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WALKER, J. M., G. G. BERNTSON, T. S. PAULUCCI AND T. C. CHAMPNEY. Blockade of endogenous opiates
reduces activity in the rat. PHARMAC. BIOCHEM. BEHAV. 14(1)113-116, 1981.—Naloxone (2 mg/kg, SC) was found to
result in a substantial and significant reduction in general activity levels in the rat (90-120 days old). This effect was seen
both under baseline conditions and after stress manipulations which would be expected to result in elevated levels of
endogenous opiate peptides. Thus, under baseline conditions general activity was reduced to less than half of the saline
control value thirty min after injection. Similarly, a reduction was seen after stress induced by a 30 min swim. While
naloxone may have some non-opiate effects, these results support the view that endogenous opiate systems may play an
important activational role in behavioral regulation, under baseline conditions and conditions of stress.

Naloxone Endorphins Stress

OPIATE-like peptides and their analogs can induce marked
analgesia and behavioral sedation when administered cen-
trally [1, 3, 13, 15, 24, 26, 27]. Additional studies suggest that
analgesia may also result from the natural action of endoge-
nous peptides. This is indicated by the fact that blockade of
opiate receptors by naloxone, in otherwise untreated
animals, results in a heightened responsiveness to certain
pain stimuli [2, 7, 11, 14, 18]. Furthermore, analgesia in-
duced by stress manipulations appears to be mediated by a
release of endogenous opiate-like compounds, since this
analgesia shows cross tolerance with morphine and can be
blocked by naloxone [5,21). The natural action of endoge-
nous opiates on behavioral activation, however, remains less
clear. While high doses of opiate peptides produce clear se-
dational effects [3, 13, 26, 27], lower doses result in en-
hanced activity [9,16]. Further, blockade of opiate receptors
by naloxone has been reported to decrease behavioral activ-
ity in novel situations [16,17].

In order to further examine this question, we tested the
effects of naloxone on baseline activity levels. Since stress
has been suggested to result in the central release or activa-
tion of endogenous opiate systems [5,21], we also examined
the effects of naloxone on activity levels following stress. In
both cases, naloxone was found to result in significant de-
creases in activity, supporting the view that endogenous
opiate systems may have an activational influence on at least
some classes of behavior.

METHODS

Six male and six female (90-120 day old) Holtzman albino
rats were tested for activity levels after naloxone adminis-

tration (2 mg/kg in 1 ml saline, SC), and after administration
of the saline vehicle alone. Activity levels were measured by
electrostatic field-type counters (Quartec). After an initial
habituation session of 1 hr, each animal received four drug
tests, two with naloxone and two with the saline vehicle. The
habituation session and the drug tests were separated by 48
hr, and drug treatments were given in a balanced abba se-
quence with the order of drug treatments counterbalanced
across animals. Each test session consisted of a five min
preinjection baseline period, during which activity was moni-
tored. After this baseline period, rats were given a drug
treatment, order as between subjects variables, and replica-
tion (first or second drug test) and time interval (nine re-
peated measures over 45 min) as within subject variables. All
tests were conducted between 8:00 a.m. and 2:00 p.m.

A separate group of 16 (90-120 day old) male albino rats
was also used to examine the effects of naloxone on activity
levels after stress manipulations. The present dose was used
since it was found to readily block a variety of potent analogs
of enkephalins and endorphins {26,27]. Activity was moni-
tored with the activity counters described above. Two levels
of stress manipulation were used; a three min warm water
swim (23°C), and a three min cold water swim (2°C) in a
90x 60 cm plastic cylinder. Each animal received four tests
with all combinations of the treatments (cold water -

naloxone, cold water - vehicle, warm water - naloxone,
warm water - vehicle). Each test consisted of a three min
swim, after which the animals were placed into the activity
counters. Fifteen min of baseline activity measures were
then taken (at five min intervals), and a drug treatment was
given. Activity measures were subsequently taken in three
blocks of three five min periods each, over the subsequent 45
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F.IG. 1. Effegts of naloxone or saline baseline activity levels over blocks of five minutes. Preinjection levels were not significantly
different (Saline: mean=815 + 144 S.E.M., naloxone: mean=826 = 151 S.E.M.). An overall drug effect was revealed by analysis of

variance (p<0.00S).

min. The order of treatment was counterbalanced. Thus, half
the animals received the two cold water tests, separated by
48 hr, and one month later were given the two warm water
tests. The other half of the animals were given the warm and
cold water tests in the opposite order. In all cases, order of
drug treatments was also counterbalanced across animals.
Results were analyzed by a repeated measures analysis of
variance with drug treatment, level of stress, and time inter-
val as within subjects variables.

RESULTS

As illustrated in Fig. 1, naloxone resulted in approx-
imately a two-fold reduction in activity related to saline
tests, F(1,11)=8.58, p<0.15. Activity declined over time
under both conditions, with naloxone enhancing this decline
in a time dependent fashion after injection, F(8,88)=3.16,
p=0.003. The maximum drug effects was evident at about 30
min postinjection. Additional analysis revealed no significant
effect of sex or order of drug treatment.

Figure 2 illustrates the effects of naloxone on activity
after two levels of stress. As shown in Fig. 2 the cold water
swim resulted in a greater reduction in activity than did the
warm water swim, F(1,15)=29.8, p<0.01, and further,
naloxone failed to reverse the stress-related depressions in
activity. Indeed naloxone resulted in a significant time de-

pendent depression of activity under both conditions of
stress, F(2,30)=7.83, p=0.002, with no significant drug by
water temperature interaction. As with baseline activity
levels, this naloxone effect reached maximum at about 30
min after injection.

DISCUSSION

Results of the present study indicate that blockade of en-
dogenous opiate receptors, by the opiate antagonist
naloxone, leads to a significant reduction in the baseline ac-
tivity levels in the rat. These results are generally consistent
with the reports on the mouse that naloxone reduces explo-
ration in novel situations [16,17]. However, since the
animals in the present study received prior adaptation to the
testing conditions, it does not appear that naloxone-induced
reductions in activity are dependent upon novel testing situ-
ations. These findings support the suggestion that endoge-
nous opiate systems can exert an activational influence on
behavior [16,17], but also enhance grooming [9], and eating
[10], behaviors. Conversely, blockade of opiate receptors by
naloxone results in a reduction in eating and drinking and
grooming [12,22].

While low doses of endorphins can have an activational
effect on behavior [9,16], higher doses of these peptides
produce clear sedational effects {2, 3, 13, 15). Thus, it is
possible that natural opioid peptides may exert a depressive



NALOXONE AND ACTIVITY LEVEL

2500f EFFECTS OF NALOXONE ON ACTIVITY
AFTER COLD OR WARM WATER SWiM
2000} @ anen Noloxone (2 mg/kg)
@ \\ ommm Sgline
c ~
o 1500} -_‘~t ——
o \\ warm water
Z Oag S
2 100.0}cold m:t.e?“s oo
134 . ik \~‘ - ol
g :/

500}

oob—L 1 I
| 2 3

15 min. blocks post-drug

FIG. 2. Effect of naloxone or saline on activity after two levels of
stress (cold water or warm water swim). Baseline measures were
taken for fifteen min after stress manipulation, and drug treatment
was then administered. For a given stress level preinjection baseline
activities on saline or naloxone tests were not significantly different.
Analysis of variance revealed a significant drug effect (7 <0.01) and a
significant depression of activity by cold water (p<0.01) but no in-
teraction between water temperature and drug was observed.
Baseline values were: warm water (saline: mean=254.1 = 220
S.E.M., naloxone: mean=274.9 + 22.6 S.E.M.), cold water (saline:
mean=105 + 23 S_.E.M., naloxone: mean=99.9 = 22.3 S.E.M.).
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effect upon behavior at higher endogenous levels, such as
those associated with stress [5,21]. Results of the present
study, however, argue against this possibility. Blockade of
opiate receptors by naloxone was found to significantly re-
duce behavioral activity levels even after stress manipula-
tions.

The present data support the suggestion that endogenous
opiate systems may play an important activational role in
behavioral regulation. Indeed, there is a high correlation be-
tween the reported circadian rhythmicity in levels of endog-
enous opiates and circadian cycles of behavioral activity [7].
According to this general conception, a stress-related release
of endorphins would be expected to resuit in behavioral ac-
tivation, which could have substantial adaptive value to an
organism in behavioral attempts to cope with the stressful
condition.

These conclusions assume that the present effects of
naloxone are mediated by opiate receptors. In that the op-
posite effect (activation) has been observed after adminis-
tration with endogenous opiates, this assumption is probably
not unwarranted. Nevertheless several effects of naloxone
on other transmitter systems have been observed (Cf. [25]).
For example at high concentrations naloxone appears to
interact with GABA receptors [6]. Conversley, some effects
of Met-Enkephalin are not reversed by naloxone. These in-
clude some effects on single neurons [8], on rotational behav-
ior [4], and a local effect on the ear artery of the rabbit [19].
Naloxone has also been found to be much less potent when
competing for - and d-receptors [20,23]. Thus while
naloxone remains one of the most specific pharmacological
agents available, recent data open alternative explanations
for effects observed after administration of naloxone.
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