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1. Introduction

Since opiates are not normally occurring in animals,
opiate receptors must be made to recognize endogenous
agents that resemble opiates [1]. Some of these com-
pounds have been isolated [2—5] and characterized
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enkephalin [6], for which structural similarity to
opiates has been suggested [7,8]. The endogenous
ligands of the opiate receptors compete with opiates
for the same receptors [2,4] and cause analgesia if
applied properly [9]. In the presence of prostaglan-
din E; (PGE,) the neuroblastoma-glioma hybrid cells

108CC15 11 1] increase their intracefluiar concentra-

tion of adenosine 3',5"-cyclic monophosphate (cyclic
AMP\ ”7] This increa:

[13], noradrenalm [14],
phalin {10].

Besides these short-term actions of opiates on the
hybrid cells, also long-term effects were observed
which could be correlated with morphine tolerance,
dependence and withdrawal phenomena: Hybrid cells
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morphine [15-17] and enke-

hours showed an increased response to PGE, [18,19].
In the present communication we report that also
enkephalins can cause such long-term effects. In
addition we present evidence that the enkephalins are
inactivated by incubation with the hybrid cells.

2. Materials and methods
Leucine-enkephalin (1-enk) and methionine-

enkephalin (m-enk) were synthesized as described
[10]. PGE, was a gift of Dr J. Pike, The Upjohn Co.,
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Kalamazoo. The neuroblastoma X glioma clonal hybrid
cells 108CC15 were grown in plastic Petri dishes as
described [12,17]. 2.5 X 10° viable (exclusion of
nigrosin) cells were seeded. Four days later 200 ul of

a 0.1 mM solution (in distilled water) of enkephalin
was added. In some cases this addition was repeated 3
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Thr;bc pie-
incubations were ended after various times (0 to 15 h)
within the range of 4 h. At the end of the preincuba-
tion period, the medium was removed and the celi layer
was washed with 5 ml of incubation medium (37°C)
[20] before the main incubation (10 min, 37°C) in

5 ml of this medium was started by the addition of

15 ul PGE, in ethanol (36%) (final concentration

0.3 uM). In some cases also 1 uM 1-enk was present

during this period. After the main incubation, the cellu-

lar content of cyclic AMP was determined as descrlbed
[10].

3. Results

Hybrid cells preincubated with 1 uM 1-enk for 1 to
3 h show a strongly enhanced response to PGE, during
the main incubation (fig.1, curves 1a and b, O to 3 h).
This result is analogous to that obtained with mor-
phine [18]. If the preincubation period exceeds
3 hours, the increased response to PGE, is gradually
lost again (fig.1, curve Ia). This observation contrasts
with that pfveuuy made | ll OJ when m()i‘puuw was
present during the preincubation. Under these condi-
tions a plateau of the enhanced response to PGE, was
reached after 10 h and was maintained at least up to
62 h. The declining effect of 1-enk suggested that the
peptide 1-enk might be broken down in the culture
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Fig.1. Effect of the preincubation with 1-enk on the response
to PGE, of the hybrid cells 108CC15. 1.8 X 10° viable hybrid
cells (viability 91.8%) were preincubated at 37°C with 1-enk
for various lengths of time. To this end 1-enk (200 ul 0.1 mM)
(curves Ia, Ib and III) or 200 ul of water (curves Ila and-1Ib)
were added once (at O h; curves Ia, Ila and III) or twice (at

0 and 3 h; curves Ib and IIb) to the cultures containing 20 mi
of growth medium. After the preincubation, the medium was
replaced by incubation medium [30] and the main (challenge)
incubation in the presence of 0.3 uM PGE, (10 min, 37°C)
was carried out before the intracellular concentration of

cyclic AMP was determined. The main incubation corresponding
to curve III also contained 1 uM 1-enk. Cells preincubated as
those of curve Ib but challenged with PGE, + 1 uM 1-enk after
5 h of preincubation contained 1200 * 130 pmol cyclic AMP
per mg protein. All points are mean values * s.d. obtained from
3 parallel incubations.

during preincubation. In order to test this hypothesis,
l-enk was added again after 3 h of preincubation.
Indeed, the enhanced response to PGE,; could now
be observed up to more than 6 hours (fig.1, curve Ib).
Control cells receiving at 0 hours (fig.1, curve IIb)

or 0 and 3 hours (fig.1, curve IIb) only water instead
of the solution of 1-enk for the preincubation showed
much less pronounced changes in their response to
PGE, . After all times of preincubation with 1-enk the
response to PGE; during the challenge incubation with
PGE; could be attenuated by 1-enk (fig.1, curve III).
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Fig.2. Effect of the concentration of l-enk during the pre-
incubation (2.5 h) on the increase in the level of cyclic AMP
caused by PGE, during the main incubation (10 min, 37°C).
Main incubation in the presence of 0.3 uM PGE, (curve I) or
0.3 uM PGE, + 0.1 uM 1-enk (curve II). 1.1 X 10° viable cells,
viability 96.8%, other details as in fig.1.

The preincubation with m-enk afforded results
essentially identical to those obtained with 1-enk.

The development of the increased response to PGE,
in the main incubation is dependent on the concentra-
tion of 1-enk during the preincubation period. If the
cells are preincubated with 1-enk for 2.5 h, the maxi-
mal effect is observed at 1 uM 1-enk. (fig.2, curve I).
A further increase in the concentration of 1-enk does
not cause any further changes. Irrespective of the
concentration of 1-enk used in the pre-incubation
the action of PGE; can be inhibited if 1-enk is present
during the main incubation (fig.2, curve II). The
stronger the effect of the preincubation with 1-enk
the smaller is the inhibitory effect of 1-enk in the
main incubation (compare I and II in fig.2).

4. Discussion

In response to PGE; hybrid cells preincubated for
several hours with enkephalins, adrenergic or choliner-
gic agonists show increased accumulation of intracellu-
lar cyclic AMP. If present during a 10 min incubation,
all these compounds including morphine [15,16] and
the enkephalins [10] prevent the PGE, induced
increase in the intracellular level of cyclic AMP, which
might be associated with the analgesic action of the
drugs [21—-23] and the pleasant sensation they evoke.
On the other hand then, an increase in the level of
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cyclic AMP above normal should be correlated with
unpleasant sensations in men and animals. As pointed
out previously [11,18 19], from these effects and the
long-term actions of morphine or enkephalin a model
can be developed for opiate tolerance, dependence and
withdrawal phenomena. In fact, agents known to
increase the intracellular concentration of cyclic AMP
(cyclic AMP and its derivatives, inhibitors of cyclic

AMP phosphodiesterase activity) elicit quasi abstinence

syndroms in animals if applied properly [24,25].

If in vitro the enkephalins cause biochemical
correlates of opiate tolerance and withdrawal, the
question arises why animals and men donot become
addicted to their own endogenous ligands of the
opiate receptors. The answer likely to be correct is
that such peptides are rapidly inactivated before they
can evoke long-term actions. This is what one would
expect if the enkephalins are neurotransmitters or
constituents of neurotransmitters. Removal of the
opiate from hybrid cells ‘addicted’ to morphine is
followed by the complete loss of this phenomenon
within 3 h [17]. A reversal of the state of ‘addiction’
caused by 1-enk is found even without washing it
away from the cells (fig.1, curve Ia). The most straight
forward explanation is that the peptide is inactivated
in the culture. This view is supported by the fact that
a timely second administration of 1-enk prolongs the
state of ‘addiction’ of the cells (fig.1, curve Ib). Thus,
the hybrid cells may not only be a good model system
for studying the molecular mechanism of opiate action
but also for studying the breakdown of enkephalins
and similar peptides. The finding presented demon-
strates that the analogy between opiates and enkepha-
lins not only holds for their short-term but also
extends to their long-term actions. Except for the
degradation of the peptides, the molecular mechanism
for the actions of opiates might also reflect those for
the actions of peptides with opiate-like effects.
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