- the membrane.
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thus depolarizing the mem-
brane. The decrease in MDP. in turn. re-
duced the rate and amplitude of 0 phase
depolarization, thus decreasing V.. APA,
OS, TP. The increase of [Ca™"],
the Ca® channel and activated the K~ chan-
nel'”, thus shortening the duration of the ac-
tion potential. Cu and Se might restore the
electrical parameters by way of scavenging the
free radicals and proteLtmg the cardiac cell
membrane.

The results of this experiment demon-
strate that Cu and Se played an antioxidative
role in scavenging the free radicals. As a re-
sult. the heart cells were protocted.
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Effect of dimethyl sulfoxide on cytosolic calcium in cultured rat hepatocytes

injured by D—galactosamine'

LIU Hua—Ping, CONG Zheng’
Beijing 100083, China)

ABSTRACT  D—pgalactosamine (Gal 0.5 mmol -
L™') made tactate dehydrogenase {LDH) leakage from
the hepatocytes in monolayer—culture increase by
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30%, Dimethy! sulfoxide (Me,80 2% vol / vol} de-
creased the LDH leakage (P<0.05). The cytosclic
free Ca™ concentration ([Ca®’)c} of rat hepatocytes
exposed to Gal 4 mmol - L™ for 90 min in suspen-
sion culture increased about 2—fold (P<D.01).

Me,SO (2%) antagomzed this [Ca**]c~increasing ef-
fect of Gal. These results verified directly that the
[Ca™}c of hepatocytes was 1ncreased in the earl} stage
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of Gal—induced hepatotexicity. and suggested that
the prevention or lightening of the disturbance in
intracellular Ca®" homeostasis may be, at least. one
of the mechanisms of the protective action df Me,50
against Gal~induced hepatocyte injury.

KEY WORDS liver: dimethyl  sulfoxide,
gulactosamine: cultured cells; cytosol; calcium

Me, 50, usually used in the treatment of
dermatologic illness. was used in theumatism
as an analgesic agent during the past years'',
Me, 50 could prolong the survival time and
improve the functional state of primary cul-
tured rat hepatocytes™’®. It will be signifi-
cant to study whether Me,SO has protective
effect against Gal—induced injury in primary
cultured hepatocytes. There have been differ-
ent and controversal reports about the changes
in cytosolic Ca* concentration ([Ca™]¢) in
early stage of Gal-induced hepatotoxicity in
vive'™, but no direct evidence about the
[Ca®lc change in Gal—intoxicated cultured
hepatocytes has been seen. Me,S0 could af-
fect the intracellular Ca™ concentration of
murine erythroleukemia cells to induce cell
differentiation>®. What is the [Ca**]c change
in early stage of Gal—intoxicated hepatocy--
tes? Could Me,SO exhibit its hepato—protec—
tive action via an influence on the [Ca**lc? In
present paper. we studied these theoretical
problems by direct determination of
hepaiocyte [Ca*Jc.

MATERIALS

Wistar rats T 190+ 5 10 g. Collagenase
{Type I¥). HEPES, DME medium. Percoll
(Colloidal PVP coated silica) and digitonin
were purchased from Sigma. Me.SO (AR)
was made by Beijing Xudong Chemical Facto-
ry. Arsenazo 111 {AIIL. lot MNe 83062) was
made by Shanghai 3rd Reagent Factory.
Aminophosphonate resin was a gift of Dr
ZHANG Zheng—-Pu, Nan--Kai University,

METHODS AND RESULTS

Effect of Me,SO on Gal—induced cellular
injury of rat hepatocytes in primary culture
Hepatocytes were isolated from adult rats by
collagenase perfusion method (Phvsiol Sci
1987:7 : 357). with the yield of 1.5 ¥ 10"~ 2%
10°  cells / liver and viability >90% (Trypan
blue exclusion). Cells were cultured with
DME medium as previously reported ( Physio!
Sei 1987 7 - 357). The plates were divided
into 6 groups. and their media were changed
after 8—h culture with DME containing differ-
ent concentrations of Me,SO in the presence
or absence of Gal 0.5 mmol - L™'. The lactate
dehydragenase (LDH) activities in medium
were determined colorimetrically'” after a
further 48—h culture. Me.SO decreased the
Gal—induced LDH leakage by about 50% and
there was no difference in potency of this ac-
tion in 0.5—2% Me,S0 (Tab 1). It meant that
0.5% Me,S0 is enough to cause its maximal
protective effect. and that 2% Me,S0 is still
in the plateau region. Since 2% was said to be
the optimal concentration of Me,S0 for its
differenciation—promolting action'™'. we used
Me,S0 2% in all experiments.

Tab 1. Effects of Me,SO  (vol 7 vol) on lactate
dehydrogenase leakage from the Gal—injured
monolayer—cultured rat hepatocytes, n=6 (tubes), x
T8, TTP<BAS5 vy Gal group.

gjﬁo] [~ MeSO/ % LDH/ ol - L7 %
0.0 0.0 1114033 100
0.5 0.0 4841022 155
0.5 0.5 393+021" 126
0.5 1.0 3TRE036° T Im
0.5 1.5 3924026 126
0.5 2.0 1974014 129

Influences of Gal and Me,SO on hepato—
cyte |Ca'le
1 Methodology

of nul point titration
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1.1 Purification of ATII Commercially
available AIII was purified by passing through
2 successive columns of aminophosphonate
ion—exchange resin in Na* form™. We found
that the contaminative Ca> of commercially
available AIIT (2 nmol -+ L™/ mg AIII) used
was lower ithan the value allowed {5 umol *
L™/ mg AIII).

1.2 Determination of parameters A se-

ries of parameters was determined by
colorimetric assay'®'. The values were: ¢, = 8
x 10°- mol™ &= 218x 10°- mol™

Ky=10.75 gmol - L7'. the AIIl concentra-
tion used for all experiments was 53 pmol
- L', These data tallied with those in litera-
ture {g,= 15x 10° - mol™, &= 235x 1F
. mol-—l}ilm.

2 Effec of Gal and Me,SO on [Ca®'lc
After 10 min preincubation at 37C . the sus-
pension culture tubes were divided into 5
groups. The first group was used 1o deter-
mine [Ca*]c immediatedly as a normal value.
The other groups were incubated at 37C for
%0 mun in the presence or absence of Gal 4
mmol - L™, with or without Me,SO 2% vol
/vol, respectively. The hepatocytes were
seperated from the Ca**—containing DME
medium and the nonviable cells were removed
by low—speed isodensity Percoll centrifugation
at 4C. 50x g for 10 min''". then hepatocyte
[Ca’*]c was determined by null point
titration”.  The results showed that in freshly
isolated hepatocytes. [Ca™lc was 0.19% 0.07
pmol - L7 which tallied with that in literature
(0.19+ 0.01 gmol - L)' Gal 4 mmol -
L™ increased [Ca®'|c about 3—fold as much
as the control. Me,SO itself did not decrease
the {Ca®Jc. but prevented the Gal—induced
[Ca™]c increase (Tab 2).

DISCUSSION

In this paper we found that Me,SO could
protect hepatocytes against Gal-induced
cytotoxicity (Tab 13, Our previeus work

Tab 2, Effects of Me,SO (2% vol / vol) and Gal 4
mmol - L") on cytosolic Ca** concentration (imol
') of hepatocytes in suspension culture (4 min).
r=8, T s, "'P<005. "TP<0.01 vs control
group. TP <0.01 vs Gal groep. /> : freshly isolated
hepatocytes. § : ecalculated with the difference in
1Ca*"|c between Gal and control as 104%%.

[Ca' e A[Ca™ k% %
FIH. 019+ 0.07
Control 0.26 £0.03™
Gal BISEHT 100
Me.SO 0.36 £ 0.08" " 20
Me.S0+Gal 0.40+ 0. 007 30

showed that Me,SO could prolong the survival
time of cultured hepatocytes and improve their
ability of maintaining the content of glycogen
and cytochrome P—450 during long term (96
h) culture''™, We concluded that Me, SO is of
benefit to normal hepatocytes and can protect
them against Gal—injury.

There have been two different suggestions
about the Ca®™ changes in hepatocytes in ear-
ly stage of Gal—induced injury. Some authors
thought that first thing in Gal-induced injury
is membrane damage, which results in an in-
fux of Ca™. Others considered that redistri—
bution of Ca™* within cells first occurred
which made [Ca™c increase. They inter
preted indirectly that [Ca”"Jc increase is one of
the causes leading to membrane damage'*',
But no direct evidence about the [Ca’c
change in Gal—injured hepatocyles is seen be-
tore.

We observed the change in hepatocyte
[Ca™c by null point titration techenique. In
the work of methodology . we verified that
null peint titration is an economical but relia-
ble method. Our data showed that in the ear-
ly stage of Gal—induced injury {90 min). the
hepatacyte [Ca™]c did increase about 3~fold.
This is a first evidence of the mechanisms of
Gal—induced hepatotoxicity in cell level. Be-
cause the viability of hepatocytes. observed .
by both trypan blue exclusion and medium
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LDH activity assay. was normal in the early
stage of Gal—injury (90 min). we considered
that cell .membrane damage might be
unserious. So, the [Ca’[c increase scemed to
be the result of Ca redistribution within cells.
*Recently, it is reported"? that lipoperoxi—
dation in liver cell membrane increased as ear-
ly as 30 min after Gal-intoxication i vivo,
and total liver calcium increased 3 h after Gal
administration. So, we think, the dynamic
study of [Ca’*]c change in whole course of
Gal—intoxication is needed to clarify the de-
tails.

The hepatoprotective action of Me,SO
might be related to its differentiation—pro-
moting action'. Our data in this work
showed. Me,S0 itself did not decrease
hepatocyte [Ca’Jc. but could prevent or
lighten Gal-induced [Ca™]c increase (Tab 2).
This may be one of mechanisms of the
hepato—protective effect of Me,S0O  against
Gal—-induced injury.
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