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Excitatory and Inhibitory Effects of Opiates in the Rat Vas
Deferens: A Dual Mechanism of Opiate Action

Abstract. Both natural (—)-morphine and its unnatural enantiomer (+)-morphine
exert an excitatory action on electrically stimulated contractions of rat vas deferens.
Preexposure to (—)-morphine results in cross-tolerance to the inhibitory action of B-
endorphin. (—)-Naloxone and its stereoisomer (+)-naloxone also exert an excitatory
action, but only (—)-naloxone blocks the inhibitory action of -endorphin. Thus mor-
phine exerts a dual action on a peripheral organ: one an inhibitory action mediated
by the stereospecific endorphin receptor that is blocked stereospecifically by nalox-
one, the other an excitatory action mediated by a nonstereospecific receptor that is
not blocked by naloxone. The opiate abstinence syndrome is seen as due to the un-
‘masking of the excitatory action of opiates when its concomitant inhibitory influence
is removed by selective blockade by naloxone or weakened by selective tolerance.
The view that the rat vas deferens is devoid of morphine receptors is now seen as
arising from a reverse example of morphine’s dual action: the masking of the inhib-
itory action of morphine by its concomitant and more potent excitatory action.

We previously proposed a dual mecha-
nism model of morphine action in the
central nervous system (CNS) and pre-
sented evidence that morphine actions in
the CNS are mediated by two classes of
receptors (/). One, stereospecific for opi-
ates and antagonized by naloxone, medi-
ates the inhibitory actions of opiates
(analgesia, sedation, and immobility);
the other, not stereospecific for opiates
and not antagonized by naloxone, medi-
ates the excitatory actions of opiates
(such as hyperreactivity) ). This dual
action mechanism implies that the opiate
abstinence syndrome is due to the un-
masking of the excitatory action of the
opiate when its simultaneous inhibitory
influence is removed by selective block-
ade by naloxone or weakened by the de-
velopment of selective tolerance. We
now present evidence for a dual mecha-
nism of opiate action in a peripheral or-
gan, the rat vas deferens.

The rat vas deferens has been reported
to be devoid of morphine receptors (3),
yet B-endorphin, the opiate peptide that
is the putative endogenous ligand for the
classical morphine receptor, was report-
ed to exert a potent inhibitory action on
this tissue @). Morphine was found to
exert a stimulatory action (5), whereas
the potent opiate etorphine was found to
exert an inhibitory action (6). This seem-
ing contradiction led us to examine
the effects of morphine on this tissue.
We now report that morphine exerts a
dual action—both excitatory and inhibi-
tory—on this preparation, with the excit-
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atory effect masking the inhibitory one.

To demonstrate the inhibitory action
of morphine (which is masked by its con-
comitant and more potent excitatory ac-
tion), we investigated cross-tolerance to
the inhibitory action of 8-endorphin after
exposure to morphine. This effect was
observed to be stereospecific, occurring
only after exposure to (—)-morphine, not

its unnatural enantiomer (+)-morphine
(7). The excitatory action was non-
stereospecific, occurring after both (—)-
and (+)-morphine, and was not blocked
by the opiate antagonist (—)-naloxone.
While the excitatory action also oc-
curred after exposure to (—)-naloxone or
its stereoisomer (+)-naloxone (7), only
(—)-naloxone blocked the inhibitory ac-
tion of B-endorphin (Fig. 1) 8). These re-
sults extend to a peripheral organ our
previous findings for the CNS that mor-
phine exerts dual actions that are mediat-
ed by stereospecific inhibitory receptors
and nonstereospecific excitatory recep-
tors, with the former being blocked
stereospecifically by (—)-naloxone.

Vasa deferentia were dissected from
freshly killed Sprague-Dawley rats (250
to 300 g), carefully stripped of surround-
ing tissue, and pressed to remove their
seminal contents. Each tissue sample
was suspended in a 5-ml bath containing
Krebs-Ringer solution (9) maintained at
37°C and pH 7.4 and gassed with a mix-
ture of 95 percent O, and 5 percent CO,.
The resting tension was approximately 1
g; the contractions induced by electrical
stimulation (30 V, 0.1 Hz, 0.5 msec) (6)
were measured isometrically. All strips
were equilibrated for 1 hour, with wash-
es every 15 minutes. This was followed
by a pretreatment period of 30 minutes,
during which the tissue was continuously
exposed to one of four drugs or no drug
while the electrical stimulation contin-
ued. Immediately afterward, the strips

Fig. 1. Tracings showing excitatory and inhibitory actions of opiates and peptides on the electri-
cally stimulated contractions of rat vas deferens. (A) Left, excitation after addition of
(—)-morphine (M) (final dilution, 1 X 10-‘M); center, after (+)-morphine (1 X 10-*M); right, af-
ter substance P (SP) (2.5 x 10~%M). (B) Left, excitation after addition of (+)-naloxone (Nal)
(1 x 10*M) followed by inhibition (no blockade) when S-endorphin (8-E) (1.4 X 10-%M) was
added in its presence; right, excitation after addition of (—)-naloxone (1 X 10~4M); no inhibition
(blockade) followed when S-endorphin (1.4 x 10-°M) was added in its presence. (C) Inhibition
in a vas deferens preexposed to (+)-morphine (1 x 10~*M); 8-endorphin (1.4 x 10-"M) was add-
ed ll; 10, 30, and 60 minutes later. Three minutes after the first three additions, the strips were
washed (w).
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were rinsed three times; then 5 ul of 8-
endorphin (final concentration, 1.4 X
10-"M) was added to the bath for 3-min-
ute periods (followed by three more
rinses) 1, 10, 30, and 60 minutes after the
end of the pretreatment phase (Fig. 1).
The smallest contraction during the peri-
ods in which B-endorphin was present in
the bath was measured and expressed as
a percentage of the contraction height
before B-endorphin was added. The re-
sults were evaluated by a repeated-mea-
sures analysis of variance. Five groups
of six vasa deferentia each were tested
under these conditions. The five pre-
treatments were (—)-morphine, 1 X
10—M; (+)-morphine, 1 X 10~*M; B-en-
dorphin, 1.4 X 10-5M; substance P (SP),
2.5 X 10~¢M; and no drug (control) (10).
During the pretreatment phase, electri-
cally stimulated contractions of vasa
deferentia exposed to (—)-morphine,
(+)-morphine, or SP showed excitation
(Fig. 1), whereas contractions of B-en-
dorphin-exposed vasa deferentia showed
inhibition (Fig. 1).

Vasa deferentia pretreated with (—)-
morphine showed subsensitivity to the
inhibitory action of subsequently admin-
istered B-endorphin similar to that of
vasa deferentia pretreated with 8-endor-
phin (Fig. 2). This subsensitivity in-
dicates that tolerance developed to the
inhibitory action of (—)-morphine or 3-
endorphin during the pretreatment
phase. This cross-tolerance decreased
over time (in the absence of drug), reach-
ing the control level by 60 minutes. The
slopes for the five groups differ signifi-
cantly (I/1). These results indicate that
during the pretreatment phase, (—)-mor-
phine exerted an inhibitory action that
was masked by its concomitant excit-
atory action but then revealed by a
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state of tolerance similar to that shown
by the B-endorphin-pretreated group.

This subsensitivity is in contrast with
the supersensitivity to B-endorphin
shown by vasa deferentia pretreated
with SP or with (+)-morphine. The su-
persensitivity may compensate for the
prolonged and exclusively excitatory ac-
tion of SP or (+)-morphine. Substance P
in particular exerted a potent excitatory
action during the pretreatment phase. In
a separate experiment, SP and B-endor-
phin exerted a mutually antagonistic ac-
tion on the rat vas deferens. Substance P
reversed the inhibitory action of g-
endorpnin, and 3-endorphin reversed the
excitatory action of SP. Although the re-
ceptors that mediate the actions of the
two peptides probably differ, physiologi-
cal antagonism in vivo may consist of
such a mechanism (that is, opposing ac-
tions mediated by separate receptors)
(12). To date, no endogenous opiate an-
tagonist similar to naloxone (that is, an
endogenous substance that displaces en-
dorphin from its receptor site without ex-
erting any agonistic action of its own)
has been identified.

The potent inhibitory action of 3-en-
dorphin on the rat vas deferens suggests
that this opiate peptide may modulate
sexual function by inhibiting the release
of neurotransmitters or by opposing the
excitatory actions of other neuropep-
tides. This possibility was proposed pre-
viously (13).

In summary, the apparent lack of mor-
phine action on the rat vas deferens (3)
can now be seen as due to morphine’s
concomitant excitatory action masking
the inhibitory one. At low to moderate
concentrations of morphine (and of other
opiates such as levorphanol), the two ac-
tions counterbalance each other, with a

net result of no overt effect. At higher
concentrations (for example, 10-5M), the
balance is tilted in favor of the excitatory
action, which then becomes manifest. It
is unlikely that the rat vas deferens con-
tains a unique species of opiate receptor
that is exclusively responsive to the in-
hibitory actions of -endorphin and etor-
phine and not to morphine or levorpha-
nol (6). A more parsimonious view is that
a common endorphin receptor mediates
the inhibitory action of opiates and
opioid peptides, whose action, in the
case of morphine and levorphanol, is
masked by the concomitant (and more
potent) excitatory action of the opiates at
the excitatory receptor (14). [Etorphine,
in contrast to morphine and levorphanol
but like B-endorphin, apparently exerts
an exclusively inhibitory—or minimally
excitatory—action (15).]

Finally, it is likely that the well-known
withdrawal (contracture) phenomenon of
the dependent, isolated guinea pig ileum
is another example of the dual action of
opiates, the contracture being the unop-
posed excitatory action of the opiate fol-
lowing naloxone blockade of the opiate’s
opposing inhibitory action at the endor-
phin receptor.

YAasuko F. JACQUET
Center for Neurochemistry, Rockland
Research Institute, Ward’s Island,
New York 10035
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Elevated Cerebrospinal Fluid Norepinephrine in Schizophrenics:

Confounding Effects of Treatment Drugs

The report by Lake et al. (I) presents
evidence that the mean concentration of
norepinephrine in the cerebrospinal fluid
of a group of schizophrenics was ele-
vated compared to that in healthy con-
trols. A difficulty in studies of this type is
the possible confounding effects of drugs
used in the treatment of schizophrenia.
Lake et al. report that the subjects re-
ceived no medication for at least 2 weeks
prior to the study. However, neuroleptic
agents persist in the body for much lon-
ger periods of time. For example, chlor-
promazine may be detected in the urine
months after its administration has been
discontinued (2). Furthermore, it is pos-
sible that drugs have persisting effects
even after their disappearance from the
body. Therefore, the effects of drugs
used in the treatment of schizophrenia
should be considered in the inter-
pretation of the results reported by Lake
et al.

JAMESs J. LiPsky
Division of Clinical Pharmacology,
Johns Hopkins University School of
Medicine, Baltimore, Maryland 21205

References

1. C. R. Lake, D. E. Sternberg, D. P. van Kam-
men, J. C. Ballenger, M. C. Ziegler, R. M. Post,
1. J. Kopin, W. E. Bunney, Science 207, 331
(1980).

2. W. Martindale, The Extra Pharmacopoeia
(Pharmaceutical Press, London, ed. 27, 1977).

6 February 1980

SCIENCE, VOL. 210, 3 OCTOBER 1980

The comment by Lipsky is appropriate
and warranted. Most of our 35 schizo-
phrenic patients had been medication-
free for more than 2 weeks before being
studied, and the mean time since receiv-
ing the last dose of psychotic medication
was about 4 + 0.6 weeks, excluding sev-
eral patients who had never been given
antipsychotic drugs. [The concentrations
of norepinephrine (NE) in the cerebro-
spinal fluid (CSF) of the patients who
had never received antipsychotic drugs
were similar to those measured in the pa-
tients who had received such drugs.]
These periods are inadequate to ensure
complete elimination of neuroleptic
drugs, but to withhold therapeutic medi-
cation for 2 weeks is difficult; to withhold
it for longer periods may be unethical.

There were elevated levels of NE in
the CSF of the schizophrenic patients
(I). The question by Lipsky seems to be
whether some persisting antipsychotic
drug effect could have been responsible
for the elevation. The primary catabolite
of brain NE metabolism is 3-methoxy-4-
hydroxyphenylglycol (MHPG), and
chlorpromazine lowers CSF levels of
MHPG in schizophrenic subjects (2). In
animals a variety of neuroleptic drugs
significantly reduce brain NE levels (3).
Eleven of the patients in our study were
subsequently given pimozide, an anti-
psychotic drug, and restudied after at

least 4 weeks of daily drug administra-
tion. Norepinephrine levels at the time of
the second lumbar CSF tap were signifi-
cantly reduced (¢ = 3.04, P < .01; Stu-
dent’s paired ¢-test) (¢, 5).

It appears that at least some antipsy-
chotic drugs are associated with a de-
crease rather than an increase in NE lev-
els. Thus, our finding of elevated levels
of NE in CSF of schizophrenics is not
explained by the effects of residual anti-
psychotic drugs.
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