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Post-traumatic Stress Disorder (PTSD) awareness has seen an upsurge in recent decades and
correlations with brain injuries within military populations, community, or mass traumas. The national
prevalence in the United States is an estimated 7-9% of the population being affected.; This percentage
increases in populations with a higher risk of repeated exposure to traumatic events such as paramedics,
firefighters, etc. ranging from 17-22%. If the individual has sustained a head injury, either due to an
automobile accident, or some other cause sample rates ranged from 13-33% developing some degree of
PTSD. Military personnel are estimated to range in rates from 10-30% with combat exposure further
increasing the risk and being a primary determinant compared to deployment without combat exposure.
Due to the increased numbers of blast injuries, head injuries and PTSD are becoming increasingly
comorbid occurrences. It has been reported in a 2008 study that 43.9% of personnel who reported a
TBI with loss of consciousness met criteria for PTSD.,

The after-effect of a stressful situation can cause a chronic complex of emotional and physical
symptoms in which one re-experiences an overwhelming traumatic event. This causes intense fear,
helplessness, horror, and avoidance of stimuli associated with the trauma. PTSD acts as a continuation
and magnification of anxiety-related symptoms which fit into three primary symptom clusters —
reexperiencing, avoidance symptoms, and hyperarousal. In order to meet diagnostic criteria these
symptoms must be present for at least one month and impair the individual's ability to function in a
social, occupational or other important life arena.

Diagnostic criteria for PTSD

Activity Possible Symptoms
Exposure to or Intense fear
witnessing of a Helplessness
threatening event Horror

Symptoms of reexperiencing

Recurrent or intrusive | Nightmares
memories Sense of reliving the trauma
Psychological or physiological distress when reminded of the trauma

Avoidance Inability to recall parts of the trauma
Withdrawal
Emotional numbing

Increased autonomic Sleep disturbance

arousal Irritability
Hypervigilance

Difficulty concentrating
Exaggerated startle response

Factors in the development of PTSD

Pre-traumatic -Ongoing life stress or demographics
factors -Lack of social support
-Young age at time of trauma




-Pre-existing psychiatric disorder

-Low socio-economic status, education level,
intelligence, gender

-Prior trauma exposure (reported abuse in
childhood, report of other previous
traumatization, report of other adverse childhood
factors

-Family history of psychiatric disorders

Peri-traumatic or |-Severe trauma

trauma related | -Type of trauma (interpesonal traumas such as
factors torture, rape or assault convey a high risk of
PTSD)

-High perceived threat to life

-Community (mass) trauma

-Peritraumatic dissociation

Post-traumatic | -Ongoing life stress

factors -Lack of positive social support

-Negative social support (ex: negative reactions
from others)

-Bereavement

-Major loss of resources

-Other factors, including children at home and
distressed spouse

Physical changes to cortical structures, including connectivity, activation intensity, and tissue volume
loss have been demonstrated to occur as a result of experiencing trauma and will be explored below..
Many symptoms that present in cases of PTSD have similarities to, or are also found in traumatic or
acquired brain injuries such as cognitive impairments (poor attention and memory), behavioral
components (impulsivity, disinhibition) and emotional changes (emotional lability, depression).
Secondary effects such as social isolation, difficulty in interpersonal relations, and impairments in
functioning in home and work environments may also become problematic. This overlap in symptoms
can make differential diagnosis between the two difficult. It is possible that the similarities in
symptomology relate to similarities in brain regions and functions affected by both conditions as
discussed below. In cases where both are present it has been proposed that a brain injury compromises
the individual's ability to cope with the stress of PTSD through disinhibition of executive function
while PTSD compromises the ability to navigate some of the cognitive difficulties that can follow a
brain injury. As a result, this interplay can be difficult for an individual to manage. Silver; states the
best explanation of the dynamic between the two disorders is “that the unique interface between the
central nervous system and concurrent psychological distress leads to signs and symptoms that are
characteristic of both post-concussion and PTSD. In addition, this relationship is dynamic, and the
relative contributions of etiological factors contributing to the symptoms change over time.”

Comparison of symptoms between PTSD and brain injury

PTSD Found in both PTSD and Brain Brain Injury
Injury




Flashbacks Fatigue Headache

Avoidance Irritability Nausea/vomiting
Hypervigilance Insomnia Photophobia or noise sensitivity
Nightmares Depression Vision problems
Reexperiencing Cognitive deficits

Types of stressors that can induce PTSD:

- Threat to one's life or physical integrity

- Serious threat or harm to one's children, spouse, other close relatives, or friends
- Destruction of one's home or community

- Seeing another person who is mutilated, dying, or dead

- Being the victim of physical violence (including child abuse)

Common Biomedical Intervention,
Anti Depressants (SSRI's)
-Fluoxetine
-Sertaline
-Partoxetine
Mood Stabilizers — Lamotrigine
Atypical antipsychotics — Olanzapine
Beta-blockers - Propanalol
Psychotherapy
-Cognitive-behavioral (individual and group, trauma-focused or traditional)
-Exposure Therapy
-Stress management

Associated Neuropathology

Brain regions most often affected by PTSD include the medial prefrontal cortex, anterior cingulate
cortex, temporal region, insular cortex, hippocampus and the amygdala. It has been proposed that
PTSD is characterized by an exaggerated amgydaloid response coupled with impairments in regulation
of the medial prefrontal cortex (hypoactivation in the dorsal and rostral anterior cingulate and
ventromedial prefrontal cortex) which fails to inhibit the heightened fear reactions of the amygdala.;
Directionality of these reward network effects, which are responsible for abnormal responses in PTSD,
is unknown. This is to say, it has not been determined whether the amygdala is solely overactive,
leading to relatively decreased frontal activity, or an underactive frontal region fails to suppress
amygdala responses, or a combination of the two occur.4 This interplay between regions likely leads to
the problems seen with heightened responsivity to threat and altered emotional controly.

It has been further hypothesized that impairment of executive function due to injury of the frontal lobe
increases the perseverance of the re-experiencing effect. Altered activities in the visual areas have been
related to processing of visual imagery in PTSD patients. Hippocampal and parahippocampal atrophy
has also been correlated to PTSD as demonstrated by volumetric studies and magnetic resonance
spectroscopy. This seems to be a phenomena that occurs primarily in the right hemisphere in Vietnam
combat veterans with an 18% decrease. Interestingly, this hippocampal atrophy was demonstrated to be
a left hemisphere occurrence in women who experienced childhood sexual abuse. This atrophy does not
occur within the first six months post-injury but rather a while after the event and does not seem to
occur in children.



A meta-analysis looking at adaptive differences between single trauma events and prolonged trauma
revealed that in single-incident traumas the bilateral medial pre-frontal cortex, anterior cingulate cortex,
striatum, insula and the left hippocampus and amygdala seemed to be most affected. Prolonged traumas
on the other hand were found with primary involvement of the left striatum, insula, amygdala, and
medial temporal gyrus, but not within the medial pre-frontal cortex (mPFC). It was speculated it may
be that prolonged and repetitive trauma exposure may not be mediated by the mPFC-limbic networks,
but by the striatum and insula insteade. Increased functional connectivity between striatum and insular
cortices have been demonstrated during repeated trauma. The study suggested a different neural
mechanism may underlie PTSD by prolonged traumas. Some studies on grey matter changes in PTSD
have provided evidence that illness duration was significantly associated with right hippocampal
volume decreases;s.

A study of cortical thickness which accounted for size, density, and arrangement of neurons, glial cells
and nerve fibers in recent-onset PTSD cases found cortical thinning occurred in the bilateral
hippocampus, anterior cingulate gyrus, posterior cingulate gyrus, left inferior and right superior parietal
lobes, left superior frontal lobe, and right superior rostral middle frontal gyrus. Cortical thickening in
recent onset PTSD patients was only found within the left calcarine cortex.o Results from a study of
soldiers with PTSD were compared to those from age- and experience-matched soldier controls. It was
found that the PTSD diagnosis is accompanied by reduced cortical thickness, primarily in the frontal
and temporal gyri, decreased relative volumes of the caudate, but relative enlargement in several
lobules withing the cerebellum. It was speculated that “since CT reflects the number, density, and size
of neurons, 1,11 a reduction in CT may be interpreted as a loss of dendritic spines or a change in the
cortical mantle due to a decrease in neuronal number.”,

Electroencephalography (EEG) studies have revealed various notable variations in PTSD cases. PTSD
patients with childhood trauma showed an overall enhanced alpha and beta band coherence over the
central and temporal regions.;» Another study showed increased alpha band functional connectivity
between the precuneus and the right inferior parietal lobe in PTSD. The precuneus has been correlated
with a number of functions including mental imagery of the self as in reflective self-awareness and
rating one's own personality traits, episodic memory, and visuospatial imagery. In a study of both global
and nodal level functional networks a number of significant findings were found between individuals
with PTSD and control subjects. Globally there was a demonstrated decrease in strength, clustering
coefficient and efficiency in the delta, theta and low beta signals. In these same bands there was a
demonstrated increased path length. It is hypothesized this may imply disrupted clustering and
inefficiently increased connectedness of brain networks in PTSD. There were no significant differences
found between PTSD patients without and those with comorbidities. Nodal level clustering coefficient
differences were then gauged at the delta, theta and low beta bands based on the globally demonstrated
decrease. Significant differences from control patients were as follows:

Delta Band Theta Band Low Beta Band

Frontal (BAS) Frontal (BA11 and BA 44) Frontal (BA44)

Temporal (BA21 and BA41) Occipital (BAS) Anterior Cingulate (BA24 and
Posterior Cingulate Cortex BA32)
(BL23; PCC) Parietal (BA7 and 40)
Temporal (BA21, BA38, and Temporal (BA37)
BA41) Occipital cortex (BA17 and
Primary Somatosensory Cortex |BA18)
(BA1-3)




Diminished delta sleep responses in PTSD patients is intimately associated with hypothalamic
corticotropin-releasing factor (CRF) and this may be indicated by the decreased clustering coefficient. s,
14

The Theta band differences were negatively correlated with symptom scores reflecting rumination and
re-experiencing. Other studies have shown relationships between negative memory and rumination and
between rumination and event scale symptoms.;s fMRI studies have demonstrated negative memory to
be related to the hippocampus, frontal cortex, posterior cingulate, and anterior cingulate. These regions
have also been associated with rumination, ;s alongside associations with temporal lobe activity.,; Theta
oscillations arising from the amygdala-hippocampal pathway during fear memory conditions;s and theta
band connectivity have been associated with personal rumination, rather than nominal rumination.

The clustering coefficient differences in the low beta band positively correlated with symptoms scores
reflecting anxiety and pain symptoms. Multiple studies have reported combat veterans with PTSD to
have increased central region beta activity. 9 It has also been demonstrated to occur during sleep in
individuals who had experienced maltreatment in childhood.,, It has been argued that the anterior
cingulate plays an important role in anxious symptoms,, while others have reported reduced activity in
the anterior cingulate and frontal cortex having an association with altered emotional modulation.
Differences demonstrated among the somatosensory association cortex was found to correlate with Pain
Anxiety Symptoms Scale (PASS) scores and seem to reflect anxiety and pain symptoms.

Neurochemical changes associated with PTSD involve multiple neurotransmitter pathways. The role of
seritonergic pathways in this process have a significant body of evidence.»s >4 The regions most
sensitive to serotonin include the limbic system and frontal-subcortical circuits. SSRI's have often been
used for PTSD symptoms as benefits have been demonstrated. These SSRIs also modulate the release
of norepinephrine which directly impacts startle response, the prefrontal cortex inhibition of the
amygdala, and release with recollection of the traumatic event; all of which create a feedback loop of
consolidation of the memory.,s Additionally, GABA has been demonstrated to be downregulated and
the excitotoxic neurotransmitter, glutamate, increased,s Acetylcholine regulation may also be impacted
and have a significant effect on cognitive symptoms due to it's supporting role in the reticular formation
involved in arousal and attention, the entorhinal-hippocampal formation involved in declarative
memory, and the frontal-subcortical circuits involved in executive functioning.

Endocrine changes associated with PTSD show that individuals tend to have low basal cortisol levels
with high levels of corticotropin-releasing factor (CRF). This is interesting as a classic stress response
involves elevated levels of CRF, ACTH, and cortisol. This was originally attributed to the idea of
adrenal fatigue following the acute injury/trauma, but emergency room studies have shown low to
normal levels of cortisol as well. It has been shown that those with PTSD have an increased number of
glucocorticoid receptors and that these receptors demonstrated an increased sensitivity. Changes such as
these allow for a greater inhibition of cortisol through negative feedback at the pituitary gland with less
ACTH being released, and the subsequent attenuation of cortisol. Primary effects on the central nervous
system of blast injuries were indicated by elevated levels of eicosanoids and stress hormones.

Cortisol, neuroanatomical substrates and structural, volumetric changes (PTSD 8)

Cortisol is a steroid hormone of the adrenal complex which acts as the primary stress hormone and
participates in the regulation of metabolism of carbohydrates, fats, and proteins as well as inflammatory
processes. During stress the hypothalamic-pituitary-adrenal axis becomes activated. If the acute stress
is not removed and becomes chronic, prolonged cortisol secretion can lead to suppression of the



immune system and one may become prone to various diseases, increased infections, autoimmune
reactions, or neoplasm risk. Altered cortisol concentrations may create endocrine imbalances with
increased sensitivity of the liver. This produces insulin and increased blood glucose levels.»;

Hypercortisolism and associated cognitive deficits are also associated with obsessive compulsive
disorder, panic disorder, or melancholic depression with reduced ability for cortisol receptors to bind in
the hippocampus, affecting memory and consciousness. Excessive cortisol production can lead to
hippocampal atrophy. This has been found clinically in a number of different dissociative disorders,s.
Yehuda et al.,y showed the correlation of chronic stress and post-traumatic stress disorder with lower
basal cortisol levels by exhaustion of the hypothalamic-pituitary-adrenal axis. Other research has
shown that there is increased secretion of cortisol in those with PTSD. Studies monitoring course and
development of PTSD in abused children showed increased secretion of cortisol due to the experienced
and re-experienced trauma. This suggests that the lowered levels of circulating basal cortisol may occur
until a person develops a mechanism leading either to healing, in the sense that they will not develop
PTSD, or to triggering the effects of increased cortisol concentrations in response to stress and
subsequently development of some somatic or psychiatric disorder like PTSD. Starcevic et al.3
documented decreased levels of cortisol, which induced decreased volumes of, especially, left
amygdala, right putamen, total hippocampal volume, and prefrontal cortex.

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. The hippocampus contains high
levels of glucocorticoid receptors which make it more vulnerable to chronic stress than most other
brain areass;. 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. Studies have the possibility of serotonin acting through excitatory amino acids
to mediate hippocampal atrophy. Magnetic resonance imaging (MRI) studies have shown a reduction in
volume of the hippocampus in both combat veterans and victims of childhood abuses;, 33, 34. In combat
veterans, the hippocampal volume reduction was correlated with deficits in verbal memory on
neuropsychological testing.ss 3, 37. All of the above mentioned cortical changes have been found to be
present in post-traumatic stress disorderss. Hippocampal damage interferes with the proper processing
of information coming from the amygdala making an individual vulnerable to new disturbing stimuli.so.

41

The volume reduction of the hippocampal formation may be explained by a negative impact of cortisol
at the level of the hippocampal cellss, 43. Intense stress is associated with the release of endogenous
stress hormones and transmitters of cortisol, epinephrine, and norepinephrine, vasopressin, oxytocin,
and endogenous opiates. Their role is reflected in the launch of altered metabolism and release of
energy necessary to respond to stress. In a healthy organism, these changes occur only for a short
duration, and the baseline cortisol level of functioning is established as soon as the danger has passed.
In cases of prolonged stress, if it is very intense, there occurs a dysfunction of the system response to
stress and to its desensitizationua.



Investigations of neurohormonal functions in post-traumatic stress disorder show reactions that are the
opposite of the normally expected responses to stress. In acute stress glucocorticoids and
catecholamines modulate the reciprocal effects that regulate cortisol stress hormones via negative
feedback through the hippocampus, hypothalamus, and pituitary gland. Researchers have suggested
that cortisol is a potent hormone that can even interfere with other processes in the body after the
exposure to acute StI‘CSS42, 43, 45.

Alternately, released catecholamines and corticosteroids stimulate active behaviors necessary to
overcome stress. In the case of low levels of corticosteroids, the increased irritability is caused by
inadequate and uncontrolled reactions of fight or flight. Chronic stress induces decreased basal cortisol
levels. On the other hand, acute stress can be seen as a leading factor of decreased activation of
pulsatile stress hormone release, and increased number of glucocorticoid receptors in the hippocampus
structuress. Kulji¢ and colleagues showed in their rat studies that chronic stress caused a reduction in
corticosterone concentration indicating exhaustion of the hypothalamic-pituitary-adrenal axisss.

A study conducted by Resnick et al.4; showed that reduced cortisol levels made people more
susceptible to post-traumatic stress disorder, for example, those with a personal history of sexual
abusey;.

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 structure such as hypothalamus, hippocampus, and basal
prosencephalon. This will determine the behavioral, autonomic and neurohormonal function and its
manifestation. LeDouxs; 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, essentially
“overriding” the prefrontal cortex. A study conducted on forty-nine male patients, Starcevic et al.ss,
found that both left and right amygdala volumes were statistically significantly different between
individuals with PTSD and individuals without PTSD. While effects were bilateral, the left amygdala
showed a greater impact in volume changes. Rogers et al.4 show that the left amygdala volume has a
significant negative correlation with the severity of PTSD symptomatology as well as with the reduced
grey matter density in the left anterior cingulate cortex. A smaller amygdala volume was associated
with the presence of cancer-related intrusive recollections in a sample of 76 breast cancer survivorsso.
Normal amygdala volumes do not necessarily preclude functional abnormalities in the amygdala in
those with PTSD. For example, in a functional neuroimaging meta-analysis of participants with PTSD
with amygdala abnormalities, particularly in the left amygdala, two distinct clusters of abnormal
function were identified: a ventral anterior hyperactivation cluster and a dorsal posterior hypoactivation
cluster5|,52.

Prefrontal 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 cortexss. Brain imaging studies have demonstrated reduced
volume and interconnections of the frontal lobes with other cerebral regions in individuals with
different mental disorders such as post-traumatic stress disorderss, ss. Researchers, who have studied the
prefrontal cortex as a part of the brain that suppresses memories, showed that it was unable to preoperly



operate at lower levels in people with stress related disorders when compared to healthy subjects. When
individuals with stress-related disorders were asked to suppress their memory of certain words, their
brains showed higher than normal hippocampal activations;.

Volume reduction of this brain region may occur as a result of molecular alterations here. Studies 5755
showed increased blood flow in the upper prefrontal region of the brain in a study conducted on both
men and women who suffered from posttraumatic stress disorder.

Striatum: Caudate nucleus, putamen, and globus pallidus

Subcortical structures such as the caudate nucleus and putamen have been described as being involved
not only in motor function, but in cognitive processes as well with volume decreases being associated
with major depression and Alzheimer's disease. Negative effects of cortisol together with
dehydroepiandrosterone result in volume decrease of these subcortical structuresss.

Globus pallidus, as a major subcortical grey structure, participates in the regulation of sleep via the
nigrostriatal dopamine and through its connections with subthalamic nucleuse. Studies carried out on a
rat experimental model have shown that damage to the globus pallidus leads to disruption of sleep.
Sleep disorders, which can occur as severe symptoms of PTSD, lead to hypoxic and metabolic changes
in the brain. This further results in an altering of dopamine levels and the degree of blood flow through
the brain, which then, in turn, leads to brain atrophye.

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., 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.e; ¢4« 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 PTSD, individuals may feel “numb”, with no access to
their feelings. This may result in gustatory disconnect and associated anorexia. Other symptoms which
elicit greater physical sensory stimuli such as 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.qs, 65

Examination of PTSD studies of the insula confirms increased activation of the right middle insula in a
sample of women with intimate partner violence-related PTSD.q Other studies have also shown
increased activation of the insula ¢, ¢s. Findings of higher insula activation also extend to emotional,
trauma-unrelated stimuli 4 70. Analyses have confirmed later childhood early life stress (ELS) events to
be associated with volumetric reductions in the ACC and insula volumes, while ELS experienced
between the ages of 1 month and 7 years was not associated with lower brain volumes in these regions.
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 regulations;. 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 PTSD 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 7.
The combination of the amygdala and insula then appears to have a unique and complementary role in



limbic and emotional processing 73

Anterior Cingulate Cortex

The anterior cingulate may serve a critical gating function in modulating conditioned fear responses. As
such, this region would be a key component of a neural circuit involved in the pathophysiology of
PTSD. Volume decreases in the right anterior cingulate gyrus have been demonstrated in patients with
PTSD when compared to non-PTSD subjectss. The anterior cingulate may serve a critical gating
function in modulating conditioned fear responses. As such, this region would be a key component of a
neural circuit involved in the pathophysiology of PTSD. An amygdala-locus coeruleus-anterior
cingulate circuit may be consistent with evidence for chronic noradrenergic activation documented in
PTSD 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 PTSD. s

Superior Temporal Gyrus

Unadjusted superior temporal gyrus grey matter volumes were larger in maltreated subjects with PTSD
than in control subjects. White matter volumes in the superior temporal gyrus, however, were smaller
in maltreated subjects with PTSD than in control subjects. After adjusting for differences in cerebral
volume, right, left, and total superior temporal gyrus volumes were relatively larger in PTSD subjects
compared with control subjects. After covarying for differences in cerebral grey matter volumes,
regression analysis showed that PTSD subjects had significantly greater superior temporal gyrus grey
matter volumes in most, and particularly in right-sided superior temporal gyrus measurements.
Furthermore, findings of analysis superior temporal gyrus volumes suggest that there is a more
pronounced right > left asymmetry in total and posterior superior temporal gyrus volumes but a loss of
the left > right asymmetry seen in total, anterior, and posterior superior temporal gyrus grey matter
volumes in PTSD subjects compared with control subjects. 7

Cerebellum

It has been hypothesized that individuals with PTSD would show functional and anatomical alterations
within core nodes of networks spanning the entire brain, including default mode, central executive and
salience networks.7; Using tensor based morphometry (TBM), significantly smaller volume in the right
cerebellar crus in the PTSD compared to healthy group was revealed. Follow-up seed connectivity
indicated weaker connectivity within major nodes of the central executive network (left and right
dorsolateral prefrontal cortex ) in the PTSD sample. Individuals with PTSD also exhibited weaker
connectivity between nodes of the default mode network (medial prefrontal cortex and cerebellum) and
the supramarginal gyrus. Convergent findings from neuroimaging and lesion studies have led to a
reconceptualization of the cerebellum as playing an important role in cognition and emotion.7s.go

A correlation between functional connectivity in the cerebellum and both overall symptom severity and
severity in the four symptom domains specified in the DSM-5 (intrusion symptoms, avoidance, NACM
and hyperarousal), suggesting a non-specific role for the cerebellum in PTSD symptomatology.;
Lesions to the cerebellum can result in anxiety, aggression, irritability and distractibility,s; symptoms
that are relevant to PTSD. Structural and functional cerebellar abnormalities in PTSD have been
reported previously wherein cerebellar volume has been shown to be lower in adolescents g, and adults
with PTSD,s; g4 with cerebellum volume negatively correlating with PTSD symptoms. Increasing
cortical excitability in the dorsolateral prefrontal cortex through active repetitive transcranial magnetic
stimulation was associated with a significant reduction in PTSD symptoms.ss Reduced medial
prefrontal cortex function in PTSD has been linked to disturbances within the default mode network,ss,
g7, Which is associated with internally focused thought, autobiographical memory and mind-wandering,



and whose activity is typically increased in the absence of a cognitively-demanding task.ss

A weakened default mode network could be associated with disrupted self-referential processing, which
can lead to dissociative symptoms and impairments in autobiographical memory, both of which have
been implicated in PTSD.gy The reduced connectivity in medial prefrontal cortex and in the
cerebellum, a peripheral component of the default mode networke.o> adds to the growing literature
implicating dysfunction of the default mode network in PTSD.ss g6, 93 Furthermore, observed reduced
anatomical covariance with the middle temporal gyrus, also part of the default mode network has been
observedos

Neurobiological Foundations of Acupuncture Approaches In PTSD

A growing body of evidence is being presented in acupuncture's potential role as an effective treatment
approach to help individual's affected by PTSD. A systematic review synthesized evidence from seven
studies which met criteria with 709 total participants included that compared acupuncture with
“treatment as usual”, sham acupuncture, a passive waitlist control, cognitive behavioral therapy, and
paroxetine use. The review showed statistically significant effects in favor of acupuncture (as
adjunctive or monotherapy) versus any comparator for PTSD symptoms at post-interventionss. A
systematic review of randomized control trials showed a high-quality trial reporting acupuncture as
superior to wait list control, with therapeutic effects of acupuncture and cognitive-behavioral therapy
(CBT) being similar based on the effect sizes. Another randomized control trial reported a favorable
effect of acupoint stimulation plus cognitive behavioral therapy (CBT) against CBT alone. A meta-
analysis of acupuncture plus moxibustion versus selective-serotonin reuptake inhibitors favored
acupuncture plus moxibustion in three outcomes. The systematic review concluded “that the evidence
of effectiveness of acupuncture for PTSD is encouraging”ss The Journal of Mental and Nervous
Diseases published a study evaluating the possible efficacy and acceptability of acupuncture for PTSD
in which people diagnosed with PTSD were randomized to either an empirically developed acupuncture
treatment, a group cognitive-behavioral therapy, or a wait-list control. Based on self-reported PTSD
symptom measures at baseline, end treatment, and 3-month follow-up it was found that compared to the
wait list group, acupuncture provided large treatment effects for PTSD similar in magnitude to the
cognitive behavioral group. Symptom reductions at end treatment were maintained at 3-month follow-
up for both interventions.o;

In population specific studies, one study of fifty-five service members meeting research diagnostic
criteria for PTSD were randomized to usual PTSD care plus eight 60-minute sessions of acupuncture
conducted twice weekly or usual care alone. Outcomes were assessed at baseline and 4, 8, and 12
weeks post-randomization and found mean improvement in PTSD severity was significantly greater
among those receiving acupuncture than in those receiving usual care. Acupuncture was also associated
with significantly greater improvements in depression, pain, and physical and mental health
functioningss. Another study of 138 patients with earthquake-induced PTSD who enrolled were
randomly assigned to an electroacupuncture group and an oral paroxetine group. The electro-
acupuncture group was treated by scalp electroacupuncture with safety and efficacy of
electroacupuncture evaluated using Clinician-Administered PTSD Scale (CAPS), Hamilton Depression
Scale (HAMD), Hamilton Anxiety Scale (HAMA), and Treatment Emergent Symptom Scale (TESS).
Efficacy in the electroacupuncture group was found significantly better than that in the paroxetine
group.q



Postulated Acupuncture Mechanisms in PTSD

A number of bioregulatory mechanisms of acupuncture in PTSD will be postulated and explored. These
include:

-Initiation of endogenous opioid secretion to reduce pain

-Regulation of amino acids and neurotransmitters to down regulate the sympathetic response
-Upregulation of nerve growth factor and increased neuroplasticity

-Redirection of blood flow from the limbic system to the prefrontal cortex

-Inhibition the amygdala and insula to alleviate hyper-vigilance and heightened fear response
-Bioregulatory effect of sympathetic and parasympathetic responses

Acupuncture Effect 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 19,101,102

Endogenous opioids

Acupuncture has been shown to mediate endogenous opioid pathwaysos 104. Activation of
enkephalinergic neurons in several brain areas that regulate sympathetic outflow have been
demonstrated, including the arcuate nucleus, rostral ventrolateral medulla, raphé nuclei, among
others;os 106. L1 et al.;o; 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 [3-
endorphin is a key mediator of changes in autonomic functions;s. Acupuncture may affect the
hypothalamic-pituitary-adrenal (HPA) axis by decreasing cortisol concentrations and the hypothalamic-
pituitary-gonadal (HPG) axis by modulating central B-endorphin production and secretion;po. The
hypothalamus is one of the largest manufacturers of beta-endorphins, the body's endogenous poly-
opioids which reduce pain. These opiod 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. 1o

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;;;. 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 neurons, 113 and ventrolateral periaqueductal greyios,i14
were activated by electroacupuncture at the P5-P6 acupoints. Glutamate only partially, but significantly,
contributes to the activation of arcuate nucleus-ventrolateral periaquaductal gray reciprocal pathways
during electroacupuncture stimulation of somatic afferents;;s. Electroacupuncture modulates the
sympathoexcitatory reflex responses by decreasing the release of GABA in the ventrolateral
periaqueductal greyiis, which disinhibits ventrolateral periaqueductal grey cells, in turn, modulating the
activity of rostal ventrolateral medulla neurons to attenuate the sympathoexcitatory reflex responses.

Nerve Growth Factor (NGF)

The 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 system,;; by a long-
lasting depression of the sympathetic branch, which is associated with a peripheral downregulation of



nerve growth factor in organs. Mannerés et al.;;s found that electroacupuncture could effectively
improve poly-cystic ovarian syndrome (PCOS)-related metabolic disorders, alter sympathetic
markers; o, 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;,. 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»; 12,, 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 regulations 124.

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 hypothalamus to change autonomic functionss.
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 responsesiag 127. Corticotropin-releasing hormone,s expressions in the periventricular
nucleus may also suppress the sympathetic outflow in response to chronic stressors;z.

Medulla Oblongata

Specific regions of the medulla oblongata mediate central control of autonomic functioning.
Electroacupuncture could inhibit cardiovascular autonomic responses through modulating rostal
ventrolateral medulla neurons;s 131 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 rostal ventrolateral medulla,s,. Activation of the nucleus raphe pallidus attenuates
sympathoexcitatory cardiovascular reflexes through a mechanism involving serotonergic neurons and
5-HT1A receptors in the rostal 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 releasing of acetylcholine;s;. Some nucleus ambiguus neurons activated
by electroacupuncture are preganglionic vagal neurons;s;. 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;ss. 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;ss.

Dorsomedial Prefrontal Cortex (DMPFC)

The prefrontal cortex is vital for mediating behavioral and somatic responses to stress in the autonomic
centers via projections;ss. A near-infrared spectroscopy study found that the right prefrontal cortex
activity predominantly modulated sympathetic effects during a mental stress taskis;. It is speculated that
acupuncture may decrease sympathetic activity and increase parasympathetic activity through its
effects on dorsomedial prefrontal cortex activityss.

Auricular Acupuncture In Autonomic Regulation

A number of various acupuncture protocols exist which utilize auricular acupuncture in treating trauma
symptoms. Studies have shown that auricular acupuncture is able to regulate the autonomic nervous
systemyso, 140, €licit a vaso-vagal responses;, and activate the parasympathetic nervous system;s,. Below
are some of the common auricolutherapy protocols with traditional point indications:

NADA: Shenmen, Sympathetic, Liver, Kidney, Lung

Battlefield Acupuncture: Shenmen, Point Zero, Omega 2, Thalamus, Cingulate Gyrus

Auricular Trauma Protocol: Shenmen, Point Zero, Hypothalamus, Hippocampus, Amygdada, Master
Cerebral

Auricular Point Indications:

- Sympathetic- balances autonomic nervous system

- Shen Men — psychospiritual vitality, balance to Heart channel, hypersensitivity to needles

- Kidney- warms freeze response, find safety in self, restore vitality/reserves

- Liver- soften anger/hyper-vigilance, freeze fight response

- Hippocampus - ease mind’s grip on traumatic memory, bring relief to hyperarousal/intrusive images
- Hypothalamus — stimulates parasympathetic nervous system, triggers HPA axis, important for
attention/vigilance/arousal

- Amygdala - modulates expression of anger/fear/aggression/irritability

- Hippocampus - memory encoding/emotional experiences. Imp for memory/concentration

- Master Cerebral - psychoemotional/psychosomatic disorders, emotions around chronic pain, pain.
Zones for Limbic system (memory, emotions, compulsive behavior) and pre-frontal cortex
(concentration, decision making, initiating action).

- Point Zero — moves mind/body/emotions toward homeostasis

Regional Influence of acupuncture on cortical regions

A number of points have been demonstrated by fMRI studies to have a correlation to brain activity in
the limbic system;;

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.s

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 degqi 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. s

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. These results are consistent with previous fMRI studies,
especially well-defined deactivation in the left amygdala,ss. 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 e

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. s

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 insulass.

Regional Acupuncture Effects

Limbic System

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 1)
greater clinical improvement as indicated by Montgomery—Asberg Depression Rating Scale (MADRS)
and Self-Rating Depression Scale (SDS) scores; 2) increased rsFC between the left amygdala and
subgenual anterior cingulate cortex/preguenual anterior cingulate cortex; 3) increased rsFC between the
right amygdala and left parahippocampus (Para)/putamen. The strength of the amygdala-
sgACC/pgACC rsFC was positively associated with corresponding clinical improvement. The additive
effect of acupuncture to antidepressant treatment suggested this effect may be achieved through the
limbic system, especially the amygdala and the anterior cingulate cortex o,

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 may also exhibit relative specificity. 1so

Hippocampus

In a meta-analysis of fMRI studies GB-34 and GB-39 had a demonstrated activating effect on the
hippocampus.;s; 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. s
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.;s;. 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. s

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;s.

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.ss 156

Discussion

Based on presented studies, an evidence-based neurobiological basis for the treatment of PTSD with
acupuncture can work to be developed. Protocols can be established based on evidence-based fMRI
studies of cortical region activations and deactivations with acupuncture points correlating with
findings and understandings of changes which tend to occur in the brain in cases of PTSD. This
treatment approach would thus focus on the cerebellum, limbic structures including the amygdala and
hippocampus, the anterior cingulate cortex, insula, and medial prefrontal cortex. Based on this criteria
points that may be considered are 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. 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, Si Shen Cong
Total Points Used: 15

Auricular protocols as presented in this paper may also be considered in their bio-regulatory effect of
the autonomic nervous system while being easily accessible and applicable 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.,3, The 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.;s;
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 an 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,


https://www.ncbi.nlm.nih.gov/pubmed/19014532#

development of neurobiologically-based treatment protocols will remain limited to the available data.
Secondly, while studies of the cortical changes and responses in PTSD 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 that a
neurobiological mechanism of acupuncture can be established in a PTSD model and that it is possible
to apply these findings clinically. This allows the practitioner to be able to treat their patient with
evidence-based treatment approaches based on objective, presentable data. This is not meant to
supersede traditional acupuncture treatment approaches, diagnostics, or pattern differentiation, but to
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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	Medulla Oblongata Specific regions of the medulla oblongata mediate central control of autonomic functioning. Electroacupuncture could inhibit cardiovascular autonomic responses through modulating rostal ventrolateral medulla neurons130,131 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 rostal ventrolateral medulla132. Activation of the nucleus raphe pallidus attenuates sympathoexcitatory cardiovascular reflexes through a mechanism involving serotonergic neurons and 5-HT1A receptors in the rostal ventrolateral medulla during electroacupuncture.

