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Abstract

The present study was designed to clarify the mechanism of nickel uptake in primary cultures of rat
hepatocytes. Exposure of the hepatocytes to Ni(2~50 x M ; as NiCl) for up to 6 h was not cytotoxic,
as assessed by the tetrazolium-based dye (MTT) assay. Hepatocytes were treated with 10 2 M NiClz in
the absence or presence of calcium (Ca) and magnesium (Mg) (ImM). Ni uptake was increased by
19% in medium lacking Mg or Ca and was increased by 37°C in Ca and Mg-Free medium. The role
of Ca channels on Ni uptake by the hepatocytes was investigated. Pretreatement with nicardipine of
verapamil (200 z M), potent inhibitor of Ca channels, decreased Ni uptake by 20%. This effect was
only observed when the cells were incubated in the absence of Ca. Pretreatment with vasopressin (100
# M), a well known Ca channel agonist, significantly increased Ni uptake by the hepatocytes (24%).
To determine the involvement of carrier-mediated processes on Ni uptake, the effect of temperature
was also investigated. At 4°C the Ni uptake was decreased by 20% compared to uptake at 37°C. These
results indicate that Ni uptake by the hepatocytes occurs, at least in part, through the Ca channel

transport processes. Further study will be required to assess what other mechanisms are involved.
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1. Introduction

Nickel (Ni) is an important inorganic environ-
mental pollutant and the potential for human
exposure has generally risen with its increasing
industrial usage”. The toxicity and carcino-
genisity of Ni compounds in experimental animals
and humans have been well documented®?.
Exposure to Ni can result in damage to various
tissues, including liver, kidney, lung and testes®®,
Increased lipid peroxidation has been observed
during Ni detoxication, and it is thought that Ni-

induced oxidative damage may be an important

“mechanistic aspect of Ni toxicity”. Recently,

Stinson et al. have demonstrated the occurrence of
oxidative damage, specifically lipid peroxidation,
in liver in response to NiClz exposure®.

The ability of Ni to enter target cells appears to
be a major determinant of the toxic effects of the
metal'®™, It has been reported that many metal
ions, including zinc (Zn), cadmium (Cd),
manganese (Mn) and Ni, inhibit calcium (Ca)
inflow through the Ca channels'. Since Ca is
taken up through specific channels, it would

appear that these metals inhibit Ca uptake by
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competing with each other for the channels on the
cellular membrane. Furthermore, since the ionic
radius of Ni is smaller than that of Ca' , Ni may
also flow into cells through Ca channels. Indeed,
in bullfrog ventricle strips and molluscan smooth
.muscles, Ni can cross the membrane through Ca
channels and competes with Ca for specific
receptors'+',  However, the mechanisms of Ni
uptake by liver cells have not been defined. The
transport pathways may vary in each cell type and
may depend on the morphological and functional
differences between the cell membranes.

In the present study, we examined the effects of
Ca channel blockers, nicardipine and verapamil,
and the agonist, vasopressin, on Ni uptake using
primary cultures of rat hepatocytes. The effects
of essential metals such as Ca and magnesium
(Mg), and the effect of temperature on Ni uptake

were also investigated.

2. Materials and Metheds
2.1. Chemicals

Nickel chloride (NiClz*6H20), was purchased
from Nakarai Tesque, Inc. (Kyoto, Japan).
Nicardipine and verapamil were obtained from
Yamanouchi Pharmaceutical Co., Ltd. (Tokyo,
Japan) and Eisai pharmaceutical Co., Ltd.(Tokyo,
Japan), respectively. Vasopressin was purchased
from Peptide Institute, Inc. (Osaka, Japan).
Radioisotopic nickel ®*Ni) was purchased from
New England Nuclear Co. (Boston, MA). Other

chemicals were of reagent grade.

2.2. Rat hepatocyte cultures

- The hepatocytes were isolated from male
Wistar rats (Kyudo Co., Ltd., Kumamoto Japan),
weighing 150-200 g, by the method of Berry and
Friend'®. Cell viability, determined by the trypan

blue exclusion method, was greater than 95%.
Primary cultures of hepatocytes were established
by seeding 7 x 10° cells onto 6-well plates. The
cells were cultured in Eagle's minimum essential
medium (Nissui Pharmaceutical Co., Ltd., Tokyo,
Japan) supplemented with 5% fetal bovine serum
and 0.03% glutamine for 24 h before treatment.
Cultures were maintained in a humidified

atmosphere of 5%C02/95% air at 37C.

2.3. Cytotoxicity

The hepatocytes were treated with various levels
of NiClz (0, 2, 5, 10, or 50 M) for 0.5, 1, 2, 4 or
6 h. Cell viability was assessed by the 3-(4,5-
dimethylthioazole-2-yl)-2,5-diphenyl- tetrazolium
bromide (MTT) assay 9,

2.4. Determination of Ni uptake

Twenty-four hours after hepatocyte isolation,
cells were washed with Hank's balanced salt
solution (HBSS) (Sigma Chemical Co., St. Louis,
MO) containing 1.26 mM Ca?* and 0.9 mM Mg?,
and then treated with 10, 30, or 50 « M NiCl. (4
kBq ®Ni per well) in HBSS for up to 6 h. After
the treatment, the cells were washed three times
with phosphate-buffered saline containing 2 mM
0,0"bis (2-aminoethyl) - ethyleneglycol-N,N,N’,
N'-tetraacetic acid (EGTA) to remove free and
loosely bound metal. The washed cells were
scraped to remove them from the plate and
suspended in 1ml of 1 N NaOH to dissolve the
cells. Then an aliquot (100 « I) of the solution was
added to 1 ml of liquid scintillator (ACS II;
Amersham International, UK). Cellular %Ni
radioactivity was measured with an Aloka liquid

scintillation counter (model LCS-3500).

2.5. Effects of Ca and Mg on Ni uptake
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The cells were treated with 10 2« M NiClz in
the presence or absence of CaCl2 and MgCI2 (1
mM) for up to 60 min. The amount of Ni uptake

by the cells was determined.

2.6, Effects of Ca channel blockers and Ca
agonist on Ni uptake

The cells were pretreated with 200 M
nicardipine or verapamil for 30 min, or 100 nM
vasopressin for 3min. The amount of Ni uptake in
the presence or absence of CaClz and MgCle (1
mM) was determined after 60 min incubation

uptakel0 y M #NiCla.

2.7. Effect of temperature on Ni uptake

The cells were incubated in HBSS at either 4C
or 37°C for 30 min prior to treatment with NiCla.
Then the cells were treated with 10 z M ®NiClz in
HBSS at either 4°C or 37°C for up to 60 min. The

amount of Ni uptake by the cells was determined.

2.8. Statistical analysis

Data were analyzed by a one-way analysis of
variance. When the analysis indicated significant
difference, the treated groups were compared to
the controls by Duncan's new multiple range test

(p<0.05).

3. Results
3.1. Effect of Ni on cell viability

The effect of Ni on cell viability was assessed in
hepatocytes using the MTT assay. Exposure to Ni
(ranging from 2 to 50 « M) for up to 6 h did not
induce detectable toxic effects on the cellular

level (data not shown).

3.2. Effect of time and dose on Ni uptake

Time course of Ni uptake by hepatocytes is

shown in Fig. 1. The uptake of Ni was increased
rapidly in the first 30 min and then continued at a
slower rate for the remainder of the 5.0 h
observation period. Total accumulations after 6 h
were 0.9, 1.8 and 3.4 nmol Ni per mg protein in
the cells treated with 10, 30 and 50 4 M Ni*,

respectively.

3.3. Effects of Ca and Mg on Ni uptake

Hepatocytes were treated with Ni in the
presence or absence of the essential metals, Ca
and Mg (Fig. 2). Increases in the uptake of Ni was
observed in the cells incubated in Ca-free, Mg-
free, or Ca- and Mg-free HBSS as compared with
the cells incubated in complete HBSS. Ni uptake
after 60 min was significantly greater in Ca- and
Mg-free HBSS (37%) than in HBSS lacking
either Ca? or Mg? (19%)

3.4. Effects of Ca channel blockers and Ca
agonist on Ni uptake by hepatocytes

The role of Ca channels on Ni uptake by
hepatocytes was studied (Table 1). Pretreatment
with either 200 4 M nicardipine or verapamil, a
potent inhibitor of Ca channels, significantly
decreased Ni uptake by approximately 20%. This
inhibitory effect was only observed when the cells
were incubated in the absence of Ca.

Vasopressin was used to determine whether the

stimulation of Ca channels would increase Ni

' uptake into hepatocytes (Table 1). Ni uptake was

24% greater in the presence of vasopessin, a
known agonist of Ca channels, but had not effect

on Ni uptake when Ca was present.

3.5. Effect of temperature on Ni uptake by
hepatocyte

To determine the involvement carrier-mediated
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transport processes on the uptake of Ni, the
hepatocytes were treated with Ni at either 4Cor
37°C (Fig. 3). The uptake of Ni at 4C was 80%
of the level observed at 37°C.

4. Discussion

The results of the present study indicate that Ca
channels are involved in Ni uptake in
hepatocytes. This is consistent with previously
reported studies in bullfrog ventricle strips'®'™,
Similar to the toxic metals, like Cd and mercury
(Hg) 229, the uptake of Ni by hepatocytes is a
rapid and biphasic process. A part of the Ni
transport processes in hepatocytes was
determined to occur through Ca channels, Two
Ca channel blockers tested showed very similar
inhibitory effects on Ni uptake with a maximum
inhibition of 20%. Additionally, Ca channel
agonist, vasopressin, enhanced the Ni uptake by
hepatocytes to a 24%. These finding clearly
indicate that Ni is taken up through Ca channels.
However, other mechanisms responsible for Ni
uptake by hepatocytes remain to be elucidated.
Therefore, further study will be requited to assess
what other mechanism are involved.

Three kinds of processes whereby Ca can cross
the plasma membrane of animals include voltage-
operated Ca channels®?¥, receptor -operated Ca
channels® and facilitated diffusion®. It has been
reported that Ca channels in hepatocytes are
receptor-operated rater than voltage-operated and
are inhibited by many metal ions such as Zn, Cd,
Mn and Ni'®. This is supported by our findings
that, in the presence of Ca and Mg, Ni uptake by
hepatocytes was significantly decreased.
Combination of Ca and Mg had a greater
inhibitory effect on Ni uptake than either metal

alone. This is because the ionic radii of Ni (0.66

A) and Mg (0.65A) are smaller than that of Ca
(0.99 A), enabling these metals to pass through
the, Ca channels. Thus, it can be deduced that Ni
may compete with Ca and Mg for Ca channels.

Previously, Abbracchio et al. reported that
treatment of Chinese hamster ovary cells with
NiClz at 4C resulted in 50% decrease of Ni
uptake compared to the control cells treated at
37°C#, Similarly, in the present study, the uptake
of Ni by hepatocytes was affected by low
temperature (20% decrease). It has been reported
that transport processes involving membrane
carriers are temperature-dependent®. Recently,
Blazka and Shaikh found that 80% of Cd uptaken
by hepatocytes was inhibited by low temperature
at 4°C?", while verapamil pretreatment decreased
the Cd uptake with a maximum inhibition of
319", These results suggest that the uptake of
Cd by hepatocytes occurs not only through Ca
channels but also through the other membrane
carrier transport processes. However, the current
data show that the percentage of the inhibitory
effects of Ca channel blockers on uptake of Ni
was actually the same as that of low temperature,
indicating that inhibition by low temperature may
correspond to inhibition of the Ca channels by the
blockers. In addition, simple diffusion probably
accounts for some of the Ni uptake as well. From
these results, it can be concluded the uptake of Ni
by hepatocytes occurs, at least in part, through Ca
channels, and temperature -insensitive process
may be involved in the uptake.

In conclusion, the results of the present study
indicate that Ca channels are involved in the
uptake of Ni by hepatocytes. However, other
mechanisms responsible for Ni uptake by

hepatocytes remains to be elucidated. Further
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study will be required to assess what other 1) Nriagu, J.0., Pacyna, J.M., Quantitative

mechanisms are involved. assessment of world wide contamination of air,
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Fig. 1. Effects of time and dose on Ni uptake by hepatocytes.
Hepatocytos were treated with 10, 30, or 50 .« M NiCl for up to 6 h. The data represent the mean =+
S.D. for three independent cell preparations. @, 10 4 M; A, 30 . M; lll, 50 « M.
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Fig. 2. Effects of Ca and Mg on Ni uptake by hepatocytes.

Hepatocytes were treated with 10 « M NiClz for up to 60 min in the presence or absence of Ca and
Mg. The data represent the mean=®S.D. for three independent cell preparations. @, HBSS
containing 1.26 mM Ca and 0.9 mM Mg; [J, Ca-free HBSS; 2, Mg-free HBSS; O, Ca- and Mg-
free HBSS.
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Fig. 3. Effect of temperatue on Ni uptake by hepatocytes.
Hepatocytes were treated with NiClz (10 « M) at 4 or 37°C for up to 60 min. @, 37C; O, 4.

Table 1
Effects of nicardipine, verapamil and vasopressin on Ni uptake by hepatocytes

Medium Pretreatment

None Nicardipine Verapamil Verapamil
HBSS 0.671+0.02 0.6810.03 0.71x£0.05 0.68+0.02
Ca-free HBSS 0.80£0.03 0.66£0.06* 0.72+0.01* 0.92+0.01*
Mg-freeHBSS 0.81£0.01 0.76+0.08 0.73£0.04 0.8340.05
Ca- and Mg-free HBSS 0.92+0.02 0.76£0.02* 0.79£0.02* 1.10+0.06*

Hepatocytes were pretreated with nicardipine or verapamil (200 x M) for 30 min, or vasopressin
(100 nM) for 30 min, then treated with NiClz (10 .« M) for an additional 60 min in the presence or
absence of Ca and Mg (1 mM). The data represent the mean=£S.D. (n=3).

*Significant difference from non-pretreatment (p<<0.05).
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