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Metallothionein (MT) was first separated from equine renal cortex by
Margoshes and Vallee in 1957 [1]., and was thought to play a role in a wide
range of potential homeostatic mechanisms, either in catalysis, storage, immune
phenomena_ or detoxification [2]. The chemical structure [3] and b1olog1cal
functions [4] of MT have since been studied extensively.

The combination of high-performance liquid chromatography (HPLC) and
atomic absorption specirophotometry has recently enabled a quicker and
better separation of MTs {5]. In the present experiments, therefore, tissue MTs
from monkeys fed cadmium for a long period were subjected to HPLC analysis,
and the HPLC elution profiles of the renal cortex are discussed in association
with cadmium-induced nephropathy. .

EXPERIMENTAL -

Speczmens

- Rhesus monkeys were fed dally 150 g of CLEA monkey pelleted food con-
taining cagmxum chlonde at dose levels of 0, 3, 10, 30 or 100 mg/kg cadmium
over a period of 153 weeks. Control pelleted food (CLEA) contained 0.23 mg/
kg cadmium. Biological effects of cadmium have been reported elsewhere [6].
The renal cortex and the liver specimens were subjected to HPLC analysis at
the 101st week of the experiment. MTs from other organs were analysed in
specimens from a monkey fed cadmium at a dose level of 30 mg/kg for 153
weeks.

Preparatiori of metallothioneins
One monkey of the 100 mg/kg group was sub_]ected to tissue MT preparation
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at the 101st week Tlssues Were homogemzed ind volumes of 0. 25 M sucrose—
0.02 M Tris—HCI buffer (pH 8. .0), and the homogenate ‘was heated -at 80°C for
3 min. Then, it was centrifuged at 40,000 g for 60 min. The supernatant was
filtered on a Sephadex G-75 column (95 cm X 5.0 cm) at a flow-rate of 60
ml/h in 0.02 M Tris—HCl buffer (pH 8.0). After delomzatlon on Sephadex
G-25 MT was obtained by freeze-drymg the eIuate

Hzgh-performance liquid chromatographv

Tissues were homogenized in 5 volumes of 0.25 M sucrose—0.02 M Tris—HCI
buffer (pH 8.0), and the homogenate was centrifuged at 40,000 g for 60 min.
Five hundred microliters of the supernatant were subjected to HPLC analysis.
MT composition was analysed using Suzuki’s procedure [5] with the use of a
Toyo Soda high-performance liquid chromatograph Model 803 equipped with a
gel permeation column (Toyo Soda TSK GEL -SW 3000, 600 X 21.5mm 1.D.)
and 0.05 M Tris—HCI buifer solution (pH 8.0) containing 0.1% sodium dodecy!
sulfate at a flow-rate of 3.5 ml/min. The eluate was directly introduced into a
Varian-Techtron atomic absorption spectrophotometer Model AA 1100 equip-
ped with background corrector BC 6, and the atomic absorptions of heavy
metals were continuously monitored. The chart speed was 2 mm/min.

RESULTS

Heavy metals in metallothioneins

As seen in Fig. 1, the elution profiles of purified MTs from the renal cortex
and the liver of a monkey of the 100 mg/kg group at the 101st week, showed
four MTs: MT 1 (retenticn time 445 min), MT 2 (40.3 min), MT 3 (37 .8 min)
and MT 4 (35.0 min). The molar ratios of cadmium, zinc and copper are listed
in Table I. Cadmium accounted for 80—90% of the heavy metals. The copper
content was higher in renal MTs than in hepatic MTs, while zinc was higher in
hepatic MTs than in renal MTs. MT 1 from the renal cortex and MT 1 from the
liver were the richest in copper among the four MTs.

Renal metallothioneins

As shown in Fig. 2, HPLC elution profiles of renal cortex cytosol from
monkeys exposed to cadmium at various dose levels for 101 weeks indicated
that cadmium bound with higher-molecular-weight (HMW) proteins as well as
with MTs such as MT 1, MT 2, MT 38 and MT 4. MT dimers were alsc identified
by reducing them to MTs by adding neat mercaptoethanol [7]. Low-molecular-
weight cadmiums (LMW-Cds) were detected at longer retention times of 54, 57
and 71 min. HMW-Cd and MTs were elevated with increases in cadmium level,
and the ratios of the four MTs also changed with cadmium level.

Quantitative analysis indicated that the total MTs were elevated with in-
creases in cadmium level by the 30 mg/kg level. HMW-Cd increased very slight-
ly. With increases in the cadmium level, MT 1 was elevated and reached a
maximum at the 30 mg/kg level, and then decreased slightly. MT 2, MT 3 and
MT 4 were elevated with increases in cadmium level. MT 2 was the largest
fraction at the 100 mg/kg level. LMW-Cds, which had longer retention times
of 54, 57 and 71 min, were detected in the 10, 30 and 100 mg/kg levels.
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Fig. 2. HPLC elution profiles (cadmium) of MT from the renal cortex of monkeys of the
0, 3, 10, 30 and 100 mg/kg groups at 101 weeks. Reproduced from ref. 6, with permission.
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TABLEI j :
' MOLAR RATIOS OF HEAVY METALS IN MONKEY RENAL AND HEPATIC METALLO-
THIONEINS

- Data are expressed as percentages.

Renal corfex . Liver:

Cd Zn Cu Cd Zn Cu

MT 1 849 87 64 806 190 04
MT 2 87.9 96 26 79.1 209 0.1
MT 3 874 107 1.7 8§0.9 19.0 0.2
MT 4 89.4 87 19 85.1 146 0.2

Hepatic metallothioneins

In the conirol group a scarce amount of cadmium was detected mainly as
HMW-Cd and MT 3. MT 1, MT 2, MT 4 and MT dimers increased with increase
in cadmium level. LMW-Cds were also detected at longer retention times of 54,
57 and 71 min in the 100 mg/kg group.

Quantitative analysis indicated the increases in HMW-Cd and MTs with cad-
mium level. MT 2 was the largest fraction among all the MTs, followed by
MT 3. MT 1 was found to increase with cadmium level to reach a maximum at
the 30 mg/kg level. MT 4 was detected at the 10 mg/kg level, and was elevated
rapidly with the cadmium level. HMW-Cd and LMW-Cds were minor fractions.
HMW-Cd was increased slightly with the cadmium level. LMW-Cds were detect-
ed at the 10 mg/kg level, and were elevated rapidly with the cadmium level.

Methallothioneins from other organs

Tissues from i monkey fed cadmium at a dose level of 30 mg/kg for 153
weeks were subjected to HPLC analysis. Because the detection limit of cad-
mium was 30 mg/l, tissues of above 10 mg/kg cadmium were subjected to the
HPL.C analysis as shown in Fig. 3.

The pancreas contained a very large amount of MT 2, MT 3 and MT 4, as
well as LMW-Cds with longer retention times of 54 and 57 min; a scarce
amount of MT 1 was also detected. MT 2, MT 3 and MT 1 were found in the
stomach and jejunum; small amounts of HMW-Cd and LMW-Cd with a
retention time of 57 min were detected as well. From the duodenum, small
amounts of MT 1 and MT 2 were determined as well as HMW-Cd and LMW-Cd
with a retention time of 52 min. Very small amounts of MT 2 and MT 3 were
detected in the bladder, heart and lungs. The mandibular glands contained a
scarce amount of MT 1, MT 2 and MT 3, as, well as HMW-Cd and LMW-Cds
with retention times of 54 and 57 min. The parotid glands contained a rela-
tively large amount of MT 2 and MT 3 and a small amount of MT 1. MT 2,
MT 3 and HMW-Cd were found in the testis. Cadmium in the muscle seemed to
bind with HMW proteins, MT 2 and MT 3 as well as with MT 1.

DISCUSSION

The combination of HPLC and atomic absorption spectrophotometry [5] en-
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abled us to obtain a quicker and better separation of tissue MTs. Also, monkey

_renal cortex and liver were found .to contain more kinds of MTs than other
animal species in the present study. By ion-exchange chromatography Kimura
et al. [8] separated seven MTs from African green monkey kidney cells pre-
‘treated- with cadmium though not sufficienily clearly, and five MTs from the
kidneys and liver of a rhesus monkey previously given fourteen subcutaneous
injections of cadmium at a dose level of 3 mg/kg. Our MT 1 seemed to corre-
spond to MTs A and B of Kimura et al. [8]. It has not been fully elucidated
why the number of separated MTs are different in the two studies.

As previously reported [6], the total MTs in the renal cortex was elevated
with the increase in cadmium level, except at the 100 mg/kg level, at which
level renal damage was found. Because the biological half-time of MT was re-
ported to be short [3], the MT concentration in the renal cortex of the 100 mg/
kg group was expected to decrease rapidly once MT production in the renal cor-
tex was depressed due to renal damage. MT 1 especially was much smaller at
the 100 mg/kg level than at the 30 mg/kg level. MT 1 production might be in-
parallel with the viability of the renal cortex cells.

Cadmium is thought to be detoxified by binding with MT [3, 9]. In the
present experiments almost the same amounts of LMW-Cds were found at the
10, 30 and 100 mg/kg levels, at which levels renal dysfunctions were detected
at the time of experiment (after the 120th week only for the 10 mg/kg group)
[6] . This fact might suggest that LMW-Cds are an etiological agent for inducing
nephropathy. The hypothesis accorded well with our previous reports that non-
MT Cd is responsible for inducing nephropathy [6, 10}.
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