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To investigate the role of metallothionein (MT)
on the accumulation and toxicity of orally adminis-
tered cadmium (Cd), metallothionein null and 129/
Sv mice were fed a Cd-containing diet (50 ppm) for
four months. Cd concentrations in the liver and
kidney of MT null mice did not exceed 10 yg/g
throughout the exposure period, while a time-
dependent increase in tissue Cd concentrations was
observed in the control mice. However, no apparent
nephrotoxicity was observed in MT null mice, as is
contrary to previous observations in which repeated
subcutaneous injections of Cd caused renal dysfunc-
tion in MT null mice, though the renal Cd concen-
trations did not exceed 10 yg/g. The results of this
study suggest that the route of Cd administration
plays an important role in the manifestation of Cd
nephrotoxicity, even in the absence of MT.
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INTRODUCTION

Cadmium (Cd) is a wide-spread pollutant
which accumulates in the kidney, leading to renal
dysfunction. Dietary Cd appears to be the major
source of Cd uptake in humans, especially in
rice-eating populations.® It has been well
documented in animal studies that the route of Cd
administration is an important determinant for
the subsequent tissue distribution of Cd. Expo-
sure to Cd from the diet results in preferential
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accumulation of Cd in the kidney, whereas the
intravenous injection of Cd results in higher
concentrations of Cd in the liver than in the
kidney.® Metallothionein (MT), a low-molecular-
weight metal-binding protein, plays an important
role in the tissue distribution of orally adminis-
tered Cd. Preinduction of MT in the intestine was
shown to increase the renal accumulation of Cd.#
When Cd bound to MT was directly administered
to the blood stream of rats, it preferentially
accumulated in the kidney.>®

Recently, MT null mice, in which the genes
for MT-I and II were disrupted by gene targeting,
have been utilized for the elucidation of the role
of MT in the metabolism and toxicity of Cd.”®
MT null mice exhibited higher sensitivity to Cd
toxicity than control mice.”® However, only the
lethality or hepatic toxicity of Cd by acute expo-
sure has been investigated in these studies.
Recently, Liu et al. reported that repeated subcu-
taneous (s.c.) injections of CdCl, led to renal
damage in MT null mice but not in control mice,
while the renal accumulation of Cd in MT null
mice was much less than that in control mice.®
However, it remains unknown whether the fate
and toxicity of Cd is affected by the lack of MT
when Cd was orally administered to animals long
term. The purpose of this study was to examine
the accumulation and toxicity of Cd in MT null
and control mice receiving Cd from their diet for
four months. '

MATERIALS AND METHODS

Animals and Diets —— MT null mice and con-
trol 129/Sv mice were purchased from Jackson
Laboratory (Bar Harbor, ME, U.S.A) and
maintained at Kitasato University. The diet
containing 50 ppm of Cd as CdCl, was purchased
from Clea Japan, Inc. (Tokyo). Five-week-old
male mice of both strains were fed Cd-containing
diets for 0, 1, 2, 3 and 4 months.

Determination of Cd and Metallothionein Con-
centrations —— The Cd concentration in the
liver and kidney was determined by atomic
absorption spectrophotometry (SPECTRAA 400,
Varian) after acid digestion of tissue samples
with HNO;. MT concentration was determined
by a Hg-binding assay described previously'®
with a slight modification. Briefly, HgCl, instead
of [**Hg]-labeled HgCl, was used for saturating
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the metal binding sites of MT, and the Hg con-
centration in the final supernatant was deter-
mined by atomic absorption spectrophotometry
using a Mercury Analyzer (RA-2, Nippon Instru-
ments, Tokyo) after acid digestion with HNOQO; at
100C for 30 min. MT concentration was expres-
sed as nmol Hg bound to MT.

Assays for Renal Dysfunction —— Urine sam-
ples were collected from each mouse placed in a
metabolic cage for 4 h on the day of killing.
Blood samples were collected from the vena cava
under anesthesia. The concentration of blood
urea nitrogen (BUN) was measured using the
BUN Test Wako. The activities of urinary g-N-
acetyl glucosaminidase (NAG) and y-glutamyl
transpeptidase (y-GTP) were measured using
NAG Test Shionogi and y-GTP Test Wako,
respectively. Urinary creatinine concentration
was determined by Jaffe’s method.'¥ Histopath-
ological examination of the kidney was carried
out after the fixation of tissue samples with
neutralized formaldehyde solution, followed by
staining with hematoxylin and eosin.
Administration of Radiolabeled Cd ——MT
null and 129/Sv mice were orally administered a
single dose of ['°Cd]-CdCl, (Amersham Phar-
macia Biotech., Tokyo) at a dose of 0.36 ug Cd/
kg body weight. Mice were killed at 6, 24, 48 and
72 h after the CdCl, administration, and the tissue
distribution of Cd was determined by the radio-
activity of 1°°Cd using a y counter (ALOKA Auto
Well Gamma System, ARC-300).

RESULTS

As shown in Fig. 1, the time-dependent accu-
mulation of Cd in tissue was different between
MT null and control mice. Cd concentrations in
both the liver and kidney of the control mice
increased with time, whereas those in MT null
mice did not exceed 10 pg/g during the whole
period of Cd exposure. Hepatic and renal Cd
concentrations reached plateau levels at two and
one month, respectively, in MT null mice. MT
levels in the liver and kidney of MT null mice
were under the detection limit, while a time-
dependent increase in MT concentration in both
tissues was observed in the control mice (data not
shown).

To examine whether the lowered Cd accumu-
lation in MT null mice is caused by the reduced
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Fig. 1. Time-Dependent Accumulation of Cd in Liver and
Kidney of MT Null and 129/Sv Mice Fed Cd-
Containing Diet (50 ppm)

* Significantly different from “129/Sv mice” (p <0.01, by ¢-test).

uptake of Cd from the intestine, a single dose of
109Cd-labeled CdCl, was orally administered to
both strains of mice. As shown in Fig. 2, *°Cd
concentrations in the liver and kidney of MT null
mice were not less than those in the control mice.
In fact, hepatic *°°Cd concentrations at 6 and 24 h
in MT null mice were higher than those in control
mice. Thus, no decrease in intestinal absorption
or subsequent tissue distribution of Cd was obser-
ved in MT null mice in the short-term experi-
ment.

After four months of dietary exposure to Cd,
renal function was examined using biochemical
indicators obtained from blood and urine sam-
ples. None of the indicators, including BUN,
urinary NAG activity or y-GTP activity, exhibit-
ed an increase in either strain of mice (Table 1).
In addition, histopathological examination of the
kidney did not reveal any lesions in either strain
(data not shown).
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Table 1. Effects of Dietary Cadmium Exposure on Renal Function in MT Null and 129/Sv Mice

129/Sv mouse

MT null mouse

Time (month)

0

Time (month)
4 0 4

BUN 23.8+ 1.2
(mg/dl)

Urinary NAG
(unit/mg creatinine)
Urinary y-GTP
(unit/mg creatinine)

104.0+18.4

40.7£12.6

215+ 3.1 248+ 2.9 23.0+ 25

97.6£26.6 70.4+11.8 91.0+ 9.2

43.3%= 4.6 66.4£11.7 63.11£50.6
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Fig. 2. Tissue Distribution of **Cd in MT Null and 129/

Sv Mice after a Single Oral Dose of [1*°Cd]-CdCl,
*, Significantly different from “129/Sv mice” (p <0.05, by t-test).

DISCUSSION

The results of our present study demonstrat-
ed that Cd concentrations in the liver and kidney
of MT null mice fed a Cd-containing diet reached
a plateau level at one or two months and did not
exceed that level thereafter, while the tissue Cd
concentrations in control mice increased time-
dependently. Restricted Cd accumulation in the
kidney was also reported in a study by Liu et al.,
in which MT null mice received repeated s.c.
injections of CdCL, for 3—10 weeks. In their
experiments, renal Cd concentrations did not
exceed 10 ug/g even in the group of mice receiv-

ing the maximum dose of Cd (0.1 mg/kg/day for
ten weeks). Thus, both routes of Cd administra-
tion, dietary feeding in the present study and s.c.
injections in Liu’s study, resulted in the same
plateau levels of Cd accumulation in the kidney
of MT null mice after long-term exposure. In
addition, a short-term experiment with the oral
administration of *°Cd (Fig. 2) suggested that the
rate of intestinal absorption and subsequent tis-
sue distribution of Cd were almost similar
between the two strains. These results suggest
that the restricted accumulation of Cd in the
kidney of MT null mice is not caused by a factor
relevant to the route of Cd administration.
Instead, the non-inducibility of MT in the kidney
of MT null mice may be responsible for the
limited Cd accumulation. In support of this
notion, hepatic Cd concentrations also exhibited
the same plateau level of 10 xg/g in MT null
mice.

On the other hand, no apparent renal dysfun-
ction was observed in MT null mice after four
months’ exposure to dietary Cd (Table1). This
observation is contrary to the findings by Liu et
al.” They reported that renal damage was obser-
ved in MT null mice after repeated s.c. adminis-
tration of Cd, even though the renal Cd concen-
tration did not exceed 10 wg/g. Although the
mechanism of this discrepancy remains unknown,
it should be considered that the route of adminis-
tration and the form of Cd may modulate the
renal toxicity of Cd. In the case of s.c. injection,
hepatic damage precedes renal damage due to a
higher accumulation of Cd in the liver, and the Cd
bound to MT released from the liver has been
considered to be responsible for the renal toxicity
of Cd. However, the study by Liu ef al. using MT
null mice suggested that Cd-MT is not necessar-
ily the cause for Cd nephrotoxicity,” although
they did not clarify the form of Cd responsible for
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its nephrotoxicity. On the other hand, when Cd is
orally administered to animals, intestinal pro-
teins or peptides seem to bind to Cd and transport
it gradually to the blood circulation. Therefore,
the discrepancy in the nephrotoxicity in MT null
mice between the two routes of Cd administra-
tion might be caused by a difference in non-MT
carrier(s) for Cd utilized in each route of adminis-
tration.

The results of our study and Liu’s study
demonstrate that both the oral and s.c. adminis-
tration of Cd results in restricted accumulation of
Cd in the tissues of MT null mice similarly, but
the manifestation of Cd nephrotoxicity was dif-
ferent between the two routes of administration.
Thus, the route of Cd administration plays an
important role in the manifestation of Cd ne-
phrotoxicity, even in the absence of MT.
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