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Nature Red in Tooth and Claw

The Neurobiological Sources of Rage and Anger

Our ferocity is blind, and can only be explained from below. Could we trace it
back through our line of descent, we should see it taking more and more the form
of a fatal reflex response. . . . In childhood it takes this form. The boys who pull
ont grasshoppers’ lcgé and butterflies” wings, and disembowel every frog they
catch, have no thought at all about the matter. The creatures tempt their hands to
a fascinating cccupation, to which they have to yield . .. and . . . we, the lineal
representatives of the successful enactors of one scene of slaughter after another,
must, whatever more pacific virtues we may also possess, still carry about with
us, ready at any moment to burst inte flame, the smoldering and sinister traits of
character by means of which they lived through so many massacres.

William James, Essays on Faith and Morals (1910)

CENTRAL THEME

Although aggression has multiple causes, in psychiat-
ric practice the most problematic forms arise from
anger. Many stimuli can provoke anger, but the most
common are the irritations and frustrations that arise
from events that restrict freedom of action or access
to resources. Although psychologists have documented
numerous environmental precipitanis of anger and ag-
gression, they have yet to clarify the difficult question:
What is anger? One reason this topic has been avoided
is that anger is a primitive state of the nervous system
that cannot be explained by mere words or environ-

menial events. It must be clarified through a study of-

the underlying neuroevolutionary processes. As most
observers have agreed throughout history, the emo-
tion of anger is a human birthright, arising from our
ancestral heritage. During this century, we have finally
come o understand, at least in part, the nature of brain
circuits that generate these powerful and often dan-
gerous feelings, which yield behaviors that mora! phi-
- losophers of the previous century said "deserved rep-
rehension™ and which emerge from our potential for
“evil." Modern evidence suggests that anger emerges
from the neurodynamics of subcortical circuits we share
homologously with other mammals. The general loca-
tions of these circuits have been identified by localized
electrical stimulation of the brain. The RAGE circuits

run from medial areas of the amygdala, through dis-
crete zones of the hypothalamus and down into the
periaqueductal gray of the midbrain. These areas are
hierarchically arranged so that higher functions are de-
pendent on the integrity of lower ones. The more we
understand about these circuits, the more we will un-
derstand the fundamental nature of anger itself. A
knowledge of the brain areas where rage is evoked now
allows us to work out the neurochemistries of this ba-
sic emotion. Such knowledge should eventually per-
mit development of new medications to control patho-
logical rage, as well as other impulse-control disorders
that promote aggression. Unfortunately, most forms
of human aggression may be instrumental or preda-
tory in nature, and an understanding of anger will not

- help us solve the prevalent social problems that arise -

from such sociopathological motivations. In sum, ag-
gression is a broader phenomenon than anger itself.
Aggression is not always accompanied by anger, and
anger does not necessarily lead to aggression, espe-
cially in mature humans who can control such base
impulses. Because the two do not always go together,
a traditicn has evolved in animal brain research of over-
fooking the concept of anger, which cannot be ob-
served directly. Thus, we rarely find terms such asrage
and anger in the modern brain research literature. In-
deed, students are commonly discouraged from using
such concepts in relation to animal behavior. Even
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though we have abundant data on the deep neurobio-
logical nature of ragelike aggression {or “affective at-
tack,” asit s called by behavioral neuroscientists), few
bridges have been built between this database and the
nature of anger and rage in human experience. These
connections will be cultivated in this chapter. Of course,
the primitive neural circuits of RAGE also interact with
higher cognitive processes. However, before we can
understand how appraisals and other acquired symbolic

processes can trigger or inhibit anger, we must first:

fathom the lower reaches of RAGE circuits and the
affective experiences that emerge therefrom. In sum,
o understand anger, we must come to terms with that
powerful brain force we experience as an internal pres-
sure to reach out and strike someone, '

On Aggression

At times animals threaten, bite, and kilt each other.!
Such behavior is known as aggresgion. Its manifesta-
tions range from a threatening baring of teeth to the
tearing of flesh, from the graceful dive of a hunting
hawk to the spitting spectacle of a cornered cat, from
the display of pompous sexual plumage to the catastro-
phes of well-oiled guns and hidden bombs. Aggression
is neither a universal nor a unidimensional phenom-
enon. Many invertebrates, like mollusks, exhibit no
apparent aggression during their life cycles. However,
nearly all vertebrates exhibit aggression from time to
time, and such behavior can have several distinct envi-
ronmental and brain causes.

Three distinct aggressive circuits have been provi-
sionally identified in the mammalian brain: predatory,
intermale, and affective attack or RAGE circuits, Only
the last one provokes enraged behaviors, and presumn-
ably the experience of anger. For instance, males that
fight each other for access to sexual resources do not
appear to be enraged but instead present themselves as
potential champions on the field of competition. Of
course, they may eventuaily become angry at each other
as they lock homns. Likewise, predators kill other ani-
mals not out of anger but because they need food to live.
We must assume that the hunt and the kill is as positive
a psychological experience for the predator as it is a
fearful one for the prey. Predatory attack is a distinct
type of aggression that arises from-different circuits than
anger or the seasonal competition for dominance among
males of “tournament species.” However, as we will see,
it is not fully distinct from the SEEKING circuits dis-
cussed in Chapter 8.

Are there other aggression circuits? Perhaps, but we
do not have sufficient evidence to discuss them as dis-
tinct entities. For instance, killing and injury of the
young (infanticide and child abuse) are common behav-
iors in nature and human societies, but these tendencies
may emerge from some combination of the three brain
systems already mentioned, as well as others. Also, does

defensive aggression arise from a distinct system in the
brain? We simply do not know, but here we will assume
it emerges largely from a dynamic intermixture of
RAGE and FEAR systems.

In addition to distinctions we can make among dif-
ferent forms of aggression, all forms share certain fea-
tures, such as the potential for bodily injury and indi-
vidual concerns about the distribution of resources. In
humans, such resources may even be psychological
ones. Because aggression entails many destructive
potentials, intrinsic biological restrictions are placed
upon it within all species (i.e., few animals, besides
humans, kill other adult members of théir own kind),
and there are numerous societal sanctions against it in

~ most human cultures. In general, there is much less

aggression when animals have known each other for a
long time than when they are strangers.

Animals in stable societies usnally develop an ac-
ceptance of their social status, and hence their “right-
ful” priority in the line for resources, yielding domi-
nance hierarchies.? Among those that know each other,
competition is often resolved by glances and gestures
rather than blows. However, when organisms do not
know each other, they are more Iikely to take the path
toward physical confrontation and, if neither side backs
down, bloodshed. At the cultural level, our laws attempt
to ensure that humans do not impose their will on others;
those who fail to comply with societal expectations are
commonly recipients of various forms of societal retri-
bution, which, with a modest stretch of the imagination,
may also be defined as aggression.

At the outset, I wish to make one disclaimer: The most
broadly destructive kinds of human aggression—wars
between nations and competing cultural groups, as well
as many violent crirnes--do not arise directly from brain
circuits of the type discussed here. These are instrumen-
tal acts that arise as willful activities of humans. Only
weak precedents have been described in our kindred
species, the chimpanzees, who occasionally exhibit group
aggressive activities that resemble human tribal skir-
mishes, or miniwars, against others of their kind.? Very
litfle of what we have to say here can highlight the causes
of similar instrumental political phenomena in human
societies, except that aggression may seem like a reason-
able strategy among those who have little to lose or much
to gain.# Of course, warlike tendencies in humans are
ultimately accompanied by many hateful emotions, in-
cluding avarice, spite, and triumph, but to the best of our
meager knowledge, most of these complex feelings are
not instinctual potentials of the old mammalian brain.
They probably arise from higher brain areas through
social learning. Without the neocortical sophistication
that we humans possess, other animals simply are not able
to have the complex thoughts and feelings about such
matters that humans have. Still, elemental emotions like
fear and anger occur on every batflefield, and the sub-
cortical nature of these brain states can be understood
through animat brain research.




Evolutionary Sources of Aggression
and Rage

Some individuals are more prone o aggression than
others, partly because of the quality of their neural cit-
cuits and partly because of the constrictive, irritating,
and impoverished environments in which they live. As
James continued in the passage from Essays on Faith
and Morals: “Our ancestors have bred pugnacity into
our bone and Marrow, and thousands of years of peace
won’t breed it out of us.” Perhaps the proper kind of
education may. In any event, genetic selection experi-
ments in both male and female rodents indicate that one
can markedly potentiate aggressiveness through sclec-
tive breeding within a half dozen generations, and that
breeding for aggression is as effective in females as in
males.?

Tendencies for sociopathy also appear to be geneti-
cally transmitted in hurnans.S and certain families with
very high levels of aggression have been found to be
characterized by neurochemical traits such as high
plasma moncamine oxidase-A (MAO-A) activity,’ the
enzyme that breaks down several biogenic amines, in-
cluding serotonin, within the brain. Likewise, animais
and humans that have constitutionally low brain sero-
tonin activity are more prone to aggression and the
impulsive acting out of other emotions than those with
higher fevels.® In addition, males are generally more
aggressive than females partly because of fetal organi-
zational and adolescent activational effects of testoster-
one on their brains (see Chapter 12).2 However, when
it cores to defending their young, females of most spe-
cies develop a propensity to become more defensive and
assertive soon after giving birth. This may be partly due
to a shift in brain chemistries within certain aggression
circuits toward patterns that are more typical of males
(see Chapter 13 for more on this topic).

In many species, males are disproportionately larger
than females (e.g., “tournament species,” such as elk
and walruses, which seek to captivate many females in
“harems”); especially high levels of intermale aggres-
sion are evident among such creatures. However, the
fighting is typically restricted to the breeding season,
when testosterone levels are particularly high. In species
where males and females are closer in size, pair-bonding
is more common, and sex differences in aggression are
less evident; but often, as in wolf packs, only a single
dominant female in a group reproduces. In a few avian
species, females are bigger and more pugnacious than
males, and similar patterns are evident in some mam-
mals, most notably the spotted hyena.'®

Eemale hyenas have unusually high levels of circu-
lating testosterone, and, quite remarkably, the appear-
ance of their external genitalia resembles that of males;
one cannot tell the sexes apart with a casual peek, for
the female’s enlarged clitoris is as large as a male pewis,
and as capable of erectile activity. Female hyenas are
also more aggressive than males, and it is suspected that
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they exhibit increased development of the underlying
emotional systems that are typically more robust in the
males of most species. Newborn hyenas, commonly
twins, begin life with rather aggressive temperaments
and remarkably high levels of circulating testosterone.
They seem to be born in a fighting mood, and because
of their sharp teeth, one of the two commonly dies be-
fore they enter the gentler phasc of youth that is char-
acterized by friendly play-fighting (see Chapter 15).
However, there is no reason (o believe that this form of
aggression emerges from anger, although it might. It is
more likely to reflect an early expression of dominance
urges. This is not to say that anger cannot occur during
such vigorous antagonistic interactions.

Although anger appears to have several obvious
precipitating stimuli in the environment, the emotion
is not created out of envircnmental events but represents
the ability of certain types of stimuli to access the neu-
ral circuitry of RAGE within the brain. For instance, a
human baby typically becomes enraged if its freedom
of action is restricted simply by holding its arms to its
sides.!l This highlights a general and lifelong principle.
Anything that restricts our freedom will be viewed as
an irritant deserving our anger, contempt, and revolu-
tionary intent. Of course, restriction of freedom is not
the only precipitant of our anger and scomn. The same
response emerges when one’s body surface is repeat-
edly irritated or when one does not receive expected
rewards, namely, when one is frustrated. To take a
trivial example: Who has not experienced a brief flash
of frustration-induced anger when a vending machine
takes one’s money without dispensing any goods? Most
can shrug off the feeling rapidly with cognitive inter-
vention, especially if one is not too hungry and still has
sufficient coins available to try again elsewhere. This
simple observation suggests that unfulfilled expectan-
cies within the SEEKING system activate the neural
patterns of frustration, probably in frontal cortical
areas, which compute reward contingencies. As will be
explained in detail later, reward and expectation mis-
matches may promote anger by downward neural in-
fluences that arouse RAGE circuits.

Such cognitive precipitants of anger would, of course,
require prior learning. By contrast, a young baby who
becomes enraged because it is prevented from moving
may not initially conceptualize the external source of
its anger, but with social development and insights into
the nature of social dynamics, it rapidly learns to ap-
praise the sources of the irritations and frustrations in
its world. And then the neural paths have been prepared
for retributions.

Indeed, human brains are evolutionarily “prepared”
{0 externalize the causes of anger and to “blame” others
for the evoked feelings rather than the evolutionary
heritage that created the potential for anger in the first
place. Of course, this makes adaptive sense. The aim
of anger is to increase the probability of success in the
pursuit of one’s ongoing desires and competition for
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resources. But this is also the dilemma that therapists
commonly highlight when they exhort their clients “to
take responsibility for their feelings.”1? Other people do
not canse our anger; they merely trigger certain emo-
tional circuits into action. Ultimately, our feelings come
from within, and perhaps only humans have a substan-
tive opportunity, through emotional education or will-
power, to choose which stimuli they allow to trigger
their emotional circuits into full-blown arousal.!* Ani-
mals, becanse of their limited ability to conceptualize
the nature of emotions and intentions, do not appear to
have such options.

Although we cannot go back in evolution to explore
the origins of anger circuitry (since the brain does not
fossilize well), we can at least provide reasonable sce-
narios concerning those sources. Perhaps one of the
earliest evolutionary vectors was the adaptive advan-
tage of having invigorated psychobehavioral responses
to physical constraint, as commonly occurs in preda-
tor-prey encounters. Once a predator has captured its
prey, there are two behavioral strategies that might
benefit the diminishing behavioral options of the prey.
The “victim”™ may become totally still, feigning death,
which might fool the predator into releasing its grip.
Indeed, this type of “tonic immobility™ is 2 common
response of several prey species (e.g., rabbits, guinea
pigs, and chickens), and it is referred to by the rather
sensational label “animal hypnosis.” The other strat-
egy is for the animal’s behavior to become vigorous
very rapidly, which might startle or otherwise dissuade
the predator from pursuing its course of action, thereby
giving the prey a chance to flee and escape. I assume
it was this latter response, initially an adaptive reflex
of invigorated movement, that guided the evolution of
the full-fledged emetional system that now mediates
anger.

That a complex form of psychological constraint
such as frustration would eventually provoke the same
type of psychobehavioral activity highlights the evo-
lution of emotional systems. New controls, including
layers of learning, have been gradually added to an-
cient emotional integrative systems, thereby enhanc-
ing and expanding the range of behavioral control. In
other words, circuit openness (see Figure 4.2) has been
promoted in emotional systems by the addition of hi-
erarchical layers of new control (see Figure 2.2). With
multiple inputs and control functions, the degree to
which animals can exhibit emotional regulation has
been expanded. However, the more recently evolved
controls continue to depend critically on the nature
of preexisting emotional circuit functions. In adult
humans, higher cortical controls can be refined to
the point that we can, to some extent, choose to be
angry or not. But also, because of such higher cognitive
functions, we can become angry merely in response
to symbolic gestures (reflecting how past learning
and current appraisals can come to arouse emotional
systems).

Appraisals, Higﬁer Cogpnitive Functions,
and Aggression

Since the study of violence and aggression has become
a sensitive societal and academic topic (see note 4),
many investigators hesitate to discuss the potential in-
sights that a psychobiological analysis of aggression
circuits could provide, It is not generally accepted that
the potentials for aggression are inborn. Rather, the
prevailing view is that most impulses for aggression
emerge from the appraisal of events. Here I will advo-
cate the idea that the subcortical neural systems that
generate anger are inborn, although it cannot be empha-
sized encugh that a great deal of learning comes to
modulate these underlying emotional forces, pethaps in
all marmalian species,!S but most certainly in humans.
Conversely, it is also likely that the neuropsychic force
we call anger promotes certain types of cognitive ac-
tivities in humans, such as thoughts of vengeance and
the pursuit of retribution.!é Higher cerebral abilitics
must be taken into account in any comprehensive ex-
planation of angry behavior, and it is incorrect to be-
lieve that a study of animals will fully explain why
humans exhibit and inhibit aggression. Many cognitive
aspects of anger are undoubtedly unique to the human
species. What animal research can provide is lasting
insight into the fandamental sources of primal feelings
of rage within the brain.

Even limited claims such as this are not especially
popular in the present intellectual zeitgeist, where ideas
are commoaly constructed and deconstructed without
recourse to the evidence. Nonetheless, there are abun-
dant reasons to believe that the subcortical anatomies
and major neurochemistries for the feeling of anger are
remarkably similar in all mammals. For instance, one
can evoke angry behaviors and feelings by electrically
stimulating the same brain areas in humans as in other
species. Angry behaviors can also be modulated by
manipulating the same neurochemistries in all mamma-
lian species that have been studied.!” Thus, the major
differences between species probably lie in the cogni-
tive subtleties that incite and channel the internal emo-
tional force we commonly call anger. The material val-
ues upon which cognitive appraisals are premised are
bound to differ substantially among species, depend-
ing on the resources they value and how much compe-
tition is needed to obtain them,

Although the cognitive activities that accompany
anger will be harder to analyze across species, it remains
possible that some cross-species analyses will be infor-
mative. For instance, anger may provoke certain types
of primitive thoughts and perceptual changes in all ani-
mals. During anger, rapid movement on the part of other
animals may be viewed as provocations, as opposed to
irrelevant pieces of information. Certain cues from other
animals that have been repeatedly associated with the
provocation of anger may also develop the ability to
sustain angry moods for extended periods through clas-



sical conditioning. This type of learning, once it be-
comes cognitively represented, may be called “hatred.”
Is the feeling of hatred, then, little more than the eimo-
tion of anger, conditioned to specific cues, that has been
cognitively extended in time? This may weil be the case,
and it would explain why hatred should not be called a
basic emotion, even though it has certain features that
differentiate it from anger. Hatred is obviously more
calculaied, behaviorally constrained, and affectively
“colder” than the passionate “heat” of rage.

In fact, anger does not always provoke explicit threat
or aggression in humans. Mature humans can voluntar-
ily inhibit the expression of their primitive impulses
and, with a great deal of social learning, can express
their anger with the cool detachment of barbed words.
However, when we humans experience anger, even at
times when we are unwilling to express the underlying
urges to others, our mental dialogues overflow with
statements of blame and scorn for the individual(s) or
institution(s) that provoked (or seemed to provake) the
anger. These internal dialogues deserve more study by
psychologists, but there are other aspects of anger that
cannot be studied through the analysis of words or
human actions. To be angry is to have a specific kind
of internal pressure or force controlling one’s actions
and views of the world. This affective “force” within
the human brain can be reasonably well understood, if
one is willing to consider that it emerges from the neuro-
psychic energies aroused by RAGE circuits shared by
all mammalian brains. A similar analysis can be done
for brain systems that can reduce anger.

Both psychologically and behaviorally, certain at-
titudes and gestures are especially efficacions in reduc-
ing anger.'® Among many types of animals, appease-
ment signals—for instance, lying on one’s back,
exposing vulnerable parts like the belly and neck—
commonly reduce aggression by others of the same
species. Defeated rats often emit long 22 Khz vocal-
izations. Do these submissive gestures release specific
neurcchemicals that counteract angry urges, or is the
reaction purely cognitive? Although it is next to impos-
sible to probe the thoughts of emotional animals, we will
here assume that there are certain neurochemical pro-
files that can promote peaceful relations among animals,
including chemistries that emerge from circuits medi-
ating sexuality (see Chapter 12), nurturance (see Chap-
ter 13), and social bonding (see Chapter 14). But be-
fore we can understand the influence of these factors,
we will first have to understand the nature of anger
within the mammalian brain.

The General Neurocognitive
Substrates of Anger and the
Frustration-Aggression Hypothesis

Tn the body, anger is accompanied by an invigoration
of the musculature, with corresponding increases in
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autonomic indices such as heart rate, blood pressure,
and muscular blood flow. As is so well conveyed by
idiomatic descriptions of anger (e.g., “getting hot under
the collar™), body temperature also increases during
anger. In the brain, there emerges an intense and well-
focused tendency to strike out at the offending agent.
The emotional state aroused in the brain is a fiery mental
storm, capable of being defined in neurophysiological
and neurochemical terms, that rapidly persuades us that
the offending agent is below contempt and deserves
harm. Previous memories related to the anger episode
are easily remembered and potential plans for ven-
geance are automatically promoted.'® This indicates
powerful interactions of RAGE systems with memeory
encoding systems of the brain, although, as already
indicated, we know little neurophysiologically about
such matters. .

The study of such internal experiences of humans
could provide some testable hypotheses concerning the
properties of anger systems. Since anger is most easily
aroused when the availability of desired resources dimin-
ishes, it should have close anatomical and neurophysio-
logical linkages to the SEEKING system. Indeed, arousal
of the self-stimulation system entails an increased pos-
sibility of frustration, since this system establishes
neural conditions for an affective state of high expecta-
tions and hence their failure to be met (Figure 10.1).

To the best of our knowledge, positive expectations,
and the possibility of frustration, arise from newro-
dynamic activities of higher brain areas that compute
reward contingencies—psychological processes that are
linked intimately to the cognitive functions of the fron-
tal cortex.? A rapid suppression of activity within the
SEEKING system, in the absence of homeostatic plea-
sures, which would normally index that a reward has been
cobiained, should unconditionally promote the arousal of
anger circuitry. Indeed, such effects have been observed
in animals’ elevated tendency to bite when rewarding
brain stimulation is terminated.?' In comparable circum-
stances, humans tend to to clench their jaws and swear
epithets. In other words, the RAGE and SEEKING cir-
cuits may normalty have mutually inhibitory interactions
(see Figure 3.5), even though both may be comparably
sensitized by other processes such as the feelings of hun-
ger aroused by the body’s energy needs. This makes
psychological sense, since such need states would
heighten the value of positive expectations, and hence
the feelings associated with those expectations not
being met.

The frustration-aggression hypothesis has been one
of the most well-developed theories in the psychologi-
cal literature (as highlighted in the famous book by
Dollard and colleagues, cited in the Suggested Read-
ings). Frustrating experiences have traditionally been
linked to anger through the hypothesis that if a goal
response is interrupted, aggression follows. A basic
postulate of this view is that aggression will increase
in proportion to the level of frustration—namely, in



192 BASIC EMOTIONAL AND MOTIVATIONAL PROCESSES
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Figure 10.1. Schematic suggestion of likely interactions between neural systems that
mediate the anticipatory behavicrs of SEEKING and arcusal of the RAGE system.
{Adapted from Panksepp, 1981; see chap. 3, n. 25.)

direct relation to the intensity of the desire that is
thwarted and the number of times the thwarting occurs,
Such predictions are supported by a large amount of
human data. For instance, children who have not been
allowed to participate in a favorite activity will subse-
quently tend to exhibit higher levels of aggression, and
such frustrations bring other dark thoughts to the sur-
face such as prejudice toward minority groups.

From both neural and affective perspectives, we must
also ask some deeper questions. Is the feeling of frustra-
tion really substantially different than that of anger? Psy-
chobiological evidence certainly allows us to conclude
that they are intimately linked, since manipulations that
reduce the effects of frustration, such as antianxiety
agents and temporal lobe damage or more restricted
amygdaloid lesions, also tend to reduce emotional aggres-
sion.?* Thus, the emotional feeling of frustration may
Iargely reflect the mild arousal of RAGE circuitry, in the
same way that anxiety may reflect weak arousal of the
FEAR circnitry (see Chapter 11). In other words, the out-
puts of cognitive brain systems that evaluate reward con-
tingencies may simply have special access to RAGE cir-
cuitry. Even though there is little evidence on this, it also
remains possible that feelings of frusiration arise directly
from higher brain activities, such as of the frontal cor-
tex, that evaluate reward contingencies. Certainly, the fact
that patients with frontal cortical damage can become
angry rapidly, but can also lose their anger rapidly,?
suggests that frontal cortical influences are important in
sustaining instinctual anger responses that are elaborated
by lower regions of the brain.

Although it remains to be empirically demonstrated
which brain systems are essential for generating feel-
ings of frustration, such feelings may very well arise
from mild arousal of RAGE circuiiry. Since the frontal
cortex elaborates reward expectancies, presumably a

neural representation of those perceptions feeds back
onto the subcortical components of the anger system.
However, in this context it is important to remember
that there are many other facilitators of aggression be-
side frustration—including hunger, pain, and perhaps
some of the neural effects of testosterone. Conversely,
it is also worth considering that such intense feelings
may also sensitize the higher neural substrates that in-
stigate frustration through the computation of positive
expectancies. How this might operate for specific com-
modities that alleviate hunger and pain is more straight-
forward than it is for testosterone, unless we consider
that the hormone may generate greater expectations by
promoting feelings of social strength and dominance.
Such strong feelings may help set the stage for stron-
ger feelings of frustration when things do not go as well
as anticipated, especially during intermale competition.
Because of the likelihood of multiple layers of neural
interactions among the various aggression systems, as
well as the other basic emotions, it is important to con-
sider all the varions forms of aggression that have been
documented by animal behaviorists.

Taxonomies: Environmentally Induced
Varieties of Aggression '

Although the frustration-aggression hypothesis has
been of great value in promoting coherent psychologi-
cal analysis of aggression, we must remember that be-
havioral manifestations of aggression are quite diverse.
There are several distinct brain systems that can pre-
cipitate aggressive acts and an even greater number of
external stimuli that can trigger such systems info ac-
tion. As we saw in Chapters 2 and 8, all emotional cir-
cuits appear to be designed to permit a great deal of




behavioral flexibility, which helps explain the variabil-
ity of behavior patterns seen during a single emotional
state, within as well as between species. Thus, it is under-
standable why there would stil be considerable confu-
sion about how aggression should be subcategorized
and siudied. Taxonomies of aggression can be based on
(1) the possible psychological causes of aggression (as
in the previous section), (2) the varieties of behavioral
expressions, as well as (3} the basis of the types of under-
lying neural systems. Let us now move to the second
level of analysis.

The types of aggression that have been distin-
guished on the basis of eliciting conditions are more
numerous than those based on the behavioral manifes-
tations and the types of aggression-organizing systems
that have been discovered in the brain. Even though
many distinct circumstances lead to aggression, sev-
eral forms, distinguished on the basis of eliciting con-
ditions, probably do emerge from the same neural
operating systems. For instance, the aggression that a
mother exhibits to defend her offspring may not be
fundamentally different from the aggression a male
exhibits when an intruder infringes on his territorial
“rights.” In both situations, aggression may be evoked
by essentially one and the same brain circuit, even
though the two can be distinguished taxonomically by
the different psychosocial/cognitive precipitating con-
ditions. Thus, a single brain process can be activated
by several different inputs.

The most widely cited behavioral taxonomy based
on the eliciting conditions for aggression was developed
by Kenneth Moyer.?5 His list includes seven distinct
forms of aggression: (1) Fear-induced aggression oc-
curs when an animal cannot escape from an aversive
situation; (2) a female often displays maternal aggres-
sion when an intruder is perceived to threaten the safety
of her offspring; (3) irritable aggression results from
annoying occurrences in the environment that are not
strong enough to provoke flight; (4) sex-related aggres-
sion occurs in the presence of sexual stimuli; (5) terri-
torial aggression occurs when a strange animal enters
the living space claimed by a resident animal; (6)
intermale aggression reflects the fact that two males
placed together are much more likely to begin fighting
than two females placed together; and (7) predatory
aggression is a food-seeking mechanism in certain
omnivorous and carniverous species. One could even
suggest others, such as play-fighting, defensive aggres-
sion, and perhaps even lovers’ spats, but these types of
distinctions are presently not very useful at the neuro-
science level of analysis.

As will be highlighted later, all these forms of ag-
gression are certainly not distinct at the subcortical level,
Environmentally based taxonormies such as Moyer’s do
not reflect the distinct types of brain operating systems
that can mediate aggression. Several items in his tax-
onomy share underlying controls, while others de not.
For example, most investigators consider predatory
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aggression t be motivationally and neurologically dis-
tinct from other forms. Indeed, William James, in his
famous Essays on Faith and Morals, may have been
conflating distinct forms, such as predatory aggression
(littfe boys® pulling of butterfly wings) and those ag-
gressive passions that can lead to intermale conflict and
warfare. Unlike most of the other forms, predatory ag-
gression is largely endogenously generated and accom-
panied by positive affect (even though the concurrent
energizing contributions of hunger may be aversive},
and I will argue, contrary to traditional wisdom, that
hunting largely emerges from the SEEKING system
discussed in the previous chapter. Of course, this does
not mean that the whole predatory attack sequence or
any other real-life emotional pattern ever remains under
the control of a single emotional system. A predator
surely experiences irritability or frustration if the prey
struggles so vigorously that it seems liable to escape.
Thus, in real life, there are sudden shifts in emotions
depending upon the success or fajlure of specific be-
havioral acts, as well as in the changing cognitive ex-
pectations and appraisals of each situation.

Let us now shift to the third level of analysis and
focus on the distinct circuitries for aggression that ac-
tually exist in the brain. The final word on this is not
in, but it is certain that there are fewer aggression sys-
tems than are highlighted in Moyer’s taxonomy. How
might we empirically winnow the 1ist and then empiri-
cally distinguish among them? One problem is that
many environmental, neurcanatomical, and neuro-
chemical influences act similarly on each and every type
of aggression listed. For instance, prolonged social iso-
lation or hunger may increase all forms of aggression,
while high brain seroionin activity may redace them
all.2¢ Such important shared variables do not aliow us
to make useful distinctions. At present, the most effec-
tive way to distinguish among the various neural sys-
tems is via the analysis of “stimulus-bound” aggressive
tendencies evoked by localized electrical stimulation of
specific circuits in the brain, and via the analysis of
which variables modify the sensitivities of these circuits.

Varieties of ESB-induced Aggression
and Their Affective Consequences

Distinctions among neural pathways for aggression have
been effectively made by the careful psychobehavioral
analysis of aggressive sequences evoked by direct elec-
trical stiulation of the brain (ESB). The fact that co-
herent patterns of aggression can be produced in this way
is remarkable in itself, If, as many scientists used to be-
lieve, aggression is largely a learned response rather than
an intrinsic potential of the nervous system (e.g., see
the contribution by John Pzaul Scott in the Suggested
Readings), it would be unlikely that localized ESB
could evoke attack behaviors, However, since Walter
Hess’s work in the 1930s (see “Afterthought,” Chap-
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ter 4), it has been clear that rage can be precipitously
provoked by ESB administered to specific brain areas.

My own initial experience with this technigque was
revealing. When 1 first applied ESB to a cat that had
been surgically prepared with an indwelling electrode
in the medial hypothalamus, within the first few sec-
onds of ESB the peaceful animal was emotionally trans-
formed. It leaped viciously toward me with claws un-
sheathed, fangs bared, hissing and spitting.?? It couid
have pounced in many different directions, but its
arousal was directed right at my kead. Fortunately, a
Plexiglas wall separated me from the enraged beast.
Within a fraction of a minute after terminating the
stimulation, the cat was again relaxed and peaceful, and
could be petted without further retribution.

As mentioned at the outset of this chapter, at present
three distinct kinds of aggression can be aroused by
applying ESB to slightly different brain zones: preda-
tory aggression, angry, ragelike aggression, and perhaps
intermale aggression, even though the iast may also
have strong components of the other two. It is the sec-
ond of these systems that will be the center of attention
in the remainder of this chapter, even though I will sum-
marize selected issues related to the other two.28

Several early investigators called aggressive dis-
plays induced by ESB “sham rage,” based on the as-
sumption that the animals were not experiencing true
affect. This seemed plansible because some of the sub-
jects could be petted even while they were hissing and
snarling.?® However, such sites appear to be quite low
in the brain stem and in the minority. Now it seems more
likely that most electrode placements above the mes-
encephalon do evoke a central state indistinguishable
from normal anger (except perhaps for the fact that
stimulation-induced rage is not sustained for a long time
after ESB offset, perhaps because of the sudden release
of an opponent neural process). Perhaps the most com-
pelling evidence that the ESB evokes a true affective
feeling is that humans stimulated at such brain sites have
reported experiencing a feeling of intense rage. 3

At a logical level, it is by no means clear whether
the experience of anger should be deemed an unambigu-
ously aversive emotion, It could easily become posi-
tive if it succeeds in changing the world in desired ways.
However, we can conclude that most animals do have
unpleasant affective experiences during such stimula-
tion, since they readily learn to turn off ESB that gen-
crates affective attack.3! Although some electrode sites,
especially those low in the brain stem, may only acti-
vate motor-pattern generators with no accompanying
affective experience, most animals are truly enraged by
the ESB. They readily direct their anger to the most
salient potential threat in their environment. However,
other forms of aggression evoked by ESB do not ap-
pear to be accompanied by anger.

The early distinction between affective or defensive
attack and quiet-biting or predatory attack has been
most extensively analyzed. During affective attack (see

Figure 10.2), animals exhibit piloerection, autonomic
arousal, hissing, and growling during their attack pat-
tern, while during quiet-biting attack they exhibit only
methodical stalking and well-directed pouncing.?? Sub-
sequent studies in rats established a similar taxonomy.??
Additional work with rats has provided evidence for a
third form: intermale aggression >

The fact that only these three forms can be provoked
with ESB suggests that the many environmental influ-
ences outlined by Mover probably converge on a lim-
ited set of aggressive operating systems in the brain. For
instance, maternal and fear-induced aggression may
reflect a convergence of inputs onto an affective attack
or RAGE systetn. On the other hand, intermale, terri-
torial, and sex-related aggression may have some com-
mon influence on the system that elaborates intermale
fighting, whereas instrumental and predatory aggression
may largely arise from the quiet-biting attack systems.
Of course, as already mentioned, it must be emphasized
that in real-world encounters, several emotive systems
are bound to be recruited concurrently or successively
in the excitement of ongoing events.

Although the so-called quiet-biting attack or preda-
tory attack system described in cats is surely distinct
from the one that mediates rage, the notion that it is
separate from the SEEKING system is probably a mis-
interpretation. A great deal of evidence suggests that
both emerge from a homologous brain system on the
basis of anatomical, neurochemical, and functional
grounds. The two behaviors are obtained from essen-
tially the same brain areas, and in rats the most effective
quiet-biting attack electrodes always evoke self-stimu-
lation.?® Self-stimulation is facilitated by antianxiety
agents,* as is ESB-induced quiet-biting attack,3 and
both behaviors are reduced by dopamine-blocking
agents.? It is evident that the segregation of these two
lines of research (i.e., work on the lateral hypothalamic
self-stimulation system in rats and the quiet-biting at-
tack system in cats) has overlooked this remarkable
commonality in the underlying brain substrates. To the
best of our knowledge, the two response patterns are
simply two distinct behavioral expressions of SEEK-
ING tendencies that arise from homologous systems in
the brains of different species. The species-typical ex-
pressions of this system lead to foraging in some spe-
cies and predatory stalking in others.

But how about the distinction between affective at-
tack and quiet-biting attack systems? Can that distinc-
tion be defended on the basis of hard empirical evi-
dence, as opposed to mere differences in outward
appearance? Might it not be that these seemingly dis-
tinct forms of aggression emerge from a single system,
and the apparent differences are due to activation of ex-
traneous influences, such as other emotional systems
located nearby—for example, those that elaborate
FEAR or PANIC? The answer appears to be no. A sub-
stantial amount of evidence now shows that affective
attack and quiet-biting attack systems are quite distinct



in the brain. In addition to the observable behavioral

differences and neurcanatomical divergencies to be
discussed in the next section, quiet-biting attack is typi-
cally evoked during ESB of the dorsolateral hypothala-
mus, while affective attack sites are more concentrated
in the ventrolateral and medial hypothalamus.3® The ap-
proximate neuroanatomy of the RAGE system is sum-
marized in Figare 10.3.

The two forms of aggression can also be distin-
guished in rats by several other criteria. First, with re-
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Figure 10.2. Axtist’s
rendition of a cat in
the midst of a
stimulus-bound
affective attack
episode (electrodes to
cat not depicted).
Although the behavior
of the animal is well
directed and appar-
ently intentional, there
is substantial auto-
nomic arcusal and an
anger type of
behavioral presenta-
tion. (Adapted from a
photograph by John
Flynn, 1967, see n. 28.)

spect to affective correlates, brain sites that yield quiet-
biting attack invariably also support self-stimulation,
while affective attack sites yield escape behaviors.4
This same trend is apparent in the periaqueductal gray
(PAG), where affective attack and aversive responses
can generally be aroused from the dorsal half of the
PAG, while quiet-biting attack and self-stimuiation are
more readily obtained from the ventral hatf.*! This does
not mean that anger must necessarily be considered a
wholly negative emotion. As mentioned, if the ener-

AUTONOMIC OUTPUTS

MOTOR

RAGE CIRCUITS

Figure 10.3. Summary of the localization of RAGE circuitry in the brain. (Adapted from
data in Siegel & Brutus, 1990; see n. 39; and Siegel & Schubert, 1995; see n, 81.)
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gized behavior of rage produces the desired changes in
the environment, then it is rapidly mixed or associated
with positive emotional feelings.

The differentiation of predatory and affective attack
can also be made in terms of the higher brain areas that
control these tendencies, as can be evaluated by stimu-
lating two brain areas concurrently. For instance, stimu-
lation of the bed nucleus of the stria terminalis facili-
tates affective attack while suppressing quiet-biting
attack.*?

The two types of attack can also be distingnished
with respect to eliciting conditions. Rats exhibiting quiet-
biting attack will, in addition to attacking live prey, also
bite dead mice, while stimulation of affective attack sites
does not support the latter behavior. On the other hand,
when confronted by conspecifics (members of the same
species), no attack is generated from quiet-biting attack
sites, while intense attack is still evoked from affective
attack sites. Apparently, during anger, the type of avail-
able target is not as important as the fact that there is a
living target upon which to vent one’s rage. Yet as one
does these types of ESB manipulations in more complex
creatures such as monkeys, the aroused animals tend to
vent their rage on more submissive animals and avoid
confronting more dominant ones. With repeated stimu-
lation within a colony-living situation, however, it has
been found that animals can actually ascend in rank
within their dominance hierarchies.®?

. Affective and predatory attack sites can also be dis-
tinguished pharmacologically. While minor tranquiliz-
ers such as chiordiazepoxide (Librium®) reduce affective
attack and increase quiet-biting attack, psychostimulants

such as amphetamine can increase affective attack with-
out clearly affecting quiet-biting attack.* In sum, quiet-
biting and affective attack circuits are clearly distinct.
Also, as mentioned eartier, there is preliminary evidence
that one can activate aggressive intermale fighting inde-
pendently of these two systems. Let us now focus on the
details of each of these “aggression” systems.

Brain Circuits for Affective Attack (RAGE)

It seems highly probable that the emotion we commonly
call gnger or rage derives much of its motivating energy
and affective impact from the nevral circuits that orches-
trate affective attack. The most compelling evidence,
of course, comes from subjective reports that have been
obtained from humans. The core of the RAGE system
runs from medial amygdaloid areas downward, largely
via the stria terminalis to the medial hypothalamus, and
from there to specific locations within the PAG of the
midbrain. This system is organized hierarchically (Fig-
ure 10.4), meaning that aggression evoked from the
highest areas in the amygdala is critically dependent on
the lower regions, while aggression from lower sites
does not depend critically on the integrity of the higher
areas.*? In other words, lesions of both medial hypo-
thalamic and PAG zones dramatically diminish rage
evoked from the amygdala, but not vice versa. Thus,
from diencephalic zones, around the medial hypothala-
mus, the aggressive tendency is critically dependent on
the integrity of the PAG but not of the medial amygdala.
This probably indicates that the higher areas provide

HIERARCHICAL CONTROL OF BRAIN
STIMULATION-EVOKED ANGER RESPONSE

AMYGDALA

HYPOTHALAMUS

RAESPONSE DEPENDENT ON
PAG BUT NOT THE AMYGDALA

®
PAG

RESPONSE NOT DEPENDENT
ON HIGHER BRAIN AREAS

RESPONSE DEPENDENT ON
THE PAG AND HYPOTHALAMUS

Figure 10.4. Hierarchical control of RAGE in the brain. Lesions of higher areas do not
diminish responses from lower areas, while damage of lower areas compromises the

functions of higher ones.



subtle refinements to the orchestration that is elaborated
in the PAG of the mesencephalon, For instance, various
irritating perceptions probably get transmitted into the
systemn via thalamic and cortical inputs to the medial
amygdala, while more basic physiological “irritations,”
such as hunger and basic hormonal/sexual influences,
enter the system via medial preoptic and hypothalamic
inputs.

Since the primary evolved function of anger is to
motivate individuals to compete effectively for environ-
mental resources, we would anticipate that reciprocal
relations would exist between the SEEKING and RAGE
systems (see Figures 3.5 and 10.1). Indeed, as men-
tioned earlier, animals are less likely to bite during “re-
warding” lateral hypothalamic stimulation, but they
tend to bite more at the offset of such stimulation. In
addition, frustration, a major precipitant of anger, seems
to be elaborated largely within frontal cortical areas,
where neurons register conditional stimuli that predict
forthcoming rewards.* These neurons can track reward-
relevant stimuli, so that when CS+ and CS- (i.e., the
conditional stimuli predicting reward presence or ab-
sence)} are reversed, the neurons reverse their firing
patterns to follow the new reward relationships. Neu-
rons within the temporal lobes, which also exhibit
similar initial discrimination of conditional reward
associations, do not readily exhibit response patterning
reversals when the valences of the conditional stimuli
are reversed.#’ It is not clear which type of brain tissue
is more important for the generation of frustration, but
presumably frustration emerges from the ability of such
cognitive systems to monitor the probability of forth-
coming rewards. I an expected reward is not registered,
the higher cell assemblies send out opponent process
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messages that invigorate activity within the RAGE sys-
tem. Does the relevant neuroanatomy support such a
scenario?

Detailed maps have now been constructed of the
brain interconnectivites of the executive system for
RAGE which ultimately terminate in the PAG. Both the
retrograde and anterograde maps of these brain sites
yield a provocative set of connections.*® PAG sites that
support rage behaviors receive inputs primarily from six
areas of the brain (Figure 10.5), including several
areas of the cortex, the medial hypothalamus, and sev-
eral zones of the lower brain stem. The six major areas,
with their potential psychobehavioral functions are as
follows: (1) The highest brain areas sending direct
information to the PAG emerge from the frontal cor-
tex—primarily from medial areas that contain reward-
relevance neurons, as well as from a more lateral area
called the frontal eye fields, which help direct eye
movements to especially preminent objects in the en-
vironment. It seems appropriate that the basic anger
circuits receive information from brain systems that
reguiate these important integrative areas. (2) Another
set of inputs comes from the orbitoinsular cortex, es-
pecially the insular area, where a multitude of senses
converge, especially ones related to pain and perhaps
hearing. These areas presumably code the affective
content of certain irritations, including vocalizations,
and may give specific sounds direct access to RAGE
circuitry. For instance, it is not an uncommon human
experience that an angry tone of voice directed at you
activates your own anger in return. (3) Powerful inputs
emerge from the medial hypothalamus. Not only is this
brain area part of the trajectory of the anger system
itself, but it also elaborates energy homeostasis (see

3 ) ERVES V AND VI
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EVALUATION EFFECTS

RETROGRADE & ANTEROGRADE |
CONNECTIVITIES OF RAGE SYSTEM

Figure 10.5. The anterograde and retrograde connectivities of mesencephalic RAGE
sites in the cat brain. (Adapted from Bandler, 1988; see n. 41.}
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Chapter 9) and sexnal matters (see Chapter 12}; thus it
is an ideal area where those influences come to modify
anger. For instance, both hunger and testosterone are
capable of sensitizing the anger circnit, while satiety and
estrogen are able to quell activity within this system.
Inputs from lower areas include (4) the vestibular com-
plex, which may help enrage animals when their bodily
orientation is disrupted; (5} amine cell groups such as
the locus coeruleus and raphe, which are known to exert
nonspecific modulatory control over all behaviors (see
Chapter 6); and (6) the nucleus of the solitary tract,
which collects visceral information via the vagus nerve
and probably is important for apprising the anger sys-
tems of the tone of peripheral autonomic processes such
as heart rate and blood pressure. It is important to em-
phasize that most of these connections are reciprocat-
ing two-way avenues of interdependent control (i.e.,
they reflect reciprocating feedback mechanisms).

Indeed, it is known that some peripheral inputs can
control the sensitivity of rage systems. For instance,
increased activity in baroreceptors of the carotid arter-
ies monitors levels of blood pressure and can facilitate
the sensitivity of RAGE circuitry. When blood pressure
goes up, the sensitivity of RAGE systems does, too.#
Probably the most important brain area for the actual
integration of the overall anger response is in the PAG,
an area that also sends reciprocal efferent feedback to
most of the systems mentioned previously. This reci-
procity indicates that the RAGE system remains in-
formed of its activities at all of the hierarchical levels
of the basic control circuitry. This, of course, makes
considerable adaptive sense.

Quiet-Biting Attack

As already indicated, the major brain areas that yield
predatory aggression during ESB overlap remarkably
with brain areas where self-stimulation is obtained, al-
though quiet-biting attack has typically been studied in
cats, while rats have been the species of choice for self-
stimulation studies. If both self-stimulation and preda-
tory attack actually emerge from a homologous basic
brain function, it is understandable why cats are so
rarely used in self-stimulation research. Cats do not
acquire self-stimulation behavior as readily as rats, and
when they do, they do not behave in a rapid, agitated
way like rats. Presumably, this is because a cat’s typi-
cal food-aquisition strategy is stealthy hunting that re-
guires considerable motor inhibition. Rats, on the other
hand, acquire the behavior rapidly and behave energeti-
cally, probably because their natural foraging style,
which is accompanied by vigorous activity and object
manipulation, fits nicely with vigorous lever pressing.

Conversely, it is much easier to obtain quiet-biting
attack from cats than from rats, probably becaunse rats
normally harvest encrgy by searching and scavenging
for their food rather than hunting. In one of the first
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studies to map out aggression circuits in the rat brain,
it proved remarkably difficalt to demonstrate quiet-
biting attack until subjects were preselected for the ten-
dency to exhibit predatory intent.® In other words,
predatory attack could be obtained easily only in those
individual animals that had a preexisting strong ten-
dency to approach and vigorously investigate potential
prey objects such as mice. In these animals, brain stimu-
lation at lateral hypothalamic sites would eventually
induce systematic pursuit and attack of available mice.*!
However, if mice were not available, the same animals
wonld readily exhibit one of the other stimulus-bound
behaviors, such as eating or drinking, that is typically
evoked from the lateral hypothalamus (see Chapter 8).
There was no reasen to suppose that quiet-biting attack
was aroused from different circuits than those alterna-
tive behaviors (even though the terminal behavioral
component obviously requires some different circuitry
in the brain stem and spinal cord for the differential
patterning of the final behavioral output). In short, ESB-
induced quiet-biting attack could be obtained readily
only from those animals that already exhibited some
predisposition to attack. Accordingly, it seems that
quiet-biting attack is simply one behavioral product of
the SEEKING system. Even though this behavior has
been extensively studied within the context of aggres-
sion, from the animal’s point of view, there is no ap-
parent anger involved in this food-seeking response.
Indeed, it has always been more reasonable to assume
that the emotive pattern was, in fact, accompanied by
positive affect, since cats, just like rats, readily exhibit
feeding during low-intensity stimulation of those lat-
eral hypothalamic sites where higher levels of stimula-
tion provoke predatory attack.®2

Moreover, it should be noted that many of the per-
ceptual sensitivity changes that have been obtained in
stimulus-bound aggression studies on felines are re-
stricted to quiet-biting attack rather than affective at-
tack circuitry. For instance, during application of this
kind of brain stimulation, the perioral regions of cats
are sensitized, so that light touch along the lip line is
more likely to evoke orientation and biting than it is
without the brain stimulation (Figure 10.6).5 The stron-
ger the current, the broader the area of sensitization. A
similar phenomeneon is obtained in rats with lateral hy-
pothalamic stimulation that sustains stimulus-bound
appetitive behavior,* which further affirms the com-
monality of these systems in the two species. In a simi-
lar way, this type of stimulation sensitizes the skin of
the cat’s paws, so that mild touch is more likely to pro-
voke a vigorous striking reflex.® Again, the more in-
tense the stimulation, the broader the area of sensitiv-
ity. In neurological terms, the more intense stimulation
recruits more dermatomes along the forearm (i.e., der-
matomes are skin zones served by the individual spi-
nal sensory nerves).

Another fascinating aspect of brain stimulation is
that it provokes a predatory temperament only on the



Figure 10.6. Animals stimulated in quiet-biting
attack areas exhibit a clear sensitization of various
sensory fields, especially that around the lip line and
around the muzzle. The area of sensitization
increases with increasing stimulation intensity.
Similar changes may occur at brain sites that produce
affective attack, but that is not clear from the
available literature.

side of the brain that is stimulated directly, and this is
reflected in the sensitization of the corresponding
visual fields. Specifically, ESB applied to the right side
of the brain makes an animat exhibit predatory aggres-
sion in its left visual field but not in the right (please
note that information from the right visual field is trans-
mitted to the left cerebral hemisphere because of the way
the optic nerves cross in the optic chiasm). Conversely,
stimulation of the left side of the brain leads to attack
directed at target animals in the right visual field. In
other words, lateral hypothalamic stimulation sensitizes
sensory processing within the ipsilateral cerebral hemi-
sphere, which sensitizes the animal’s response to in-
formation coming in through the contralateral sensory
fields.?¢ Accordingly, a prey moving across one half of
a subject animal’s visual field will provoke attack, but
when it reaches the opposite visual field, attack behav-
ior ceasesS? A similar unilateral sensitization of higher
areas has been demonstrated for self-stimulation cir-
cuitry in‘tats,’® again reinforcing the relationship of that
circuitry to predatory aggression. Comparabie types of
brain effects have yet to be demonstrated with electrode
placements that generate affective rage, but they may
well exist once studies are done.

Intermale Aggression and Dominance

In nearly ali mammalian species, males fight more than
females. In neural terms, this is the case because males
possess more active aggression circuits, at least those
types of aggression circuits that were evolutionarily
designed to assure reproductive success. Females pos-
sess the more precious reproductive resource (the egg
and gestational abilities), so it has been left for males
to compete for the sexual favors of females. Some have
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even speculated that male assertiveness is a selection
process driven by the female, whereby the most vigor-
ous males within a breeding population are allowed
preferential access to reproductive opportunities.® To
put it bluntly, from the female’s point of view, a male
that can trounce his rivals is more likely to be carrying
competitive, winning genes.

In virtually all mammals, male sexuality requires an
assertive attitude, so that male sexuality and aggressive-
ness normally go together. Indeed, these tendencies are
intertwined throughout the neurcaxis, and to the best
of our limited knowledge, the circuitry for this type of
aggression is located near, and probably interacts
strongly with, both RAGE and SEEKING circuitries.
Our knowledge about the intermale aggression system
remains preliminary, but the general neurogeography
of the system is highlighted by the high density of tes-
tosterone receptors running from the medial amygdala,
through the preoptic, anterior hypothalamic area, and
down into the PAG of the brain stern (which is really
quite distinct from the trajectory of the RAGE system).
One can dissociate intermale social aggression from the
other types in various ways, including the types of brain
damage that affect them. For instance, many forms of
brain damage (including lateral septum, nucleus ac-
cumbens, medial hypothalamus, and raphe) intensify
aggressive responses directed toward experimenters
and prey objects but tend to reduce fighting between
males.® Thus, brain manipulations that appear to inten-
sify anger and predatory aggression, such as ventrome-
dial hypothalamic damage, do not necessarily intensify
social aggression, suggesting that they are indepen-
dently controlled in the brain.

An especially critical question from both philesophi-
cal and empirical points of view is to what éxtent nen-
rons “itritated” by testosterone in the service of sexual
arousal (see Chapter 12) also participate in aggressive
arousal. Are these extensively or only mildly overlap-
ping systems? This question is actually more philo-
sophical than practical because testosterone emanating
from the testes would affect both systems simulta-
neously. It would be of practical interest, however, to
discover whether the systems are extensively indepen-
dent and capable of independent modulation. If they are
essentially a single system in the human brain, then the
only hope for tempering the negative aspects of this
neural dilemma would be through education—namely,
cognitive specification as to what is acceptable and
unacceptable behavior. Although we do not have an
answer for humans, the question is partly answered for
hamsters. Using ¢fos visualization of neural activity, it
is known that many nenrons in the amygdala that are
aroused by aggressive encounters are also aroused by
sexual activity.5!

Although there is no longer much dispute that, in
most natural circumstances, males are more aggressive
than females {with a few exceptions, such as spotted
hyenas}, the brain mechanisms for this difference have
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only recently been revealed. Testosterone has power-
ful effects on the expression of several brain neuro-
chemical systems. The most extensively studied is the
neuropeptide arginine-vasopressin (AVP). There are
extensive AVP-based systems in the brain; major nuclei
are situated in the anterior hypothalamus, with projec-
tions to the hippocampus, septal areas, and downward
through the diencephalon, to the midbrain PAG (see
Figure 6.7).92

Testosterone sustains the genetic expression of AVP
in a large number of these circuits. Accordingly, males
have more extensive vasopressinergic circuits than fe-
males.®> When male rats are castrated, AVP is mark-
edly reduced in approximately half of their vasopres-
sinergic circuits. This is paralleled by a decline in both
sexuality and aggressiveness.5* If one replaces testoster-
one directly into the brain via microinjections into the
appropriate hypothalamic tissues, these behavioral ten-
dencies return. Several experiments have now directly
manipulated the AVP systems, revealing that elevating
AVP levels by direct central administration increases
intermale aggression in rats.5’ In hamsters, centrally
administered AVP markedly increases territorial mark-
ing behavior, even in the absence of other males.% If
one places an AVP receptor antagonist into the brain,

both of these behavioral tendencies are markedly re- -

duced . Thus, it would seem that AVP is certainly one
factor that promotes intermale aggression; as we will
see in Chapter 12, it is also a powerful factor in promot-
ing male sexuality and the formation of social memo-
ries. Thus, we can speculate that a molecule such as
AVP that can facilitate intermale aggression may only
do so because it increases a more generalized male ten-
dency such as behavioral persistence—the relentless
and single-minded pursuit of a goal. Clearly, we have
much more to learn about this aggressive system in the
brain that plays a key role in the elaboration of social
dominance. At an affective level, we might expect that
the initial motivation for intermale aggression is posi-
tive, since both combatants readily enter the fray; it is
only later, when frustration occurs and defeat is immi-
nent, that more negative emotions begin to intervene.
There is a distinct possibility that brain systems that
mediate social play (see Chapter 15} are highly interre-
lated with intermale aggression systems, which would
be another reason for secking linkages to positive affect
within intermale aggression circuits,

Alihough testosterone can clearly increase intermale
aggression, we should also briefly consider how those
processes relate to RAGE circuits. Although evidence
is sparse, the present supposition is that they are largely
independent but highly interactive systems. It is pos-
sible that testosterone modulates activity in the RAGE
system in a way quite comparable to its effects on the
intermale aggression systems,® but the evidence is not
definitive. There 15 little reason to believe that testoster-
one promotes anger independently of its effects on male
assertiveness and the potential conflicts and problems

that can lead to. Intermale aggression is an ideal behav-
ioral circumstance where anger could be evoked. Because
of such interactions, we cannot be certain that testoster-
one is directly sensitizing RAGE circuits. For instance,
human studies have not provided unambiguous evidence
that testosterone increases feelings of irritability. Indeed,
some recent human work indicates that testosterone ad-
ministration does not facilitate such feelings, and human
males gi\;en supplementary testosterone typically tend to
feel better than those who received placebos,%

Learning and Aggression

As with any emotional system, a great deal of aggres-
sive behavior is learned. Animals can be trained to be
more aggressive or more passive. They can be trained to
be winners or losers.” However, it is remarkable how
the hormones that promote intermale aggression also
provide feedback and reinforce the learning of status. One
series of recent findings has shown that victory in a
variety of forms leads to increased secretion of testoster-
one in male animals as well as humans. In humans, such
victories as the completion of law or medical school or
military training increase plasma tesiosterone levels.”
Victory on the tennis court can have the same effect.?2
To what extent these hormone changes help reinforce
future assertive behavior remains to be evaluated, but it
would come as no surprise if the neurophysiological
solidification of assertiveness was the end result,

Of course, many antiaggressive factors also influ-
ence the brain. The “female hormones” estrogen and
progesterone have been found to exert antiaggressive
effects,” and it is known that the pleasures of touch and
sexunality can inhibit certain types of aggressive tenden~
cies.’™ Perhaps the most striking example of inhibition
has been found with infanticide, a form of sex-related
aggression.” Males of many species will harm young
animals already present in a new territory to which they
wish to lay claim. This is an evolutionarily adaptive
strategy. By eliminating lactation-induced infertility,
infanticide increases the probability that new males will
be able to rapidly fertilize available females, produc-
ing offspring of their own. At the same time, males
should have natural evolutionarily derived inhibitions
against harming their own offspring.

To evaluate this possibility, investigators monitored
the pup-killing habits of male rats as a function of copu-
latory experiences.” It was reasoned that if males were
given a chance to mate, they might reveal an inborn
system that diminishes the likelihood that they will kill
their own offspring at some futore point in time. Con-
sidering that female rats have a three-week gestational
period, it was anticipated that the pup-killing tenden-
cies of males might diminish approximately three weeks
after mating, at about the time their own offspring might
be born. That, in fact, was what happened (Figure 10.7).
While males exhibited about 80% infanticide at the




NATURE RED IN TOOTH AND CLAW 201

MATING AND TIME-RELATED INHIBITION OF INFANTICIDE

100
90
80
70

60
50
40
30
20
10

Time at which pups from successful
miating would have been bomn +

Sexually Naive Males
first week of life

% OF MALES EXHIBITING INFANTICIDE

i 1 1 1

PRE  1-10

11-20 21-30  31-40 41-50

51-60 61-70

Days Following a Mating Experience

Figure 10.7. The percentage of male rats exhibiting infanticide on a weekly
basis following one sexual encounter. (Adapted from Mennella & Holtz, 1988,

see n. 76.)

beginning of testing, they gradually diminished to 20%
atthe three-week time point and then gradually returned
to original levels. This points to a specific form of
sociosexual memory: Male rats seem to “recognize,” on
the basis of their own prior sexual activity, which pups
are likely to be their own offspring.

Although it has not been demonstrated which brain
changes register this type of memory that promotes
peaceful coexistence, a reasonable candidate is the
gradual induction of oxytocin in the brain. This hor-
mone, which is more prevalent in females than males
{see Chapter 12), promotes nurturant behavior (see
Chapter 13). Not only is it known to be an effective
antiaggressive agent,’” but it can be increased in the
brains of male rodents by preceding sexual activity (see
Chapter 12). If similar mechanisms exist in humans, the
knowledge might have important implications for the
discussion of sociosexual policies and politics.

Although females generally exhibit less infanticidal
behavior than males, it is certainly not absent, but it
often serves a different function. A mother may kill and
consume some of her own offspring if food is scarce,
even though such killing can also occur for more subtle
“political” reasons. Perhaps the most famous perpetra-
tors of such acts were the cruel female chimpanzees,
Passion and her daughter Pom, who killed off at least
three and probably more of the young infants of other
females in the group that Jane Goodal studied for many
years.™

Although learning controls many forms of aggres-
siom, is it important in the mediation of rage? Unfortu-
nately, there is practically no work on the issue since
animal models of angry behavior remain poorly devel-

oped—partly because most investigators are not will-
ing to study angry animals and partly because it is some-
what difficult to bring anger under systematic labora-
tory control. Perhaps the best approach has been to
analyze the biting tendencies of organisms that are con-
fronted by frustration induced by reward reductions.”

In lieu of critical data, we can only speculate. I would
suggest that the classical conditioning of anger should
proceed readily. If one pairs certain neuiral stimuli with
the unconditional response of anger, one would expect
that conditioned anger responses would emerge rapidly.
Perhaps one of the best ways to do this would be using
electrical stimulation of the relevant brain circuits, but
to my knowledge, no work along these lines has yet
been done. I it were to work, it would be a useful model
to analyze how trigger points for anger develop in the
nervous system. This would allow us to understand,
both pharmacologically and behaviorally, how to re-
verse or minimize the development of such excessive
sensitivities.

Pharmacology and the Neurochemistry
of Aggression

Oge of the most difficult psychiatric problems is aggres-
sion. Before the era of psychotropic drugs, it was not
unusual for newly admitted patients to arrive at psychi-
atric hospitals in straitjackets or other restraints to pre-
vent them from hurting themselves and others. Anti-
psychotic drugs discovered in the early 1950s, such as
chlorpromazine, were rapidly found to be quite effec-
tive antiaggressive agents, but only at high doses. The
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effects were largely due to sedation arising from glo-
bal reduction of brain catecholamine activity. Although
a variety of newer and more specific antipsychotic drugs
can now be used to reduce violent behaviors, they are
still little more than chemical straitjackets. To this day
there is no highly specific way to treat pathological
anger pharmacologically.® ‘

However, there are now many drugs that can re-
duce various forms of aggression in animal models,?!
and some of them may be effective against pathologi-
cal anger. Most prominent among the current genera-
tion of antiaggressive drugs are those that promote the
activity of the serotonin, ‘gamma-aminobutyric acid
(GABA), opioid, and oxytocin systems of the brain.
The opiate receptor stimulants exert an especially pow-
erful inhibitory effect on various forms of aggression,
which may be partly due to their ability to promote
pleasurable feelings of satisfaction and general well-
being (see Chapter 9), but it is unlikely that this sys-
tem can be harnessed for useful medical purposes be-
cause of the addictiveness of opiates.

Indeed, opiate addiction gradually strengthens a
variety of physiological “opponent processes,” which
tend to counteract the high levels of opiates in the body.
Because of the release of these opponent processes
during opiate withdrawal, irritability and impulsive
aggression can be dramatically increased. This is one
reason that opiate addicts undergoing withdrawai have
aheightened tendency to initiate violent acts, Of course,
as long as they have opiates in their systems, the ten-
dency to exhibit aggression remains very low. Should
society recognized this “Catch-22" when it wages vari-
ous wars against drug abuse? Whose fault is it if an
opiate addict in withdrawal has no legal source of drugs
to reduce irritability and becomes aggressive in an ef-
fort to obtain such agents? The answer is not obvious.

It is not yet clear which brain neurochemistries pro-
mote anger, but one neuropeptide, substance P, may be
2 key modulator in the RAGE system. Angry displays
elicited by brain stimulation can be increased by brain
nfusions of substance P and they can be reduced with
substance P antagonists.®? Perhaps an orally adminis-
tered substance P antagonist, or some other peptide
receptor antagonist, can one day be used as an antiag-
gressive agent in clinical practice. If so, it will be be-
cause human anger has been studied through the analy-
sis of RAGE systems in the animal brain.

Which system is most likely to provide a medically
useful antiaggressive drug at the present time? Among
the biegenic amines, both norepinephrine (NE) and
serotonin (5-HT) control anger, the first tending to in-
crease it because of general arousal effects and the sec-
ond reducing it, just as it controls every other emotional
response. Clinically, it has been found that drugs that
block the B-NE receptors, such as propranolel, are clini-
cally nseful antiaggressive agents. Unfortunately, the
overall efficacy of such B-blockers has not been as uni-
form as desired, and serotonin has been the focus of the

most intense efforts to yield better agents that are
desperately needed.

Eltoprazine, a serotonin receptor agonist that acts
specifically on the 5-HT-1A receptor, has emerged
during the past decade as a very specific antiaggressive
agent. It is one of a number of drugs called serenics.
Eltoprazine and related drugs are effective in reducing
virtually every form of aggression that has been stud-
ied in the laboratory, but it is no longer on the fast track
for general medical use.®® Not only does eltoprazine
decrease aggression without any sedation, but it actually
increases other friendly and social exploratory behav-
iors (Figure 10.8). Dissection of the precise mode of
action of this drug has indicated that the antiaggressive
effects are due to postsynaptic 5-HT receptor activity,
while the pro-social effects are due to presynaptic in-
hibition of serotonin cell bodies, both being mediated
by the same type of 5-HT-1A receptor.3*In other words,
eltoprazine reduces aggression by facilitating brain
serotonin receptor activity in higher limbic circuits, but
increases social interactions by reducing serotonin neu-
ronal activity throughout the brain.

However, the increase in social interaction result-
ing from decreased serotonin is found only in well-
socialized animals. Across different strains of rodents,
aggressiveness produced by prolonged social isolation
is highly correlated to isolation-induced decreases in
brain serotonin activity 5 and serotonin supplementa-
tion can decrease aggression in animals that have be-
come irritable because of long-term social isolation.36
Ir general, reduced brain serotonin activity also tends
to increase impulsive and acting-out forms of behavior
in humans.?? A higher tendency toward delinquency has
been observed in human males who have low seroto-
nin activity (as indexed by low cerebrospinal fluid lev-
els of the serotonin metabolite 5-HIAA).#®® Such evi-
dence suggests that the same neurochemical dynamics
known to control animal aggression may also control
human criminality and social assertiveness.

Conversely, socially dominant animals, who can
control aggression with a glance, have been found to
have high brain serotonin activity. Indeed, monkeys
tend to climb higher in their dominance hierarchies
following long-term treatment with drugs such as the
selective serotonin reuptake inhibitors (SSRIs), which
increase serotonin availability in the brain.® In sum,
many serotenin-promoting drugs, as well as other agents,
can provide inhibitory control of aggression ¢ But spe~
cific antianger agents will have to emerge from our
understanding of the specific brain modulators that pro-
mote RAGE in the brain, in the way that AVP seems to
promote intermale aggression.

The neurochemical systems that have been found to
promote aggression are less numerous than those that
reduce it. In addition to the work on substance P men-
tioned earlier, the two best candidates for specifically
promoting the impulse of anger are glutamate and ace-
tylcholine. One can provoke defensive hissing by ad-
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Figure 10.8. Dose-response effects of eltoprazine on offense, exploration, and sccial interest
in normal rats and those whose midbrain serotonin neurons had been destroyed with the
selective 5-HT neurotoxin 5,7-dihydroxytryptamine (5,7-DHT). (Adapted from Olivier et al.,

1991, see n. 83.)

ministering cholinergic agonists into those regions of
the brain where ESB has been found to provoke rage,®!
but it is possible that this hissing response is merely an
alarm-fear response rather than an angry one.%? A some-
what clearer effect is obtained following localized
glutamate administration into specific areas of the brain.?
From this one might conclude that glutamate antago-
nists or acetylcholine antagonists will prove to be ex-
cellent antiaggressive agents. Unfortunately, because of
the participation of these transmitters in so many brain
processes, there is little hope that their manipulation will
ever provide clinically useful antianger/antiaggression
agents.™ Clearly, the most important neuromodulators
for the instigation of rage have not yet been definitively
identified.

In any event, existing evidence suggests that mam-
malian anger emerges from a homologous RAGE cir-
cuit that has been remarkably conserved during mam-
malian brain evolution. Accordingly, a cross-species
comparison has a greater potential to reveal neurobio-
logical sources of human anger than any other strategy
that is presently available. Of course, this will tell us
little about the cognitive sources of anger in humans. It
will only tell us how the feeling of anger emerges from
specific brain activities. Also, because aggression is
such a multidimensional phenomenon, considerable
insight will be needed to develop models of anger and
aggression that are reasonably pure and distinct from

the multifaceted mixtures of aggression and fear that
one normally sees in nature.

In conjunction with data summarized in the next
chapter, we now know that circuits for aggression and
fear overlap in many areas of the brain, including areas
extending from the anterior hypothalamus to the PAG.
Thus, one of the easiest aggressive responses that can
be elicited with brain stimulation in cats is a hissing-
defensive response with no attack (see Figure 10.9).
Although this type of response could be interpreted as
supporting the existence of a distinct “defense system”
within the brain,% at present the most parsimonious
conclusion is that such defense responses arise from the
concurrent stimulation of two distinct but highly over-
lapping and interactive emotional systems, namely,
those of RAGE and FEAR. This second emotional sys-
tem will be the focus of the next chapter.

AFTERTHOUGHT: Autonomic and Cerebellar
Control of Rage

The outdated James-Lange theory (see “Afterthought,”
Chapter 3) suggested that peripheral autonomic effects
that feed back onto the thinking brain create our expe-
rience of emotions. Although the modern view is that
emotional circuits within the visceral brain coordinate
affective processes, therg are certainly many feedback.
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Figure 10.9. Brain stimulation—induced defensive
behavior, which may reflect a mixture of simulta-
neous activation of ANGER and FEAR systems.
(Adapted from a photograph by Walter Hess.)

relationships between the relevant peripheral and cen-
tral processes. For instance, while centrally indnced
anger increases blood pressure, the arterial detectors for
blood pressure changes (i.e., the baroreceptors in the
carotid arteries) can modify the sensitivity of the RAGE
cirenit, As mentioned earlier, if we artificially increase
blood pressure, it is easier to evoke angry behavior in
cats by hypothalamic stimulation. Thus, we must re-
member that the actual brain mechanisms that control
anger are complex, are under multiple physiclogical,
neuyroanatomical, and neurochemical controls, and are
only roughly understood. Many details of this emotional
system remain to be revealed, and many surprises are
bound te emerge from future research.

For instance, one of the most intriguing recent find-
ings is that knockout mice, which are lacking the gene
for nitric oxide synthetase (NOS), exhibit high levels
of viclent behavior and hypersexnality,*¢ However, this
psychopathic tendency, presumably caused by reduced
brain levels of the gaseous transmitter nitric oxide (NQ),
is evident only in male rats, and the finding was totally
serendipitous. Becanse of past data implicating NO
in learning, the experiment was being conducted to
evaluate the role of genetic deletion of the enzymatic
machinery needed for NO synthesis on memory. As it
turned out, these animals, missing one form of NOS,
exhibited normal learning. The tendency of such NOS-
deficient animals to be aggressive was discovered only
because animal caretakers noted that many of the ani-
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mals were dying with injuries on their bodies. It turned
out that only the males were killers; they were also
hypersexual, with an apparent reduced ability to under-
stand the mezaning of “NO.”

Will such knowledge help us deal better with human
violence, a most serious social problem? Most think it
is unlikely that our society can implement biological
interventions for such matters of personal conduct, but
new possibilities for biological control are bound to
emerge. They will pose enormous ethical problems for
fumre generations, unless we can teach individuals who
have aggressive “hair triggers” to voluntarily utilize
pharmacological or other aids to control their negativ-
istic urges. Indeed, there are also bound to be nonphar-
macological interventions to control aggression, rang-
ing from meditation to the well-established effects of
castration and new forms of brain stimulation. Let me
focus on the last of these options.

One of the most unusual ways that violent tendencies
have ever been controlled in the annals of medicine is
by cerebellar stimulation. Although the cerebellum was
long believed to simply control motor coordination, it is
now known to contribute to attentional and emotional
processes as well. This emerging knowledge was utilized
by one daring and controversial neurosurgeon, Robert
Heath, to control violent pathological aggression. Elec-
trical stimulation was applied to the cerebellum via a plate
electrode implanted at the back of the head (over the
cerebellum), and the whole contraption was given the
provocative name “cerebellar pacemaker,”®? Of course,
this radical maneuver was attempted only in seriously itl
individuals whose aggressive outbursts could not be con-
trolled by any other means, including high doses of
heavily sedating antipsychotic drugs.

Heath reported remarkable success in reducing the
irritability of such individuals with his “cerebetlar pace-
maker.” Folks who had been totally incapacitated by
their persistent violent thoughts and impulses, could
now lead peaceful lives. How this strange therapy works
is still unknown, but there are sites in the most ancient
part of the cerebellum (in the deep cerebellar nuclei,
such as the fastigial and interpositus) where one can
elicit aggressive tendencies with ESB.%8 Maybe just like
the cerebral cortex, which tends to provide chronic in-
hibition over subcortical processes, the neocerebellar
cortex exerts a similar effect on its deep nuclei, and
Heath’s “cerebellar pacemaker” facilitates that effect.

Now that new procedures have been developed to
activate the brain through the application of intense
magnetic fields several inches outside the head (i.e., via
rapid transcranial magnetic stimulation [fTMS]; see
Chapters 5 and 16), the day may soon arrive when such
procedures will become an accepted part of psychiat-
tic practice.” Already, several investigators have had
considerable success using this noninvasive rTMS ap-
proach to alleviate drug-resistant depressions.'® It is
widely believed that this fairly gentle form of brain
stimulation will eventually replace electroconvulsive



therapy (ECT) as a treatment for those depressed indi-
viduals who do not respond to the many new medica-
tions that have recently become available during this
“Age of SSRIs." % Will someone eventually construct
an antiaggression chair, where the back of the headrest
contains a magnetic stimulator that is able to change
underlying cerebellar activity to such an extent that one’s
impulsive urges melt away as if by magic? If such a use-
ful device is constructed, it should be vsed only with a
clear recognition that anger, at a cognitive level, raay be
not only a destructive but a useful force in society.

Although affective neuroscience research can pro-
vide us with a substantive knowledge of the experience
of anger, it cannot explicate the cultural, environmen-
tal, and cognitive causes of aggression. In humans, it is
usually the appraisal of events that triggers anger; ob-
viously, many values upon which appraisals are pre-
mised are culturally learned in humans. For instance,
presently many humans are angry at others for the views
they hold about abortion, capital punishment, and in-
numerable other sociopolitical issues, With sufficient
depth of personality, the psychic energy of human anger
can be diverted into outrageously creative or construc-
tive efforts. Where would we be today if our ancestors
had not had the passion to say: “Give me liberty or give
me death.” Psychobiolegy presently has little of impor-
tance to say about the many cognitive components of
human anger, especially the firey human energies that
help change societies. .
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