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CHEMICAL MODULATION OF THE DEFENSIVE

BEHAVIOR IN THE MIDBRAIN TECTUMl

M. L. BRANDAO*, V. Z. ANSELONf, 1. E. PANDósSIO, J. ARAÚJO
AND

V. M. CASTILHO
Laboratorio de Psicobiologiu. Universidade de Sao Paulo, Brazil

ABSTRACT

A set of structures in the central nervous systern, comprising amygdala, medial
hypothalamus, dorsal periaqueductal gray, inferior colliculus and deep layers ofsuperior
colliculus has been traditionally associated to the integration of aversive states in the brain
since escape behavior and defensive or fear-like behaviors often result when they are
electrically or chcmically stimulated. In general, the behavioral responses induced by

stirnulation of these structures in the midbrain tecturn are accompanied by increases in the
mean arterial blood pressure, heart rate and respiration and analgesia. Both the behavioral
and autonomic consequences of electrical stirnulation ofthe rnesencephalic tectum have
been shown to be attenuated by minor tranquilizers, prabably through enhancernent of
GABAergicneurotransmission. Beside oxaxergic interneurons whichexert a tonic inhibitory

control on the neural circuits responsible for the behavioral correlates of the aversión in
the above-mentioned structures, several other mechanisms such as opioid, neuropeptides.
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serotonergic and excitatory amino acids mediated mechanisms have al so been implicated
in the regulation ofthese processes. Now, efforts have been made to characterize the mode
of action of these neurotransmitters on their multiple receptors and how they inieract with
each other to produce or regulate the neural substrates of aversion in the brainstem. As to
the analgesia that accompanies these aversive states it is mediated by non-opioid
mechanisrns, particulary by serotonergic ones through 5-HT, receptors.

Key words: Aversión, midbrain tectum, DPAG, superiorcolliculus, inferiorcolliculus.

RESUMEN

Un grupo de estructuras en el sistema nervioso central, incluyendo la
amígdala, el hipotálamo medio, el periacueducto dorsal gris, el colículo inferior,
y capas profundas del colículo superior, han sido tradicionalmente asociados con
la integración de estados aversivos en el cerebro, debido a que las conductas de
escape y los comportamientos defensivos o de miedo a menudo se presentan
cuando estas áreas son estimuladas eléctrica o químicamente. En general, las
respuestas conductuales inducidas por la estimulación de estas estructuras en el
tacto medial son acompañadas por incrementos en la presión sanguínea, tasa
cardiaca, tasa respiratoria y analgesia. Tanto las respuestas conductuales como
las autonómicas son atenuadas por tranquilizantes menores, probablemente a
través de un aumento en la neurotransmisión de GABA. Aparte de las interneuronas
GABA, que tienen un control inhibitorio de los circuitos neurales responsables por
los correlatos conductuales de la aversión, otros mecanismos diversos tales
como los mecanismos opioides, neuropéptidos, serotonérgicos y aminoácidos
exitatorios también han sido implicados en la regulación de estos procesos. Se'
han realizado esfuerzos para comprender el modo de acción de estos
neurotransmisores en sus múltiples receptores y cómo interactuan entre sí para
producir o regular los sustratos neurales de la aversión. En cuanto a la analgesia
que acompaña a estos estados aversivos, se sabe que es mediada por mecanismos
no-opioídes, particularmente por mecanismos serotonérgicos a través de recep-
tores 5-HT,.

Palabras clave: Aversión, tacto medial, periacueducto dorsal gris, colículo
superior, colículo inferior.

INTRODUCTION

The chemical nature of the defense reaction has been examined for decades
and the enorrrious advances we achieved in this matter are far from a c1ear picture
of what realIy happens in the brain during these processes. Thatit is amultimediated
process is agreed by alI researchers working in this field and could not be
otherwise due to the complexity of the defensive behavior expressed by animals



MIDBRAIN TECTUM AND AVERSION 113

facing danger or prcdators. In this review, we will focus on the nature of fear-
related behaviors and on the chernical mediation ofthe defense reaction induced
by electrical and chernical stimulation 01' the midbrain tectum. Many functions
have been attributed to the superior coll icuIus, dorsal periaqueductaI gray matter
(DPAG) and the inferior colliculus, howcver, in this review we will focus only on
thc aversión-related functions of these structures; that is, pain processing and
rnodulation, autonornic regulation, and fear and anxiety.

ELECTRICAL snMULA nON OF THE NEURAL SUBSTRA TES OF
AVERSION IN THE MIDBRAIN TECTUM

Several lines of evidence frorn this laboralory have shown that gradual
increases in the intensity of electrical stirnulation of the dorsal periaqueductal
gray (DPAG), deep layers 01' the superior colliculus (DLSC) and of the inferior
colliculus of rats induce, in a progressive manner, characteristics aversive
responses such as arousal, freezing and escape behavior (Brandáo, Aguiar &
Graeff, 1982; Brandáo, Cardoso & Melo, 1993; Brandáo et al., 1985, 1994;
Brandáo, Tomaz & Garcia Cairasco, 1990). That these responses are due to the
aversive nature 01' ihe stimulus is suggested by the fact that animals engage in
different kinds 01' behavior in order to interrupt or switch-off this stimulation
(Brandáo etal., 1982, 1997; Melo, Cardoso & Brandáo, 1992). In general, these
responses are accompanied by analgesia (Coimbra & Brandáo, 1997; Coimbra,
Tomaz & Brandño, 1992; Fanselow, 1990) and changes in the mean arterial
blood pressure, heart rate and respiration (Brandáo et al., 1985; 1988; 1990;
Carrive, 1991; Hilton & Redfern, 1986) in order to give support to the motor
behaviors. These midbrain structures together with the periventricular gray
substance of the diencephalon and the amygdala may represent the neural
substrate of defensive behavior in the brain (Brandáo et al., 1993, 1994; Graeff,
1981; 1990).

The deep layers of the superior colliculus have been implicated in the
production 01' orienting movements 01' the eyes and head but also mediate
defensive movements together with cardiovascular changes that would be
appropriate for sudden emergency such as the appearance 01' a predator, or of an
object on collision course (Dean, Redgrave & Westby, 1989). Lesions of this
area dramatically reduce defensive responding to appropriate visual stimuli, for
example unexpected overhead movement or cause to ignore an approaching
human in wild rats (Blanchard et al., 1981). The periaqueductal gray matter
participates in the expressions 01' at least, five major brain functions, pain
processing and rnodulation, vocalization, autonomic regulation, fear andanxiety
and lordosis (Behbehani, 1995). Based on responses to electrical and chemical
(microinjections of excitatory amino acids) stimulation of the PAG it was
possible to depict a columnar organization for this región (Bandler & Shipley,



114 BRANDÁO, ANSELONI, PANDOSSIO, ARAUJO y CASTlLHO

1994; Carrive, 1991), These studies indicated that the PAG is organized in four
columns: the dorsomedial, dorsolateral, lateral and ventromedial, Stimulation of
the dorsomedial and dorsolateral columns produces increase in blood pressure,
muscle blood tlow, decrease in the skin blood tlow and defensive behavior. On
the other hand, stimulation of the lateral and ventromedial columns produces
hypotension and freezing behavior.

As mentioned abo ve, electrical stímulation ofthedorsomedial anddorsolateral
columns of the periaqueductal gray (DPAG) has been consistently shown to
induce aversive effects since they elicit defensive behaviors, sustain operant
responses (switch-off behavior) and also support leaming of conditíoned
emotional responses (DiScala et al., 1987). Because the electrical stimulation of
the DPAG induces a strong behavioral activation and causes objective and
subjective manifestations that resemble a panick attack in human beings, it has
been suggested that this structure could be involved in panic disorder (Amano
et al., 1978; Brandáo et al., 1994; Graeff, 1997; Nashold, Wilson & Slaughter,
1969). The inferior colliculus is a primary acoustic structure in the brainstem
which has been implicated in the production of audiogenic seizures (Garcia
Cairasco & Sabatini, 1989; McCown et al., 1984; Millan, Meldrum & Faingold,
1986). Recent evidence obtained in this laboratory has demonstratedthat pairing
visual stimulation and aversive electrical stimulation of the inferior colliculus
produces associatíve leaming (Brandáo et al., 1997). Thus, the inferiorcolliculus
appears to be involved in linking external stímulí and aversiveness at the
brainstem leve\. As the inferiorcolliculus is primarily involved in the processing
of auditory informationit may be important in the processing of sensory
information of different modalities and in the activation ofthe selective attention.
This notion is consistent with findings showing that the pathway undérlying
conditioned emotíonal responses involves transmission through the inferior
colliculus to the medial geniculate body and from there directly to the amygdala
(lwata, Chida & LeDoux, 1987; Le Doux etal., 1986; Le Doux, Sakagushi &
Reis, 1986). Thus, it is possible that the inferior colliculus belongs to a brain
circuit commanding aversive reactions together with the medial hypothalamus,
amygdala and dorsal PAG. As a matter of fact, reciprocal anatomical connections
have been demonstrated between the inferior colliculus and superior colliculus
and DPAG (Kudo & Niimi, 1980; Meininger, PoI & Derer, 1986; Moore &
Goldberg, 1963; Radmilovich et al., 1991). This possibilíty is quite consistent
with recent evidences showing that this structure is concerned not only in
defining the nature of the sound but also in extracting features of sound location
(Masterton, 1992). Accordingly, it seems reasonable to assume that it is the
properties of the sound source (predators, prey, mate or competítors), not those
of the sound itself, that are used to guide an animal's course of action.

Recent studies using Cvfos immunoreactivity bring further support to the
notion that amygdala, medial hypothalamus, DPAG, DLSC and inferior colliculus
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make part 01' a brain aversión system by showing that these areas are labeled
following either electrical orchemical stirnulation ofthe DPAGorexposure of'the
animals to aversive environrnental stirnulation (Sandküler, 1990; Sandner et al.,
1992; Silveira, Sandner & Graeff, 1993). Exarnination of functional connection
of the inferior colliculus with the amygdala -an important sensorial filtering for
information 01' aversive nature- has been recently carried out in this laboratory.
Lesion 01' the basolateral nucleus enhances whereas lesion 01' the central n~cleus
of the amygdala reduces that aversiveness 01' the electrical stirnulation 01' the
inferior colliculus (Maisonnette el al., 1996).

CHEMICAL STIMULA nON OF THE MIDBRAIN TECTUM

In this section we will cornment on two kinds of midbrain tectum activators:
exicitatory amino acids and GABA-Areceptors blockers, In contrast to electrical
stimulation, which excites both neuronal cell bodies and axons 01' passage,
intracerebral microinjections 01' these compounds cause selecti ve depolarization
of somatodendrites. The excitatory amino acids, glutamic and aspartic acids play
a significant role in the midbrain tectum. Regarding the defensive behavior, it
was found that microinjections 01' the excitatory amino acids (EAA)glutamate,
aspartate, and D, L-homocystcatc mimic the effects 01' electrical stimulation
when perforrncd into the central gray and OLSC(Bandler, Depaulis & Vergnes,
1985; Bandler & Carrive, 1988; Dean, Mitchell & Redgrave, 1988; Graeff,
Carobrez & Silveira, 1988; Krieger & Graeff, 1985), but is either little or not
effective in the medial hypothalamus (Bandler, 1982; Hilton & Redfern; 1986).
However microinjections of GABAblockers into all these regions evoke a
defense reaction (Brandáo el al., 1982, 1986).

To explain these contlicting results it has been suggested that «defe'nse»
neurons are more scattered in the medial hypothalamus than in the central gray.
In our laboratory inferior colliculus microinjection 01' N-methyl D-aspartate
(NMDA)produced a graded and dose dependent pattern 01' defensive behavior
very similar to that seen after electrical stirnulation 01' this structure (Cardoso,
Brandáo & Coimbra, 1994). The observed effects could not be attributed to a
non-specific effect 01' the, drug since it was antagonized by previous inferior
colliculus microinjection of AP'l, a NMDAreceptor antagonist, This pattern of
aversive reaction suggests that the type ofdefensive behavior varies quantitavely
and qualitatively along the increase 01' the aversive stimulation (Brandáo et al.,
1994) as occurs with the prey's perception of the risk of predatory imminence.
(Fanselow, 1990). In fact, rnicroinjections 01' glutamate into the central nucleus
of the inferior colliculus, supposed to actívate mainly AMPA!kainate receptors,
01' rats placed inside a circular area induced aversi ve reactions, characterized by
freezing responses. Vigorous responses were notobtained even with largerdoses
of glutarnate due, perhaps, to the quick uptake 01' this EAA. More intense
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responses, such as escape responses, are only obtained with microinjections of

NMDA. It is suggested that acti vation of fast -acting (AMP Alkainate) EAA receptors

into this midbrain region is able to trigger the initial steps ofthe defense reaction

without eliciting the motor explosive behavior usually seen following the

activation of NMDA receptors (see Figure 1).
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Figure l. A schematic diagram for the involvement of midbrain structures in fear based
on the model proposed by Fanselow (1991). Fear inducing stimuli (conditioned or
unconditioned stimuli and species specific danger signals) activate the amygdala.
Moreover, nociceptive unconditioned stimuli directly activate the midbrain tectum.
Activation ofmidbrain tectum produces behavioral (vigilance, freezing and escape) and
autonomic responses (increase in respiration, heart rate and blood pressure) ofthe defense
reaction and 5-HT analgesia al the same time inhibits the ventral PAG. Activation ofthe
ventral PAG produces characteristic behavioral (freezing), autonomic (bradicardia and
fal! in blood pressure) and opioid-mediated analgesia. (Adapted from Fanselow, 1991).
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The behavioral activation produced by microinjections of EAA into the
inferior colliculus was not as intense as that evoked from the PAGbut was more
vigorous than that evoked from medial hypothalamus. In this respect, it is
important to note that the range of effective doses for NMDA(10-20 nmol) was
higher than that reported to be effective in the PAG(Graef et al., 1988). If we
consider that excitatory amino acids do not produce effects when injected in the
medial hypothalarnus we would admit that the defense neurons in the inferior
colliculus are more scattered than in the PAGbut not as much as in the medial
hypothalamus.

GABAERGIC RESTRAINT OF THE NEURAL SUBSTRA TES
OFAVERSION

Local injections of benzodiazepines into the midbrain tectum depress both
unlearned and learned escape behavior induced by e1ectrical stimulation of this
region (Brandáo et al., 1982; Bovier, Broekkamp & Lloyd, 1982; Castilho,
Avanzi & Brandáo, 1997; Melo et al., 1992). That these effects are mediated by
benzodiazepines receptors is supported by the fact that chlordiazepoxide or
midazolam raise the aversive threshold of midbrain tecturn electrical stimulation
in adose-dependent manner, producing parallel dose-effect curves and that the
effects of both drugs were blocked by RO15-1788, a competitive benzodiazepine
receptor antagonist (Audi & Gracff, 1987).

Dataobtained from behavioral studies using animal models of aversion have
provided consistent evidence for an interaction of the antiaversive action of
benzodiazepine with GABAergic mechanisms in the midbrain tectum.
Microinjection ofGABA agonists into midbrain tectum has been reported to have
antiaversive action in the same way as minor tranquilizers (Audi &Graeff, 1987;
Bovier etal., 1982; Brandáo et al., 1982; Castilho et al., 1997; Melo et al., 1992;
Pandóssio & Brandáo, 1997). On the other hand, GABAantagonists such as
bicuculline and picrotoxin similarly applied to the midbrain tectum induce flight
behavior and autonornic reactions characteristic ofthe defense reaction (Brandáo
et al., 1982, 1988; Graeff, 1990; Schmitt et al., 1986). Moreover, pretreatment
with chlordiazepoxide inhibits these escape reactions induced by bicuculline
(Brandáo et al., 1982) and previous injection of bicuculline abolishes lhe
antiaversiveeffeclofbenzodiazepines (Gomita et al., 1991). These data have led
lo the suggestion that enhancement of GABAergic neurotransmission in these
midbrain structures causes antiaversive effects, whereas its impairment induces
aversive-like behavioral and/or neurovegetative changes. In fact, the central
gray, superior and inferior colliculi were shown to contain high amounts OfGABA
(Okada, 1974; Roberts & Ribak, 1987; Sandner et al., 1981; Thompson, Cortez
& Lam, 1985). Furthermore, physiological studies indicate that GABAapplied to
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single neurons in the inferior colliculus exerts an inhibitory effect (Faingold,
Gehlbach &Caspary, 1983). Biochernical studies have suggested an association
01' benzodiazepine receptors with GASAreceptors and CI channels in a functional
supramolecular unit in postsynaptic neurons (Haefely et al., 1985; Olsen,
1982).

Apart from the involvernent in the selection of the appropriate behavioral
output to aversive stimulation many studies have pointed out that GABAergic
mechanisms may also intervene in the gating of sensory information towards the
substrate 01' defensive behavior (Adams, 1979; Schmitt et al., 1986). This
assumption is based on findings showing that GASAantagonists when injected
in the midrain tecturn produced a hyporeactivity to tactile stimuli applied to the
body side ipsilateral to the injection side, while being hyperreactive to stimuli
applied to the contralateral body side (Schmitt et al., 1984). Whenever cheked,
this hyperactivity resulted in withdrawal reactions or even jumps. Conversely,
microinjections 01' GASAagonists produced a contralateral hyporeactivity with
an ipsilateral hyperreactivity. This hyperreactivity manifested throughenhanced
reactions that are oriented towards, not away from the stirnulus (Brandáo et al.;
1986; Schmitt et al., 1984). Sirnilarly, using a social interaction situation, it was
shown that GABAantagonist microinjections would increase defensive reactions
whereas GABAagonists would increaseotfensive reactions towards a conspecific
(Depaulis and Vergnes, 1984; 1986).

Taking into account all the evidence discussed in this section, it seems that
a GABA-Benzodiazepine system plays a tonic inhibitory role on the neural
substrate 01' aversion in the midbrain tectum.

OPIOID MODULA TION

A large body 01' evidence for a modulatory role 01' opioids in the brain
aversive system has been substantially provided by severallaboratories. As a
matter 01' fact, it has been reported that microinjections 01' low doses 01'
morphine into midbrain tectum attenuates in adose dependent manner the
aversive consequences 01' its electric stimulation (Brandáo, Coimbra & Leáo
Borges, 1990; Brandáo er ar., 1985;Cardosoetal., 1992; Jenck, Schmitt &
Karli, 1983; 1986). High doses of morphine, however, when locally injected
into this region causes a behavioral activation together withjumps which shows
agreat similarity with the reaction observed following electrical stimulation 01'
or microinjections 01' GABAblockers (Motta & Brandáo, 1993). These findings
have been confirmed with rats microinjected with morphine and agonists and
antagonists 01' I!and k opioid receptors using the elevated plus maze test (Motta
& Brandáo, 1993; Motta, Penha & Brandáo, 1995). In this test the ratio 01' the
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number of entries and the time spent in the open arms over the total number of
entries and the time spcnt in all arms are considered to reflect the fear-induced
inhibition to enter the open arms and can be related to the level of «anxiety»
experienced by the test animal (Pellow el al., 1985; Pellow & File, 1986). Total
exploratory activity is measured as the total number of arm entries. Low doses
of this opioid (5-10 nmol) produces an anxiolytic effect, whereas a higher dose
of morphine (30 nmol) causes an anxiogenic-like effect, expressed by a
reduction in the number of entries in the open arms. The antiaversive effects of
morphine seem to be opioid mediated, since previous administration of naloxone
inhibited the anti-aversive effect produced by 10 nmol of rnorphine in the DPAG.
On the other hand, the proaversi ve effects of high doses of morphine expressed
by either increased aversion to the open arms ofthe elevated plus maze or fearful
behavioral activation measured in a circular enclosure was not affected by
blockade of ¡.t opioid receptors and was mimicked by k opioid agonists (Motta
& Brandáo, 1993; Motta, Penha & Brandáo, 1995). These results were recently
confirmed in our laboratory in a study that examined directly the effects of
microinjections of low and high doses of morphine in the DPAG of rats submitted
to the elevated plus maze test. Pretreatment with binaltorphimine, a specific k
opioid agonist, clearly inhibited the anxiogenic effects produced by
microinjections of high doses of morphine in the DPAG (see Figure 2). The
possibility that morphine causes its pro-aversive effects by actingon xreceptors
(BaIs-Kubik, Herz & Shippenberg, 1989) has been suported by evidence which
suggests that opioid agonists can produce reinforcing or aversive effects
depending on the type of receptors they interact with. Thus, ¡.t and O receptor
agonists function as positi ve reinforcers and x-agonists produce aversive states
as shown in several experimental paradigms (Bals-Kubik, Herz& Shippenberg,
1989; Bechara & Vanderkooy, 1987; Mucha & Herz, 1985). The midbrain
tectum of rats contains high concentrations of Il receptors and only moderate
density of IC receptors (Mansour el al., 1988). These differences could explain
the need of high doses of rnorphine for activating IC receptors. It is also well
known that this drug has much higher affinity for ¡.t than for xreceptors (Martin,
1983).

Based on the evidences that point to a multimediated modulation-of aversión
in the midbrain tectum sorne hypothesis have appeared in the literature looking
at an association of GABA, opioid and excitatory amino acids mechanisms in
order to explain the results obtained from drug microinjections in the midbrain
tectum. Thus, it has been suggested that opioid neurons exert an inhibitory
intluence on GABA interneurons which, in turn, exert an tonic control over
excitatory amino acids pathways in the midbrain tectum. In this context,
disinhibition of neurons tonically inhibited by GABA either by GABA antagonists
or morphine would contribute to defensive behavior (Fanselow & Kim, 1992;
Jacquet & Squires, 1988).
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The involvement of opio id mechanisms in the processing of aversive states
in the midbrain tectum may also serve as neural substrates for drug dependence
of opiatedrugs. These possibilities have been fully discussed elsewherefbrandáo,
1993). In brief, local injection of morphine into the midbrain tectum inhibits
defensive behaviors, thereby acting as a negative reinforcer and that higherdoses
of this opiate produce anxiogenic-like effects that resemble those of the opíate
withdrawal syndrome (Brandáo, 1993). The antiaversive effects of morphíne
result from its action on 11receptors and is independentof its analgesíc action
(Brandáo, Coimbra & Leño Borges, 1990) and the aversíve ones may be
associated with its action on K receptors. AII these findíngs together c1early

2
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implicate the PAG - a structure in which positive reinforcement is not produced
by opiates (Bozarth & Wise, 1984) - in opiate-induced negative reinforcement.
This reasoning implies that the neurobiological basis for motivational and
physical correlates of opiate abstinence may also be localized in the midbrain
tectum along with other structures as the nucleus accumbens and locus coeruleus
are supposed to be part of this neural substrate (Koob, 1992).

Several reports show a close relationship between defense motivational
mechanisms and analgesia at the level of the mesencephalic tectum. Induction
offear-like responses by natural stressors 01'by electrical stimulation ofthe PAG

has been reported to cause a reduction in pain sensitivity, probablythrough the
release of endogenous opioids, since this effect is attenuated by naloxone
microi njected into the ven tral PAG (Fanselow, 1990; Mayer & Liebeski nd, 1974;
Miczek, Thompson & Shuster, 1986). This opioid analgesia together with
freezing seems to beactivated by conditional stimuli associated with foot shock
01' predators. There is, as weIl, some evidence that suggests an involvement of
the dorsal periaqueductal gray in nociceptive processing. This area and the
adjoining tegmentum receives collaterals from ascending pain pathways and
electrical stimulation of this region has been reported to elicit behavioral and
autonomic reactions similarto those observed following acute noxious stimulation
(Spiegel, Ketzkin & Szekely, 1954).

While it is accepted that DPAG is responsible for the experience of
unpleasantness associated with fear (Amano et al., 1978; Nashold et al., 1969),
it is not c1ear whether the neural substrate responsible for the motivational
aspects of fear in the DPAG can also be responsible for the defensive patterns
accompanying pain. Our findings point out that these neural substrates are
independent, although they may overlap (Brandáo, Coimbra & Leáo Borges,
1990) as midazolam and morphine microinjected into the midbrain tectum
inhibited the aversive consequences of the electrical stimulation of this brain
area whereas they did not affect the behavioral reactivity to foot shock stimulation.
In this regard it is still worth mentioning tindings showing that analgesia and the
concomitant behavioral responses to aversive stimulation of the DPAG can be
pharmacologicaIly dissociated (Morgan, Depaulis & Liebeskind, 1987). The
characteristics of the analgesia that follows the defensive behavior induced by
electrical (freezing and escape thresholds) and chemical (bicucullinemicroinjections)
stimulations of the midbrain tectum were also examined in our laboratory. While
midbrain tectum microinjections of naloxone did not antagonize this analgesia
specific serotoninergic antagonist so injected did suggesting a non-opio idmediation
in the integration of antinocicepti ve responses to stimulation ofthe midbrain tectum .
. This non-opioid analgesia along with vigorous active deffensive behaviors seem to
be operant when the threat is immediate, such as when a predator ismaking 01' about
to make contact (Fanselow, 1991). A diagram representing the neural substrates of
defensive behavior and antinoception induced by stress is depicted in Figure 3.
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Figure 3. Blockade by nor-binaltorfimine of the pro-aversive action of morphine
microinjected in the DPAG of rats exposed to the elevated plus-rnaze test. Data are
represented as mean (± SEM) percentage of en tries and times spent in the open arms at the
top and as the number of entries of the elevated plus-maze maze at the bottom. Anirnals
received one IP injection (saline or BNI) followed by one DPAG microinjection (0.2 ul, 30
sec) 15 min later. Tests were carried out 15 min after the second injection, SAL= saline.
M 10, M30= lOor 30 nmol of morphine. BNt= nor-binaltorphimine (2.0 rng/kg, IP). N = 8.* .
P< 0.05, ANOVAfollowed by Dunnett's test.

NEUROPEPTIDES

Little has been investigated about the involvement of neuropeptides in the
processing of the defense reaction. Among them we examined the behavioral
effects produced by injections 01' substance P in the CNS. We became interested
in this neuropeptide due to two reasons: 1) Significant concentrations of
substance P have been found in the dorsal and ventral parts 01' the PAG (Cuello
& Kanazawa, 1978; Li etal., 1990; Ljungdahl, Hokfell & Nisson, 1978) and 2)
Intraventrícular ínjectíons of SP were found to produce aversive effects (Elliot,
1988; Hall el al., 1987). In fact, microinjections of SP into the DPAG produce a
remarkable behavioral activation resembling that observed with electrical
stimulation of this structure (Aguiar & Brandáo, 1994; 1996). Recently, we
suggested that these aversive states take place in the neural substrates of
defensíve behavior in the DPAG since microinjections of SP in this region were
also found to produce aversion in a place conditioníng paradígm (Aguiar &
Brandáo, 1994). Based on these data it has been assumed that dorsal PAG
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stirnulation with SPelicits a state of fear, which in turn can be associated with
a conditional stimulus to elicit a subsequent conditional fear response, CCKalso
seem to be involved in anxiety-related functions of the PAG.Studies in human
subjects ha ve shown that CCK agonists produce panic attacks. Anatomical
studies have shown the presence of ock-containing neurons and processes in
the PAG that are heterogeneously distributed (Beitz, Shepard & Wells, 1983;
Rattray et al., 1992; Skirboll et al., 1983). Another neurotransmitter that is
believed to participate in aversión - related functions of the PAGis neurotensin.
This neuropeptide causes dose-dependent increases in several behavioral
categories, such as grooming, exploratory behavior and rearings when
microinjected into the DPAG(Da Silva, Brandáo & Tomaz, 1989).

SEROTONERGIC MECHANISMS

Serotonergic mediated rnechanisms ha ve been one of the main focus of
attention in the search for the neural basis of fear in the brain. Median raphe
nucleus has been irnplicated in the control of conditioned fear integrated at
prosencephaliclevel, while dorsal raphe nucleus regulates the unconditioned
responses to aversive stimulation of the midbrain tectum (Avanzi et al., 1997;
Graeff, 1997). .Many studies have shown that 5-HTexert an inhibitory role on
unconditioned fear in the DPAG.Thus, inhibition of 5-HTsynthesis with PCPA
facilitated stimulation-induced escape and administration of the 5-HTreceptor
antagonists methysergide and cyproheptadine accelerated lever pressing to
switch OffPAGstimulation (Clarke & File, 1982; Kiser et al., 1980). On the other
hand, microinjections into the DPAG of 5-HT itself', 5-methoxy dimethyl-
tryptamine, 5-HT reuptake blockers and the terminal autoreceptor antagonist
propranolol are reported to inhibit escape from DPAGstimulation (Audi, Aguiar
&- Graeff, 1988; Graeff et al., 1986).

Not as many studies have been done on the role of 5-HTin the regulation of
the neural substrates of the defense reaction in the inferior colliculus as in DPAG,
but apparently 5-Hr seerns to act in a very similar manner in the inferior
colliculus. Microinjections of zirnelidine, a 5-HT uptake blocker, inhibited
escape responses to electricalstimulation of the inferior colliculus (Brandáo et

al., 1993). Furthermore, recent findings have demonstrated that a-methyl-5-
hydroxytryptamine, a 5-HT

2
receptor agonist, also reduces the aversiveness of

midbrain tectum stimulation (Melo & Brandáo, 1995a, b), In these studies the
anti-aversive effects of enhancing 5-HTfunction have been reversed by 5-HT2
antagonists such as ketanserin. These results suggest that 5-HTrestrains midbrain
tectum aversión, probably through 5-HT

2
recefltors. However, an involvementof

5-HT
1A
receptors in the regulation of aversión at this level cannot be discarded

since 8-0H-DPAT, a classical 5-HT
1A
agonist, inhibited escape responses to

electrical stimulation ofthe midbrain tectum (Beckettetal., 1992; Graeff, 1997;
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Melo & Brandáo, 1995a). Moreover, since in these studies 5-HT receptor
blockers alone did not induce aversive behaviors it was further suggested that
5-HT inhibitory modulation in PAG would be phasic. Support for a role of 5-HT

tA

and 5-HT2 receptors in the modulation of affective behavior in this región is
provided by electrophysiological studies showing that a great amount of 5-HT
receptors in the midbrain tectum belongs to the 5-HT

2
and 5-HT

1A
type (Brandáo

et al., 1991; Lovick, 1993). Besides, the fear-induced analgesia induced by
stimulation of the midbrain tectum was inhibited by the microinjections of the
serotonergic blockers, methysergide and ketanserin either into the DPAG or the
inferior colliculus (Castilho et al., 1997; Coimbra & Brandáo, 1997). Since
methysergide is a non-specific antagonist of 5-HT receptors and ketanserin acts
with high degree of specificity at S-HT

2
receptors the present results suggest that

activation of 5-HT
2
receptors may be implicated in the antinociception induced

by midbrain tectum stimulation. These effects are illustrated in Figure 4.
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Figure 4. Effect of pretreatment with naJoxone (10 nmol/0.2 ul), methysergide (5nmol/
0.2 111)and ketanserin (15 nmol/O.2 Ill) on the antinociception induced by electrical
stimulation of the inferior colliculus. Control microinjections of saline are a1so shown,
Electrical stimulation was made at the freezing (FRZ) and escape (ESe) thresholds.
Columns represent the means of theindex of analgesia and bars the SEM. Black columns
represent sessions without drug pretreatment and gray columns represent antinociception
induced by inferior colliculus stimulationin presence of the antagonists, Drugs were
administered I~min before electrical stirnulation. N = 8. Significant differences from
control values (stimulation induced antinociception in the absence of pretreatment) are
indicated by * representing P < 0.05.
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In summary, frorn the evidence discussed in this review it has been

proposed that the deep laycrs 01' the superior colliculus, dorsal periaqueductal

gray and the inferiorcolliculus elaborare aversive motivational states underlying

the behavioral, motor and autonomic manifestations of defense reactions. This

neural substrate 01' aversion in the midbrain tectum can be modulated by

GABAergic, serotonergic, neuropeptides, opioid and excitatory amino acids

related mechanisms (see Figure 5). More detailed studies are still needed to

disclose the way these transmitter act on the multiple receptors known for each

one and also to examine how these neurotransmitters interact with each other

for the production or regulation of the defensive behavior processed in the

midbrain tectum.

MODULATORS ACTIVATORS

GABA Agonists
J.I receptor agonists
Morphine (Iow doses)

5-HT¡ receptor agonisrs

5-HT'1\ receptor agonists

Benzodiazepines

GABA Antagonists
J( receptor antagonists

Morphine (high doses)
Excitatory amino acids

SP. neurotensin,
cholecystokinin

Superior Colliculus

Dorsal PAG

Inferior Colliculus

Defense Reaction

Figure 5. Schematic summary showing the various c1asses of compounds which have
been found to elicit (activators) or to decrese (modulators) the neural substrates of the
defense reaction in the midbrain tectum.
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