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Pretreatment with ‘‘analgesic’’ doses (15 nmoles) of morphine injected either into the periaqueductal gray (PAG) or into the
medial hypothalamus (MH) were found to modulate flight behavior elicited by bicuculline injected into the same brain sites.
When injected into the MH, morphine always suppressed bicuculline-induced flight, while PAG injections paradoxically
either suppressed or facilitated the behavioral effects produced by bicuculline. Whenever a facilitation of the bicuculline-
induced effects had been observed following pretreatment with 15 nmoles of morphine into the PAG, the infusion of lower
doses (6 nmoles) did no longer induce facilitation but clear suppression. In those animals that had shown suppression of the
aversive-like effects of bicuculline following the same 15 nmoles pretreatment, infusion of higher doses (24 nmoles) of
morphine into the PAG still produced the same kind of suppression. And yet, when injected into the PAG, very high doses
of morphine (50 nmoles) were found to induce, by themselves, flight behavior known as explosive motor behavior. In
contrast, such high doses of morphine never induced comparable explosive motor behavior when injected into the MH.
These data can be explained by the involvement of different types of receptors in the neural mechanisms subserving and
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controlling the generation of aversion in periventricular brain regions (PAG and MH).

Rat Periaqueductal gray Medial hypothalamus

Bicuculline

Morphine Escape Aversion

WHEN applied to periventricular brain regions such as the
dorsal periaqueductal gray matter (PAG) or the medial hypo-
thalamus (MH), electrical stimulation elicits behavioral re-
actions known as escape or flight behavior [29,30]. These
reactions are generally considered to reflect pain and/or fear
sensations induced by the neurostimulation, as such aversive
effects prompt an animal to learn to switch-off the stimula-
tion [5,21]. The behavioral flight or escape response is char-
acterized by sudden and fast locomotor activity accom-
panied by jumps in an attempt to escape the experimental
environment.

A similar behavioral pattern (escape-like behavior) can be
observed when bicuculline (a GABA antagonist) is microin-
jected into the PAG or the MH {4, 7, 10]. When elicited from

the MH, such escape-like behavior is characterized, as under
electrical stimulation, by increased locomotion, a great
number of rearings and some well-oriented jumps. When
elicited from the PAG, less rearings and more jumps of an
explosive type are observed under bicuculline as well as
under electrical stimulation. The neuronal substrate involved
in escape reactions within both the MH and PAG has been
suggested to be under a tonic inhibitory influence mediated
by GABA present in these brain regions [1, 8, 27, 28].
Escape behavior induced by PAG or MH electrical stimu-
lation can be specifically suppressed by morphine microin-
jected into the PAG [16,17]. Such morphine microinjections
are furthermore well known to exert an analgesic action as
they also suppress the behavioral responses induced by pe-
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ripheral nociceptive stimuli [9, 19, 24, 33]. The analgesic
action of morphine may thus involve blockade of ascending
nociceptive information at both a spinal and a supraspinal
level.

Interestingly, some recent data have provided evidence
for interactions to occur between opioids and GABA in the
generation of analgesia. Thus, the antinociceptive effects of
morphine injected systemically or into the midbrain can be
reversed by microinjection of muscimol or THIP (two
GABA receptor agonists) into the PAG [6, 26, 34].
Moreover, morphine is able to modify GABA receptor char-
acteristics [31] and opioid peptides were shown to activate
hippocampal pyramidal ceils by inhibiting GABAergic inter-
neurons [20].

In this context, the present study was designed to explore
the possibility that interactions take place between opioids
and GABA in the elaboration of escape behavior. As men-
tioned above, centrally applied morphine proved able to
suppress escape induced by electrical brain stimulation
[16,17]; we now report that a dose of 15 nmoles of morphine
similarly suppresses escape-like behavior induced by
bicuculline infused into the MH or the PAG. However, the
PAG infusions brought into light some paradoxical effects of
morphine: when injected into the PAG, morphine was found
to exert a suppressant action in some of the animals whereas
clear activating effects were observed in the remaining part.
In an attempt to explain this discrepancy, additional experi-
ments were performed using different doses of morphine.
Finally, high doses (50 nmoles) of morphine known to induce
explosive motor behavior when microinjected into the PAG
[11], were tested as to their ability to produce comparable
explosive motor behavior when injected into the MH.

METHOD
Animals

Male Wistar rats (400 g) were housed individually with
free access to food and water and maintained on a 12 hr
light-12 hr dark cycle. Each animal was implanted (under
pentobarbital anaesthesia, 60 mg/kg IP) with guide cannulae
(0.d.: 0.4 mm-i.d.: 0.3 mm) at a distance of 1 mm above
target sites located in the dorsolateral periaqueductal gray
and in the medial hypothalamus. The coordinates for the
PAG guide cannula tip were 0.5 mm anterior to the lambda,
0.3 mm lateral and 4.6 mm ventral to the surface of the skull.
The coordinates for the MH guide cannula tip were 4.5 mm
anterior, 0.3 mm lateral and 7.6 mm ventral. The cannulae
were angled at 10 degrees off vertical. Stainless steel block-
ers were kept in the guide cannulae between drug injections.

Testing

Global activity was recorded in an automated actometer
(20x 100x 40 cm high) equipped with photocelis. Four photo-
cells spaced out 28 cm apart and placed on the length of the
cage starting at 8 cm from each end measured horizontal
locomotion. Two photocells were placed 10 cm apart on the
cage width at a height of 15 cm in order to record rearings;
two additional photocells were placed at a height of 30 cm in
order to record jumps.

Pulses generated by the interruption of each infrared
beam were recorded independently for locomotion, rearings
and jumps for a one minute time period. Pulses recorded
whenever jumps occurred were subtracted from the number
of pulses recorded by the photocells measuring rearing ac-
tivity.
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FIG. 1. Variations in activity (locomotion, rearings and jumps,
n=13) after microinjection of bicuculline (BIC: 0.07 nmoles/0.25 ul)
into the medial hypothalamus (MH). This injection was preceded
either by a microinjection of saline 0.9% (top trace) or by a microin-
jection of morphine (15 nmoles/0.25 ul, bottom trace).

Drug Treatments

Injections were carried out by inserting in the guide can-
nula a stainless steel injection cannula (o.d.: 0.28 mm-i.d.:
0.18 mm) connected to a 1 ul Hamilton microsyringe by
polyethylene tubing. The injection cannula penetrated 1 mm
beyond the tip of the guide cannula and was left in place for 2
minutes.

Prior to any microinjection, the animals were placed in
the actometer for 10 minutes in order to record their prein-
jection activity. Intracerebral (PAG or MH) infusions were
then performed with either saline (0.25 ul) or morphine (15
nmoles in 0.25 ul of saline) administered in a counterbal-
anced order. These infusions were followed, 10 minutes la-
ter, by an infusion of bicuculline (0.07 nmoles in 0.25 ul of
saline). Such a dose of bicuculline had been shown to reli-
ably produce escape-like behavior when injected into these
same brain regions [7]. The animal’s activity was then re-
corded for 40 minutes following the bicuculline microinjec-
tion. Time intervals allowed between two consecutive treat-
ments were ten to twelve days for any dose of morphine
administered in this study. Activity scores recorded over
time or at specific time bins were analysed with Wilcoxon’s
matched-pairs signed-ranks test [32].

Histology
After completion of the experiment, the animals were in-
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FIG. 2. Variations in activity (locomotion, rearings and jumps,
n=14) after microinjection of bicuculline (BIC: 0.07 nmoles/0.25 ul)
into the periaqueductal gray matter (PAG). This injection was pre-
ceded either by a microinjection of saline 0.9% (top trace) or by a
microinjection of morphine (15 nmoles/0.25 ul, bottom trace). In this
group of animals (inhibition group), morphine induced a clear sup-
pression of the behavioral activation induced by bicuculline.

jected with an overdose of pentobarbital and intracardially
perfused with NaCl 0.9% followed by 109 formalin. Serial
brain sections were stained with cresyl violet and injection
sites were localized on frontal planes of the Konig and Klip-
pel atlas [18].

RESULTS

Pretreatment With 15 nmoles of Morphine Injected Into the
MH or Into the PAG

Anaigesic doses of morphine microinjected into either the
MH or the PAG proved able to suppress the aversive-like
effects of bicuculline infused 10 minutes later into the same
brain regions.

Medial hypothalamus. When injected into the MH,
bicuculline induced aversive-like effects that consisted, in
the 13 animals tested, in an increased locomotion together
with a number of rearings as well as jumps well oriented
towards the top of the experimental enclosure. Pretreatment
with saline did not affect any aspect of these bicuculline-
induced effects (Fig. 1, top). On the other hand, pretreat-
ment with 15 nmoles of morphine (Fig. 1, bottom) com-
pletely abolished the jumps observed when saline preceded
bicuculline. The scores recorded over time for rearings as
well as for locomotor activity were also decreased by 37%
and 22%, respectively, under morphine pretreatment as
compared to the same scores recorded under saline pre-
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FIG. 3. Variations in activity (locomotion, rearings and jumps,
n=11) after microinjection of bicuculline (BIC: 0.07 nmoles/0.25 ul)
into the PAG. This injection was preceded either by a microinjection
of saline 0.9% (top trace) or by a microinjection of morphine (15
nmoles/0.25 ul, bottom trace). In this group of animals (facilitation
group), morphine induced a clear facilitation of the behavioral ac-
tivation induced by bicuculline.

treatment (Wilcoxon test, T=401 and T=504.5, respectively;
p<0.05). Nevertheless, the respective peak effects occurred
with similar delays following the bicuculline injection (3-5
minutes for locomotion, 4-5 minutes for rearings) and scores
at specific time bins obtained under morphine pretreatment
did no longer differ from those recorded under saline pre-
treatment by the 12th minute (T=15, p>0.05) for rearings
and by the 11th minute (T=13, p>0.05) for locomotion.
Periaqueductal gray. When injected into the PAG,
bicuculline induced behavioral effects that likewise con-
sisted, in the 25 animals tested, in increased locomotion,
rearings against the walls of the cage and explosive jumps
(Figs. 2 and 3, top). The overall effects of bicuculline in-
jected into the PAG appeared of shorter duration than when
injected into the MH. They further appeared less well
oriented and of a more explosive kind. Local pretreatment
with saline did not modify the effects induced by bicuculline
injected into the same PAG site. On the other hand, pre-
treatment with 15 nmoles of morphine did affect the
bicuculline-induced behavioral effects in a two-fold way. As
a matter of fact, either suppression or facilitation was ob-
served.
Suppression. In 14 out of 25 animals, morphine injected into
the PAG provoked a clear suppression of the aversive-like
effects of bicuculline (Fig. 2, bottom), at it did regularly
when injected into the MH. Scores recorded over time for
jumps, rearings and locomotion were decreased by 75%, 62%
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FIG. 4. Variations in total activity (cumulative over 40 minutes for
locomotion, rearings and jumps) following microinjection of
bicuculline (BIC: 0.07 nmoles/0.25 ul) into the PAG and local pre-
treatment with various doses of morphine. (Top) Facilitation group:
following standard pretreatment with either saline or 15 nmoles of
morphine (as described under Experiment 1), this group of animals
was tested with a lower dose (6 nmoles) of morphine. (Bottom) Inhi-
bition group: following the same standard pretreatment with either
saline or morphine, this group of animals was tested with a higher
dose (24 nmoles) of morphine.

and 51%, respectively, as compared to the same items re-
corded under saline pretreatment from the same animals
(T=8 for jumps, T=50.5 for rearings, T=467.5 for locomo-
tion; p <0.05).

However, such behaviors were never totally abolished:
locomotion, rearings and even jumps were still recorded
under morphine pretreatment. Whether saline or morphine
had first been injected, the effects induced by the bicuculline
microinjection reached their peak within 2-3 minutes and the
scores at specific time bins obtained under morphine pre-
treatment no longer differed from those recorded under
saline pretreatment by the 10th minute (T=22 for locomo-
tion, T=6.5 for rearings, T=7 for jumps, p>0.05).

It should be noted that after the 15th minute, and follow-
ing both types of pretreatment, the activity level of all the
animals was particularly low, as they usually stayed quiet in
a corner of the experimental chamber.

Facilitation. In the 11 remaining animals, a microinjection of
15 nmoles of morphine into the PAG surprisingly resulted in
a facilitation of bicuculline-induced escape behavior (Fig. 3,
bottom). Scores recorded over time for locomotion, rearings
and jumps were increased by 90%, 168% and 69%, respec-
tively, as compared to the saline pretreatment condition
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(T=220.5, T=229.5, T=0 respectively, p<<0.05). Whether
saline or morphine had first been injected, the effect of
bicuculline reached a peak within 2-3 minutes with regard to
locomotion and jumps, within 3-4 minutes with regard to
rearings. Nevertheless, morphine appeared to increase the
duration of the effects produced by bicuculline as the scores
at specific time bins recorded under morphine pretreatment
stopped differing from those recorded under saline pretreat-
ment only by the 26th minute for locomotion (T=12.5,
p>0.05) and by the 20th minute for rearings (T=16, p>0.05).

Pretreatment With 6 or 24 nmoles of Morphine Injected Into
the PAG

The fact that morphine injected into the PAG was found
to have both suppressant and facilitating effects led—in the
light of previous reports of such paradoxical effects of mor-
phine injected into the PAG-—to carry out an additional ex-
periment. Indeed, several authors reported [3,11] that high
doses of morphine (30-40 nmoles and more) injected into the
PAG would produce explosive motor behavior (EMB).
EMB, which resembles the flight behavior elicited by locally
applied bicuculline or electrical stimulation, was suggested
to reflect the nonspecific activation of some ACTH receptors
by high doses of morphine (see the Discussion section).

Thus, to further analyse the local action of morphine, we
studied the effects of two additional doses of the drug. A
pretreatment with a low dose (2 ug-6 nmoles) of morphine
was applied to the rats in which a counterbalanced treatment
with 15 nmoles of morphine and saline had previously
produced a facilitation of the behavioral effect due to
bicuculline. On the other hand, those rats in which the coun-
terbalanced treatment with 15 nmoles of morphine and saline
had previously produced an inhibition of the effect due to
bicuculline were pretreated with a higher dose (8 ug-24
nmoles) of morphine.

Facilitation group. After pretreatment with a low dose (6
nmoles) of morphine (Fig. 4, top right), animals from the
“facilitation”> group showed a clear inhibition of the
aversive-like effects of bicuculline.

A decrease by 59%, 66% and 77% was recorded for
locomotion, rearings and jumps, respectively, as compared
to saline pretreated animals (T=111 for locomotion, T=46
for rearings, T=0 for jumps, p<0.05). These values are quite
similar to those previously obtained in the ‘‘inhibition”
group (51%, 62% and 75%, respectively). Data obtained from
animals pretreated with 6 nmoles of morphine did no longer
differ from those recorded under saline pretreatment by the
10th minute following the injection of bicuculline (not dis-
played on the figure).

Inhibition group. Contrary to expectation, pretreatment
with 24 nmoles of morphine in some animals from the ‘‘inhi-
bition’’ group did not provoke any facilitation of bicuculline-
induced escape-like responses, but still provoked inhibition
(Fig. 4, bottom right). The effects of bicuculline were de-
creased by 53% for locomotion, by 83% for rearings and by
89% for jumps. This suppressant effect produced by 24
nmoles of morphine was more marked than that produced by
15 nmoles with regard to both rearings (T=180.5, p<0.05)
and jumps (T=4.5, p<0.05) but not locomotion (T=703,
p>0.05).

At this point, it should be emphasized that the sensitivity
of PAG sites to the bicuculline treatment following a saline
pretreatment clearly differed between animals from the
““facilitation”” group and animals from the ‘‘inhibition”
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FIG. 5. Histological localization of microinjection sites on frontal planes of the Konig and Klippel atlas. (A)
Microinjection sites at the level of the PAG. @: Sites from which morphine induced a suppression of the
behavioral activation induced by bicuculline; O Sites from which morphine induced a facilitation of the
behavioral activation induced by bicuculline. (B) Microinjection sites at the level of the MH. @: At this level,
morphine induced only suppression of the behavioral activation induced by bicuculline.

group. Indeed, animals from the ‘‘inhibition’’ group proved
more responsive to bicuculline: an injection of this GABA
antagonist reliably induced more locomotion (T=380,
p<0.05), more rearings (T=212, p<0.05) and more jumps
(T=9, p<0.05) than did the same dose when microinjected to
animals from the ‘‘facilitation’’ group.

However, the histological check of cannula placements
on coronal sections of the Konig and Klippel atlas did not
reveal significant differences between the two groups with
regard to the location of the PAG injection sites. Neverthe-
less, sites from which facilitation was obtained seem to be
preferentially located in the dorsomedial PAG. Cannulae tips
were all located within the dorsal part of the PAG, above the
aqueduct (Fig. SA). MH injection sites were all found to be
located within the dorsomedial part of the hypothalamus
(Fig. 5B).

Injection of High Doses of Morphine (50 nmoles) Into the
PAG or Into the MH

Since only suppression, but never facilitation had been
obtained from MH sites with 15 nmoles of morphine, we
further studied the effects produced by high doses of mor-
phine (50 nmoles) injected into PAG and MH sites. Such high
doses were expected to produce EMB when injected into
PAG sites and the aim of the experiment was to check
whether or not EMB would also be obtained from MH sites.
The effects produced by a PAG or MH injection of 50 nmoles
of morphine were recorded every 5 minutes for 265 minutes.
Within each group of animals (PAG or MH) these effects
were compared to those previously produced by 0.08 nmoles
of bicuculline preceded by saline recorded every minute for
55 minutes (see Fig. 1, top and Fig. 3, top).

Periaqueductal gray. When injected into PAG sites of the
animals of the facilitation group, such high doses of mor-
phine elicited explosive motor behavior (EMB) charac-
terized by sudden and fast locomotor activity for 40 minutes,
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FIG. 6. Variations in activity (locomotion, rearings and jumps,
n=10) after microinjection of a high dose of morphine (50 nmoles/
0.25 ul, top trace, n=10) or of bicuculline (BIC: 0.7 nmoles/0.25 ul,
bottom trace, n=11) into the PAG. Note that recordings took place
every 5 minutes following a morphine injection and every minute
following a bicuculline injection and that the time and activity scales
are different for the two traces.
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FIG. 7. Variations in activity (locomotion, rearings and jumps,
n=10) after microinjection of a high dose of morphine (50 nmoles/
0.25 ul, top trace, n=10) or of bicuculline (BIC: 0.07 nmoles/0.25
pl, bottom trace, n=13) into the MH. Note that recordings took
place every 5 minutes following a morphine injection and every
minute following a bicuculline injection and that the time and activ-
ity scales are different for the two traces.

explosive jumps for 25-30 minutes, and only a few rearings
(Fig. 6, top).

A 2-hour period of almost complete inactivity folowed
that explosive behavior, as the animals appeared very quiet
and froze in a corner of the experimental enclosure.

When bicuculline was previously microinjected into the
same PAG sites, it induced a similar activity, but with more
rearings and with a different time course (Fig. 6, bottom):
increased locomotion was recorded for 15 minutes, rearings
for 10 minutes and jumps for 8 minutes. The speed of activity
induced by bicuculline was more than three times higher
than that induced by morphine as can be seen when peak
locomotor activity recorded under bicuculline (25 counts per
minute) is compared to peak locomotor activity recorded
under morphine (35 counts per five minutes or 7 counts per
minute).

Medial hypothalamus. When injected into MH sites, high
doses of morphine induced a marked increase in locomotion
that reached its peak after 30 minutes and that lasted over
four hours (Fig. 7, top). Numerous rearings were also re-
corded for two hours, a peak effect being reached after 15
minutes, but no jump was ever recorded. Both locomotion
and rearings looked well oriented, with a lot of sniffing. The
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animals’ behavior never appeared explosive as it did in the
case of PAG injections.

In contrast, when bicuculline was previously microin-
jected into the same MH sites, it did induce jumps together
with increased locomotion and rearings (Fig. 7, bottom).
These jumps were recorded for 10 minutes only, while rear-
ings were recorded for almost 20 minutes and increased
locomotion for 30 minutes. The speed of activity induced by
bicuculline was, in the case of MH injections, too, more than
three times higher than that induced by morphine as can be
seen when peak locomotor activity recorded under bicucul-
line (35 counts per minute) is compared to peak locomotor
activity recorded under morphine (50 counts per five minutes
or 10 counts per minute).

DISCUSSION

The results reported here show that ‘‘analgesic’’ doses
(15 nmoles) of morphine injected into the dorsal part of the
PAG or into the MH suppress escape-like behavior induced
by bicuculline infused into the same brain regions. These
results parallel those obtained with escape behavior electri-
cally induced from the PAG which was similarly suppressed
by identical doses of morphine [16,17].

In the present experiment, however, morphine did also,
in some animals, enhance escape reactions induced by
bicuculline injected into the PAG, while only the suppressant
effect was obtained from MH sites..

These opposite and paradoxical effects of PAG morphine
injections can be compared, as mentioned previously in the
result section, with the paradoxical effects that high doses of
morphine were shown to produce when injected into the
PAG. Indeed, at a dose of 45 to 55 nmoles, morphine induces
explosive motor behavior (EMB) [3,11]. This effect can be
produced by morphine (—) as well as by morphine (+) and it
is not reversed by naloxone [2,13]. EMB can also be ob-
served following a local injection of ACTH, but never follow-
ing a B-endorphin injection [12,15]. These authors have
therefore proposed that morphine could act on two types of
receptors within the PAG: One would be an opioid recep-
tor, stereospecific, blocked by naloxone, involved in
analgesia, with its endogenous ligand being B-endorphin.
The other would be nonstereospecific, nonsensitive to
naloxone, and involved in the elaboration of EMB; this
nonopioid receptor would be nonspecifically activated by
high doses of morphine and its endogenous ligand has been
suggested to be ACTH. Another issue has recently been
proposed by these authors who suggest that high doses of
morphine may also block GABA-A receptors in the CNS [14].

Thus, a possible dual action of morphine within the PAG
might be advanced to explain the heterogeneity of our results
obtained following pretreatment with 15 nmoles of morphine
into the PAG. According to the hypothesis, a dose of 15
nmoles of morphine should act on two types of receptors,
though probably producing varying relative degrees of ac-
tivation. The unexpected facilitating effect of morphine
might then be due to morphine’s action on some of the pro-
posed ACTH-sensitive receptors and/or on the GABA recep-
tors located at the injection site. This 15 nmoles dose of
morphine would not be sufficient to produce EMB by itself,
but summation or synergism with the effects produced by
bicuculline would take place. Such a synergism could over-
come the suppressant effect due to morphine and enhanced
escape reactions could thus be obtained.

This hypothesis is supported by the data obtained in the
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additional experiment in which lower doses of morphine (6
nmoles) were administered to animals that had previously
shown a facilitation of the aversive-like effects induced by
bicuculline. The previously observed facilitation did no
longer occur, suggesting that 6 nmoles of morphine did not
produce ACTH-like activation and/or GABA receptor
blockade sufficient to potentiate the action of bicuculline.
Under these conditions, the suppressant effects of morphine
are likely to predominate and it is understandable that at-
tenuated escape reactions were observed.

However, in those animals in which a clear suppressant
effect had been obtained with 15 nmoles of morphine, injec-
tion of higher doses of morphine (24 nmoles) did not produce
facilitation—but still suppression—of the aversive-like ef-
fects of bicuculline contrary to what one would have pre-
dicted from the hypothesis. This result would then suggest
that morphine did never induce sufficient ACTH-like activa-
tion and/or sufficient GABA receptor blockade at any of the
injection sites studied in the latter animals. The reason for
that could lie in a low density of the putative ACTH-sensitive
neurons and/or of GABAergic neurons at these injection
sites. Unfortunately, the histological check of the cannula tip
placements did not reveal that the location of the injection
sites within the PAG did reliably differ depending on whether
facilitation or suppression of the bicuculline-induced
aversive-like effects was obtained under pretreatment with
15 nmoles of morphine. Moreover, animals of the PAG inhi-
bition group showed a higher sensitivity to bicuculline than
those of the PAG facilitation group (see Fig. 4) suggesting
that a low density of GABAergic neurons at these injection
sites is a very unlikely possibility. No clear regional differ-
ences have been shown to exist in the distribution of ACTH
within the PAG. But the PAG happens to be one of the
brainstem regions with the highest ACTH concentrations
[22] and the highest number of ACTH immunostained-fibers
[23]. Thus, even though morphine may well act within the
PAG via an ACTH-mediated and/or a GABAergic mech-
anism and though the hypothesis involving these nonopioid
receptors appears quite attractive, these explanations for the
facilitatory effect of morphine need additional support. To
our knowledge, no further evidence for a direct action of
morphine on ACTH-neurones or receptors has yet been re-
ported. Furthermore, it appears that GABA-A receptor
blockade by high doses of morphine is not a general mech-
anism within the entire brain, since high doses of morphine
injected into the MH did not at all—in our study—reproduce
the effects of bicuculline which produces its aversive effects,
in the MH too, via GABA-A receptors [28]. The fact remains
nonetheless that high doses of morphine injected into the
PAG probably induce effects via a nonopioid-specific mech-
anism.

When injected into the medial hypothalamus, 15 nmoles
of morphine exclusively produced suppression of the
aversive-like effects induced by bicuculline. One could again
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suggest here that only few or even none of the above-
mentioned ACTH-sensitive and/or GABAergic receptors
were activated by the infused morphine. This suggestion is
well supported with regard to the ACTH-sensitive receptors
by the fact that, in our study, high doses (50 nmoles) of
morphine never induced EMB or any other aversive-like re-
action when injected into the MH. This same suggestion is,
however, not consistent with the clear behavioral effects
produced by bicuculline, thus showing that high doses of
morphine do not act by blocking GABA receptors in the MH.

- The differential effects observed according as high doses
of morphine were injected into the PAG or into the MH
indicate that the generation of aversive effects is mediated
within these two periventricular brain regions by—at least
partly—independent neuronal mechanisms. Indeed, the
comparable results obtained when either a high dose of mor-
phine or bicuculline was injected into the PAG might have
reflected an activation of one and the same neuronal sub-
strate carrying both GABA- and ACTH-sensitive receptors.
However, as high doses of morphine never elicited the be-
havioral responses induced by bicuculline when injected into
the MH, it would rather appear that two distinct neuronal
substrates subserve the induction of aversive-like effects by
bicuculline and by high doses of morphine, respectively.
Thus, the induction of aversive-like effects from the PAG
would bring into play both GABAergic receptors and the
putative ACTH-sensitive receptors located on distinct
neuronal pathways. At the level of the MH, GABAergic re-
ceptors, but not ACTH-sensitive receptors, would be in-
volved in the elaboration of flight behavior.

Moreover, it can be concluded from the present study
that escape reactions, whether elicited from the PAG or from
the MH, are under a clearly inhibitory opioid control, as
morphine was found to suppress the aversive-like effects
induced by bicuculline in both brain regions. This inhibitory
opioid control is comparable to that exerted by morphine
applied to the PAG on both centrally- (electrically) and
peripherally-induced aversive effects. Whether this inhibi-
tory control is of presynaptic or postsynaptic nature is not
yet clear, even though morphine was already shown, in PAG
or dorsal raphe slice perfusions, to induce increased GABA
release [25]. Nevertheless, the occurrence of clear GA-
BA/opioid interactions within these periventricular struc-
tures has been further evidenced here. The relative involve-
ment of the various opioid receptor subtypes in these in-
teractions remains to be elucidated.
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