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MALIN, D. H., M. P. LAYNG, P. SWANK, M. J. BAKER AND J. L. HOOD. Behavioral alterations produced by
chronic naloxone injections. PHARMAC. BIOCHEM. BEHAV. 17(3) 389-392, 1982.—Repeated blockade of the endor-
phin receptors eventually induces symptoms resembling an opiate abstinence syndrome, despite the complete absence of
opiate narcotics. Rats were injected with 0.6 mg/kg naloxone or with injection vehicle alone twice a day for six days. They
were observed twice a day for four subsequent days. Body shakes, head shakes, scratches and total symptoms were
significantly elevated in the naloxone treated group over controls. Symptoms were completely reversed by a small dose of
morphine but not by naloxone. In a second experiment, rats were injected for ten days with the same dosage of naloxone.
The abstinence-like syndrome began after six days of naloxone and continued for several days after cessation of injections.
Total symptoms, body shakes, scratches and aggression were significantly elevated over controls and were reversed by

morphine but not by naloxone.
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NALOXONE effectively and specifically blocks endorphin
receptors. Only at high doses are there marked effects di-
rectly on other neurohormonal systems [23].

Naloxone has been reported to antagonize endorphinergic
behavioral responses to various specific stressors such as
cold water [4], footshock [7], or maternal separation [13].
This indicates a role for the endorphin system as an
emergency system for organisms coping with episodes of
severe stress. However, the behavioral role of ongoing daily
endorphin secretion in the absence of specific stressors is
much less clear. An acute injection of naloxone in animals
not subjected to stressors or painful stimuli fails to produce
signs or symptoms of marked distress, although the acute
injection has been reported to reduce food intake [14,15], to
increase male sexual behavior [9], and to increase [11,16],
decrease {24] or have no significant effect [6, 10, 12], on pain
sensitivity depending on the specific dose of naloxone and
the testing method employed. The comparatively mild ef-
fects of acute endorphinergic blockade have raised the
possibility that ‘‘the putative endorphin system cannot be
essential to life or to ongoing behavior™ [10].

On the other hand, the lack of severe reaction to acute
naloxone might be consistent with findings that endorphin
release is not constant but cyclic [8,29] or episodic in re-
sponse to stress {1,3]. It seems possible that some systems in
the brain might require at least occasional endorphinergic
stimulation for the long term maintenance of their normal
functioning. In such a case, acute absence of endorphin re-
ceptor stimulation would not produce a marked change.
However, a chronic lack of endorphin stimulation due to
naloxone blockade might induce a gradual and prolonged

alteration of function, perhaps similar to that which results
from abstinence following chronic opiate exposure. There-
fore, in the present experiments, rats chronically treated
with naloxone were observed for those symptoms (wet dog
shakes, head shakes, hind food scratches and aggression)
typical of abstinence syndrome in morphine dependent rats.

EXPERIMENT 1

METHOD

Subjects were 39 male Sprague Dawley albino rats with
an average weight of 130 grams. Throughout the experiment,
rats were housed in groups of four, maintained on a twelve
hour light and dark cycle (lights on from 9 a.m. to 9 p.m.),
and on ad lib food and water. The animals were randomly
divided into two groups. Group 1 (n=19) received a sub-
cutaneous injection twice a day at 9 a.m. and 9 p.m. for six
days with 0.6 mg/kg of naloxone in a 0.25 mg/ml distilled
water solution. The 9 p.m. injection time was selected to
shortly precede the major burst of endorphinergic activity
detected by Frederickson {5] after lights out. Group 2 (n=20)
received a similar volume of distilled water on the same in-
jection schedule. Solutions and animals were coded so that
the animals were observed under ‘*blind’” conditions. Both
groups were observed after the six day injection series for
opiate abstinence syndrome-like symptoms (body shakes,
head shakes and scratches) in a 45 cm x 45 cm X 30 cm clear
plastic chamber with an open top and a wire mesh floor. Rats
were observed in groups of four by one trained observer
assisted by a second investigator who recorded the above
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behaviors on a check-list. This allowed the observer to de-
vote continuous attention unhampered by recording duties.
Inter-observer reliability has been established in separate
experiments in which a high correlation (r=.903) was found
between the data of two trained ‘“blind™" observers. All
animals were observed for 15 min at 10 a.m. each day for
four days. All animals were observed for the first time 18
hours after the last injection of naloxone or distilled water.
(Timing and dosage parameters of this experiment were
selected on the basis of small pilot experiments.)

On the fifth day of observations, a test was made of
whether the symptoms were reversible by a small dose of
morphine sulphate. Six of the naloxone pretreated animals
were randomly selected to receive 4 mg/kg morphine sul-
phate (Merck) SC, while another six received an equivalent
volume of distilled water alone. Similarly. six of the water
pretreated animals received the same dose of morphine sul-
phate. while six received water alone. Animals were ob-
served 30 min after injections for 15 min.

A further test was made of the ability of a renewed dose of
naloxone to reverse the symptoms. The naloxone pretreated
animals that served as the water controls in the previous
reversal test were all injected with 0.6 mg/kg naloxone SC
and observed 30 min later for 15 min.

RESULTS

Figure | summarizes the total abstinence-like symptoms
(body shakes, head shakes and scratches) demonstrated by
naloxone pretreated and placebo pretreated rats. A 2x4
analysis of variance with one factor having 4 repeated meas-
ures revealed a significant main effect of pretreatment:
naloxone vs placebo. F(1,37)=13.55, p<0.01. as well as of
days, F(3,111)=3.21. p<0.05, but no significant interaction
effect: pretreatment x days. F(3,111)=0.58, NS. Figure 2
provides a breakdown of specific types of symptoms. ac-
cumulated through all four days. The naloxone pretreated
group had significantly more wet dog shakes as compared
with controls, 1(37)=3.12, p<-0.005. as well as head shakes,
1(37)=2.99, p=<0.005. and scratches. 1(37)=2.15, p<20.025.

The symptom reversal tests of morphine and naloxone at
the end of the experiment were analyzed in terms of differ-
ence scores, the difference between each animal’s total
symptoms before and after an acute injection. Figure |
shows that the abstinence-like symptoms of the naloxone
pretreated animals were virtually eliminated by morphine.
The naloxone pretreated rats receiving morphine had signifi-
cantly greater difference scores, ((10)=2.0, p<"0.01, than
those naloxone pretreated rats injected with water. Mor-
phine produced a non-significant decline in the water pre-
treated animals, 1(10)=0.5. NS.

In contrast. naloxone totally failed to reverse the symp-
toms in those naloxone pretreated animals not already
treated with morphine. According to the within subjects-test
the corresponding difference scores (pre vs post naloxone)
were not significantly different from zero, ¢(5)=0.0, NS.

EXPERIMENT 2
METHOD

This experiment was performed to determine the effects
of ten days of naloxone injection and to ascertain whether
any resulting symptoms began during or after the naloxone
treatment period. Procedures were the same as in Experi-
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FIG. 1. Mean total abstinence-like symptoms per day in rats pre-
treated with distilled water or 0.6 mg/kg naloxone for 6 days. SA is 2
3 p.m. observation. SBis a 3 p.m. MS reversal test. 3C is an & p.m.
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FIG. 2. Body shakes (wet dog shakes). head shakes and scratches
cumulated over 4 days by rats pretreated for 6 days with naloxone
(0.6 mg/kg) or H,O.
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FIG. 3. Mean total abstinence-like symptoms in rats receiving dis-
tilled water or 0.6 mg/kg naloxone for 10 days. 2A is an 8 a.m.
observation. 2B is a 9 p.m. NX reversal test. 3A is an 8 a.m. MS
reversal test.

ment | except as noted. Seven rats received the injections,
while eight served as water injected controls. The injections
continued for ten days and observations commenced on day
seven. Observations were performed twice daily (8 a.m. and
8 p.m.), and each animal’s total daily symptoms were tabu-
lated. An additional symptom of ‘‘aggression’’ was re-
corded. This was defined as leaping on another rat and mak-
ing biting motions with the head. This behavior is often seen
in morphine abstinent rats in our laboratory.

On day two post treatment, four animals from each pre-
treatment group received a renewed dose of naloxone (0.6
mg/kg SC), while the remaining animals received water
alone. All animals were observed 30 min post injection.
Those receiving water during this test were injected the next
day with 4 mg/kg morphine sulphate SC and observed 30 min
afterward.

RESULTS

As Fig. 3 indicates, the naloxone-treated rats once more
had consistently more symptoms than controls. (Since
animals were tested twice daily, note that daily symptoms
are twice the indicated value.) It is noteworthy that the up-
surge in symptoms began during the naloxone treatment
period and continued for several days after termination of
treatment. A 2S5 analysis of variance with one factor having
5 repeated measures revealed a significant main effect of
pre-treatment: naloxone vs placebo, F(1,13)=5.8, p<0.05, as
well as days, F(4,52)=4.39, p<0.05, and a significant in-
teraction: pre-treatment % days F(4,52)=4.85, p<0.05.
Analysis of simple main effects [7] revealed significant
differences (naloxone vs placebo) on day eight. F(1,65)=4.4,
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FI1G. 4. Body shakes (wet dog shakes). head shakes. scratches, and
acts of aggression cumulated over 5 days by rats pretreated for 10
days with naloxone (0.5 mg/kg) or H,O.

p<0.05, of treatment and day one post treatment,
F(1,65)=13.53, p<0.01.

As Fig. 3 illustrates, the symptoms were once more vir-
tually abolished by morphine sulphate while they were vir-
tually unaffected by naloxone.

Figure 4 provides a breakdown of specific types of symp-
toms accumulated across days. The naloxone treated group
had significantly more body shakes, r(13)=3.01, p<0.01,
scratches, 1(13)=2.06, p<0.05, and instances of aggression,
1(13)=1.87, p<0.05. Head shakes were also elevated, but not

significantly, 1(13)=0.62, NS.

GENERAL DISCUSSION

The symptoms resuiting from chronic naloxone pre-
treatment resembled an opiate abstinence syndrome in that
they were completely reversed by a small dose of morphine.
The symptoms cannot be interpreted as an indication of in-
duced dependence on naloxone, since they began before
naloxone treatment had ceased and were not reversed by
naloxone. The present results suggest that a certain degree of
ongoing natural stimulation of the endorphin system is nec-
essary over the long run to prevent a pattern of abnormal
behaviors or discomforts bearing some resemblance to those
seen with opiate narcotic withdrawal. However, the degree
of similarity of the physiological states underlying the two
syndromes remains to be further investigated. To shed light
on this question, studies are now in progress in our labora-
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tory on the effects of chronic naloxone treatment on respira-
tion, weight gain, and pain sensitivity.

One interesting aspect of the naloxone effect is its very
gradual time course. It requires approximately six days of
endorphin receptor blockade to produce the symptoms (four
days injection series in other experiments resulted not in
abstinence-like symptoms but in a condition of exaggerated
startle and freezing responses). Furthermore, the
abstinence-like symptoms persisted for several days after the
cessation of naloxone treatment. This suggests that the end-
orphin system responds in a gradual manner to changes in
receptor stimulation. It is interesting to recall the observa-
tion [19] that chronic naloxone infusion causes a gradual and
persistent increase in the number of endorphin receptors.

The receptor blockade produced by two naloxone injec-
tions daily is far from continuous. If deprivation of endor-
phinergic stimulation produces abstinence-like symptoms,
continuous naloxone blockade might well produce the symp-
toms more quickly and in greater number. Recent experi-
ments in our laboratory with continuous infusion of naloxone
via Alzet® osmotic minipump show this to be the case. After
27 hrs of naloxone infusion, rats exhibited a variety of
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abstinence-like phenomena such as body shakes. increased
oxygen consumption and decreased weight gain [21].

[t seems paradoxical that chronic administration of a pure
opiate antagonist would have somewhat similar long term
consequences to chronic administration of opiates them-
selves. This paradox would be resolved, however. if the
body responded in negative feedback fashion to over-
stimulation of endorphin receptors by producing a
naloxone-like blockade of the endorphin system. Indeed, it
has been shown that administration of morphine renders
animals more responsive to the effects of naloxone [26].
There is also some preliminary evidence [20, 27, 28] that
brain extract from morphine dependent rats demonstrates
some naloxone-like and morphine-dependence-promoting
activity.
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