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Acupuncture Approaches to Borderline Personality Disorder: A Neurobiological Approach
Douglas S. Wingate, L.Ac.

Borderline Personality Disorder (BPD) is a relatively recently recognized and studied condition that is 
continuing to unfold in terms of definition, understanding, and treatment approaches.  The national
prevalence in the United States estimates 0.7-3.5% of the population being affected.1-4 Related impairments in 
the realms of emotional and impulse regulation, identity, and interpersonal relationships can cause major 
problems in social adaptation5 and quality of life6. 

Due to individuals with BPD frequently partaking in self-harming behavior and suicide attempts7, low patient 
compliance8, and negative life-style and health related behaviors9, patients with BPD often experience 
considerable medical co-morbidities and can be regarded to be “difficult” to treat. They may actively challenge 
the health care provider’s interpersonal skills, take additional time, become non-compliant, or may have a higher
tendency to drop out of treatment.10 It may be for these reasons that it is a matter infrequently discussed in the 
realm of acupuncture approaches and what may be offered to the patient.

This paper will explore key information about diagnostics, current neurophysiological findings, and treatment 
considerations based on these findings. The possible role of early life trauma as a predisposing factor to the 
development of BPD and commonalities with Post-traumatic Stress Disorder (PTSD) and Complex Post-
traumatic Stress Disorder (C-PTSD) will also be discussed. 

Diagnostic criteria for BPD
The Diagnostic and Statistical Manual of Mental Disorders (Fifth Edition; DSM-5)11 contains two diagnostic 
approaches, a categorical one and a hybrid dimensional model consisting of personality functioning (PF) and 
personality traits. The primary approach of the DSM-5, section II, consists of criteria that have to be met for a 
personality disorder diagnosis. General criteria refer to domains of the personality affected, inflexibility, distress,
and chronicity of the condition. Specific diagnostic criteria of BPD are given in Table 1. The diagnosis of BPD is
generally made clinically by experienced specialists; however the use of psychological tests such as the 
Personality Disorder Questionaire-4+12, 13 or the Assessment of DSM-5 personality Disorders14 can be helpful. 
The Borderline Symptom List15 can be used to evaluate changes in symptoms.

Table 1: Diagnostic Criteria of BPD according to DSM-5, section II, page 66311

A pervasive pattern of instability of interpersonal relationships, self-image, and effects and marked impulsivity, 
beginning by early adulthood and present in a variety of contexts, as indicated by five (or more) of the following:

1) Frantic efforts to avoid real or imagined abandonment
2) A pattern of unstable and intense interpersonal relationships characterized by alternating between extremes of      
     idealization and devaluation
3) Identity disturbance: markedly and persistently unstable self-image or sense of self
4) Impulsivity in at least two areas that are potentially self-damaging (e.g. spending, sex, substance abuse, reckless 
    driving, binge eating)
5) Recurrent suicidal behavior, gestures, or threats, or self-mutilating behavior
6) Affective instability due to a marked reactivity of mood (e.g. intense episodic dysphoria, irritability, or anxiety usually 
     lasting a few hours and only rarely more than a few days)
7) Chronic feelings of emptiness
8) Inappropriate, intense anger or difficulty controlling anger (e.g frequent displays of temper, constant anger, recurrent 
     physical fights)
9) Transient, stress-related paranoid ideation or severe dissociative symptoms

The Alternative DSM-5 Model of Personality Disorders (AMPD) comprises five personality disorder trait 
domains with a certain number of facets each. These domains are:



1) negative affectivity 
2) detachment 
3) antagonism 
4) disinhibition
5) psychoticism 
Components of these domains are laid out below in Table 2.

Table 2: Proposed diagnostic criteria of BPD according to DSM-5, section III, page 766-6711

Moderate or greater impairment in personality functioning, manifested by characteristic difficulties in two or more of 
the following four areas

1) IDENTITY: markedly impoverished, poorly developed, or unstable self-image, often associated with excessive self-
criticism; chronic feelings of emptiness; dissociative states under stress
2)SELF-DIRECTION: instability of goals, aspirations, values, or career plans
3)EMPATHY: compromised ability to recognize the feelings or needs of others associated with interpersonal 
hypersensitivity (i.e. prone to feel slighted or insulted); perceptions of others selectively biased toward negative attributes 
or vulnerabilities
4) INTIMACY: intense, unstable, and conflicted close relationships, marked by mistrust, neediness, and anxious 
preoccupation with real or imagined abandonment; close relationships often viewed in extremes of idealization and 
devaluation and alternating between over-involvement and withdrawal

Four or more of the following seven personality traits, at least one of which must be (5) impulsivity, (6) risk taking, or 
(7) hostility:

1) EMOTIONAL LABILITY (an aspect of negative affectivity): Unstable emotional experiences and frequent mood 
changes; emotions that are easily aroused, intense, and/or out of proportion to events and circumstances
2) ANXIOUSNESS (an aspect of negative affectivity): intense feelings of nervousness, tenseness, or panic, often in 
reaction to interpersonal stresses; worry about the negative effects of past unpleasant experiences and future negative 
possibilities; feeling fearful, apprehensive, or threatened by uncertainty; fears of feeling apart or losing control
3) SEPARATION INSECURITY(an aspect of negative affectivity): fears of rejection by- and/or separation from – 
significant others, associated with fears of excessive dependency and complete loss of autonomy
4) DEPRESSIVITY (an aspect of negative affectivity): frequent feelings of being down, miserable, and/or hopeless; 
difficulty recovering from such moods; pessimism about the future; pervasive shame; feelings of inferior self-worth; 
thoughts of suicide and suicidal behavior
5) IMPULSIVITY (an aspect of disinhibition): acting in the spur of the moment  in response to immediate stimuli; acting 
on a momentary basis without a plan or consideration of outcomes; difficulty establishing or following plans; a sense of 
urgency and self-harming behavior under emotional stress
6) RISK TAKING (and aspect of disinhibition): engagement in dangerous, risky, and potentially self-damaging activities, 
unnecessarily and without regard to consequences; lack of concern for one's limitations and denial of the reality of 
personal danger
7) HOSTILITY (an aspect of antagonism): Persistent or angry feelings; anger or irritability in response to minor slights 
and insults 

Physical changes to cortical structures, including connectivity, activation intensity, and tissue volume
loss have been demonstrated to correlate with BPD and will be explored below.

Borderline Personality Disorder versus Post-Traumatic Stress Disorder
Many symptoms that present in cases of BPD have similarities to, or overlap with PTSD, particularly 
cases of “complex PTSD” or “C-PTSD”. Some have argued that BPD and PTSD may actually be “two 
sides of the same coin” with age of trauma being a key differentiating factor,16 claiming that trauma 
sustained during early childhood would favor the development of BPD while trauma in adulthood 
would tend to develop into PTSD symptomology. Overlaps between these two conditions are 
demonstrated in Table 3 below.

Levels of comparison Shared features between BPD and PTSD



Etiological level -High frequency of trauma
-Evidences for gene-environment interaction 17,18

Clinical level Major disturbances in:19,20

-Emotional regulation
-Impulse control
-Reality testing
-Interpersonal relationships
-Sense of identity

Neurofunctional level -Abnormalities in frontolimbic networks 21,22

-Limbic hyperactivity and diminished recruitment of frontal brain regions

Neurobiological level Hypothalamus-pituitary-adrenal (HPA) axis dysregulation 23, 24

Genetic level Association with FKBP5 17, 25

Variances in ICD-11 diagnostic criteria has been pointed out26 (see Table 4) with distinguishing factors 
between PTSD and C-PTSD being chronic and repeated traumas alongside additional disturbances in 
self-organization e.g. emotion regulation, self-concept, and relational difficulties.27 Despite it's high 
occurrence rate in BPD, a principle difference between it and C-PTSD is that BPD does not include 
trauma as a necessity within it's diagnostic criteria. It is instead distinguished by 1) frantic efforts to 
avoid real or imagined abandonment, 2) shifting self-image or self-concept (“feeling empty”), 3) 
shifting idealization and devaluation in relationships, and 4) frequent impulsiveness often including 
self-harm or suicidal behaviors. It is noted that in cases of C-PTSD self-identity has been found to be 
consistently negative as opposed to the shifting nature of BPD, and relational dynamics tend to be 
chronic avoidance of relationships in C-PTSD rather than sustained chaotic engagement found in BPD. 

Diagnostic symptomology for PTSD, C-PTSD, and BPD26

ICD-11 PTSD ICD-11 C-PTSD DSM-IV BPD

Re-experiencing
-Flashbacks, nightmares

Re-experiencing
-Flashbacks, nightmares

Avoidance
-Thoughts, people, places, activities

Avoidance
-Thoughts, people, places, activities

Sense of threat
-Hypervigilance, startle

Sense of threat
-Hypervigilance, startle

Interpersonal problems
-Not close, feeling disconnected

Negative self-concept
-Worthlessness, guilt

Emotion Regulation
-Anger, hurt feelings

Emotion Regulation
-Anger, hurt feelings

Frantic unstable relationships

Unstable sense of self

Impulsiveness

Self-harm

Mood changes

Chronic feeling of emptiness

Dissociation



PTSD symptoms of dissociative amnesia and flashbacks, emotional numbing, and anger have similar 
features to those of transient dissociation, chronic emptiness, and chronic anger, respectively, found in 
BPD. This becomes even more troublesome in differentiation as DSM-5's11 revised PTSD criteria 
include new symptoms reflecting pervasive negative changes in affect, identity, and behavior which 
overlap with four BPD criteria – identity disturbance, potentially self-damaging impulsivity, self-harm, 
affect instability. This places PTSD with a potential overlap of seven of nine criteria of BPD.  
 
The hypothesis of age-dependency is supported by evidence demonstrating that neuroplasticity and 
neurological impacts of trauma will vary in severity and symptomology based on age of trauma 
exposure.29,16 In rat studies it has been shown that injuries experienced earlier in life generally had a 
worse effect, with those sustained within the first few days of life having “dramatically different 
behavioral and anatomical outcomes” compared to injuries sustained only a couple weeks later. This 
sparing found in the later injuries showed nearly normal cognitive test results with only partial motor 
recovery while both factors were significantly impacted with early life injuries.30 The concept of the 
stress axis having varying windows of regulation following trauma is well known.31

The prevalence of early childhood trauma is so frequently associated with BPD that a causal 
relationship has been suggested.32,33  This includes neglect (92%), sexual abuse (40-70%), or physical 
abuse (25-73%).34  Sexual abuse has been found to the most significant predictor of the diagnosis of 
both borderline personality disorder and C-PTSD, with intrafamilial sexual abuse alone increasing the 
odds of meeting criteria for both by 26%.Those reporting early-onset of abuse reported higher 
intrafamilial rates, lack of single incidents of abuse, higher lifetime revictimization, and higher 
biparental neglect.35 

The core features of dysphoria felt in BPD revolve around a terror of abandonment or rejection, and 
alternating idealization and devaluation of others.28 This is consistent with laboratory research findings 
in which those meeting BPD criteria responded strongest to scripts highlighting themes of 
abandonment, while those meeting PTSD but not BPD responded strongest to those scripts of traumatic
(e.g. violent, abusive, life-threatening) events.36  Similarly, hypervigilance found in C-PTSD tends to 
relate to avoidance of being harmed, while in BPD it seems more apt to involve extreme sensitivity 
(which can take the form of hypervigilance) to perceiving oneself as being abandoned or rejected.37  

Emotional regulation is known to be founded on developmental attainments (e.g. emotion self-
awareness, empathy, self-control) that are greatly influenced by one's interactions with primary 
caregivers beginning in infancy and into childhood.38 Affect dysregulation has correspondingly been 
found to be associated with childhood relationships with primary caregivers who are unresponsive, 
poorly attuned, or punitive.39 Individuals with BPD often report histories of childhood neglect, abuse, 
invalidation, or impairment on the part of the primary caregiver.40,41

In light of this it has been put forth that the emotional pain that seems part of the “essential nature” of 
BPD42 could either be due to traumatic victimization in childhood or adulthood, or may alternately 
develop when a child experiences disruptions in formative relationships with primary caregiver(s) that 
lead to either abandonment or rejection.43,44 

FKBP5 is an important genetic regulator of the glucocorticoid receptor complex and has been 
associated with PTSD in numerous studies17 and has more recently been shown to correlate with BPD 
diagnosis as well,25,29 pointing to a shared genetic vulnerability. The impacts on the cortisol regulation 
system in PTSD, notably markedly low basal cortisol levels with increased receptor density and 
sensitivity has been documented45 and explored previously by this author.46  Patients with BPD 
conversely have demonstrated elevated continuous cortisol output with blunted cortisol following 



psychosocial challenges.47,48  A 2015 study showed that trauma exposure in children after the age of 1 
year old related to diverging diurnal cortisol slopes regardless of gender while trauma exposure before 
the age of 1 year showed delayed recovery from peak responses to physiological stress.49

Common comobidities with Borderline Personality Disorder
Monomorbid BPD patients – patients who present without any significant comorbitity -are considered a
relative rarity.50 Comorbid mood disorders are very common, occurring in 50-60% of all BPD 
patients.51,52 Anxiety disorders (including PTSD) have been found in 60-80% of individuals.52,53 

Substance use disorders have been reported in slightly greater than 50% of BPD patients.52,54 Eating 
disorders also frequently occur with anorexia nervosa found in 7-21% and bulemia nervosa found in 
13-31% of all BPD patients.54,55,56  This is more prevalent than many other DSM domains.57 Looking at 
it from the other direction, BPD has been found as a comorbid condition in 50% of eating disorder 
diagnoses.28 

In addition to psychiatric disorders, it is well known the BPD considerately increases the risk of a 
number of medical (somatic) conditions as well.50 Additionally BPD can complicate the course of 
several diseases58 which can be attributed in part to poor health-related behavior and lifestyle.50  Patients
with BPD may show poor adherence to psychological and medical treatment recommendations59 and 
may sabotage their medical treatment.60,61  As a result BPD is associated with cardiovascular (15.3%), 
gastrointestinal (21.1%), and hepatic disease (3.1%). It is additionally correlated with pain conditions 
like arthritis (17.2-27.7%) and chronic pain in general (62.5-80.3%).62

Interoception in Borderline Personality Disorder
Interoception is defined as the sensing of internal physiological states of the body such as hunger, 
micturition, thirst, temperature, etc which acts as a means of regulating and maintaining homeostasis.63 
This is a central processing of bottom-up visceral-afferent signals from the body by the central nervous 
system through autonomic pathways64 along with top down regulatory directives which may or may not
be experienced as subjective feelings. These feelings can then lead to behaviors to adjust the state.65 

The vagus nerve contains about 80-85% of afferent fibers that project the the solitary tract (NTS) and 
further the brain stem and subcortical regions including the hypothalamus and amygdala.66 It is now 
widely accepted that there is a distributed central interoceptive system including the brainstem, 
thalamus, insula, somatosensory, and cingulate cortices63; and particularly relevant to this discussion, 
the anterior insular cortex, especially in the right hemisphere.67   Afferent baroreceptors in the heart and 
their vessels are responsible for cardiovascular regulation such as visceral sensations and concomitant 
feelings.66 These signals are not always conscious, but they may reach consciousness under 
circumstances if a homeostatic threshold is exceeded or if attention is guided towards a certain body 
process needing to be evaluated and integrated with psychological processes.64,68 This sense is 
functionally distinct from exteroceptive senses such as vision or hearing as well as separate from 
proprioception, which is the sensing of the position of muscles and joints. Interoception does however 
interact with these other senses through multimodal sensory integration.69

Interoception is often conceptualized into three distinct processes:
Interoceptive Accuracy: one's ability to perceive their own bodily signals in behavioral tasks
Interoceptive Sensibility: one's tendency to focus on internal signals which may be captured on self-
reporting questionnaires.
Interoceptive Awareness: one's metacognitive judgment on interoceptive accuracy and an individual's 
confidence ratings predicting their actual interoceptive accuracy67



More recently a fourth process, the visceral-afferent signal transmission and representation, has been 
added to define objective physiological states.70

Recent theoretical works have proposed disturbed interoception as a type of ''p-factor' or general factor 
underlying psychopathology.71,72 Findings have indicated that BPD is associated with impaired 
representation of afferent interoceptive signals73 with a tight link between interoception and reduced 
emotional awareness,74 a distinct feature found in BPD.75 

It has been hypothesized that the risk for development of BPD is increased when a child grows up in a 
social environment characterized by a high degree of perceived intolerance for the individual's 
emotional expression.76,77 It is possible that this inadequate emotional feedback can result in reduced 
emotional awareness in terms of an inability to identify, understand, and label one's own emotional 
responses. This results in deficits in the ability to regulate one's own emotions.78 It has also been 
assumed that consistent early life adversities (ELA) may lead to a stronger focus on external stimuli as 
a natural protective strategy to prevent or be prepared for further potentially harmful events, setting the 
ground for interpersonal hypersensitivity in social situations79 while paying little attention to their own 
inner processes, feelings, and needs. This alongside invalidation from caregivers contribute to 
emotional disregulation. If children do not learn to connect their own emotions with physical reactions 
and if the child's emotions, needs, and physiological signals are constantly being ignored, invalidated, 
or punished, the internal signals receive less and less attention.80  Emotional experiences become 
associated more with external than internal cues and the ability to regulate emotions remain poor due to
lack of parental guidance.81

There has been evidence that acute and chronic stress, including ELAs negatively affect interoception.82

Early life stress may cause chronic overactivation of the physiological brain-body axis, which in turn 
induces impaired function of the underlying bi-directional circuits, resulting in disturbed 
interoception.64 During traumatic situations dissociative states and processes are often adaptive in 
nature, offering some relief during victimization; however continuous post-trauma dissociation can be 
very disruptive and further disconnect individuals from bodily awareness.83 Challenging social 
situations lead to an acute switch from interoceptive to exteroceptive attention.65 This deficit in 
interoceptive signaling may also enhance emotional sensitivity to social exclusion and the tendency to 
feel excluded, this further decreases interoceptive abilities,78 creating an amplifying feedback loop.

 Difficulty in identifying  and describing one's emotions, as often seen in BPD,84-86 is 
phenomenologically closely related to alexithymia, a subclinical personality trait characterized by 
difficulty or inability to verbalize one's own emotional states87 and related to difficulty in emotional 
regulation.88 Alexithymia has also been shown to be highly prevalent in BPD75 and has further been 
empirically linked with low interoceptive capabilities.89 It is postulated that based on studies of 
Heartbeat evoked potentials (HEP) that those with BPD do not differ from healthy volunteers in raw 
visceral-afferent neurotraffic and lower-brain relaying of this information, but the deficits being found 
in the integration of these afferent signals into neural self-representation.73 This overall reduced visceral 
and emotional awareness may mediate the relationship between adverse early life experiences and 
emotional regulation deficits in adulthood.90-92

Unique sensory and pain processing in BPD
A common and distinct behavior found in BPD is the high prevalence (69-90%93) of nonsuicidal self-
injury (NSSI).94 This is typically in the form of skin cutting or burning.95-97. The most common motive 
cited for this behavior are dissociation or a reduction in aversive inner tension or feelings.96, 97 Many 
report an analgesic effect during self-injury.98 This is a stark difference from PTSD, in which 



hyperalgesia – increased sensitivity to pain – is prominent.99 In fact, there seems to be a unique “pain 
paradox” found within BPD in which an individual may appear nearly impervious to acute pain as 
reported during episodes of self-mutilation, but conversely seem to be more sensitive to chronic pain than 
non-BPD individuals.100 

It appears that pain stimuli of high intensity such as in cutting behavior serves as a potent modulator of stress 
in this population.101 This seems to have neurobiological mechanisms, some aspects of which still seem 
unclear. According to Schmahl101 “NSSI may be interpreted as an attempt to compensate for a deficient 
emotion regulation mechanism...the reported findings implicate that the soothing effect of pain in BPD seems 
to be mediated by different emotion regulation processes (attentional shift and altered appraisal of pain)” 
Furthermore, “it could be either due to a direct paradoxical feedback mechanism between (self-) injury and 
stress with stress decrease following injury though autonomic-limbic pathways, or could be due to the pain 
experience associated with the injury with a paradoxical feedback there (pain leads to a decrease in stress) in 
the nociceptive and limbic-behavioral networks, or both”.

Acute pain seems to be associated with a complex pattern of heightened co-activation of sensory (e.g. basal 
ganglia), affective (e.g. amygdala), self-referential (i.e. default mode network [DMN] – precuneus, posterior 
cingulate), and executive inhibitory (e.g. medial and dorsolateral prefrontal cortex [PfC]) regions.102 28 There 
also seems to be less integration and connectivity of the PfC with the DMN and an attenuated DMN 
response103 which is associated with dissociation.104 The insular cortex also plays an important role in the 
processing of painful stimuli, with impairment potentially resulting in decreased pain sensitivity or increased 
pain sensitivity as part of a larger network.105 As will be explored below, recent neuroimaging studies in BPD 
have shown structural and functional abnormalities in a frontolimbic network including the cingulate cortex, 
insula, and amygdala and their connections.106  This bears correlation with disturbed processing of emotional 
aspects of pain107 while interactions between increased pain-induced response in the dorsolateral prefrontal 
cortex coupled with deactivations in the anterior cingulate cortex could be interpreted as an antinociceptive 
mechanism in BPD.108

 Neurochemical Dysregulations Associated with BPD
Oxytocin
A dysregulation of oxytocin has been demonstrated in BPD and has been proposed to perhaps explain 
interpersonal difficulties and hypersensitivity.109 Oxytocin plays an essential role in affiliative behaviors
such as parental bonding and romantic partnering.110,111 Oxytocin abnormalities in BPD clinically 
manifest in misreading social cues, difficulties in establishing trust, and an impacted capacity for 
attachment.112

Oxytocin levels have been shown to be negatively correlated with a childhood history of trauma,113 

which seems to be moderated by SNP rs53576 in the oxytocin receptor gene (OXTR).114 Women with 
BPD have been shown to have significantly lower plasma levels of oxytocin compared to a control 
group;113 while individuals with BPD showed a marked reduction in oxytocin plasma levels after social 
exclusion.115 Administration of intranasal oxytocin seems to diminish  hypersensitivity to and avoidant 
reactions to negative facial expressions116 as well as significantly reducing stress-related dysphoria and 
cortisol levels in those with BPD.117 Neuroimaging studies consistently found the amygdala responses 
to emotional stimuli are reduced by oxytocin administration.118 It is of important note that while 
intranasal administration of oxytocin in individuals without BPD has been shown to significantly 
enhance trustworthiness and attractiveness toward other people,119 individuals with BPD showed the 
treatment to have an opposite trust-lowering effect120,121 which is correlated with a history of childhood 
trauma.121  



Endogenous Opioids
A dysregulation of the endogenous opioid system in the form of low basal opioid levels with a 
compensatory supersensitivity to μ-opioid receptors in BPD has gathered increasing evidence.114 Some 
primary symptoms of BPD including chronic dysphoria, lack of sense of well-being, and feeling empty 
inside are manifestations of low basal opioid levels.114 The endogenous opiate system, through the μ-
opioid receptors, has long been implicated in emotional regulation and stress responses.122,123 In animal 
models opioid dysfunction has been associated with attachment behavior deficits and anxiety-like 
responses.124, 125 A more recent study showed μ-receptor genes having a role in moderating the effects of
social rejection on depression,126 which may explain the severe reaction of BPD to interpersonal 
rejections.114

While in a neutral emotional state, individuals with BPD showed more μ-opioid binding in the 
prefrontal cortex, the reward center (accumbens), and the amygdala. In situations where sadness was 
induced they showed greater μ-opioid  receptor-mediated neurotransmission than controls.127 The 
investigators interpreted this greater availability as a reflection of deficient circulating endogenous 
opiates as a compensatory response. Naltrexone, an opioid antagonist has been shown to reduce 
nonsuicidal self-injury behavior in BPD, which may a result of decreasing the rewarding effects of 
these behaviors (sudden increase in opiates) by blocking the receptors.128

Brain Imaging and Functional Neuropathology
BPD has been associated with reduced top-down regulatory prefrontal cortex activity (orbitofrontal 
cortex, anterior cingulate cortex [ACC]), along with enhanced amygdala and insula activity.129-135 
Structural MRI studies suggest individuals with BPD have decreased volume in brain regions 
associated with emotion processing and regulation, which include the amygdala (left: 23%, right: 
21%),136-138 hippocampus (left: 11%, right: 16%),136,137,139 orbitofrontal cortex,140 and the ACC.132,140,141 

There has been a demonstrated increase in grey matter volume in the bilateral supplementary motor 
area extending into the posterior cingulate cortex, primary motor cortex, right middle frontal gyrus and 
bilateral precuneus. Decreased grey matter was found in the bilateral middle temporal gyri, right 
inferior frontal gyrus extending to the right insula, left hippocampus and left superior frontal gyrus 
extending to left medial orbitofrontal cortex which includes frontolimbic circuits and the default mode 
network.142

Another study showed decreased fractional anisotropy (FA), a measure of white matter integrity, in the 
corpus callosum, corona radiata, and dorsal areas of the ACC in BPD.143 Abnormalities in central white 
matter structure and long tracts in the limbic system seem present in almost all diffusion tensor imaging
(DTI) studies in BPD, tending to support the fronto-limbic disconnectivity hypothesis and underscoring
the possibility that abnormal maturation of white matter structures may play an important mechanistic 
role in BPD.114 

Hippocampus
The hippocampus, a brain area involved in learning and memory, is situated in the medial temporal
lobe just under the cortical surface. Under normal conditions, the hippocampus acts to blend together
all elements of a memory from all the sensory areas. Short‐term memories become stored within the
hippocampus. When they are no longer required as conscious memories, the hippocampus processes
these into other parts of the brain to create longer term memories. 

A reduction in hippocampal volume has been associated with stress, hypothesized to be related to 



increased levels of glucocorticoids, reduced levels of brain-derived neurotrophic factor, inhibition of 
neurogenesis, and other factors.137 The hippocampus contains high levels of glucocorticoid receptors 
which make it more vulnerable to chronic stress than most other brain areas144. Stress related steroids 
like cortisol affect the hippocampus by reducing the excitability of some hippocampal neurons, 
inhibiting the neurogenesis in the dentate gyrus and causing atrophy of dendrites in pyramidal cells of 
the specific CA3 region. This leads to the determination that humans who have experienced chronic 
traumatic stress develop atrophy of the hippocampus more often than of other parts of the brain. 
Hippocampal activity has been correlated with attachment-anxiety scores from the Experiences in 
Close Relationships Scale (ECR).145 Consistent findings of impaired verbal and nonverbal recall146 and 
short-term memory impairment found in BPD may be attributed to reduced hippocampal volume. 

Amygdala 
The amygdala is considered a primary center of normal emotional expression to external stimuli and
the realistic perception and response to stress and fear. Exposure to a traumatic event results in
autonomic activation, after which the amygdala evaluates that information, determines its emotional
significance, and triggers a further structures such as the hypothalamus, hippocampus, and basal
prosencephalon. This will determine the behavioral, autonomic and neurohormonal function and its
manifestation. LeDoux147 discovered a crucial role of the amygdala in the emotional brain, which he
called “neural alarm”, in which the limbic response can take control over behavior even when the
prefrontal cortex is still at the stage of selecting an equal reaction to external stimulation; the amygdala 
essentially “overriding” the higher order actions of the prefrontal cortex. It has been put forth that in 
BPD, hypervigilance to fear, either conscious or unconscious, is expressed by heightened tone of relevant 
amygdala circuitry. This idea is supported by the positive correlations between amygdala connectivity and 
clinical measures such as state/trait anxiety and interpersonal sensitivity during both covert and overt fear, 
with interpersonal sensitivity found during covert fear.148 

Anterior Cingulate Cortex
The anterior cingulate may serve a critical gating function in modulating conditioned fear responses 
and emotional regulation.145 This includes the subjective experience of social rejection149 and hormonal 
responses to stress.150  The ACC also seems to play a role in attachment which may be particularly 
dependent on non-conscious implicit information processing and associated with nonlanguage-related 
functions lateralized to the right hemisphere.151 The midline orbitofrontal and ACC areas are ideally 
situated anatomically and functionally to implement the control system of attachment and subserve 
fundamental “personality” defining functions.152  An amygdala‐locus coeruleus‐anterior cingulate 
circuit may be consistent with evidence for chronic noradrenergic activation documented in BPD 
patients. According to this model, efferent noradrenergic projections from the locus coeruleus may 
dampen anterior cingulate function. This in turn would allow myriad external or internally driven 
stimuli to produce the exaggerated emotional and behavioral responses characteristic of BPD.153

 Findings of significantly higher SAIS-negative affectivity, CERQ-negative subscale, CES-D, and STAI scores
alongside cognitive emotion regulation scores being negatively correlated with left ACC-CC rsFC, and 
depressive scores negatively correlated with left ACC–right MFG rsFC in BPD patients compared to a control
group point to the potential role of the ACC regarding the heightened negative intensity, depression, and 
anxiety levels as well as reliance on negative emotion cognition regulation strategies in BPD.154

Prefrontal Cortex and Orbitofrontal Cortex 
The prefrontal cortex, a cortical structure which rests anterior to and covers the front part of the frontal
lobe, is responsible for executive functioning tasks such as decision-making, multi-tasking, and
judgment tasks. It has been indicated as an integral link between an individual's personality and basic
psychological functions of the frontal cortex155. Brain imaging studies have demonstrated reduced



volume and interconnections of the frontal lobes with other cerebral regions in individuals with
different psychological disorders such as BPD156. Orbitofrontal cortex lesions tend to produce 
disinhibited or socially inappropriate behavior and emotional irregularities. Investigations have 
demonstrated that affected OFC function may contribute to the impulsive behavior found in BPD.157  
The dorsolateral prefrontal cortex, which has a key role in the regulation of emotions, has been 
demonstrated to be less active during the processing of negative emotional stimuli in BPD.158 

Insula
The insula is responsible for passing interoceptive information into the brain to create a concept of self-
awareness in the present moment. It utilizes information on internal states to integrate the sensory and
somatic experiences of emotions. Physical sensation accounts for approximately 60% of an emotional
experience via the viscerosensory cortex.159 This plays an important role in the experience of stress,
anxiety, or nervousness. If cortical connections between the insula and amygdala become overactive it
may elicit anxious feelings in an individual.160,161 

Lowered insular activity will result in the individual finding it difficult to put their experience into 
words due to a disconnect between the sensory signals coming in and the ability to effectively process 
it into a mental construct of experience. They may feel disconnected from or “not in” their body. In 
BPD, individuals may feel “numb”, with no access to their feelings. This may result in gustatory 
disconnect and associated anorexia. Symptoms which elicit greater physical sensory stimuli such as 
nonsuicidal self-harm may also occur. Excessive insular activity will often result in individual's having 
a difficult time removing themselves or moving on from the sensation. They will dwell on it 
excessively.161, 162

Findings of higher insula activation have been found in response to emotional trauma-unrelated stimuli.
163,164 Analyses have confirmed childhood early life stress (ELS) events to be associated with volumetric
reductions in the ACC and insula volumes. This may reflect the influence of more fully developed 
emotional processing of ELS on the developing brain, implicating both the anterior cingulate cortex 
and insula in neuropsychiatric disorders and emotional regulation165. Given the dense cortical 
connections between the insula and amygdala in regulating the autonomic nervous system, the role it 
may play in fear conditioning and BPD is very pertinent. Though the amygdala is a key component of 
the fear response, the insula has been found to be involved in more generalized anxiety responses, 
including interoceptive and anticipatory anxiety which lie prominent in BPD.166

Cerebellum
The cerebellum plays a crucial role in motor, cognitive, and behavioral development.167 Recent 
evidence in pediatric populations point to prenatal cerebellar lesions causing changes in distal regions 
of the brain to which the cerebellum projects, causing long-term effects on behavior, affective 
regulation,168 and neuropsychiatric symptoms.169, 170 Neuropsychiatric effects have been placed into five 
domains: control of attention, control of emotion, social skill set, psychosis spectrum disorders, and 
autism spectrum disorders.169 The limbic cerebellum is represented by the vermis and fastigial nucleus 
while the cognitive cerebellum is represented by lateral hemispheres of the posterior cerebellum.171 
Impaired social interaction, aggressiveness, pervasive disturbance of behavior, and self-harming 
behavior are noted in cases of vermis agenesis.172 Multiple case studies have been presented 
demonstrating cases in which cerebellar lesions have manifested in BPD symptomology and 
diagnosis.173,174 In a study applying low frequency (1Hz) repetitive transcranial magnetic stimulation 
(rTMS) to the left cerebellar region of BPD patients there was demonstrated improvement in an 
Affective Go/No-go task testing impulsivity which increased scores to those similar to control group 
performance. The location was 1cm inferior and 3 cm left of the inion. From this it was hypothesized 



the BPD patients may have altered cerebello-thalamo-cortical functional connections resulting in 
emotional dysregulation and disturbed impulse control and the rTMS seems to interfere with functional
connections and with a facilitating effect on prefrontal inhibitory control.175

Proposed Mechanisms of Acupuncture in BPD
A number of bioregulatory mechanisms of acupuncture treatment relevant in treating patients with BPD
will be put forth and explored. These include:
-Initiation of endogenous opioid secretion
-Regulation of amino acids and neurotransmitters to down regulate sympathetic response
-Upregulation of nerve growth factor and increased neuroplasticity
-Redirection of blood flow from the limbic system to the prefrontal cortex
-Inhibition the insula and amygdala to alleviate hyper-vigilance and heightened fear response
-Bioregulatory effects on sympathetic and parasympathetic responses

Acupuncture Effects and Neurohumoral Modulation
Some neurotransmitters, including serotonin, norepinephrine, opioid peptides, catecholamines, and
amino acids in the brain appear to participate in the modulation mechanism of acupuncture for certain
components of the autonomic nervous system 176,177,178

Endogenous Opioids
Acupuncture has been shown to mediate endogenous opioid pathways179,180. Activation of
enkephalinergic neurons in several brain areas that regulate sympathetic outflow have been
demonstrated, including the arcuate nucleus, rostral ventrolateral medulla, raphe nuclei, among
others181,182. Li et al.183 found that electroacupuncture at P5-P6 transiently stimulates the production of
enkephalin in a region of the brain which regulates sympathetic outflow. It is suggested that a single
brief acupuncture treatment can increase the expression of this modulatory neuropeptide. The β-
endorphin is a key mediator of changes in autonomic functions.184 Acupuncture may affect the
hypothalamic-pituitary-adrenal (HPA) axis by decreasing cortisol concentrations and the hypothalamic-
pituitary-gonadal (HPG) axis by modulating central β-endorphin production and secretion.185 The 
hypothalamus is one of the largest manufacturers of beta-endorphins, the body's endogenous 
polyopioids which reduce pain. These opioid substances immediately travel to the periaqueductal grey 
to depress all pain signaling from the periphery. Serotonin is also released in the brainstem and 
stimulates further serotonin releases, along with norepinephrine within the dorsal horn. Both of these 
strongly inhibit pain signaling in both directions.186 Given the evidence of dysregulation in the form of 
low basal opioids in individuals with BPD, acupuncture's ability to modulate this system is of 
significant therapeutic interest. 

Amino Acids
Amino acid sensors could regulate the activity of vagal afferent fibers as they are directly involved in
signaling the vagus pathway in the arcuate nucleus.187 Studies conducted so far on amino acids suggest 
that glutamate and GABA are involved in the mechanism of acupuncture for autonomic alteration 
closely related to ventrolateral periaqueductal grey. Recent studies have shown that vesicular glutamate
transporter 3 (VGLUT3) in the arcuate nucleus neurons188,189 and ventrolateral periaqueductal grey181,190 
were activated by electroacupuncture at the P5-P6 acupoints. Glutamate only partially, but significantly,
contributes to the activation of arcuate nucleus-ventrolateral periaqueductal gray reciprocal pathways 
during electroacupuncture stimulation of somatic afferents.191 Electroacupuncture modulates the 
sympathoexcitatory reflex responses by decreasing the release of GABA in the ventrolateral 
periaqueductal grey,192 which disinhibits ventrolateral periaqueductal grey cells, in turn, modulating the 



activity of rostal ventrolateral medulla neurons to attenuate sympathoexcitatory reflex responses.

Nerve Growth Factor (NGF)
Nerve growth factor is a neurotrophin, which regulates the function and survival of peripheral
sensory, sympathetic, and forebrain cholinergic neurons. It is speculated to modulate sensory and
autonomic activity as a mediator of acupuncture effects in the central nervous system193 by a long-
lasting depression of the sympathetic branch, which is associated with a peripheral downregulation of 
nerve growth factor in organs. Manneras et al.194 found that electroacupuncture could effectively
improve poly-cystic ovarian syndrome (PCOS)-related metabolic disorders, alter sympathetic
markers195, and normalize the DHT-induced increase of mRNANGF. The data on
electroacupuncture/nerve growth factor interaction in PCOS models further suggested that the decrease
of nerve growth factor expression in peripheral organs could benefit by electroacupuncture to modulate
the activity of the autonomic nervous system.196 Although nerve growth factor in organs has been
proved to be associated with the acupuncture effect on the autonomic nervous system, there is a lack of
sufficient evidence to demonstrate the relationship between acupuncture effect and central nerve
growth factor.

Acupuncture in Autonomic Regulation
Several studies have demonstrated that the autonomic dimension of acupuncture stimulation was
mediated by a mesencephalic and brainstem network,197,198 made up primarily of the hypothalamus,
medulla oblongata, ventrolateral periaqueductal grey, and the dorsomedial prefrontal cortex. All of
these areas are involved in the autonomic regulation.199, 200

Hypothalamus
The hypothalamus has been shown to be involved in the pathway of electroacupuncture attenuating
sympathetic activity with impulses generated in sensory fibers in the skin connecting with interneurons
to modulate activities of the motoneurons to change autonomic functions.201 Electroacupuncture at ST-
36 has shown to modulate neuronal nitric oxide synthase activity in the hypothalamus in rat models. 
This may act through connections with the sympathetic and parasympathetic nervous system by 
decreasing neuropeptide Y production via the paraventricular nucleus, a cell group that plays an 
important role in the regulation of sympathetic vasomotor tone and autonomic stress responses.202,203 
Corticotropin-releasing hormone204 expressions in the periventricular nucleus may also suppress the 
sympathetic outflow in response to chronic stressors.205

Medulla Oblongata
Specific regions of the medulla oblongata mediate central control of autonomic functioning.
Electroacupuncture could inhibit cardiovascular autonomic responses through modulating rostral
ventrolateral medulla neurons206,207 which play an important role in the sympathetic efferent limb of
cardiovascular reflex activity and arterial blood pressure. Moreover, opioids and GABA participate in
the long-term electroacupuncture related inhibition of sympathoexcitatory cardiovascular responses in
the rostral ventrolateral medulla.208 Activation of the nucleus raphe pallidus attenuates
sympathoexcitatory cardiovascular reflexes through a mechanism involving serotonergic neurons and
5-HT1A receptors in the rostral ventrolateral medulla during electroacupuncture.
The nucleus ambiguus, located in the ventrolateral division of the hindbrain, is considered to be an
important site of origin of preganglionic parasympathetic vagal motor neurons that ultimately regulate
autonomic function through the release of acetylcholine.208 Some nucleus ambiguus neurons activated 
by electroacupuncture are preganglionic vagal neurons.209 It has been suggested that stimulation on a 
particular acupoint is crucial to achieve modulate effect on autonomic function by activating nucleus



ambiguus neurons.

Midbrain
The ventrolateral periaqueductal grey is an essential midbrain nuclei that processes information from
somatic afferents during electroacupuncture.210 Excitation of ventrolateral periaqueductal grey neurons 
enhances the arcuate response to splanchnic stimulation, while blockade of ventrolateral periaqueductal
grey neurons limits excitation of arcuate neurons by electroacupuncture. These observations indicate 
that electroacupuncture induced excitation of arcuate neurons requires input from the ventrolateral 
periaqueductal grey, and the reciprocal reinforcement between the midbrain and the ventral 
hypothalamus serves to prolong the influence of electroacupuncture on the baseline blood pressure.211 

Dorsomedial Prefrontal Cortex (DMPFC)
The prefrontal cortex is vital for mediating behavioral and somatic responses to stress in the autonomic
centers via projections.212 A near-infrared spectroscopy study found that the right prefrontal cortex
activity predominantly modulated sympathetic effects during a mental stress task.213 It is speculated that
acupuncture may decrease sympathetic activity and increase parasympathetic activity through its
effects on dorsomedial prefrontal cortex activity.214

Influence of Acupuncture on Cortical Regions
A number of points have been demonstrated by fMRI studies to have a correlation to brain activity 
relevant to the current topic.215

Activating:
Hippocampus: GB-34, GB-39, LR-3, LI4, CV-6, CV-12, ST-25
Hypothalamus: ST-36
Thalamus: ST-36, GB-34, GB-39
Cerebellum General: LR-3, GB-40, GB-34, GB-39, LI-4
SMA: ST-36 left side
Middle Frontal Gyrus: KI-3
Inferior Frontal Gyrus: KI-3

Deactivating:
Amygdala: ST-36
Hippocampus: ST-36
Thalamus: LR-3, GB-40
Medial Frontal Gyrus: ST-36 left side, LI-4
Dorsolateral Pre-frontal Gyrus: LI-4
Inferior frontal Gyrus – LR-3 left side
Middle Frontal Gyrus: LR-3 left side, [BL-60, 65, 66, 67 right side]

Tiaoshen Yizhi (Harmonize the shen and benefit the intellect)
Acupoints in this protocol, including Sishencong (EX-HN1), Yintang (EX-HN3), PC-6, KI-3, ST-40,
LR-3 acupuncture in mild cognitive impairment patients showed central affected regions to be the
insula, dorsolateral prefrontal cortex, and hippocampus. The insula received causal inflows from most
nodes in the brain network, including the thalamus, hippocampus, anterior cingulate cortex, and
primary somatosensory cortex. The hippocampus received causal inflows from the dorsolateral
prefrontal cortex, anterior cingulate cortex, and medial prefrontal cortex. The dorsolateral prefrontal
cortex received causal inflows from the orbitofrontal cortex, anterior cingulate cortex, and primary
motor cortex.216



Acupoint ST-36
The limbic and paralimbic structures of cortical and subcortical regions in the elencephalon,
diencephalon, brainstem and cerebellum demonstrated a concerted attenuation of signal intensity when
the subjects experienced deqi after ST-36 was needled. The study provides preliminary evidence for an
integrated response of the human cerebro-cerebellar and limbic systems to acupuncture stimulation at
ST-36 that correlates with the psychophysical response.217

Acupuncture stimulation induced fMRI-BOLD signal changes over extensive brain areas such as the
hippocampus, hypothalamus, anterior cingulate cortex, posterior cingulate cortex, anterior insula,
thalamus, and somatosensory region II. This has been demonstrated repeatedly, especially a well-
defined deactivation effect in the left amygdala.218 Based on the activation study, three brain
networks were defined in the ensuing connectivity analyses using the activated left amygdala as a
reference. Findings showed an amygdala-associated brain network, consisting of extensive areas in the
frontal gyrus, temporal gyrus, anterior cingulate cortex, posterior cingulate cortex, thalamus and basal
ganglia. Aside from showing the overlapped regions with the above network, the post-acupuncture
condition engaged other brain regions including the medial prefrontal cortex, postcentral gyrus, insula,
and periaqueductal gray.219

Acupoint LI-4
Acupuncture needle manipulation performed at LI-4 on either hand produced prominent decreases in
the nucleus accumbens, amygdala, hippocampus, parahippocampus, hypothalamus, ventral tegmental
area, anterior cingulate gyrus (BA 24), caudate, putamen, temporal pole, and insula. Signal increases
were observed primarily in the somatosensory cortex.220

Acupoint PC-6
Neuroimaging studies of PC-6 presented extensive signal attenuation in the cerebrocerebellar and 
subcortical areas. Compared to other points tested (PC-7, GB-37), PC-6 selectively evoked neural 
responses in the insula, hypothalamus, and flocculonodular lobe of the cerebellum.221

Acupoint CV-6, CV-12
One study evaluating the effects of electroacupuncture on brain connectivity in cases of Crohns disease
demonstrated that abdominal acupuncture at CV-6, ST-25, and CV-12 significantly increased resting
state functional connectivity values between the bilateral hippocampus, anterior middle cingulate,
anterior middle cingulate cortex, and insula.222

Regional Acupuncture Effects 
The combination effect of acupuncture and the antidepressant fluoxetine, as well as its underlying
mechanism using resting state functional connectivity (rsFC) in patients with major depressive
disorders was studied. Forty-six female depressed patients were randomized into a verum acupuncture
plus fluoxetine or a sham acupuncture plus fluoxetine group for eight weeks. Verum acupuncture
treatment patients using the points CV-4, CV-6. CV-10, CV-12, KI-17, ST-24, and Qipang showed  an 
additive effect of acupuncture to antidepressant treatment suggested to be achieved through the
limbic system, especially the amygdala and the anterior cingulate cortex.223

Manual acupuncture at LI-4, ST-36, and LR-3 deactivates a limbic-paralimbic-neocortical brain
network, while simultaneously activating somatosensory regions of the brain. Clusters of deactivation
were found in the medial prefrontal, medial parietal and medial temporal lobes showing significant
convergence of two or all three of the acupoints. The largest regions showing common responses to all
three acupoints were the right subgenual BA25, right subgenual cingulate, right isthmus of the
cingulum bundle, and right BA31. Differences were also noted in major sections of the medial



prefrontal and medial temporal lobes, with LI-4 predominating in the pregenual cingulate and
hippocampal formation, ST-36 predominating in the subgenual cingulate, and LR-3 predominating in
the posterior hippocampus and posterior cingulate. Findings demonstrating preferential response of
certain limbic-paralimbic structures suggests acupoints exhibit relative specificity.224

Hippocampus
In a meta-analysis of fMRI studies GB-34 and GB-39 had a demonstrated activating effect on the
hippocampus.223 In this same analysis ST-36 showed to have a downregulating effect on hippocampal
structures. In a study analyzing hippocampal connectivity in patients with Alzheimer disease where
frontal and temporal hippocampal activity was found to be decreased, acupuncture at LR-3 and LI-4
was shown to increase connectivity in most of these regions compared to resting state analysis.225

Another study looked at LR-3, LI-4, and ST-36 in deactivating a limbic-paralimbic-neocortical brain
network which found that acupuncture at LI-4 predominantly affected the pregenual cingulate and
hippocampal formation while LR-3 predominantly affected the posterior hippocampus and posterior
cingulate. ST-36 elicited responses primarily in the subgenal cingulate.226 One study evaluating the
effects of electroacupuncture on brain connectivity in cases of Crohns disease demonstrated that
abdominal acupuncture at CV-6, ST-25, and CV-12 significantly increased resting state functional
connectivity values between the bilateral hippocampus, anterior middle cingulate, anterior middle
cingulate cortex, and insula.220

Anterior Cingulate Cortex
In a study of Bell's palsy Acupuncture-induced functional connectivity changes of the contralateral
anterior cingulate cortex (ACC) were observed for both early and later intervention groups. In the early
intervention group no remarkable changes of functional connectivity were found in the left ACC.
Significant decreased connectivity of the right ACC after acupuncture were observed in right superior
frontal gyrus, right middle frontal gyrus, and right middle frontal gyrus however. In the latter
intervention group there were no significant changes of functional connectivity in the left ACC.
Significant increased functional connectivity of the right ACC were observed in right superior temporal
gyrus, right insula, right superior temporal gyrus, and right putamen in this group.227

Amygdala
Significant fMRI signal changes have been demonstrated during acupuncture stimulation at ST-36 in
the left amygdala, which was subsequently selected as a functional reference for connectivity analyses
demonstrating a brain network associated with the amygdala during a resting condition. This network
encompasses the brain structures that are implicated in both pain sensation and pain modulation. When
compared with a sham acupuncture, verum acupuncture induced a higher level of correlations among
the amygdala associated network.228, 229

Discussion
Based on presented studies, an evidence-based neurobiological treatment approach of BPD with 
acupuncture may be developed. Protocols can be established based on evidence-based fMRI
studies of cortical region activations and deactivations by acupuncture point stimulation correlating 
with findings and understandings of neurological changes tending to occur in BPD. This
treatment approach would thus focus on the cerebellum, limbic structures including the insula, 
amygdala and hippocampus, the anterior cingulate cortex, and medial prefrontal cortex.  Based on this 
criteria points that may be considered are BL-10, GB-20, LI-4, LR-3, ST-36, ST-40, PC-6, KI-3, GB-
34, GB-39, CV-6. CV-12, Yintang, are Si Shen Cong/GV-20. Given consideration of laterally brain 
regions affected and point effects, the following treatment protocol may be appropriate:
Left: LR-3, ST-40, GB-34, LI-4



Right: KI-3, ST-36, GB-39, PC-6
Bilateral: CV-6, CV-12,Yintang
Electroacupuncture (2-10Hz): BL-10(left) →GV-20 
Total Points Used: 13

Auricular protocols such as the 5NP NADA protocol may also be considered in their bio-regulatory 
effect of the autonomic nervous system and upregulation of endogenous opioids while being easily 
accessible by high volume or group acupuncture situations. Recent studies using rodent models have 
suggested that acupuncture stimulates neurogenesis. In particular, stimulating the following acupoints 
by acupuncture or electroacupuncture appears to induce neuronal proliferation: ST-36, GV-20, PC-6, 
HT-7, CV-17, CV-12, CV-6, SP-10, GV-16, GV-8, LI-11, TW-5, and GB-30.212The mechanism for this 
is suggested to be the upregulation of brain-derived neurotrophic factor, glial cell line-derived 
neurotrophic factor, basic fibroblast growth factor and neuropeptide Y, and activation of the function of 
primo vascular system. These points may also warrant consideration on this therapeutic effect alone.

Several limitations exist within this assessment which may hopefully be more thoroughly addressed
with future research developments. Firstly, fMRI studies of cortical changes in response to specific
acupuncture point stimulation, while growing in available data, remains limited. There has not been a
wide assessment of the many acupuncture points used within the acupuncture system. Due to this, it is
very possible there are a number of other acupuncture points that would elicit similar, or even more
specific, cortical responses that have not been studied with fMRI to determine these effects. This is a
relatively new approach to acupuncture research and funding remains limited for these types of studies.
Until a broader and more thorough analysis of cortical acupuncture point response has been done,
development of neurobiologically-based treatment protocols will remain limited to the available data.
Secondly, while studies of the cortical changes and responses in BPD have been more thoroughly
assessed, this still remains a budding field of study and will no doubt have new information become
available with continued research.

The purpose of this paper is designed to look at existing information and demonstrate a
neurobiological mechanism of acupuncture can be established in a BPD model and that it is possible
to apply these findings clinically. This may allow the practitioner to be able to treat their patient with
evidence-based treatment approaches. This is not meant or intended to supersede traditional 
acupuncture treatment approaches, diagnostics, or pattern differentiation, but to hopefully compliment 
them with an additional evidence-base. As this data becomes more available other protocols and 
evidence pools may be established for other medical conditions involving cortical structures including 
alzheimer's, dementia, multiple sclerosis, traumatic brain injury, etc.
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