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Introduction
Disruption of emotional regulation circuitry in Borderline 
Personality Disorder (BPD) is based upon on the effect of 
neurotransmitters caused by hypersensitivity to genetic and 
environmental factors. Researchers have based their studies 
largely on autonomic variations and negative reward systems.

Review of Evidence 
According to current literature, BPD even though frequently 
begins during adolescence, the severity of symptoms show 
peak levels during young adulthood and decline gradually but 
progressively over the years [1]. BPD manifests in different 
ways but core features of it are rapidly changing moods, 
impulsitivity, auto aggressive behavior together with instability 
of interpersonal relationships and self-image [2]. The increase 
in understanding of mechanism of emotional dysfunction of 
BPD has led to various hypothesis but most profound ones are 
based on brain dysfunction linked to dual frontolimbic pathology 
mainly focusing on the alterations of brain regions involved in 
emotional processing such as hippocampus, amygdala, insula 
and prefrontal cortex. Several authors and previous studies have 
reported evidence to confirm this hypothesis as BPD patients 
demonstrated decrease in frontal lobe volume, loss of volume of 
hippocampus and amygdala as well as hyperactivity in anterior 

cingulated cortex area and impulsitivity and suicidal behavior are 
implicated to prefrontal lobe areas [3]. A meta-analysis by Ruocco 
et al., integrated studies involving 205 BPD patients presented an 
average decrease of 11% in the size of the hippocampus and of 
13% in the size of the amygdala [4] whereas, another one revealed 
reduction in hippocampus more prominent in BPD patients with 
PTSD in comparison with without PTSD who demonstrated volume 
reduction in right hippocampus was seen [5].

Another hypothesis is that BPD patients display cortical inhibition 
deficiency or increased cortical excitation indicated by short 
interval intra-cortical inhibition especially in BPD patients who 
have Attention Deficit Hyperactivity Disorder [6].

Another study links dysfunction in serotonin system in prefrontal 
cortex and anterior cingulated cortex to aggression, affective 
instability and self-destructive thoughts [7,8]. This study supports 
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Borderline Personality Disorder is a psychiatric disorder with complex underlying 
neurophysiology. Reviewing various literatures we came to understand that BPD 
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patterns of BPD patients.
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which has been expanded through Porges’ Polyvagal theory and 
how it affects or attenuates some of the symptoms experienced 
by BPD patients. Vagal activity is involved in social response as 
it coordinates verbal communication and facial expression as 
well as communicating emotional states to others but during 
stressful and threatening situations there is a decrease in vagal 
tone which leads to decrease in parasympathetic activity and 
increase in sympathetic activity eventually leading to disruption 
in emotional stability [24]. A study in a laboratory was conducted 
aimed at 5 min stressors during which participants both BPD and 
normal healthy individual were given stressful tasks during this 
time frame, it was observed in healthy individuals during 5 min 
stressor the was initially an increase in sympathetic activity but 
then there was a decline in sympathetic activity while it remained 
increased in BPD patients due to inclination towards fight-or-
flight’ response due to increased excitement [25].

Genetic disposition or genetic vulnerability has been observed 
in BPD patients this concept is based through gene-environment 
and genes physiologically responsible for stress in hypothalamic-
adrenal axis. As there is still development going on into building 
this notion few studies have been able to support it. One 
study used paradigm shift termed as plastic genes to identify 
genetic vulnerability in BPD patients. Familial and twin studies 
were used to estimate 40% heritability thus largely supporting 
the potential of genetic vulnerability as the root cause of BPD 
patients but even that susceptibility is based on negative events 
which trigger it like child hood abuse such as neglect, physical 
and sexual abuse as well [26]. While another study by extracting 
DNA sample from peripheral blood concluded correlation 
between NR3C1 methylation status and childhood maltreatment 
(specifically physical abuse) with clinical severity leading to imply 
that childhood trauma and BPD severity are related with higher 
NR3C1 methylation [27].

Conclusion
In this review we resolve that even though there is positive 
primary association of environmental adversity in BPD patients 
however there is growing evidence supporting genetic 
vulnerability as key to neurophysiology of BPD, therefore high 
risk groups should screened regularly for symptoms of the 
disease. While a number of hypothesizes have been proposed 
about the factors responsible for emotional dysregulation found 
in BPD patients, the ones which have the most ground and are 
evidently supported are abnormalities in frontolimbic structures, 
serotonin gene dysfunction and autonomic system dysregulation 
based on polyvagal theory. It may not be a farfetched approach 
to reduce the exposure to BPD patient to environments/
situations responsible for triggering serotonergic or cholinergic 
activity. Additionally, cognitive behavioral therapy for BPD can 
be reformed based on its neurophysiology. The understanding 
of the neurophysiology of BPD paves the way for having a better 
insight into disease manifestations and inculcates the road to 
improved patient management.

hypothesis mentioned above about the correlation between 
BPD patients and cortical inhibition deficiency as it occurs due 
to reduced capacity of corticostriatal pathway to synthesize 
serotonin [9] while also establishing importance of serotonin 
genes which predispose towards development of impulsive 
behavior as lower levels of CSF 5-HIAA exist in BPD patients 
who have previously attempted suicide [10]. Also BPD patients 
showed less sharp prolactin levels in response to fenfluramine 
(serotonin reuptake inhibitor) [11] suggesting decreased central 
5-HT activity directly related to aggression and these patients also 
showed variations in platelet inhibition binding sites inversely 
proportional to self-mutilation behavior [8,12]. However another 
study while conducting the same fenfluramine challenge test 
found that there was decline in prolactin levels as opposed to blunt 
levels while also suggesting evidence of serotonin dysfunction in 
BPD patients but these results implied towards gender disposition 
as these findings were more significant in males as compared to 
females. A case control study was conducted comprising of 113 
participants compared BPD with normal healthy individuals as 
control. From the 27 polymorphic markers in 7 genes selected 
it was genotypically analyzed that 5-HT2C, TPH2 rs10784941 
and rs2171363 were most notably related to BPD (p= 0.028, 
0.016, 0.0005). These studies establish that central 5-HT 
function is inversely related to aggression, suicidal and impulsive 
behavior as reduced cerebrospinal fluid concentration of 5-HIAA 
metabolite plus lowered neuroendocrinological response to 
serotonergic agonists were observed through neuroimaging in 
studies done on 8 BPD patients [13,14]. Other neuropeptides 
such as oxytocin, vasopressin and opioids may also be altered 
in BPD patients as they play important role in the regulation of 
these affiliative behaviors [15]. Early traumatic experiences have 
impact on oxytocin as it is related to attachment and pro-social 
behavior [16] in addition to being modulated during stressful 
conditions as they heighten emotional stimuli in amygdala [17] 

which was significantly found in females, thus highlighting the 
negative effect of early traumatic experiences as pointed out by 
the studies carried out [18,19].

In BPD patients emotional instability leads to dysfunction in 
endogenous opioid system as there is higher sensitivity to 
pain with lower levels of CSF-β-endorphin and met-encephalin 
specifically in BPD with Non-suicidal self-injurious behavior then 
in BPD patients with suicidal self-injurious behavior [20] this is 
triggered by extreme stress, dread of abandonment, unsafe 
sexual encounters and attention seeking behavior plus self-
harming, anorexia, substance abuse these symptoms of BPD 
enhance regional μ-opioid receptor availability [21] bilaterally in 
the orbitofrontal cortex, caudate, nucleus accumbens and left 
amygdala but lesser μ-opioid receptor availability in the posterior 
thalamus; whereas during emotional stimulation for example 
in response to sadness, they exhibited more activation of the 
endogenous opioid system in the pregenual anterior cingulate, 
left orbitofrontal cortex, left ventral pallidum, left amygdala, and 
left inferior temporal cortex [22,23].

The main hypothesis which has been the focal point of recent 
studies and research is abnormalities in autonomic nervous system 
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