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PILCHER, C. W. T. AND S. M. JONES. Social crowding enhances aversiveness of naloxone in rats. PHARMAC.
BIOCHEM. BEHAV. 14(3) 299-303, 1981.—If endorphins mediate various behavioural states including reactions to stress
and social affect, then experimental manipulation of such states should alter the stimulus properties of opioid antagonists.
The resuits of experiments in which the aversiveness of naloxone was increased by chronic environmental stress produced
by rearing and maintaining male rats under conditions of severe social crowding, support this theoretical proposition. All
rats acquired aversions to flavoured solutions that had been presented for 15 min immediately prior to a systemic injection
of naloxone. The degree of the conditioned aversion was greater in rats maintained in crowded conditions. Transferring rats
from crowded conditions to individual accommodation 3 weeks before the start of aversive conditioning did not attenuate
the increased aversiveness of the antagonist. It is suggested that social interaction under conditions of chronic crowding
induces a prolonged increase in the level of tonic activity in endorphinergic systems.
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THERE is evidence that endorphins mediate various be-
havioural states including pain, pleasure and reactions to
stress. Endorphinergic function is implicated when narcotic
antagonists, which competitively replace opioid agonists at
specific receptor sites, have effects in vivo in the absence of
exogenous narcotic agonists. However, the most widely
used antagonist, naloxone, has other actions and interpreta-
tions invoking involvement of endorphins must be made with
caution. Results of studies on taste aversions conditioned
with naloxone [15] or enantiomorphic pairs of opiate
antagonists [20] and self-administration of enkephalins [3]
have together implicated endorphins in reward-aversion
mechanisms. It has also been reported that stress-induced
endorphin release modifies nociceptive responding (1] in a
manner compatible with known analgesic actions of opioids.
[f endorphinergic systems have a role in nociception and
reactions to stress, then experimental manipulation of these
states might be expected to alter the stimulus properties of
opioid antagonists. Conversely, alterations in the stimulus
properties of such antagonists following stressful and nox-
ious experience would be suggestive of endorphinergic in-
volvement in these processes. In an earlier study in which
acute, footshock-induced stress was imposed on rats, we
were unable to alter the aversiveness of naloxone [16]. This
failure could have been due to the low shock-levels that we
were obliged to use and/or the brevity of the period of stress.

Endorphins have also been postulated to mediate social
affect, and it has been speculated that an animal’s normal
social contacts may chronically raise levels of tonic activity

in central endorphinergic systems [14]. We therefore rea-
soned that the stimulus properties of naloxone might be
modified by chronic environmental stress produced by rear-
ing and maintaining rats under conditions of severe social
crowding. This communication reports the results of pre-
liminary experiments conducted to test this theoretical prop-
osition.

METHOD
Animals

Male, hooded rats bred in the Faculty of Medicine, Uni-
versity of Kuwait, were used. Throughout the experiments
all animals were kept in rooms maintained at about 22°C with
a regular 12-hour light cycle imposed by fluorescent lighting.
From weaning, at 21 days of age, until 3 weeks before the
commencement of taste aversion conditioning, lights were
on in the cycle from 06.00 hr to 18.00 hr. Thereafter the
animals were housed in a reverse light cycle with lights on
from 21.00 hr to 09.00 hr.

Drugs

Naloxone hydrochloride (Endo Laboratories) was dis-
solved in isotonic saline and injected intraperitoneally in a
volume of 1.0 ml/kg body weight.

Solutions with ‘sweet’ or synthetic ‘chicken’ flavours
were similar to those used in previous studies [4]. Sweet
flavour consisted of sodium saccharin (0.1% w/v) and
chicken flavour of monosodium glutamate (40 mM) and

'Naloxone was generously donated by Endo Laboratories, Inc. A breeding stock of hooded rats was the kind gift of Professor P. L.

Broadhurst, University of Birmingham, England.
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sodium chloride (120 mM), all dissolved in distilled water.
All chemicals were from B.D.H. Chemicals, Poole, England.

Taste Conditioning Procedure

The principles and full details of the method using two-
flavour discrimination for conditioning taste aversions have
been described previously [4]. Rats were adapted to a regi-
men of daily access to distilled water for 15 min in the morn-
ing (at 10.00 hr) and 45 min in the afternoon (at 15.00 hr). All
rats remained on this schedule for 12 days before the first
presentation of flavours. Then, on days 1 and 3 of a four-day
cycle, which was repeated three times, all rats were pre-
sented with one of the two flavoured solutions for 15 min
instead of water in the morning session (single-stimulus
tests). Immediately after the solutions were removed the
animals were injected with either naloxone at 3.2 mg/kg body
weight or saline. For half of the rats chicken flavour was
repeatedly paired with naloxone and sweet with saline,
whilst for the other half of the animals the flavour-injection
pairings were reversed in order to balance out any effects of
unconditioned palatabilities of the flavours. After four
flavour-drug and four flavour-saline pairings, injections were
stopped. Two days later, drug- and saline-paired flavours
were presented simultaneously for 15 min (two-stimulus
test). On the following day the positions of the two flavours
were reversed to balance out side preference. Only the mean
flavour intakes for these two tests were plotted in Figs. 1 and 2.

Aversion indices [4] for the single-stimulus tests were cal-
culated as the rate of decline of flavour intake (ml/trial) and
were analysed by two-factor analyses of variance using re-
peated measures [21] and ¢-tests. For the two-stimulus tests,
the amount of naloxone-paired flavour consumed by each rat
was calculated as a percentage of its total fluid intake. These
percentage scores were subjected to arc-sine transformation
[21] and ¢-tests carried out to determine whether the mean
scores differed significantly from 50%.

Housing Conditions

In the following experiments, standard colony cages
(38x25x18 cm and 56x38x18 cm) were used throughout.
Floor space was restricted when necessary by placing an
aluminium plate vertically across the cage. All floor-space
allocations were decided on a purely arbitrary basis. The
designation ‘non-crowded’ was applied to housing densities
equal to, as in experiment 2, or one half of, as in experiment
1, those routinely used in the colony. Densities four- to
eight-fold higher were designated as ‘crowded’.

In the first experiment 20 rats were taken randomly from
the colony at weaning and divided into two equal groups.
One group (n=10), designated crowded, was housed in a
single cage providing 50 ¢cm? of floor space per animal and
the second group (non-crowded, n=10) in a similar cage
allowing 215 cm?2 per animal. When the mean body weight for
all rats reached 90 g, the crowded group was rehoused in a
single cage at 80 ¢cm? per animal whilst 9 of the non-crowded
rats were distributed equally as 3 groups among 3 cages,
providing 710 cm? per animal, for the duration of the experi-
ment. The floor space allocation for the crowded rats in the
single cage was increased to 95 cm? when their group mean
weight reached 130 g and was restricted to that for the re-
mainder of the experiment. The animals were then main-
tained in a reverse light cycle (lights on 21.00 hr to 09.00 hr)
for 3 weeks before aversive conditioning began. All rats were
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TABLE 1

AVERSIVENESS OF NALOXONE IN
DIFFERENTIALLY HOUSED RATS

Single-stimulus Two-stimulus

Test Mean Testt
Aversion Index*

Experiment 1

Crowded (n=8) -4.81 + 0.86% 22+ 2.1
Non-crowded (n=8) -2.21 = 0.23 4117
Experiment 2

Crowded (n=16) —4.26 + 0.3 ¢ 11.0 + 7.6
Non-crowded (n=16) —2.49 = 0.68 243 + 7.1

*Rate of decline of flavour intake (ml/trial).

tIndicates drug-paired flavour intake as % total fluid intake.

1p<0.02, €p<0.01; significance levels for differences between
crowded and non-crowded groups.

transferred to individual cages (23x25%23 c¢m) before each
drinking session and returned to their colony cages im-
mediately afterwards. Because of the counter-balancing de-
sign only 8 in each group were used in the experiment.

Modified housing conditions were used in the second ex-
periment. At weaning, 20 rats to be designated as crowded
were accommodated at 10 per cage allowing 50 cm? per
animal. On reaching 100 g they were transferred to cages
providing 95 cm?. Twenty animals in the non-crowded group
were housed 10 per cage at weaning and provided with 80
cm?. On reaching 100 g they were rehoused 6 per cage and
their floor space allocation was increased to 355 cm?. Three
weeks before the start of aversive conditioning 16 rats were
randomly selected from each group and housed singly in
cages (23x25%23 cm) in the same reverse light cycle as in
experiment 1. However, the animals were maintained indi-
vidually in these cages throughout the remainder of the ex-
periment.

RESULTS

The mean intakes of drug- and saline-paired flavours for
both crowded and non-crowded rats in the first experiment
are shown in Fig. 1. It will be seen that, in the single-stimulus
tests, mean naloxone-paired flavour intake declined relative
to saline-paired flavour intake in both crowded,
F(1,14)=4.63, p<0.05, and non-crowded, F(1,14)=9.79,
p<0.01, rats. However, after only two pairings of flavour
with naloxone, the mean intake in the crowded group had
fallen to 16% of that in trial 1, whereas in the non-crowded
animals it fell to 47% and even after further pairing did not
decline below 40%. The mean aversion indices (Table 1) of
the two groups differed reliably (1=2.94; d4.f. 14; p<0.02),
indicating that naloxone aversiveness was significantly
greater in crowded rats. Saline-paired intakes in the crowded
group showed a slight fall in the initial trials but a comparison
of the slopes for crowded and non-crowded rats did not indi-
cate any significant difference in control intakes between the
two groups (r=0.34; d.f. 14; p>>0.1). In the two-stimulus tests
drug-paired flavour consumption was significantly less than
50% of total fluid intake, confirming the aversiveness of
naloxone in crowded and non-crowded rats. The values for
the two groups, however, did not differ significantly.
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FIG. 1. The effects of severe crowding on the development of aversions to flavours paired with systemic injections of naloxone at
3.2 mg/kg. Rats were housed in crowded or non-crowded conditions from weaning and throughout the entire experiment. @—@
naloxone-paired flavours; O——O saline-paired flavours; n=8 for crowded and non-crowded groups.
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FIG. 2. The effect of earlier, prolonged crowding on the development of aversions to flavours paired with systemic
injections of naloxone at 3.2 mg/kg. Rats were housed in crowded or non-crowded conditions from weaning to 3 weeks
before the commencement of aversive conditioning. At that point and throughout the remainder of the experiment they
were housed individually. @——@ naloxone-paired flavours; O——O saline-paired flavours; n=16 for crowded and non-
crowded rats.
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In the second experiment, comparison of the aversion
indices (see Table 1) again indicated that naloxone was sig-
nificantly more aversive in crowded than in non-crowded
rats (1=3.5; d.f. 30; p<0.01). The results of the single- and
two-stimulus tests for this experiment are presented in Fig.
2. Non-crowded rats significantly reduced their intake of
drug-paired flavours compared with saline-paired flavours,
F(1,30)=4.26, p<0.05, but it will be seen that crowded rats
reduced their drug- and saline-paired flavour intakes at simi-
lar rates. Thus in the single-stimulus tests there was a com-
plete lack of discrimination between drug-paired and saline-
paired flavours and control intakes differed significantly be-
tween crowded and non-crowded groups (t=3.92; d.f. 30;
p<0.001). Although the drug-paired flavour intake in the
two-stimulus tests was significantly below 50% (r=2.53; d.f.
15; p<0.05) and therefore demonstrated an acquired con-
ditioned aversion, the total intakes in these tests were un-
usually low. More commonly, total intakes in the two-
stimulus tests approximate to intakes of control flavours dur-
ing the single-stimulus trials, as indicated in Figs. 1 and 2 and
previous reports [4,20].

DISCUSSION

The above results provide confirmation of earlier reports
[5,15] that naloxone is an aversive stimulus in opiate-free
rats. Significant taste aversions were conditioned in all the
experimental situations but the results of the single-stimulus
tests in the second experiment present difficulties in in-
terpretation. Rats in the crowded group reduced their intakes
of both drug- and saline-paired flavours at equal rates, and it
can be argued that the processes that led to lower control
flavour baselines may have predisposed these animals to a
more rapid aversive conditioning. An increased sensitivity of
these unidentified processes, rather than an increased sen-
sitivity to naloxone, could therefore have been the cause for
the differences between the groups. The implied naloxone-
independent nature of the processes suggests that intakes of
flavours paired with saline should decline over trials in the
absence of naloxone treatment. Such an effect is considered
unlikely and more plausible explanations are: the naloxone-
induced conditioned aversion generalised to all novel tastes,
or the animals were unable to discriminate effectively be-
tween the flavours when they were presented singly on every
fourth day, or a combination of both factors. The significant
difference in intakes in the two-stimulus tests indicates that
discrimination was possible when the two flavours were
available simultaneously. As stress is known to impair dis-
crimination performance, the second of the explanations
may be the most likely and it is possible that isolation follow-
ing crowding, as occurred in the second experiment only,
was more stressful than continuous crowding.

It is clear from the experiments described above that so-
cial environment modifies the stimulus properties of
naloxone in such a way that the antagonist is more aversive
in rats that have been maintained in crowded conditions.
Naloxone has pharmacological actions other than those aris-
ing from blockade of opioid receptors and it has been em-
phasised that caution must be exercised when invoking en-
dogenous opioids as mediators of a response [18]. Using
enantiomorphic pairs of other opiate antagonists we have
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previously obtained evidence that the aversive effects of
naloxone are due to actions at opioid receptors [20]. More
recently we reported that we were unable to condition taste
aversions with either picrotoxin or bicuculline at high but
subconvulsive doses [17]. Both of these drugs are more po-
tent inhibitors of GABA-ergic systems than naloxone [8],
thus excluding the possibility that naloxone exerts its aver-
sive effect primarily by an antagonist action at the GABA
receptor. It further seems unlikely that the aversiveness of
naloxone is due to direct agonistic action on dopaminergic
neurones since bicuculline and picrotoxin block aversive
conditioning with the opioid antagonist but not with apomor-
phine or amphetamine (Pilcher and Jones, in preparation).
We have therefore interpreted the results reported here as
indicating that social interaction in rats chronically raises
activity in endogenous opioid systems. ‘

Such an interpretation is compatible with a variety of
previous findings. Firstly, it has been demonstrated that sep-
aration distress produced by sociatl isolation of the young of
several species can be potentiated by naloxone and allevi-
ated by opiates and opioid peptides [10, 13, 14]. These find-
ings have led to the suggestion that social interaction '‘may
chronically activate’’ endorphinergic systems {13). Certainly
an elevated tonic activity brought about by social crowding
could accommodate the notion of the development of
endorphin tolerance and offer an explanation for the re-
ported reduction in the analgesic potency of morphine in
communally housed animals [7,11]. Tolerance and depend-
ence have been considered by many to be expressions of the
same neural process [12] and raised levels of endorphin re-
lease resulting from chronic social interaction may therefore
lead to a condition resembling dependence on exogenous
opiates. Our present results are consistent with this sugges-
tion and the concept of a crowding-induced condition re-
sembling dependence is strengthened by our previous finding
that the aversiveness of naloxone is greater in opiate-
dependent rats than in those that are opiate-free [15].
Moreover, enhanced tonic activity in endorphinergic sys-
tems resulting from social interaction could account for the
observation that rats housed in groups self-administer less
morphine than animals kept in isolation [2].

In a previous study [16] we failed to modify the aversive-
ness of naloxone by using brief, low-level footshock as an
acute stressor and this contrasts with the results obtained
here with the chronic stress resulting from prolonged, severe
crowding. A feature of the theoretical mechanisms mediating
adaptation to stress is the assumption that a previous history
of stress alters the physiological ‘‘set’” of the hypothalam-
ic-pituitary-adrenal control system [19,22]. More recently it
has been proposed that endogenous opioids have a role in the
control of stress-induced corticosteroid secretion in mice [9].
It is possible therefore that an endorphinergic mechanism is
responsible for regulating the ‘‘set’’ of the hypothalamic-pi-
tuitary-adrenal system. The long-term requirement for such
an adaptive change could be met by the plasticity of endor-
phinergic function. In the experiments reported here, en-
hanced tonic activity persisted for at least one month after
depriving the animals of their accustomed social interaction;
in other studies with exogenous opiates, tolerance, a prime
example of plasticity, has been reported to persist for a year
after cessation of morphine administration in rats [6].
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