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Abstract—The effects of novel opioid antagonists on the behavioural syndrome induced by electroconvul-
sive shock (ECS) in rats have been examined and compared with those of the established agent naloxone. A
single ECS produced catalepsy and significantly increased tail immersion response times during the 15 min
following the seizure. These responses were inhibited by a low dose of naloxone (1 mgkg~!, i.p.) and also by
RX8008M (16-methylcyprenorphine; 1 mg kg=', i.p.) which blocks g~ and 6- but not k-opioid receptor
function. In comparison, the antinociception and catalepsy induced by ECS was not attenuated by the
selective J-receptor antagonist naltrindole (I mg kg', i.p.). These results suggest that ECS-induced
antinociception and catalepsy may be mediated by endogenous opioids acting at y-opioid receptors and are
consistent with biochemical studies showing the release of f-endorphin in both animals and man following

this procedure.

Electroconvulsive shock (ECS) produces both antinocicep-
tion and catalepsy in rats. These responses appear to be
mediated by endogenous opioids since they are reversed by
opioid antagonists (see review by Jackson & Nutt 1990).
Most studies have employed the opioid antagonists naloxone
and naltrexone which unfortunately cannot discriminate
between the different types of opioid receptor in-vivo. More
selective compounds have recently become available includ-
ing RX8008M (16-methylcyprenorphine) and naltrindole.
RX8008M is of interest as it has been characterized in
isolated tissue preparations as a pure competitive optoid
antagonist with high affinity for y- and d-receptors and low
affinity for x-receptors (Smith 1987). It can also clearly
distinguish between - and k-receptor function in whole
animal work (Birch & Hayes 1987; Birch et al 1988; Hayes &
Birch 1988; Jackson & Kitchen 1989a, b). Naltrindole is a
stable non-peptide opioid antagonist which has been shown
to act selectively at J-receptors in a number of different
paradigms (Portoghese et al 1988, 1990; Rogers et al 1990).

In the current study we have compared the effects of
naloxone, RX8008M and naltrindole on ECS-induced anti-
nociception and catalepsy in rats in order to investigate the
relative roles played by different opioid receptors in these
responses.

Materials and Methods

Animals

Male Wistar rats (Bantin & Kingman), 110-150 g, were
housed in groups of 8 on a 14:10 h light-dark cycle (lights on
at 0500 h) at a temperature of 23 4+ 2°C and with free access to
standard rat diet and drinking water at all times. Animals
were used on only one occasion.

Correspondence: H. C. Jackson, Reckitt and Colman Psycho-
pharmacology Unit, Department of Pharmacology, School of
Medical Sciences, University Walk, Bristol BS8 1TD, UK.

Experimental procedures

On the day of the test, rats were transferred to a quiet, air-
conditioned laboratory (23 +2°C) and acclimatized to these
conditions for at least 2 h before use. All experiments were
carried out between 1300 and 1700 h. In studies of the effects
of opioid antagonists on ECS-induced antinociception and
catalepsy 3 treatment groups were employed: sham-vehicle;
ECS-vehicle and ECS-antagonist. ECS was applied to
conscious rats by ear-clip electrodes (80 mA, unipolar, 0-5 s
duration) using a constant current generator (Applegarth
Electronics, Oxford, UK). Electrodes were clipped onto the
sham controls but the current was not switched on. Only
animals exhibiting full tonic hindlimb seizures to ECS were
used in the study and to account for this and for any ECS-
induced fatalities ECS-treatment groups initially contained a
larger number of animals (14) than the sham-treatment
groups (7 or 8). Experiments examining the effects of
naloxone and RX8008M on ECS-induced catalepsy and
antinociception, were performed in parallel, using the same
sham- and ECS-vehicle treated groups. The effects of
naltrindole on these parameters were examined on a separate
occasion using separate control groups.

Antinociception was assessed, immediately before injec-
tion and 5, 10, 15, 30 and 60 min after ECS, using the tail
immersion test. Rats were hand-held over a hot-water bath
with the terminal 2-3 cm portion of their tails in water at a
temperature of 55°C. This noxious stimulus produced a
distinct tail flick response and response times were deter-
mined to the nearest 0-1 s using a stop-watch.

Catalepsy was measured 15 min after ECS. Animals were
held with their forepaws resting over a horizontal bar (5 cm
from the ground) for 3 s and then gently released. Catalepsy
was defined as present if animals remained on the bar for
over 60 s.

Drugs
RX8008M and naltrindole were synthesized at Reckitt &
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Colman, Hull. Naloxone was purchased from Research
Biochemicals Incorporated. All drugs were dissolved in pH 3
0-9% NaCl (saline) and injected intraperitoneally (i.p.) using
a dose volume of SmL kg~'. The experimenter was not aware
of the drug treatment of the animals given ECS. Animals
were given naloxone (1 mgkg~') or RX8008M (1 mgkg~1) 5
min before ECS and naltrindole (1 mg kg~') 30 min before
ECS. Pretreatment times and doses of antagonist were based
on those shown to be effective in other studies in our
laboratory and by other workers (Birch & Hayes 1987; Birch
et al 1988; Hayes & Birch 1988; Jackson & Kitchen 1989b, c;
Jackson et al 1989; Gacel et al 1990).

Statistical analysis

In antinociceptive studies, treatment group means were
statistically compared using analysis of variance followed by
Dunnett’s test. Statistical comparisons between the number
of animals exhibiting catalepsy in each treatment group were
made using the Fisher exact test.

Results

Nociceptive thresholds of control animals showed a small
increase in the first 15 min of the experiment (Figs 1, 2, 3). A
single ECS induced a further 2-fold increase in tail immersion
response times over the sham-treated control levels. This
antinociceptive response began to develop 5 min post-ECS
and peaked after 10 min before decreasing to baseline values
30 to 60 min after the seizure (Figs 1, 2, 3).

The antinociception induced by a single ECS was signifi-
cantly attenuated by pretreatment with the opioid antagonist
naloxone (1 mg kg ~'; Fig. 1). This effect was not apparent at
5 min but began to emerge at the 10 min reading and by 15
min the tail immersion response times of animals given
naloxone and ECS were not significantly different from those
of the sham and vehicle-treated controls. The u/d-opioid
antagonist RX8008M (1 mg kg~!) significantly reduced
ECS-induced antinociception in a similar manner (Fig. 2).
Thus, the inhibition showed a delay in development but by 15
min had reduced the elevated response times of ECS-treated
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FiG. 1. Antagonism of ECS-induced antinociception by naloxone
(1 mg kg~ !, i.p.). Values represent means +s.e.m. for groups of 8
(sham-vehicle) or 13 (ECS-treated) rats. * P <3-05 compared with
sham-vehicle, T P < 0-05 compared with ECS-vehicle.
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Fi1G. 2. Antagonism of ECS-induced antinociception by RX8008M
(1 mg kg~ ', i.p.). Values represent means +s.e.m. for groups of 8
(sham-vehicle); 13 (ECS-vehicle) or 14 (ECS-RX8008M) rats.
* P<0-05 compared with sham-vehicle, t P<0-05 compared with
ECS-vehicle.
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FiG. 3. Lack of effect of naltrindole (1 mgkg~',i.p.) on ECS-induced
antinociception in the rat. Values represent meanszts.c.m. for
groups of 7 (sham-vehicle); 13 (ECS-vehicle) or 14 (ECS-naltrindole)
animals. * P <0-05 compared with sham-vehicle.

Table 1. Effect of opioid antagonists on ECS-induced catalepsy in
rats.

Treatment Number cataleptic/number tested
Sham-vehicle (i.p.) 0/8

ECS-vehicle (i.p.) 9/13*
ECS-naloxone (1 mg kg~ !, i.p.) 4/13§
ECS-RX8008M (1 mgkg',i.p.) 5/14
Sham-vehicle (i.p.) 1/7
ECS-vehicle (i.p.) 9/13*
ECS-naltrindole (1 mg kg~ ' i.p.) 11/14*

*P <0-05 compared with sham-vehicle, §P <0-05 compared with
ECS-vehicle.

animals back to control levels. In contrast, the §-opioid
antagonist naltrindole (1 mg kg=') did not modify the
increase in tail immersion response time induced by ECS at
either the 5, 10 or 15 min reading (Fig. 3).
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The catalepsy produced by a single ECS was also signifi-
cantly reversed by naloxone (1 mg kg ') as shown in Table 1.
ECS-induced catalepsy was also attenuated by RX8008M
(1 mg kg~!) and although this response was not significant
ECS did not produce significant catalepsy in RX8008M-
treated animals suggesting some antagonism had occurred
(Table 1). In contrast, naltrindole (1 mg kg~') had no effects
on the catalepsy induced by ECS (Table 1).

Naloxone (1 mg kg-!'), RX8008M (I mg kg~') and
naltrindole (I mg kg~') do not have any effects in the tail
immersion test (data not shown) and do not produce any
overt behaviours in animals not given ECS treatment.

Discussion

In this study we confirmed that a single ECS produced
antinociception and catalepsy in rats. The antinociception
was of short duration and was reversed by a low dose of the
opioid antagonist naloxone. Sham-treated animals which
were injected with vehicle also showed a small increase in
nociceptive thresholds. This was of similar magnitude to the
small stress-induced increase seen on injection alone—a
response which is not altered by administration of naloxone
(own observations and see Jackson & Kitchen (1989¢) and
Jackson et al (1989)). Our finding that naloxone attenuates
ECS-induced antinociception is consistent with results from
others who have reported naloxone-sensitive increases in tail
flick response times (using a radiant heat source) following
ECS (Urca et al 1981; Furui et al 1986). On the other hand,
Holaday & Belenky (1980) observed that the increases in tail
flick responses induced by ECS were resistant to naloxone.
However, their results are difficult to interpret since the high
doses they used would not necessarily act selectively at
opioid receptor systems (Sawynok et al 1979) and also
produced antinociception when given alone.

A novel finding in the present study was that the
antinociceptive effects of ECS in rats were also attenuated by
the stable non-peptide opioid antagonist RX8008M. This
compound differs from naloxone in that it discriminates
between - and k-opioid receptors. Such selectivity has been
demonstrated in a range of isolated tissue preparations in-
vitro (Smith 1987) and also in the whole animal. For
instance, the dose of RX8008M used in this study (1 mgkg~")
produced large (over twentyfold) shifts in the antinociceptive
dose-response curves for the p-agonists morphine and
fentanyl in mice without effecting the antinociception
induced by x-agonists, even in doses 30 times higher (Birch et
al 1988; Hayes & Birch 1988). Moreover, a low dose of
RX8008M blocked the antinociception induced by the u-
agonist D-Ala’-MePhe*-Gly-ol>-enkephalin in neonatal rats
(Jackson & Kitchen 1989b) whereas RX8008M was inactive
against k-responses in tenfold higher doses (Jackson &
Kitchen 1989a). Additionally, RX8008M (1 mg kg™ !
blocked the anti-diuretic effects of p-agonists in water-
loaded rats, but did not block the diuretic effects of -
agonists in doses up to 16 times higher (Birch & Hayes 1987).
Therefore, our observation that ECS-induced antinocicep-
tion is blocked by RX8008M suggests that it is mediated by
y- rather than k-opioid receptors. Final proof of this
supposition would be obtained by the use of the recently
developed selective k-antagonist norbinaltorphimine (Por-

toghese et al 1987; Takemori et al 1988). Unfortunately, this
compound has poor systemic bioavailability and is very
expensive, therefore it generally has to be given by the
intracerebroventricular (i.c.v.) route. The good bioavailabi-
lity of RX8008M after peripheral administration and its low
affinity for k-receptors makes it a useful alternative approach
for studying the x-receptor component of endogenous opioid
activity.

However, in addition to blocking u-receptors, RX8003M
also antagonises J-receptor function in isolated tissues
(Smith 1987) and has been shown to reduce the antinocicep-
tive effects of the d-agonist p-Pen?, p-Pen’-enkephalin fol-
lowing i.c.v. administration (Fanselow et al 1989). Thus, the
effects of this compound on ECS-induced antinociception
could be due to J-receptor blockade. To examine this
possibility we used the opioid antagonist naltrindole which
acts selectively at J-opioid receptors in receptor binding
studies and in isolated tissues (Portoghese et al 1988, 1990,
Rogers et al 1990). Moreover, naltrindole blocks the antino-
ciceptive effects of selective é-, but not u- and x-opioid
agonists, in mice (Portoghese et al 1988; Gacel et al 1990). In
addition, the dose used in the current study has no effect on
the antinociception induced by the u-opioid agonist sufenta-
nil in rats (unpublished observations) although it blocks J-
mediated swim-stress-induced antinociception in this species
(Jackson et al 1989). Thus, the absence of an effect of
naltrindole on ECS-induced antinociception in rats, pre-
cludes a major role for d-opioid receptors in the ECS-
induced response. The doses of RX8008M and naltrindole
used in this study had no effects on tail immersion response
times in animals not exposed to ECS (own observations),
although, at high doses of naltrindole, agonist-like proper-
ties do emerge (Jackson et al 1989).

The only previous study examining the contribution of u-
and d-receptors to ECS-antinociception was by Belenky et al
(1983). They reported that the peptide d-antagonist IC1 154,
129 given i.c.v. reduced post-ictal increases in hot plate
escape times while 24 h pretreatment with the non-competi-
tive p-antagonist f-funaltrexamine did not. These findings
are the reverse of those reported here. The much longer
duration of antinociception measured using the hot plate test
(over an hour) suggests it may be quite different from that
detected by the tail immersion test. Furthermore, ICI 154,
129 elevated hot plate escape times itself and these partial
agonist properties could have influenced the results.

The lack of ability of either naloxone or RX8008M to
antagonize ECS-induced antinociception in the immediate
post-ictal period is interesting. Similar delayed effects of
opioid antagonists have been noticed by other workers
(Furui et al 1986) who have suggested that the initial
antinociceptive response following ECS may be associated
with activation of a spinal noradrenergic system. Moreover,
the brief time-lag before onset of naloxone-sensitive antino-
ciception may merely reflect the time required for endoge-
nous opioids released by ECS (see below) to reach their site
of action.

The catalepsy induced by a single ECS in rats was reversed
by a low dose of naloxone confirming its mediatation by
opioid receptors as previously reported by others (using
higher doses of opioid antagonist; Holaday & Belenky
(1980), Urca et al (1981) and Frenk & Stein (1984). It was
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also antagonized, although to a lesser extent, by RX8008M.
In contrast ECS-induced catalepsy was not modified by
naltrindole. Hence ECS-induced catalepsy resembles ECS-
induced antinociception in that it appears to be mediated by
u-, but not J- (or k-) opioid receptors. The time course of
ECS-induced catalepsy, however, is much longer than the
post-ictal increase in response times showing that these
effects are under independent control (unpublished observa-
tions; Furui et al 1986).

In conclusion, the results of this preliminary study show
blockade of ECS-induced antinociception and catalepsy by
naloxone and RX8008M, but not naltrindole. These findings
suggest that these responses may be mediated via the release
of an endogenous opioid which acts at u-opioid receptors. A
possible candidate for such a ligand is f-endorphin (Lord et
al 1977; Wuster et al 1979; Shook et al 1988). There is some
evidence from animal studies that levels of this peptide are
reduced in the pituitary and the hypothalamus following
ECS, presumably reflecting release (Dias et al 1981; Lason et
al 1987). Moreover, elevated f-endorphin levels in plasma
have been reported following this procedure (Lason et al
1987; Thiagarajan et al 1989). Finally, since f-endorphin is
also increased by electroconvulsive therapy in man (Weiz-
man et al 1987) it is conceivable that this peptide may play a
role in some of the therapeutic effects of ECT in the clinic.
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