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Preface

Social Bonding, a Product of Evolution:
an Introduction to the Volume

Mechanisms underlying reproductive and maternal functions or coping represent the
initial structuring force behind many social behaviors. They are accompanied by selec-
tive hormonal environments aimed at facilitating or stabilizing them. Sex and adrenal
steroids are major players in the regulation of reproductive functions and coping
challenges, but other hormones also participate in a variety of social behaviors (in
particular, oxytocin and vasopressin, two phylogenetically very old moieties originally
associated with maternal care and water balance) and are receiving increasing atten-
tion. Their role is highlighted in the present volume, which gathers contributions to
the Colloque Médicine et Recherche “Hormones and Social Behavior” organized by the
Fondation IPSEN in December 2007.

What is the key to understanding the rationale of hormonal substrates of behavior?
Evolution, of course. Higher manifestations of social behavior have evolved from re-
productive behavior, characterized by Ernst Mayr as “the leading edge of evolutionary
change.” As formulated by one contributor to this volume, however, “the evolutionary
increase in neocortex seen in primates has induced a significant emancipation of be-
havior from hormonal determinants, and in parallel, an increasing role for intelligent
social strategies” (Keverne 2008).

In so-called “lower” mammalian animals, many social behaviors are closely de-
pendent upon the olfactory system, a component of autonomous regulation of such
importance that it expresses alarge proportion of all receptor genes present in the brain.
When one looks at “higher” mammals such as primates, olfactory control becomes less
stringent. Olfactory structures exhibit the same number of receptor genes, but a large
number are transformed into non-coding “pseudogenes.” In parallel, hormones ini-
tially targeted on physiological functions become increasingly associated with more
diversified cognitive functions.

Consider oxytocin, one of two nonapeptides (along with vasopressin) concerned
with fluid balance in the face of physiological challenges. Regarding social behaviors,
oxytocin has evolved from an almost exclusive association with maternal care towards
a role in the transmission of a “cultural” experience to offspring. Interestingly, this
shift is facilitated by the capacity of oxytocin itself to induce glial plasticity around
the very neurons that produce it, thus building temporary neuroanatomical barriers
(Theodosis 2008) isolating its purely physiological actions from more behavioral ones.
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Hormonal modulation is also an important determinant of anxiety, as shown for
instance in a mice strain selected for a higher tendency to exhibit aggressive behavior
and to overexpress vasopressin. During lactation, aggressiveness tends to become
overprotective to the pups; it can be counteracted by administration of oxytocin. More
generally, aggressiveness can be modulated in a gender-specific manner by androgens
and estrogens (Neumann 2008). As far as anxiety is concerned, attempting to cope
with its causes involves a two-step process that involves a balance between different
hormones: exploration of coping behavior from a repertoire of available responses is
facilitated by mineralocorticoids and oxytocin, whereas elimination of inappropriate
responses depends more upon glucocorticoids and vasopressin (de Kloet et al. 2008).

The behavioral relevance of oxytocin has progressively extended to complex be-
haviors. The hormone is involved in the formation of discrete interpersonal bonds,
as illustrated in the reproductive sphere by its capacity to stabilize lasting bonds in
monogamous species (Olivier et al. 2008). On the other hand, sex hormones have a per-
missive role towards maternal mishandling in macaques, a relatively rare behavior in
mammals. Mishandling also seems more likely to occur in animals presenting a greater
polymorphism in the serotonin transporter gene. Epigenetic factors also facilitate this
behavior, since, as also observed in humans, mishandled macaque infants develop
a higher risk of becoming mishandlers themselves (Maestripieri 2008).

To what extent can one extrapolate these hormonal prerequisites to the brains
and behaviors of humans? When investigating the management of trust and distrust
in games designed to test a subjects reactions towards a stranger, the ability to trust
was found to correlate with the activity of oxytocin (and vasopressin) neurons. The
hormones have also been implicated in decision making relying on “altruistic” choices,
i.e., responses in which subjects are challenged to sacrifice some of their own interests
(Fehr 2008).

Neurohormone modulation of anxiety and social behavior involves recruitment of
“arousal” capacities in the brain. Arousal triggers greater awareness towards anxiety,
mostly by affecting three major parameters underlying social bonds: activity, sensi-
tivity, and emotions. Interestingly, those parameters are precisely those that appear
altered in autistic disorders (Choléris et al. 2008). In parallel, recent studies suggest that
oxytocin neurons may be less active in autistic disorders (Neumann 2008, Maestripieri
2008, Olivier et al. 2008) and consequently less likely to compensate for decreased
activity of “mirror neurons,” whose decreased activity also been implicated in autism
(Cattaneo et al. 2007).

The symposium also addressed sex-related behavioral disorders. A number of
testable psychological symptoms are predictive of compulsive pedophilic behavior.
Inhbition of testosterone secretion is usually quite effective in refraining manifestations
of this disorder (Schober 2008). Based on brain imaging techniques, pedophilic trends
can also be traced to a selective activation pattern of discrete brain structures (Stoléru
2008). On the other hand, sex hormones can act as aggravating or, in certain cases,
protective factors towards behavioral consequences of alcohol ingestion (Eriksson
2008).

The evolutionary approach presented in this book provides clues to the relevance of
social interactions as part of the natural selection process, for the survival of species, in-
cluding ours. Proceeding further, as science often does, from the simple to the complex,
and taking advantage of the wide pluridisciplinary range of the participants - coming
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from fields as diverse as molecular neuroscience, anthropology and psychology - a final
question was raised as to whether biological substrates of complex social behaviors
may also be relevant to moral issues characteristic of humans beings (Hauser and
Young 2008): for instance, information aiming at decision making is not processed by
the brain in the same way, whether or not a given situation is perceived as involving
moral dilemmas. In fact, it could be argued (Pfaff and Adolphs 2008) that human social
behavior mechanisms do not constitute a simple extension of other central nervous
system regulatory functions but instead represent and require a different level of anal-
ysis. Understanding how social patterns are controlled by the brain may yield new
insights into the nature of consciousness: human conscious experience depends upon
a person being embedded in a complex social environment. According to this view,
rational, moral behavior is a natural product of the human mind operating in social
contexts and having been selected for during the process of human evolution.

Claude Kordon
Donald Pfaff
Philippe Chanson
Yves Christen
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Modules, Minds and Morality

M.D. Hauser">* and L. Young'

Summary

We here engage with along-lasting debate in the cognitive sciences concerning domain-
specific mechanisms for acquiring and processing different systems of knowledge,
focusing on the problem of morality. We ask whether there are mechanisms that
uniquely evolved in humans, and uniquely for the domain of morality. We discuss
behavioral and neurophysiological evidence that bears on the role of emotions and
mental state reasoning in moral cognition. Based on this evidence, we make a tentative,
yet provocative, suggestion: what is unique to the moral domain is unlikely to be the
mechanisms that underlie our emotional processing or folk psychology, but rather the
ways in which these systems interface to create outputs that are distinctively moral.

We begin this essay talking about testes. We realize that this is an uncommon intro-
duction, but we think that studies of testes provide an entry into a central question
about the mind and thus the general focus of this essay: what evidence do we have
for neuroanatomical specializations for distinct domains of knowledge? The study of
testes reveals how you can get anatomical specialization based on particular social and
ecological conditions.

In the early 1980s, Harcourt and colleagues (1981) made an extremely important
discovery. If you plot testes size against the mating systems of monkeys and apes, you see
a fascinating relationship: species with intense mating competition have larger testes
than species with less intense mating competition. Thus, the polygynous chimpanzees
have extremely large testes, whereas the monogamous gibbons have extremely small
testes. In case you are curious, the size of human testes is closer to chimpanzees than
gibbons, revealing what anthropologists have documented over the years: past and
current human cultures are mostly polygynous, with monogamy largely a myth or
recent cultural invention. The relationship between mating system and testes size is so
tight that if you were walking in the woods and found a pair of detached testicles, you
would be able to generate a confident prediction about this animal’s mating system.
The reason for this relationship falls out of standard Darwinian sexual selection: larger
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2 M.D. Hauser, L. Young

testes allow for greater sperm volume, which is critical in species where there is intense
mating competition. Intense mating competition arises when there are few sexually
receptive females and many sexually interested males.

Here we turn to the general problem of modularity and ask about the nature of
domain-specific processing systems (Cosmides and Tooby 1994; Fodor 1983; Gallistel
1999; Sperber 1994) and, especially, the kind of neurophysiological evidence that bears
on this problem. Specifically, we explore the moral domain and ask whether this system
ofknowledge is mediated by a specialized faculty or instead consists of a cluster of either
domain-general or domain-specific, but non-moral, mechanisms for acquiring and
acting upon moral knowledge (Hauser 2006; Stich 2006). Our road map is as follows.
We begin with a brief discussion of face processing, as it provides perhaps one of the
strongest cases to date of domain specificity. Though heated discussion continues over
the strength of this claim, it is a useful example for our purposes as it clearly lays out
the kinds of questions and evidence that must be addressed in making an argument
for domain specificity. Second, we provide a framework for thinking about the moral
domain that appeals to recent discussion of a different domain: language. In particular,
we begin by discussing how theoretical and empirical work on language generates a set
of fundamental questions that should be addressed by scholars focusing on any domain
of knowledge, including morality. Third, we review recent research that highlights how
neuroscientific findings contribute to our understanding of not only those processes
that are critically involved in generating moral judgments but also the relative timing
of such processes. Thus, we explore both the relative contribution of mental state
reasoning and emotion and the timing of these processes relative to the delivery of
a moral judgment. Many in-depth reviews have recently been written about some of
these topics (Casebeer 2003; Greene and Haidt 2002; Haidt 2001, 2007; Hauser 2006;
Moll et al. 2007), but here we attempt to put them together in a slightly different light.

Human Faces: An lllustrative Example of Domain Specificity

Studies of primate physiology, human infant development, adult psychophysics, neu-
roimaging and neuropsychology suggest that the primate brain has evolved a neural
specialization for face processing (McKone et al. 2007). The idea here is that face pro-
cessing, unlike other categorical distinctions, relies on within-category differences.
That is, once the object is recognized as a face a process that appears to be domain
specific in terms of the representations it handles, some other circuitry in the brain
must assess whether it is male or female, same race or different race, and, if male and
Caucasian, whether it is Fred, Mike, or Jim. To carry out this computation, the brain
must assess subtle featural differences such as the distance between the eyes as well
as their shape, the distance between the eyes and nose, the configuration of the nose
and mouth, and so on. Evidence in favor of face specialization comes from studies
showing, for example, selective breakdown in face recognition but not other objects
(i.e., prosopagnosics), distinctive inversion effects in processing for faces as opposed
to non-faces, and in fMRI studies, stronger activation for faces over non-faces in a par-
ticular cortical area (i.e., the fusiform face area; FFA). All of these data point to both
sensory selectivity and domain specificity.
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Though we align ourselves with those who argue in favor of the domain specificity of
face processing, largely because of our reading of the comparative evidence reviewed
by McKone and colleagues (2007), we raise here a recent debate because it sets up
the way in which we want to think about morality, the target topic of this essay. In
particular, Gauthier and Tarr (1997; Palmeri et al. 2004), among others, have responded
to the claims about a domain-specific face area by suggesting that the circuitry, and its
accompanying mechanisms, is instead dedicated to any within-category discrimination
task that requires expertise. Thus, because we are face experts, this circuitry is engaged
by faces. But it is also engaged when other categories involving expertise are perceived,
including cars for automobile experts, birds for ornithologists, and even artificially
constructed characters called “greebles” for greeble experts. This challenge raises two
separate issues. First, as with any neural mechanism, we must separate questions of
origins from questions of current function. Thus, it might be the case that the FFA
evolved for face processing, because this was the only within-category discrimination
task confronting nonhuman primates. Once humans evolved, other within-category
distinctions emerged, creating a pressure for discrimination. Rather than building
another circuit, our brains co-opted the FFA for novel problems of categorization
involving expertise. If this is the right story, then we can still conclude that the FFA
evolved for face processing but is presently used for both face processing and other
tasks involving within-category discrimination.

The second issue is whether, both neurobiologically and psychologically, face pro-
cessing shows different signatures from processing other objects. For example, in the
literature reviewed by McKone et al. (2007), results suggest that the patterns uncovered
for tests of holistic processing as well as the inversion effect are distinctively different
for faces and other objects. More precisely, there is no holistic processing for objects
of expertise (e.g., dogs), as well as weak to negligible inversion effects.

In summary, though the debate between domain specificity and expertise continues
with respect to face processing, what we think is important about this debate is that
it sets up testable hypotheses about how to explore the problem. In particular, it has
generated a wealth of data from different populations (animals, human infants and
adults), using different methods (single unit physiology, brain imaging, patient-based
neuropsychology) to examine whether a given domain of knowledge is mediated by
domain-specific or general mechanisms. We follow this lead in our approach to moral

psychology.

The Ingredients of a Language Faculty

We begin by building on a distinction that has been made in discussions of language
that in part parallels the issues raised in the previous section on faces and that we
find useful as a heuristic into research on moral psychology (Hauser 2006; Mikhail
2000, 2007). In particular, in discussions of language, it is necessary to ask about those
mechanisms that are involved in processing language but are not specific to language,
as opposed to those mechanisms that are both involved in language and specific to it
(Hauser et al. 2002). This distinction has been referred to as the faculty of language
broad (FLB) as opposed to narrow (FLN). Thus, for example, when processing spoken
language, our auditory system is involved, as are our systems of attention and memory.
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But none of these systems is specific to language and thus count as a constituent of
FLB. It is worth noting that, simply because a process is part of FLB, it does not mean
it is peripheral or a merely minor contributor to the domain. Thus, if an individual
incurs damage to circuitry involved in working memory, there will be difficulties in
both language production and perception, due in part to the necessity of accessing
working memory for embedding phrases and running the recursive operations that
provide language’s limitless expression. It is, of course, also the case that our mem-
ory systems constrain this recursive mechanism; that is, a recursive operation that
iteratively embeds one phrase inside of another is not limited, but our capacity to
understand and produce embedded phrases is limited to about three to four within
a given sentence.

Concerning FLN, we are after mechanisms that are both uniquely human and
unique to language. This definition sets up an empirical search that is comparative
in terms of both phylogeny and domains of knowledge. Thus, finding a trait that is
critical to language processing and unique to humans is only one part of the analysis.
We must then move on to an examination of whether this trait is uniquely involved
in language or deployed in other domains as well. Take, for example, the capacity
for combinatorial operations over discrete entities. This is a capacity that is neither
uniquely human nor unique to language. Many songbirds and whales have the capac-
ity for rich combinatorics, repeating, and rearranging notes and motifs within their
species-specific songs. This fact alone knocks out combinatorial operations from FLN
and moves them into FLB. But, even if no other organism had this capacity, we can
readily see the combinatoric mind in operation in many domains of human knowledge,
including music, mathematics, the construction of artifacts, and so forth. At present,
there is considerable controversy concerning what is “in” FLN. Hauser et al. (2002)
put forward the hypothesis that FLN constitutes the mechanisms underlying narrow
syntax as they interface with semantics and phonology. There are, of course, other
options, including the possibility that FLN is restricted to the output representations
of more domain-general mechanisms; for example, it is conceivable that neither the
computations underlying syntax nor the conceptual representations subserving se-
mantics are unique to language, but when these two systems interact, they generate
language-specific representations. What we wish to emphasize here is that to under-
stand any domain of knowledge we should engage in these questions and attempt to
assess the relative modularity of the system, while keeping open the possibility that
the domain in play lacks unique computational mechanisms, representing instead the
synthetic integration of multiple mind-internal systems that output domain-specific
material.

To give a sense of how such interface conditions might operate, consider a recent
linguistic example and, specifically, the morpho-syntax of the singular-plural distinc-
tion. It is clear that no other system except language marks a distinction between
singular and plural. Yet, it is possible that this distinction comes from an object-
centered and non-linguistic conceptual distinction between one vs. many along with
the phonological marking that this distinction mandates, as well as a structural rule
from syntax that dictates where the morphology changes. Some empirical support
for this idea comes from the observation that nonhuman primates have a set-based
quantificational system that distinguishes one from many, but not many from many
(Barner et al., in press). However, the singular-plural distinction in language appears
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to take this basic form and makes a seemingly odd change, at least from the perspective
of objects. If you take the object “apple.” you certainly have “1 apple” as opposed to “2,
10, 1,000,000 appleS.” But you also have “0, 0.5, —1, and 1.0 appleS.” Thus, the output
of the interface between these systems generates representations that are unique to
language and, thus, part of FLN. This is, at least, one interpretation, and it is possible
that the same kind of interpretation can be applied to other domains, such as music
(e.g., time and frequency discrimination interfacing with emotion) and morality (e.g.,
theory of mind, action perception, and emotion interfaces). At this stage, these issues
are poorly understood, especially in terms of the specific mechanism that handles the
interface and how systems with different representational formats combine to create
new representations.

The Ingredients of a Moral Faculty

The distinction between FLB and FLN can readily be translated into the moral domain
by asking which, if any, mechanisms are unique to humans and unique to morality?
That is, which mechanisms fall under the classification of faculty of morality broad
(FMB) and which under the classification of faculty of morality narrow (FMN)? As in
the case of language, it is clear that several mechanisms involved in, for example, moral
judgments are also involved in many other kinds of judgment, including attention,
visual and auditory perception, and memory. We focus the remaining discussion on
the role of two such mechanisms in moral judgment: mental state representation and
emotional processes.

Folk Mental States

Recent conceptual and empirical studies of moral judgment (Borg et al. 2006; Cushman
et al. 2006, submitted for publication; Dwyer 1999; Greene et al. 2001, 2004; Hauser
et al. 2007; Knobe 2003a, b; Mikhail, in press) have targeted our folk psychological
representations and, in particular, the mental states that comprise our theory of mind
(e.g., beliefs, desires, intentions, goals). In particular, as behavioral and functional
neuroimaging research suggests, moral situations trigger, at some level, an appraisal
of mental states (Cushman et al. submitted for publication; Young et al. 2007): did
the agent intend to harm the victim or was it accidental? What did the agent believe
about his intended goal of helping another? Indeed, we judge intentional harms to be
worse than the same harms brought about accidentally. Furthermore, brain regions
previously associated with theory of mind in non-moral contexts (e.g., right temporo-
parietal junction; rTPJ; Fletcher et al. 1995; Gallagher et al. 2000; Saxe and Kanwisher
2003) are recruited robustly during moral judgment (Young et al. 2007). Stating that
moral scenarios trigger mental state attribution should not be misinterpreted as a claim
that moral judgments always require an appeal to mental states. Consequentialism, to
take one philosophical perspective, mandates that we restrict our moral considerations
to outcomes as opposed to means. Our point here is that, when our intuitive moral
judgments emerge, they will often derive from an inference about others’ mental states.

In recent work attempting to understand the kinds of mental states that enter into
our moral judgments and, in particular, whether there are specific principles that medi-
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ate our judgments, researchers have pointed to two specific distinctions that commonly
emerge in philosophical and legal discussions (Borg et al. 2006; Cushman et al. 2006,
submitted for publication; Hauser et al. 2007; Mikhail 2000, in press): 1) harm caused
as a means to the greater good is worse than harm caused as a side-effect (doctrine
of double effect; DDE) and 2) harm caused by action is worse than harm caused by
omission) doctrine of doing and allowing; DDA]. This kind of evidence is not, how-
ever, sufficient to argue that these distinctions are exclusive moral principles, or part
of FMN. It is possible, for example, that both distinctions are mediated by non-moral
psychological processes (and thus, part of FMB), such as the relative transparency of
the agent’s intentions and causal responsibility for the outcomes that ensue. Follow-up
work (Cushman et al., submitted for publication) using non-moral scenarios supports
this more domain-general interpretation. In particular, differences between doing and
allowing (DDA) are largely driven by differences in causal responsibility, whereas dif-
ferences between means and side effects (DDE) are largely driven by the ascription of
intentionality. These results suggest that at least some moral dilemmas are judged by
recruiting non-moral, but folk, psychological representations.

Bringing the behavioral and physiological studies together, recent work using neu-
roimaging (Young et al. 2007) and repetitive transcranial magnetic stimulation (rTMS;
Young et al., in preparation), suggests that the rTP]J is critically involved. For exam-
ple, when people deliver judgments about the permissibility of an action, they take
into account the protagonist’s beliefs as well as the nature of the outcome. In these
situations, fMRI results similarly reveal that belief attribution as subserved by rTP] is
critical for moral judgment. In cases of accidental harm, where beliefs and outcomes are
mismatched, Young et al. also observed the most significant activation of the rTPJ, sug-
gesting modulation of beliefs by the outcome. Further, there was significant activation
in the anterior cingulate and precuneus, areas implicated in conflict resolution. Unclear
at this stage is why the parallel case of belief-outcome mismatch - that is, attempted
harm - failed to show a parallel pattern of activation in rTP] and the conflict regions.
Finally, when subjects undergo rTMS to the rTP], they were more likely to focus on the
outcomes because, in these conditions, the suppression of rTP] activation functionally
resulted in a disruption of belief inference. A critical next step is to assess whether
the interface between belief-based systems and outcome-based systems has a unique
moral signature or whether its operation is similar in other, non-moral domains.

Emotional Processing

It is clear that emotions play a rather promiscuous role in a wide range of human
mental life that is non-moral, such as the feeling of elation following a major scientific
discovery, contentment following the consumption of an exceptional meal, anger in
response to accidentally stubbing a toe, and fear in response to a snake. A number of
arguments and empirical studies (Blair 1995, 1997; Blair et al. 1995; Damasio 1994, 2003;
Haidt 2001, 2003, 2007; Hume 1739/1978; Moll et al. 2001, 2002, 2007; Nichols 2002,
2004; Prinz 2004) have recently championed the position that a subset of emotions,
especially the highly social and self-other referencing emotions such as guilt, shame,
loyalty, and empathy, are causally necessary for morality.
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Here, we focus on two questions that have recently been illuminated by neurophys-
iological studies. First, to what extent are emotional processes causally necessary for
moral judgments? Though there has been considerable work on the role of emotion
in moral judgment and behavior, our question is actually two separate ones: 1) when,
in the course of detecting an event and making a decision about its moral content,
do emotions play a role? and 2) given the temporal and causal role of emotion, are
they equally important in all moral contexts and if not, which moral problems most
critically recruit the emotions and their underlying neural circuitry?

Behavioral studies using emotional priming and hypnosis (Valdesolo and DeSteno
2006; Wheatley and Haidt 2006), together with imaging experiments with normals and
neuropsychological studies with patient populations (e.g., psychopathy, individuals
with damage to frontal regions), reveal deficits in moral judgments and behavior when
the emotions are either heightened or flattened (Anderson et al. 1999; Blair 1995,
1997; Blair et al. 1995; Ciaramelli et al. 2007; Greene et al. 2001, 2004; Koenigs et al.
2007; Mendez et al. 2005; Moll et al. 2002, 2005, 2007). Our question concerns the
diversity of moral situations in which emotions may or may not play a role. To explore
this question, we carried out a study of individuals with adult-onset focal lesions to
bilateral ventromedial prefrontal cortex (VMPC). These patients had been tested on an
earlier battery of tasks tapping emotional experience and recognition, as well as social
decision making. Overall, subjects showed a severe deficit with respect to the social
emotions (guilt, embarrassment, empathy), flattened skin conductance in response to
stimuli that normally evoke responses in non-patient populations, and poor decision
making in socially relevant contexts. Based on these findings, and building off the
perspective that emotions are the primary sources of our intuitive moral judgments,
one would predict abnormal performance in generating permissibility of judgments.

To test this hypothesis, patients evaluated a series of moral scenarios, some of
which featured relatively low-intensity emotions associated with “impersonal” harms
(e.g., lying on a resume to improve career prospects), whereas others featured high-
intensity, emotionally aversive “personal” harms (e.g., smothering a crying baby to
escape detection and execution by enemy soldiers). As in previous fMRI studies (Greene
etal.2001,2004),in a subset of the personal scenarios, an emotionally aversive harm was
pitted against the “greater good.” VMPC patients responded normally to the impersonal
moral scenarios but, for the personal scenarios, the VMPC patients were significantly
more likely to endorse committing an emotionally aversive harm if and only if a greater
number of people would benefit - the utilitarian response. Importantly, in personal
cases where the harm produced only self-benefit, VMPC patients were not more likely
to endorse the harm, emphasizing the selectivity of the deficit and the need to carve
the moral domain into multiple dimensions. A second lesion study, as well as studies
of patients with blunted affect due to fronto-temporal dementia, confirmed this basic
finding (Ciaramelli et al. 2007; Mendez et al. 2005). Together, these studies suggest that
social emotions mediated by VMPC are indeed necessary for certain kinds of moral
judgments, but by no means all.
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Moral Specificity

Our goal in this essay has been to lay out a theoretical framework for thinking about
the sources of our moral judgments, building on both an analogy to language (Dwyer
1999, 2004; Hauser 2006; Mikhail 2000, in press) and, more generally, current work in
the cognitive sciences that aims to clarify the core architecture of particular domains
of knowledge (Hirschfeld and Gelman 1994). We think it is important to distinguish
between capacities that play a critical role in a particular domain but are not specific
to it, as opposed to processes that are unique to a particular domain. This kind of
distinction has played a central role in the core knowledge thesis that has been devel-
oped by Spelke (2000) and other developmental psychologists, targeting folk physics,
mathematics, and psychology. It has played a more minor role in empirical studies of
moral psychology.

At present, it is too early to decide any of these issues, but much of the published
empirical work leads to the following tentative hypothesis: what is unique to the moral
domain is not its individual components or processes but the ways in which these
processes interface to both discriminate moral from non-moral social situations and to
guide judgment and behavior. Take, for example, the distinction between intentional
and accidental action. This is a folk psychological problem that is critical to the moral
domain but clearly not specific to it. Moreover, it is a distinction that is shared with
other nonhuman primates (Call et al. 2004; Lyons and Santos, in press; Wood et al. 2007)
and appears to play some role in socially relevant contexts. For example, in a series of
experiments on cotton-top tamarin monkeys, Hauser and colleagues (2003) have shown
that individuals are more likely to reciprocate with individuals who intentionally give
food to another than with individuals who selfishly obtain food but, as a byproduct,
deliver food to another.

A similar account could be given for many of our emotions, including some highly
suggestive and provocative studies of empathy-like behavior in primates and mice
(de Waal 1996; Langford et al. 2006; Preston and de Waal 2002). As Trivers (1971)
pointed out, selection for reciprocity would favor a cast of emotional responses that
would support continued interactions with cooperators but lead to aggressive actions
toward cheaters. Consequently, moral outrage and moralistic aggression emerge as the
outcomes of an interface between the calculus of fairness and the emotions that both
support and reinforce it. Thus, although an emotionally flattened human might be
able to detect virtuous cooperators and sinful cheaters, she wouldn’t be motivated to
continue her relationship with the former or ostracize and punish the latter. Similarly,
an emotionally motivated human who lacked the ability to detect intentions, beliefs
and goals would find good and bad consequences differentially motivating but would
find the accidents no different than the volitionally desired goals. In human evolution,
perhaps uniquely, we acquired a capacity to connect our folk mental states up with our
emotions, creating a distinctive moral domain.
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Brain Mechanisms Theoretically Underlying Extremes
of Social Behaviors: The Best and the Worst

Elena Choleris', Martin Kavaliers', and Donald Pfaﬁc1

Summary

The best, most pleasant forms of social behaviors amongst humans are characterized
by a degree of altruism, sometimes reciprocal altruism, that has been encouraged
universally by institutions that promote civil behavior. Here we review a surprisingly
parsimonious neuroscientific theory of how humans manage to behave according to the
“golden rule” This theory, while allowing the understanding of pro-social behavior,
also leads to a consideration of the neural mechanisms underlying aggression and
abnormal social behavior, such as autistic behavior. Here we theorize that damagingly
high levels of inputs from ascending CNS arousal systems to the amygdala heighten
social anxiety in a manner that increases the chance of autistic behavior.

Introduction

Among scientific theories, the most elegant are those that make very few initial as-
sumptions and do not plead special conditions or abilities. To quote Albert Einstein:
“A theory should be as simple as possible but not simpler.” Below we propose a means
of understanding how people behave in a reciprocally altruistic fashion (when they do).
The theory is not predicated on special abilities of the human forebrain; rather, it de-
pends on a loss of information, the easiest kind of neural and behavioral transformation
to achieve.

Equally important, especially from the points of view of behavioral medicine and
public health, are the disorders of social behavior. Knowing that the amygdala is
involved in the generation of fear, and observing the behavior of autistic children, we
believe that social anxiety may be involved in autism. High levels of arousal-related
transmitters being released in the amygdala could account for an avoidance of normal
social contact.

Implications of Loss of Social Information in Cortical Circuits

Evolutionary biologists have long considered the origins of reciprocal altruism, where
an altruistic act is defined as one that benefits the recipient while having negative
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consequences on the fitness of the performer (reviewed in Lehmann and Keller 2006).
Among humans, it appears that shibboleths associated with every religious system
we have read (examples in Pfaff 2007) include a norm frequently referred to as the
“golden rule” - I should behave toward you as I would have you behave toward me -
and one of its consequences could be manifest as reciprocal altruism. The broad
appearance of this ethical dictum among human societies encourages a search for its
neurobiological underpinnings. Further, a mechanistic analysis is encouraged by the
success of Axelrod and Hamilton (1981) in programming computers to display mutual
cooperation. In their computer games, mutual cooperation got started spontaneously,
thrived and resisted opposition. Axelrod’s and Hamilton’s success, taken together with
the ubiquity of reciprocally altruistic behaviors amongst non-human primates, led us
to theorize about mechanisms that could produce such behaviors.

A Theory in Four Steps

First, consider one person’s, M’s, action toward another, N. Before this act occurs, it
is represented in M’s brain, as every act must be. Motor acts being represented in
one’s own brain, so-called “corollary discharges,” were conceived first in “reafferenz
theory” (a neurophysiological theory that shows how the stability of the visual world
is maintained during eye movements) and supported by a large body of experimental
data (Held and Freedman 1963). Action representation to one’s own brain remains of
current interest in neuroscience (Cullen 2004; Sylvestre and Cullen 2006; Quiroga et al.
2006) and biophysics (Poulet and Hedwig 2006; McKinstry et al. 2006).

Second, this act will have consequences for N that M can predict and envision.
Then comes the crucial step.

Third, to achieve a feeling consistent with Golden Rule behavior, then M blurs
the difference between the other individual and himself to an abstract intermediate
image. For example, in terms of face recognition, neurons (Gross et al. 1972) and
inferotemporal cortical regions (Kanwisher et al. 1997) specialized for that function are
well documented. Mechanisms for blurring, besides simply reducing cortical neuron
reliability, include adding noise to the mechanism or altering temporal phases of
inputs (Kanwisher N., personal communication). For example, simply reducing the
efficiency of GABA-ergic inhibitory neurotransmission or increasing the efficiency of
gap junction transmission would raise the overall level of cortical excitability to the
point where noise could obscure the signals comprising facial or other images. As
a result, instead of seeing the consequences of his act solely for the other individual,
M sees them for himself. As an example posed for absolute clarity, if M had been
planning on knifing N in the stomach, he loses the difference between N’s body and
his own. This loss of information is easy to posit because any one of the many steps
required for the neurobiology of fear would provide the loss of information this theory
supposes. As a result, the knifing is less likely to occur because he shares the other
person’s fear.

Additionally, the mirror neuron system (Rizzolatti and Craighero 2004) in the
cerebral cortex may provide still another mechanism that permits a blurring of the
difference between the person beginning an act and the target of that act.

Fourth, if the consequences of M’s intended act are good for N, he does it; if the
consequences for N are bad, then M does not do it. This decision rests not only upon
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fear mechanisms, as mentioned above, but also on positive, affiliative motivations, the
bauplan of which is sex behavior, whose mechanisms are relatively well understood
(chapters in Pfaff et al. 2002).

This explanation of an ethical decision by the would-be knifer has an attractive
feature. Usually we have to recognize and remember differences between ourselves and
others. However, the explanation of an ethical decision given here involves only the loss
of information, not its acquisition or storage. The learning of complex information and
its storage in memory are very hard to understand. However, the loss of information
is easy to understand, because it only requires the breakdown of any single part of the
complex memory-storage processes, whether it be an intricate biochemical adaptation,
subtle synaptic modification or precise temporal pattern of electrical activity. Thus,
dampening any one of the many mechanisms involved in memory can explain the
blurring of identity required by this explanation of Golden Rule-related behavior.
Leaving out any one of the mechanisms involved in social recognition or memory
allows us to identify with the person toward whom we are about to act. Moreover,
among the theoretical mechanisms described above, the individual mechanism left out
could differ from species to species and from person to person and from occasion to
occasion. In mechanistic terms, therefore, it is incredibly easy to achieve a sense of
shared fate with another.

By extension, this parsimonious theory of how people can behave toward others
as they would like themselves to be treated also predicts that, when the “blurring”
does not occur, anti-social behaviors would be expressed. This theory thus leads to
a consideration of the neurobiological bases of violence in the world, as well as a variety
of CNS disorders that lead to pathologies of social behavior. Regarding aggression,
comprehensive reviews have covered what we know about the neural, hormonal, genetic
and environmental influence on agonistic behaviors in animals and people (Nelson
2006). Among the abnormalities of social behavior, we will treat CNS influences on the
development of autism in the next section.

CNS Arousal Mechanisms Leading to Social Anxiety
Leading to Autism

In humans, the proper processing and recognition of facial cues is crucial to the expres-
sion of normal social behavior. One of the hallmarks of autism and related disorders
is an impairment of processing and recognition of facial expressions. Patients with
Asperger’s disorder and socio-emotional disorder are at increased risk of prosopag-
nosia, that is, the failure to recognize familiar faces (Barton et al. 2004). Furthermore,
when faced with a face recognition task, adults with autism spectrum disorder utilize
different face-scanning strategies (i.e., they look at the eyes and other inner features
of faces less often than normal individuals) and fail to show proper activation of the
fusiform face area and regions of the social brain, including the mirror neuron system
and the amygdala. The degree of hypoactivation of these areas correlates with social
symptoms of autism (Hadjikhani et al. 2007). When they do look at the eyes during
facial discrimination tasks, autistic individuals show greater activation of the amyg-
dala, suggesting increased emotional responses associated with gaze fixation (Dalton
etal. 2005). Furthermore, when asked to identify the expression of feelings in photos of
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eyes, autistic patients’ lower performance was associated with lower or no activation of
the superior temporal gyrus and the amygdala (Davidson and Slagter 2000). It seems,
thus, that autistic individuals’ impaired social recognition is associated with impaired
proper processing of social emotions by the amygdala. Also autistics appear not to
obtain any rewarding or pleasurable responses from these human contacts.

Consistent with the non-human animal literature (Choleris et al. 2006), it appears
that social recognition in humans is under the control of estrogens and their cognate
receptors, estrogen receptors (ERs) alpha and beta. In this regard, there is a female
advantage in facial processing and the recognition of emotional expressions (Hampson
et al. 2006; Montagne et al. 2005) that is modulated by testosterone (van Honk and
Schutter 2007). Augmented testosterone (and possibly reduced estradiol) reduces facial
recognition and processing. This sex difference in facial recognition and processing
has interesting parallels and implications for ERs and sex differences in autism.

A neuropeptide that has been involved in all of the estrogen-dependent social
behaviors described above is the nonapeptide, oxytocin (OT). OT is produced in the
hypothalamus and released in various areas of the brain as well as in the blood stream,
thus exerting its effects both in the CNS and in the periphery (Gimpl and Fahrenholz
2001). Its release from dendrites as well as axons has been studied in some detail (re-
viewed in Landgraf and Neumann 2004). In particular OT is known to foster pro-social
behaviors. including social recognition (Choleris et al. 2003, 2006, 2007; Fergusson et al.
2000, 2001), social learning (Popik and van Ree 1993), maternal (Pedersen et al. 1994;
Young et al. 1997; Cho et al. 1999; Insel and Hulihan 1995; Razzoli et al. 2003) and sexual
behaviors (Bancroft 2005; Carter 1992). OT is involved in social bonds - romantic and
maternal love - even in humans (Bartel and Zeki 2004). Aggression, in contrast, is in-
hibited by OT administration (McCarthy 1990; Ferris 2005) and increased by blocking
OT action (Lubin et al. 2003; Giovenardi et al. 1998). Mice whose gene for oxytocin has
been rendered non-functional [oxytocin “knockout” (OTKO) mice] are more aggres-
sive in both home cage (Winslow et al. 2000) and semi-natural environment testing
conditions (Ragnauth et al. 2005).

OT and estrogens act in a linked manner, with OT activity being regulated by
estrogens at two levels. First, production of OT is under the control of estrogens, as
indicated by several pieces of evidence. Plasma OT levels and OT receptor (OTR) mRNA
fluctuate with the estrous cycle in a manner consistent with fluctuations in circulating
levels of estrogens (Bale et al. 1995; Sarkar et al. 1992; Ho and Lee 1992). More direct
evidence shows that estrogen administration heightens the electrical excitability of
OT-producing neurons in the paraventricular nucleus (PVN) of the hypothalamus.
Second, the transcription of the gene for OTR is under estrogen control, with estrogen
administration increasing the rate of transcription from the OTR gene (Quinones-
Jenab et al. 1997). This effect is pronounced in the amygdala, which is relevant for the
focus of this review, as highlighted below.

A Functional Genomic Network Supporting Social Recognition

The evidence that the risk of developing an autism spectrum disorder carries impor-
tant genetic influences is overwhelming (Freitag 2007; Losh and Piven 2007; Hoekstra
et al. 2007; Szatmari et al. 2007). Our concern is to use our and others’ functional ge-
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nomic evidence to look into the identification of specific genes contributing to autism’s
component functions: social recognition and the related function, social anxiety.

In this story, OT and OTR will play major parts, while vasopressin (VP) and its
receptors will also provide interesting points. The release of oxytocin in the CNS - not
only from synaptic endings but also from dendrites - in the hypothalamus and in the
amygdala is thought to be of major importance for a variety of biologically adaptive
social behaviors (Landgraf and Neumann 2004).

OT produced within neurons of PVN can be transported along axons into the amyg-
dala, where significant levels of OTR are to be found (Elands et al. 1988; Yoshimura et al.
1993). There, both OT and VP affect neuronal excitability, with the two neuropeptides
acting on distinct populations of cells (Huber et al. 2005; Terenzi and Ingram 2005). We
have integrated OT actions in the amygdala with estrogenic effects there and its known
neuroanatomy to formulate a 4-gene micronet theory that explains certain changes in
social recognition in mice.

The involvement of OT in social recognition was initially demonstrated through
pharmacological manipulations showing that administration of low levels of OT facil-
itates social recognition, whereas OT antagonists block it (Popik and Vetulani 1991;
Popik et al. 1992, 1996). Later, studies with genetically modified mice showed that
both male (Ferguson 2000) and female (Choleris et al. 2003) OTKO mice have a com-
plete deficit in social recognition, even when tested with the more sensitive choice
test paradigm (Choleris et al. 2006). OTRKO mice, too, are impaired in social recog-
nition, further confirming the critical involvement of this system (Takayanagi et al.
2005). Further studies then pointed at the medial amygdala as the site of action of OT
and OTR in the regulation of social recognition. The deficit of the OTKO male mice
can be rescued by infusion of OT in the medial amygdala, whereas infusion of an OT
antagonist inhibits social recognition in wild-type males (Ferguson 2001). Similarly,
wild-type females that receive an antisense oligonucleotide targeting the mRNA of the
OTR gene in the medial amygdala become completely impaired in social recognition
(Choleris et al. 2007). The link with estrogens became apparent when it turned out
that both ERat and ERP knockout (a-ERKO and B-ERKO) mice were also impaired in
social recognition (Choleris et al. 2003). When assessed with a more sensitive social
discrimination test, this impairment was complete in the a-ERKO and only partial in
the B-ERKO mice (Choleris et al. 2006). As in the a-ERKO and B-ERKO mice, OTKO
mice showed impaired social recognition, as reflected in impaired ability to recognize
and avoid parasitized conspecifics. The OTKO mice are also impaired in utilizing other
mice as a source of information in mate choices and parasite avoidance.

OT involvement in social disorders has been demonstrated. Low OT plasma levels
are observed in autistic patient populations (Modhal et al. 1998; Green et al. 2001),
where altered oxytocin production from its prohormone precursor is shown (Green
etal.2001). Furthermore, in initial clinical trials, intravenous infusion of oxytocin ame-
liorated behavioral symptoms of autism in adult patients (Hollander et al. 2003). Alter-
ations in the OT system are observed also in individuals affected with schizophrenia
(Bernstein et al. 1998; Feifel and Reza 1999; Mai et al. 1993) and depression (Bernstein
et al. 1998; Uvnds-Moberg et al. 1999).

The specific impairment in social recognition of the a-ERKO, B-ERKO and OTKO
mice prompted the proposal of a 4-gene micronet model to explain the action of
estrogens on the oxytocinergic system in the regulation of this behavior. In this model,
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ERp regulates the production of OT in the PVN, whereas ERa controls the transcription
of the gene for OTR in the medial amygdala which, in turn, receives and processes
olfactory input of social relevance from the main and accessory olfactory systems
(Dulac and Torello 2003; Johnston 2003). This model is supported by molecular biology
studies and fully explains the behavior of the KO mice. First, ER-f is highly expressed in
the mouse PVN, where ER-a is almost absent (Mitra et al. 2003), and directly regulates
the production of OT (Patisaul et al. 2003). Accordingly, estrogen regulation of OT is
inhibited in B-ERKO mice (Nomura et al. 2002b). Second, ER« is highly expressed in
the amygdala (Mitra et al. 2003), where it is necessary for the induction of OTR (Young
et al. 1998).

This model explains the behavioral results of the a-ERKO and f-ERKO mice in the
more sensitive choice test paradigm (Choleris et al. 2006). The essentiality of ERa for
OTR production in the amygdala (Young et al. 1998) explains the complete impairment
of the «a-ERKO mice, whereas the partial impairment of the f-ERKO mice (Choleris
et al. 2006) can be explained by an ERB-mediated upregulation of existing baseline
production of OT in the PVN (Mitra et al. 2003). Accordingly, baseline OT levels and
mRNA of the OT gene in the PVN of B-ERKO mice are normal, but they fail to respond
to stimulation by estrogens (Nomura et al. 2002b). The baseline levels of OT likely allow
for a certain degree of social discrimination in f-ERKO mice, which in normal mice
can be enhanced following estrogens/ER-f mediated increase in OT production.

McCarthy and her colleagues (1996) have reported that oxytocin has anxiolytic
properties if and only if estrogens are circulating in an adequately high concentration.
This requirement for estrogens presumably is due to the strong influence of estrogens on
oxytocin receptor gene transcription (Young et al. 1998). In fact, in females, blocking
OT receptor activity in the brain increases anxiety-like behaviors in a manner that
depends on the hormonal state of the female (Neumann et al. 2000a, 2000b). In the male,
testosterone-dependent sexual activity can be followed by the reduction of anxiety due,
at least in part, to the release of OT within the brain (Waldherr and Neumann, 2007).

Generalized CNS Arousal Mechanisms Related to Fear

It has been hypothesized that large numbers of ascending and descending neuronal
systems involving the expression of more than 120 genes are involved in the adaptive
regulation of CNS arousal (Pfaff 2006). Some of the initial need states leading to arousal,
such as hunger, are quite specific. However, based on results of a meta-analysis using the
mathematical statistical technique of principal components analysis, we have argued
that there is a generalized arousal component, an “urarousal,” that can account for as
much as one-third of arousal-related behaviors (Garey et al. 2003). Of special interest
for the present discussion are the effects of generalized arousal neurotransmitters in
the amygdala.

Inputs to the amygdala from ascending systems that drive generalized arousal
might be important for social anxiety, related to the recognition mechanisms just
reviewed above, because this same brain region implicated in social recognition, the
amygdala, is crucial for producing the emotion of fear. If signals from conditioned
stimuli for fear do not reach the amygdala, then conditioned fearful responses do not
occur (reviewed in LeDoux 2000; Rodrigues et al. 2004; Schafe et al. 2005). Likewise,
if outputs from the amygdala are suppressed, for example under the influence of the
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prefrontal cortex), then fear is reduced. In fact, neuropharmacological approaches to
the suppression of amygdaloid facilitation of fear are important not only for syndromes
such as post-traumatic stress disorder but also, according to our theorizing below, to
reduce the social anxiety of autism (Davis 2005; Ressler et al. 2004). The importance of
the amygdala for fear, established in laboratory rodents, holds true for higher primates,
including humans (Paton et al. 2006; Kalin et al. 2004; Phelps and LeDoux 2005). What
are the relationships of these mechanisms to generalized arousal?

Frightening emotions and emotional memories will not operate correctly to raise
fear in a biologically adaptive fashion if the entire CNS has not been aroused. James
McGaugh and his colleagues have reported (Roozendaal et al. 2004; McIntyre and
McGaugh 2005) that the proper operation of amygdaloid mechanisms related to fear
depends on synaptic inputs releasing the arousal-related transmitters, norepinephrine
and dopamine. For example, the laboratory of James McGaugh, at University of Cal-
ifornia at Irvine, reported that they trained rats in a task in which the animals had
to avoid returning to a place where their feet had been shocked. Infusing a dopamine
receptor antagonist into the lateral amygdala prevented peak performance of fear learn-
ing. Conversely, infusing dopamine itself or, for that matter, norepinephrine, into the
amygdala enhanced retention of the learned fear response. Even additional shocks
between training and testing - which would arouse the animal - increased subsequent
fear responses. Thus, animals with low levels of generalized arousal are less likely to
show high levels of learned fear responses.

Another arousal-supporting neurotransmitter, serotonin, is involved in the pro-
duction of anxiety and fear. Serotonin-containing fibers reach the amygdala through
long axonal projections from the median and dorsal raphe nuclei of the midbrain.
Some of the most exciting work on genetic contributions to fear and anxiety has dealt
with the serotonin transporter (5-HTT), the molecule responsible for the reuptake of
serotonin from its synaptic cleft. It is now widely recognized that the gene encoding
5-HTT contains a 44 base-pair sequence that in some individuals is inserted, producing
a long allele that has high transcriptional activity, whereas in other individuals it is
deleted, producing a short allele that has less transcriptional activity. In cell cultures,
this translates into a twofold greater rate of reuptake when the long allele is present.
What does this mean for anxiety and fear and the amygdala. Three lines of evidence
gathered so far show its importance. First, human subjects with one or two copies of
the short allele exhibit greater amygdala neuronal activity, as assessed by functional
magnetic resonance imaging (fMRI) responses to pictures of frightened or angry faces
(Hariri et al. 2002). Second, subjects with a short allele show stronger coupling between
amygdala and prefrontal cortex fMRI responses to aversive pictures (Heinz et al. 2005).
Since this part of the cortex can act to suppress amygdaloid output, their increased
correlation is of undoubted significance and the mechanism remains to be discovered.
Third, as expected, patients with one or two copies of the short allele actually showed
increased levels of anxiety-related traits, state anxiety and enhanced activation in the
right amygdala to anxiety provocation (Furmark et al. 2004).

Hyperarousal Fostering Social Anxiety

There is little doubt that prolonged high levels of arousal are aversive. The Yerkes-
Dodson law, supported by a century of research, states that task performance will
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consequently be reduced. This would be expected to include “social tasks” in which
appropriate behavior with another individual is required.

There are at least three levels of mechanisms to discuss in dealing with the connec-
tion between hyperarousal and social anxiety. First, it is easy to think of long-lasting
high levels of activity in the ascending arousal systems, including those mentioned
above, as causing a socially anxious state. Second and more complex are the possible
roles of the neuropeptides oxytocin and vasopressin themselves. They both affect the
autonomic nervous systems, are both connected with the regulation of fluid balance
in the body and are both involved in the regulation of smooth muscle contraction.
The simplest formulation is to state that OT is more concerned with autonomic re-
sponses associated with reproduction in safe situations (lactation, delivery of babies),
whereas VP is more important with emergency responses to threatening situations
(dehydration, hemorrhage). Both of these physiological levels of hypothesis will bene-
fit from comparisons among high-anxiety and low-anxiety lines of rats (Landgraf and
Wigger 2002, 2003). Third is the most psychological level of exploration. It considers
a “mismatch hypothesis” that social anxiety results in part from a feeling of lack of
preparation for the social encounter. If we feel adequately prepared and if OT and VP
levels are optimal, then we feel supported and social anxiety does not occur. If instead
we are not adequately prepared and/or if OT and VP levels are not optimal, then we
certainly will be hyperaroused and the anticipation of the social event, whatever it may
be, will be anxiogenic.

Social Anxiety Fostering Autism

We theorize that imbalances among the levels of expression of certain genes in neurons
within the amygdala or among expression of genes in CNS arousal pathways lead to the
appearance of autism spectrum disorders. Already, the notion of strong amygdaloid
involvement receives strong support from the literature. Ralph Adolphs and his col-
leagues (Spezio et al. 2007) have found that substantial damage to the amygdala reduces
eye contact during conversations, following up earlier work (Adolphs et al. 2005 ) dur-
ing which destruction of the amygdala in a human was found to have damaged the
ability to respond to fearful expressions of others in a normal way. Conversely, scien-
tists working with Andreas Meyer-Lindenberg (Kirsch et al. 2005) reported that human
amygdaloid function is modulated by oxytocin, in that fear-inducing visual stimuli did
not activate the amygdala in human subjects given intranasal applications of oxytocin.
Thus we hypothesize that, in the amygdala, oxytocin action will reduce the potential
for autism, whereas excess stimulation from ascending arousal pathways - typical per-
haps with Asperberger’s patients — will increase the likelihood of autism. Consistently,
autistic children have enlarged amygdalar volumes (Schumann et al. 2004).

The possible role of ascending arousal systems, such as dopamine, norepinephrine
and serotonin, in influencing the amygdala in such a manner as to increase social
anxiety has received some support. All three of these neurotransmitters are imbalanced
inautism (Penn etal. 2006). Likewise, there are a few studies showing opioid dysfunction
in autistics, also summarized by Penn et al. (2006).
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Outlook

In summary, we have presented parsimonious theories of brain mechanisms underlying
some of the best forms of social behaviors and some of the worst: altruism and autism.
Research to test the “image blurring” component of the hypothesis for reciprocal
altruism could involve, for example, purposefully adding noise to the relevant sensory
systems by blocking GABA inhibitory transmission. Experiments to test the arousal
component leading to social anxiety might well include pharmacologic manipulation of
the amygdala with respect to its noradrenergic, dopaminergic and serotonergic inputs.
In both cases, laboratory neuroscience is speaking to matters of great public concern.
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