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THE BIOLOGY OF AGGRESSION
Continuity vs. (Political) Correctness: Animal Models and Human Aggression
D. Caroline Blanchard, Mark Hebert, and Robert J. Blanchard

One of the sadly enduring themes in aggression research is the inability of scientists researching humans and animals to make meaningful impressions on each other's understanding of the behaviors on which they focus. This problem is not restricted to aggression research, but it appears to be more strongly expressed in this area than in the study of most other behavioral phenomena. Researchers on animal or human aggression have tended to remain separate from and disdainful of each other, even while attending and participating in the meetings of a single dedicated society, the International Society for Research on Aggression. Needless to say, this situation has impeded the development of any sort of unified view of aggression that applies to both humans and nonhuman animals. It has thus been one of several major problems that have hindered progress in aggression research during a period in which many other somewhat similar areas, for example the neurobiology of defense and its relationship to human emotionality, have made considerable advances.

Aggression research does have some distinctive problems in bridging the gap between animal and human behavior. One is that the concept of aggression as a phenomenon with substantial biological underpinnings is widely perceived as running counter to many worthy social and political views. The assumption underlying the distancing of many of the proponents of such views from too close contact with animal aggression research is correct: Animal work often suggests that aggressive behavior has extensive roots in biology, and it is quite likely that such research may raise questions about the modulation of human aggression that are difficult to answer from the perspective that there is no direct biological influence on this behavior.

These antibiological views encompass a range of concepts, from the position that war, specifically, has no biological underpinnings, through denial of any direct involvement of biology in the substantial interindividual (socioeconomic, ethnic, subcultural, gender, age) variation in violence and violent crime. But since individual differences in human as well as animal aggression are undeniable on a phenomenological level, and since these so often seem to be associated with factors that clearly relate to biology, such as gender and age, the possibility of interactions between biology and experience may be admitted. Gender differences may be interpreted as reflecting greater opportunity for aggression or greater reinforcement of aggressive behaviors for boys/men as opposed to girls/women. Eiither source, in turn, may derive from cultural norms (a relatively "biology-free" explanation) or from differences in gender-typical group composition or social activities (an account that suggests, but does not dwell on, a biological origin for these differences). Similarly, while accounts focusing on self-esteem and social skills as modulators of aggression may acknowledge that these reflect an interaction of personality factors such as behavioral inhibition with experience, the existence of biological differences directly relating to aggression is often denied, minimized, or ignored.

A second problem in acknowledging a relationship between human and animal aggression involves the cognitive distance between humans and other animals. There appears to be a relatively well-developed consensus that no known nonhuman species has cognitive or linguistic capabilities that are close to those of humans. The difference is highly relevant to the study of aggression because many instances of human aggression are clearly accompanied by complex cognitions, or expressed in terms of mechanisms that rely on cognitive and technological achievements, which may have no direct parallels in nonhuman species' behavior. Also, the use of technology can ensure that a human act of aggression causes an immense amount of damage impossible for animals to achieve. Both factors may be involved in some discrepancies between human and animal findings. For example, in nonhuman mammals, alcohol sometimes increases aggression at low to moderate dose levels but almost always reduces it at higher doses (see Berry and Smoothy, 1986 for review). The human literature on alcohol and aggression provides little evidence of such a nonparallel relationship. A strongly alcohol-impaired human can inflict damage both verbally and with a weapon, whereas an equally impaired animal cannot, no matter how high its motivation to attack may be.

Perhaps the most important consequence of the cognitive and technological gap between man and nonhuman animals relates to war. War is defined both in terms of aggressive action and in terms of the social organization and tactical capabilities of the opponent groups involved in this action. If these organizational and tactical capabilities are inadequate, then the aggressive behavior does not represent "war," no matter how focused or how damaging, or how clearly it involves groups rather than individuals. Such a conceptualization enables a statement that war is a uniquely human phenomenon, with no direct parallels in nonhuman animals, but it does so only on the basis of cognitive/technological differences.

Regardless of what intellectual or emotional comforts may ensue from treating animal and human aggression as fundamentally different and unrelated phenomena, unless they genuinely have no significant connections, the tactic is scientifically counterproductive. It removes the possibility of comparative analysis and cross-fertilization of hypotheses between the two realms. It deprives human-focused researchers of an extensive literature using experimental methodologies to investigate aggression phenomena, while those animal researchers who ignore the human literature inevitably fail to learn of findings that could open up new and fruitful areas of investigation using nonhuman animals. Is there any way that this segregation can be bridged and common ground found for serious consideration of phenomena with which both human and animal researchers are deeply involved?


Varieties of Animal Aggression
While the term "aggression" can often be used without misunderstanding in ordinary conversation, it has proved to have so many different meanings, and to be so difficult to conceptualize, that Benjamin (1985) selected it (along with "intelligence" and "self-esteem") as a particularly egregious example with which to demonstrate the difficulties of concept analysis. Analyses from the animal literature suggest one important reason that a single, and universally accepted, scientific definition of aggression has been difficult: Several different phenomena are encompassed by the term.


Offensive Attack
The distinction between "offensive" and "defensive" forms of adult aggression has received a good deal of systematic attention (e.g. Blanchard and Blanchard, 1977; Blanchard et al., 1984), with both of these typically being differentiated from play fighting (Pellis, 1988) and from predation. Offensive aggression occurs in the context of a resource (including territory) or dominance dispute and its successful outcome is the termination of the dispute through "victory," manifested as flight or defeat-related behaviors by the opponent. Dominants (consistent victors) gain resources, including access to females (a particularly important "resource" from an evolutionary perspective) and food (Flannelly and Lore, 1977; Blanchard et al., 1984). Offensive attack involves a set of species-typical behaviors that enable the aggressive animal to contact particular body sites on the opponent where bites or blows are delivered. Offensive attack can thus be differentiated from other forms of aggression on the basis of the specific target sites for attack, as well as the behaviors by which these sites are reached.


Defensive Attack
Defensive attack is seen only when the subject is defending its own body, not when it is attacking another animal to "defend" a disputed resource. It includes a salient threat component not seen in offensive attack, with loud vocalizations and display of weapons such as teeth or claws. The bites or blows delivered tend to be made on different body sites on the opponent than those contacted in offensive aggression. The successful outcome of defensive aggression is discouragement of the body-threatening conspecific or predator and discontinuation of its attack. This can occur prior to the defensive attack, as the result of defensive threat, or following the delivery of a bite or blow, particularly to the sensitive eye/snout sites that are the targets of defensive attack. While relatively little field research has been done on the effectiveness of defensive threat and attack, the strong inhibitory effect of fear on predation suggests that defensive threat may serve as a considerable deterrent (Pellis et al., 1988).


Play Fighting
Play fighting is common among the young of many mammal species, dropping off in frequency after sexual maturity is attained (Pellis and Pellis, 1991b). The behaviors involved in play fighting have considerable structural similarity to those of adult attack and defense, in that a species-typical attack pattern is used to approach and make contact with a specific site on the body of the opponent, while the defender utilizes species-typical behaviors to make that body site unavailable to the attacker. In addition, across-species studies suggest that, as in adult fighting, attack and defense in play fighting are motivationally distinct behavior patterns (Pellis and Pellis, 1991a). However, the transition from juvenile play fights to adult fighting does not appear to involve a continuity in individual levels of attack tendency from one to the other: Males that show the highest attack rates during play fighting tend to become subordinates rather than dominants (Pellis and Pellis, 1992a; Smith et al., 1996). Also, play fighting, at least for males, may be more linked to adult sexual behavior than to adult fighting, as the play fighting attack target in a spar between males may correspond to an important contact target on the female, utilized in adult male sexual behavior—a view that is supported by the finding that deprivation of play fighting has more of a deleterious effect on sexual behavior than on fighting skill (Pellis et al., 1992). In addition, play fighting defenses in juvenile females may involve some of the responses that later become useful in fending off the sexual advances of males.


Predation
Phenomena related to predation are also often subsumed under the rubric of aggression. In the laboratory, many rats kill and eat mice, a behavior that, due in part to the similarities of rats and mice, suggests conspecific aggression. In fact, predatory (as opposed to conspecific) attack can occur in species even more closely related and more similar than rats and mice: Grasshopper mice kill and eat laboratory mice. However, both the target sites for attack and the behaviors typical of the attack pattern are different from conspecific attacks by grasshopper mice (Pellis and Pellis, 1992b). These findings indicate that predatory attack can and should be differentiated from conspecific attack, even when the combatants involved are closely related animals. In addition to differences in stimuli, response patterns, target sites for contact, and outcome of these various behavior patterns, recent work on the anatomic and neurochemical systems associated with some of these strongly suggests that the physiology of these systems is also different (e.g. Bandler and Shipley, 1994). Most of the work on the neurobiology of "aggressive" behaviors has actually involved defensive threat and attack, with a relatively substantial literature also on "quiet biting attack," which likely corresponds to predation. The pharmacology of offensive and defensive aggression appear to be different, with the former (Olivier, et al., 1991) but not the latter (Blanchard et al., 1985) responding dramatically to a class of "serenics" with effects at various serotonin receptor subtypes. Motivational variables also produce different effects on these behaviors, with fear reducing offensive attack (Blanchard et al., 1988) and predation (Pellis et al., 1988) but not altering defensive attack (Blanchard et al., 1980).


Varieties of Human Aggression
Offensive Attack
If the function of offensive aggression in animals is to obtain and hold some sequestrable resource, how does this relate to more complicated human emotions and impulses? We have argued (Blanchard and Blanchard 1984) that "anger" is the emotional response to a challenge to some resource for which the angry individual has a claim. For example, data on violence resulting from "love triangles," (Wilson and Daly, 1992) suggest that these reflect attempts to discourage challenges to the perpetrator's relationship to and control over the love-object, regardless of whether the latter, or a third-party challenger, serves as victim. Similarly, Katz's (1988) descriptions of the subjective rewards of criminal and violent behavior suggest that the "resources" gained by violence often involve status and access to particularly valued women and other status symbols rather than money or goods. For many habitually violent individuals, a challenge successfully overcome is associated with strongly positive emotions; the more able the challenger, the sweeter the victory. This analysis is couched in terms that may seem inappropriate when applied to animals, but it might be considered that for violent offenders and, for example, male rats responding to an intruding challenger, the stimuli and situations eliciting aggression, and the consequences of successful and unsuccessful aggression, are very similar.

These considerations also suggest why a "challenge" is so frequent and potent a stimulus to elicit human aggression. As Daly and Wilson (1988) have pointed out, in populations of young men (who notoriously account for a disproportionate share of crimes of violence, e.g. Blanchard and Blanchard, 1983; Campbell, 1995), failures to respond to challenge jeopardize the status of the individual in the group and limit his ability to command important resources. A simple paradigm—"challenge elicits aggressive response"—emerges as a common feature of mammals, particularly young postpubertal male mammals. The specific challenge involved is typically either to the status of the individual within the group, to his access to females or other important resources, or to both. Higher primates complicate this paradigm in that other group members may get involved, either as seconds (Pereira, 1989; Silk, 1992) or in an attempt to control and defuse the situation (Reinhardt et al., 1986). Humans have contributed the factor that challenges may be purely verbal (and often quite inventive). They have also created a very encompassing form of sequestrable resource—money. The paradigm, however, remains, and it is a mammalian pattern, not one found only in dysfunctional human social groups.


Defensive Attack
If offensive aggression has some close animal-human parallels, what about defensive attack? Although defensive attack is easy to define, it is hard to observe in people, for both ethical and practical reasons. Polarized hypothetical scenarios, however, elicit consistent differences for defensive vs. offensive attack situations. Fukunaga-Stinson (reported in Blanchard and Blanchard, 1983) asked male and female students to respond to scenarios involving either a physical threat (attack by a stranger in an isolated spot) or a resource dispute by indicating the likelihood of specific actions or feelings. With reference to emotional response, fear dominated in the former, and anger in the latter. Physical and physiological responses to the two situations also differed, with "freezing" and becoming "stiff" or showing "nervous breath" describing the fear situation, while becoming "hot" or "burning" was associated with the resource dispute situation, as were "clinching fist," "staring at," and "adrenalin surge."The first choice action for the fear situation was to leave as soon as possible, followed by (for women) looking around for something to hit the attacker with, and "hit to harm" among the first five choices for both sexes. Neither of these hitting-related choices was among those selected as likely in the resource dispute situation, although a strong desire to attack the challenger was often cited. What is important is not just that these two scenarios elicited a variety of strongly differentiated physiological responses and subjective feelings, but that they were both associated with a perceived tendency to either attack, or to want to attack, the opponent.


Play Fighting
Play fighting obviously occurs in children as well as in the young of most other mammal species. Prepubertal boys (Boulton, 1993; Honig et al., 1992; Maccoby and Jacklin, 1980), like prepubertal rats (Pellis and Pellis, 1990), participate more often in fights than do comparable females. Also as in other mammals, play fighting and serious fighting in children are different, and this difference reflects the actions involved as well as factors such as facial expression and the apparent intent of the participants (Boulton, 1991a). However, the literature does contain suggestions of potential differences between the play fighting of prepubertal children and that of rats. In rats, the animal that proves to be subordinate in adulthood initiates most of the play attacks (vide Pellis and Pellis, 1992a; Smith et al., 1996), whereas play fighting in middle school children tends to involve partners that like each other and are closely matched in strength, with both weaker and stronger children initiating bouts (Boulton, 1991a,b). Another difference is that serious fighting is common enough in prepubertal children to be of concern to parents (Boulton, 1996), whereas serious fighting is seldom observed in prepubertal rats (Smith et al., 1996). Some component of this difference may reflect specific learning: In a study of middle school English children, many of the behaviors (e.g., karate chop, back kick, scissor kick) seen in play fighting but not in serious fighting represent actions that are likely to have been learned through observation/imitation, perhaps of television programs. The latter two did not occur in play fighting among Zapotec children, who did, however, show some distinctive behaviors of their own, such as burro kick and knuckle rap (Fry, 1987), suggesting that the form of playfighting in 8-12 year olds already may have been greatly altered by culture-differentiated practices.


Predation
The view that human predation has a biological link to that of closely related mammals is supported by findings that a variety of primates predate other vertebrates, including mammals (e.g. Anderson, 1986; Kudo and Mitani, 1985). In addition, primates appear to be among the few mammals that also seek out and kill animals of species that predate them, or that serve as major competitors for prey (Hiraiwa Hasegawa et al., 1986), suggesting that primate hunting is by no means limited to animals that are to be consumed. Thus the hunting of large and dangerous animals not meant for food, a feature of virtually every society that has lived in proximity to such animals, also has a clear parallel in nonhuman mammalian behavior.


Animal and Human Aggressions: Parallel Neurobehavioral Systems?
We are suggesting that, rather than try to establish a basic parallel between animal and human "aggression," it might be advantageous to look at the concept of aggression as consisting of a number of different neurobehavioral systems, at least some of which show considerable evidence of continuity between nonhuman mammals and people.

This is not to say that everything included under the human aggression rubric will have a direct counterpart in other mammals. Obviously, the "aggressive" investor or lawyer or businessman has no direct correspondent in infrahuman mammals, but this may be because the nouns are inappropriate, not the adjective (if the noun were "politician" the phrase might have an enhanced correspondence). All of these designations reflect a common theme, of actions and attitudes that seek to expand claims to resources, rights, or influence, in a variety of relevant arenas. When particular aggression paradigms are individually examined there may be either parallels that might be overlooked when an undifferentiated "aggression" concept is employed or transformations in the organization of that specific aggression paradigm as larger-brained mammals with more complex social organizations and technical capabilities are examined. This offers the possibility of real breakthroughs in relating specific human aggression phenomena to their nonhuman mammalian parallels.

What is likely to continue to be a stumbling block is the one that has been there all along, that "aggression" is one of the most value-laden terms in any language, and probably will continue to be. Thus, while aggression can be a "good" thing in the context of pursuit of a valued goal, even here it carries the baggage of an implication of activity encroaching on the rights of others; the tendency is for the protagonist to label precisely the same actions as "defense" of the desired goal, making the other guy the aggressor. As the old saw goes, virtually every country in the world has a ministry, bureau, or department of "Defense" while not one has a bureau of "Aggression."

The problem, in short, is that many aggression researchers are afraid of the term and of the concepts that it represents. In particular, students of human aggression are afraid of some of the implications of the view that human aggression is essentially similar to aggression in other mammals. Among these implications is that some instances of aggression, and the situations and stimuli that elicit them, are embedded in normal circumstances of life for people as well as for most nonhuman mammals. In this sense, some aggressive behaviors may be legitimate and normal. Another such implication is that instances of or tendencies toward aggression may be evolutionarily adaptive for the individual. If this is true, then these individuals, aggressive under particular circumstances, may leave more descendants, and these descendants would be expected to express, to varying degrees, that tendency. From the perspective of animal research, these implications seem to be undeniable, although the various mechanisms involved are in need of a great deal more analysis, as is the equally undeniable relationship of aggression to experience and to the interaction of experience with a host of genetic, gender, hormonal, and neurological factors. But, although some aggressive tendencies, in some situations, may be normal and adaptive, an emphasis on different types of aggression and on their relationship to specific eliciting circumstances makes the point that violent acts not in agreement with these guidelines may be neither normal nor adaptive. Clearly maladaptive aggressive behaviors, such as those of the occasional male rat that kills females and even related young, do sometimes appear in nonhuman mammals as well, to the detriment of both the individual and its companions.

Set against some of the past and contemporary horrors of human history, acceptance of the view that aggression is basically an adaptive behavior pattern involving a variety of complex biological systems interacting with experience, even if correct, may be interpreted as political naivete. We take this point. In opposition, however, is another point. The truth may not set you free, but it does make you somewhat better equipped to cope with reality. Acceptance of important continuities in stimulus, organism, response, and outcome components of particular aggressive behaviors between nonhuman mammals and people promotes a deeper and more comprehensive understanding of human aggression. The goal of science is to understand, predict, and control phenomena. In order to improve the latter two of these, the first is required.


Adapted from D. Caroline Blanchard, Mark Hebert, and Robert J. Blanchard. In press. Continuity versus (political) correctness: animal models and human aggression. In Marc Haug and Richard E. Whalen (Eds.), Animal Models of Human Emotion and Cognition, Washington, D.C.: American Psychological Association. Adapted with permission.
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THE BIOLOGY OF AGGRESSION
Human Aggression: What's Animal Research Got to Do With It?
Neal G. Simon and Emil F. Coccaro

Human aggression is clearly an important issue for our society. U.S. rates of homicide and other serious violence are extraordinarily high compared to those of other industrialized nations. In addition, approximately 25% of all adult males, and somewhat less than half this percentage of adult females, report a history of physical fighting at least once since age 18 (Robins and Regier, 1991). Thus, approximately 10-15% (25-40 million) of the general population has engaged in physical fighting, at the least, at some time as an adult. Given that this figure does not include forms of aggression that, though less severe, can nevertheless cause emotional distress and social and vocational impairment, it is evident that aggressive behavior is an important social problem.

Through research over the past two decades, it has become clear that human aggression is not simply "bad behavior" and that problematic impulsive aggression can be viewed as an identifiable behavioral disorder with genetic, biological, and treatment correlates. This research has occurred on two fronts—animal research involving lower- and higher-order nonhuman subjects and clinical research with people—and basic research with animals has often sparked work in human populations. Yet there are significant gaps in communication between these research constituencies, which hinders overall progress in the field. Defining effective strategies that can bridge basic and clinical research approaches in the analysis of aggression was the focus of an HFG workshop in Toledo, Spain, in 1996. The goals were to improve understanding of the research directions within each community, define how to better link basic and clinical experimental perspectives, and understand the opportunities and risks that accompany generalizations across approaches.


Research in Human Aggression: The Critical Relevance of Animal Studies
Modern research into the biology and treatment of human aggression began in the 1960s and 1970s with observations that centrally active biological substances (e.g., neurotransmitters, neuromodulators, and hormones) either inhibited or facilitated aggression in lower animals. For example, destruction of brain serotonin (5-HT) cells and pathways was associated with an increase in aggression in rodents. Conversely, administration of drugs that increased brain 5-HT was associated with a reduction of aggression in these animal models. At the same time that this work was proceeding in animal laboratories, clinical investigators noted that 5-HT levels were reduced in the brains of individuals who committed suicide compared to those who died from equally violent causes but not by their own hand. Subsequent studies in living patients by Marie Asberg and colleagues assessed the levels of 5-HT metabolites (breakdown products) in cerebrospinal fluid, the fluid that bathes the brain. They found that 5-HT metabolites were reduced in concentration in depressed subjects who had attempted suicide by violent means. Clinical investigators turned to the animal literature to understand the association between brain 5-HT and violent suicide. This literature supported the idea that suicidal subjects with low brain 5-HT might be more violent than nondepressed subjects with normal brain 5-HT.

While this apparent similarity between basic and clinical observations was an exciting development, it also was a portent of traps that awaited those who sought to generalize from animals to humans too quickly. In this instance—and this is a theme that will be repeated in this essay—animal models were based, for the most part, on naturally occurring behaviors, that is, behaviors that are typical of members of a population and are adaptive. In the human case, violent suicide can hardly be viewed in this way. Self-directed and obviously maladaptive, it is not an appropriate analog to most animal models. While the finding in both cases of changes in 5-HT function was compelling and suggested a potentially pervasive role for this neurotransmitter across the spectrum of aggressive and violent behaviors, it was clearly possible that underlying brain circuitry and sites of 5-HT action were very different.

Another early example of the cross-fertilization of animal and human research is the work of Michael Sheard. In the 1970s, Sheard had been working with the anti-manic agent lithium carbonate. Based on animal research demonstrating that lithium increased 5-HT, he treated aggressive rodents with lithium to test the hypothesis that increasing 5-HT would reduce aggressive responding. The experiment worked and he next moved to treating prison inmates with lithium. In this four-month study, Sheard gave lithium or placebo (a sugar pill) to approximately 40 prison inmates. The results were remarkable. While lithium had no effect on nonviolent behavior (stealing, lying), it appeared to fully suppress serious assault in inmates as observed and documented by prison guards. Most notable, only impulsive aggressive behavior was affected. Even more important was the observation that impulsive aggression returned to previous levels in the lithium-treated subjects after they were switched to the placebo condition.

Sparked by the work of Asberg, Sheard, and others, Gerald Brown showed that central levels of 5-HT metabolites correlated inversely with life histories of aggression and suicidal behavior in young navy recruits. That is, the lower the concentration of the central 5-HT metabolite, the more aggression reported by subjects and the more likely the subject had a history of a suicide attempt. Later, in the 1980s, Markkuu Linnoila showed that violent offenders (those who had committed or attempted homicide) also had low central levels of 5-HT metabolites, provided that their aggressive behavior had been impulsive in nature.

These and related studies strongly suggested a role for serotonin in a history of impulsive or violent behavior. While this was important clinically, it raised a significant question: where and how in the brain was the serotonin deficiency leading to increased aggression? Advances in basic psychopharmacological research had already pointed to the existence of several subtypes of serotonin receptor, raising the possibility of more specific treatments for impulsive aggression. Here was a case where observations in humans were a strong impetus for drug development. The key goal of research and development was to establish animal models for screening a broad array of potential psychotherapeutic agents. Berend Olivier tested many serotonergic drugs before settling on eltoprazine, a mixed 5-HT1A/1B agonist, as a potential compound for clinical use. While unsuccessful in clinical trials, this compound is nevertheless representative of the effort required for the development of a highly specific drug for the management of inappropriate aggression, one that will reduce such aggression without affecting other behavior.

By the mid-1980s, Emil Coccaro and his colleagues began to look at serotonin in a new way. Small doses of 5-HT-stimulating drugs were given to see how serotonergic brain cells actually respond. In a series of studies in mood- and personality-disordered subjects, Coccaro found that the physiologic (i.e., blood hormone) response to 5-HT stimulation was lower in impulsive aggressive subjects. Moreover, this blunted response was dimensional in nature. That is, the lower the physiologic response to 5-HT stimulation, the greater the history of aggression the subject reported. Subjects with low central 5-HT responsiveness were generally irritable and had a low threshold for acting aggressively. Referral to the animal literature revealed that low 5-HT animals are, in the absence of any stimulation, hyperirritable, a striking commonality.

At the same time, Dee Higley and colleagues were conducting studies on nonhuman primates. Given that these animals share nearly the same genome as humans, these studies were valuable because a number of observations are possible in these species that are not easily available in humans. Higley first replicated the finding of an inverse relationship between central 5-HT metabolites and aggression and impulsivity. Next, the question of a relationship between rearing environment and central 5-HT was explored. These studies found that adverse rearing environments (i.e., motherless rearing) have a deleterious effect on central 5-HT function and aggression. While the environments used in these studies were clearly extreme from a human perspective, these observations suggested that environmental factors play a critical role in the development of the central 5-HT system and aggression.

These investigations provided a stronger bridge between basic and clinical biological research on aggression. The deleterious effects of environmental deprivation on aggressiveness and social function in general had been extensively documented in non-human primates (see Kraemer, 1996 for a review), and changes in 5-HT function now seemed to be an integral part of behavioral alterations. Parallels to human behavior were made stronger by findings drawn from primates. In terms of research direction, then, a useful integrative path can be defined. Rodent models provide the most readily manipulated system. Findings from these investigations can be tested, to the extent possible, in non-human primates. If validated, the assumption of continuity between animal aggression and human aggressive behavior is strengthened.

Serotonin is not the only brain chemical of import in human aggression. Because it functions primarily as a behavioral inhibitor or break against impulsivity, other brain chemicals must be involved in behavioral activation. Here again animal research has led the way. Long before we knew that the neurotransmitter norepinephrine (NE) might play a role in human aggression, animal studies had generated data indicating that it facilitates aggression. As a consequence, treatments with agents that increase NE function (e.g., pre-Prozac antidepressants) have been shown to increase aggression in impulsive aggressive individuals (Soloff et al., 1986). Because the NE system is involved in flight or fight, it is easy to see how increased function of this neurotransmitter could predispose a person to impulsive aggressive behavior. In sum, this biological work indicates that clinically effective antiaggressive agents should enhance 5-HT and dampen (or at least have little effect on) NE function. This is, in fact, the pharmacological profile of most of the currently known antiaggressive agents available for use in humans (e.g., lithium: Sheard et al., 1976; fluoxetine: Coccaro and Kavoussi, 1997).

Other kinds of chemicals, in addition to neurotransmitters, appear to play a role in aggression. Steroid hormones, such as testosterone, have long been known to influence aggressive behavior. The best work in this area has been done in animal models, where a clear relationship between the presence of testosterone and the facilitation of certain forms of aggression has been established. In particular, aggression related to achieving dominance status in nonhuman males has been linked to testosterone, but a systematic relationship between blood levels of this hormone and the amount or intensity of aggression has not been demonstrated.

In humans, a number of investigators have tried to determine how testosterone contributes to aggression (see Archer, 1991). These studies have produced mixed results, which should not be surprising. A number of factors have contributed to the equivocal findings, including methodological issues, the selection of forms of aggression that do not involve testosterone, a perhaps unrealistic perspective among clinical investigators that a graded response exists between blood levels of testosterone and the intensity of aggression, and, as discussed below, the inability (for obvious reasons) in clinical studies to assess events at the cellular level that animal studies have shown are critical to the facilitative effect of testosterone. Despite these problems, there are investigations indicating a correlation between testosterone and some aspects of human aggression. Most recently, positive relationships between testosterone and social dominance were found in adolescent males, and elderly men with higher testosterone were more aggressive than those with lower hormone levels (Finkelstein et al., 1997; Orengo et al., 1996). Also, Virkkunen and coworkers (1996) found higher levels of testosterone in violent offenders. When these findings are considered with reports of "roid rage" and personality changes associated with androgenic anabolic steroid abuse, it is easy to understand the continuing clinical interest in the relationship among testosterone, aggression, and violent behavior.

At the same time, the steroid literature provides a powerful example of the limitations on generalizing from animals to humans. In non-human species, testosterone plays a critical role in conspecific, intermale aggression. This behavior is adaptive: it provides resource access and reproductive opportunity. Violence in humans does not parallel this behavior. Clinical investigators must look carefully for types of human aggression that are truly analogous. The broad-brush notion of testosterone serving as a general driver for a host of violent behaviors will, in all likelihood, serve only to limit progress in delineating how steroids contribute to human aggression and violence.

A more recent example of how animal studies have directly informed human research involves the continuing studies of impulsively aggressive patients by Emil Coccaro. Coccaro has collaborated in this work with a variety of clinical and basic science investigators. One of these is Craig Ferris, who studies aggression in the golden hamster. He and his colleagues have found that brain vasopressin facilitates aggression in this species. An interesting trivariate relationship among vasopressin, serotonin, and aggression has been found. In an important series of experiments, golden hamsters treated with 5-HT-enhancing agents showed increases in 5-HT, decreases in vasopressin, and decreased aggression. Recently, Ferris measured the amount of vasopressin present in the cerebrospinal fluid of Coccaro's human subjects. He found i) a positive correlation between vasopressin and aggression, ii) an inverse correlation between 5-HT responsiveness and aggression, and iii) an inverse correlation between vasopressin and 5-HT responsiveness. Vasopressin had a significant relationship with aggression even after taking into account the vasopressin-5-HT relationship. Not only is this a good example of how animal data informs human work, it is also an excellent example of an interaction between two different neurochemical systems in the modulation of aggression in human subjects. This work provides a rationale for testing the hypothesis that a vasopressin receptor antagonist will have antiaggressive effects in humans.


The Emerging Frontier
Basic research studies have provided the impetus for clinical investigations that advanced our understanding of the neurobiology of human aggression. For the most part, the animal experiments described here were investigations in behavioral pharmacology. That is, they involved administration of drugs that alter the function of a particular neurochemical, peptide, or hormonal system combined with careful behavioral analyses. There is little doubt that important insights into human aggression and violence have resulted from the concepts developed in this body of work (see reviews by Miczek, et al., 1994 and Olivier, et al., 1994). An important question is where the next breakthroughs will occur if the historic pattern of basic research with animals informing human aggression continues. This is an exciting topic because research in animal models of aggression now draws increasingly on technologies that allow us to understand events at the cellular and molecular level. This is part of an important transition in behavioral neuroscience with profound implications for the way regulatory systems will be understood. For example, molecular genetic methods have made possible the differentiation of fourteen different serotonin receptor subtypes.

A key element in this transition has been recognition of the conservation of genes across mammalian and, in some cases, non-mammalian species. This tells us that discoveries at the cellular and gene level in rodents, nonhuman primates, and even worms may be applicable to humans (Hen, 1996; Nelson, 1997, C. elegans consortium, 1998). Thus, the role of particular enzymes, receptors, and genetic polymorphisms (sets of variant forms of a gene) in humans can be systematically evaluated in animal models through such manipulations as gene "knockouts" and site-directed mutagenesis. Recent examples of this approach directly relevant to aggressive and violent behavior include the identification of important roles for tryptophan hydroxylase (TPH), monoamine oxidase (MAO), and nitric oxide synthase (nNOS), all of which are enzymes that affect neurotransmitter synthesis or metabolism as well as certain serotonin receptors.

So what's on the horizon? Among the most intriguing possibilities are those associated with the information explosion in receptor biology, enzymology, and recent insights into the interactions among hormonal, peptide, and neurotransmitter systems, particularly serotonin. As noted earlier, molecular biological methods have identified fourteen different serotonin receptor subtypes. While pharmacologic studies had suggested that multiple 5-HT receptor forms were present in the brain, gene sequencing provided definitive proof. In combination, these studies have established primary roles for 5-HT1A and 5-HT1B receptors in rodent aggression (the human analog of rodent 1B is 5-HT1B). Additional intriguing findings surround nNOS, where knockout mice (lacking the gene for this enzyme) are extremely aggressive, and TPH, an enzyme involved in serotonin production, variants of which have recently been associated with variability in aggression in humans. While there are some limitations to the knockout studies because of developmental considerations (these animals are often abnormal in additional ways because of the missing gene), this technology has provided a powerful tool for characterizing cellular paths involved in the production of aggression. Obviously, these findings provide the basis for developing tailored, highly specific pharmacotherapies for the management of inappropriate, impulsive aggression such as that seen in Intermittent Explosive Disorder (Coccaro et al., 1998).

But is this sufficient? The answer is no, based on recent descriptions of complex interactions between hormonal and neurochemical regulatory systems. Neal Simon has identified specific hormonal pathways that facilitate aggression and has defined how these systems interact with serotonin function. He has demonstrated that the intracellular metabolism of testosterone to estrogen and dihydrotestosterone provides multiple hormonal paths to aggression. These events are not detectable systemically (outside of the cell) and are thus one of the reasons that a clear relationship between blood levels of testosterone and aggressive behavior has been difficult to establish. In turn, it has been found that estrogen and dihydrotestosterone each have different effects on each of the serotonin receptor subtypes, 5-HT1A and 5-HT1B (Simon et al. 1998). Extrapolating from these observations in mice, it is now possible to suggest that treatment strategies, at least for males, will need to take into account the active hormonal system.

The description of interactions among various brain signals represents only an initial step. One workshop goal was to consider new bridging approaches for research. Molecular biology may provide the key. The investigators who participated in the HFG workshop are among those who have helped advance the field through methodologies that span sophisticated neuroanatomical, pharmacological, biochemical, and other cytological methods. Yet this body of work is limited in its implications because it is correlational. In fact, it will be essential to explore the molecular bases for these interactions, raising the need for broadened training if we are to see truly substantive progress. These considerations, discussed in the workshop setting, pointed to the need for the development of multi-disciplinary groups to assess the neurobiology of aggression. This was recognized as an important feature of contemporary science and an approach the Guggenheim Foundation was in a unique position to foster.


Conclusion
There is a significant opportunity for investigators seeking to elucidate the neurobiology of animal and human aggression, one that requires integration and effective communication. Building bridges between basic and clinical scientists is a powerful means for advancing potential treatment strategies. Psychopharmacological and molecular biological tools now allow us to define cellular machinery and, in the near future, imaging technologies may well allow us to see cellular events in real time. The key issue is not one of scientific talent or resources, it is overcoming the parallelism that has accompanied the demands of highly specialized contemporary science. It is incumbent on investigators working on neural and chemical mechanisms underlying aggression to promote cross-fertilization of ideas with clinical scientists. Regardless of orientation, investigators stand to benefit enormously from these exchanges, with emerging concepts improving opportunities for the development of effective intervention strategies.

This article is based on a H. F. Guggenheim workshop meeting, "Insight through Understanding: Bridging Basic and Clinical Neuroscience Approaches to Aggression," held in Toledo, Spain, in January, 1996. The authors were the conference organizers.
Neal Simon, a three-time HFG grantee, is a professor and chair in the Department of Biological Sciences, Lehigh University. Emil F. Coccaro is director of the Neuroscience Research Unit at the Hahnemann School of Medicine, Philadelphia, PA. He has received two HFG research grants.
References
Archer, J. 1991. The influence of testosterone on human aggression. Br. J. Psychology 82: 1-28.

Asberg, M., L. Traksman, and P. Thoren. 1976. 5-HIAAA in the cerebrospinal fluid: A biochemical suicide predictor? Arch. Gen. Psychiatry 33: 1193-1197.

Brown, G. L., F. K. Goodwin, J. C. Ballenger, et al. 1979. Aggression in humans correlates with cerebrospinal fluid amine metabolites. Psychiatry Res. 13: 1-9.

C. elegans consortium. 1998. Science 282: 2011-2046.

Coccaro, E. F. and R. J. Kavoussi. 1997. Fluoxetine and impulsive aggressive behavior in personality disordered subjects. Arch. of Gen. Psychiatry 54: 1081-1088.

Coccaro, E. F., R. J. Kavoussi, M. E. Berman, and J. D. Lish. 1998. Intermittent explosive disorder-revised: Development, reliability, and validity of research criteria. Comprehensive Psychiatry 39: 368-376.

Coccaro, E. F., R. J. Kavoussi, R. L. Hauger, T. B. Cooper, and C. F. Ferris. 1998. Cerebrospinal fluid vasopressin: Correlates with aggression and serotonin function in personality disordered subjects. Arch. of Gen. Psychiatry 55: 708-714.

Coccaro, E. F., T. Lawrence, R. Tristan, et al. 1991. Growth hormone responses to intravenous clonidine challenge correlates with behavioral irritability in psychiatric patients and in healthy volunteers. Psychiatry Res. 39: 129-139.

Coccaro, E. F., L. J. Siever, H. M. Klar, et al. 1989. Serotonergic studies in affective and personality disorder: Correlates with suicidal and impulsive aggressive behavior. Arch. Gen. Psychiatry 46: 587-599.

Ferris, C. F., and Y. Deville. 1994. Vasopressin and serotonin interactions in the control of agonistic behavior. Psychoneuroendocrinology 19: 593-601.

Finkelstein, J. W., E. J. Susman, V. M. Chinchilli, S. J. Kunselman, M. R. d'Arcangelo, J. Schwab, L. M. Demers, L. S. Liben, G. Lookingbill, and H. E. Kulin. 1997. Estrogen or testosterone increases self-reported aggressive behaviors in hypogonadal adolescents. J. Clin. Endoc. Metab. 82: 2433-38.

Gallligani, N., A. Renck, and S. Hansen. 1996. Personality profile of men using anabolic androgenic steroids. Horm. Behav. 30: 170-75.

Hen, R. 1996. Mean genes. Neuron. 16: 17-21.

Higley, J. D., P. T. Mehlman, D. M. Taub, S. B. Higley, S. J. Suomi, J. H. Vickers, and M. Linnoila. 1992. Cerebrospinal fluid monoamine and adrenal correlates of aggression in free-ranging rhesus monkeys. Arch. Gen. Psychiatry 49: 436-441.

Kraemer, G. W., and A. S. Clarke. 1996. Social attachment, brain function, and aggression. Ann. N.Y. Acad. Sci. 794: 121-135.

Linnoila, M., M. Virkkunen, M. Scheinin, et al. 1983. Low cerebrospinal fluid 5-hydroxyindolacetic acid concentration differentiates impulsive from nonimpulsive violent behavior. Life Sciences 33: 2609-2614.

Miczek, K. A., E. Weerts, M. Haney, and J. Tidey. 1994. Neurobiological mechanisms controlling aggression: preclinical developments for pharmacotherapeutic interventions. Neurosci. Biobehav. Rev. 18: 97-110.

Nelson, R. J., and K. A. Young. 1998. Behavior in mice with targeted disruption of single genes. Neurosci. Biobehav. Rev. 22: 453-462.

Olivier, B., J. Mos, M. Raghoebar, P. de Koning, and M. Mak. 1994. Serenics Prog. Drug Res. 42: 169-248.

Orengo, C. A., M. E. Kunik, H. Ghusn, and S. C. Yudofsky. 1997. Correlation of testosterone with aggression in demented elderly men. J. Nerv. Ment. Dis. 185: 349-51.

Paech, K., P. Webb, G. Kuiper, S. Nilsson, J. Gustafsson, P. J. Kushner, and T. S. Scanlan. 1997. Differential ligand activation of estrogen receptors ERA and ERB at API sites. Science 277: 1508-1510.

Robins, L. N., and D. A. Regier. 1991. Psychiatric Disorders in America. New York: The Free Press.

Sheard, M., J. Marini, C. Bridges, and A. Wapner. 1976. The effect of lithium on impulsive aggressive behavior in man. Amer. J. of Psychiatry 13: 1409-1413.

Simon, N. G., A. Cologer-Clifford, S. Lu, S. E. McKenna, and S. Hu. In press. Testosterone and its metabolites modulate 5-HT1A and 5-HT1B agonist effects on intermale aggression. Neuro. Biobehav. Rev.

Soloff, P. H., A. George, R. S. Nathan, P. M. Schulz, and J. M. Perel. 1986. Paradoxical effects of amitriptyline in borderline patients. Am. J. Psychiatry 143: 1603-1605.

Virkkunen, M., D. Goldman, and M. Linnoila. 1996. Serotonin in alcoholic violent offenders. Ciba Foundation Symposium 194: 168-77.

THE HFG REVIEW OF RESEARCH (Vol. 3, No. 1, Spring 1999)
THE BIOLOGY OF AGGRESSION
Serotonin and Impulse Aggression: Not So Fast
Joel Wallman

The quest to root violent criminality in organic shortcomings has a long and, viewed with the wisdom of hindsight, sometimes silly history. Lombroso's diagnostic taxonomy of criminal physical features, the phrenology of Gall, Kretschmer's body typing and, more recently, the attempt to link the XYY or "supermale" genetic constitution to criminality are textbook cases of fruitless efforts to explain bad behavior as the outcome of bad biology.

Contemporary endeavors are, on the whole, far more sound in their scientific methods, if thus far not much more compelling. Studies linking persistent impulsive aggression to deficits or excesses of various juices of the brain (dopamine, GABA, MAOA), the nether regions (testosterone, estrogen), or parts in between (adrenal steroids) have yielded occasionally suggestive but generally equivocal findings. The same applies to research on areas of the brain, the most traveled in this search being the frontal and temporal lobes, amygdala, and hypothalamus.

One promising exception is the neurotransmitter serotonin. Dozens of studies have found that people with documented histories of impulsive violence have, on the average, a reduction in function of the serotonin system relative to people without such a profile. This has been found whether serotonin function is assessed by lumbar spinal tap of cerebrospinal fluid to determine the quantity of serotonin's metabolic byproduct or by less direct measures, such as the magnitude of biochemical response to ingestion of a substance that increases serotonin production.

These and other methods are quite removed from direct assay of serotonin function in the brain, but the correlation between serotonin deficit and impulsive violence, both self- and other-directed, is a recurrent finding nonetheless. Moreover, studies in non-human animals in which serotonin levels were experimentally reduced through chemical intervention found an increase in aggressive behavior (compared to control animals subjected to identical delivery of an inert substance), suggesting that the correlation found in human research reflects a true causal relationship.

In the serotonin deficit, then, we seem to have a constitutional flaw underlying the syndrome of impulsive violent behavior. If serotonin abnormalities are truly linked in a specific way to aggression as opposed to behavior problems more generally, then we have a window into not just pathologies of aggression but the normal neurobiology of aggression as well. This discovery also provides a basis for intelligent conjecture about the selective forces governing the evolution of both serotonin and aggression in animals in general, primates more specifically, and humans in particular.

Yet one needn't be a student of neurotransmitters to wonder about the specificity of the connection between serotonin and aggression. A regular reader of New York Times articles on human behavior and health, for example, might well be troubled in attempting to collate the implicit claim that serotonin is the "aggression chemical" with reports that underactive serotonin circuits are also the cause of migraines (July 24, 1996, section C, p. 8), extreme shyness (May 18, 1999, section C, p. 1), obsessive-compulsive disorder (February 16, 1997, section 13CN, p. 3), anxiety and pessimism (November 29, 1996, section A, p. 1), and "restless leg" syndrome (night cramps) (April 10, 1996, section C, p. 10). A survey of popular books on the virtues of keeping one's serotonin up will reveal that a deficit of this substance is responsible for craving and hence addiction to gambling, drugs, sex, and food (The Craving Brain, Ronald Ruden and Marcia Byalick); that, in addition to controlling emotion, serotonin is in charge of "intellect" (Naturally Slim & Powerful, Philip Lipetz and Jean Zevnik); and that serotonin is the culprit in insomnia (5-HTP: The Natural Way to Boost Serotonin and Overcome Depression, Obesity and Insomnia, Michael T. Murray). Combine this litany of affliction with the knowledge that tens of millions of people are being prescribed Prozac, a serotonin enhancer, on the apparently well-established medical belief that depression derives from—yes—a serotonin deficit, and, unless all of these reports and claims are dismissed as baseless, one is justified in concluding that a serotonin shortage manifests itself in a congeries of emotional and behavioral problems, including but by no means limited to aggression.

That conclusion is certainly consonant with the fact that serotonergic neurons, which reside in the brainstem, project their axons into many and functionally diverse regions of the brain, including the amygdala, hypothalamus, hippocampus, cerebellum, and temporal and prefrontal regions of the cerebral cortex. It would be surprising, given this wide ramification, if abnormalities of the serotonin system affected aggression in a specific way.

Just how sound are the numerous studies reporting a specific association between diminished serotonin function and violent behavior? A meta-analysis of this literature by Balaban and colleagues (1996) is illuminating. From 70 studies, Balaban chose 39 that provided sufficient information for an analysis employing the variables Balaban thought pertinent to answering the question. The subjects in these studies fall into three categories: violent psychiatric patients, nonviolent psychiatric or neurological patients, and normal, healthy control subjects. Not all studies employed all three groups, but a typical finding of those that did was reduced serotonin in the violent psychiatric group compared to both the nonviolent patients and normal controls, with no difference between the latter two, indicating that serotonin deficiency is associated specifically with violent psychiatric conditions rather than with serious psychiatric problems in general.

However, there are non-psychiatric sources of variability in serotonin level, and few of the serotonin studies take them into account (i.e., statistically control for them) in all subject categories used. In particular, serotonin (actually 5-HIAAA, its main break-down product) measured at the lumbar level through spinal tap is lower in males, goes up with age, and declines with stature. (Serotonin diffuses out of the brain into the cerebrospinal fluid. From there, most of it is transported to the bloodstream; the fraction making it down as far as the lumbar region decreases with increasing spinal length).

Using those studies in the set of 39 that provided information on height, age, and sex of normal controls, Balaban computed the effects of those variables alone on serotonin level. These values were then used to adjust the measured serotonin levels in all studies for all subject categories for which mean height and age and male-female ratio were published. Because the three subject categories happened to consistently differ in these traits, correcting for these non-psychiatric determinants of serotonin level yields results that are quite different from what is typically reported: violent psychiatric patients do indeed have somewhat lower levels than normal controls, but so do the non-violent psychiatric and neurological patients, and the psychiatric groups do not differ from each other. In short, people with a history of being in an institution or under psychiatric or neurological treatment have lower levels of serotonin than normal nonpatients.

In addition to the reasons adduced above for questioning the usefulness of low serotonin as a marker for impulsive aggression, there are reports in the scientific literature that, while far from refuting the claim that low serotonin increases impulsive aggression, contradict it and thus warrant weighing in the balance. These are not simply studies that fail to find a relationship between low serotonin and aggression—unless the relationship were extremely strong in a statistical sense, one would expect a certain number of studies to come up empty by chance even if the relationship were generally valid. One kind of contradictory finding is the observation in at least two studies that highly aggressive children evince not a reduction but an increase in serotonin function (Castellanos et al. 1994; Halperin et al. 1994). And there is the much-cited discovery in a large Dutch family of an association between a genetic deficiency of the enzyme MAOA and impulsive violent behavior (Brunner et al. 1993). What has gone unremarked on in the discussion of this finding (which, predictably, was heralded in the non-technical media as the revelation of a "gene for aggression") is the problem it poses for the other major putative organic cause of abnormal aggression, serotonin. For MAOA is the enzyme that, among other functions, breaks down serotonin, which means that the affected men in this group would, arguably, have an excessively high level of serotonin. And, finally, the same primate experiments mentioned earlier, which showed that altering serotonin level affects behavior, also provide evidence that serotonin is equally a result of behavior. If the dominant male is removed from a group of vervet monkeys, an aggressive contest for dominance results. The male that ascends to top rank will experience an increase in serotonin level, and the exiled alpha male, if not returned to its group, will undergo a serotonin drop (McGuire and Troisi 1998). To the extent that it is legitimate to extrapolate to humans, this observation calls into question the assumption that serotonin abnormality precedes the behavioral problems with which it has been linked.

The correct inference from all of the foregoing is not that anyone low on the serotonin scale should be a dangerous, depressed, and overweight compulsive gambler, torn between shyness and nymphomania, who would be kept awake at night by their headaches and restless legs even if they didn't suffer from insomnia. It is rather that serotonin is not a very discriminating marker for violence and that the neurophysiological and neurochemical characteristics that accompany low serotonin—whether as causes, consequences, or both—are not limited to brain regions that govern aggression.

But what if there were no ambiguity about the serotonin-aggression relationship? If it were clearly established that underactive serotonin circuits increased the risk for serious aggressive behavior, and only that risk, what insight would be gained into human violence? Would it help us understand the shocking increase in youth homicide in the United States beginning in the middle 1980s or the decrease of recent years? Would it clarify why the rate of violent crime has declined in New York, Los Angeles, and Tampa but increased in New Orleans and Richmond, why Nevada's murder rate is 10 times higher than South Dakota's, or why the U.S. rate is 15 times higher than Britain's?

The explanation of these facts will come not from research in neurobiology but from understanding economic forces, variation in cultural mores regarding the acceptability of violence, diversity in the kinds and efficacy of means of informal and formal social control, and availability of firearms. A reasonable response to this assertion would be to suggest that individual differences in serotonin could explain why this person rather than the next succumbs to the distinctive mix of violence-promoting influences impinging on a given neighborhood, ethnic group, class, or nation. I am rather pessimistic about the potential of this approach, however. But that may just be the serotonin talking.

Joel Wallman is a program officer at the Harry Frank Guggenheim Foundation.
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