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According to the hypothesis proposed by Harriss and 
Hohenemser (1978), Cd is classified as the second most 
dangerous metal in our environment. Furthermore, we 
can now detect the metal in natural food, for example, 
rice, oysters, mushrooms, cattle liver and kidney 
(Fassett 1980). This implies that Cd can enter the 
body via the gastrointestinal (GI) tract, and that its 
risk should be surveyed at all times. 

We (Sugawara et al. 1984, 1988) previously reported 
that when Cd was given orally to mice or rats, they 
showed a decrease of hemoglobin, or of hepatic and 
renal Fe. The decrease may be due to the decrease of 
Fe uptake into the intestinal mucosa brush border mem- 
brane (Hamilton and Valberg 1974). In a related work, 
Huebers et al. (1987) suggested that internalized-Cd 
blocks the transferrin cycle within intestinal cells. 
However, Sugawara et al. (1988) reported later that 
transferrin formation was not prevented in the duodenal 
mucosa cells of rats treated orally with CdCI 2. 

The role of transferrin in Fe absorption was proposed 
previously by Huebers et al. (1983). Recently, 
Ehtechami et al. (1989) re-evaluated the role of fer- 
ritin in the process of intestinal Fe absorption. Even 
now, Fe absorption from the GI tract is still under 
discussion. In order to understand the competition of 
Cd with Fe further, we gave some Cd compounds known to 
be taken up in different manners into the intestinal 
mucosa to mice. 

MATERIALS AND METHODS 

ICR strain male mice aged 6 weeks old were used. The 
food and tap water contained a 140 ~g/g diet of Fe and 
0.05 ~g/ml of Fe, respectively. Cadmium chloride solu- 
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tion containing 10 or 50 ~g of Cd was intubated orally 
with a capillary to the upper part of the duodenum 
under light ether anesthesia (Table 1). Mice were fast- 
ed for 12 hr before the intubation. After further 
starvation with only water for 6 hr, they were sacri- 
ficed. 

The small intestine (15-20 cm from the pylorus) was re- 
moved from the body, cut longitudinally and then washed 
well in 0.9% solution. Half of the intestine was di- 
gested with a mixture of nitric and perchloric acid to 
measure metal concentration. The other half was homog- 
enized using a Polytron with 10 volumes of 0.25 M su- 
crose solution to determine metallothionein (MT) or 
ferritin-bound Fe concentrations (Table I). 

A second experiment was carried out (Table 2 and Fig. 
I). Male mice were divided into 4 groups. The Cd-sc 
group received a single subcutaneous injection of Cd 
(1.0 mg/kg) as CdCl 2. Mice were sacrificed 24 hr after 
the injection. Animals were deprived of food for the 
last 6 hr. The Cd-or group was orally given Cd (50 ~g) 
as CdCl 2 with a capillary. The Cd-cy group was orally 
given a mixture of Cd (50 ~g) as CdCl 2 and cysteine 
(746 mg). The ratio of Cd/cysteine was 1/14 (mol/mol). 
Mice in the Cd-or and Cd-cy groups were killed 6 hr 
after intubation. No food was given during the 6 hr. 
The control group was orally given only 0.1 ml of de- 
ionized water. The small intestines (15-20 cm) were 
removed from these mice and the tissues were used for 
measurement of metals and MT. Metal was measured using 
a Hitachi 208 atomic absorption spectrophotometer (AAS) 
with an air/acetylene flame or a Hitachi 180-80 with a 
graphite furnace. 

A third series was studied (Table 3 and Fig. 2). Male 
mice were divided into 4 groups. The Cd and MT groups 
were orally given Cd (25 ~g) as CdCl 2 and Cd-MT (MT-II 
isolated from rat liver), respectively. The intubated 
MT solution contained 25 ~g of Cd. The CdCy group was 
orally given a mixture of Cd (25 ~g) as CdCl 2 and 
cysteine (43.8 mg). The ratio of Cd/cysteine was about 
I/6 (mol/mol). The control group was given only water. 

Intubation was done twice every 24 hr to the upper part 
of the duodenum. Mice were sacrificed 24 hr after the 
second dose. For the last 6 hr, they were deprived of 
food. The small intestine was removed and homogenized. 
After centrifugation (31,000 g for 40 min) of the 
homogenate, the supernatant was applied to a Sephadex 
G-75 column (Fig. 2). Protein was determined by the 
method of Lowry et al. (1951). Statistical analysis was 
performed by Student's t-test or analysis of variance 
(ANOVA) followed by Dunnett's multiple comparison test. 
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RESULTS AND DISCUSSION 

Intestinal Fe concentrations decreased 6 hr after the 
oral intubation of Cd, especially in the Cd-50 group 
(Table I). The decrease of total Fe was accompanied by 
a decrease of ferritin-Fe (Table I). No F-ratio ob- 
tained by the ANOVA test had a statistically signifi- 
cant Fe or ferritin-bound Fe concentration. When the 
data of the two Cd groups were combined for comparison 
to that of the control group, the difference of means 
between the combined- and control groups was signifi- 
cant for intestinal Fe (p<0.05) and ferritin-bound Fe 
(p<0.05) concentrations. However, there was no signif- 
icant difference in the hepatic Fe concentration. 
Sugawara et ai.(1984) previously reported that intes- 
tinal Fe was decreased by long exposure of mice to Cd. 
The present results (Table I) suggest that the decrease 
of Fe is due to the prevention of Fe uptake at the 
mucosal sites. 

For the intestinal Cd and MT concentrations, the Cd-50 
group showed higher values than the Cd-10 group did 
(Table I). In the two groups, there was a negative cor- 
relation coefficient (r=-0.523, Y=8.132-0.194X, n=10) 
between Fe(X) and Cd(Y) concentrations. The results 
strongly indicated that the two metals were taken up 
competitively at the intestinal mucosa. As shown above, 
however, the decrease of intestinal Fe did not yet in- 
fluence the Fe concentration in the liver (Table I). 
Hepatic Cd concentration was about 10 times higher in 
the Cd-50 group than in the Cd-10 group. There was no 
significant relation between hepatic Cd and Fe. 

As for the intestinal Fe concentration, the Cd-po group 
showed a significantly low concentration of Fe compared 
to the other groups (Table 2). In the Cd-sc group, the 
decrease of Fe was hot significant compared to that in 
the control group (Table 2). Although there was no dif- 
ference in Cd and MT concentrations between the Cd-po 
and Cd-cy groups, a significant difference was found in 
the Fe concentration. Accordingly, we can suggest two 
possibilities. One is that ionic Cd is an integral form 
for the inhibition of Fe uptake and that the internal- 
ized Cd does hot affect the uptake of lumenal Fe into 
the intestine. More probably, lumenal Cd ions compete 
with Fe at the brush border membrane (BBM) to decrease 
the uptake of Fe into the intestine. The decrease may 
bring about the reduction of hepatic or renal Fe and, 
eventually, cause anemia. 
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Table 2. Concentrations of Cd, MT and Fe in the 
intestine 

Cd 
(mg/g tissue 

Intestine 
MT Fe 

(Cd ~g/g tissue) (mg/g tissue) 

Control (5) -a -a 29.72• 
Cd-sc (6) 1.40• -a 25.90• 
Cd-or (7) 3.63• 7.21• 21.72• 
Cd-cy (7) 3.15• 9.85• 27.02• 

a: not determined, b: slgnificant at p<0.05 by 
Dunnett's test compared to the Cd-or or Cd-cy group. 
c: 5 mice. d: significant at p<0.05 compared to the 
control or Cd-cy group. 

When Cd as CdCI 2 was given subcutaneously, Cd could be 
detected at a low concentration in the intestine (Table 
2), but in the liver the Cd concentration (1.17• 
(M• mg/g liver) was significantly higher than that 
of the other two groups (0.15• and 0.53• ~g/g 
liver in the Cd-or and Cd-cy groups, respectively). 
Unfortunately, the MT concentration in the intestine 
could not be determined. However, about 35% of the Cd 
in the intestinal supernatant was located in the MT 
region on the Sephadex G-75 column (figure not shown). 

Intestinal ALPase activity was decreased with increas- 
ing Cd concentrations (Fig. I). The high activity of 
ALPase in the Cd-sc group may have been due toits low 
concentration of Cd. These results indicated that the 
status of Cd in the intestine of the Cd-sc group was 
very similar to that in the Cd-or group. 

The intestinal Fe concentration was significantly lower 
in the Cd group than in the other groups, including the 
control (Table 3). In particular, although there was no 
difference in Cd and MT concentrations between the Cd 
and CdCy groups, the Fe concentration was significantly 
lower in the Cd group than in the CdCy group. Further- 
more, the MT group did hot show any downward trend of 
Fe concentration (Table 3). Actually, in the MT group, 
the Cd concentration was approximately I/3 of that in 
the Cd and CdCy groups, although the MT concentration 
was not different from either one. These results imply 
that the three lumenal Cd compounds were taken up into 
the intestinal mucosa in different manners. Cysteine- 
bound Cd and, probably, MT-bound Cd were taken up in 
inact form. 

The control group showed the lowest mean hepatic Fe 
concentration of the four groups (Table 3). However, 
there were no statisticaly significant differences 
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H 

Figure I Relationship 
between intestinal Cd and 

�9 ALPase. The means of the 
activity in Cd-or and 
Cd-sc were 0.054• and 
0.085• (M• re- 
spectively. The mean of 
the control group was 
0.102• Coefficient: 
r:-0.716 (n:13, p<0.01). 
�9 and O: Cd-or and Cd-sc 
groups, respectively. 

ALPase (E.C.3~ 
3.1) was deter- 

~OO~O �99 mined by the 
method of Bessey 
et ai.(1946). 

0.05 0.1 
! 

Intestinal ALPase (p-nitrophenol 
~mol/mg protein) 

(22, 
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/~CdCy-group 
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20 30  F r a c t i o n  NO. 

Figure 2 Distribution of Cd in the intestinal superna- 
tant. Intestinal supernatant was applied to a Sephadex 
G-75 column (I.0x45 cm) equilibrated with 0.02M Tris- 
HCI buffer (pH 8.5). Markers I and 2 are the elution 
points of blue dextran and cytochrome C, respectively. 

268 



among these groups. Hepatic Cd accumulated to the 
greatest concentration in the Cd group, followed by the 
CdCy- and MT-groups (Table 3). These results suggest 
that these three Cd compounds are taken up into the in- 
testine not only in different ways, but also that they 
circulate in the blood in different ways. 

Although competition between lumenal Cd and Fe has been 
reported (Pond and Walker 1972; Freeland and Cousins 
1973), its mechanism, especially in the absorption 
cells, is still uncertain. Recently, Huebers et al. 
(1987) noted that Cd in some way blocks the transferrin 
cycle within the mucosal cells. Their report suggests 
that the internalized-Cd in the mucosal cells depresses 
the transfer of Fe te the body. However, our results 
obtained from administration of a Cd-cysteine complex 
(Tables 2 and 3) and Cd-MT (Table 3) did not support 
their hypothesis. 

It is known that Cd is bound specifically to MT protein 
(Sugawara and Sugawara 1987), and that Fe is bound 
mainly to ferritin and transferrin (Worwood and Jacobs 
1971). In this study, Cd was distributed in the MT 
fraction, regardless of the Cd compound (Fig. 2). Even 
when Cd was given subcutaneously, it was round in the 
intestine at a low level (Table 2). This suggests that 
even when Cd is given parenterally, anemia or depres- 
sion of tissue Fe due to a deficit of Fe absorption 
should be observed. However, previous reports (Sugawara 
et al. 1984; Prigge et al. 1977) do hot support this 
hypothesis. Therefore, the further transfer through the 
basolateral membrane may be different between Cd and 
Fe, although the two metals may share common sites for 
their uptake into the mucosa BBMs (Valberg 1976). 

In Fe deficiency, absorption of Cd is stimulated 
(Hamilton and Valberg 1974). Accordingly, females who 
have latent Fe deficiency should avoid exposure to Cd, 
especially oral ionic Cd. Thus, Cd exposure for a long 
period presents a possible risk for anemia. 
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