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as well as a sense of well-being suggests that these systems 
may be implicated in borderline personality disorder and 
are therefore potentially promising targets for treatment. 
Indeed, Insel (3) speculates about whether “social attach-
ment is an addictive disorder” in discussing Paul MacLean’s 
notion that substance abuse represents an effort to replace 
opioids ordinarily provided by social attachments. Given 
that social attachments are quite problematic in border-
line personality disorder, the neuropeptides may be in-
volved. In this article, we present relevant preclinical and 
clinical data in support of a possible role of neuropeptides 
in this disorder.

We propose models emphasizing the dysregulation 
of neuropeptides—in particular, the opioids—in distur-
bance of homeostatic maintenance of well-being and in-
terpersonal connection. To date, our understanding of the 
neurobiology of borderline personality disorder is limited 
and the efficacy of pharmacological interventions for the 
disorder is disappointing. We hope to stimulate research 
into the neurobiology of interpersonal sensitivity in the 
context of borderline personality disorder and to open 
new avenues of investigation that may provide promise 
for more effective treatments of this serious disorder.

Phenomenology of Borderline 
Personality Disorder

Biological and environmental contributions to the de-
velopment of borderline personality disorder are com-
plex, with no single unifying etiological theory (4, 5). Rath-
er, a number of theoretical models have been proposed, 
each emphasizing a dimension of the disorder (4, 6, 7–9). 
Three main symptom clusters or dimensions have been 

Borderline personality disorder is a complex disor-
der associated with substantial morbidity, mortality, and 
public health costs. Prominent symptoms include suicidal 
behavior, nonsuicidal self-injury, aggressive outbursts, 
and emotional reactivity, all of which typically manifest 
in an interpersonal context (1). For several years, there 
has been an ongoing discussion about whether impulsive 
aggression or affective dysregulation is at the core of the 
disorder. While these factors are important in borderline 
personality disorder, it is the exquisite interpersonal sen-
sitivity that frequently triggers both dysregulated affect 
and impulsive behaviors, which suggests that this sensi-
tivity perhaps rests at the core of the disorder and may in 
turn drive impulsivity and dysregulated affect. Consistent 
with this conceptualization, Gunderson (2) suggests that 
disturbances in the interpersonal realm may serve as a po-
tential endophenotype for identifying genetic vulnerabili-
ties in borderline personality disorder, but little research 
has been done on the neurobiological substrates of the 
interpersonal sensitivity of the disorder.

It is noteworthy that many symptoms in the interper-
sonal domain of borderline personality disorder are actu-
ally manifestations of intrapersonal difficulties (e.g., diffi-
culty being alone and misperception of the intentions of 
others as malevolent), and this dimension could perhaps 
be reconceptualized as “intrapersonal dysfunction.” We 
suggest that an internal feeling of well-being, stability, and 
self-regulation in borderline personality disorder is tenu-
ous and may rely heavily on a sense of interpersonal con-
tact and connectedness. This vulnerability may be related 
to an underlying dysregulation of neuropeptides. The criti-
cal role of neuropeptides, including the opioids, oxytocin, 
and vasopressin, in the regulation of affiliative behaviors 
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with Gunderson’s proposed endophenotype of disturbed 
relatedness (2, 30). Although common conceptions of the 
interpersonal difficulties of borderline personality disor-
der focus on external relationships and DSM-IV defines 
the interpersonal difficulties of the disorder as “a pattern 
of unstable and intense interpersonal relationships char-
acterized by alternating between extremes of idealiza-
tion and devaluation,” the symptoms that cluster on this 
dimension in factor analyses are unstable relationships, 
identity disturbance, chronic feelings of emptiness, and 
stress-related paranoid ideation (typically, rejection-re-
lated paranoid feelings) (31). All but the first factor relate 
to internal states and self-regulation and have an impact 
on relatedness. Identity diffusion can also lead to extreme 
vulnerability to real or perceived loss of important rela-
tionships (21) and overreliance on others to experience a 
coherent sense of self. This perspective is consistent with 
an object relations theory of borderline personality disor-
der (26) as well as Bender and Skodol’s conceptualization 
proposing that lack of self-integration is at the core of the 
disorder (27).

As previously noted, the interpersonal difficulties of 
borderline personality disorder appear to be responsible 
for much of the distress these individuals experience in 
daily life. Loneliness, perceived rejection, and disruptions 
in relationships are precipitants to suicide attempts (1, 
32), nonsuicidal self-injury, and substance use (33), while 
the anxious-preoccupied insecure attachment style in 
borderline personality disorder is associated with longer 
psychiatric hospitalizations (34).

Healthy individuals develop a stable sense of well-being 
and self-esteem in the context of nurturing and soothing 
interpersonal relationships over the course of develop-
ment. This stable sense of well-being and self-esteem de-
pends on both the interpersonal environment and the in-
nate capacity to internalize these soothing relationships. 
Because of their exquisite sensitivity to separation and 
interpersonal vicissitudes, individuals with borderline 
personality disorder seem to experience their self-esteem 
as dependent on the availability of important others. 
When these important figures are unavailable or reject-
ing, these individuals can experience a plummeting loss 
of well-being with accompanying feelings of abandon-
ment. The behaviors that result—suicidal expressions, 
emotional outbursts, and clinginess—appear manipula-
tive and excessive, but to the person with borderline per-
sonality disorder they may be survival tactics to maintain 
self-esteem, given that their sense and integrity of self rely 
to a large extent on others. It is easier to understand the 
excessive clinginess, demandingness, and panic at the 
thought of abandonment in the individual with border-
line personality disorder if one considers that preserving 
interpersonal connectedness serves not only to preserve 
a key relationship but also, perhaps more importantly, to 
provide a sense of cohesiveness of self. Indeed, this may 
be a key to understanding the fear of abandonment, pan-

identified (7): 1) behavioral dysregulation, characterized 
by impulsive aggression (4, 8, 10–16), nonsuicidal self-
injury and suicidal behavior (6), substance abuse, reck-
lessness, impulsive spending, and inappropriate displays 
of anger; 2) affect dysregulation (17–19), characterized by 
emotional lability, intense negative emotional reactions 
(e.g., shame), difficulty recovering from disturbing triggers 
(even seemingly modest ones), and pervasive dysphoria 
(4, 6, 9, 17, 18); and 3) disturbances in interpersonal relat-
edness, characterized by turbulent relationships and fear 
of perceived or real abandonment. Neither behavioral nor 
affect dysregulation is unique to borderline personality 
disorder. Behavioral problems are prominent in antisocial 
personality disorder (15, 16) and intermittent explosive 
disorder. Affective reactivity (19) and dysphoria occur in 
axis I mood disorders, particularly bipolar disorder. How-
ever, unlike bipolar disorder, the affective experience of 
chronic emptiness (9) seems to be unique to borderline 
personality disorder.

The third dimension of borderline symptomatology, 
disturbance in interpersonal relatedness, serves to differ-
entiate this disorder from axis I and other axis II disorders. 
Gunderson et al. (20) found that two interpersonal criteria, 
avoidance of abandonment and unstable relationships, 
differentiated borderline from other personality disorders. 
As noted above, symptoms in this domain manifest both 
intra- and interpersonally, and this too is unique to bor-
derline personality disorder (21).

Neurobiological studies have begun to examine this in-
teraction (21–25). In the intrapersonal domain, cognitive 
distortions include misperceiving others’ intentions, clas-
sifying people in extremes as “good” and “bad” (26, 27), 
misperceiving abandonment threats, attributing malevo-
lent intentions to others where none exist, and inability to 
understand the mental state of others (i.e., mentalization) 
(28). Interpersonal manifestations typically include exces-
sive dependency and turbulent relationships. However, 
these symptoms too can be viewed as manifestations of 
difficulties in the intrapersonal domain: others may be 
needed for self-definition and soothing, and thus needi-
ness and hypervigilance to real or perceived abandon-
ment can be readily understood.

Interpersonal Dysfunction as a Core 
Component of Borderline Personality 
Disorder

Manifestations of behavioral and affect dysregulation 
in borderline personality disorder can be viewed in the 
context of a disrupted sense of self in relation to others. 
According to Fonagy and Bateman (29), the inability to 
make sense of self and others is at the core of the disor-
der and is a result of disrupted attachment in early de-
velopment, which may depend in part on the developing 
child’s capacities and vulnerabilities as well as environ-
mental influences. This conceptualization is consistent 
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ute to much of the relational turmoil of borderline person-
ality disorder, they do not easily account for the feelings 
of inner deadness or panicky aloneness these individuals 
feel when they are separated from the important figures in 
their life, the repeated self-injurious behaviors when their 
relationships are disrupted, and their reliance on others to 
maintain a stable sense of self-esteem.

In the third paradigm, there are specific neurobiological 
systems (35), including neuropeptides such as the opioids 
and oxytocin, that are implicated in affiliative and interper-
sonal behaviors. Dysregulation of these peptides may spe-
cifically contribute to the disturbed affiliative behaviors by 
intensifying the stress of separation, rendering the mainte-
nance of self-esteem and a feeling of well-being more prob-
lematic, and diminishing the capacity to trust and respond 
appropriately to others, thus driving self-destructive behav-
iors that may provide relief from pain. In conjunction with 
neurological substrates already implicated in the impulsive 
aggression and affective dysregulation of borderline per-
sonality disorder, these dysregulations may more directly 
affect the capacity to maintain interpersonal relationships.

Considering these alternative paradigms, we propose 
a model of borderline personality disorder that incorpo-
rates vulnerability or dysregulation of the opioid system. 
We posit low basal opioid levels in this disorder, with a 
compensatory supersensitivity of m-opioid receptors such 
that transient increases in opioids following painful stim-
uli lead to heightened responses (21, 36). Low basal opioid 
levels are reflected clinically in a sense of “inner dead-
ness,” chronic dysphoria, and lack of a sense of well-be-
ing, all characteristics of borderline personality disorder, 
while stimulation of the opioid system (e.g., nonsuicidal 
self-injurious behavior) can result in heightened relief of 
pain and restoration of a sense of well-being. This model 
is consistent with observations of reduced b-endorphin 
and met-enkephalin levels in CSF under basal conditions 
in individuals with cluster B personality disorders and a 
history of self-injury (36, 37); increased pain threshold fol-
lowing painful stressors in borderline personality disorder 
(38, 39); some therapeutic effect of naltrexone, an opioid 
antagonist, for self-injurious behavior (37); and the clini-
cal observation that individuals with borderline personal-
ity disorder tend to overuse opiate pain medications and 
report a sense of well-being when taking these medica-
tions. While opiates alleviate subjective distress associated 
with reduced endogenous basal opioid levels, naltrexone 
dampens the reward of self-injurious behavior by block-
ing opioid receptors. However, this approach does not ad-
dress the putative baseline deficits in opioids.

In this model, dysregulation of oxytocin may distort the 
reading of social cues, appropriate establishment of trust, 
and capacity for attachment, and vasopressin may in part 
regulate aggression in the context of intimate relation-
ships. Other neuropeptides outside the purview of this 
article, such as neuropeptide Y and neurokinin 1, mediate 
emotional responses to stress mediated by the amygdala, 

icky avoidance of being alone, problems with trust in inti-
mate relationships, biases in social judgment, and conse-
quent turbulent relationships and self-injurious behavior 
in borderline personality disorder.

The opioids have been implicated in feelings of soothing 
or pleasure as well as in the distress of social separation and 
exclusion, and oxytocin has been implicated in the estab-
lishment of trust and affiliative behaviors. Thus, dysregu-
lation of neuropeptides such as opioids and oxytocin may 
contribute to deficits in the maintenance of well-being, 
heightened separation distress, and mistrust in borderline 
personality disorder. Although we focus here on the inter-
personal dimension of borderline personality disorder, dys-
regulation of neuropeptides may also underlie many of the 
behavioral and affective symptoms of the disorder.

Models of Interpersonal Dysfunction 
in Borderline Personality Disorder

The interpersonal dysfunction typically seen in this pa-
tient group can be conceptualized within one of several 
paradigms: 1) as distinct from neurobiology and concep-
tualized purely in psychological or developmental terms; 
2) as an emergent phenomenon stemming from the in-
terpersonal consequences of impulsive aggression and/
or affective instability; and 3) as a problem arising from 
neurobiological vulnerabilities that lead to interpersonal 
sensitivity, partially distinguishable from those implicated 
in impulsive aggression and affective instability and mani-
fest most robustly in the interpersonal domain.

In the first model, neurobiological factors are concep-
tualized as relatively nonspecific and less important, with 
interpersonal disturbances developing in the context of 
dysfunctional attachment interactions. Specific stressors 
include neglect, abuse, and other trauma as well as repeat-
ed experiences of feeling invalidated. In such a model, neu-
robiological factors may be considered in terms of a “black 
box”—that is, nonspecific mechanisms. We will argue that 
the neurobiological underpinnings related to the interper-
sonal dysfunction may be explicable in established neuro-
biological systems related to affiliation and affect regula-
tion that shape the trajectory of interpersonal development 
in the context of the specific interpersonal environment.

In the second, interpersonal dysfunction emerges as a 
consequence of the more fundamental disturbances of 
affect regulation and impulse dyscontrol (4, 22–25). Thus, 
individuals with borderline personality disorder are less 
able to modulate their emotions in the context of inter-
personal relationships, so their well-being is experienced 
as dependent on the availability of important others. They 
are more likely to become disappointed, feel abandoned, 
or become enraged in their key relationships. Because 
they have a low threshold for impulsive behaviors, these 
emotions are translated into action, including outwardly 
aggressive or self-destructive behaviors that disrupt these 
relationships. While these dynamics may indeed contrib-
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Opioids, Emotions, and Social Behavior

One hypothesis that provides an explanatory model for 
the relationship between opioids and emotions posits the 
mediation of social exclusion, separation, and abandon-
ment, particularly in the context of reactions to perceived 
rejection, by the same opioid system that modulates phys-
ical pain (51). The experience of pain can be divided into 
painful sensation and painful affect (51, 52). Painful affect 
appears to be encoded primarily in the anterior cingulate 
cortex but not in the somatosensory cortex (53). Thus, so-
cial exclusion is posited as triggering painful affective feel-
ings without accompanying physical pain.

Brain opioids appear to mediate social affect, particular-
ly social exclusion and separation in the context of social 
attachments (54). Puppies, young guinea pigs, and chicks 
emit distress vocalizations in the context of social separa-
tion and isolation. These vocalizations can be reduced after 
administration of opioids, such as oxymorphone. Nalox-
one, a m-opioid receptor antagonist, blocks the suppres-
sion of distress vocalizations produced by oxymorphone 
and increases vocalizations several hours later, suggesting 
a withdrawal effect. Also, administration of low doses of 
morphine reduces the tendency of animals to spend time 
close to other members of their species and increases play, 
especially in socially isolated animals. It is hypothesized 
that early in the developing brain, opioid systems medi-
ate feelings of soothing and pleasure during early nurtur-
ance and later reinforce relief of emotional distress in the 
context of reunion after separation in meaningful attach-
ments. Low doses of morphine increase play, whereas opi-
oid blockade with naloxone reduces play, which suggests 
that opioid reduction is associated with reduced pleasure 
and interaction in vigorous social relationships (55). In-
terestingly, naloxone has also been found to facilitate in-
creased sexual behavior in some species (56).

With respect to emotional expression, the activation of 
m-opioid receptor-mediated neurotransmission has been 
shown to suppress fear and stress responses to noxious 
or threatening stimuli and mother-infant separation (57, 
58). The m-opioid receptors also contribute to regulation 
of emotional memory (59). These animal studies invite 

driving affective sensitivity (Figure 1). In this overview, we 
review relevant preclinical data on neuropeptides such 
as oxytocin, vasopressin, and opioids, preclinical models 
of separation distress and social bonding, human studies 
of these neuropeptides and their associated physiology, 
clinical studies of self-injurious behavior in borderline 
personality disorder, and naltrexone trial data. We then 
elaborate our specific model and conclude by offering 
suggestions for new research to address the hypotheses 
and treatment strategies discussed.

The Opioids and Borderline Personality 
Disorder

Neuropharmacology and Neurophysiology of  the 
Opioid System

The opioid system modulates responses to acute 
and chronic stressful and noxious stimuli that induce 
physical, emotional, or social pain. Endogenous opi-
oids include the endorphins, enkephalin, dynorphin, 
and nociceptin/orphanin FQ agonists. These act on G-
protein-coupled receptor subtypes, including m-opioid 
receptors, which respond preferentially to morphine; 
kappa opioid receptors, which respond preferentially 
to ketocyclazocine; delta receptors; and ORL-1 opioid-
like receptor binding sites (40). b-Endorphin and met-
enkephalin are agonists at m-opioid receptors and are 
related to stress-induced analgesia and thermal pain 
perception (41–43). Met-enkephalin is also involved in 
saliency, reward, and motivational behavior (44, 45). m-
Opioid receptors are widely distributed throughout the 
human CNS, with a particularly dense distribution in 
the basal ganglia, cortical structures, thalamic nuclei, 
spinal cord, and specific nuclei in the brainstem (46); 
high levels of binding of this receptor are found in the 
basolateral amygdala, nucleus accumbens, hypothala-
mus, thalamus, ventral tegmental area, and caudate 
putamen. A variety of stressors activate b-endorphins in 
rodents (47), and repeated restraint stress reduces opi-
oid receptor density (48). Furthermore, opioid activity 
activates hypothalamic-pituitary-adrenal (HPA) axis ac-
tivity, up-regulating corticotropin-releasing factor and 
pro-opiomelanocortin mRNA (49, 50). m-Opioid recep-
tors in periaqueductal gray matter mediate the antino-
ciceptive effects of opioids. Thus, the m-opioid receptor 
system appears to be particularly relevant for the social 
and affective regulation associated with borderline per-
sonality disorder. The central mediating role of opioids 
in separation distress, relief and pleasure on reunion, 
self-soothing, and the pain of social exclusion and re-
jection suggests that this system is a likely candidate 
for contributing to the interpersonal vulnerabilities and 
intrapersonal pain of borderline personality disorder. In 
the following sections, we review emerging evidence re-
garding this system in borderline personality disorder.

FIGURE 1. Neuropeptide Modulation of Cortical and Limbic 
Function
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that naloxone or naltrexone is useful in diminishing 
nonsuicidal self-injury (76, 77). In a related study focusing 
on dissociation, another prominent borderline symptom, 
Bohus et al. (78) found naltrexone to be effective in 
diminishing dissociation and tonic mobility in borderline 
personality disorder.

One study suggested that paroxetine, a selective sero-
tonin reuptake inhibitor, induced an antinociceptive ef-
fect (79). This antinociception was significantly inhibited 
by naloxone, suggesting the involvement of opioidergic 
mechanisms. Specifically, a decrease in negative affect, an 
increase in positive affect, and an increase in dissociative 
symptoms were reported. Interestingly, it has been noted 
in clinical observation that nonsuicidal self-injury in bor-
derline personality disorder is often followed by mood en-
hancement. Simeon et al. (80) suggested that self-injury 
could act as self-healing through restoration of positive 
affect, however brief. This demonstrates the interaction 
between the serotonergic and opioid systems in the brain. 
It would be of interest to evaluate the association of self-
injury with opioid release using negative affect provoca-
tion positron emission tomography imaging paradigms. 
In summary, multiple lines of evidence suggest that en-
dogenous opioids are involved in the pathogenesis of 
nonsuicidal self-injury.

m-Opioid Imaging Studies in Borderline Personality 
Disorder

Although few studies have been conducted using m-
opioid imaging in borderline personality disorder, the ex-
isting investigations point to dysfunction in the disorder. 
In a study comparing women with borderline personality 
disorder and healthy comparison women (81), sustained 
neutral and sadness states were induced by recall of a 
previously experienced event, and displacement of the 
m-opioid receptor selective radiotracer [11C]carfentanil 
was measured during these states. Women with border-
line personality disorder demonstrated greater m-opioid 
binding in the orbital frontal cortex, the caudate nucleus, 
and the nucleus accumbens as well as the left amygdala. 
During the sadness induction, these women manifested 
increased opioid release in the right pregenual anterior 
cingulate, the left orbitofrontal cortex, the left ventral 
pallidum, the left amygdala, and the left inferior tempo-
ral cortex but greater deactivation in the left accumbens, 
the hypothalamus, and the right hippocampus. These re-
sults suggest increased baseline m-opioid receptor bind-
ing and increased sadness-induced opioid release in the 
orbitofrontal cortex, the caudate, and the accumbens. 
Paralleling our proposed model of exaggerated response 
to painful stimuli, increased responsiveness to sadness is 
consistent with the emotional dysregulation of borderline 
personality disorder and exaggerated responses to nega-
tive experiences or emotions. This is an innovative and 
important study, but the results must be considered pre-
liminary given the small sample size. Naturalistic interac-

comparable human studies to identify more specifically 
the interpersonal stressors in which opioids play a medi-
ating role.

Human studies have shown that regional activation 
of m-opioid neurotransmission is centrally implicated 
in the suppression of the affective qualities of a pain 
stressor and in the negative internal affective states 
induced by that challenge (60, 61). One study demon-
strated dynamic changes in m-opioid neurotransmission 
in response to an experimentally induced negative af-
fective state (62). The direction and localization of these 
responses confirm the role of m-opioid receptors in the 
regulation of affective experiences in humans. Since the 
experience of borderline personality disorder is char-
acterized by recurrent stress-induced negative affects, 
reduced opioid levels may play an important part in 
enhancing these characteristic negative emotions. It is 
worth noting that endogenous opioids may mediate the 
mood-enhancing effect of exercise (60, 61). More specif-
ic mapping of the negative affective states modulated by 
the opioids is indicated in human studies, ideally in an 
interactional setting.

Opioid Dysfunction and Borderline Personality 
Disorder

Borderline personality disorder and physical pain. 
Affective dysregulation and self-injurious behavior—key 
characteristics of borderline personality disorder—appear 
to be associated with lower pain perception. Experimental 
studies have shown lower pain sensitivity in this patient 
group (63, 64), as well as significant positive correlations 
between pain tolerance thresholds, aversive inner tension, 
and dissociation (65). Psychophysiological research has 
shown no deficits in the sensory-discriminative aspects 
of pain processing in borderline personality disorder 
(38). However, functional imaging research suggests 
that alterations in activation patterns of brain regions 
associated with the affective-motivational aspects of 
pain processing are associated with the pain perception 
alterations seen in these patients (39). These studies 
require replication with larger samples.

Borderline symptoms and endogenous opioids. 
Endogenous opioids have been implicated in nonsuicidal 
self-injury, a behavior that occurs frequently in the context 
of borderline personality disorder (66, 67) and dissociation. 
Evidence for such a role is based on the partial success 
of opioid antagonist treatment to ameliorate self-injury 
(68, 69), as well as on reports of altered pain sensitivity 
during episodes of self-injurious behavior (70–73) and 
findings of altered endogenous opioid levels in individuals 
with histories of self-injury (36, 74, 75). Stanley et al. (36) 
demonstrated that self-injurers with cluster B personality 
disorders, predominantly borderline personality disorder, 
have lower CSF levels of endogenous opioids, in particular 
b-endorphin and met-enkephalin, compared to those 
without self-injury. Furthermore, several studies found 
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the orbital frontal cortex, so opioid release would act on 
supersensitive receptors in these regions. This up-regu-
lation is consistent with regulation of m-opioid receptors 
by opioid agonism-antagonism (87, 88). Reduced basal 
opioids may contribute to the chronic dysphoria and lack 

tional paradigms might represent a promising next step in 
assessing opioid activity in an interpersonal context.

Individual Differences in Opioid Activity

Individual differences in the opioids are grounded in 
a genetic basis, which includes genetic variation in the 
opioid receptors as well as opioid release. Against this ge-
netic background, stress, induction of negative affect, and 
states of acute separation may actively influence opioid 
concentrations, and developmental differences in rearing 
may alter the opioid system set-point.

Genetic Studies of  the m-Opioid Receptor, Attachment 
Behavior, and Borderline Personality Disorder

Recent genetic studies suggest that the m-opioid recep-
tor gene is associated with attachment abnormalities and 
borderline personality disorder. Polymorphisms in the 
m-opioid receptor gene in humans (OPRM1 AII8G) and 
rhesus macaques (OPRM, C77G) result in amino acid 
substitutions in the N-terminal arm of the receptor, lead-
ing to increased affinity for b-endorphin in vitro (47, 82) 
and gain of function in vivo (83, 84), as exemplified in in-
creased alcohol-induced stimulation, an in vivo behavior 
mediated by endogenous opioids.

In rhesus macaques, the OPRM1 77G allele is associ-
ated with higher levels of attachment during early infancy, 
which suggests increased reward during maternal contact 
but greater persistence of separation distress (85). The 
prevalence of this allele is also increased in opioid ad-
dicts. Another single-nucleotide polymorphism (SNP) of 
OPRM1 (rs510769) may be increased in individuals with 
borderline personality disorder (86) and is associated with 
affective lability. Interestingly, this SNP accounts for sig-
nificant variance in prefrontal activation in relation to an 
aggression provocation task imaged by fluorodeoxyglu-
cose positron emission tomography (L.J. Siever et al., un-
published data). Two SNPs of the opioid delta 1 receptor 
gene are associated with identity disturbance (86). These 
data, while quite preliminary, raise the possibility that ge-
netic variability in the opioid receptors may affect affec-
tive stability, attachment, and coherence of self-concept. 
Further investigation of these polymorphisms in larger 
samples and their relation to functional imaging would 
help to elucidate these relationships.

Model of  Opioid Dysfunction in Borderline 
Personality Disorder

We propose a model of reduced basal opioid activity in 
critical limbic circuitry, including the cingulate cortex and 
the amygdala, in individuals with borderline personality 
disorder. Observations of reduced CSF concentrations of 
b-endorphin and met-enkephalin in patients with bor-
derline personality disorder with self-injury, as well as evi-
dence of reduced release in the anterior cingulate cortex, 
are suggestive of this possibility. m-Opioid receptors, con-
versely, are hypothesized to be up-regulated secondary to 
reduced basal opioids in the amygdala, the striatum, and 

FIGURE 2. Model of Opioid Dysfunction and Buprenor-
phine Treatment in Borderline Personality Disordera
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a Basal opioid levels in borderline personality disorder are hypoth-
esized to be reduced in output, while receptors are increased in 
number, so that during unstimulated conditions, borderline pa-
tients experience dysphoria associated with reduced tonic opioid 
activity. When stress or pain causes an increase in release of opi-
oids, there is an increased opioid signal and relief from dysphoria. 
Treatment with buprenorphine, a partial agonist, would increase 
basal opioid signal under baseline conditions of low tonic activ-
ity and antagonize opioid receptors under conditions of increased 
output (e.g., self-injurious behavior).
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havioral repertoires. Oxytocin can inhibit HPA axis activ-
ity stimulated by stress in women who are lactating (98). 
Breastfeeding can attenuate the response to stress, sug-
gesting a possible mediating role of oxytocin (98, 99). In 
general, stimulation of the nipple, as well as social contact, 
increases oxytocin release and also attenuates HPA axis re-
activity (100). In a placebo-controlled double-blind study, 
healthy men exposed to the Trier Social Stress Test, a labo-
ratory procedure that induces a moderate amount of stress 
in a social setting, received intranasal oxytocin or placebo 
before the induced stress, with or without social support 
from a friend. Both social support and oxytocin dimin-
ished the stress response, and the combination of the two 
resulted in a lower cortisol response (98). Distinct popula-
tions of neurons in the amygdala are activated by oxytocin 
and arginine vasopressin receptor stimulation, and they 
modulate integration of excitatory data from the amygdala 
and the cerebral cortex in opposite manners (96).

Oxytocin, Affi liation, and Bonding

Preclinical studies demonstrate oxytocin’s crucial role 
in bonding. Oxytocin receptors are richer in the monoga-
mous prairie voles than in mountain voles, which do not 
form stable monogamous relationships (101). Oxytocin 
receptor levels in the central nucleus of the amygdala are 
significantly higher in rats exhibiting maternal behaviors, 
including licking, grooming, and nursing of pups, than in 
those with low levels of these behaviors (91). In humans, 
oxytocin is a critical mediator of social connectedness 
and bonding in the context of romantic attachments, 
enduring monogamous partnerships, and maternal be-
havior. For example, in romantically unattached young 
adults, oxytocin is associated with self-report measures 
of bonding to parents and inversely related to psycholog-
ical distress (92). Since receptors for oxytocin are more 
abundant in the reward centers of prairie voles, which 
form enduring monogamous relationships, it has been 
hypothesized that oxytocin plays a similar role in adult 
human romantic attachments (102, 103). While studies 
of oxytocin and monogamous behavior in humans have 
not been conducted to date, one study found that in co-
habiting couples, greater partner support is associated 
with higher plasma oxytocin in both men and women 
before and after a period of warm partner contact (93). 
In humans, oxytocin concentrations during early preg-
nancy and during the immediate postpartum period are 
associated with maternal bonding behaviors, includ-
ing gaze, vocalizations, positive affect, and affectionate 
touch, as well as thoughts related to attachment and 
frequent monitoring of the infant (104). Furthermore, 
oxytocin mediates attachment behavior over the course 
of development, with lower urinary concentrations of 
oxytocin found in maltreated children (105) and in adult 
males with a history of early separation (106), as well as 
in the CSF of adult females with a history of childhood 
abuse (107). However, these few studies are based on ret-

of a sense of well-being as well as the difficulties in self-
soothing associated with borderline personality disorder. 
On the other hand, painful stimuli may result in opioid re-
lease in the face of more sensitive opioid receptors, thus 
accounting for observations of a greater pain threshold 
or a lower pain sensitivity in the disorder. Self-injurious 
behavior similarly may induce opioid release, stimulating 
supersensitive opioid receptors and providing a possible 
mechanism for the sense of well-being and rush often 
experienced following self-cutting or other forms of self-
injury. Drugs that may be abused or prescribed for pain 
control may enhance basal opioid levels and down-regu-
late m-opioid receptors (see Figure 2).

Lower opioid activity may be a function of genetic fac-
tors, environmental factors, or, very likely, a combination 
of the two. Genetic studies of polymorphism in the opioid 
receptor suggest abnormalities in eating disorders, which 
are also associated with impulsive behavior, binge eating, 
and feelings of dysphoria and satiation. Preliminary data 
cited earlier suggest that, indeed, there are alterations in 
opioid receptor genes, including the m-opioid receptor 
(OPRM1), associated with affective instability and sensi-
tivity to abandonment (86).

Oxytocin and Borderline Personality 
Disorder

Neuroanatomy and Neuropharmacology of  the 
Oxytocin System

Oxytocin plays a critical role in maternal behavior, 
partnering, and a variety of other prosocial behaviors. It 
is synthesized in magnocellular neurons of the paraven-
tricular and supraoptic nuclei of the hypothalamus (89) 
and then transported to the posterior pituitary, where it 
is released (90). Oxytocin receptors are especially abun-
dant in brain areas involved in social behaviors, including 
the bed nucleus of the stria terminalis, the hypothalamic 
paraventricular nucleus, the central nucleus of the amyg-
dala, the ventral tegmental area, and the lateral septum 
(91). In rodent mothers, suckling, as well as visual, audi-
tory, and olfactory cues related to their infants, enhances 
maternal care behavior in part by increasing expression of 
oxytocin receptors in these regions (91). In humans, oxy-
tocin is central to affiliative behaviors, including bonding 
with parents or romantic partners (92, 93). It also plays 
a key role in emotion regulation and stability. Oxytocin 
modulates the formation of memories, particularly social 
and spatial memory, as well as responses to emotional la-
tent stimuli, such as facial expressions. Oxytocin is thus 
involved in “reading” states in other individuals (i.e., men-
talizing) (94). However, there has been limited study of the 
affiliative role of oxytocin.

Oxytocin and Stress

Oxytocin serves to diminish the stress response (95–97). 
Lesions of the medial preoptic area eradicate maternal be-
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Oxytocin Dysfunction in Borderline Personality 
Disorder

Oxytocin is implicated in prosocial behavior, evalu-
ation of others, and ascertainment of others’ internal 
states. To the extent that individuals with borderline per-
sonality disorder have difficulty in consciously register-
ing the internal states of others, dysfunction in oxytocin 
activity may impair their capacity to evaluate others’ state 
of mind from social cues. While limited data are available 
regarding the biologic activity of oxytocin in borderline 
personality disorder and its effects, preliminary data sug-
gest that oxytocin reduces stress-induced increases in 
cortisol in the Trier Social Stress Test (113) and skews re-
sponses of patients with borderline personality disorder 
in a cooperation paradigm (114). In the latter study, bor-
derline patients and healthy comparison subjects played 
an assurance game emphasizing trust in which the pay-
off is highest for both players if they cooperate, but if the 
partner is mistrustful it pays more to defect. In this task, a 
variant of the prisoner’s dilemma game, with a player and 
a confederate, participants played the assurance game 
45 minutes after randomized administration of intrana-
sal oxytocin or placebo. Paradoxically, while comparison 
subjects tended to cooperate more after administration 
of oxytocin when the partner was hypothetically coopera-
tive, patients did not; they defected more after receiving 
oxytocin when paired with the hypothetical cooperative 
partner. In contrast, they defected less than compari-
son subjects after receiving oxytocin when the partner 
is hypothesized to defect. Thus, in healthy comparison 
subjects, the oxytocin appeared to tune their response to 
more closely match the speculated intent of their partner, 
while in the patients with borderline personality disorder, 
oxytocin seemed to do the converse. These data could 
be interpreted in the following manner. Individuals with 
borderline personality disorder may view defection by 
their partner as a threat, so they appeal to the partner by 
cooperating, while partner cooperation may signal that 
there is no threat, offering them the opportunity to gain 
points for themselves. This interpretation suggests that 
individuals with borderline personality disorder may view 
relationships as competitive struggles rather than as col-
laborative ventures. However, this is a preliminary study 
with a modest sample size, so further research is needed.

In a laboratory study using a social exchange game in 
which cooperation benefits two individuals playing the 
game, King-Casas et al. (115) found that individuals with 
borderline personality disorder experienced difficulty 
maintaining cooperation and repairing relationships after 
cooperation was broken. Neurally, activity in the anterior 
insula, a region known to respond to norm violations, dis-
tinguished healthy participants from those with border-
line personality disorder, with healthy individuals show-
ing a strong linear relationship between anterior insula 
response and both magnitude of monetary offer received 
from their partner (input) and the amount of money re-

rospective data, such as history of trauma, and the valid-
ity of one of the studies (105) has been questioned (108). 
Therefore, additional studies, particularly with prospec-
tive designs, are needed to establish the role of oxytocin 
in a developmental context.

Oxytocin and Trust

Intranasal administration of oxytocin has been shown 
in human studies to significantly enhance trust (109, 
110). This increase in trust augments social interactions 
and is based on an increased willingness to accept social 
risks but not a more generalized increment in readiness 
to bear risks of all types. This has been demonstrated in a 
double-blind study design using a trust game in which a 
participant-investor can transfer money to a trustee and 
the latter has a choice of sharing the increase generated 
by the transfer or not. Oxytocin enhances prosocial be-
havior by influencing the willingness to share in the face 
of social risks, biasing individuals to increase approach 
and trust in others (110). One mechanism by which oxy-
tocin may increase prosocial behavior is through influ-
encing affective experiences of others. In a conditioning 
paradigm, differential negative affective ratings of faces 
can be induced by aversive conditioning compared to 
a nonconditioning intervention, and this differential 
negative evaluation can be reversed by treatment with 
oxytocin. This effect has been associated with an attenu-
ation of activation in the anterior cingulate cortex and 
the anterior medial temporal cortex (111). Aversive con-
ditioning increased activation in the extended amygdala, 
including the anterior medial temporal cortex just ante-
rior to the amygdala, but this effect was not seen in an 
oxytocin-treated group. Furthermore, activation of the 
right amygdala is greater for faces with a direct gaze as 
opposed to an averted gaze in a fear conditioning para-
digm, consistent with the social relevance or valence of 
these faces.

Oxytocin can improve the ability to infer the mental 
state of others (94), as assessed by a test of inferring the 
internal state of others from faces with affective facial ex-
pressive differences. Oxytocin also improves performance 
on this task compared with placebo, particularly with 
more challenging discriminations.

Oxytocin not only influences the recognition of affec-
tive cues but also modulates the encoding of positive so-
cial interactions into memory. For example, in a double-
blind randomized placebo-controlled between-subjects 
trial (112), healthy males received oxytocin or placebo 
and then viewed 36 happy, angry, or neutral human faces; 
they were asked the following day whether they “remem-
bered” or “knew” previously seen faces. Those who re-
ceived oxytocin were more likely to remember or at least 
recognize as familiar previously seen happy faces com-
pared with angry and neutral faces, which suggests that 
oxytocin influences the ongoing representation of posi-
tive social interactions.
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vous system, including a variety of limbic and subcorti-
cal structures.

Vasopressin and Social Behavior

The AVPR1A receptor plays a major role in the modu-
lation of social behavior within the vasopressin system; it 
determines monogamous partner preference, nurturance 
of offspring, and selective aggression toward male com-
petitors (117). In mammals, vasopressin is more involved 
in male behaviors than in female behaviors, which are 
modulated through oxytocin (117).

Vasopressin also promotes behaviors that are adaptive 
for monogamous relationships, including paternal care of 
offspring, protection of mate, and selective preference for 
a mate in male voles, but vasopressin does not have this 
role in nonmonogamous species. Vasopressin has a circa-
dian rhythm of release, with peak release during the day, 
and it appears to have an inhibitory role in corticotropin-
releasing hormone and ACTH secretion (118).

Vasopressin also plays a critical role in aggression, pri-
marily aggression between males in monogamous spe-
cies, such as prairie voles. Vasopressin may be particularly 
critical in regulating the aggression in the context of peer 
bonding, so that higher levels of aggression are displayed 
toward unfamiliar males of the species. Increased inter-
actions with fathers of newborn mice are associated with 
higher levels of aggression than mice receiving less pater-
nal interaction (119).

Increasing vasopressin 1A receptors in nonmonoga-
mous vole species facilitates the formation of selective 
expression for a mate, which suggests that this receptor 
plays an important role in modulating social behavior 
(120). Indeed, the vasopressin 1A receptor gene is highly 
polymorphic, such that variability in microsatellite-like 
elements that control expression differences are associ-
ated with differences in social behavior in the laboratory 
setting (121). Increased binding of this receptor may be 
enhanced by repeated aggressive encounters in domi-
nant hamsters (122), depending on the species. Agonists 
and antagonists of this receptor can modulate the ex-
pression of aggression (116). Treatment with fluoxetine 
diminishes offensive aggression in part by blocking the 
activity of the arginine vasopressin system, which sug-
gests that serotonin antagonizes the aggression-enhanc-
ing effects of vasopressin (123). Vasopressin infusions 
enhance pair bonding by facilitating partner preferences 
(124). Antagonists inhibit such preferences. This facilita-
tion, however, does not occur in nonmonogamous spe-
cies of the vole. Increasing vasopressin can induce pa-
ternal behavior in the nonmonogamous and aggressive 
meadow vole (125).

Finally, like oxytocin, vasopressin plays a role in social 
recognition, as vasopressin 1A and 1B receptor knockout 
mice may have impaired social recognition (126) and an-
tagonists of vasopressin in normal rats impair social rec-
ognition (116).

paid to their partner (output). In contrast, activity in the 
anterior insula of individuals with borderline personality 
disorder was related only to the magnitude of payment 
and not to offers of payment.

Given the specific role of oxytocin in trust and in read-
ing others’ internal states—precisely qualities that may be 
distorted in people with borderline personality disorder—
further investigations into this neuropeptide system using 
games that involve separation are warranted. In previous 
studies, participants could not view the facial expressions 
of their “partners” in computerized exercises, so the inter-
personal context was not accurately replicated. Innovative 
strategies involving two partners and using real-time af-
fective interactions and observation of effects would fur-
ther elucidate the role of oxytocin in borderline personal-
ity disorder.

Individual Differences in Oxytocin Activity

Levels of both oxytocin release and oxytocin recep-
tors are genetically regulated, and several alleles for the 
oxytocin receptor have been identified. Early stress can 
interfere with the developing neuropeptide system and 
alter oxytocin receptor binding (103), also modulating its 
activity.

Oxytocin, Genetics, and Borderline Personality 
Disorder

Several polymorphisms have been identified in oxyto-
cin genes and have been associated variously with eating 
disorders and other psychopathology. However, little re-
search on oxytocin genes has been conducted in relation 
to borderline personality disorder. In the only analysis to 
date on personality disorders, one of four SNPs for oxy-
tocin tasks (rs877172) was significantly associated with 
inappropriate intense anger in individuals with personal-
ity disorders (86). These preliminary results raise the pos-
sibility that there may be genetic differences in oxytocin 
expression in such patients, but this remains to be defini-
tively demonstrated.

The Vasopressin System and 
Borderline Personality Disorder

Neuroanatomy and Neuropharmacology of  the 
Vasopressin System

Arginine vasopressin, which is also implicated in social 
behavior, is synthesized in the hypothalamus supraop-
tic nucleus and paraventricular nuclei in magnocellular 
cells whose axons then extend to the posterior pituitary, 
from which the vasopressin is released into the blood-
stream when appropriately stimulated. Parvocellular 
neurons also may contain vasopressin. The arginine va-
sopressin gene is on chromosome 20 and is evolutionari-
ly conserved. There are three major receptor subtypes for 
vasopressin: the AVPR1A, AVPR1B, and AVPR2 receptors 
(116). AVPR1A transcripts are found widely in the ner-
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(127), which suggests that these two systems may inter-
act reciprocally to modulate aggression. Individuals with 
borderline personality disorder who have reduced seroto-
nergic activity may have increased vasopressin concentra-
tions associated with aggression toward peers, consistent 
with their lowered threshold for anger and aggression. Va-
sopressin thus may mediate the enhanced irritability and 
aggression of these individuals in the context of close in-
terpersonal relationships.

Implications for Research and 
Treatment

Research Implications

Despite the potential promise of understanding the 
neurobiological basis of the interpersonal sensitivities and 
vulnerability in borderline personality disorder, there has 
been surprisingly little investigation in this area. There is 
still a dearth of psychopharmacologic and psychosocial 
treatment options with high efficacy for this disorder. A 
better understanding of the substrates of the relational in-
stability of borderline personality disorder might enhance 
our treatment options. Neuromodulators such as the neu-
ropeptides that have been shown to be involved in affilia-
tive and relational behaviors could be studied in natural-
istic paradigms in interpersonal settings and in response 
to specific behavioral tasks that involve perception of trust 
and cooperation versus conflict. In addition to document-
ing the role of neuropeptides such as oxytocin or opioids, 
the effects of the administration of neuropeptides such as 
oxytocin and buprenorphine can also be observed in both 
naturalistic and laboratory behavioral paradigms. Oxyto-
cin and synthetic oxytocin endogens, such as carbetocin 
(140, 141), have been administered for labor induction and 
postpartum hemorrhage and can be administered in the 
context of paradigms involving affiliation and trust. Vaso-
pressin and its synthetic analogue terlipressin (142) have 
been administered for septic shock and could be used for 
laboratory tasks and behavioral imaging paradigms involv-
ing elicitation of aggression. Buprenorphine, an opioid ag-
onist, is a candidate for naturalistic provocation paradigms 
involving interpersonal interaction, self-regulation, and 
affective regulation. Neuroimaging studies can evaluate 
regional activation patterns related to interpersonal vicis-
situdes and affiliative behaviors, especially in the context 
of paradigms using neuropeptide administration or natu-
ralistic measures in neuropeptide activity. In these ways, 
individual differences in neuropeptide activity and effect 
on relevant brain circuitry can be documented.

Naturalistic studies involving measurements of neuro-
peptides as well as administration of neuropeptides and 
their analogues are particularly important because they 
may help in the development of a more specific under-
standing of the mechanisms of these neuropeptides. For 
example, studies of opioid release in relation to negative 

Vasopressin and Aggressive Behavior

In contrast to the wealth of preclinical data regard-
ing vasopressin, there is a dearth of human studies. CSF 
vasopressin concentration is positively correlated with 
a history of disinhibited aggression, including temper 
tantrums and physical aggression in patients with inter-
mittent explosive disorder, many of whom have comor-
bid borderline personality disorder (127). However, one 
study found no differences in CSF vasopressin between 
violent offenders and comparison subjects (128), which 
raises the possibility that the vasopressin increases may 
be particularly associated with aggression in an interper-
sonal context in those who are interpersonally sensitive 
and not in antisocial individuals lacking interpersonal 
sensitivity. Reduced concentrations of antibodies to va-
sopressin are more common in individuals with conduct 
disorder (129), which also supports the relationship be-
tween vasopressin and interpersonal aggression. Further 
studies show that administration of intranasal vasopres-
sin increases the perception of threat in response to neu-
tral stimuli (130), which is consistent with the tendency of 
patients with borderline personality disorder to interpret 
neutral faces as potentially threatening (131), while ele-
vations in vasopressin have been associated with depres-
sion and anxiety (116).

Individual Differences in Vasopressin Activity

Genetic polymorphisms have been identified in AVPR1A 
and have been found to modulate human social behavior 
and physiology, specifically prosocial or altruistic decision 
making (132, 133), prepulse inhibition (134), pair bond-
ing (135), and onset of sexual behavior (136). In humans, 
developmental influences on vasopressin and its receptor 
have not been clearly documented, but early social expe-
rience (137), manipulations of oxytocin (138), and early 
maternal separation (139) appear to modulate vasopres-
sin through epigenetic mechanisms, gene expression, and 
regulation of peptide release.

Model of  Oxytocin and Vasopressin Activity in 
Borderline Personality Disorder

Since oxytocin is involved in affiliation and trust, it 
would be tempting to propose a simplistic model of oxy-
tocin deficiency in borderline personality disorder. While 
oxytocin did appear to reduce stress in a pilot study of the 
Trier Social Stress Test, its effects on a cooperation para-
digm are more complex, which suggests that oxytocin 
actually makes patients with borderline personality dis-
order hypersensitive to social stimuli, such that increased 
tuning in to others’ motivations is actually aversive. This 
possibility needs to be tested across a variety of labora-
tory paradigms.

Vasopressin in CSF is correlated with aggression in in-
dividuals with personality disorders, while vasopressin 
concentrations are inversely associated with prolactin re-
sponses to fenfluramine, an index of serotonergic capacity 
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borderline personality disorder, and which disturbances 
are more directly attributable to the disorder.

It is also noteworthy that the findings on neuropeptides 
must ultimately be placed in the context of other known risk 
processes for borderline personality disorder. For example, 
research is needed to compare the strength of any neuro-
peptide associations with borderline personality disorder 
with the strength of associations with other known risk fac-
tors. Further research should also determine whether the 
effects of neuropeptides on borderline personality disorder 
are related to or depend on other risk factors. This type of 
information will help to determine whether it is worthwhile 
to pursue a neuropeptide-based treatment approach.

Treatment Implications

Effects of treatment, both psychosocial and psychophar-
macologic, can be observed in naturally occurring or pro-
voked variations in the neuropeptides of interest as well as 
in response to exogenous neuropeptide administration. 
A variety of psychosocial treatment options have demon-
strated some efficacy in borderline personality disorder—
dialectical behavioral therapy (144), cognitive therapy, 
transference-based therapy (145), mentalization therapy 
(146), and schema-focused therapy (147, 148)—although 
these treatments have typically shown efficacy for single 
symptoms. For example, dialectical behavior therapy re-
duces suicidal behavior and nonsuicidal self-injury, and 
transference-focused therapy shows efficacy for reflec-
tive functioning but not suicidal behavior or self-injury. 
Psychopharmacologic interventions may be useful in tar-
geting dimensional vulnerabilities, including impulsive 
aggression, affective lability, and potentially even the in-
terpersonal turmoil of borderline personality disorder, and 
thus they may have a broad-based impact on the disorder. 
Successful treatments may modulate or normalize effects 
of these neuropeptides on behavior and subjective state 
so that provocation studies could be done before and after 
treatment. Agents that modulate these systems may also 
be used for longer-term treatment. For example, buprenor-
phine, an opioid partial agonist, is a promising candidate 
and might be used to enhance basal opioid activity, yet 
because of its partial agonist properties, it may also serve 
to block increased endogenous opioid activity. Intranasal 
oxytocin may serve to enhance trust in certain paradigms, 
although, as preliminary data suggest, in some contexts it 
might serve to enhance social sensitivity to the point where 
it leads to aversive behaviors. Vasopressin has been impli-
cated in aggression, affiliation, pair bonding, anxiety regu-
lation, and social recognition (116, 149, 150). Vasopressin 
(V1A receptor) antagonism can reduce amygdala activa-
tion (151). Vasopressin antagonists have been considered 
for treatment of major depressive disorder (152) and may 
be helpful in borderline personality disorder. Clearly, fur-
ther research is indicated to clarify optimal strategies ei-
ther to manipulate neuropeptide concentrations or to use 
them as potential markers of beneficial treatment effects.

affect and stress implicate these systems in the dysregula-
tion of negative affect in borderline personality disorder 
(81). Results of oxytocin administration in the context of 
a trust paradigm in borderline personality disorder sug-
gest that a simplistic hypothesis of reduced oxytocin may 
not capture the complexity of the influence of oxytocin on 
affiliative systems and trust in this disorder (114). While 
vasopressin has been implicated in aggression in person-
ality disorders, there have been no naturalistic studies 
of vasopressin administration in borderline personality 
disorder. Thus, at this point, the need for more studies ex-
ploring these mechanisms is evident. Innovative studies 
incorporating imaging and, if possible, a variety of behav-
ioral paradigms involving cooperation, trust, and affective 
regulation are indicated.

Neuroimaging studies can evaluate components of 
neuropeptide systems by measuring neuropeptide release 
or receptors through displacement paradigms and recep-
tor binding studies. Functional neuroimaging studies can 
also evaluate patterns of regional activation with a focus 
on relevant limbic regions, such as the anterior cingulate 
gyrus and the amygdala, in relation to affect regulation, 
cooperation, and affiliative behaviors using behavioral 
laboratory paradigms with and without administration of 
specific neuropeptides. In this way, the relevant circuitry 
of the neuropeptides could be mapped and their func-
tional implications evaluated.

As discussed, little information is available about indi-
vidual differences in neuropeptide activity and the effects of 
neuropeptides on the relevant brain circuitry. Longer-term 
neuropeptide administration might be used in psycho-
pharmacologic treatment studies (see below). The study of 
these neuropeptides in the psychiatric disorders is only in 
its infancy, and little is known about the association of any 
of them with psychiatric disorders. Thus, the epidemiology 
and the predictive value of neuropeptide activity is virtually 
unknown in psychiatric populations. As newer and better 
paradigms evolve to evaluate neuropeptide activity in psy-
chiatric disorders, it may be possible to evaluate the extent 
and specificity of associations with any psychiatric disorder.

It is important to note that many biological correlates of 
psychiatric disorders are actually consequences of the dis-
orders, not causes. This may be the case with the neuropep-
tides. Rutter (143) elegantly described the need to test the 
causality of “risk factors” for psychiatric disorders and iden-
tified several paradigms for determining causality. Among 
these paradigms are natural experiments, such as twin and 
migration studies, to disentangle genetic and environmen-
tal effects; avoidance of selection bias designs in which all 
individuals receive the same “treatment”; and mediational 
studies that examine differential effects of mediation on 
subgroups. Ultimately, causality tests should be applied to 
the study of neuropeptides in borderline personality dis-
order. It will also be crucial to distinguish between what 
neuropeptide abnormalities are a consequence of early 
childhood trauma, which has a high reported incidence in 



STANLEY AND SIEVER

Am J Psychiatry 167:1, January 2010  ajp.psychiatryonline.org 35

This article’s contents are solely the responsibility of the authors 
and do not necessarily represent the official v iew s of NCRR , N IH , 
N IM H or N IAAA .

References

1. Brodsky BS, Groves SA, Oquendo MA, Mann JJ, Stanley B: In-
terpersonal precipitants and suicide attempts in borderline 
personality disorder. Suicide Life Threat Behav 2006; 36:313–
322

2. Gunderson JG: Disturbed relationships as a phenotype for bor-
derline personality disorder (commentary). Am J Psychiatry 
2007; 164:1637–1640

3. Insel T: Is social attachment an addictive disorder? Physiol Be-
hav 2003; 79:351–357

4. Siever LJ, Davis KL: A psychobiological perspective on the per-
sonality disorders. Am J Psychiatry 1991; 148:1647–1658

5. Stanley B, Brodsky BS: Suicidal and self-injurious behavior in 
borderline personality disorder: a self-regulation model, in 
Understanding and Treating Borderline Personality Disorder: A 
Guide for Professionals and Families. Edited by Gunderson JG, 
Hoffman PD. Washington, DC , American Psychiatric Publish-
ing, 2005, pp 43–63

6. Zanarini MC , Frankenburg FR: The essential nature of border-
line psychopathology. J Pers Disord 2007; 21:518–535

7. Sanislow CA, Grilo CM, Morey LC , Bender DS, Skodol AE, Gunder-
son JG, Shea MT, Stout RL, Zanarini MC , McGlashan TH: Con-
firmatory factor analysis of DSM-IV criteria for borderline per-
sonality disorder: findings from the Collaborative Longitudinal 
Personality Disorders Study. Am J Psychiatry 2002; 159:284–290

8. Siever LJ: Neurobiology of aggression and violence. Am J Psy-
chiatry 2008; 165:429–442

9. Koenigsberg HW, Harvey PD, Mitropoulou V, New AS, Goodman 
M, Silverman J, Serby M, Schopick F, Siever LJ: Are the interper-
sonal and identity disturbances in the borderline personality 
disorder criteria linked to the traits of affective instability and 
impulsivity? J Pers Disord 2001; 15:358–370

10. New AS, Hazlett EA, Buchsbaum MS, Boodman M, Reynolds D, 
Mitropoulou V, Sprung L, Shaw RB, Koenigsberg HW, Platholi 
J, Silverman J, Siever LJ: Blunted prefrontal cortical fluorode-
oxyglucose positron emission tomography response to meta-
chlorophenylpiperazine in impulsive aggression. Arch Gen Psy-
chiatry 2002; 59:621–629

11. Coccaro EF, Kavoussi RJ, Trestman RL, Gabriel SM, Cooper TB, 
Siever LJ: Serotonin function in human subjects: intercorrela-
tions among central 5-HT indices and aggressiveness. Psychia-
try Res 1997; 73:1–14

12. Coccaro EF, Siever LJ, Klar H, Maurer G, Cochrane K, Cooper 
TB, Mohs RC , Davis KL: Serotonergic studies in patients w ith 
affective and personality disorders: correlates w ith suicidal 
and impulsive aggressive behavior. Arch Gen Psychiatry 1989; 
46:587–599

13. Goodman M, New A: Impulsive aggression in borderline per-
sonality disorder. Curr Psychiatry Rep 2000; 2:56–61

14. Fava M, Vuolo RD, Wright EC , Nierenberg AA, Alpert JE, Rosen-
baum JF: Fenfluramine challenge in unipolar depression with 
and without anger attacks. Psychiatry Res 2000; 94:9–18

15. Krueger RF, Markon KE, Patrick CJ, Benning SD, Kramer MD: 
Linking antisocial behavior, substance use, and personality: an 
integrative quantitative model of the adult externalizing spec-
trum. J Abnorm Psychol 2007; 116:645–666

16. Lore RK, Schultz LA: Control of human aggression: a compara-
tive perspective. Am Psychol 1993; 48:16–25

17. Putnam KM, Silk KR: Emotion dysregulation and the develop-
ment of borderline personality disorder. Dev Psychopathol 
2005; 17:899–925

Ultimately, a better understanding of these mechanisms 
will enhance our appreciation of the dynamics of the in-
terpersonal vulnerabilities of individuals with borderline 
personality disorder by more accurately pinpointing the 
precise nature of these vulnerabilities and providing a 
heuristic framework from which to explore the exquisite 
sensitivity to interpersonal vicissitudes and the related 
difficulties in maintaining a homeostatic sense of well-
being in this disorder.

Conclusions

The evidence reviewed here supports the testing of our 
proposed model of altered neuropeptide function underly-
ing the interpersonal susceptibilities of borderline person-
ality disorder. Areas of investigation can include 1) exami-
nation of basal deficits and receptor supersensitivity of the 
opioid system contributing to the chronic dysphoria, feel-
ings of emptiness, and sensitivity to rejection and abandon-
ment of borderline personality disorder and the relief from 
these feelings following self-injurious behaviors or admin-
istration of opioids; 2) dysregulation of oxytocin contribut-
ing to the mistrustful and antagonistic interpersonal modes 
associated with borderline personality disorder; and 3) in-
creases in vasopressin associated with irritability and ag-
gression, particularly in the context of close interpersonal 
relationships. The opioids, vasopressin, and oxytocin merit 
further investigation for their role in borderline personal-
ity disorder and are candidates for possible treatments. Ex-
ploring new avenues for treatment is particularly important 
for this disorder because current approaches are far from 
satisfactory. While treatment with these agents is prema-
ture and fraught with clinical complexities, preliminary 
research interventions in the opioid systems with agents 
such as buprenorphine or those targeting the oxytocin or 
vasopressin systems could be explored to identify better 
treatments, genetic and epigenetic factors, biomarkers, and 
early stressors that may presage the interpersonal suscepti-
bilities of borderline personality disorder, with implications 
for early interventions.

Received M ay 28 , 2009 ; revisions received Aug. 12  and Aug. 31 , 
2009 ; accepted Sept. 4 , 2009  (doi: 10 .1176 /appi.ajp.2009 .09050744 ). 
From  the Departm ent of Psychiatry, Colum bia University College of 
Physicians and Surgeons; and the Departm ent of Psychiatry, M ount 
Sinai School of M edicine. Address correspondence and reprint re-
quests to D r. Siever, Departm ent of Psychiatry, M ount Sinai School of 
M edicine, 1  Gustave L. Levy P lace, Box 1230 , New  York, NY  10029 ; 
larry.siever@m ssm .edu (e-m ail).

The authors report no financial relationships w ith com m ercial in-
terests.

Supported by National Center for Research Resources (NCRR ) 
grant M O1 -RR -00071 , N IM H grants M H62665  and M H61017 , and 
National Institute of A lcoholism  and A lcohol Abuse (N IAAA ) grant 
P20AA015630  to D r. Stanley; N IM H grants M H63875  and M H56140  
to D r. Siever; and the Veterans A ffairs V ISN  3  M ental Illness Research, 
Education, and C linical Center. 

The authors thank D rs. John Gunderson, A llen Frances, Peter Freed , 
Eric Fertuck, and Scott W ilson for their helpful com m ents on earlier 
versions of the m anuscript.



TOWARD A NEUROPEPTIDE MODEL OF BORDERLINE PERSONALITY DISORDER

36       ajp.psychiatryonline.org Am J Psychiatry 167:1, January 2010

ment, and Treatment. Edited by Nock MK. Washington, DC , 
American Psychological Association, 2009, pp 99–116

38. Schmahl C , Greffrath W, Baumgartner U, Schlereth T, Magerl 
W, Philipsen A, Lieb K, Bohus M, Treede RD: Differential noci-
ceptive deficits in patients w ith borderline personality disorder 
and self-injurious behavior: laser-evoked potentials, spatial 
discrimination of noxious stimuli, and pain ratings. Pain 2004; 
110:470–479

39. Schmahl C , Bohus M, Esposito F, Treede RD, Di Salle F, Gref-
frath W, Ludaescher P, Jochims A, Lieb K, Scheffler K, Hennig 
J, Seifritz E: Neural correlates of antinociception in borderline 
personality disorder. Arch Gen Psychiatry 2006; 63:659–667

40. Stein C: Peripheral analgesic actions of opioids. J Pain Symp-
tom Manage 1991; 6:119–124

41. Watkins LR, Mayer DJ: Involvement of spinal opioid systems 
in footshock-induced analgesia: antagonism by naloxone is 
possible only before induction of analgesia. Brain Res 1982; 
242:309–326

42. Akil H, Watson SJ, Young E, Lewis ME, Khachaturian H, Walker 
JM: Endogenous opioids: biology and function. Annu Rev Neu-
rosci 1984; 7:223–255

43. Schmauss C: Spinal kappa-opioid receptor-mediated antinoci-
ception is stimulus specific. Eur J Pharmacol 1987; 137:197–205

44. Chen Y, Mestek A, Liu J, Hurley JA, Yu L: Molecular cloning and 
functional expression of a mu-opioid receptor from rat brain. 
Mol Pharmacol 1993; 44:8–12

45. Steiner H, Gerfen CR: Role of dynorphin and enkephalin in the 
regulation of striatal output pathways and behavior. Exp Brain 
Res 1998; 123:60–76

46. Cross AJ, Hille C , Slater P: Subtraction autoradiography of 
opiate receptor subtypes in human brain. Brain Res 1987; 
418:343–348

47. Mueller GP: Beta-endorphin immunoreactivity in rat plasma: 
variations in response to different physical stimuli. Life Sci 
1981; 29:1669–1674

48. Dantas G, Torres IL, Crema LM, Lara DR, Dalmaz C: Repeated 
restraint stress reduces opioid receptor binding in different rat 
CNS structures. Neurochem Res 2005; 30:1–7

49. Kolesnikov Y, El-Maarouf A, Rutishauser U, Pasternak G: Reor-
ganization of dorsal root ganglion neurons following chronic 
sciatic nerve constriction injury: correlation with morphine 
and lidocaine analgesia. Eur J Pharmacol 2007; 568:124–133

50. Leggett JD, Jessop DS, Fulford AJ: The nociceptin/orphanin FQ 
antagonist UFP-101 differentially modulates the glucocorticoid 
response to restraint stress in rats during the peak and nadir 
phases of the hypothalamo-pituitary-adrenal axis circadian 
rhythm. Neuroscience 2007; 147:757–764

51. Macdonald G, Leary MR: Why does social exclusion hurt? the 
relationship between social and physical pain. Psychol Bull 
2005; 131:202–223

52. Melzack R, Wall PD: The Challenge of Pain, 3rd ed. London, 
Penguin, 1996

53. Rainville P, Duncan GH, Price DD, Carrier B, Bushnell MC: Pain 
affect encoded in human anterior cingulate but not somato-
sensory cortex. Science 1997; 277:968–971

54. Panksepp J, Herman B, Conner R, Bishop P, Scott JP: The biol-
ogy of social attachments: opiates alleviate separation distress. 
Biol Psychiatry 1978; 13:607–618

55. Panksepp J, Herman BH, Vilberg T, Bishop P, DeEskinazi FG: 
Endogenous opioids and social behavior. Neurosci Biobehav 
Rev 1980; 4:473–487

56. Kotegawa T, Abe T, Tsutsui K: Inhibitory role of opioid peptides 
in the regulation of aggressive and sexual behaviors in male 
Japanese quails. J Exp Zool 1997; 277:146–154

57. Kalin NH, Shelton SE, Barksdale CM: Opiate modulation of 
separation-induced distress in non-human primates. Brain Res 
1988; 440:285–292

18. Linehan MM: Dialectical behavior therapy for treatment of 
borderline personality disorder: implications for the treat-
ment of substance abuse. NIDA Res Monogr 1993; 137:201–
216

19. Paris J: The nature of borderline personality disorder: multiple 
dimensions, multiple symptoms, but one category. J Pers Dis-
ord 2007; 21:457–473

20. Gunderson J, Zanarini MC , Kisiel CL: Borderline personality dis-
order, in DSM-IV Sourcebook, vol 2. Edited by Widiger TA, Fran-
ces AJ, Pincus HA, Ross R, First MB, Davis WW. Washington, DC , 
American Psychiatric Association, 1996, pp 717–733

21. Siever LJ, Weinstein LN: The neurobiology of personality disor-
ders: implications for psychoanalysis. J Am Psychoanal Assoc 
2009; 57:361–398

22. Gurvits IG , Koenigsberg HW, Siever LJ: Neurotransmitter dys-
function in patients w ith borderline personality disorder. Psy-
chiatr Clin North Am 2000; 23:27–40

23. Herpertz SC , Dietrich TM, Wenning B, Krings T, Erberich SG, 
W illmes K, Thron A, Sass H: Evidence of abnormal amygdala 
functioning in borderline personality disorder: a functional 
MRI study. Biol Psychiatry 2001; 50:292–298

24. Donegan NH, Sanislow CA, Blumberg HP, Fulbright RK, Lacadie 
C , Skudlarski P, Gore JC , Olson IR, McGlashan TH, Wexler BE: 
Amygdala hyperreactivity in borderline personality disorder: 
implications for emotional dysregulation. Biol Psychiatry 2003; 
54:1284–1293

25. Koenigsberg HW, Siever LJ, Lee H, Pizzarello S, New AS, Good-
man M, Cheng H, Flory J, Prohovnik I: Neural correlates of 
emotion processing in borderline personality disorder. Psychi-
atry Res 2009; 172:192–199

26. Clarkin JF, Levy KN, Lensenweger MF, Kernberg OF: The Per-
sonality Disorders Institute/Borderline Personality Disorder 
Research Foundation randomized control trial for borderline 
personality disorder: rationale, methods, and patient charac-
tersitics. J Pers Disord 2004; 18:52–72

27. Bender DS, Skodol AE: Borderline personality as a self-other 
representational disturbance. J Pers Disord 2007; 21:500–517

28. Fonagy P, Bateman AW: Mentalizing and borderline personal-
ity disorder. J Ment Health 2007; 16:83–101

29. Fonagy P, Bateman A: The development of borderline per-
sonality disorder: a mentalizing model. J Pers Disord 2008; 
22:4–21

30. Gunderson JG, Lyons-Ruth K: BPD’s interpersonal hypersensi-
tivity phenotype: a gene-environment-developmental model. J 
Pers Disord 2008; 22:22–41

31. American Psychiatric Association: Diagnostic and Statistical 
Manual of Mental Disorders, 4th ed (DSM-IV). Washington, DC , 
American Psychiatric Association, 1994

32. Stiglmayr CE, Grathwol T, Linehan MM, Ihorst G, Fahrenberg J, 
Bohus M: Aversive tension in patients w ith borderline person-
ality disorder: a computer-based controlled field study. Acta 
Psychiatr Scand 2005; 111:372–379

33. Welch SS, Linehan MM: High-risk situations associated with 
parasuicide and drug use in borderline personality disorder. J 
Pers Disord 2002; 16:561–569

34. Hoermann S, Clarkin JF, Hull JW, Fertuck EA: Attachment di-
mensions as predictors of medical hospitalizations in individu-
als w ith DSM-IV cluster B personality disorders. J Pers Disord 
2004; 18:595–603

35. New AS, Goodman M, Triebwasser J, Siever LJ: Recent advances 
in the biological study of personality disorders. Psychiatr Clin 
North Am 2008; 31:441–461

36. Stanley B, Sher L, W ilson S, Eckman R, Huang Y, Mann JJ: Non-
suicidal self-injurious behavior, endogenous opioids, and 
monoamine neurotransmitters. J Affect Disord (in press)

37. Sher L, Stanley BH: Biological models of non-suicidal self-in-
jury, in Understanding Nonsuicidal Self-Injury: Origins, Assess-



STANLEY AND SIEVER

Am J Psychiatry 167:1, January 2010  ajp.psychiatryonline.org 37

77. Symons FJ, Thompson A, Rodriguez MC: Self-injurious behav-
ior and the efficacy of naltrexone treatment: a quantitative 
synthesis. Ment Retard Dev Disabil Res Rev 2004; 10:193–200

78. Bohus MJ, Landwehrmeyer GB, Stiglmayr CE, Limberger MF, 
Bohme R, Schmahl CG: Naltrexone in the treatment of disso-
ciative symptoms in patients w ith borderline personality dis-
order: an open-label trial. J Clin Psychiatry 1999; 60:598–603

79. Duman EN, Kesim M, Kadioglu M, Yaris E, Kalyoncu NI, Erci-
yes N: Possible involvement of opioidergic and serotonergic 
mechanisms in antinociceptive effect of paroxetine in acute 
pain. J Pharmacol Sci 2004; 94:161–165

80. Simeon D, Stanley B, Frances A, Mann JJ, W inchel R, Stanley M: 
Self-mutilation in personality disorders: psychological and bio-
logical correlates. Am J Psychiatry 1992; 149:221–226

81. Prossin AR, Silk KR, Love T, Zubieta JK: Evidence of endogenous 
opioid system dysregulation in borderline personality disorder. 
Biol Psychiatry 2008; 63:247S

82. Bond C , LaForge KS, Tian M, Melia D, Zhang S, Borg L, Gong 
J, Schluger J, Strong JA, Leal SM, Tischfield JA, Kreek MJ, Yu L: 
Single-nucleotide polymorphism in the human mu-opioid re-
ceptor gene alters beta-endorphin binding and activity: pos-
sible implications for opiate addiction. Proc Natl Acad Sci USA 
1998; 95:9608–9613

83. Kroslak T, Laforge KS, Gianotti RJ, Ho A, Nielsen DA, Kreek MJ: 
The single nucleotide polymorphism A118G alters functional 
properties of the human mu-opioid receptor. J Neurochem 
2007; 103:77–87

84 . Zhang Y, Wang D, Johnson AD, Papp AC , Sadée W : A llelic ex-
pression imbalance of human mu-opioid receptor (OPRM1) 
caused by variant A118G . J Biol Chem 2005; 280 :32618–
32624

85. Barr CS, Schwandt ML, Lindell SG, Higley JD, Maestripieri D, 
Goldman D, Suomi SJ, Heilig M: Variation at the mu-opioid re-
ceptor gene (OPRM1) influences attachment behavior in infant 
primates. Proc Natl Acad Sci USA 2008; 105:5277–5281

86. Siever LJ: Opioid receptor and oxytocin genotypes in BPD, in 
2009 Annual Meeting Syllabus and Proceedings Summary. 
Washington, DC , American Psychiatric Association, 2009

87. Pawar M, Kumar P, Sunkaraneni S, Sirohi S, Walker EA, Yoburn 
BC: Opioid agonist efficacy predicts the magnitude of toler-
ance and the regulation of mu-opioid receptors and dyna-
min-2. Eur J Pharmacol 2007; 563:92–101

88. Rajashekara V, Patel CN, Patel K, Purohit V, Yoburn BC: Chronic 
opioid antagonist treatment dose-dependently regulates mu-
opioid receptors and trafficking proteins in vivo. Pharmacol 
Biochem Behav 2003; 75:909–913

89. Swaab DF, Nijveldt F, Pool CW: Distribution of oxytocin and 
vaso pressin in the rat supraoptic and paraventricular nucleus. 
J Endocrinol 1975; 67:461–462

90. Brownstein MJ, Mezey E: Multiple chemical messengers in 
hypothalamic magnocellular neurons. Prog Brain Res 1986; 
68:161–168

91. Francis DD, Champagne FC , Meaney MJ: Variations in maternal 
behaviour are associated with differences in oxytocin receptor 
levels in the rat. J Neuroendocrinol 2000; 12:1145–1148

92. Gordon I, Zagoory-Sharon O, Schneiderman I, Leckman JF, 
Weller A, Feldman R: Oxytocin and cortisol in romantically un-
attached young adults: associations w ith bonding and psycho-
logical distress. Psychophysiology 2008; 45:349–352

93. Grewen KM, Girdler SS, Amico J, Light KC: Effects of partner 
support on resting oxytocin, cortisol, norepinephrine, and 
blood pressure before and after warm partner contact. Psycho-
som Med 2005; 67:531–538

94. Domes G, Heinrichs M, Michel A, Berger C , Herpertz SC: Oxyto-
cin improves “mind-reading” in humans. Biol Psychiatry 2007; 
61:731–733

58. Kalin NH, Shelton SE, Barksdale CM: Behavioral and physi-
ologic effects of CRH administered to infant primates under-
going maternal separation. Neuropsychopharmacology 1989; 
2:97–104

59. Quirarte GL, Galvez R, Roozendaal B, McGaugh JL: Norepineph-
rine release in the amygdala in response to footshock and opi-
oid peptidergic drugs. Brain Res 1998; 808:134–140

60. Zubieta JK, Smith YR, Bueller JA, Xu Y, Kilbourn MR, Jewett DM, 
Meyer CR, Koeppe RA, Stohler CS: Mu-opioid receptor-mediat-
ed antinociceptive responses differ in men and women. J Neu-
rosci 2002; 22:5100–5107

61. Zubieta JK, Ketter TA, Bueller JA, Xu Y, Kilbourn MR, Young EA, 
Koeppe RA: Regulation of human affective responses by ante-
rior cingulate and limbic mu-opioid neurotransmission. Arch 
Gen Psychiatry 2003; 60:1145–1153

62. Zubieta JK, Heitzeg MM, Smith YR, Bueller JA, Xu K, Xu Y: COMT 
val158met genotype affects mu-opioid neurotransmitter re-
sponses to a pain stressor. Science 2003; 299:1240–1243

63. Russ MJ, Roth SD, Kakuma T, Harrison K, Hull JW: Pain percep-
tion in self-injurious borderline patients: naloxone effects. Biol 
Psychiatry 1994; 35:207–209

64. Bohus MJ, Limberger MF, Ebner U, Glocker FX, Schwarz B, 
Wernz M, Lieb K: Pain perception during self-reported distress 
and calmness in patients w ith borderline personality disorder 
and self-mutilating behavior. Psychiatry Res 2000; 95:251–260

65. Ludascher P, Bohus M, Lieb K, Philipsen A, Jochims A, Schmahl 
C: Elevated pain thresholds correlate w ith dissociation and 
aversive arousal in patients w ith borderline personality disor-
der. Psychiatry Res 2004; 149:291–296

66. Schmahl CG, McGlashan TH, Bremner JD: Neurobiological cor-
relates of borderline personality disorder. Psychopharmacol 
Bull 2002; 36:69–87

67. Tiefenbacher S, Novak MA, Lutz CK, Meyer JS: The physiology 
and neurochemistry of self-injurious behavior: a nonhuman 
primate model. Front Biosci 2005; 10:1–11

68. Kars H, Broekema W, Glaudemans-van Gelderen I, Verhoeven 
WM, Van Ree JM: Naltrexone attenuates self-injurious behavior 
in mentally retarded subjects. Biol Psychiatry 1990; 27:741–
746

69. Casner JA, Weinheimer B, Gualtieri CT: Naltrexone and self-
injurious behavior: a retrospective population study. J Clin Psy-
chopharmacol 1996; 16:389–394

70. Kemperman I, Russ MJ, Shearin E: Self-injurious behavior and 
mood regulation in borderline patients. J Pers Disord 1997; 
11:146–157

71. Russ MJ, Campbell SS, Kakuma T, Harrison K, Zanine E: EEG 
theta activity and pain insensitivity in self-injurious borderline 
patients. Psychiatry Res 1999; 89:201–214

72. Russ MJ, Roth SD, Lerman A, Kakuma T, Harrison K, Shin-
dledecker RD, Hull J, Mattis S: Pain perception in self-injurious 
patients w ith borderline personality disorder. Biol Psychiatry 
1992; 32:501–511

73. Russ MJ, Shearin EN, Clarkin JF, Harrison K, Hull JW: Subtypes of 
self-injurious patients w ith borderline personality disorder. Am 
J Psychiatry 1993; 150:1869–1871

74. Coid J, Allolio B, Rees LH: Raised plasma metenkephalin in 
patients who habitually mutilate themselves. Lancet 1983; 
2:545–546

75. Sandman CA, Hetrick WP, Taylor DV, Chicz-DeMet A: Disso-
ciation of POMC peptides after self-injury predicts responses 
to centrally acting opiate blockers. Am J Ment Retard 1997; 
102:182–199

76. Sandman CA, Touchette P, Lenjavi M, Marion S, Chicz-DeMet 
A: Beta-endorphin and ACTH are dissociated after self-injury 
in adults w ith developmental disabilities. Am J Ment Retard 
2003; 108:414–424



TOWARD A NEUROPEPTIDE MODEL OF BORDERLINE PERSONALITY DISORDER

38       ajp.psychiatryonline.org Am J Psychiatry 167:1, January 2010

116. Caldwell HK, Lee H, Macbeth AH, Young WS: Vasopressin: be-
havioral roles of an “original” neuropeptide. Prog Neurobiol 
2007; 84:1–24

117. Donaldson ZR, Young LJ: Oxytocin, vasopressin, and the neuro-
genetics of sociality. Science 2008; 322:900–904

118. Keverne EB, Curley JP: Vasopressin, oxytocin, and social behav-
iour. Curr Opin Neurobiol 2004; 14:777–783

119. Frazier CR, Trainor BC , Cravens CJ, Whitney TK, Marler CA: Pa-
ternal behavior influences development of aggression and va-
sopressin expression in male California mouse offspring. Horm 
Behav 2006; 50:699–707

120. Lim MM, Wang Z, Olazabal DE, Ren X, Terwilliger EF, Young 
LJ: Enhanced partner preference in a promiscuous species by 
manipulating the expression of a single gene. Nature 2004; 
429:754–757

121. Hammock EA, Young LJ: Microsatellite instability generates di-
versity in brain. Science 2005; 308:1630–1634

122. Cooper MA, Karom M, Huhman KL, Albers HE: Repeated ago-
nistic encounters in hamsters modulate AVP V1a receptor 
binding. Horm Behav 2005; 48:545–551

123. Ferris CF, Melloni RH Jr, Koppel G, Perry KW, Fuller RW, Del-
ville Y: Vasopressin/serotonin interactions in the anterior hy-
pothalamus control aggressive behavior in golden hamsters. J 
Neurosci 1997; 17:4331–4340

124. W inslow JT, Hastings N, Carter CS, Harbaugh CR, Insel TR: A role 
for central vasopressin in pair bonding in monogamous prairie 
voles. Nature 1993; 365:545–548

125. Parker KJ, Lee TM: Central vasopressin administration regulates 
the onset of facultative paternal behavior in Microtus pennsyl-
vanicus (meadow voles). Horm Behav 2001; 39:285–294

126. Bielsky IF, Hu SB, Szegda KL, Westphal H, Young LJ: Profound 
impairment in social recognition and reduction in anxiety-like 
behavior in vasopressin V1a receptor knockout mice. Neuro-
psychopharmacology 2004; 29:483–493

127. Coccaro EF, Kavoussi RJ, Hauger RL, Cooper TB, Ferris CF: Cere-
brospinal fluid vasopressin levels: correlates w ith aggression 
and serotonin function in personality-disordered subjects. 
Arch Gen Psychiatry 1998; 55:708–714

128. Virkkunen M, Rawlings R, Tokola R, Poland RE, Guidotti A, 
Nemeroff C , Bissette G, Kalogeras K, Karonen SL, Linnoila M: 
CSF biochemistries, glucose metabolism, and diurnal activ-
ity rhythms in alcoholic, violent offenders, fire setters, and 
healthy volunteers. Arch Gen Psychiatry 1994; 51:20–27

129. Fetissov SO, Hallman J, Nilsson I, Lefvert AK, Oreland L, Hokfelt 
T: Aggressive behavior linked to corticotrophin-reactive auto-
antibodies. Biol Psychiatry 2006; 60:799–802

130. Thompson R, Gupta S, Miller K, Mills S, Orr S: The effects of 
vasopressin on human facial responses related to social com-
munication. Psychoneuroendocrinology 2004; 29:35–48

131. Best M, W illiams JM, Coccaro EF: Evidence for a dysfunctional 
prefrontal circuit in patients w ith an impulsive aggressive dis-
order. Proc Natl Acad Sci USA 2002; 99:8448–8453

132. Ebstein RP, Israel S, Lerer E, Uzefovsky F, Shalev I, Gritsenko I, 
Riebold M, Salomon S, Yirmiya N: Arginine vasopressin and 
oxytocin modulate human social behavior. Ann NY Acad Sci 
2009; 1167:87–102

133. Israel S, Lere E, Shalev I, Uzefovsky F, Riebold M, Laiba E, Bach-
ner-Melman R, Maril S, Bornstein G, Knafo A, Ebstein RP: The 
oxytocin receptor (OXTR) contributes to prosocial fund alloca-
tions in the dictator game and the social value orientations 
task. PLoS ONE 2009; 4:e5535

134. Levin R, Heresco-Levy U, Bachner-Melman R, Israel S, Shalev I, 
Ebstein RP: Association between arginine vasopressin 1a recep-
tor (AVPR1a) promoter region polymorphisms and prepulse in-
hibition. Psychoneuroendocrinology 2009; 34:901–908

135. Walum H, Westberg L, Henningsson S, Neiderhiser JM, Reiss D, 
Igl W, Ganiban JM, Spotts EL, Pedersen NL, Eriksson E, Lichten-

95. Carter CS, Lederhendler I, Kirkpatrick B: The integrative neuro-
biology of affiliation. Ann NY Acad Sci 1997; 807:xiii–xviii

96. Heinrichs M, Gaab J: Neuroendocrine mechanisms of stress 
and social interaction: implications for mental disorders. Curr 
Opin Psychiatry 2007; 20:158–162

97. Uvans-Moberg K, Ahlenius S, Hillegaart V, Alster P: High doses 
of oxytocin cause sedation and low doses cause an anxiolyt-
ic-like effect in male rats. Pharmacol Biochem Behav 1994; 
49:101–106

98. Heinrichs M, Baumgartner T, Kirschbaum C , Ehlert U: Social 
support and oxytocin interact to suppress cortisol and sub-
jective responses to psychosocial stress. Biol Psychiatry 2003; 
54:1389–1398

99. Heinrichs SC , Menzaghi F, Merlo Pich E, Britton KT, Koob GF: 
The role of CRF in behavioral aspects of stress. Ann NY Acad Sci 
2001; 771:92–104

100. Amico JA, Johnston JM, Vagnucci AH: Suckling-induced attenu-
ation of plasma cortisol concentrations in postpartum lactat-
ing women. Endocr Res 1994; 20:79–87

101. Young LJ, Pitkow LJ, Ferguson JN: Neuropeptides and social 
behavior: animal models relevant to autism. Mol Psychiatry 
2002; 7(suppl 2):S38–S39

102. Zeki S: The neurobiology of love. FEBS Lett 2007; 581:2575–
2579

103. Carter CS: Neuroendocrine perspectives on social attachment 
and love. Psychoneuroendocrinology 1998; 23:779–818

104. Feldman R, Weller A, Zagoory-Sharon O, Levine A: Evidence 
for a neuroendocrinological foundation of human affiliation: 
plasma oxytocin levels across pregnancy and the postpar-
tum period predict mother-infant bonding. Psychol Sci 2007; 
18:965–970

105. Fries AB, Ziegler TE, Kurian JR, Jacoris S, Pollak SD: Early experi-
ence in humans is associated with changes in neuropeptides 
critical for regulating social behavior. Proc Natl Acad Sci USA 
2005; 102:17237–17240

106. Meinlschmidt G, Heim C: Sensitivity to intranasal oxytocin 
in adult men with early parental separation. Biol Psychiatry 
2007; 61:1109–1111

107. Heim C , Young LJ, Newport DJ, Mletzko T, Miller AH, Nemeroff 
CB: Lower CSF oxytocin concentrations in women with a his-
tory of childhood abuse. Mol Psychiatry 2009; 14:954–958

108. Anderson GM: Report of altered urinary oxytocin and AVP ex-
cretion in neglected orphans should be reconsidered. J Autism 
Dev Disord 2006; 36:829–830

109. Theodoridou A, Rowe AC , Penton-Voak IS, Rogers PJ: Oxyto-
cin and social perception: oxytocin increases perceived facial 
trustworthiness and attractiveness. Horm Behav (in press)

110. Bartz JA, Hollander E: The neuroscience of affiliation: forging 
links between basic and clinical research on neuropeptides 
and social behavior. Horm Behav 2006; 50:518–528

111. Petrovic P, Kalisch R, Singer T, Dolan RJ: Oxytocin attenuates af-
fective evaluations in conditioned faces and amygdala activity. 
J Neurosci 2008; 28:6607–6615

112. Guastella AJ, Mitchell PB, Mathews F: Oxytocin enhances the 
encoding of positive social memories in humans. Biol Psychia-
try 2008; 64:256–258

113. Simeon D, Bartz J, Ketay S, Braun A, Hamilton H, Crystal S, Vi-
cens V, Hollander E: Impact of oxytocin on stress-related dys-
phoria in borderline personality disorder (abstract). Biol Psy-
chiatry 2009; 65(suppl 8):244S

114. Bartz JA, Simeon DA, Hamilton HK, Crystal SI, Vicens V, Hol-
lander E: Effects of oxytocin in adults w ith borderline personal-
ity disorder and healthy adults (abstract). Biol Psychiatry 2009; 
65(suppl 8):244S

115. King-Casas B, Sharp C , Lomax-Bream L, Lohrenz T, Fonagy P, 
Montague PR: The rupture and repair of cooperation in bor-
derline personality disorder. Science 2008; 312:806–810



STANLEY AND SIEVER

Am J Psychiatry 167:1, January 2010  ajp.psychiatryonline.org 39

Two-year randomized controlled trial and follow-up of dialecti-
cal behavior therapy vs therapy by experts for suicidal behav-
iors and borderline personality disorder. Arch Gen Psychiatry 
2006; 63:757–766

145. Clarkin JF, Levy KN, Lenzenweger MF, Kernberg OF: Evaluating 
three treatments for borderline personality disorder: a multi-
wave study. Am J Psychiatry 2007; 164:922–928

146. Bateman A, Fonagy P: 8-year follow-up of patients treated 
for borderline personality disorder: mentalization-based 
treatment versus treatment as usual. Am J Psychiatry 2008; 
165:631–638

147. Kellogg SH, Young JE: Schema therapy for borderline personal-
ity disorder. J Clin Psychol 2006; 62:445–458

148. Giesen-Bloo J, Van Dyck R, Spinhoven P, Van Tilburg W, Dirksen 
C , Van Asselt T, Kremers I, Nadort M, Arntz A: Outpatient psy-
chotherapy for borderline personality disorder: randomized 
trial of schema-focused therapy vs transference-focused psy-
chotherapy. Arch Gen Psychiatry 2006; 63:649–658

149. Nephew BC , Byrnes EM, Bridges RS: Vasopressin mediates en-
hanced offspring protection in multiparous rats. Neurophar-
macology (Epub ahead of print, July 4, 2009)

150. Heinrichs M, Comes G: Neuropeptides and social behavior: ef-
fects of oxytocin and vasopressin in humans. Prog Brain Res 
2008; 170:337–350

151. Meyer-Lindenberg A, Kolachana B, Gold B, Olsh A, Nicodemus 
KK, Mattay V, Dean M, Weinberg DR: Genetic variants in AVPR1A 
linked to autism predict amygdala activation and personality 
traits in healthy humans. Mol Psychiatry 2008; 133:1–8

152. Schule C , Baghai TC , Eser D, Rupprecht R: Hypothalamic-pitu-
itary-adrenocortical system dysregulation and new treatment 
strategies in depression. Expert Rev Neurother 2009; 9:1005–
1019

stein P: Genetic variation in the vasopressin receptor 1a gene 
(AVPR1A) associates w ith pair-bonding behavior in humans. 
Proc Natl Acad Sci USA 2008; 105:14153–14156

136. Prichard ZM, Mackinnon AJ, Jorm AF, Easteal S: AVPR1A and OXTR 
polymorphisms are associated with sexual and reproductive be-
havioral phenotypes in humans. Hum Mutat 2007; 28:1150

137. Cushing BS, Kramer KM: Mechanisms underlying epigenetic ef-
fects of early social experience: the role of neuropeptides and 
steroids. Neurosci Biobehav Rev 2005; 29:1089–1105

138. Yamamoto Y, Cushing BS, Kramer KM, Epperson PD, Hoffman 
GE, Carter CS: Neonatal manipulations of oxytocin alter expres-
sion of oxytocin and vasopressin immunoreactive cells in the 
paraventricular nucleus of the hypothalamus in a gender-spe-
cific manner. Neuroscience 2004; 125:947–955

139. Veenema AH, Blume A, Niederle D, Buwalda B, Neumann ID: 
Effects of early life stress on adult male aggression and hy-
pothalamic vasopressin and serotonin. Eur J Neurosci 2006; 
24:1711–1720

140. Veenema AH, Neumann ID: Central vasopressin and oxytocin 
release: regulation of complex social behaviours. Prog Brain 
Res 2008; 170:261–276

141. Nirmala K, Zainuddin AA, Ghani NA, Zulkifli S, Jamil MA: Carbe-
tocin versus syntometrine in prevention of post-partum hem-
orrhage following vaginal delivery. J Obstet Gynaecol Res 2009; 
35:48–54

142. Delmas A, Leone M, Rousseau S, Albanese J, Martin C: Clinical 
review: vasopression and terlipressin in septic shock patients. 
Crit Care 2005; 9:212–222

143. Rutter M: Understanding and testing risk mechanisms for men-
tal disorders. J Child Psychol Psychiatry 2008; 50:44–52

144. Linehan MM, Comtois KA, Murray AM, Brown MZ, Gallop RJ, 
Heard HL, Korslund KE, Tutek DA, Reynolds SK, Lindenboim N: 


