Pharmacology Biochemisiry & Behavior, Vol. 11, pp. 505-511. Printed in the U.S.A.

Exploratory Behaviour and Aversive
Thresholds Following Intra-Amygdaloid
Application of Opiates in Rats

R. J. RODGERS
School of Psychology, University of Bradford, Bradford, UK

and

SANDRA E. FILE

Department of Pharmacology, The School of Pharmacy, University of London, UK

Received 16 July 1979

RODGERS, R.J. ANDS. E. FILE. Exploratory behaviour and aversive thresholds following intra-amygdaloid application
of opiates in rats. PHARMAC. BIOCHEM. BEHAV. 11(5) 505-511, 1979.—Rats were bilaterally implanted with guide
cannulae aimed at the central or medial nucleus of the amygdala. Microinjections of morphine (10ug) at both sites
significantly elevated the threshold of response in the flinch-jump test: but only at medial sites did naloxone (1ug)
antagonise this effect. However, in the hole-board test. an opposite pattern of results emerged. Morphine injections into the
central nucleus produced naloxone-reversible reductions in both exploration and activity whilst. in the medial nucleus, the
morphine-induced decrease in exploration was not reversed by naloxone. It is concluded that (1) the presence or absence of
naloxone-sensitive opiate receptors cannot always be deduced on the basis of a single behavioural test and (2) within the
amygdaloid complex, two distinct naloxone-sensitive opiate systems appear to be involved in the modulation of be-

havioural responses to different forms of stimulation.
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WITHIN the past decade. considerable advances have been
made in our understanding of the central sites at which the
opiates exert their potent behavioural effects ({35]-for re-
view). Specific opiate binding sites and natural ligands
(enkephalins/endorphins) have been located at levels from
the spinal cord through the midbrain to various forebrain
structures [2. 3, 4, 21, 26, 31, 33] . Strong analgesic re-
sponses have been produced by microinjection of morphine
in spinal cord [34] and midbrain [18, 27, 28, 36] areas. Con-
sequently. it has been argued that the analgesic effectiveness
of morphine relates to its ability to mimic endogenous
ligands at these sites. Such suggestions are supported by the
findings that both brain-stimulation analgesia [1, 16] and
acupuncture analgesia [18] are blocked by opiate an-
tagonists.

However. it is perhaps misleading to consider this
endogenous system as functioning only in relation to pain
mechanisms. Indeed, a general role for these peptides in the
mediation of stress responding has recently been proposed
[29]. More specifically, several studies have argued for the
involvement of the endogenous opiate system in exploration
[12], sexual behaviour [6, 20), social affect (14, 22] and men-
tal illness [30]. In this context, it should be noted that very
high densities of opiate receptors and ligands are found in
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regions outside classical pain pathways. One such area is the
amygdaloid complex [4], a subcortical structure more tradi-
tionally associated with limbic regulation of affective be-
haviour.

Affective responses to aversive stimulation are strongly
inhibited by lesions of the medial amygdala [15], an effect
that has been equated with the action of narcotic analgesics
[7]. Recent results from our own laboratory support these
findings. Microinjection of morphine into this limbic area,
whilst ineffective in altering non-emotive spinal reflexes to
pain, produced naloxone-reversible elevations in the more
emotive jump response to electric shock [24, 25). This profile
suggested that a possible function of the amygdaloid opiate
system may be to decrease affective responding in stressful
situations.

To investigate further the possible behavioural signifi-
cance of the amygdaloid opiate system(s), the current study
examined the effects of intra-amygdaloid opiate injections on
two behavioural tests: responses to a novel environment
(hole-board test) and reactivity to electric shock (flinch-
jump test). Two injection sites within the amygdaloid com-
plex (central and medial nuclei) were chosen on the basis of
differential opiate receptor and peptide distribution [4, 26,
31, 32].
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METHOD
Animals and Surgery

One hundred and forty-eight male hooded rats (Olac Ltd,
Bicester), weighing 300-350 g. were anaesthetised with
Equithesin (4.0 ml/kg) and bilaterally implanted with
stainless-steel guide cannulae (0.6 mm o.d.) aimed at sites 2
mm dorsal to the central (A/P: + 6.0, L: = 3.9, V: 8.5) or
medial (A/P: + 5.2, L: = 3.5, V: 9.5) nucleus of the amyg-
dala. Stereotaxic coordinates were based on calculations de-
rived from the atlas of Pellegrino and Cushman [23] and
level-head surgical procedure was adopted. Guide cannulae
were kept free by flush-fitting stylets (0.3 mm o.d.) which,
during injection, were replaced by injection units extending 2
mm beyond the guide tips. The rats were housed in groups of
six for two weeks following surgery and then individually for
one week prior to behavioural testing. They were maintained
in a room with a constant light-dark cycle (lights on: 0600
hrilights off: 1700 hr) and with food and water available ad
libitum.

Apparatis

Hole-board. This consisted of a wooden box (65 x 65 x 45
cm) with four equally-spaced holes in the floor. Infra-red
photocells placed just under the holes provided automated
measures of exploration (number of head-dips: times spent
head-dipping). This method of measuring exploration has
been validated by File and Wardill [11]. Similar cells in the
walls of the box provided an automated measure of motor
activity.

Aversive thresholds. Reactivity to electric footshock was
determined in a small test chamber(18 x 15 x 13 cm). Scram-
bled electric shock, from a Grason-Stadler shock source
(Model 700) was supplied through the grid bars in the floor of
the chamber.

Injection Technique and Drugs

Whilst hand-held, each animal received bilateral microin-
jections from two micrometer-driven Hamilton mic-
rosyringes (10 ul: Model 701N). All injections were made in
a volume of 0.5 ul over a period of 40s and were adminis-
tered immediately prior to behavioural testing.

Morphine sulphate (May and Baker Ltd) was used in a
concentration of 10ug/0.5 ul and naloxone hydrochloride
(Endo Lab. Inc.) in a concentration of 1 ug/0.5 ul. Both
drugs were dissolved in sterile water which alone served for
control injections. Sterile water was used in preference to
saline as we have previously found behavioural change with
amygdaloid saline injections (unpublished observations).
Such changes were not apparent when sterile water was
used. A further solution, containing both morphine and
naloxone (10 ug + 1 ug, respec.) was also used.

Procedure

Within each placement site (central or medial amygdala)
rats were randomly allocated to the hole-board or aversive
threshold tests and then randomly assigned to vehicle (sterile
water), morphine sulphate (10 ug), naloxone hydrochloride
(1 ug) or morpine plus naloxone (10 ug + 1 ug) groups.

The rats tested in the holeboard received a single 10 min
trial and were tested in a randomised order between 0800 and
1200 hr. After each trial, the rat was removed and the box
thoroughly cleansed and dried. Aversive thresholds were
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measured using a modification of the flinch-jump technique
{8. 24]. Rats were individually placed in the test chamber and
received six series of eight electric shocks (0.5 sec duration
at 10 sec intervals). Shocks were administered in alternating
ascending and descending series with intensities ranging be-
tween 0.1—0.8 mA. For each series. the jump threshold (the
intensity at which the animals hind feet left the grid bars) was
determined. This procedure was carried out both before and
after injection and comparisons made between baseline (pre-
injection) and response (postinjection) values.

Prior to sacrifice, animals received bilateral microinjec-
tions of trypan blue (0.5 ul) in order to aid localisation of
injection sites. They were then overdosed with sodium pen-
tobarbitone, intracardially perfused with formal saline and
their brains retained for histological examination. Sections
were cut on a freeze microtome and injection sites plotted on
line drawings based on the atlas of Pellegrino and Cushman
[23].

Statistics

The data from the holeboard were analyzed by a two-
factor (morphine and naloxone) analysis of variance for each
placement site. The results from the flinch-jump test were
analyzed in two stages: first, the baseline thresholds across
groups were compared using a one-factor analysis of vari-
ance: secondly, comparisons between baseline and post in-
jection thresholds were made within each treatment group
using two-tailed related r-tests.

RESULTS
Histology

Histological examination revealed that, in most cases, in-
jection sites were accurately positioned within the desired
amygdaloid nucleus. However, in several animals, cannulae
were asymmetrically positioned (5 central animals/2 medial
animals) and/or injections had considerably diffused to adja-
cent amygdaloid or caudate-putamen tissue (2 central ani-
mals/2 medial animals). The data from these animals were
discarded from the statistical analyses. Figure 1 illustrates
the area covered by injections within each placement group.

Holeboard Test

Morphine injections into the medial amygdala signifi-
cantly reduced the mean time spent head-dipping,
F(1,38)=5.9, p< 0.02. but this effect was not reversed by
naloxone (see Fig. 2). At this site. morphine did not signifi-
cantly alter either the number of head-dips or the motor ac-
tivity score. Naloxone alone had no significant effect on any
measure.

In the central amygdala. morphine produced naloxone-
reversible decreases in the number of head-dips made,
F(1.42)=6.1, p<<0.02, and in motor activity. F(1,42)=6.1.
p<20.02: naloxone alone was without effect on these meas-
ures (see Fig. 3). Both morphine and naloxone when given
alone reduced the mean time spent head-dipping, but the rats
injected with a combination of these drugs did not differ
significantly from the controls, thus giving a singificant mor-
phine x naloxone interaction effect. F(1.42)=15.1, p<0.001.
See Fig. 3.

Flinch-dump Test

There were no significant differences between groups on
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Fig. 1. Schematic summary of injection sites in (A) medial amygdala and (B) central amygdala. Line
drawings adapted from the atlas of Pellegrino and Cushman [23].

baseline (i.e. preinjection) jump thresholds. In the medial
amygdala, morphine significantly elevated the jump
threshold, t(7)=6.3, p <0.001, an effect reversed by naloxone
(see Fig. 4). No significant changes in thresholds were found
after naloxone or vehicle injections into this area.

Morphine injections into the central amygdala signifi-
cantly elevated the jump threshold, t(6)=4.0, p<0.01, but
this effect was not antagonised by naloxone:—the group re-
ceiving the combination of morphine and naloxone also ex-
hibited elevated thresholds, t(5)=6.2, p<0.01. Injections of
vehicle or of naloxone alone were without effect in the cen-
tral nucleus. See Fig. §.

DISCUSSION

From the results presented in this paper, it can be seen
that the presence or absence of naloxone-sensitive opiate
receptors cannot always be deduced on the basis of a single
behavioural test. The elevation of aversive thresholds pro-
duced by morphine injections into the central amygdala was
not naloxone-reversible: whereas the morphine-induced re-
ductions in motor activity and exploration were reversed by
naloxone—even in the one case (time spent head-dipping)
when injections of naloxone alone had produced similar ef-
fects to those seen after morphine. In contrast, morphine
injections into the medial amygdala resulted in naloxone-

reversible increases in aversive thresholds but non-naloxone
reversible changes in exploration. Had the current study
used only one behavioural test, it might have been concluded
erroneously that naloxone-sensitive opiate receptors did not
exist at one or other injection site. It would thus seem im-
perative to use more than one behavioural test when assess-
ing the effects of intracranially-administered opiates.

Since some of the behavioural effects of morphine at each
site were not antagonised by naloxone it would seem logical,
it not tautological, to argue that these effects were mediated
via morphine interaction with naloxone-insensitive opiate
receptors. Indeed similar suggestions have recently been
made concerning responses observed after morphine injec-
tions into other brain areas such as the periaqueductal gray
matter [17] and midbrain reticular formation [13]. However,
alternative explanations for the non-naloxone reversible ef-
fects may exist and since we have not determined whether
these effects are stereospecific or whether they are produced
by other pure agonists, further studies are required before
this particular issue can be resolved.

The present results are both consistent and at variance
with our previous findings. Naloxone-reversible elevations
in aversive thresholds following morphine injections into the
medial aspect of the amydgala confirm our earlier work but
the present observation that morphine injections into the
central nucleus produce elevated thresholds (although non-
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Fig. 2. Effects on holeboard measures (X =+ SEM) of microinjection
of vehicle (V). morphine (M). naloxone (N) or morphine plus
naloxone (M'N) into the medial amygdaloid nucleus.
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CENTRAL AMYGDALA
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FIG. 3. Effects on holeboard measures (X + SEM) of microinjec-
tion of vehicle (V), morphine (M). naloxone (N} or morphine plus
naloxone (M"N) into the central amygdaloid nucleus.
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FIG. 4. Effects on jump thresholds (X) of micorinjection of vehicle (V), morphine (M), naloxone (N) or

morphine plus naloxone (M-N) into the medial amygdaloid nucleus. Baseline refers to preinjection

threshold and response to postinjection thresholds. Each data point represents the mean jump
threshold for each shock series. See text for details.
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naloxone reversible) contrasts with previous negative find-
ings at this site [25]. The most likely interpretation of this
inconsistency relates to localisation of injections within the
central amygdaloid nucleus. Whereas in the present study
injections were localised within the body of this nucleus, the
ineffective sites in the earlier investigation were located
more laterally.

CENTRAL AMYGDALA
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1

The decrease in both exploration and motor activity fol-
lowing central amygdaloid injections of morphine could be
interpreted as a general sedative effect of this treatment.
However, in a parallel study [10], morphine injections into
the central amygdala did not depress social interaction be-
tween pairs of male rats and neither was locomotor activity
of the pairs decreased. In fact, when the test arena was un-
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FIG. 5. Effects on jump thresholds (X) of microinjection of vehicle (V), morphine (M), naloxone (N) or
morphine plus naloxone (M " N) into the central amygdaloid necleus. See legend for Figure 4 for details.
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familiar to the rats, morphine injections into the central nu-
cleus significantly increased both social interaction and
locomotor activity. The presence of another rat can modify a
drug's effect on behaviour. For example, chlorpromazine
reduces exploration in the holeboard when rats are tested
singly, but does not reduce exploration when the rats are
tested in pairs [9]. Thus, whilst the direction of the effect of
morphine in the central amygdala may depend upon the so-
cial situation, this treatment does seem particularly to mod-
ify behaviour in novel situations.

Naloxone-sensitive opiate systems in different amyg-
daloid nuclei seem to be involved in modulating behavioural
responses to different kinds of stimulation. It would appear
that the central nucleus may be involved in mediating re-
sponses to a novel environment whilst the medial nucleus is
more concerned with an organism’s reactivity to painful
stimulation. These different patterns may relate to the differ-
ential involvement of enkephalinergic and endorphinergic
systems in behavioural regulation. For example, it is known
that enkephalins and endorphins exist within totally separate
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neuronal systems in the brain [32]. More specifically, the
medial amygdala receives a 8-endorphinergic input from the
basal hypothalamus [5] whilst the central nucleus contains a
dense network of enkephalinergic interneurons [26]. Thus
although both nuclei possess opiate receptors. the natural
ligand in each case may differ.

Finally. our results emphasize that the amygdala is a sub-
cortical complex of nuclei. each of which may be involved in
different aspects of behavioural regulation. Thus it would no
longer appear appropriate. as many still do, to view this
limbic area as a functionally homogeneous structure.
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