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Effects of Ethanol on the Absorption and Retention of Lead (40317)
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The frequent clinical association of plumb-
ism and increased alcohol intake has sug-
gested that ethanol may augment lead ab-
sorption and toxicity. This investigation was
undertaken to determine the effects of acute
and chronic ethanol administration on lead
absorption and excretion.

Materials and methods. Male albino rats of
a pathogen-free Wistar strain weighing 200
to 250 g at the time of absorption measure-
ments or intravenous lead injection were used
in all experiments. The principles of labora-
tory animal care as promulgated by the Na-
tional Research Council were observed. All
animals were housed in polypropylene cages
containing absorbent bedding in a room pro-
vided with automatically controlled temper-
ature and lighting. The rats were given a
standard pelleted laboratory chow (Wayne
Lab-Blox, Allied Mills, Inc.) fed ad libitum.
Demineralized deionized water was supplied
to all animals except in some experiments in
which 10% ethanol (v/v) was substituted for
water.

Lead absorption studies were performed
by measurement of total body radioactivity
in a small animal whole-body liquid scintil-
lation detector (Packard-ARMAC). The ra-
dioisotopes utilized were obtained from New
England Nuclear as **Pb acetate (sp act
10-50 mCi/mg of lead) or *°Pb nitrate (sp
act 10 mCi/mg of lead). Because of its half-
life of 22 years, *’’Pb was selected for use in
excretion studies only; **Pb, having a half-
life of 2.2 days, was used for all other exper-
iments. All measurements of radioactivity
were corrected for radiodecay by comparison
to an appropriate standard after subtraction
of background radioactivity. Lead absorption
experiments were performed in rats fasted
overnight from food but not fluids. Under ip
pentobarbital anesthesia (4 mg/100 g), the
urethra was tied with a silk suture to prevent
urinary loss of absorbed lead. A laparotomy
was performed, the small intestine was iso-

lated proximally and distally with umbilical
tape, and the bile duct was ligated with silk
suture. One milliliter of radiolabeled lead-
containing test solution was injected into the
isolated intestinal segment. Injections were
accomplished by entering the gut lumen
proximal to the proximal ligature with a 21-
gauge hypodermic needle, passing it intralu-
minally through the ligature loop, tightening
the ligature, and then injecting the test dose
into the isolated segment with subsequent
withdrawal of the needle and tying of the
ligature. In one experiment, animals were
administered test doses through an oroeso-
phageal tube following laparotomy. The ab-
domen was then closed with stainless-steel
clips and the rats were placed in 1-quart
vented cardboard ice cream containers. Total
body radioactivity was measured in a whole-
body detector and compared to a 250-ml
water-filled plastic bottle containing a test
dose equal to that injected into the animals.
Four hours after administration of the test
dose, each animal was killed by cervical dis-
location. Isolated intestinal segments were
excised from the carcass and whole-body ra-
dioactivity was again quantified and com-
pared to the original whole-body radioactiv-
ity.

yTo assess the effects of chronic ethanol
ingestion on lead absorption, a group of eight
animals was given 10% ethanol (v/v) as their
exclusive source of fluids for 3 weeks while
eight controls received water. The rats took
food and fluids readily. While animal weights
in experimental and control groups were ini-
tially the same (140 = 5 and 141 = 7 g,
respectively), weight gain in ethanol-treated
animals was less than that of controls (62 +
5 vs 84 £ 15 g, p < 0.05); isocaloric pair
feeding also results in a similar diminution in
weight gain in animals receiving ethanol (1).
Animals were given a test dose of 1 ug of Pb
and absorption was determined. Specimens
of duodenum and liver were taken from ad-
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ditional similarly prepared experimental and
control animals for light and electron micro-
scopic studies. The influence of acute alcohol
ingestion was studied by the quantification of
lead absorption in groups of animals receiv-
ing 1 ml of the following solutions in 50%
ethanol: (1) 1 ug of Pb; (2) 10 ug of Pb; (3)
100 ug of Pb; and (4) 1 mg of Pb. Controls
received the same quantities of lead in
aqueous solutions. Segments of duodenum
from similarly prepared experimental and
control rats were examined by light and elec-
tron microscopy.

To determine whether the diminished lead
absorption from ethanol solutions was due to
a direct effect on the intestine, 16 rats were
given 1 ug of Pb in the isolated intestinal
segment. Half the animals simultaneously re-
ceived 1 ml of 50% ethanol above the pyloric
ligature by oroesophageal intubation. Control
animals received 1 ml of saline. In an addi-
tional experiment, intestinal loops with open
distal ends were injected with 50% ethanol
followed after 15 min by lavage with 0.5 ml
of air and 1 ml of saline and subsequent tying
of the cecal ligature. Intestinal loops in con-
trols were pretreated with saline followed by
similar washing. Lead absorption experi-
ments were then performed using 1 pg of Pb.
In a final study to assess the role of the site of
absorption in lead absorption, six groups of
eight animals were subjected to laparotomy
with bile duct and cecal ligation. The rats in
each group received | pug in water or 50%
ethanol (pH 4) by the following means: (1)
aqueous and (2) alcoholic lead via oroeso-
phageal tube, the solution confined to the
stomach by a pyloric ligature; (3) aqueous
and (4) alcoholic lead via oroesophageal tube
without pyloric ligation; (5) aqueous and (6)
alcoholic lead in isolated gut loop. Lead ab-
sorption was then quantified as previously
described.

To study the effects of aqueous and alco-
holic solutions on lead solubility, 100 ml of
each of the following solutions were prepared
as controls: (1) 1 ug of Pb/ml; (2) 10 ug of
Pb/ml; (3) 100 ug of Pb/ml; and (4) 1 mg of
Pb/ml. Similar solutions of lead in 50%
ethanol were also prepared. One microCurie
of *Pb was added to each 100-ml solution
and the pH was adjusted to 2.0. After mixing,
1 ml of each of the resulting solutions was
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removed as a standard. Each solution was
titrated against 0.1 N NaOH to pH 10.0 with
2-ml samples being removed at each integral
pH value. Similar samples were taken upon
returning to pH 2 with 0.1 N HCL. Aliquots
taken from each titration were centrifuged at
3000 rpm X 30 min and 1 ml of supernatant
was removed from each for quantification of
radioactivity in a Packard auto-gamma spec-
trometer. Solubility of aqueous and alcoholic
lead was expressed as percentage of standard
as a function of pH. Supernatants from
ethanol solutions varying from aqueous con-
trols by more than 5% were applied to Seph-
adex G-25 columns equilibrated with 50%
ethanol at the appropriate pH. Column frac-
tions were counted successively to detect
peaks of radioactivity which would suggest
the presence of soluble lead-containing mac-
romolecules.

In lead excretion experiments, experimen-
tal animals were given 10% ethanol for drink-
ing for 3 weeks prior to injection and controls
received water. Ethanol was continued in the
experimental group throughout excretion
measurements. While similar weights for ex-
perimental and control rats at the start of
fluid conditioning (143 + 7 g, 141 + 5 g) were
again noted, ethanol-treated animals weighed
less at the time of injection (205 + 11 vs 229
+ 9 g, p < 0.05). Each animal was given ip
sodium pentobarbital anesthesia (4 mg/100
g) to facilitate injection of 1.0 uCi of *°Pb in
0.5 ml of 0.9% NaCl (pH 7.4) into the dorsal
vein of the penis. Whole-body counts were
obtained immediately after dosing and at in-
tervals thereafter. Body retention of radiolead
was calculated by comparison to initial
counts with correction for decay by compar-
ison to a standard. At the termination of
excretion studies 4 weeks after dosing, a final
whole-body radioactivity was measured. Tis-
sues for electron microscopic studies were
fixed in 2% glutaraldehyde, postfixed in 1%
osmic acid, and embedded in Araldite. Sec-
tions 150 to 200 A thick were stained with
saturated uranyl acetate and lead citrate and
examined using an RCA EMU4 electron mi-
croscope. Thick sections (1 pm) were stained
with toluidine blue. Additional specimens for
light microscopy were fixed in 10% formalin,
paraffin embedded, and stained with hema-
toxylin and eosin.
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In all absorption and excretion experiments
groups of eight animals were used. Except as
noted above for animals receiving ethanol
chronically, there were no differences in
mean animal weights among the various
groups compared in this study. For absorp-
tion studies, all rats received 1 ml of a lead-
containing solution adjusted to pH 4.0, which
simulates the pH of gastric contents and
maintains lead solubility. All lead quantities
are expressed as grams of elemental lead as
PbCly; 1 uCi of **Pb or °Pb was used as a
radioisotopic label for each rat. Data are
expressed as means and standard errors of
the mean. Statistical comparisons were made
using Student’s two-tailed # test for unpaired
data.

Results. Chronic ethanol ingestion signifi-
cantly reduced the absorption of a single dose
of aqueous lead. While animals receiving wa-
ter as a fluid source for 3 weeks absorbed
21.7 £ 1.6% of a test dose of 1 ug of Pb, those
prepared with 10% ethanol for 3 weeks ab-
sorbed only 15.2 £ 2.9% (p < 0.05). While
livers from animals receiving alcohol for 3
weeks showed moderate fatty change, no light
microscopic or ultrastructural changes were
noted in duodenal mucosa of the same ani-
mals. As illustrated in Fig. 1, the absorption
of lead from aqueous solutions was signifi-
cantly greater than that from ethanol solu-
tions at concentrations of 1 and 10 pg of
Pb/ml (p < 0.005, p < 0.005). At lead con-
centrations of 100 and 1 mg of Pb/ml, ab-
sorption from alcoholic solutions appeared
slightly greater than from controls but the
differences were not significant (p = 0.20, p
= (.25). Duodenal mucosa from animals re-
ceiving 50% ethanol acutely with or without
lead showed disruption of villous tips, pyk-
notic nuclei, and increased villous invasion
by mononuclear cells. By electron micros-
copy, destruction of microvilli, mitochondrial
swelling, and irregularity of mitochondrial
size were noted in addition. No abnormalities
were noted in animals given saline or aqueous
lead solutions. The solubility of **Pb in
aqueous solutions is shown in the upper half
of Fig. 2. Lead is more soluble in acid solu-
tions and increasing amounts are precipitated
as pH increases. As illustrated in the lower
half of Fig. 2, little change in radiolead sol-
ubility occurs when 50% ethanol is used as a
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carrier. Application of supernatants obtained
in these experiments to Sephadex G-25 col-
umns revealed no evidence of lead-containing
macromolecules.

Since animals receiving ethanol on both an
acute and chronic basis appeared to have
diminished lead absorption unattributable to
reduced lead solubility or macromolecule for-
mation in the presence of alcohol, additional
experiments were performed to determine
whether at least part of this inhibitory effect
was due to a direct effect of ethanol on intes-
tinal mucosa. Rats with a pyloric ligature
simultaneously administered 1 ug of Pb in the
intestinal loop and 50% ethanol in the stom-
ach showed lead absorption (Fig. 3) which
did not significantly vary from that observed
in control animals. Absorption of lead in
animals with ethanol-pretreated intestinal
loops, however, was significantly less than
that seen in rats with saline-pretreated gut
loops (3.9 + 0.5 vs 13.5 £+ 1.5% control, p <
0.0005). As shown in Table I, only small
quantities of aqueous or alcoholic lead were
absorbed by the stomach (2.5 = 0.7 and 2.1
+ 0.4%, respectively). The absorption of lead
in aqueous solution by the intestine (30.6 =+
1.5%) was significantly higher than that of
lead in alcoholic solution (8.2 + 0.8%, p <
0.005) and is similar to findings shown in Fig.
1. When alcoholic lead solutions were given
via oroesophageal intubation such that both
stomach and intestine could act as absorptive
sites, lead absorption increased to 22.4 =+
3.2%. This value was less, however, than lead
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TITRATION OF 2%Pb IN PbCl, WITH NaOH AND HCI
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F1G. 2. The solubility of **Pb in PbCl, as affected by pH. Upper diagrams indicate solubility in aqueous
solutions; lower diagrams indicate solubility in 50% ethanol.

uptake from aqueous solutions (28.6 = 1.7%
p < 0.05). The findings suggest that a gastric
factor, perhaps ethanol-stimulated gastric
acid, may act to modify lead absorption al-
though in these experiments alcoholic lead
uptake remained significantly less than con-
trols.

As seen in Fig. 4, the excretion of lead in
animals chronically receiving 10% ethanol
did not significantly vary from control ani-
mals at any time during the experiment. Both
groups showed an initial rapid phase of lead
elimination during the first week after injec-
tion, in which time about one-half of the
administered dose was excreted. This was
followed by a slower phase of lead loss from
the body. By using a best fit slope derived
from mean-square analysis plotted on semi-
logarithmic graph, the half excretion time for
lead remaining after Day 7 was approxi-
mately the same for each group, about 160
days.

Discussion. A variety of clinical reports of
lead poisoning in heavy consumers of alcohol
(2-4) has suggested that ethanol may enhance
lead accumulation and potentiate its toxic
manifestations. While Mahaffey er al. (1) con-
cluded that there was little synergism of
ethanol and lead as measured by morphologic
and biochemical parameters of lead toxicity,
no studies to date have directly measured the
effects of alcohol on lead absorption or reten-
tion. The results of this study indicate that:
(1) the acute and chronic administration of
ethanol inhibits the ability of the rat small
intestine to absorb lead; (2) the effect does
not seem attributable to diminished lead sol-
ubility in alcohol; (3) the inhibitory effect
may be related, in part, to the direct toxicity
of ethanol on intestinal mucosa; and (4)
chronic ethanol ingestion does not appear to
alter the excretion of lead given as a single
intravenous dose. While the mechanism of
lead absorption is unknown, Krawitt (5, 6)
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concluded that acute or chronic ethanol ad-
ministration inhibited calcium transport in
everted rat gut sacs and that this effect was
associated with direct mucosal toxicity. Since
evidence exists that one or more intestinal
proteins important in calcium mucosal bind-
ing and transfer may participate in lead ab-
sorption (7), a similar direct toxic effect on
intestinal mucosa may be responsible for the
diminished lead absorption found in these
experiments. Whether the anatomic damage
of duodenal mucosa observed in these exper-
iments after acute ethanol administration is
responsible for the diminished lead absorp-
tion after acute or chronic ethanol adminis-
tration cannot be determined at present. The
lack of obvious mucosal damage in rats
chronically fed ethanol suggests that acute
and chronic alcohol exposure may diminish
lead absorption by different mechanisms.
Other workers, however, have noted ultra-
structural changes in small intestinal mucosa
following more prolonged low-level ethanol
exposure (8). While there is evidence that a
gastric factor may modify the absorption of
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FiG. 3. The intestinal absorption of a single dose of
lead chloride in rats without prior ethanol exposure as
influenced by gastric injection of saline or 50% ethanol
(left) and by pretreatment of the intestinal loop by saline
or 50% ethanol (right).
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alcoholic lead from stomach and intestine,
the lead absorption does not exceed that ob-
served in aqueous lead control animals.
Factors enhancing the susceptibility to lead
poisoning have been reviewed (9). Several
dietary deficiencies common among heavy
alcohol users have been established as capa-
ble of potentiating the manifestations of lead
toxicity. While protein deficiency reduces
lead absorption (11), it produces greater sus-
ceptibility to lead toxicity (12, 13). Dietary
calcium deficiency increases lead retention
(14, 15) ard potentiates morphological and
biochemical parameters of lead poisoning
(16) but does not alter lead absorption (7).
Iron deficiency both enhances lead toxicity
(17) and increases lead absorption (10, 11).
The effects of ascorbic acid, pyridoxine, and
other micronutrients on lead metabolism and
toxicity are not known with certainty (9).
Since these experiments indicate that acute
or chronic ethanol exposure does not increase
lead absorption, particularly at concentra-
tions commonly seen in lead-containing
“moonshine” whiskey (1-10 pg of Pb/ml)
(18), the apparent synergism of lead and
ethanol reported in alcoholics may be related
to increased lead exposure (lead-contami-
nated illicit whiskey or industrial environ-
ments) and/or nutritional deficiencies as pre-
viously concluded (1). These studies suggest
that chronic ethanol ingestion does not alter

PERCENTAGE RETENTION, Pb-210
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F1G. 4. The whole-body retention of lead following
a single intravenous dose of lead-210 in rats chronically
ingesting 10% ethanol.

TABLE 1. EFFECT OF ABSORPTIVE SITE ON ABSORPTION OF LEAD FROM AQUEOUS AND ALCOHOLIC LEAD
SOLUTIONS.

Site of absorption

Stomach Stomach and intestine Intestine
Lead solution Aqueous Alcoholic Aqueous Alcoholic Aqueous Alcoholic
Lead absorption (%) 25+£07 21+04 286+17 224%32 30615 821038
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the elimination of small quantities of lead
administered as a single intravenous dose.
Although there are no previously published
reports of the effects of ethanol on lead ex-
cretion, the variety of renal lesions seen in
plumbism and the known augmentation of
lead-induced renal abnormalities by alcohol
(1) suggest that diminished excretion may be
of significance only when large quantities of
lead are involved.

Summary. To determine the effects of acute
and chronic ethanol ingestion on the absorp-
tion of lead, experiments were performed us-
ing an in vivo isolated gut loop technique.
Acute administration of 50% ethanol signifi-
cantly reduced the absorption of lead at con-
centrations of 1 and 10 pg of Pb/ml This
effect appears to be independent of lead sol-
ubility in alcohol and is associated with struc-
tural changes in intestinal mucosa, suggesting
toxicity. Absorption of a single dose of lead
was also diminished in animals chronically
exposed to ethanol. Elimination of a single
intravenous dose of lead was not affected by
chronic alcohol ingestion. These findings sug-
gest that the clinically reported synergism of
lead toxicity and ethanol is related not to
increased lead absorption or diminished lead
excretion but to nutritional deficiencies and
increased lead exposure among some alco-
holics.
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