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Calcium Pump in Vitro
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Rat liver microsomes were preincubated with 1,1-dichloroethylene (1,1-DCE) and

NADPH-generating system for 20 min, then ER calcium pump activity determine:
Caleium pump acetivity was inhibited as a function of 1,1-DCE econcentration. 1,1-DC
did not inhibit in the absence of 8 NADPH-generating system. Caleium pump activit
was inhibited to a significantly greater extent by 1,1-DCE in microsomes isolated fro:
pbhenobarbital-pretreated rats than in microsomes from control rats. These stodie
suggest that the mixed function oxidase system generates a metabolite that attack
the endoplasmic reticulum (ER) calcium pump. The time course of pump inhibition b
1,1-DCE and CC), were compared $n vitro. 1,1-DCE produced inhibition of the caleiur
pump at a substantially slower rate. CCl, at 1 pliter/ml inhibited calcium pump activit
within 1 mir. 1,1-DCE did not produce significant inhibition within 1 min, but produce
58 £ 5% inhibition by 20 min. CCl, but not 1,1-DCE, produced lipid peroxidation.a
jodged by malonic dialdehyde production. It is possible that lipid peroxidation eor
tributes to the rapid course of inhibition produced by CCL. These studies suggest tha
metabolic activation, but not lipid peroxidation, is’a prerequisite for inhibition of th
liver ER calcium pump by chlorinated hydrocarbon hepatotoxins ¢n vitro.

‘ 1,1-Dichloroethylene (1,1-DCE.} vinyli-

- dene chloride) is a potent hepatotoxin en-
countered in our environment. In general,
toxicity of 1,1-DCE may be considered
quantitatively comparable to CCL (1).
However, qualitatively the actions of these
compounds differ in certain aspects. Mor-
phologically the first evidence of CCl-in-
duced damage occurs at the liver endo-
plasmic reticulum (2). One of the first
biochemical changes noted after CCl,
administration is a marked increase of
lipid peroxides in liver membranes (3).
After 11-DCE there is little or no mor-
phological evidence of early damage to the

1 Author to whom all correspondence should be
addressed: Department of Pharmacology, USUHS,
4301 Jones Bridge Rd., Bethesds, Md 20814,

* Abbreviations osed: 1).DCE, 1,1-dichioroethy-
Jene; TK buffer, 0.1 M KCl, 0.05 N Tris, pH 7.4; MFD,
mixed function oxidase
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liver endoplasmic reticulum in mator
rats (4) and there is no evidence that thi
compound increases lipid peroxidation 1
vivo (5). Qualitatively other aspects of th
action of these two chlorinated hydrocar
bon hepatotoxins are similar. Previou
work from our laboratory shows that bot
CCl, and 1,1-DCE inhibit the liver endc
plasmic reticulum (microsomal) calciur
pump after in wivo administration.
prompt, dose-dependent inhibition of thi
ATP-dependent aleium pump occurs af
ter CCl, and 1,1-DCE (6, 7). Other labo
ratories have demonstrated similar ef
fects of other hepatotoxing (8, 9) and an
oxia (10).

Inhibition of the endoplasmic reticulun
caleium pump appears to be ne of th
earliest effects of hepatotoxic chlorinate
hydrocarbons in the liver (9). It is possibl.
that inhibition of this pump by hepato
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F1c. 1 Inhibition of liver microsome ealcium pump
in witro by various concentrations of 1,1°-DCE. After
20 min of incobatior with the indicated concentration
of L1-DCE and ip the presancs of (O) or sbeence
®) of a NADPH generating system, caleium pump
activity was determiped as described under Materials
ind Methods Each point reprasents the mean + SEM
“or the determination with microsome preparations

solated from thres animala. No SEM is indicated for -

he experiments without a NADPH generating sy»-
em becsuse the SEN fel] within the area occupied
¥ the symbol. K

oxins may disrupt ecalcium homeostasis
n the liver and initiate a series of events
hat-lead to the massive caleium influx
1 gins several hours after intoxica-
ol..
To examipe the interaction between the
ver endoplasmic reticulum calcium pump
ith chlorinated hydrocarbon hepatotox-
8 more closely, we bhave characterized
.e in vitro effect of 1,1-DCE on the mi-
csomal calcium pump. As part of this
-aracterization we have compared effects
-oduced by 1,1-DCE and CCl,. Because
1-DCE does not increase lipid peroxides
liver membranes this hepatotoxin al-
»s us to demonstrate that inhibition of
e liver endoplasmic reticulum caleium
mp, in vitro, doet not require peroxi-
tion of membrane lipids.

MATERIALS AND METHODS

foteriols. Male Sprague-Dawley rxts (200-300 g.
onic Farms) were used in this study. Unless oth-
ise noted, rats were pretreated with phenobar-
al (80 mg/kg, ip) daily for 3 successive days. The
mals were used 1 day after the last injection.
JP, nicotinamide, ATP, isocitric acid, and isocit-
‘ehydrogensse (EC 1.1.1.42) were purchased from
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Sigms (hemica) Company. (St Louis, Mo.). [*Ca)2,
was purchased from New England Nuclear Corpo-
ration (Boaton, Masa ). 1,1-Dichlaroethylene was ob-
tained from the Aldrich Chemical Co. (Milwao-
ke, Wis.).

Microsome preparation. After stunning, liver sam-
ples were removed and quickly homogenized (0.5 g/
10 ml) in jee—cold 025 M sucrose coptaining 3 mM
EDTA, pH 7. A Potter-Elvebjem homogenizer was
used with the Teflon pestle driven at 750 rpm. The
bomogenate was centrifuged at 1500¢ for 10 min and
then at 12.500p for 20 min. The supernatant was cen-
trifuged for 60 min at 105,000p. The microsome pellet
was resuspended by homogenization in jee=cold 0.1
o KCL 0054 Tris bufler, pH 74 (TE bufler). For
most experirnents, the microsome suspension was
used immediately after preparation. For some ex-
periments the microsomes were guickly frosen with
a dry ice ethanol bath and stored for up to 10 days
at ~70°C

Tacubotion of 1,1-DCE or OQ, with Koer mized fune-
tion axridose sysiem. Microsomes were incubated in
s metabolie shaker at room temperature in tightly
capped vials. Microsomes at a proteid copcentration
of 1.0 to 1.2 mg protein/m) were incubated with a
NADPH regenerating systam (€) eoptaining 100 uM
NADP, 25 mM nieotinamide, § mu MgCl, 3 mM D1~
isocitrate, and 0.07 ubits isocitric dehydrogenase/ml
in TK beffer (firal volume 3 ml). 1,1-DCE or CCl,
dissclved in ethanol, was added to the incubation
medium. The maximom volume of ethano] added was
5 xliter/m) and the final concentration of 1,1-DCE
or CCl, was 10 gliter to 1 uliter/ml Incubation was
initiated by addition of 1,1-DCE or CCl, to ice=cold
medium.

Because of wolatility of 1)-DCE, special precay-
tions were necexsary to handie this compound. 1,1-
DCE was cooled in an ice bath before ase For prein-
egbation with the microsoma) mixed function oxidase
{MFO) systam, eold 1,1-DCE was guickly pipetted
into the preincobation mixture which was aiso at O~
4*C. The preincubation vial was filled to capacicy
with liquid, tightly capped, and finally placed in a
metabolie shaker (shaking watsr bath) at reom tem-
peratore (20-22°C).

Calcium pump octivity determination, After ineo-
bation with L1-DCE or CCl, ealcium pump activity
was determined as previoosly described (11). Briefly,
microsernes (0.015 o 0.05 mg/m}) were incubated in
100 my KCl, 30 mN imidazole-histidine buffer (PH
68), 5 mu MgCly, 5 mM ATP (pH adjusted with im-
idazole W €.8), 5 mN ammonium oxalate, 5 mx sodinm
axide, 20 uM C2Cl,, and [#Ca™) 0.2 xCi/ml. The assay
was initiated by addition of the microsome suspen-
sion to prewarmed (37°C) assay medium. At timed
intervals 0.5-m] samples were filtered through nitre-
cellulose filters (0.45-xm pore diameter), Filters were
dried and *CaCl, determined by liquid scintillation
spectrophotometry. Microsomal protein was deter-
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mined by the Lowery method as modified by Shat-
kin (12).

Jipd peraride delermination. As an index of lipid
peroxidation, malonic dialdehyde was determined by
a thiobarbituric acid method (13).

RESULTS

When liver microsomes were preincu-
bated with 1,1-DCE and a NADPH gen-
erating system for 20 min, calcium uptake
activity was inhibited in a concentration-
dependent manner. Compared to control,
calcium uptake was reduced 38% at 100
yliter/ml and inhibition reached a maxi-
mum of 55% at 1 uliter/ml (Fig. 1). No- A A . -
inhibition of uptake activity occurred if Y e »
microsomes were incubated with as much FIG. 2 Time course of Liver microsome ealciu
as 1 pliter/m] 1,1-DCE in the absence of pump inhibition in vitro by 11-DCE (®) and L
the NADPH-generating system. Ethanol (a). Liver microsomes were incubated with the ch’
at the maximal concentration used as a  rinsted hydrocarbon (1 aliter/ml) and s NADF
solvent for the chlorinated hydrocarbons generating systam for the time indicated in the &
did not affect ealcium pump activity. ure. Samples were removad and calcium pump acti

Phenobarbital pretrestment of rats has “",d'l:“&';'d 33 described ander Methods and M
been reported to increase hepatotoxicity :r:‘dem. ’;’:‘ :.’:'h""."" the mean f ::m f
of a number of chlorinated hydrocarbons  ye e sm L oo veomes faclatad fro
including 1,1-DCE. To examine whether
phenobarbital pretreatment of a rat af- .
fected the in vitro response of the caleium  different time course of caleium pump i
pump to preincubation with 1,1-DCE we hibition. After preincubati n for 1 m’
compared the effect of 1,1-DCE on ealeium  with 131-DCE, activity { the ealein:
pump activity of liver microsomes pre- pump was reduced no more than 10¢
pared from normal rats and from pheno- After 5 min, inhibition was statistical
barbital-pretreated rats. In this study, significant at 31%. Prolonging preinct
liver microsomal ecalcium pump activity bation to 20 min increased calcium pun
was inhibited 30 £ 2% in control rats and inhibition to nearly 60%.

42 = 3% in phenobarbitol-pretreated rats To confirm that 11-DCE did not i
when isolated microsomes were incubated crease lipid peroxidation in this in wvit:
'with 1,1-DCE (0.8 ml/ml) for 20 min. This system the following experiment was pe
difference is statistically significant (P° formed. Microsomes were incubated wit
« 0,05 Stodent’s ¢ test). The current study  1,1-DCE, CCl, (1 uliter/ml) or vehicle eo
and previous work (16) showed no differ- trol in the presence of the NADPH ges
ence in caleium pump activity in control erating system for 20 min at room ten
and phenobarbitol-pretreated rats, perature. MDA produced during this tin

‘Figure 2 shows the time course of in- period was determined. Control and 1,
hibition of the caleium pump after prein- DCE-treated microsomes did not produ:
cubation with 1,1-DCE and CCl, at 1 uli- detectable MDA during this incubatio
ter/m] in vitro. After only 1 min of prein- At the same concentration, incubation :
cubation with CCl,, calcium pump activity the presence of CCL, resulted in the ge:
is inhibited almost 50%. After 5 min of eration of 0.28 = 0.02 uyg MDA/mg protei
preincubation, inhibition by CCl, reaches In our hands the assay could deteet as li
near maximal values of 80%. Preincuba- tle as the equivalent of 0.05 xgg MDA/
tion for as long as 20 min produced only protein measured witk 1,1,3,3-tetraetho;
slightly greater inhibition. Preincubation ypropane as standard. Under identical e:
with 1,1-DCE produced a substantially perimental condition, CCl, produced !

CRLOWN PUNP ALTIITY [Partanl ieibition)
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1 > and 1,1-DCE produced 41 £ 6% in-
bibition of caleium pump activity.

DISCUSSION

Disruption of caleium homeostasis has
been implicated as a mediator of cell death
after hepatic injury produced by either
toxic chemicals or ischemiz. A number of
workers suggest that hepatotoxins may
disrupt intracellular eslcium homeostasis
and there is reemphasis of the role of dis-
rupted calcium bomeostasis in cel]l death
(14, 15). A calcium pump activity has been
deseribed in liver endoplasmic reticulum
(16). This calcium pump may be analogous
to the sarcoplasmic reticulum caleium
pump of skeletal muscle and may partie-
ipate in regulation of cytoplasmic calcium
levels in liver (11, 16). This calcium pump
is promptly inhibited after ¢n vivo admin-
istration of a number of hepatotoxins in-
dudinz CCIQ (65 8' 9; 11)0 Brccll (8) 9). 191-
DCE (6, 7), CHC], (6), carbon disulfide (17),
and after hepatic ischemia (10). These
studies sugpest that inhibition of this cal-
cium pump may disrupt caleivm homeo-
sta~ia in the liver,

JCE is used in the manufacture of
201y vinyl chloride products and is a potent
repatotoxin (1, 5). 1,1-DCE induced liver
damage is thought to depend upon meta-
bolie activation to a reactive metabolite
by the MFO system of liver ER (18-20).
Morphological studies of the early effects
if 1,1-DCE demonstrate damage to the
ucleus, mitochondria, and plasma mem-

srane of hepatic cells (4). Again, in con-

rast to agents such as CCl,, liver ER does
20t exhibit morphological changes at early
dimes after 1,1-DCE administration (4).
dowever, a recent study from our labo-
-atory shows that biochemical changes
»eeur in the liver ER at very early times
uter 1,1-DCE administration. Within 20
min after intraperitoneal doses of 11-
ICE, liver ER calcium pump activity is
inhibited 45% (7). This biochemical change
may lead to Joss of an ER caleium pool
and thus represent a change of ER func-
Jon (7).

If inhibition of the ER calcium pump
lays a role in cell death after 11.DCE
.dministration; inhibition of the pump
hould depend upon activation of 1,1-DCE

to a reactive intermediate by the MFO sys-
tem of liver ER. To demonstrate that me-
tabolism of 1,1-DCE is essential for inhi-
bition of the ER caleium pump, an tn vitro
system has been employved. The data pre-
sented in this report suggest that metab-
olism of 1,1-DCE by the MFO system is
essential for calcium pump inhibition. In-
eubation of 1,1-DCE, an NADPH gener-
ating system and liver microsomes inhib-
itt ER calcium pump activity. 1,1-DCE
does not affect ER caleium pump activity
in the absence of the NADPH generating
system. This, of course, suggests that the
MFO system generates a metabolite that

“attacks the caleium pump in liver ER. Fur-

ther evidence that 1,1-DCE is metabolized
before it inhibits the calcium pump is pro-
vided by enhancement of 1,1-DCE inhibi-
tion in liver microsomes from phenobar-
bital-pretreated rats. Phenobarbital pre-
treatment induces activity of the MFQ
gystem but does not affect ER caleciom
pump activity (11). Presumably phenobar-
bital pretreatment of animals results in
a microsome raction that produces reac-
tive metabolites of 1,1-DCE to a greater
extent or at a more rapid rate. Some in-
formation is available from 2 wvivo studies
that support these findings. 1,1-DCE treat-
ment depletes liver glutathione and deple-
tion of glutathione prior to 1,1-DCE ad-
ministration enhances hepatotoxicity (21).
Presumably glutathione serves as an ep-
dogenous substrate for conjugation of re-
active 1,1-DCE metabolites. Depletion of
glutathione by diethylmaleate pretreat-
ment enhances both hepsatotoxicity and
ealcium pump inhibition (7). Phenobarbi-
tal pretreatment has been found to pro-
duce conflicting results, such &s protection
of animals in some reports (4, 18) and en-
hancement of hepatotoxicity in others (7,
22). We have observed that both bepato-
toxicity and caleium pump inhibition are
enhanced in vivo (7).

The time course of calcium pump inhi-
bition by CCl and 1,1-DCE 1z vitro ob-
viously differs (Fig. 2). A number of ex-
planations can be considered. 1t is possible
that incubation conditions are favorable
for activation of CCl, but less so for 1,1-
DCE. On the other hand, it is also possible
that reactive metabolites of 1,1-DCE are

-
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inactivated more quickly than those of
CCl,. These two possibilities have not been
explored. One possible explanation has
been studied. CCl, produces lipid peroxi-
dation in ER membranes while 1,1-DCE
does not (5, 6). Lipid peroxidation inhib-
its liver ER caleium pump activity (P.
Ray and L. Moore, unpublished). EDTA
is included in the homogenization buf-
fer to reduce iron contamination of the
microsome preparation. This minimizes
NADPH-Fe*-induced lipid peroxidation
(23, 24). During the 20-min incubation
with the NADPH generating system, lipid
peroxidstion is not detected in control or
1,1-DCE experiments. Incubation of these
microsomes with CCl, and the NADPH
generating system results in lipid perox-
idation. This is the result of metabolism
of CCl, to the CCl; free radical which in
tarn initiates lipid peroxidation.(8, 25).
The results of Waller ¢f al suggest that
lipid peroxidation is not required for CCl,
inhibition of the caleium pump (26). How-
ever, it is probable that when lipid per
oxidation occurs it contributes an addi-
tional factor to calcium pump inhibition.
Thus it is possible that CCl, inhibits the
liver ER calcium pump more promptly
than 1,1-DCE because lipid peroxidation
contributes to pump inhibition. The dif-
ference in the ability of CCl, and 1,1-DCE
to induce lipid peroxidation may also ex-
plain why ER damage is observed as an
early morphological change after CCL, but
not after 1,1-DCE action. Both compounds
‘damage the ER calciom pump early after
administration to an animal (7, 9, 11). But
the morphological changes CCl; produces
may be secondary to lipid peroxidation,

This study shows that 1,1-DCE inhibits
the liver ER calcium pump in vitro. It dem-
onstrates that in vitro, as well as iz vivo
(6, 7), inhibition of this pump by 1,1-1'CE
is not dependent upon lipid peroxidation.
“" = work presented suggests that 1,1-DCE
.. . ctivated by the MFO system to a com-
pound that interacts with and inhibits the
calcium pump.
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