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Abstract—The effects of 2,5,2,5'-tetrachlorobiphenyl (25TCB) on parameters related to the bioener-
getic functions of isolated rat liver mitochondria were investigated. State 3 respiration was inhibited by
25TCB with both succinate and glutamate/malate as the respiratory substrates. The extent of inhibition
with succinate was larger than that observed with glutamate/malate. The concentration of 25TCB
required to cause 50% inhibition for succinate was 51 uM, but with glutamate/malate, only 53%
inhibition was observed at 200 uM. 25TCB stimulated state 4 respiration after 1-2 min lag period; state
4 respiration in the presence of glutamate/malate was more intensely stimulated by 25TCB than in the
presence of succinate. 25TCB dissipated the membrane potential across the mitochondrial membranes.
Isolated rat liver mitochondria accumulate large amounts of Ca®* at the expense of respiration-linked
energy (substrate oxidation) or of that provided by the hydrolysis of ATP by the mitochondrial ATPase.
The Ca** accumulation by mitochondria was severely depressed by 25TCB when the energy was supplied
by respiration. Furthermore, the inhibition of Ca** accumulation by 25TCB with succinate was greater
than that produced with glutamate/malate. On the other hand, with ATP as the source of energy,
25TCB inhibited Ca** accumulation at high concentrations. 25TCB also released Ca?* from mitochondria
that had already accumulated Ca?*, indicating that mitochondrial membrane integrity was damaged by
the intercalation of 25TCB. These results show that 25TCB impairs mitochondrial energy production,
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and inhibits Ca?* sequestration by mitochondria.

Polychlorinated biphenyls (PCBs) consist of
innumerable isomers whose position and degree of
chlorination are different. They are readily absorbed
into biological systems {1]. 2,5,2',5'-Tetrachloro-
biphenyl (25TCB) is one of the TCBs whose toxic
events are well characterized [2-5]. Over 95% of the
total ATP required in eukaryotic cells is produced
by mitochondrial oxidative phosphorylation. Energy
thus produced is utilized for various cellular activities
such as active transport of ions [6]. Therefore,
damage of mitochondrial energy-transducing func-
tions by toxic chemicals causes deleterious effects on
cellular activities [7, 8].

The administration of an acute lethal dose of
25TCB (1.7 g/kg body weight) to rats causes a
marked inhibition of (Ca?* + Mg?*)-ATPase located
in plasma membranes of hepatocytes [5]. The
decreased activity of this enzyme leads to an accumu-
lation of Ca®* in the cytosol. An increase in cytosolic
free Ca’* concentration is a potential mechanism of
cell injury following contact with toxic agents [9-
11]. In normal conditions, the major fraction of
accumulated Ca®* in cytosol is sequestered in mito-
chondria by an energy-dependent pathway [12-15].
However, it is known that impairment of Ca**
sequestration by mitochondria takes place by the
treatment with several chemically unrelated com-
pounds such as menadione [16], phalioidin (hepato-
toxic mushroom poison) [17], which leads to an
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increase in cytosolic free Ca?* concentration. This
closely relates to the toxic events by these agents.

The present study, therefore, was performed in
order to determine whether mitochondrial energy
transducing functions and the Ca** movements
across the mitochondrial membranes are affected by
the treatment with 25TCB, using isolated rat liver
mitochondria. Evidence presented in this paper
shows that 25TCB interferes with energy-transducing
functions of mitochondria, and both inhibits the
accumulation of Ca?* by mitochondria and releases
Ca?* from them.

MATERIALS AND METHODS

Chemicals. 2,5,2',5'-Tetrachlorobiphenyl (25-
TCB) was synthesized by the Uliman condensation
of the 2,5-dichloroiodobenzene [18]. The purity of
25TCB was found to be more than 99% by gas liquid
chromatography. 25TCB solution was prepared in
ethanol, ATP, antimycin A, ruthenium red, oligo-
mycin, and bovine serum albumin were purchased
from Sigma Chemical Co. (St. Louis, MO). Anti-
pyrylazo III and tetraphenylphosphonium chloride
(TPP*) were purchased from Nakarai Chemicals
(Kyoto, Japan) and Wako Pure Chemical Industries
Ltd. (Osaka, Japan), respectively. Other chemicals
were commercial products of the highest purity.

Preparation of mitochondria. Liver mitochondria
were isolated from male Wistar rats (200-300 g) by
the standard method in a medium containing 0.25M
sucrose, SmM Tris-HCl (pH7.4), and 0.1mM
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EDTA. EDTA was omitted in a final wash and
resuspension [19]. Protein concentration was deter-
mined by the biuret method using bovine serum
albumin as a standard {20].

Measurements of respiration rates. Respiration
rates of mitochondria were measured polarograph-
ically using a Clark-type oxygen electrode in a 2ml
glass reaction vessel maintained at 25° in a water
bath. The respiration buffer consisted of 0.2M
sucrose, 20 mM KCl, 3mM MgCl,, and 5 mM pot-
assium phosphate (pH 7.4). The respiration sub-
strate was either 5 mM succinate or 5 mM glutamate/
5 mM malate, and the amount of mitochondrial pro-
tein added was 1 mg/ml. The effects of 25TCB on
state 3 and state 4 respiration were evaluated as
described previously {21].

Measurements of membrane potential. Membrane
potential across the mitochondrial membranes was
monitored at 25° with a TPP™ electrode constructed
according to Kamo et al. [22]. The reaction mixture
was the same medium as used for the measurement
of respiration rates plus 5 uM TPP* in a final volume
of 2.5 ml. The calibration of the electrode was per-
formed by multiple additions of known amount of
TPP™ before each experiment.

Measurements of Ca>* movements across the mito-
chondrial membranes and mitochondrial swelling.
Ca’?* movements were measured with the metallo-
chromic indicator, antipyrylazo IIT [23] with a Shim-
adzu UV-300 dual-wavelength spectrophotometer,
equipped with magnetic stirring and thermostatic
control (final volume 2.5 ml, 25°). Wavelength pair
was 720-790nm. The net Ca’*-uptake by mito-
chondria is accompanied by a decrease in absorb-
ance, and the net release is reflected by an increase
in absorbance. Calibration was performed by adding
a known amount of CaCl, in the presence of uncoup-
ler (25 uM 2 ,4-dinitrophenol) at the end of each
experiment. Swelling of mitochondria was monitored
with the same instrument as apparent absorbance
changes at 540 nm (double beam mode) [24]. For
these measurements, antipyrylazo III was omitted
from the incubation medium. The incubation
medium and further details are given in the figure
legends.

In all experiments, the control contained the same
volume of solvent (ethanol), and the final con-
centration of solvent was less than 1% (v/v); the
concentration of solvent did not affect the activities
assayed.

RESULTS

Effects on respiration rates

Figure 1 shows the effects of 25TCB on state 3
respiration (active respiration in the presence of
ADP) of rat liver mitochondria. 25TCB caused
strong inhibition of the respiration with succinate
as the respiratory substrate, 51 uM indicating 50%
inhibition (IDsp). By contrast, state 3 respiration was
less affected by 25TCB when glutamate/malate was
used as the substrate, with only 53% inhibition even
at 200 uM. Since 25TCB does not inhibit the mito-
chondrial ATPase [25], the observed inhibition is
due to the interference with the electron transport
chain. Therefore, the electron transport chain is
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Fig. 1. Effects of 25TCB on state 3 respiration of rat liver
mitochondria. The incubation medium consisted of 0.2 M
sucrose, 20 mM KCl, 3 mM MgCl,, 5 mM potassium phos-
phate (pH 7.4), and either S mM succinate (O) or 5mM
glutamate/5 mM malate (@). Mitochondria (1 mg/ml) were
interacted with 25TCB for 3 min, then the state 3 res-
piration was initiated by the addition of 150 uM ADP. Each
point is a mean + SD of 3 separate experiments. Control
rates were 132.5*+48 and 68.2%29 natoms
O/min/mg protein for succinate and glutamate/malate,
respectively. Temp. 25°, vol. 2 ml.

more intensely inhibited by 25TCB in the presence
of succinate than with glutamate/malate.

Figure 2 shows the effects of 25TCB on state 4
respiration (resting respiration after the expenditure
of ADP) of rat liver mitochondria. A 1-2 min lag
period was observed before stimulation of the res-
piration became obvious. This was in contrast to 2,4-
dinitrophenol (DNP), a protonophoric uncoupler,
which showed an instantaneous stimulation. Values
presented in Fig. 2, therefore, are maximum rates
attained after a lag phase. As the concentration
of 25TCB was increased, oxygen consumption was
stimulated, reaching a peak where maximum rate
was observed (more than 4-fold increase with
glutamate/malate, 2-fold increase with succinate at

State 4
respiration (% activity)

?\?
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Fig. 2. Effects of 25STCB on state 4 respiration of rat liver
mitochondria in the presence of either succinate (O) or
glutamate/malate (@). The incubation medium was as
described in Fig. 1. Shown are the maximum rates of
respiration (% activity) 3—4 min after the addition of 25TCB
during state 4 respiration. Each point is a mean + SD of 3
separate experiments. Control rates were 25.6 + 1.8 and
9.8 £ 1.6 natoms O/min/mg protein for succinate and
glutamate/malate, respectively.
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Fig. 3. Effects of 25TCB on the movement of TPP* across
the mitochondriai membranes. Rat liver mitochondria
(RLM, 1mg/ml) were incubated with various concen-
trations of 25TCB in the respiration buffer containing 5 mM
and <'u}/f’T'Dp+ a, none; b, 20: c, An d. 60:
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60-80 uM), after which further increases in con-
centration repressed the respiration. The extent of
stimulation due to 25TCB with succinate was less
than that observed with glutamate/malate as the
substrate. This is attributed to the increased inhi-
bition of the electron transport chain with succinate
when compared to glutamate/malate. The result
indicates that 25TCB acts as a good uncoupler in
the presence of NAD*-linked substrate rather than
FAD™-linked substrate.

Effects on membrane potential

The permeant cation TPP* was taken up from the
reaction medium into the inner side of mitochondria
when they are energized with succinate, indicating
the formation of membrane potential (Fig. 3). An
addition of 25TCB induced a concentration-depen-
dent release of incorporated TPP* into the incu-
bation medium (dissipation of membrane potential).
Below 40 uM of 25TCB that had no stimulatory
effect on state 4 respiration (Fig. 2), the dissipation
of membrane potential was also small (traces a—c).
Above this concentration, 25TCB completely col-
lapsed the membrane potential (traces d-g), which
led to the stimulation of state 4 respiration (Fig. 2).

Effects on Ca** accumulation

Ca?* movements across the mitochondrial mem-
branes were measured by monitoring the changing
level of Ca?* in the incubation medium with a
metallochromic indicator, antipyrylazo III. Figure 4
shows the effects of various 25TCB concentrations
on the Ca?* accumulation, when the energy needed
for this process is provided by the substrate oxidation
under the condition of blockade of Ca?* accumu-
lation driven by the hydrolysis of ATP (i.e. in the
presence of oligomycin, a specific inhibitor of mito-
chondrial ATPase [26]) 25TCB inhibited Ca?*
accumulation in a concentration-dependent manner
with both succinate and glutamate/malate as the
substrate. The inhibition of Ca?* accumulation with

succinate (IDsg, 50 uM) is greater than that obtained
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Fig. 4. Effects of 25TCB on the respiration-driven Ca**
accumulation by mitochondria under the condition of
blockade of Ca?* accumulation driven by ATP hydrolysis
The incubation medium contained 0.2 M sucrose, 20 mM
KCl, 3mM MgCl,, 5mM potassium phosphate (pH 7.4),
2.5 ug oligomycin, 150 uM antipyrylazo III, and 5 mM suc-
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cinate {O) or 5mM glutamate/5 mM (@) as the
respiratory substrate. Mitochondria (1 mg/ml) were inter-
acted with 25TCB for 3 min, then the Ca?* accumulation
was initiated by adding 150 uM CaCl,. The results are
expressed as percentage inhibition of initial rate of Ca®*
uptake (mean * SD of 3 experiments). The control rates
for succinate- and glutamate/malate-driven Ca?* uptake
were 16.8 + 1.3and 8.7 + 0.9 nmoles Ca?* /sec/mg protein,
respectively.

200

energy from ATP hydrolysis. Figure 5 shows the
effects of 25TCB on the Ca?* accumulation driven
by the ATF hydrolysis in the presence of respiratory
inhibitors, antimycin A and NaN,. At concentrations
below 60 uM, 25TCB did not affect the Ca2* accumu-
iation, but above this concentration, Ca? accumu-
lation was inhibited sharply in a concentration-
dependent manner, 75% inhibition was observed at
200 uM, with IDsy, 145 uM.
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latxon by mitochondria under the condition of blockade
of respiration-driven Ca’* accumulation. The incubation
medium contained 0.2M sucrose, 20mM KCl, 3mM
MgCl;, 5mM potassium phosphate (pH 7.4), 5 ug anti-
mycin A, 2 mM NaNj, 150 uM antipyrylazo III, and 3 mM
ATP. Mitochondria (1 mg/ml) were interacted with 25TCB
for 3 min, then the Ca** accumuiation was initiated by the
addition of 150 uM CaCl,. The results are expressed as
percentage inhibition of the initial rate of Ca’* uptake
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Fig. 6. The release of Ca** from mitochondria and mito-
chondrial swelling induced by 25TCB. The incubation
medium consisted of 0.2 M sucrose, 20mM KCl, 3 mM
MgCl,, 10mM potassium acetate, SmM Tris-HCl
(pH7.4), and 150 uyM antipyrylazo III. Mitochondria
(1 mg/ml) were loaded with 150 uM Ca?* with 3mM ATP
as the source of energy. After Ca’* load was complete,
1 uM ruthenium red (RR) was added. (A) Concentration-
dependence of the effects of 25TCB on Ca?" release: trace
a, —RR, —25TCB; trace b, +RR, —~25TCB; trace ¢, +RR,
30 uM 25TCB; trace d, +RR, 40 uM 25TCB; trace e, +RR,
60 uM 25TCB; trace f, +RR, 100 uM 25TCB. (B) 25TCB-
induced swelling of mitochondria: trace a, +RR, —25TCB;
trace b, +RR, 60 uM 25TCB.

Effects on Ca** release

Figure 6A shows 25TCB-induced release of Ca?*
from mitochondria that have accumulated Ca?*.
Firstly, mitochondria were allowed to accumulate
150 nmoles Ca?*/mg protein from the medium with
ATP as the source of energy. Once accumulation
was complete, ruthenium red (a potent inhibitor of
Ca?* uniporter [27]) was added to block the re-
uptake of Ca®*. After ruthenium red addition, vari-
ous concentrations of 25TCB were added, and Ca?*
movements were monitored. Trace b shows an exper-
iment illustrating the control release of Ca** which
became apparent by blocking re-uptake (“basal Ca?*
release”). The release of Ca®* is in contrast to the
retention observed in the absence of ruthenium red
(trace a). At concentrations below 30 uM 25TCB,
the efflux rate of Ca?* was very similar to that of
basal Ca’* release (trace c). At 40 uM 25TCB, a
large increase in the efflux was observed after a2 min
lag period (trace d). When 25TCB concentrations
were further raised, rate of Ca?* efflux was increased,
and lag period before Ca?* efflux became obvious
decreased (traces e and f). Figure 6B shows the
absorbance at 540 nm of an identical suspension of
mitochondria. A downward deflection indicates
mitochondrial swelling. Mitochondria underwent
large swelling when 25TCB was added to the incu-
bation medium. Thus, 25TCB-induced Ca?* release
is accompanied by the swelling of mitochondria.
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DISCUSSION

2,5,2',5'-Tetrachlorobiphenyl (25TCB) is classi-
fied as a phenobarbital (PB)-type inducer of micro-
somal drug metabolizing enzymes [28]. The toxicity
of 25TCB is less than that of 3,4,3’,4'-TCB (34TCB)
which categorized into a methylcholanthrene (MC)-
type inducer [29]. Although 25TCB is less toxic than
34TCB, a single oral dose of 25TCB in excess of
1.5 g/kg body weight to rats produces heavy mor-
tality within 2-3 days [4]. Regarding the hepato-
toxicity caused by 25TCB, Lin et al. reported an
acute lethal dose (1.7 g/kg body weight) of 25TCB
to rats produced swollen hepatocytes that had con-
formationally altered mitochondria, a large degree
of intracellular vacuolization, membrane fragmen-
tation, and an increase in cytosolic matrical materials
[5]. Despite the mechanism of toxicity for PCBs
remaining unknown, Poland et al. suggested that
toxic responses of TCBs classified as MC-type
inducer are mediated by a binding protein, refered to
as the 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD)
receptor [30]. 34TCB binds strongly to this receptor,
and its toxicity may be due to biochemical events
mediated by this receptor [31]. However, 25TCB
does not bind to the TCDD receptor, its toxicity may
be exerted by another mechanism.

The results presented in this paper show that
25TCB exerted its deleterious effect on the energy-
transducing functions of mitochondria. Namely,
25TCB strongly inhibited state 3 respiration with
succinate as the respiratory substrate. In addition,
uncoupling of oxidative phosphorylation became evi-
dent when succinate was replaced by glutamate/
malate. With both substrate, therefore, mitochon-
drial energy-production was impaired by 25TCB.

The uncoupling by 25TCB was directly related to
the dissipation of inside-negative membrane poten-
tial (Figs. 2 and 3). With a protonophoric uncoupler
such as DNP, the dissipation of membrane potential
is performed by carrying protons across the mem-
brane with an acid-dissociable group within the mol-
ecule. However, the dissipation by this agent is
another mechanism, since 25TCB does not possess
an acid-dissociable group. It is likely that 25TCB
dissipates membrane potential by producing a non-
specific increase in mitochondrial ion permeability
as evidenced by the Ca?*-release from mitochondria
(Fig. 6). 25TCB possesses nonplanar structure
because of the chlorine atoms attached to ortho.
ortho' positions of the biphenyl ring [32]; inter-
calation of such molecules into the lipid phase of the
membrane is expected to cause membrane damage,
leading to impairment of the ion-compartmentation
processes which are essential to form membrane
potential.

25TCB severely depressed the accumulation of
Ca?* by mitochondria when the energy required for
this process was provided by substrate oxidation.
Furthermore, Ca?* accumulation by mitochondria in
the presence of succinate was more intensely
inhibited by 25TCB than in the presence of NAD™*-
linked substrate, glutamate/malate. On the other
hand, with ATP as the source of energy, inhibition
was only seen at high 25TCB concentrations (more
than 60 uM); the chance, however, to use ATP as
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the source of energy may be few in vivo, since
ATP synthesis from ADP and inorganic phosphate
is inhibited by 25TCB. 25TCB did not inhibit the
mitochondrial ATPase which catalyses the ATP
hydrolysis [23]. It therefore appears that the inhi-
bition of Ca?* accumulation by 25TCB with ATP as
the source of energy is probably due to direct action
of 25TCB on the Ca’* uptake carrier, Ca®*
uniporter. Moreover, 25TCB inhibited electron
transport which is responsible for producing inside-
negative membrane potential (driving force for Ca?*
uptake by substrate oxidation); succinate oxidation
was more sensitively inhibited by 25TCB than
glutamate/malate oxidation [33], which was also par-
allel to the inhibition of Ca?* accumulation by 25TCB
seen with substrate as the source of energy (Fig. 4).
Accordingly, when the energy is supplied by the
substrate oxidation, the inhibition of Ca?* accumu-
lation due to 25TCB is also attributed to interference
with the electron transport chain, in addition to the
inhibition of Ca®* uniporter seen at relatively high
concentrations.

The experiments also show that 25TCB released
Ca?* that was already accumulated in mitochondria
(Fig. 6). The release of Ca** due to 25TCB was
accompanied by the swelling of mitochondria. This
indicates that 25TCB caused rather nonspecific alter-
ations in membrane permeability. Thus, 25TCB
impairs Ca?* sequestration by liver mitochondria by
both the inhibition of Ca?* accumulation and the
releasing Ca?* from mitochondrial stores. This and
together with the inhibition of plasma membrane
(Ca* + Mg?*)-ATPase of hepatocytes [5] may
increase cytosolic free Ca®* concentration in hepa-
tocytes (perturbation of intracellular Ca** homeo-
stasis).

From the above facts, it is suggested that dis-
ruption of mitochondrial energy production and
subsequent perturbation of intracellular Ca?*
homeostasis is a suitable candidate for the toxic
mechanism of 25TCB. The latter is spotlighted in
relation to toxic mechanism due to chemicals; a
common pathway to cell death [34]. Recently,
bromobenzene was shown to disrupt hepatocyte
Ca?* homeostasis [35]. As 25TCB is a structurally
related compound of bromobenzene, it is plausible
that 25TCB also perturbs hepatocyte Ca?* homeo-
stasis.

REFERENCES

1. R. W. Risebrough, P. Reiche, D. B. Peakall, S. G.
Herman and M. N. Kirven, Nature, Lond. 220, 1098
(1968).

2. G. J. Johnston, D. J. Ecobichon and O. Hutzinger,
Toxic appl. Pharmac. 28, 66 (1974).

10.
11.

12.
13.

14.
15.
16.
17.
18.

19.
20.

21.
22.
23.
24,
25.
26.
27.
28.
29.
30.
31.
32.
33.

34.
35.

3339

. M. M. Hansell and D. J. Ecobichon, Toxic. appl.

Pharmac. 28, 418 (1974).

.J.R. Allen, L. A. Cartens, L. J. Abrahamson and R.

J. Marlar, Envir. Res. 9, 265 (1975).

. F. S. Lin, M. T. Hsia and J. R. Allen, Arch. Envir.

contam. Toxic. 8, 321 (1979).

. M. Erecinska and D. F. Wilson, J. Membr. Biol. 70, 1

(1982).

. J. A. Manring and D. E. Moreland, Toxic. appl. Phar-

mac. 59, 483 (1981).

. T. Ohyama, T. Takahashi and H. Ogawa, Biochem.

Pharmac. 31, 397 (1982).

. F. A. X. Schanne, A. B. Kane, E. E. Young and J. L.

Farber, Science 206, 700 (1979).

M. Younes and C. P. Siegers, Biochem. Pharmac. 33,
2001 (1984).

H. Thor, P. Hartzell and S. Orrenius, J. biol. Chem.
259, 6612 (1984).

S.Fodenand P. J. Randle, Biochem. J. 170, 615 (1978).
G. Fiskum and A. L. Lehninger, Fedn Proc. Fedn Am.
Socs exp. Biol. 39, 2432 (1980).

E. Murphy, K. Coll, T. L. Rich and J. R. Williamson,
J. biol. Chem. 255, 6600 (1980).

S. K. Joseph, K. E. Coll, R. H. Cooper, J. S. Marks
and J. R. Williamson, J. biol. Chem. 258, 731 (1983).
G. Bellomo, S. A. Jewell and S. Orrenius, J. biol.
Chem. 257, 11558 (1982).

H. Faulstich, K. Munter and D. Mayer, FEBS Lett.
167, 241 (1984).

O. Hutzinger, S. Safe and V. Zicko, Bull. Envir.
Contam. Toxic. 6, 209 (1971).

G. H. Hogeboom, Meth. Enzym. 1, 16 (1955).

A. G. Gornall, C. J. Bardawill and M. M. David, J.
biol. Chem. 177, 751 (1949).

Y. Nishihara, Arch. Envir. contam. Toxic. 12, 517
(1983).

N. Kamo, M. Muratsugu, R. Hongoh and Y. Kobatake,
J. Membr. Biol. 49, 105 (1979).

A. Scarpa, F. J. Brinley and G. Dubyak, Biochemistry
17, 1378 (1978).

F. E. Hunter, Jr, and E. E. Smith, Meth. Enzym. 10,
689 (1967).

Y. Nishihara, L. W. Robertson, F. Oesch and K.
Utsumi, J. Pharmacobio-Dyn. 8, 726 (1985).

H. Lardy, P. Reed and C-H. C. Lin, Fedn Proc. Fedn
Am. Socs exp. Biol. 34, 1707 (1975).

F. D. Vasington, P. Gazzotti, R. Tiozzo and E.
Carafoli, Biochim. biophys. Acta 256, 43 (1972).

A. Parkinson, L. Robertson, L. Safe and S. Safe,
Chem. Biol. Interact. 30, 271 (1980).

H. Yoshimura, S. Yoshihara, N. Ozawa and M. Miki,
Ann. N.Y. Acad. Sci. 320, 179 (1979).

A. Poland, E. Glover and A. S. Kende, J. biol. Chem.
251, 4936 (1976).

A. Poland and E. Glover, Molec. Pharmac. 13, 924
(1977).

S. Kawanishi, T. Mizutani and S. Sano. Biochim.
biophys. Acta 540, 83 (1978).

Y. Nishihara, L. W. Robertson, F. Oesch and K.
Utsumi, Life Sci. 38, 627 (1986).

J. L. Farber, Life Sci. 29, 1289 (1981).

S. A. Jewell, G. Bellomo, H. Thor. S. Orrenius and
M. T. Smith, Science 217, 1257 (1982).



