of Occupational Medicine of the Catholic University
of Rome to establish the diagnosis of lead poisoning,
but clinical examination showed no evidence of this.
However, the workers' urinary ALA and lead
levels (determined before and during EDTA treat-
ment) were altered. These subjects, and three other
workers suffering from labile hypertension and show-
ing reduced urinary kallikrein activity, were sus-
pended from the factory for several months and no
longer exposed to heavy concentrations of lead. In
June 1977 personnel were in good health except for a
few subjects suffering from gastric ulcer.
For our study we selected 90 men who had been

exposed to lead in the factory for more than three
years, and who had not suffered symptoms of poison-
ing and had not been treated previously with EDTA.
All these subjects had frequently changed their work-
places in their department; 43 had changed depart-
ments in the last three years, 19 remained at the
assembling station, 14 at welding, two at plate-
spreading, two at the foundry and ten were assigned
to cleaning and maintenance of the factory. These
men were divided into two groups of 45 subjects
ranging from 22 to 32 years and from 34 to 54 years
of age. We randomly selected 23 young workers from
the first group and matched them with another 23
older workers of the second group representing the
same duration of lead exposure. The exposure of
both groups was 4-1 ± 0-1 years (mean ± SE). The
age of the younger group was 27-5 ± 05 years
(mean + SE) and that of the older group was 41*1 ±
1-2 years.
For each exposed man we selected an age-

matched control from the workers of another factory
situated in the suburbs of Rome; these were mostly
'blue collar' workers and had not been exposed to
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Table 2 Kallikrein activity, ALA and lead in morning urine oflead-exposed workers

Test Age Control Exposed t P
(years)

No. Mean SE No. Mean SE

Kallikrein (units/g creatinine) 22-32 23 16-53 1-94 23 13-24 1 95 1-195 >005
34-52 23 14 78 1 24 23 6-38 1 45 4 394 <0 001

ALA (mg/gcreatinine) 22-32 23 1-95 0-12 23 2 78 0-17 4-008 <0001
34-52 23 1*96 0 11 23 2-67 0 15 3-697 <0001

Lead (,g/gcreatinine) 22-32 23 13 34 0-98 23 29-26 2-93 5 135 <0 001
34-52 23 15-17 1-25 23 27-73 2-33 4-474 <0 001

industrial toxicants. There were many smokers both
in the control and exposed groups.

In June 1977 we collected morning urines from
normal and lead-exposed subjects. In each urine
sample we determined the kallikrein activity
(Porcelli and Croxatto, 1974), ALA (Davis et al.,
1968) and lead (Cecchetti and lannaccone, 1975).
The values were related to the creatinine content of
the urines.

Statisticalevaluation of data was made by Student's
t test.

Results and discussion
Young exposed workers do not show a significant
decrease in urinary kallikrein excretion (Table 2); on
the other hand, the older group of lead workers show
greatly reduced activity of the urinary enzyme com-
pared with that of age-matched controls. The con-
trols of different ages did not differ in urinary kalli-
krein activity.
Urinary ALA and lead are significantly in-

creased in exposed subjects. There are no differences
between the young and the old groups in mean
urinary ALA and lead levels.
The most interesting finding of our study is that

urinary kallikrein activity is altered only in the older
lead workers, while urinary ALA increased indep-
endently of the age of the workers and was related
to the inhibition of ALA dehydratase by lead (Berk
et al., 1970). These data suggest that, with incre-
asing age, the kidney becomes more susceptible to
damage by lead than the erythropoietic system;
moreover, the kidney may be damaged by an
accumulation of cadmium (Lewis et al., 1972), an
ubiquitous contaminant in the working environ-
ment, or by atherosclerosis.

Studies in vitro and on animals on controlled diets
have demonstrated that essential minerals may pro-
tect against toxic effects of lead (Finelli et al., 1974;
Finelli et al., 1975; Sandstead, 1976). It would there-
fore seem possible that in lead workers the essential
metals in the diet, together with a genetic pre-
disposition (Zinner et al., 1976), may also play an

important part in determining the levels of urinary
kallikrein activity.
The function of urinary kallikrein is not completely

understood and we are therefore unable at present to
evaluate the clinical importance of the reduction of
urinary kallikrein excretion in lead-exposed humans.
However, in these subjects, an alteration of an
enzyme regulating the blood pressure must be
considered to be more serious than the reversible
modifications of haem synthesis.

The authors wish to express their gratitude to
Dr V. N. Finelli and to Dr H. G. Petering for their
helpful advice.
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