Pharmacology Biochemistry & Behavior, Vol. 25, pp. 595-598, 1986. © Ankho International Inc. Printed in the U.S.A.

Potentiation of the Propunishment,

but not the Convulsant Action of
the B-Carboline DMCM by Naltrexone

T. DUKA! AND D. N. STEPHENS
Research Laboratories of Schering AG, Berlin-West/Bergkamen, FRG

Received 29 January 1986

DUKA, T. AND D. N. STEPHENS. Porentiation of the propunishment, but not the convulsant action of the B-carboline
DMCM by naltrexone. PHARMACOL BIOCHEM BEHAYV 25(3) 595-598, 1986.—The ability of naltrexone (NTX) to
potentiate the propunishment and convulsant properties of DMCM, a benzodiazepine receptor inverse agonist, was studied
in mice. Doses (0.39 and 1.56 mg/kg) of DMCM which were below the threshold for propunishment effects showed a
marked ability to enhance the suppressive effects of punishment on locomotor activity in the presence of naltrexone (0.5 or
2.5 mg/kg IP), higher doses of DMCM and NTX (3.13 mg/kg and 10 mg/kg. respectively) had a depressant effect of their
own on both punished and unpunished locomotor activity. DMCM given alone induced clonic convulsions (EDs,: 5.7 mg/kg
IP) but this activity was not changed in the presence of naltrexone. These results suggest an interaction of BZ receptors and
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opioid systems in the control of anxiety.
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IT is generally agreed that the benzodiazepines (BZs)
produce their pharmacological effects by binding to receptor
sites which modulate the activity of GABA [5, 10, 15]. By
this primary mechanism of action, other neurotransmitter
systems are affected and mediate the expression of the BZs’
various effects. Several reports suggest a functional relation-
ship between BZs and opiates. Although certain BZ proper-
ties, including their sedative effects [20] and discriminative
stimulus properties [28] appear to be unrelated to
endorphins, others, including their ability to induce hyper-
phagia [9], to enhance rates of self-stimulation [22], to induce
ataxia [14] and to increase locomotor activity [7] are
antagonised by the broad spectrum opiate antagonists
naloxone or naltrexone.

Of particular interest is the interaction of BZ and opiate
systems in conflict behaviour and other anxiety models.
Both the BZs, and in certain cases opiates, possess signifi-
cant anxiolytic properties [16,23], and additionally naloxone
markedly reduces the disinhibitory properties of BZs in con-
flict tests at doses specific for opiate receptor antagonism
[13, 19, 27], although these observations have not always
been confirmed [6].

Recently, substances have become available which, al-
though acting via the BZ receptor, exert pharmacological
effects opposite to those of the BZs [4] Among these the
B-carboline DMCM, 6,7-dimethoxy, 4-ethyl 8-carboline car-

boxylic acid methyl ester, is the most potent. DMCM is con-
vulsant [24] and at lower doses exerts a marked anxiogenic
activity in several animal models [25, 29, 30}. We were there-
fore interested in discovering the nature of the interaction
between an opiate antagonist and DMCM in its anxiogenic
and convulsant activity. The opiate antagonist chosen was
naltrexone (NTX) which is more potent and shows a longer
half-life than naloxone [1].

METHOD

A modification of the four-plate test [2] was used, in
which DMCM exhibits a propunishment effect at doses of 3
mg/kg and above [30]. Naive NMRI mice of either sex,
supplied by the Department Tierzucht und -haltung, Scher-
ing AG, and weighing 25+2 g were placed individually in the
centre of a rectangular chamber (23 1830 cm high) whose
floor was divided into four equally sized metal plates. Fol-
lowing 20 sec in which the mouse was allowed to explore
freely, it received a mild (0.3 mA) and brief (60 msec) electric
shock each time it crossed from one plate to another. The
number of such crossings in a 1-min period were taken as a
measure of exploratory activity. As a control for sedative or
stimulant effects, the effect of test substances on non-
punished crossings was assessed in independent groups. In
both punished and unpunished conditions eight mice were
tested per drug dose.

'Requests for reprints should be addressed to Dr. T. Duka, Department of Neuroendocrinology and Neuropsychopharmacology, Schering
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Potentiation of the propunishment activity of DMCM by Naltrexone
in the 4-plate test
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FIG. 1. Number of crossings in the four plate apparatus in unpun-
ished or punished group of mice (footshock, 0.3 mA, 60 msec).
following different combinations of treatments of DMCM and nal-
trexone.

Drugs were injected 20 min before testing in a 4 (saline,
0.5 mg/kg and 2.5 mg/kg and 10 mg/kg naltrexone) x 4 (cre-
mophor vehicle, 0.39 mg/kg, 1.56 mg/kg and 3.13 mg/kg
DMCM) design.

DMCM doses were chosen to include doses both below
and above the minimally effective dose for propunishment
activity [30]. In a separate experiment 1 mA instead of 0.3
mA electric shock was applied, and cremophor vehicle, 0.5
mg/kg or 2.5 mg/kg NTX were administered. Testing was
performed as described above.

The ability of the opiate antagonist to enhance the con-
vulsant activity of DMCM was also tested. Saline or nal-
trexone (0.5 or 2.5 mg/kg) were administered IP and 20 min
later DMCM administered, also IP, in the dose 1.56, 3.13, 6.25
or 12.5 mg/kg to groups of eight mice. The number of mice
exhibiting clonic seizures during the following 15 minutes
was noted.

STATISTICS

Analysis of variance of two factors (DMCM-dose and
NTX-dose) was performed for unpunished or punished lo-
comotor activity in the 4-plate procedure. Data are presented
as means, and a significant effect is considered to have oc-
curred when p<<0.05.

RESULTS

Figure 1 illustrates that both DMCM, F(3,112)=32.0,
p<0.001, and NTX, F(3,112)=9.8, p<0.001, reduced unpun-
ished activity and that in each case this effect was attributa-
ble to the highest doses of the two substances (Scheffé,
p<0.01). There was no significant interaction
(F(9,112)=1.54; NS) in the effects of NTX and DMCM.

Punishment resulted in a reduction of locomotor activity
which was potentiated in the presence of DMCM,
F(3,112)=22.8, p<0.001. Post hoc analysis indicated this ef-
fect to be due to the highest (3.13 mg/kg) dose of DMCM.
Naltrexone also enhanced the effects of punishment,
F(3,112)=11.3, p<0.001, again as a result of the highest NTX
dose (10 mg/kg), the lower doses showing no effect. A signif-
icant interaction term, F(9.112)=3.4, p<0.001, indicates that
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TABLE 1
NUMBER OF MICE OUT OF 8 SHOWING CLONIC CONVULSIONS

Naltrexone Dose (mg/kg, IP)
DMCM Dose
(mg/kg, IP) 0 0.5 2.5

0

1.56
3.13
6.25
12.5 8

EDso 5.7
95% confidence limits (4.0-8.1)

0 0
0 0
0 0
5 6
6

7.6

hr—_-0 0

7

6.4

(5.1-12.9) (4.4-9.3)

Effect of naltrexone 0.5 mg/kg and 2.5 mg/kg on DMCM induced
clonic convulsions. Naltrexone was injected IP 20 min before
DMCM. DMCM was injected IP and the number of mice showing
clonic convulsions was noted. EDsos were estimated by the method
of Litchfield and Wilcoxon [21].

the propunishment effects of NTX and DMCM potentiated
each other. As can be seen from Table 2, NTX on its own did
not show any propunishment effect at a higher level of foot-
shock, 1 mA.

Table 1 indicates that DMCM induced seizures in a
dose-dependent fashion and that this relationship was not
significantly altered by either 0.5 or 2.5 mg/kg naltrexone.

DISCUSSION

The present study demonstrates a potentiation of the
propunishment action of subthreshold doses of DMCM by
the opiate antagonist naltrexone. This interaction between
the opiate antagonist and the inverse agonist at ben-
zodiazepine receptor is consistent with the ability of another
opiate antagonist, naloxone, to antagonise the anxiolytic ac-
tivity of BZ agonists [13, 19, 27] and suggests that opiate and
GABAergic system in the brain may interact in the control of
anxiety or stress reactions. Furthermore, this interaction
seems to be specific for anxiety, since the ability of NTX to
potentiate the action of DMCM was limited to DMCM’s
anxiogenic action and did not extend to its convulsant activ-
ity.

Although the data indicating a potentiation of DMCM’s
anxiogenic activity by NTX are clear in this test, the basis
for such an interaction is by no means certain. Since DMCM
does not bind to opioid receptors [4] and naltrexone does not
bind to BZ receptors [3] a direct interaction at the level of the
receptor can be ruled out. Some evidence suggests, how-
ever, that BZs can induce the release of opioids [11,32] and
in common with their anxiolytic, sedative and anticonvulsant
activity this effect of BZs appears to be mediated by GABA,
since it is antagonised by bicuculine and mimicked by mus-
cimol and the GABA-transaminase inhibitor amino-
oxyacetic acid [12]. Since DMCM acts via BZ receptors to
reduce the effectiveness of GABA [4] it seems possible that
DMCM would reduce opioid release, and this might provide
a basis for the additive effects of DMCM and NTX in poten-
tiating the effect of punishment. However, it seems unlikely
that the anxiolytic effects of BZs and anxiogenic actions of
BZ receptor inverse agonists depend entirely on their ability
to modulate opioid release.
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TABLE2

NUMBER OF CROSSINGS (MEAN = SEM), IN THE FOUR PLATE
APPARATUS IN UNPUNISHED OR PUNISHED GROUP OF MICE
(FOOT SHOCK 1 mA, 60 msec) FOLLOWING DIFFERENT

NALTREXONE DOSES
Naltrexone  Naltrexone
NaCl 0.5 mg/kg 2.5 mg/kg
Unpunished crossings 13.3 £ 0.9 13.5 = 1.2 10.6 = 0.8
Punished crossings 59=+1.0 6.4 + 0.8 6.3+ 1.0

In seeking alternative explanations, effects of NTX on
pain threshold and on locomotor activity can be excluded.
The possibility that NTX decreased pain threshold and thus
intensified the punishing properties of shock seems unlikely
for two reasons: firstly, at the lower doses used, naltrexone
on its own had no propunishment effects but still potentiated
the effects of DMCM, and, secondly, opioid analgesics ap-
pear to have no specific anti-punishment properties in the
four-plate test ([2] and unpublished).

The failure of low doses of either DMCM or naltrexone,
or the combination of low doses to influence unpunished
locomotor activity in the novel environment would also seem
to rule out explanations based on naltrexone’s ability to re-
duce exploratory activity [18], at least at these low doses.

The highest dose of naltrexone (10 mg/kg) which may not
be specific for opiate receptors induced a decrease in both
punished and unpunished locomotor activity. In this case the
ability of high doses of NTX to reduce exploratory activity
[8,18] may have influenced the number of punished cross-
ings. On the other hand, since DMCM also decreased un-
punished exploratory activity at the highest dose (Fig. 1), we
assume that a strong anxiogenic effect induced by the sub-
stances themselves, may result in behavioural inhibition and
influence exploratory activity even in the absence of
punishment.
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Another mechanism in which DMCM and naltrexone
would be expected to act synergistically is in the physiolog-
ical response to stress. If in the presence of DMCM the
footshock (0.3 mA for 60 msec) became stressful then opioid
release would be expected to take place [26]. Alternatively,
the doses of DMCM used may have been sufficiently stress-
ful in themselves to induce opioid release, since we have
previously shown that DMCM potently induces one stress
response, an increase in plasma corticosterone levels [31].

In either case, naltrexone might act to antagonise the
ability of the released opioids to counteract the stress and
thus intensify the effects of punishment. At a higher level of
foothshock, 1 mA, which would itself be expected to be
stressful, naltrexone did not show any propunishment effect
(Table 2), but the activity levels were already very low in
these animals.

Finally, it cannot be excluded that naltrexone by itself or
through the blockade of opioid peptide transmission, may
alter nonopiate processes involved in the propunishment
(anxiogenic) activity of DMCM. For instance an interaction
has been demonstrated between DMCM and the norad-
renergic system with respect to the anxiogenic effect of
DMCM [31], and an interaction between opioids and norad-
renergic systems has been suggested [17].

Whatever the mechanisms, the present findings that the
anxiogenic activity of subthreshold doses of a BZ receptor
inverse agonist is potentiated by an opioid antagonist pro-
vide further evidence of an interaction between BZ receptors
and opioid systems in the control of punished behaviour,
consistent with previous findings of an antagonism of the
anxiolytic properties of BZ receptor agonists by opioid
antagonists.
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