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Abstract

The medial hypothalamus, amygdala, and dorsal periaqueductal gray constitute the main neural substrates for the integration of aversive
states in the brain. More recently, some regions of the mesencephalon, such as the superior and inferior colliculi have also been proposed as
part of this system. In fact, fear-like behaviors often result when these sites are electrically or chemically stimulated. Both the behavioral and
autonomic consequences of electrical stimulation of the mesencephalic tectum have been shown to be attenuated by minor tranquilizers,
probably through enhancement of y-aminobutyric acid (GABA)-mediated neurotransmission, which exerts a tonic inhibitory control on the
neural circuits responsible for the so-called defense behavior repertoire. Besides GABA, also 5-hydroxy tryptamine serotonin (5-HT),
opioids, neuropeptides, histaminergic and excitatory amino acids have all been implicated in the regulation of anxiety-related behaviors
induced by stimulation of midbrain tectum. Efforts have been made to characterize how these neurotransmitters interact with each other in the
organization of these reactions to aversive stimulation. In this review, we summarize the evidence linking the brain’s defense response
systems to the concept of fear—anxiety. Furthermore, a case is made for the consideration of the relevance of this body of data to the search
for the physiological underpinnings of depression and its consequences.
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1. Introduction

A large body of literature has accrued over the last half
century on the anatomy, physiology and pharmacology of
areas or projection systems in the central nervous system,
which, when stimulated electrically or chemically result in
physiological and behavioral changes indicative of states of
agony or displeasure as expressed by vegetative nervous
system indicators, attempts to escape, and displays of fear
and aggressive behavior. It is generally assumed that brain
sites which mediate such behavioral changes integrate
information of noxious valence into appropriate adaptive
emotional and behavioral reactions and actions ranging from
flight to fight, including fear-related behaviors. The search
for the subcortical organization of fear through the use of
electrical stimulation of the brain dates back to the work of
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Hess and Briigger (1943), showing that electrical stimula-
tion of the hypothalamus of cats, results in defense-like
behaviors accompanied by autonomic responses. Soon
thereafter, a seminal work by Bard and Match (1951)
showed that mesencephalic structures also have inherent
neural circuits relevant to fear-related reactions. Other
studies confirmed these findings and also added new struc-
tures to this list, since similar pattern of responses appeared
upon electrical stimulation of the amygdala and the dorsal
periaqueductal gray (Hunsperger, 1956; De Molina and
Hunsperger, 1962; Olds and Olds, 1963).

The medial hypothalamus, amygdala and dorsal peria-
queductal gray have been traditionally grouped together as a
“brain aversion system”. More recently, a continuous strip
of midbrain structures composed of superior and inferior
colliculi have also been proposed as parts of this “system”.
In this review, we will focus on the neural substrates of
defensive behavior in the midbrain tectum (dorsal periaque-
ductal gray, superior and inferior colliculi), and their rele-
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vance for understanding fear and anxiety. The proposed link
between defensive behavior, fear and anxiety is consistent
with many behavioral, electrophysiological and immunohis-
tochemical studies showing expressive activation of this
region by threatening stimuli or conditions and also with the
demonstrations of functional reciprocal connections of these
midbrain structures with the medial hypothalamus and
amygdala, two structures traditionally known to be involved
with fear and anxiety (LeDoux et al., 1986; Graeft, 1990,
1997). Furthermore, many manipulations of the midbrain
tectum structures which elicit the “defensive” behavior
repertoire also induce fear and anxiety.

2. Electrical stimulation of the midbrain tectum

It has been shown that a gradual increase in the intensity
of electrical stimulation of the dorsal periaqueductal gray,
deep layers of the superior colliculus or of the inferior
colliculus of rats induces, in a progressive manner, responses
such as arousal, freezing and escape behaviors (Coimbra et
al., 1992, 1996; Coimbra and Branddo, 1997; Melo et al.,
1992; Melo and Brandao, 1995). That these responses are
due to the aversive nature of the stimulation is attested by the
fact that animals readily learn operant behaviors to interrupt
or to turn this stimulation off (Brandao et al., 1982, 1997,
Melo et al., 1992). In general, these responses are accom-
panied by analgesia (Fanselow, 1991; Coimbra et al., 1992,
1997) and changes in the mean arterial blood pressure, heart
rate and respiration (Hilton and Redfern, 1986; Brandao et
al., 1988; Carrive, 1991). Thus, these midbrain structures
together with the periventricular gray substance of the
mesencephalon diencephalic areas and the amygdala appear
to be constituents of a neuronal system or systems that
control defensive behavior in the brain (Graeff, 1990;
Brandao et al., 1994, 1999).

The deep layers of the superior colliculus have been
implicated in the control of orienting movements of the eyes
and head, as well as in the mediation of defensive move-
ments together with cardiovascular changes that would be
appropriate for a sudden emergency such as the appearance
of a predator, or of an object on collision course (Dean et al.,
1989), and to tactile stimulation of the vibrassae, which
induces reflexive biting under various pharmacological
challenges (Welzl et al., 1984). Lesions of this area reduce
defensive responding to threatening visual stimuli, for
example, to unexpected overhead movement or to an
approaching human (Blanchard et al., 1981). The periaque-
ductal gray matter participates in the expressions of at least
five major brain functions, including pain processing and
modulation, vocalization, autonomic regulation, fear and
anxiety and lordosis (Behbehani, 1995). It has been pro-
posed that neurons in the inferior colliculus are filters for
sounds that require immediate action, such as certain sounds
made by prey, predators and conspecifics (Casseday and
Covey, 1996). Recent studies using c-fos immunoreactivity

bring further support to the notion that amygdala, medial
hypothalamus, dorsal periaqueductal gray, deep layers of
superior colliculus and inferior colliculus constitute a ““brain
aversion system”, by showing that these areas are labeled
following either electrical or chemical stimulation of the
dorsal periaqueductal gray or exposure of the animals to
aversive environmental stimulation (Silveira et al., 1993,
1995, 2001; Sandner et al., 1993).

It must be emphasized that there exist some differences in
responses depending on the midbrain structures stimulated.
For example, turning is the predominant response following
stimulation of the superior colliculus. Furthermore, the flight
behavior induced by stimulation of the inferior colliculus is
not as explosive as that observed after dorsal periaqueductal
gray stimulation (Dean et al., 1989; Brandao et al., 1994,
1999). It has been proposed that y-aminobutyric acid
(GABA)-mediated mechanisms are involved in the gating
of distinct sensory information of aversive nature depending
on the midbrain structure which is activated; visual in the
superior colliculus, tactile-nociceptive in the dorsal peria-
queductal gray and auditory in the inferior colliculus, a
region traditionally known to process high-pitched sounds
(Rose et al., 1963; Merzenick and Reid, 1974; Schmitt et al.,
1984, 1986; Brandao et al., 1983, 1990).

There are many reports showing that defensive behavior
patterns are organized in a hierarchical series of responses
(Blanchard et al., 1989; Fanselow, 1991). In general, animals
show an increased arousal and attention to negative stimuli.
In the face of potential threat, there is a conflict between
approach and risk assessment while immediate threat leads to
escape behavior. Overall, the organism has a tendency to
evaluate and therefore approach novel and thus potentially
dangerous stimuli and this evaluation is critical for defining
the direction of approach to safety cues and retreat from
aversive cues. These processes seem to involve a combina-
tion of conditioned and innate responses to proximal and
distal aversive stimulation, such that aversive cues detected
at a distance can serve to activate a fear-related system which
guides the organism from danger. Interestingly, somehow the
stimulation of the midbrain tectum may represent an animal
model for all these situations, because a gradual increase in
the intensity of the electrical stimulation of the midbrain
tectum structures initially produces alertness, then freezing,
and finally escape reactions. Furthermore, electrical stimu-
lation of the dorsal periaqueductal gray and inferior collicu-
lus has been consistently shown to induce aversive effects,
because it elicits defensive behaviors, sustains learned oper-
ant escape responses and also supports learning of condi-
tioned emotional responses (Jenck et al., 1983, 1995;
Brandao et al., 1997). Recently, we have shown that the
neural circuits of the dorsal periaqueductal gray underlying
freezing behavior are unique and do not encompass the
neural substrates for conditioned fear in the ventral regions
of this structure (Vianna et al., 2001). Such elicited freezing
behavior is, in general, accompanied by increases in mean
arterial blood pressure, heart rate and respiration, and by
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analgesia. Thus, the neural substrate of dorsal periaqueductal
gray stimulation-induced freezing may process uncondi-
tioned fear responses to impending danger, which have been
implicated in panic disorder. All evidence points to multi-
component processes underlying the defense reaction, which
is understandable given the complexity of defensive behav-
ior expressed by animals upon facing predators and other
threatening stimuli.

Although the midbrain tectum seems to have local
circuits for the generation and elaboration of defense reac-
tions, higher brain structures are necessarily enlisted in the
control of more complex fear-related behaviors. For exam-
ple, it is well known that the dorsal periaqueductal gray and
amygdala have reciprocal anatomical connections (Bandler
and Shipley, 1994). Examination of functional connection of
the inferior colliculus with the amygdala—an important
filter for sensorial information of aversive nature—has
shown that lesion of the basolateral nucleus enhances,
whereas lesion of the central nucleus of the amygdala
reduces the aversiveness of electrical stimulation of the
inferior colliculus (Maisonnette et al., 1996). Lesion of the
bed nucleus of the stria terminalis, part of the “extended
amygdala”, attenuates sound induced freezing behavior
(Schulz and Canbeyli, 2000) and enhanced learned despair
(Schulz and Canbeyli, 1999). The ascending anatomical
connections between amygdala and inferior colliculus seem
to indirectly relay the medial geniculate nucleus of the
thalamus (LeDoux et al., 1986; Iwata et al., 1987).

3. Chemical stimulation of the midbrain tectum

Circumventing the main problem associated with the
electrical stimulation procedure, which excites both neuro-
nal cell bodies and axons of passage, intracerebral micro-
injections of excitatory amino acids selectively depolarize
somatodendrites. Among their many important physiolog-
ical functions, the excitatory amino acids also play a
significant role in the expression of defensive behavior.
Considerable evidence suggests that excitatory amino acids
have a critical role in integrating somatic and autonomic
reactions characteristic of defensive behaviors. For instance,
injection of excitatory amino acids into the dorsolateral
periaqueductal gray elicited the complete pattern of defen-
sive behavior (Bandler, 1982; Bandler et al., 1986; Krieger
and Graeff, 1985; Bandler and Carrive, 1988). Injections of
these excitatory amino acids also mimic the effects of
electrical stimulation when injected into the deep layers of
superior colliculus of rats (Dean et al., 1988; Bandler et al.,
1985). Injections of glutamate into the midbrain of the
squirrel monkey elicited vocalizations, many of which were
also characteristic of defense (Jurgens and Richter, 1986).
Based on responses to injection of excitatory amino acids
into the dorsal periaqueductal gray, it was possible to depict
a columnar organization for this region (Carrive, 1991;
Bandler and Shipley, 1994). These studies have indicated

that the periaqueductal gray is organized in four columns:
the dorsomedial, dorsolateral, lateral and ventromedial.
Stimulation of the dorsomedial and dorsolateral columns
produces an increase in blood pressure and blood flow to
muscle, a decrease in blood flow to skin, and escape
behavior, whereas stimulation of the lateral and ventrome-
dial columns produces hypotension and freezing behavior
(Carrive, 1991). In this review, we use the abbreviation
dorsal periaqueductal gray to designate the dorsomedial and
dorsolateral columns of the periaqueductal gray.

The same mechanisms are also apparent in the inferior
colliculus, because injection of N-methyl p-aspartate (NM-
DA) produced a graded and dose-dependent pattern of
defensive behavior very similar to that seen after gradual
increases in the intensity of electrical current applied to this
structure (Cardoso et al., 1994). Initially, the animals are
alert; with intermediate doses, there is moderate immobility,
which progresses to behavioral activation, and to jumping at
high doses. These effects were antagonized by previous
injection of 2-amino-7-phosphonoheptanoate (AP7), an
NMDA receptor antagonist, into the inferior colliculus. This
pattern of reactions suggests that the type of defensive
behavior varies quantitatively and qualitatively with the
increase in aversive stimulation (Brandao et al., 1994) as
occurs with the prey’s perception of the risk of predatory
imminence (Fanselow, 1991). Congruent with this view are
findings showing that injection of glutamate into the central
nucleus of the inferior colliculus, which presumedly acti-
vates mainly AMPA/kainate receptors, induced freezing
responses (Pandossio and Brandao, 1999). Behavioral acti-
vation was not obtained even with high doses of glutamate
due, perhaps, to the quick uptake of this excitatory amino
acid into both neurons and glia. More intense responses,
such as escape responses, were only obtained with injec-
tions of NMDA into the inferior colliculus. Perhaps the
activation of fast-acting AMPA/kainate receptors in this
midbrain region is able to trigger the initial steps of the
defense reaction without eliciting the explosive motor
behavior, which is usually seen following the activation of
NMDA receptors. In this context, it is worth mentioning that
glutamate is an effective agonist at AMPA/kainate receptors,
whereas aspartate is a poor agonist at these receptors
(Watkins et al., 1990). In fact, while glutamic acid diethyl
ester (GDEE), a specific antagonist of AMPA/kainate recep-
tors, blocked the freezing response caused by glutamate
microinjection into the inferior colliculus, AP7 did not
interfere with the occurrence of this response. Therefore,
probably in the inferior colliculus, the defense reaction starts
with freezing behavior engendered by activation of AMPA/
kainate receptors, which results in rapid excitation related to
the opening of Na" and K" channels (Agarawal and Evans,
1986). This effect could be secondarily counteracted by the
activation of NMDA receptors, which results in escape
behavior that displaces the expression of freezing. The
effects mediated by NMDA receptors should be longer
acting, as they are the result of long-lasting changes in gene
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Table 1

Similarities between dorsal periaqueductal gray-induced defensive reactions in laboratory animals and in man

“Emotional” reactions

Autonomic reactions

References

Dorsal periaqueductal
gray stimulation in
laboratory animals

alertness; freezing; escape

Dorsal periaqueductal
gray stimulation in man
Panic attacks

Sudden anxiety;

reports of feeling terrified

Sudden apprehension and intense fear;
fear of dying; fear of going crazy

Tachycardia; arterial hypertension;
hyperventilation; piloerection

Tachycardia; hyperventilation;

blushing; sweating; piloerection
Tachycardia; arterial hypertension;

dyspnea; hyperventilation; sweating; flushes

Schenberg et al., 1983;

Graeff, 1990, 1997;

Brandao et al., 1994,

1999; Lovick, 2000

Nashold et al., 1969;

Amano et al., 1978

American Psychiatric Association,
1994 (DSM-1V)

expression. Indeed, it has been reported that stimulation of
NMDA receptors increases the expression of c-fos, whereas
non-NMDA receptors seem to have only a permissive or no
role in these events (Vaccarino et al., 1992; Condorelli et al.,
1994; Hou et al., 1997). Also, injection of GABA 4 receptor
antagonists, such as bicuculline, or inhibitors of the syn-
thesis of GABA, such as semicarbazide, into the midbrain
tectum also produces the characteristic patterns of behav-
ioral and autonomic responses related to fear (Brandao et al.,
1982, 1986, 1988). Therefore, the existence of neural
substrates of defensive behavior, and perhaps of fear in
the midbrain tectum is evidenced not only by the aversive
properties of its electrical stimulation but also by the fact
that chemical stimulation with bicuculline or by excitatory
amino acids has similar effects as electrical stimulation.

4. Neural substrates of anxiety in midbrain tectum

Because electrical stimulation of the dorsal periaqueduc-
tal gray induces defensive behavior and a host of autonomic

Table 2

and behavioral responses that resemble a panic attack in
human beings, it has been suggested that this structure could
be involved in panic disorder (Graeff, 1990; Graeff et al.,
1986; Jenck et al.,, 1995; Vianna et al., 2001). In fact,
stimulation of the dorsal periaqueductal gray in man has
been reported to produce very unpleasant and fear-like
sensations in human subjects (Nashold et al., 1969; Amano
et al., 1978). Table 1 summarizes the similarities between
various aspects of the symptomatic expression of panic
attacks in man and the responses induced by dorsal peri-
aqueductal gray stimulation in animals.

On the basis of pharmacological evidence showing anti-
aversive effects of benzodiazepines in animals, aversive
dorsal periaqueductal gray stimulation, which animals learn
to turn off, has been proposed as a model of anxiety
(Brandao et al., 1982; Graeff, 1990, 1996). Local injections
of benzodiazepines into the midbrain tectum depress both
unlearned and learned escape behaviors induced by elec-
trical stimulation of this region (Brandao et al., 1982; Melo
et al., 1992; Bovier et al.,, 1982; Castilho and Brandao,
2001). That these effects are mediated by benzodiazepine

Summary of various neurotransmitters which have been found to be implicated in the neural substrates of the defense reaction in the midbrain tectum

Superior colliculus

Dorsal periaqueductal gray

Inferior colliculus

5-HT

GABA-BZD

Substance P

Cholecystokinin
Histamine
Dopamine
Neurotensin
Excitatory
amino acids

Nitric oxide
Opioids

Glycine
Chondroitin sulfate

Coimbra and Brandao, 1997

Imperato and DiChiara, 1981;
Redgrave et al., 1981; DiScala et al.,
1983; DePaulis and Vergnes, 1986;

Dean et al., 1989

Santos et al., 2001, 2002

Dean et al., 1988, 1989

Coimbra et al., 2000;
Eichenberger et al., 2002

Graeff et al., 1986; Beckett et al., 1992; Lovick, 1993;
Nogueira and Graeft, 1995; Graeft, 1997

Brandao et al., 1982, 1986, 1990; Bovier et al., 1982;
Audi and Graeff, 1987; Schenberg et al., 1983;

Schmitt et al., 1985; DePaulis and Vergnes, 1986;

DiScala et al., 1989; DiScala and Sandner, 1989;

Motta et al., 1993

Aguiar and Branddo, 1996; Mongeau et al., 1998;

De Aratjo et al., 2001a,b

Guimaraes et al., 1992; Jenck et al., 1996; Luo et al., 1998
Santos et al., 2001, 2002

Da-Silva et al., 1989

Bandler, 1982; Bandler et al., 1985; Krieger et al., 1985;
Carrive et al., 1989; Zhang et al., 1990;

Guimaraes et al., 1991

De Oliveira et al., 2000

Jacquet and Lajtha, 1974; Sharpe et al., 1974; Jenck et al.,
1983; Motta et al., 1995

Schmitt et al., 1997; Carobrez et al., 2001

De Aratjo et al., 2001a,b

Melo and Brandao,
1995; Castilho and
Brandao, 2001
Brandio et al., 1988;
Bagri et al., 1989;
Melo et al., 1992;
Pandossio et al., 1999

Santos et al., 2001, 2002
Cuadra et al., 2000

Cardoso et al., 1994;
Pandossio et al., 1999;
Maisonnette et al., 2000

Cardoso et al., 1992;
Coimbra et al., 2000

The list is not complete in terms of papers published on a particular variable.
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receptors is supported by the fact that chlordiazepoxide or
midazolam raise the threshold of aversive electrical stim-
ulation of the midbrain tectum and that the effects of both
drugs were blocked by flumazenil, a competitive benzodia-
zepine receptor antagonist (Audi and Graeff, 1987).

The biochemical bases of the defense reaction have
been examined for decades and the advances achieved in
this area of research now provide a clearer picture of what
happens in the brain during these processes. Although a
wide range of transmitters are likely to be involved in
these processes, strong agreement exists regarding a tonic
inhibitory control exerted by GABAergic interneurons on
neural circuits responsible for the tectally induced defense-
like behavior, including fear-like responses. Interestingly,
some obvious neurotransmitters, which might be expected
to interact with the control of fear/defensive-related behav-
ior, such as noradrenaline and adrenaline, have not been
shown to be active modulators of tectal-defense mecha-
nisms. However, in addition to GABA, also 5-hydroxy
tryptamine serotonin (5-HT), opioids, neuropeptides, his-
taminergic and excitatory amino acids have also been
implicated in the regulation of anxiety-related behaviors
induced by stimulation of these midbrain tectum (Table 2).
Efforts have been made to characterize how these neuro-
transmitters interact with each other to characterize a given
stimulus as aversive and to trigger signals for the induction
of defense reactions. In this context, we now know that
there are also specificities in the neurochemical mecha-
nisms involved in the modulation of the defense reactions,
depending on the region studied. For example, dopaminer-
gic mechanisms seem to be involved in the inferior
colliculus, but not the dorsal periaqueductal gray, in the
expression of adaptive responses to threatening situations
(Cuadra et al., 2000; Troncoso et al., in press).

5. Theoretical considerations

Over the years, the focus of research in this area has
changed in terms of the prevalent anatomy as well as
conceptualization of the behavioral relevance. The earliest
studies focused on hypothalamic structures, employing elec-
trical stimulation thereof, to induce aggression-like behavior
and flight-like responses or simply escape responses, as
indexed by the animals’ learning a response to terminate
the stimulation. The sophistication of the theoretical con-
structs employed to account for the effects of electrically
induced behaviors in this early work, for example, the
induction of changes in receptive fields, responsive to
particular stimulation, such as of visual or tactile importance
(MacDonne and Flynn, 1966; Huston et al., 1980, 1990;
Welzl et al., 1984; Schmitt et al., 1984), has been lost in
recent years, with the current emphasis on pharmacological,
anatomical and electrophysiological characterization of the
systems under study. The notion of changes in sensorimotor
fields should be reconsidered in attempting to account also

for elements of the defense behavior repertoire that is
elicitable via midbrain tectum stimulation (dorsal periaque-
ductal gray or inferior colliculus). Such complex behavioral
patterns are unlikely to be strictly “in vacuo” responses, and
are probably, as in the case of hypothalamic aggression
(MacDonne and Flynn, 1966) and the central activation of
the perioral biting reflex (Huston et al., 1980; Welzl et al.,
1984) linked to changes in sensorimotor gating processes.
For example, the inferior colliculus-induced defense behav-
ior repertoire is accompanied by changes in auditory-evoked
potentials in this structure, indicative of a modification of
sensory input channels by the stimulation (Brandao et al.,
2001). It is likely that various neurochemical (Cuadra et al.,
2000) and molecular (Lamprea et al., 2002) concomitants of
the midbrain tectum-induced defense behavior repertoire
are potentially markers of such changes in sensorimotor
thresholds or “fields” which influence the probability of
responses.

The research emphasis has also shifted from the hypo-
thalamus to other areas, namely, the midbrain tectum,
including the periaqueductal gray matter, superior and
inferior colliculus on the one hand, and the amygdala and
its extensions such as bed nucleus of the stria terminalis
(LeDoux et al., 1986; Schulz and Canbeyli, 1999, 2000)
along with its afferents and efferents, on the other. Each of
these areas of focus has emphasized somewhat different
aspects of so-called “defensive behavior”. Whereas differ-
ent forms of the hypothalamic stimulation-induced “defen-
sive”-like behaviors were described in terms of “rage”,
“aversion”, ‘‘species-specific aggression”, and ‘‘defen-
sive—aggression”, the amygdala and its extensions are
generally conceptualized as a system that processes aversive
inputs of all types and as a decision making unit for
information related to aversive experiences. The midbrain
tectal sites are often considered to contain substrates of
“defensive behavior”, “aversion”, and “fear”. Obviously,
these systems must eventually be considered in relation to
one another, although little attempt has been made at
integrative research and/or theory in this regard, and this
endeavor will be a challenge for the future.

In the present review, we emphasized work relevant to
the midbrain tectum structures. Conceptually, these areas are
considered to “‘mediate”, “organize”, “modulate”, “repre-
sent”, “be substrates of”’, or “contain mechanism under-
lying” defensive behavior, as defined by an array of
behavioral and physiological responses, including attempts
at escape from the situation (jumping), defensive posture
(crouching), and fear (sympathetic responses, freezing,
vocalization, etc.).

A large number of studies have looked at the effects of
various neurotransmitter agonists or antagonists given sys-
temically or directly into these structures, with the goal of
characterizing the relevant neurochemical parameters
involved in the control of these behaviors. Thus, the thrust
of the empirical work in this area has been to delineate the
midbrain tectum areas in the organization of elicited defen-
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sive-like behaviors. Little effort has been made to relate this
behavioral complex to other obviously related concepts of
fundamental importance for behavioral neuropharmacology,
such as the search for animal models for anxiety, depression,
stress and schizophrenia. Such a synthesis must be attempted,
lest this research area may become conceptually isolated. For
example, it is clear that, let us say, electrical and chemical
stimulation of dorsal periaqueductal gray and other areas like
the inferior colliculus elicits the behavioral repertoire that
operationalizes ““defensive behavior” and that, by inference,
these neural structures somehow “experience” and process
aversive input and transduce it into behavioral and vegetative
nervous system reactions. We can also infer that such induced
states and behaviors must be either a precondition for the
expression of “fear” as well as “anxiety” or a consequence
thereof. We can hypothesize (I) that any manipulation of the
dorsal periaqueductal gray and the inferior colliculus, which
induces the ‘“defensive behavior repertoire”, will also be
anxiogenic as measured by tests of anxiety, such as the
elevated plus-maze, social interaction test, open-field avoid-
ance, and dark preference, and that any manipulation which
diminishes the “defensive behavior repertoire” in magnitude
or quality is likely to have anxiolytic properties. In fact, a
number of studies exist in which midbrain tectum manipu-
lations have been measured in terms of the ‘““defensive
behavior repertoire”, as well as in tests for fear such as the
elevated plus-maze, and we have compiled a number of the
existing studies in terms of the extent of the concordance
between tectally elicited behaviors and anxiogenicity (Table
2). As hypothesized, it has been shown that there is indeed a
very high correspondence between propensity of electrical or
pharmacological manipulations that elicit the defense behav-
ior repertoire also to have anxiogenic properties, and vice
versa. Thus, we can conclude that the midbrain tectum
“defense—aversion systems” as they are called, also com-
prise a substrate for, or source of information for state
properties that decide the animals’ behavior on the scale of
anxiety as defined by performance in anxiety tests. It follows
that the research in this area can be considered in terms not
merely of “defensive—aversive behavior” as is often the
case, but also in terms of animal models of fear and anxiety.
Conversely, it follows that our understanding of neurochem-
ical, anatomical and genetic substrates of fear and anxiety
must take into account the neuropharmacology and chemistry
of the midbrain tectum “defense system”.

As a further step, we can hypothesize (II) that continuous
inescapable induction of an aversive state, as by activation
of this midbrain “defense behavior repertoire”, should, in
addition to inducing fear and anxiety, have further conse-
quences which are known to occur upon otherwise chroni-
cally administered aversive stimulation. For one, chronic
induction of the “defensive-response repertoire” may be
expected to induce stress and the whole complex of neuro-
humoral events which define this condition.

Furthermore, (III) stress and inescapable aversive stim-
ulation is considered to be a major source of certain kinds

of depression, as defined by the variety of animal models
for depression, such as the forced swimming task, etc.
This link between midbrain tectum “defense system” and
the concept of depression has been totally neglected, and
deserves attention. For example, would chronic induction
of the “defense-system repertoire” (and its accompanying
state of fear and anxiety) by activation of the dorsal
periaqueductal gray or the colliculi lead to depressive-like
behavior in appropriate animal models? (We are currently
engaged in testing this hypothesis experimentally.)

Our proposal here is that the very active area of
investigation of the midbrain tectum structures in terms
of electrically and chemically elicited aversive-like states
and defensive-like behaviors has neglected to spell out and
to examine its potential significance for understanding a
cascade of behaviors and behavioral deficits that are
known to result form aversive stimulation. Perhaps this
field of study has been conceptually isolated partially due
to the adherence either to restricted empirical descriptions
of the elicited behaviors, or to global terms such as “brain-
defense-aversion system”, etc. The same criticisms hold
for the research foci on hypothalamic rage and aggression
and, to same degree, for the massive work on amygdala-
related information processing of noxious information. We
have tried to point out the potential relevance of this field
of research for understanding aversive event-induced pro-
cesses, including fear and anxiety, stress, and depression,
and perhaps other related consequent problems, such as
stress and depression-induced cognitive and immune def-
icits (Fig. 1). The challenge will be to establish a neural
and behavioral systems approach that can integrate for one,
the neurochemical systems underlying the processes of
aversive stimulation which have been treated in relative
isolation, such as the hypothalamus, midbrain tectum and
amygdala, and secondly, the neurochemical and anatomical
systems that subserve the consequences of aversive infor-
mation to the organism, including (a) the basic responses
to aversive stimulation, such as fight, flight, fear and
anxiety, and (b) the adverse consequences of excessive
or chronic aversive stimulation, such as stress and depres-
sive behavior and their physiological, immunological and
behavioral concomitants.

Acute Fear »| Panic
DBR attacks

Midbrain
tectum
activation

Cognitive
Chronic Fear —» and
DBR Stress Immune
deficits;
Depression

\4

Fig. 1. Hypothetical scheme suggesting the involvement of midbrain tectum
in fear. Acute fear stimuli activate midbrain tectum structures and produce
the defense behavior repertoire, characterized by behavioral and autonomic
responses accompanied by sensorimotor alterations that may underlie panic
attacks. Chronic fear stimuli cause stress, which may lead to cognitive and
immune deficits and depression. DBR = defense behavior repertoire.
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