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The addition of 1% lead acetate to the
diet of male Sprague-Dawley rats caused
a stimulation of the adrenal gland.
Blood lead concentration rose to 85
Atg/dl in one week and stayed at or above
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this level for the eight-week experimental
period. Lead ingestion resulted in an
increase in adrenal weight during the
first four weeks of lead exposure, fol-
lowed by a return to near control values.
The net-percent conversion of 14C-pro-
gesterone by adrenal tissue to 11-
deoxycorticosterone, aldosterone, and de-
oxycortisol first rose, then returned to
near or below control values, in a vari-
able pattern, by the eighth week. The
data suggest an initial stimulation of the
adrenal gland function during the early
stages of lead intoxication followed by
either an adaptation or an exhaustion of
adrenal.

Although the recent increased aware-
ness of the problems posed by lead in the



156 G. L. WRIGHT, M. A. LESSLER, AND S. G. IAMS Vol. 75

environment has resulted in investiga-
tions of this element's influence on a wide
range of biological functions, relatively
little is known concerning its effect on
the adrenal gland. Hypertrophy and
hyperplasia of the adrenal cortex has been
observed in lead exposed rodents (Valyi-
Nagy et al., 1954; Nurmaganbetov,
1962a). Nurmaganbetov (1962b) has
examined ketosteroid formation of the
adrenal cortex in lead acetate injected
rabbits and concluded that the early
effect of lead on secretory activity was
stimulatory in nature while extended ex-
posure resulted in necrosis and depletion
of lipids and ketosteroids. Additional
evidence of a deleterious effect of lead on
adrenal function was reported by Makot-
chenko (1970) who observed a decrease
in the adrenal response to ACTH injec-
tions in chronically lead poisoned hu-
mans. Earlier, Nakade (1958) was un-
able to show a definite change in the
fluorogenic corticord content of plasma
and adrenal glands of rats injected with
lead salts. In particular, there have
been few if any studies of steroidogenesis
during intoxication by lead ingestion.
This present study was done to evaluate
the in vitro steroid synthesis of rat
adrenals obtained from animals during
the early phases of chronic lead intoxi-
cation.

MATERIALS AND METHODS
Male Sprague Dawley rats, weighing approx-

imately 335 g at the start of the experiment,
were housed three per cage in rooms main-
tained at 23°=fcl°, with a 12 hour light, 12 hour
dark photoperiod. Control animals received
ground Purina Chow and the experimental
animals were fed the same diet containing 1%
lead acetate. Experimental and control ani-
mals were allowed a 5-day period to adjust to
handling and the ground Purina Chow before
1% lead acetate was added to the food of the
experimental animals.

The blood lead content of control and lead
fed animals was determined at weekly intervals
by the nitric acid-wet ash modification of the
Delves Cup Atomic Absorption technique
(Barthel et al., 1973). Blood samples for the
lead determinations were obtained in hepari-
nized capillary tubes from small incisions of
the tail vein or from the severed neck vessels
on days that the animals were sacrificed.

In vitro steroid synthesis was determined for
lead exposed rats at weekly intervals during an
eight-week period. Lead-fed and control ani-
mals were sacrificed by decapitation in groups

and each data point is based on the average of
3 animals. The adrenal glands were cleared of
adherent tissue, weighed, and prepared for in-
cubation by mincing and suspension in a Krebs-
Ringer's bicarbonate solution containing glu-
cose, glucose-6-phosphate, nicotinamide, so-
dium fumarate, NAD, NADH, NADP, and
ATP as co-factors (Brownell, 1957). Approxi-
mately 50 ng of 14C-progesterone per 100 mg of
adrenal tissue was added to each flask as the
steroid precursor just prior to the three-hour
incubation in a Dubinoff shaker at 37°C under
a 95% O2 and 5% CO2 atmosphere. The in-
cubant was extracted three times with ethyl
acetate and the metabolites separated by the
method described by Lucis et al. (1965) utilizing
paper chroma tographic techniques. Identi-
fication procedures included comparison of the
relative mobilities of the various compounds
and their oxidized and acetylated forms with
those of authentic cold standards. The posi-
tion of the metabolites on the paper was deter-
mined with an RCL paper strip radioactivity
scanner. Areas exhibiting radioactivity were
cut into small fragments and eluted for quanti-
tation with a dual channel Tri-carb Liquid
Scintillation Spectrophotometer. The data
were fitted by computer to both linear and
quadratic equations, and the appropriateness
of the equation and statistical significance were
determined by t-test and the R-square method
for measure of fit (Sokal and Rohlf, 1969).

RESULTS
Lead ingestion caused a rapid elevation

of the blood-lead to levels normally as-
sociated with lead poisoning. The blood
lead concentration of the control groups
remained relatively constant at approxi-
mately 25 Mg per 100 ml of whole blood
during the eight week experimental
period. As expected, the lead-fed rats
showed increased blood-lead levels (75-
85 /ugPb/dl) during the first five weeks
and had mean blood lead values between
85 and 125 ng/dl during the remaining
three weeks of the study.

Lead ingestion resulted in a marked
but variable pattern of change in the
adrenal gland to body weight ratio and
the in vitro synthesis of 11-deoxycorti-
costerone, aldosterone, and deoxycortisol.
The change in adrenal weights and the
in vitro synthesis of these three steroids
was found in each case to be significantly
different for the control and lead-fed
groups during the 8 week experimental
period. Mean adrenal gland weight per
100 g body weight in the lead-fed animals
was 13% to 17% more than the controls
during the first 4 weeks of lead ingestion
(fig. 1). During the latter 4 weeks of
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FIGURE 1. Comparison of adrenal gland weights of control and lead-fed rats. The closed circles

show mean adrenal gland weights of lead-fed animals. The dashed line is the best fit
linear equation for the control data (open circles). Each point is the average of three
animals.

the 8 week period, the adrenal weights
returned to near normal control values.

Control net-percent conversion of 14C-
progesterone to 11-deoxycorticosterone
increased from 6.0% for the first week to
12% at the eighth week, while a pro-
gressive decrease was noted with adrenals
from the lead-fed rats (fig. 2). The net-
percent conversion to deoxycorticosterone
obtained for adrenal tissue from lead-fed
rats was elevated above control values
during the first week (18%), but returned
to approximately control levels during
weeks 3 through 5, then decreased to well
below control levels during the last three
weeks of the study. A low net-percent
conversion (10 times less than controls)
value of 0.3% was found the eighth week
with adrenal gland tissue from lead-fed
rats.

In vitro aldosterone synthesis did not
differ from control levels during the first
week of lead ingestion (fig. 3). Aldo-
sterone synthesis, however, showed a
four-fold increase the second of lead in-
toxication, and remained elevated during
the succeeding four weeks, then fell, and
reached approximately control levels the
seventh and eighth weeks. The maxi-
mum value of 1.6% conversion (slightly
in excess of 10 times the average control
value) was found during the third week
and remained about six times above con-
trol levels until the last two weeks of the
study.

Adrenals from the lead-fed animals
showed increased net-percent conversion
of progesterone to deoxycortisol (fig. 4)
in a pattern somewhat similar to that
observed for aldosterone. In vitro pro-
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FIGURE 2. Conversion of 14C-progesterone to 11-deoxycorticosterone by adrenal glands obtained
from control and lead-fed rats. The closed circles show in vitro 11-deoxycorticosterone
production by adrenal glands from lead-fed animals. The dashed line is the best fit
linear equation for the control data (open circles). Each point is the average of three
animals.

duction of this steroid showed a 2.5 to
4.5-fold increase above the average con-
trol values during the first five weeks
with maximum values of 3.5 to 3.9%
conversion recorded during the second
and third weeks. The synthesis of
deoxvcortisol in the lead-exposed adrenal
tissue did not appear to differ from the
control levels during the last two weeks
of the study.

DISCUSSION
Rats with 1% lead acetate added to

their food showed three to five-fold in-
creases in their blood-lead in two to
three days (Cardona and Lessler, 1974).
Blood lead levels above 75 fj-g/dl (ob-
served by us after one week) coupled
with retardation in growth and hema-
tologic changes, are considered indicative
of lead intoxication (Hernberg et al.,
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FIGURE 3. Conversion of 14C-progesterone to aldosterone by adrenal glands obtained from control

and lead-fed rats. The closed circles show in vitro aldosterone production by adrenals
from lead-fed animals. The dashed line is the best fit linear equation for the control
data (open circles). Each point is the average of three animals.

1970). The reasons for fluctuations in
blood lead concentration which we ob-
served during the last three weeks of the
study are not known. Cardona and
Lessler (1974) suggest the possibility that
alterations in the pattern of lead mobili-
zation and/or excretion which occur dur-
ing an extended period of lead exposure
may result in fluctuations in blood lead
concentrations.

The 13% to 17% increase in adrenal

gland to body weight ratio we observed
during the first four weeks of lead in-
gestion (fig. 1) suggests adrenal hyper-
trophy due to stimulation by the lead
added to the diet. In contrast, the
later decrease in adrenal gland to body
weight ratio to control levels during the
last four weeks may be indicative of
either an adaptation or exhaustion of
the gland following the hypertrophy.

Lead exposure resulted in an initial
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FIGURE 4. Conversion of 14C-progesterone to deoxycortisol by adrenal glands from lead-fed animals.
The dashed line is the best fit linear equation for the control data (open circles). Each
point is the average of three animals.

increase and subsequent decrease in the
synthesis of 11-deoxycorticosterone by
the rat adrenal gland (fig. 2). However,
in view of the observed increase in the
synthesis of the other steroids examined,
the apparent decrease in deoxycorti-
costerone production may be consistent
with a stimulation of the adrenal cortex
that reflects an increase in the activity
of the enzyme systems utilizing de-
oxycorticosterone as an intermediate.

The observed increase in aldosterone
production in lead-exposed rats (fig. 3)

concurs with the findings of Altamura et
al. (1971) who showed an increase in the
urinary aldosterone output in lead poi-
soned rabbits. At the present time the
effect of lead on electrolyte metabolism
is incompletely understood, but reports
of changes in tissue sodium and potas-
sium concentrations suggest that elec-
trolyte imbalance may be a factor in
lead poisoning. This may be associated
with a lead induced increase in membrane
ionic permeability, or a decrease in the
Na+-K+ pump activity (Makashev and
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Kazachenko, 1968). It is possible that
the elevation in aldosterone synthesis
observed in our study represents an
adrenal cortex response to a lead induced
alteration in blood sodium concentration
in addition to or in the absence of a di-
rect effect of lead on the enzyme systems
associated with synthesis of aldosterone.

It was generally believed that the rat
adrenal does not synthesize deoxycortisol,
but Brownell and coworkers (1963) iso-
lated this steroid during the in vitro
incubation of adrenals from hypertensive
rats. Earlier, Boulouard (1957, 1959)
reported hydroxycorticosteroid produc-
tion in studies with cold stressed and
thyroidectomized rats, suggesting that
pathways for the formation of deoxycor-
tisol may be present, although not gen-
erally active in the rat. The significance
of the increase in deoxycortisol synthesis
is uncertain, and the present data do not
provide information concerning the spec-
ificity of the response of increased activ-
ity in synthesizing this steroid during
lead poisoning.

It has become apparent that lead in-
toxication in mammals exerts a sig-
nificant influence on a wide array of
biological parameters. Our present lack
of knowledge concerning the direct and
indirect effects of lead poisoning on
endocrine function belies the importance
of this system in the normally functioning
or stressed animal. Our data, which in-
dicate adrenal gland involvement in
chronic lead intoxication, may be im-
portant in the complete evaluation of the
effect of lead exposure on an otherwise
intact animal.
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