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Studies of the neurobehavioural components of borderline personality disorder (BPD) have shown that symptoms and behaviours of
BPD are partly associated with disruptions in basic neurocognitive processes, in particular, in the executive neurocognition and memory
systems. A growing body of data indicates that the glutamatergic system, in particular, the N-methyl-D-aspartate (NMDA) subtype recep-
tor, plays a major role in neuronal plasticity, cognition and memory and may underlie the pathophysiology of multiple psychiatric disor-
ders. In this paper, we review the literature regarding BPD and its cognitive deficits and the current data on glutamatergic and NMDA
neurotransmission. We propose that multiple cognitive dysfunctions and symptoms presented by BPD patients, like dissociation, psy-
chosis and impaired nociception, may result from the dysregulation of the NMDA neurotransmission. This impairment may be the result
of a combination of biological vulnerability and environmental influences mediated by the NMDA neurotransmission.

Des études portant sur les éléments neurocomportementaux du trouble de la personnalité limite (TPL) ont montré qu’il y a un lien partiel
entre les symptdmes et les comportements du TPL et des perturbations des processus neurocognitifs fondamentaux, et en particulier
des systemes de la neurocognition exécutive et de la mémoire. De plus en plus de données indiquent que le systéme glutamatergique,
et en particulier le récepteur du sous-type N-méthyl-p-aspartate (NMDA), joue un réle majeur dans la plasticité des neurones, la cogni-
tion et la mémoire et peut sous-tendre la pathophysiologie de multiples troubles psychiatriques. Dans cette communication, nous pas-
sons en revue les publications sur le TPL et ses déficits cognitifs, ainsi que les données de I'heure sur la neurotransmission gluta-
matergique et par NMDA. Nous posons en hypothese que de multiples symptémes et dysfonctionnements de la cognition que
présentent des patients atteints de TPL, comme la dissociation, la psychose et le déficit de la nociception, peuvent découler de la dys-
régulation de la neurotransmission par NMDA. Ce déficit peut résulter d’'une vulnérabilité biologique conjuguée a des influences environ-

nementales médiées par la neurotransmission par NMDA.

Introduction

In the DSM-IV,! personality disorders are differentiated from
other major mental disorders in the axis II category. This cat-
egorization implies more biological vulnerability in axis I dis-
orders and more psychosocial and developmental sequelae
in the axis II disorders. However, the demarcation of axis I
versus axis II disorders is owing mostly to our limited knowl-
edge of the neurobiology of personality disorders. In fact,
neurobiological vulnerability and developmental insults are
critical for both axis I and II disorders. Borderline personality
disorder (BPD) is a good example of the connection between
the biological and psychosocial arenas. Biological vulnerabil-

ity and developmental insults combined determine the pre-
sentation of BPD. BPD is a common, disabling condition
characterized by a pervasive pattern of disability in affect
regulation, impulse control, interpersonal relationships and
self-image.>® Approximately 1%—2% percent of the US gen-
eral population has BPD.* BPD is associated with high comor-
bidity with other psychiatric disorders, including anxiety,
mood, and posttraumatic stress disorders (PTSDs); substance
abuse and dependence; other personality disorders; and psy-
chosis.” BPD diagnostic criteria have been organized into 4
sectors of psychopathology: affective disturbance, disturbed
cognition, impulsivity and intense, unstable relationships.*®
Patients with BPD may also present with dissociative
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episodes and temporary failure of reality testing.”® Hence,
BPD may be understood as a syndrome, with patients pre-
senting with variable constellations of symptoms (Table 1).
Study of the neurobehavioural components of BPD is still
in its infancy. However, clinical theoreticians and researchers
have proposed that the symptoms and behaviours of BPD are
partly associated with disruptions in basic neurocognitive
processes, in particular, in the executive neurocognition and
memory systems."” Mentalization (or theory of mind [TOM])*
deficits have also recently been proposed as a major compo-
nent that is impaired in BPD psychopathology.” Manualized
psychotherapeutic treatments’”* have demonstrated their
efficacy compared with placebo, yet we still lack precise
guidelines to direct patients to a specific modality of psy-
chotherapy or pharmacological treatment. Above all, a fun-
damental neurobiological understanding of BPD is missing.
This paper reviews recent neurobiological data related to
BPD, the concepts of neuroplasticity and mentalization or
TOM, glutamatergic and N-methyl-D-aspartate (NMDA) neu-
rotransmission and the interplay between the environment
and the developing central nervous system (CNS). We pro-
pose relations between these mechanisms and BPD at etio-
logical and symptomatic levels. Multiple neurotransmitters,
including dopamine and serotonin, are involved in many of
the functions considered in this paper. Further, interactions
between the glutamatergic system and the different aminer-
gic systems, although well-known at the cellular level, are
not clearly elucidated at the functional level; therefore, this
matter is outside the scope of this review. Finally, we explore
new therapeutic modalities to modify the maladaptation of
NMDA neurotransmission. Recent research has investigated

the potential therapeutic effect of new pharmacological
agents hypothesized to improve (or suppress) learning
through their enhancement of NMDA neurotransmission.*
We propose that similar pharmacological agents could be
used in addition to the conventional BPD treatments.

Risk and vulnerability factors of BPD

BPD likely arises from complex interactions between genetic,
neurobiological and environmental factors.* Multiple stud-
ies support the notion that sexual abuse and, to a lesser de-
gree, physical abuse are major contributing factors to the
etiology of BPD.” Neglect, as well as chaotic and inconsis-
tent home environments during childhood, also appear to be
significant risk factors.” Other vulnerability factors for BPD
include premature birth, higher rate of psychiatric disorder
in the family, separation from parents and unfavourable
parental rearing styles.”

These risk factors for BPD are in line with findings of at-
tachment research. Contemporary attachment researchers
have proposed that the quality of early attachment organiza-
tion can impact on the development of cognitive capacities.”
Chronic stress and failure of the caregiver to perceive and re-
spond adequately to the child’s distress would trigger regres-
sive, nonmentalizing functioning. Hence, internal experience
remains unlabelled and chaotic, and the uncontained affect
generates further dysregulation and symbolization deficits.*
This combination of trauma and disrupted attachment secu-
rity may instigate a developmental pathway leading to adult
BPD. Other findings point to potential gene—environment in-
teractions that impact both neurobiological vulnerability and

Table 1: BPD cardinal features and candidate neuroanatomical* and neurochemical correlates

BPD clinical features

Most critical regional dysfunction in BPD

Candidate neurochemical systems

10-13

Emotion dysregulation® Frontal lobe,
regions, " amygdala®
Poor impulse control, impulsivity, aggression*" Frontal lobe,'*"

10,23-25

Cognitive dysfunctions
- Attention
- Memory and learming processes:
e working memory
e declarative (explicit) memory; episodic
and semantic
e procedural (implicit) memory; priming
and skills (including social skills);
classical conditioning (including
emotional learning and fear
conditioning); habituation
- Executive systems (planning, conflict
resolution, adaptation to environmental
changes)
- Social cognition (emotion recognition,
interpretation of emotion, mentalization)

Hippocampus®
Hippocampus®

15,27,29-31

Amygdala,

15,32

Amygdala,

mirror neuron system®*

Dissociative state” and temporary malfunction of
reality testing®

31,42

cortices

cingulate cortex,

cingulate cortex," limbic regions'

14,26

Amygdala, cingulate cortex

basal ganglia, cerebellum;
perceptual and association cortex

Prefrontal cortex,” cingulate cortex'

insula, perirhinal cortex,” cingulate
cortex, parahippocampal gyrus,” frontal cortex,

Cingulate cortex,*"* thalamus,""* temporal parietal

11,14

Cholinergic,”® dopaminergic,” noradrenergic,"
serotoninergic,®'* NMDA®*'

Serotonergic,'*'*** dopaminergic,” noradrenergic,®
NMDA,*' vasopressin'®

limbic

NMDA,* dopaminergic,” noradrenergic'®

NMDAR,” serotonergic,” dopaminergic*®
NMDAR,” serotonergic,” dopaminergic*®

NMDA,** AMPA®

NMDA®#

Serotoninergic,'*'* NMDA®

NMDA,** dopaminergic'

BPD = borderline personality disorder; AMPA = alpha-amino-3-hydroxyl-5-methyl-4-isoxazole-propionate acid receptor-mediated neurotransmission; NMDA = N-methyl-D-aspartate;

NMDAR = N-methyl-D-aspartate receptor-mediated neurotransmission.

*Cognitive functions, such as memory, have wide cortical distribution. Separate neuroanatomical substrates are considered in this review because of their proposed role in the type of

cognition considered.
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the cognitive and attachment organization relevant to BPD.
For instance, Fan and colleagues® showed how genetic poly-
morphism may be related to the performance of attentional
networks that are recognized as impaired in BPD patients.**

Cognitive deficits in BPD

Maladaptive cognition has recently been recognized as one of
the cardinal features of BPD (Table 1). Current theories of
BPD emphasize emotional dysregulation’ but are not as ex-
plicit about the potential for mutually interacting impairment
in executive neurocognition and memory. BPD patients dis-
play deficits on tasks that require controlled information pro-
cessing, such as sustained attention, spatial working memory
and executive functioning.® In an extensive review, Fertuck
and colleagues®concluded that people with BPD are more
compromised than are control subjects in all measured execu-
tive neurocognition and memory domains. Ruocco,” report-
ing a meta-analysis of the available cognitive literature in
BPD, posits a widespread neuropsychological deficit linked
largely to functioning of the frontal lobes. Further, Posner and
colleagues" reported that BPD patients are specifically defi-
cient in attentional networks involved in conflict resolution
and in the voluntary inhibition of thought and behaviour.
Mentalization processes, or TOM, are an advanced compo-
nent of emotional cognition, and it has been proposed that
they are impaired in BPD psychopathology.? TOM refers to
the ability to internally represent the mental states of others,
for example, their thoughts, desires, beliefs, intentions and
knowledge.” In cognitive terms, mentalization is a feature of
procedural memory that is created in the context of secure at-
tachment. Mentalization is the ability to interpret the expres-
sion on another person’s face and to have a sense of what that
person is feeling without extensive conscious effort to figure
out the meaning of the facial expression; it is a critical compo-
nent of empathy. The development of mentalization occurs
mostly between the ages of 4 and 6 years, and it is only from 6
years of age onward that a normally developing child gains
full and explicit awareness of mental states and their role in
the explanation and prediction of other people’s behaviour.*
Recent studies show that the emotional cognition as re-
vealed by the ability to recognize and interpret facial expres-
sions of emotion is impaired in patients with BPD.* Studies
demonstrate that physically abused children display a
response bias for angry facial expressions, whereas neglected
children have more difficulty discriminating expression than
do control subjects or physically abused children.” Using
functional magnetic resonance imaging, Donegan and oth-
ers” noted increased left amygdala activation in BPD patients
when presented with a neutral face; this may be interpreted
as amygdala hypereactivity. Overall, subjects with BPD have
a biased perception or interpretation of emotional signals.
Another important part of emotional cognition is reversal
learning, that is, the ability to learn a new and different be-
haviour in a similar setting, after learning a first behaviour
(“reversing” the prior learning). There is no direct study of
reversal learning in patients with BPD, but reversal-learning
deficits have been proposed in sociopathy, a diagnosis with

similar phenomenology and developmental and psychosocial
vulnerability to BPD.®

During the last decade, Fonagy® and Bateman and Fon-
agy” established that patients with BPD suffer from poor
mentalization processes. In psychodynamic terms, they sug-
gest that inhibition of mentalization may be a prototypic re-
sponse to trauma. Clinical and experimental evidence sup-
ports the view that disorganizing effects of trauma on
attention and stress regulation may bring a partial and tem-
porary collapse of mentalization.®

Finally, in light of the growing data on the molecular fea-
tures of neuroplasticity, learning and memory and the impor-
tant role of NMDA neurotransmission (see below), we
hypothesize that mentalization processes may rely partly on
neuronal plasticity and memory processes that are mediated,
among others, by the NMDA subtype receptor (NMDAR) of
glutamatergic neurotransmission. If this proposition is cor-
rect, it might lead to innovative research paths in the etiology
and treatment of BPD.

Neurobiological basis of BPD
Neurotransmitter systems

The biological underpinning of BPD is complex and poorly
understood. Previous studies have emphasized the aminergic
neurotransmission and hypothalamic-pituitary-adrenal
(HPA) axis hyperactivity in relation to the pathophysiology
of BPD in terms of vulnerability, temperament and stress im-
printing.” BPD patients, as with other individuals with a long
history of excessive social stress, show HPA axis hyperactiv-
ity.” Figueroa and Silk® proposed a model in which the effect
of trauma interacts with an underlying predisposition to
serotonergic dysfunction. Biological, neuroendocrine and
imaging studies also provide evidence for the involvement of
serotonergic activity in impulsive aggression” and in work-
ing memory.”* Friedel” proposed that dopamine dysfunction
may be associated with 3 dimensions of BPD: emotional dys-
regulation, impulsivity and cognitive perceptual impairment.
His hypothesis is limited by the current absence of studies
that directly demonstrate dopamine dysfunction in BPD.

In summary, BPD does not consist of impairment in a sin-
gle neurotransmitter system. The glucocorticoid and aminer-
gic neurotransmission are part of the pathophysiology of
BPD. In addition to glucocorticoid and aminergic neurotrans-
mission, NMDA neurotransmission might also play a critical
role in neurodevelopment, synaptic plasticity, learning and
memory, all phenomena potentially relevant to the vul-
nerability and pathophysiology of BPD. To date, no clear
articulation has been sought between BPD and NMDA
neurotransmission.

Functional anatomy

Neuroimaging studies have consistently demonstrated re-
duced hippocampal and amygdalar volumes in patients with
BPD versus control subjects.” There are at least 2 known
psychological mechanisms that can induce the structural
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diminution found in BPD: stress and neglect. Animals and hu-
man studies show that a high level of stress is associated with
HPA axis activation, and elevated glucocorticoid levels can be
toxic to the neuronal population in the hippocampus.” Ele-
vated glucocorticoids are also accompanied by glutamatergic
activation which, itself, is neurotoxic (i.e., excitotoxicity).” In
addition, neglect and poor environmental stimulation result in
poor synaptic density and decreased volumes of brain regions
enriched in NMDARs.® These 2 mechanisms together may di-
rectly affect the brain development of patients with BPD who
are known to experience deprivation, abuse and chronic stress
during critical periods of development.

The human hippocampus is important for spatial and
episodic or autobiographical memory.* Consistent with the
hippocampal atrophy found in neuroimaging studies of BPD
patients,””” BPD subjects present impairment in their explicit
and autobiographical memory.* The amygdala plays an im-
portant role in modulating vigilance and generating negative
emotional states.” Amygdala dysfunction has been proposed
to be involved in emotional dysregulation”® and conditioned
fear® and in implicit memory processes (e.g., consolidation of
directly activated memories).” Recent research has shown
that the lateral nucleus of the amygdala is a region specifi-
cally implicated in the formation of memories for stressful ex-
periences. Johnson and others” proposed that, in the lateral
amygdala, newly discovered glucocorticoid receptors may
have a specialized role in modulating synaptic transmission
plasticity related to fear and emotional memory.

In rodents, chronic stress induced by immobilization pro-
duces an enhanced dendritic arborization in the amygdala.
This is in striking contrast to the degenerative effects demon-
strated in the hippocampus as a result of the same stressor.”
These paradoxical stress-induced changes are consistent with
the different roles of the hippocampus and amygdala in the
neural circuitry of stress. It may demonstrate that chronic
stress can cause different types of dendritic remodelling, de-
pending on the neural structure. These anatomic findings are
consistent with the functional studies showing that, com-
pared with healthy subjects, BPD patients present a greater
activation of their amygdala in response to aversive stimuli®
or facial expression.” One of the characteristics of patients de-
veloping BPD is a repeated history of mistreatments; it is pos-
sible that these types of early chronic stress impact dendritic
arborization differentially in the hippocampus and amyg-
dala. This could be one neurobiological underpinning of BPD
symptoms (i.e., a vulnerable, hyperreactive amygdala and an
underdeveloped, dysfunctional hippocampus).

Neuroimaging studies demonstrate that TOM is a special
domain of cognition that involves widespread corticolimbic
regions, including bilateral regions of the temporo-parietal
junction; the posterior and superior cortex; the temporal pole,
cingulate cortex, dorsolateral prefrontal cortex; and the tem-
poral lobe.” Supporting their role in TOM, these brain regions
are involved in several disorders for which TOM deficits have
been documented, including schizophrenia,” bipolar
disorder,” autistic spectrum disorders,” adult patients with
frontal lobe damage™ and antisocial personality disorder.

In addition to these findings, various functional imaging

techniques have documented aberrant functioning in the
cingulate cortex in BPD.” Impulsivity* and deficits in atten-
tional control, response facilitation/inhibition and conflict
monitoring® are mediated by anterior cingulate and are of-
ten observed in BPD subjects. Evidence also suggests that
the corpus callosum is reduced in subjects experiencing
early trauma or neglect or both. Teicher and others™ pro-
posed that these patients present a reduced integration be-
tween the right and left hemispheres. He suggests that the
dysfunctional integration between hemispheres may predis-
pose patients to shift abruptly from left- to right-dominated
states with very different emotional perception and memo-
ries. This finding could be the result of impaired NMDA-me-
diated neurodevelopment.”

At a cellular level, the recent discovery of mirror neurons*
and their likely role in the ability to perceive, understand and
feel emotional states observed in others,” (Table 1) make
them a prospective key actor in mentalization processes™ and
in neural mechanisms possibly involved in the development
of BPD. Mirror neurons fire when a primate performs an ac-
tion and when it observes the same action performed by an-
other (especially conspecific) primate. For this reason, mirror
neurons might help to understand several human features,
from imitation to empathy, mindreading (i.e., TOM) and
language learning.

Fundamentals of NMDA neurotransmission

Synaptic plasticity refers to the variability of the strength of a
signal transmitted via a synapse. It is part of the Hebbian the-
ory about the neurochemical foundation of memory and
learning. Introduced by Donald Hebb” in 1949, the idea is
that “cells that fire together wire together.” Although over-
simplified, his proposal was further established when, in
1970, Bliss and Lomo™ identified long-term potentiation
(LTP) as the long-lasting strengthening of the synaptic con-
nection between 2 neurons after a series of conditioning
trains of impulses. In 1983, Collingridge and colleagues™
showed that the induction of associative LTP was dependent
on NMDA neurotransmission.

Neuroplasticity subsumes diverse processes of vital impor-
tance by which the brain perceives, adapts and responds to
various internal and external stimuli. Since the seminal work
of Wiesel and Hubel,* multiple studies have confirmed that
brain development is an experience-dependent process. The
same researchers proposed the notion of critical periods in
neurodevelopment, for example, heightened epochs of brain
plasticity, during which sensory experiences produced long-
lasting and large-scale change in neuronal circuits. During
that critical time, appropriate stimulations are required for
normal development. A classic example is the need for visual
stimulation in developing ocular dominance columns.® This
activity-dependent neuroplasticity is modulated by multiple
systems, including the NMDA neurotransmission.” Disrup-
tion of any of these components during key periods will alter
normal neurodevelopment.

Glutamate was recognized as a neurotransmitter in the
1970s, and the subtypes of glutamate receptors were differ-
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entiated in the early 1980s. Today we know that glutamate
is the primary excitatory neurotransmitter in the mam-
malian brain: 60% of brain neurons use glutamate as their
primary neurotransmitter.” Ionotropic receptors for gluta-
mate are divided into NMDA and non-NMDA receptors,
including AMPA (o-amino-3-hydroxyl-5-methyl-4-isoxa-
zole-propionate) and kainate subtypes. The involvement of
NMDAR in working memory has been shown in primate
studies where NMDA antagonists impair their working
memory,” and potentiation of NMDA neurotransmission
can correct the memory deficits. Similar results have been
established in humans.*

The distribution of NMDAR within different brain regions
varies developmentally.® In humans, the NMDA neurotrans-
mission functions as networks that sustain the associative
function of the cortex and hippocampus, the sensory relay
operation of the hypothalamus, the danger alarming process-
ing function of the amygdala and basal forebrain and motiva-
tion response system.* The NMDAR channel has several
properties that are different from all other receptors. For
example, NMDAR can “detect” the coincidence of 2 events
(associativity). Hence, it can encompass different forms of
plasticity, such as LTP and long-term depression (LTD).*

Regulation of NMDAR is complex; it depends on develop-
mental stages and brain regions.” NMDAR also plays an im-
portant role in another crucial step in the organization of our
brain circuitry, named synaptic scaling.* Synaptic scaling, or
pruning, is a critical step of brain maturation, involving the
restriction of axonal fields and a rearrangement and refine-
ment of the synapse. NMDA neurotransmission has also
been proposed to be involved in metaplasticity.” Metaplastic-
ity refers to a higher form of synaptic plasticity where prior
synaptic activity leads to a persistent change in the direction
or magnitude of subsequent activity-dependent plasticity
without affecting actual synaptic efficacy. As a result, prior
activity may shift the threshold for LTP and LTD induction.
It has been demonstrated that the environment factors influ-
ence a shift in plasticity threshold in the somatosensory, piri-
form and motor cortices during development and learning.”
The NMDA systems could be one platform for transmitting
external signals into molecular events.*” Recent studies have
implicated NMDA neurotransmission in stress-induced hip-
pocampal atrophy and cell death in the hippocampus, which
has a very high concentration of glutamate.®

The function of the NMDA synapse can be modulated in
different ways. Depending on the quality and magnitude of
the stimuli, neurobiological and clinical consequences may
vary. For instance, overactivation of NMDAR via the gluta-
mate binding site results in neurotoxicity and cell death. Con-
versley, studies indicate that D-serine, a full agonist of the
glycine site, or sarcosine, acting as an antagonist on the
glycine transporter-1 (GlyT-1) and enhancing NMDA func-
tion, can improve positive, negative and cognitive symptoms
of schizophrenia.”

Finally, the overlap and convergence of both dopaminergic
and glutamatergic projections in the mammalian brain” are
well studied, but the study of their potential functional inter-
actions are not examined in this review.

Interplay between environmental influences
and CNS adaptive mechanisms of NMDA
neurotransmission

Multiple animal and human studies have investigated the
neurobiological consequences of environmental influence of
stress, most critically for BPD at the anatomic, molecular and
functional levels.””*® A widely held view is that the combina-
tion of genetic vulnerability, early life stress, and ongoing
stress may ultimately determine individual responsiveness to
life events and vulnerability to psychiatric disorders, includ-
ing BPD. At a molecular level, stress hormones have potent
growth-inhibiting effects on the CNS via the interactions be-
tween the environment and NMDA neurotransmission. Their
putative consequences at a neurobiological and clinical level
are of prime importance.

Stress is often used as a broad term applied to external and
internal stimuli, or lack of stimulus, that may alter the physi-
cal and mental homeostasis of a person.* Contrary to the ini-
tial emphasis on physical threat, psychosocial or interpersonal
stress, novelty, isolation, reward, withholding of reward and
anticipation of punishment are among the most potent activa-
tors of the physiologic stress system.” Research on the relation
between specific stressors and specific psychological out-
comes found little evidence for the notion that particular risk
factors are uniquely related to particular outcomes.” This het-
erogeneity in stressors and variability in response to trauma
indicates a complex interaction between biological vulnerabil-
ity and environmental impact. An early stressful environment
can detrimentally and, at times, irreversibly impact multiple
neuronal systems, including aminergic neurotransmission. A
key intermediary for these mechanisms is the NMDA neuro-
transmission system that trophically regulates the critical pe-
riod of growth and metabolism of widespread corticolimbic
areas. The cascade of stress-induced neuronal death involves
multiple systems, such as the catecholamine, glucocorticoid,
free radicals and glutamate mechanisms. Stress activates cate-
cholamine responses and NMDA neurotransmission. Exces-
sive NMDAR stimulation is a common pathway, leading to
free radicals, which are themselves associated with oxidative
stress and may ultimately destroy the cells.

In their rodent study of the consequences of chronic stress
on the dendritic arborization in the amygdala and hippocam-
pus, Vyas and others® suggest further research to examine
the involvement of NMDA neurotransmission-dependent
mechanisms. Animal studies show that important forms of
learning in both the conditioning and extinction of fear are
dependent on the proper function of NMDA neurotransmis-
sion in the amygdala.” Other studies provided morphologi-
cal evidence that glutamate plays a role in excitatory neuro-
transmission at synapses in the lateral nucleus of the
amygdala.” These findings support other data implicating
excitatory amino acid-mediated synaptic plasticity in emo-
tional learning and memory processes at the level of the
amygdala. Continuation of or reexposure to stress results in
unregulated excitation of glutamate neurons,” and a growing
body of data have implicated glutamatergic neurotransmis-
sion in stress-induced hippocampal atrophy and death.”
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Multiple studies have demonstrated that maternal care
influences the neurobiology of brain development.' Early
maternal separation appeared to exert a dramatic suppres-
sive effect on synaptic overproduction in the early devel-
opment of the hippocampus but did not appear to affect
this process in other brain regions. These observations
might explain why childhood abuse appears to be associ-
ated with reduced hippocampal volume.* Isolation and
stress are also known to decrease the survival rate of den-
tate gyrus cells of the hippocampus, whereas cognitive
training, antidepressant drugs, mastication and mossy fi-
bre stimulation increase it.!”? Therefore, the environmental
signals can be translated into diverse anatomic and func-
tional outcomes in the hippocampus through the gluta-
matergic neurotransmission; both NMDA and non-NMDA
receptors activation.

Deprivation of empathic care, through chronic excessive
arousal intensification or reduction, creates a growth-
inhibiting environment that produces an immature, physio-
logically undifferentiated orbitofrontal cortex (OFC) affect-
regulatory system.” The OFC receives input from all sensory
areas of the posterior cortex, including projections from the
face and head regions and from temporal regions related to
vision, as well as outputs to motor areas. OFC also uniquely
projects extensive pathways to limbic areas in the temporal
pole and central nucleus of the amygdala and to glutamate
receptors of the mesocorticolimbic dopamine neurons.'®
Hence, the OFC articulates between motor, sensory and lim-
bic interactions. It matures in the last half of the second year
and is known to be critically and directly involved in attach-
ment functions,"™ such as mentalization'” and cognitive emo-
tional interaction." Research also provides evidence for the
potential involvement of NMDA receptor dependent plastic-
ity in the orbital prefrontal cortex (OPFC). Bohn and col-
leagues'” demonstrated that intra-OPFC blockade of NMDA
receptors impaired reversal learning. These anatomic under-
pinnings of OPFC can underscore the potential significance
of NMDA neurotransmission in the neurodevelopment of at-
tachment, emotion and cognition.

Other than hazardous signals, environmental factors may
also have positive or healing effects on neurodevelopment.
Bredy and others® showed that maternal care in the rodent
influences the development of cognitive function in the off-
spring through neural systems known to mediate activity-
dependent synaptic plasticity. The offspring of mothers that
exhibited increased levels of pup licking and grooming
showed increased hippocampal NMDA subunit mRNA ex-
pression, enhanced synaptogenesis and improved hippocam-
pal-dependent spatial learning, compared with animals
reared by mothers who exhibited low levels of licking or
grooming. They also showed that the effects of reduced ma-
ternal care on cognitive function can be reversed with peripu-
bertal environmental enrichment.®'" These findings imply
that, to a certain extent, prevention and therapeutic interven-
tions can rely on the plasticity of substrate and may involve
NMDA neurotransmission.

In conclusion, NMDA-glutamatergic neurotransmission
might represent a major interface between the environment

and neurobiological plasticity and could be a critical media-
tor at the level of the hippocampus, amygdala and frontal
cortex. Neuronal damage mediated by NMDA neurotrans-
mission may vary depending on the intensity, duration and
type of stress. The extent and long-term consequences of the
stress-induced neuronal changes also depend on the time of
occurrence within the lifespan. The age between 18 months
and 4 years is a critical period, during which the human
brain may be more vulnerable to increased risk of developing
later BPD pathology. It is a time when parts of the CNS, such
as the hippocampus and frontal cortex, are still going
through important structural changes (pruning and myelina-
tion); it is also a time when explicit memory appears and cog-
nitive processes involving mentalization capacities develop.
During this period of neurodevelopment, vulnerability, as
mediated by NMDA neurotransmission on hazardous envi-
ronmental stress, may play a role in the development of BPD.
Conversley, it may also be a time when therapeutic interven-
tion could be especially effective because of the plasticity of
the developing brain.

BPD symptoms and NMDA neurotransmission

The distinctive symptoms and cognitive dysfunction pre-
sented by BPD are likely to be related to some level of dys-
function with NMDA neurotransmission. At an etiological
level, we know that trauma, abuse, neglect, chaos and aban-
donment are key factors in the later emergence of BPD.
Through metaplasticity, NMDA activity is believed to set
early in life, for different brain structures, the plasticity
thresholds in the CNS during development and learning.** By
potentially modulating the neurotransmission threshold level
regarding, for instance, the type of neurobiological response
to stress and its physiological consequences, NMDA-medi-
ated neuroplasticity might be a key factor for later vulnerabil-
ity and reaction to a traumatic situation (Table 2).

During the first years of life, the level of stimulation or lack
of stimulation of individuals, through the NMDA neuro-
transmission, may influence the way they apprehend their

Table 2: NMDA basis for BPD

Phenomenon Proposed cellular NMDA basis

4,19 21,87

Poor impulse control,
poor emotion regulation®

Impaired metaplasticity;
neuronal alteration by NMDA
overactivation, excessive pruning
(hippocampus,®*® frontal cortex,*
anterior cingulate cortex),” or
enhanced dendritic arborization
(amygdala)®

Startle Impaired prepulse inhibition’

Deficits in memory'® and learning,  Impaired LTP, LTD;***'® impaired
emotion recognition,>*** metaplasticity*"”’
mentalization™

Dissociation”'*” Antagonist effect
Psychosis®® Down-regulation
Self-injury™™ Impaired nociception,"

109-111

dissociation

BPD = borderline personality disorder; LTD = long-term depression; NMDA = N-
methyl-D-aspartate.
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environment, from pain, fear, response to a threat, or inter-
pretation of facial emotions.

BPD arises out of an interaction between multiple neurobe-
havioural systems, in particular, NMDA neurotransmission,
which plays a critical role in experience-dependent neuro-
plasticity. Due to its specific developmental insults in the
critical period of neurodevelopment, BPD emerges as a phe-
notype reflective of a highly disorganized emotional cogni-
tion, which presents with reactive negative affectivity system,
high levels of social fear, low levels of positive affect and low
levels of nonaffective constraint. To the extreme, the vulnera-
bility may result in psychosis and dissociation.

Memory, learning and cognition

Multiple animal studies have demonstrated that exposure to
stress may influence neurogenesis in the dentate gyrus of
hippocampus via regulation of the NMDAR activation.” Fear
conditioning and extinction, both considered forms of new
learning, are dependent on proper function of NMDA neuro-
transmission in the amygdala. Consolidation of the memories
for these associative learning processes may also involve
interplay of the NMDA-mediated plasticity in prefrontal-
amygdala circuits. Supporting the role NMDA neurotrans-
mission plays in learning and cognition, all antagonists,
acting at the level of the NMDA receptors, block learning
processes.” Infusion of NMDA antagonists have shown to
impair response reversal learning in rodents.'® In primates,
NMDAR antagonists produce working memory deficits.

From a clinical perspective, recent reviews propose that
patients with BPD present specific cognitive deficits, includ-
ing poor spatial and executive memory, poor autobiographi-
cal memory and poor mentalization processes. Animal
studies have demonstrated that dysfunction of NMDA neu-
rotransmission plays a significant role in the first 2 condi-
tions. Similarly, learning and reversal learning deficits and
poor attention are common in BPD, and these deficits are at
least partly mediated by NMDA neurotransmission.'” Re-
cently, the involvement of NMDA neurotransmission has
also been demonstrated in the ability to recognize objects™;
face recognition is another aspect of possibly dysfunctional
cognition in patients with BPD.

Dissociation

Pathological dissociation is conceptualized as a disturbance in
the integrative functions of identity, memory and conscious-
ness. Animal® and human** research has suggested that cer-
tain dissociative states may be an expression of dysfunctional
cortico-thalamic connectivity, which is abundant in NMDA
neurotransmission. Brunner and colleagues'” reported that
dissociation scores are significantly higher for BPD patients,
compared with healthy subjects and patients with schizo-
phrenic disorders. Consequences of this disturbance are psy-
chopathological symptoms, such as identity diffusion’or con-
fusion, amnesic episodes, feelings of estrangement, and
impairment or loss of sensory and motor function. That
NMDA antagonists (such as the dissociative anesthetic, keta-

mine and phencyclidine) can produce dissociative symptoms
with compelling similarities to those that occur frequently in
BPD’ (such as dissociation and derealized or depersonalized
states) suggests that dysfunction or downregulation of
NMDA receptor-mediated neurotransmission may play a role
in the core psychopathology of the dissociation of BPD. It is
also known that high doses of NMDAR antagonists lead to
toxic effect, particularly in frontal and cingulate brain regions
during a specific developmental age."* Attenuated NMDA
function owing to neglect or poor environmental stimulation
could thus lead to structural changes and downregulation of
neurotransmisison critical for cognition in BPD. This underde-
velopment of NMDA neurotransmission likely lays the
ground for dissociation later in life.

Psychosis

In addition to dissociation phenomena, other psychotic
symptoms or lapses in reality testing (paranoid experiences,
hallucinations, magical thinking or ideas of reference have
been frequently documented in patients with BPD.> The psy-
chosis is often refractory to the antipsychotic treatments,
based on D, or D,/5-HT, blockade. This is not surprising if
the hypofunction of NMDA neurotransmission is the funda-
mental basis of the psychosis. Consistent with this, NMDA
antagonists generate psychotic symptoms in healthy volun-
teers and exacerbate symptoms of patients with psychosis,*'"
while NMDA-enhancing agents can improve the symptoms
of psychosis."™ NMDA antagonist treatment also changes
neuronal activity in anterior cingulated, prefrontal cortex and
other limbic regions implicated in the cognitive deficits of
BPD (Table 1). Therefore, the NMDA-enhancing agents could
address the fundamental NMDA deficits in patients with
BPD and psychotic symptoms (Table 3).

Mentalization

To discuss the TOM of BPD, we can learn from research on
autism, which focused on various symptoms and cognitive
dysfunction that are shared with BPD, such as decreased pain
sensitivity, depersonalization, and a well-documented impair-
ment in TOM.” As result of his research with patients with
autism, Carlsson"® proposed that a contributing factor in the
context of TOM is a deficient transmission in glutamatergic
intracortical “association pathways.” He suggests that autism
may be a handicap that is formed because of a lack of social
training, during a critical “time window.”"” In parallel with
Carlsson’s hypothesis, we propose that the BPD etiopathology
might involve defective glutamatergic NMDA neurotransmis-
sion owing to a lack of appropriate social nurturing or, para-
doxically, an excess of hazardous stimulation during NMDA-
mediated plasticity, which results in failed mentalization
during the developmental age. Carlsson notes that individu-
als with autism receiving NMDA antagonist treatment ex-
press a feeling of “emptiness inside,” which is also recognized
by clinicians as a typical subjective feature of BPD patients.

In mentalization deficit research, a major issue is the lack of
well-established, comprehensive, validated tools to assess the
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quality of mentalization. Mentalization abilities are complex
and involve multiple perceptive and cognitive mechanisms.
Researchers need a validated test or tool to appropriately
compare different types of mentalization deficits within vari-
ous pathologies. For now, we propose that the growth of
mentalization ability is on a continuum, and its development
likley depends on multiple genetic systems and their interac-
tions with the environmental signals. We propose that
NMDA neurotransmission may play a crucial role in the de-
velopment of mentalization capacities because of its role in
metaplasticity, memory and learning processes, and early as-
sociative learning.

A difference in the mentalization impairments presented
by patients with BPD or patients with psychotic or autistic
disorders may be in the degree and quality of impairment
and in the potential for improvement. It is estimated that ge-
netics account for approximately 80% of the etiological fac-
tors determinant of schizophrenia™® and autism, whereas
minimal genetic determinants have been elucidated in BPD.
Thus, if NMDA neurotransmission is involved in both schiz-
ophrenia and BPD, even if they share some phenomenology,
distinct pathophysiologies are involved in these 2 conditions.
Also, BPD patients appear to be more amenable to significant
improvements with or without treatment, possibly because
of less impairment to begin with or because of different meta-
plasticity potential.

Sensory perception

Self-injurious behaviours are frequent in patients with BPD."
Schmahl and colleagues™ proposed that the nociceptive
deficits in BPD may be caused by altered intracortical
processes similar to certain meditative/dissociative states.
They suggested a disturbance of the affective motivational or
cognitive-evaluative pain component in self-injurious behav-
iours. Anatomically, the anterior cingulate cortex (ACC) has
been shown to encode an affective component of painful
stimulus'”; in animal studies, NMDAR antagonists have been
shown to attenuate the activity of ACC neurons involved in
pain perception.” The same part of the ACC (rostral cingular
zone) involved in pain perception overlaps with one brain re-

gion involved in mentalization.® NMDA antagonists have
been extensively studied for their anesthetic properties, and
animal studies show the importance of the NMDAR in mod-
ulating sensitivity to pain and morphine tolerance.” Hence,
the lack or dysfunctional sensitivity to pain in BPD may be
partly mediated through NMDA processes. Consistent with
this, NMDA antagonists like ketamine can prevent the expe-
rience of physical pain.

BPD specificity

Since NMDA neurotransmission is widely distributed in
CNS, it is not surprising that it is involved in many
neuropsychiatric disorders. Similarly, serotonergic and
dopaminergic neurotransmission are involved in multiple
CNS disorders. The specificity of the disorders, however,
comes from a complex combination of genetic, neurobiologi-
cal vulnerability and the timing and characteristics of the en-
vironmental insults. Although schizophrenia, autism and
BPD are different disorders, NMDA neurotransmission is in-
volved in all 3. They have some shared facets, including psy-
chotic symptoms and cognitive dysfunctions, which may be
due to shared biological substrate/components. Correspond-
ing to the shared NMDA substrate, in a psychoanalytic theo-
rization of BPD, major defence mechanisms used by patients
with BPD (such as paranoia, splitting, projective identifica-
tion) are considered “primitive defense mechanisms” and
shared by both borderline and psychotic organizations.® A
low dose of antipsychotic medications is a common treat-
ment for autism and patients with BPD with transitory
psychotic symptoms. However, in BPD pathology, these
symptoms are generally temporary and often subside with
time and treatment. Thus, the differences in their intensity,
occurrence and temporality may be due to variability in vul-
nerability, level of dysfunction of the cognitive systems and
ability to benefit from environmental influence.

Currently, there is a debate regarding the DSM classifica-
tion of BPD as an axis I or axis II pathology. It has been
shown that, with time and appropriate environmental input,
BPD patients are able to acquire and develop new cognitive
and emotional abilities and, with time (10-15 years), most of

Table 3: Therapeutic implication of a psychobiological model of BPD based on NMDA malfunction

Proposed NMDA dependent

Treatment modality Specific treatment

Proposed psychological mechanisms

cellular mechanisms

Early prevention and
intervention

Education, social support and
environment enrichment™'*

Rational targeted NMDA partial agonist,®'* NMDA full

pharmacotherapy agonist,"””"* Glycine transporter-1
inhibitor®
Targeted psychotherapy ~ Psychotherapy®***

Provide opportunities for various
corrective emotional experiences and
promote mentalization processes.
Prevent the negative effect of stress,
neglect and chaos.

Improve memory, learning and cognition
processes.

Limit dissociative vulnerability and
psychotic symptoms.

Potential for new corrective emotional
and symbolic experience.

Creation of new contextual and
emotional associations (explicit and
implicit)® and improved mentalization.

Increase synaptic number; create new
circuitries; potential synaptic
strengthening.

Facilitate synaptic plasticity; improve
neurogenesis; correct NMDA
downregulation.

Increase synaptic number; create new
synaptic circuitries; potential synaptic
strengthening (explicit and implicit)*® and
improved mentalization.

BPD = borderline personality disorder; NMDA = N-methyl-D-aspartate.
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them no longer meet BPD diagnostic criteria.® Although BPD
patients likely present a lifetime vulnerability and typical re-
sponse to certain type of stress (which can be associated with
the idea of an axis II), the occurrence of borderline pathology
may be considered a prolonged “state of decompensation”
amenable to treatment; most often, total recovery is achieved.
For this reason, we propose that BPD pathology should be
considered a developmental disorder.

The NMDA component in BPD etiopathology and treat-
ment could give insight into the complexity of classifying this
disorder in the DSM categorization. NMDA plays an early role
in metaplasticity and could influence the “axis II/vulnerabil-
ity” aspect. Its particular properties as a mediator between en-
vironmental influences and neurodevelopment may also influ-
ence life-time vulnerability and capability for learning and
recovery. Whereas the psychosis and cognitive impairments in
schizophrenia and autism could be caused by impairments in
the NMDA system in a more fundamental level, for example,
prenatal insults and macroscopically maldevelopment of CNS
and is much less amendable, as in BPD.

NMDA neurotransmission is implicated at several com-
plex levels of neurodevelopment and cognition. We have
postulated that various symptoms and cognitive deficits
found in BPD can be related to NMDA dysfunctions. This
impairment is the result of the conjunction of biological pre-
disposition and environmental factors, both of which express
their impacts and effects through NMDA neurotransmission.
However, little is known about the role that NMDA-relevant
genetic predisposition plays in individual response to stress
and psychological trauma. Overall, the developing brains of
children are more vulnerable to BPD precipitants. Excessive
and long-term stress caused by trauma, abuse, chaos or ne-
glect will impact metaplasticity and neuroplasticity, espe-
cially during early childhood.

Implications for a new preventive and
therapeutic approach

Prevention and treatment of BPD can certainly benefit from
the neurobiological understanding of the relevant dynamics
of NMDA neurotransmission. Successful treatment for BPD
typically involves long-term psychotherapy. Three modes of
psychotherapy have demonstrated their efficacy for BPD:
transference-focused psychotherapy,* dialectical-behav-
ioural psychotherapy’ and mentalization-based therapy.” In
general, psychotherapy is a controlled form of learning that
occurs in the context of a therapeutic relationship, and from
this perspective, the neurobiology of psychotherapy can be
understood as a special process of learning.”>* We hypothe-
size that the comparable efficacy of these 3 forms of psy-
chotherapy in BPD may reside in learning processes occur-
ring within a structured and reliable environment. Therapists
help patients to identify emotions and social cues, enhance
interpersonal and emotion regulation skills, and increase the
ability to mentalize through clarification, interpretation, edu-
cation, validation, teaching and exercise according to the the-
oretical models. Once the patients can identify and appropri-
ately interpret their own and others’ state of mind, they learn

how to prevent or modulate previously pathological or detri-
mental, often impulsive behaviours. If the learning hypothe-
sis is correct, particularly for psychiatric disorders, such as
BPD, which respond to psychotherapeutic treatment, a way
to improve the therapeutic outcome, in addition to psy-
chotherapy, is to enhance the learning that occurs during the
psychotherapeutic process.*

Pharmacological treatments are generally recommended in
BPD as an adjunct to psychotherapy to address specific target
symptoms of BPD or to treat comorbid axis I conditions.* There
is some evidence that combined use of psychotherapy and
pharmacotherapy can lead to a better outcome for patients
with BPD.* However, to date, pharmacotherapy lacks specific
medication that could enhance the acquisition and retention of
new learning, such as the development of psychosocial skills
and improved mentalization or symbolization abilities.

NMDA neurotransmission influences and is influenced by
experience and has a clear impact on cognition in general,
specifically on emotion, affect, motivation, appraisal and
evaluation of environmental stimuli. Neuronal plasticity is
affected by the environment not only at the initial establish-
ment of neuronal circuitries of a developing brain, but also
during our entire life through memory retrieval, consolida-
tion and rewiring of the synaptic connections.” This poten-
tial of neuroplasticity has considerable implications for such
rehabilitation processes as psychotherapy for BPD. Many
neurobiology studies demonstrate that activation of the
NMDA receptor is involved in the processes of learning and
memory. NMDA (partial) agonists have been shown to im-
prove learning and memory in animals.”™" Full agonists of
NMDA-glycine site, including D-serine, glycine and D-ala-
nine, have also been shown to improve the cognitive and
negative symptoms of schizophrenia.””"* Other studies indi-
cate that sarcosine, which acts as an antagonist on the GlyT-1
and enhances the NMDA function by making more glycine
available for the glycine co-agonist site of the NMDA recep-
tor, can improve positive, negative and cognitive symptoms
of schizophrenia.” Supporting the hypothesis that NMDA
enhancers can improve cognition, D-cycloserine given to pa-
tients with Alzheimer’s disease is associated with modest
cognitive improvement.”' Recently, Ressler and colleagues*
showed that pharmacological agent D-cycloserine, acting as a
partial coagonist at the NMDA receptor, improves the out-
come of psychotherapy of diverse anxiety disorders, by en-
hancing cognitive processes or fear extinction. Similarly, Hof-
mann and colleagues®” proposed to enhance the treatment
effects of exposure therapy for social anxiety disorder with
D-cycloserine.

It is unclear whether psychotherapy can modulate the
NMDA neurotransmission directly. If so, there can be an ad-
ditive or synergistic effect when agent-enhancing NMDA
neurotransmission is applied with psychotherapy. Despite,
or because of, the potential enhancement of NMDA neuro-
transmission and facilitation of the learning processes of both
the acquisition and extinction of the fear response, we sug-
gest that the use of the NMDA-modulating agents needs to
be carefully evaluated. As we have seen, the function of the
NMDA synapses can be modulated in different ways. The
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timing and administration of any treatment may be crucial in
determining the outcome of its cognitive modulations. As we
know in the treatment of PTSD and acute stress disorder, rec-
ollection and verbalization can either relieve or reinforce the
effect of a traumatic experience.” That is, we must be cau-
tious about the time of intervention. The goal of therapy is
not to reinforce the traumatic experiences/memories and
“pathological reflexes” (e.g., fear, anxiety) engraved at the
amygdalar level but to enhance new, nonpathological learn-
ing or reflex through new neuronal circuitry between the
frontal cortex and the limbic system, including the hippocam-
pus. Consistent with this, D-cycloserine treatment resulted in
significant improvements in numbing, avoidance, and anxi-
ety symptoms and reduction in the perseverative error scores
as measured by the Wisconsin Card Sorting Test in patients
with PTSD.” Additionally, as noted, seemingly paradoxical
findings” in the role of glucocorticoids modulating neurogen-
esis, appropriate timing and the intensity of therapeutic inter-
vention needs to be titrated and targeted at the amygdala
versus the hippocampus. It raises the possibility that the par-
tial agonist could be indicated for fear extinction, and full ag-
onists or Gly-T1 inhibitors for enhancement of learning and
memory. A partial agonist, like D-cycloserine, could be indi-
cated for patients early in the disease course, when they pre-
sent predominantly with fear and anxiety; the agonist would
be for the recovery and skill-building phase or for patients
with significant cognition deficit, dissociation or psychosis.

Increasing evidence suggests that dysfunction of NMDA
neurotransmission may play an important role in the patho-
physiology of dissociative states.”* NMDA agonists could be
used to limit the level of dissociation, in particular, in poten-
tially stressful circumstances, such as a psychotherapy setting
when transference and attachment mechanisms reactivate in-
tense fear and cognitive bias in patients with BPD. NMDA ac-
tivation could also improve the psychotic symptoms pre-
sented by patients with BPD, which are similar to the
symptomatology of schizophrenia and other psychotic disor-
ders but which are often refractory to antipsychotic drugs that
are predominantly D,/5-HT, antagonists. Hence, by limiting
dissociation or psychotic symptoms, we may improve pa-
tients” ability to mentalize and to learn to integrate new, less
threatening, socialization patterns. This hypothesis could be
tested with a double blind study comparing 2 groups of pa-
tients treated by the same modality of psychotherapy and be-
ing given either placebo or NMDA agonists. If the hypothesis
is correct, patients receiving the latter should show a quicker
or qualitatively different improvement, for instance, in some
of their cognitive and mentalization capacities.

The newly identified NMDA-therapeutic target can be inte-
grated into the 3 psychotherapeutic models currently recog-
nized as efficacious in treating BPD pathology. Of course, fur-
ther research is required to identify more rigorously defined
dimensions of BPD (e.g., impulsivity, dissociation, mood reg-
ulation, specific cognitive deficit, mentalization problems,
psychosis). By identifying specific types of cognitive and men-
talization deficits, we may be able to recognize more
specifically the treatment from which individuals may benefit
the most. Consequently, we could provide these patients with

attunement and a nontraumatic environment in which to re-
organize and find an improved, “neuromental” state.

A better understanding of the neurobiological effects of ne-
glect, stress and trauma and their long-term effect on young
brains should help to promote, determine and implement bio-
logical and psychosocial preventions. Neurosciences” new in-
sights into the complex and subtle interactions between biol-
ogy and environment should not be seen as a simplistic and
reductivist view of the wholesome biopsychosocial human. On
the contrary, when translating clinical observations into bio-
logical terms, neuroscience can only facilitate the integration of
studies from multiple disciplines. An integrative view and the
use of diverse theoretical and clinical data should help to more
accurately identify multifactorial vulnerabilities and to deter-
mine the most suitable ways to prevent and treat pathology.
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