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Abstract. Copper is an essential element while Cd is an extremely toxic heavy metal of ques-
tionable biological usefulness. Cadmium has been reported to interfere with the metabolism of
Cu, be teratogenic, and decrease blood flow in the fetal placenta. Because of these reported
biological interactions of Cd and Cu, this investigation was conducted to determine the effects
of Cd on placental transport of ’Cu and placental blood flow in the guinea pig. All guinea pigs
used were 60 = 1 days pregnant. A placental perfusion technique was used to measure the
maternal-to-fetal clearance of ¢’Cu and *H,O across the placenta. The clearance of *H,O served
as an indicator of placental blood flow on the maternal side of the circulation. The results
indicated that an iv injection of 1 mg Cd/kg body weight resulted in an immediate increase in
the clearance of ’Cu which declined over the next 8 min to an elevated level compared to the
extrapolated best-fit curve of control values. This iv injection of CdCl, concomitantly reduced
the maternal-to-fetal clearance of 3H,O across the placenta. In conclusion, an acute exposure of
the pregnant female to CdCl, results in an increased maternal-to-fetal clearance of ’Cu and a
reduced placental blood flow that can alter the supply of nutrients to the developing embryo or

fetus, and therefore modify normal development.

Copper is an essential element, but is also
potentially toxic. Because of this dual property,
homeostatic mechanisms have evolved to
compensate for excesses or deficiencies of
copper by controlling intestinal absorption and
excretion.

After copper is absorbed, it is transported
bound to plasma protein (1) and perhaps to
amino acids (2). Shortly thereafter, almost all
of the copper is deposited in the liver (3) where
approximately 80% is bound to hepatocuprein
(4), copper chelatin (5), and metallothionein
(6) in the cytosol. The remaining 20% is found
in lysosomes (7) or incorporated into other
specific copper proteins such as cytochrome
C oxidase (8). Copper deficiency is a rare con-
dition because most diets supply a relative
abundance of the metal (9). Although the nor-
mal infant is born with a store of copper (10),
deficiencies have been associated with anemia,
neutropenia, and severe demineralization of
the bone in premature and full-term infants
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(11, 12). Similarly, copper toxicosis is rare but
does occur where a genetic defect in copper
metabolism is present (Wilson’s disease) (13).

Cadmium is an extremely toxic heavy metal
of questionable biological usefulness (14). In
addition to its presence in products such as
fungicides, fertilizers, pigments, metal alloys,
plastics, coal, and fuel oil, it is also a by-prod-
uct of recovery processes for zinc, lead, and
copper. Cadmium is a cumulative poison, and
no apparent homeostatic mechanism operates
to maintain body concentrations at an ap-
proximately constant level independent of in-
take (15).

The reported intestinal absorption of Cd is
1 to 8% of the dose (15-19). However, other
studies have indicated that absorption can be
influenced by dietary constituents such as the
essential metallic ions zinc, iron, copper, and
calcium (20).

Cadmium has been reported to interfere
with the metabolism of copper by reducing
its intestinal absorption and increasing its uri-
nary excretion (21). Rats fed 1.5-ug Cd/g diet
with a normal copper content (3-ug Cu/g diet)
had a reduced ceruloplasmin activity, whereas
rats on a diet of 6- or 18-ug Cd/g diet and a
normal Cu content had a considerably reduced
plasma and liver Cu concentration and serum
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ceruloplasmin activity (22). Bone malfor-
mations from simple Cu deficiency were also
noted. Similar effects of Cu deficiency resulting
from Cd intoxication have been observed in
pregnant ewes and lambs (23).

Cadmium has been reported to be terato-
genic in the golden hamster (24) and mice
(25). Gerber et al. have reported that lead,
another heavy metal, reduced placental blood
flow but did not change fetal uptake of a-
amino isobutyrate in mice (26). Levin and
Miller have also reported that Cd decreased
blood flow to the fetal placenta 12 to 16 hr
and 18 to 24 hr after sc injection of CdCl,
into rats (27).

Because of the reported biological inter-
actions of Cd and Cu, this investigation was
designed to determine the effects of Cd on the
placental transport of 4’Cu and placental blood
flow in the guinea pig.

Materials and Methods. Strain 13 guinea
pigs from a closed colony maintained at Oak
Ridge Associated Universities, Medical and
Health Sciences Division, were used for these
studies. The guinea pigs were bred, allowed
to farrow, and bred again so that the gesta-
tional age was known within +24 hr. All
guinea pigs used were 60 *+ 1 days pregnant.

The placental perfusion technique used was
adapted from that described by Twardock (28)
and modified by Kelman (29). The dams were
anesthetized with sodium pentobarbital (28
mg/kg) injected ip and Innovar-Vet (Pitman-
Moore, 0.44 ml/kg) injected im and secured
to a plastic rack in a supine position. A jugular
vein was cannulated, and a slow, continuous
iv drip of Ringer’s lactate solution was main-
tained throughout the experiment. A carotid
artery was cannulated to obtain blood samples
at 9- to 10-min intervals. Then the guinea pig
was placed in a bath of Ringer’s solution
maintained at 37°C. A uterine horn was ex-
teriorized by laparotomy and a fetus was ex-
posed by an incision through the uterus and
amniotic sac. The uterus, placenta, and fetus
were immersed in the Ringer’s solution. The
umbilical vessels were stripped of connective
tissue and ligated near the fetus. Then an um-
bilical artery was cannulated with a hubless
needle fastened to tubing connected to a per-
istalic pump and a reservoir containing the
perfusion fluid (guinea pig serum) maintained
at 37°C. An umbilical vein was cannulated
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to collect the perfusion fluid at 4-min intervals.
Perfusion rates were held steady at 0.7 ml/
min. Preliminary experiments indicated that
perfusion of the placenta at rates greater than
1 ml/min for extended periods (1 to 2 hr)
allowed radiolabeled albumin to pass from
the perfusing fluid into the maternal circu-
lation. Also, perfusion at a rate of 0.7 ml/min
could be maintained for periods as long as 2
hr without an abrupt change in the placental
transport of *H,O from dam to fetus. At the
start of the perfusion, 100 uCi of *H,O and
20 uCi of ’CuCl, were injected into the dam
via the cannulated jugular vein. Perfusate
sample collections were started 28 min later
to allow time for equilibration of the 4’Cu in
the animal. Twenty-four minutes after starting
the perfusate collection, 1 mg Cd/kg body
weight was injected into the cannulated jugular
vein. Collection of perfusate samples contin-
ued for an additional 28 min.

The data are expressed as the clearance of
tritiated water or ’Cu from the maternal to
fetal circulation. The formula used for the cal-
culation was

Clearance = P/M X R,

where clearance is milliliters of maternal
plasma that contained the amount of *H or
$7Cu that entered the perfusate in 1 min (ml/
min), P is the perfusate concentration of *H
or Cu, M is the maternal plasma concen-
tration of *H or ¢’Cu, and R is the perfusate
rate. The M values for *H and ®’Cu are ap-
proximations based on extrapolations between
the encompassing plasma concentration val-
ues to the mean time of each perfusate col-
lection.

Results. The data from seven animals have
been normalized to reduce the animal-to-an-
imal variability associated with placental blood
flow and placental transport mechanisms. The
data for ¢’Cu clearance from 4 to 24 min were
fitted to the exponential equation y = ge %
where a is the intercept, b is the slope, and x
is time. The data were then normalized to the
value at 4 min as determined from the equa-
tion. The data for *H,O were normalized in
the same manner except that the data were
fit to the linear equation y = a + bx. It has
been demonstrated that the clearance of *H,0O
is a linear function of perfusate flow rate and
has been suggested that variations in 3H,O
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clearance are the result of variations in the
placental blood flow from the maternal cir-
culation (29).

The clearances of °’Cu and *H,O across the
guinea pig placenta from dam to fetus and
the effects of an iv dose of CdCl, (1 mg Cd/
kg body weight) are illustrated in Figs. 1 and
2. The clearance of ’Cu declined with time
according to the equation y = ae ® where a
=0.1942 and b = 0.0207 (Fig. 1). The r? value
for goodness of fit was 0.965. Twenty-four
minutes after the start of perfusate collection,
CdCl, was injected and the clearance of 4’Cu
increased dramatically. This increased clear-
ance of %’Cu declined for approximately the
next 8 min and then assumed a parallel, but
elevated, level compared to the best-fit curve
extrapolated to 52 min. These data indicated
an immediate effect of CdCl, on the transport
properties for °’Cu in the placenta.

The results of CdCl, injection on the clear-
ance of *H,0 are illustrated in Fig. 2. For the
24 min prior to injection of CdCl,, the clear-
ance of *H,O was a linear function with time,
and the data were fitted to the equation y = ax
+ b, where a = 0.6454 and b = 0.0024. The
r, value was 0.7201. Immediately following
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the injection of CdCl,, there was a decline in
clearance of *H,O for 4 min, after which the
clearance essentially followed the same pattern
as before the injection of CdCl,. However, the
clearance of 3H,O was at a lower level, indi-
cating a reduced maternal blood flow to the
placenta.

Discussion. In the experiments reported
here, the injection of CdCl; resulted in an
immediate increase in the clearance of *’Cu
(Fig. 1) and an immediate decrease in the
clearance of °H,O (Fig. 2). Although the clear-
ance of 8’Cu returned to a lower level, it re-
mained elevated compared to the extrapolated
values derived from data collected prior to the
injection of CdCl,. The increase in $’Cu clear-
ance is even more evident when the decreased
load of $’Cu delivered to the placenta as a
result of the decreased blood flow is consid-
ered. These data indicate CdCl, has an im-
mediate effect on the placental blood flow as
well as an alteration of the transport properties
of the placenta for ’Cu.

By injecting Cd directly into the fetus, Levin
and Miller (30) have shown that fetal death
in the rat is not the result of direct effects of
Cd on the fetus. They have also suggested that
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FIG. 1. Clearance of *’Cu (+SEM) as a function of time. Arrow indicates time of iv injection of 1 mg
Cd/kg body weight. The broken line represents the data for 0 to 24 min fitted to the equation y = ae™,
where a = 0.1942, b = 0.0207, and x = time. The value of © = 0.965. Each point is the mean of 7

determinations.
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FIG. 2. Clearance of *H (+SEM) as a function of time. Arrow indicates time of iv injection of 1 mg Cd/
kg body weight. The broken line represents the data for 0 to 24 min fitted to the equation y = ax + b,
where a = 0.6454, b = 0.0024, and x = time. The value of # = 0.7201. Each point is the mean of 7

determinations.

fetal death does not result from renal toxicity
of Cd (27).

Gerber et al. (26) investigated the effects of
dietary lead on placental blood flow and the
fetal uptake of a-amino isobutyrate in mice.
A microsphere technique was used to measure
placental blood flow. Their results indicated
lead caused a reduced blood flow to the pla-
centa but did not alter the fetal uptake of a-
amino isobutyrate on a per-weight basis.

Levin and Miller (27), also using a micro-
sphere technique, investigated the effects of
Cd on the fetal placental blood flow in the
rat. On day 18 of gestation, sc injection of 40
umole of Cd/kg did not statistically reduce
the placental blood flow 8 to 10 hr later. How-
ever, 12 to 16 hr and 18 to 24 hr after the Cd
treatment, the rats experienced a reduced
blood flow to the fetal placenta of 40 and 73%,
respectively.

Levin and Miller (31) have reported that
following sc injection, the placenta accumu-
lated Cd more rapidly than all maternal organs
except the liver. They further postulated that
the high concentrations of Cd in the placenta
might result in cellular damage to the tro-
phoblastic tissue or to the fetal vascular en-
dothelium. Since fetal development depends
on a delicately balanced supply of nutrients,

an interruption or alteration in this supply
could cause a retardation, abnormal growth,
or death of the developing embryo or fetus.
These experiments indicate that an acute ex-
posure of the pregnant female to CdCl, results
in an increased maternal-to-fetal clearance of
¢7Cu and a reduced blood flow to the placenta
and thus alters the supply of nutrients to the
developing embryo or fetus, which could alter
the normal progress of development.
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