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ACllpllIlCtlll'e — self-appraisal and the reward system

Thomas Lundeberg, Iréne Lund, Jan Ndslund

Abstract

Acupuncture is an ancient therapy with a variety of different explanatory models. A cascade of physiological
effects has been reported, both in the peripheral and the central nervous system, following the insertion of a
needle or light tapping of the skin. Clinical trials testing the specific claims of acupuncture have generally tried
to focus on testing the efficacy of applying specific techniques and/or specified points. However, different
conditions may respond differently to different modes of stimulation.

Recently, it was demonstrated that both superficial and deep needling (with de gi/Hibiki) resulted in
amelioration of patellofemoral pain and unpleasantness. The pleasurable aspect of the acupuncture experience
has largely been ignored as it has been considered secondary to its pain alleviating effects. This aspect of
acupuncture treatment is likely to be related to activation of self-appraisal and the reward system.

When a patient seeks a therapist there are expectations of a specific effect. These expectations are partly
based on self-relevant phenomena and self-referentia introspection and constitute the preference. Also,
when asked about the effect of the treatment, processes that orientate pre-attentive anticipatory or mnemonic
information and processes that mediate self-reflection and recollection are integrated together with sensory
detection to enable a decision about the patient’s perception of the effect of acupuncture treatment. These
‘self-appraisal’ processes are dependent on two integrated networks: a ventral medial prefrontal
cortex—paralimbic—limbic ‘affective’ pathway and a dorsal medial prefrontal cortex—cortical-hippocampal
‘cognitive’ pathway.

The limbic structures are implicated in the reward system and play a key role in most diseases and illness
responses including chronic pain and depression, regulating mood and neuromodulatory responses (eg
sensory, autonomic, and endocrine). The pleasurable and neuromodulatory aspects of acupuncture as well as
‘placebo needling’ may partly be explained by the activation or deactivation of limbic structures including the
hippocampus, amygdala, and their connections with the hypothalamus.

In patients with patellofemoral pain, the effects of superficial and deep needling remained for six months.
These long term pain-alleviating effects have been attributed to activation of pain inhibiting systems in
cortical and subcortical pathways. When considering long term effects the cortical—cerebellar system needs
to be taken into account. The cortical-cerebellar system is probably central to the development of neural
models that learn and eventually stimulate routinely executed (eg motor skills) and long term (eg pain
alleviation) cognitive processes. These higher order cognitive processes are initially mediated in prefrontal
cortical loci but later shift control iteratively to internal cerebellar representations of these processes. Possibly
part of the long term healing effects of acupuncture may be attributed to changes in the cerebellar system thereby
sparing processing load in cortical and subcortical areas.

As cortical and subcortical structures are activated and/or de-activated following stimulation of receptors
in the skin, disregarding site, ‘placebo or sham needling’ does not exist and conclusions drawn on the basis
that it is an inert control are invalid.

‘Self” may be seen as a shifting illusion, ceaselessly constructed and deconstructed, and the effect of
acupuncture may reflect its status (as well as that of the therapist).
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Introduction
Acupuncture is an ancient therapy with different
explanatory models.' A number of physiological
effects have been reported, both in the peripheral
and the central nervous systems, following the
insertion and stimulation of a needle. Trials testing the
specific claims of acupuncture have generally tried to
focus on testing the efficacy of varying stimulation
techniques and/or specified points. However,
insertion of needles into the body can stimulate
specific effects though these are not dependent on
the locations of stimulation.” Therefore, factors that
are simultaneously site specific and unrelated to the
site of needling might play a role in the outcome of
acupuncture therapy for pain. It is also important to
note that different pain conditions might respond
differently to different modes of stimulation.’
Patellofemoral pain syndrome (PFPS) is one of
the most common musculoskeletal disorders,
especially in young adults.’ It has been suggested
that patients suffering from PFPS are more prone
to develop knee osteoarthritis. However, there is no
consensus on the definition of PFPS, its
classification, assessment, diagnosis, or
management. Symptoms and clinical findings in
subgroups of individuals with PFPS, classified on
the basis of the findings in radiological examinations
and compared with subjects with healthy knees,
have recently been reported.* An orthopaedic
surgeon and a physical therapist consecutively
examined 75 patients clinically diagnosed as having
PFPS. Radiography revealed pathology in 15
patients, and scintigraphic examination revealed
focal uptake of technetium in two patients indicating
local pathology. Diffusely increased uptake (sign
of sympathetic hyperactivity) was present in 29
patients. In the remaining 29 patients, radiographic
and scintigraphic examinations were normal.
Subjects with healthy knees differed significantly
from the three patient groups in all clinical tests
measuring pain in response to provocation: ie
compression test, medial and lateral tenderness and
passive gliding of the patella. Differences in clinical
tests between the patient groups were not significant.
The main finding and conclusion of the study was
that, in patients with PFPS, it was not possible to
detect peripheral pathology with the tests used and
that the pain might be due to sympathetic
hyperactivity.

A randomised controlled study was conducted to
evaluate the effect of acupuncture treatment of
patients with PFPS.’ Fifty eight patients, clinically
and radiologically examined, were randomly assigned
to either deep acupuncture treatment with low
frequency electrical stimulation or minimal
superficial acupuncture with attached electrodes but
without electrical stimulation. The patients were
treated twice weekly for a total of 15 treatments. The
main outcome measurements were one leg vertical
jump, functional score, daily visual analogue scale
(VAS) recordings of perceived pain intensity, and
skin temperature. Fifty-seven patients completed the
study. After the treatment period, pain intensity was
rated significantly decreased within both groups but
with no significant difference between the groups.
The decline in pain recordings remained significant
even after three and six months in both groups. Even
though the pain was rated as decreased after sensory
stimulation, the ability to jump on one leg, the
functional score, and the skin temperature remained
unchanged. This study showed that patients with
PFPS appear to benefit from both electroacupuncture
treatment and subcutaneous needling. The pain
relieving effect of acupuncture remained for six
months. The effects are likely to be attributable to
activation of pain inhibitory mechanisms or
deactivation of pain processes in the central nervous
system. Also, it is generally observed following
acupuncture that many patients experience reduction
of unpleasantness, restoration of wellbeing (health)
and their sense of self.

Recently, Hui using accumulative neuroimaging
results, thereby achieving larger sample sizes than
previously obtained from a single trial, reported that
superficial tactile stimulation results in changes in
a subset of deep brain structures, although of weaker
magnitude and more limited in extent than real
acupuncture (matched for acupuncture points and
subjects).’ The difference between real acupuncture
and tactile stimulation varied with the acupuncture
points, which may be attributed to differences in
innervation of the stimulated tissue. This is supported
by Wu and collaborators who found that superficial
needling produces many of the sensations elicited
with ‘real” acupuncture needling, but at a lower
frequency and with a different pattern of distribution.’
It has been reported that superficial needling results
in the activation of A-beta and A-delta nerve fibres
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inducing analgesia.® One reason why previous studies
on acupuncture neuroimaging have not reported on
the effects of superficial acupuncture is possibly
related to the fact that these studies have been
underpowered to reveal the more subtle actions of
superficial needling. Moreover, many of the limbic
structures located at the base of the brain such as the
amygdala are vulnerable to susceptibility artefacts
and suffer signal loss in studies that use thicker
sections in the axial orientation (Hui KKS, personal
communication).

Acupuncture and self-appraisal

In many patients, reduction of unpleasantness,
restoration of wellbeing (health) and the patient’s
sense of self may be of greater importance than the
actual reduction in pain intensity. Neuroimaging
studies have shown that there are dedicated brain
systems central to appraising the self-relevant content
of one’s environment and one’s conscious mental
events.” These systems are adjusted to the detection
of environmental phenomena (exteroceptive and
interoceptive information: sensory, somatic,
autonomic) that convey significance to a patient.
Also, the systems are able to install self-relevant
information (introspective information: thoughts,
memories) from past experience to create abstract
associations with stimuli, or, to initiate such
information independent of external stimuli altogether
(for example expectancy). In this way, one may
consider salience simply as propagation of sensory
information (like acute pain) sufficient for attention,
whereas wellbeing and self-relevance are central
processes generated by at least two integrative sub-
systems: one that orientates pre-attentive information
to self-relevant phenomena and one that engages
pensive processes like self-reflection.””

The task domains that orient preventative or
mnemonic information (pre-attentive biasing
information) to salient or openly self-relevant
phenomena fall into the broad cognitive—affective
domains of reward, fear, pain, and affection. The
neural substrata include the ventral medial prefrontal
cortex (VMPFC), anterior cingulate (ACC), nucleus
accumbens (Nacc, also denoted ventral striatum),
amygdala (Amg), and insula. The vMPFC is central
for detection of self-relevant information (prepotent,
biasing or self-relevant) whereas the primary function
of Amg and Nacc (limbic structures) is discrimination

of a neuromodulatory response (sensory, autonomic,
and endocrine) to specific biasing features of the
tasks to facilitate heightened watchfulness of
self-relevant

immediately or potentially

environmental cues.™

When patients are asked how an acupuncture
treatment (stimulus) makes them feel (self-relevant
tasks) there is a shift to one’s self as the referent
which results in activity in distinct neural structures
including the ventral and dorsal medial prefrontal
cortex (AMPFC), dorsorostral (rACC), and posterior
cingulate (PCC). These findings have implications for
acupuncture research, suggesting that so called
‘placebo acupuncture’ is not inert as the patients are
continuously asked how the stimulation makes them
feel. Also, treatments (stimuli) that convey general
information for survival or wellbeing are related to
activation in the vVMPFC and ACC, Amg, Nacc and
insula. Taken together, detection of self-relevance
from exteroceptive or interoceptive inputs (needle
manipulation and being asked about the treatment
effect) triggers a cascade of subcortical processing
that orientates the subject or patient on to an increased
response potential. Re-integration of this information
at vVACC and MPFC loci prevent or diminish re-
direction of attention based on prior experience
through integration with contextually appropriate
memory traces, of one’s past experiences. This would
suggest that when given a treatment (drug or
acupuncture), the specific meaning of the treatment
results in activation of associated self-relevant
processes ie an intervention for pain alleviation results
in pain alleviation and a drug for insomnia results
in induction of sleep.””

The neural substratum that engages introspective
processes includes the dorsal-ventral MPFC,
dorsorostral ACC and PCC.” Specifically, this
response pattern has been observed during self-
appraisal of one’s own personality traits, as well as
one’s opinions, personal morals, attitudes, and during
appraisal of one’s own preference (eg food, colour).
PCC is involved in retrieval of personally significant
memories (episodic information) and the dorsorostral
ACC function in executive control processes such
as selective attention. In contrast to the attention
allocating mechanism of the dorsorostral ACC, the
dorsal anterior MPFC is involved in evaluative
processing of self-relevant mental content. This
distinction between anterior MPFC and dorsorostral
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ACC function is in line with conclusions drawn from
a recent meta-analysis on social cognition, wherein
the prior structure was implicated in self-knowledge,
and evaluative processes in selective attention.
When a patient seeks a therapist there are
expectations of a specific effect. These expectations
are partly based on self-relevant phenomena and
self-referential introspection and constitute the
preference. Also, when asked about the effect of the
treatment, processes that orientate pre-attentive
anticipatory or mnemonic information and processes
that mediate self-reflection and recollection are
integrated together with sensory detection to enable
a decision about the patient’s perception of the effect
of acupuncture treatment. These ‘self-appraisal’
processes are dependent on two integrated networks:
a ventral medial prefrontal cortex—paralimbic—limbic
‘affective’ pathway and a dorsal medial prefrontal
cortex—cortical-hippocampal ‘cognitive’ pathway.”®
Pariente and collaborators explored the cerebral
consequences of needling and expectation with ‘real’
acupuncture, ‘placebo control’ acupuncture
(Streitberger needle — non-penetrating, blunt
telescopic needle) and skin prick (blunt needle), using
a single blind, randomised crossover design with 14
patients suffering from painful osteoarthritis, who
were scanned with positron emission tomography
(PET).” The results of the PET scans showed that
insula ipsilateral to the site of stimulus was activated
to a greater extent during real acupuncture than during
the ‘placebo control’ intervention. Both ‘real’ and
‘placebo control’ acupuncture with the same
expectation of effect caused greater activation than
skin prick (which had no expectation of a therapeutic
effect) in the right dorsolateral prefrontal cortex,
anterior cingulate cortex, and midbrain. These results
suggest that ‘real’ acupuncture and ‘placebo control’
acupuncture have specific physiological effects and
that patients’ expectation and belief regarding a
potentially beneficial treatment modulate activity in
cortical and subcortical areas. That ‘placebo control’
acupuncture may have a physiological effect is also
supported by recent studies showing that stimulation
of skin mechanoreceptors coupled to unmyelinated
afferent C nerve fibres result in activity in the insular
region.” Activity in these C tactile afferents has been
implicated in a limbic reward response. It is likely that
control procedures used in many acupuncture studies
(superficial or minimal needling) aimed at being

inert are in fact activating these C tactile afferents
and consequently are not inert. Furthermore, these
‘control procedures’ probably activate the reward
system and as such induce feelings of wellbeing.’

Default mode

It has been suggested that PCC, rostral ACC, and
MPFC compose a network characterised by a default
mode of high level baseline activity, and further, that
this baseline is similar to the brain’s continuous
resting oxygen extraction level. Possibly the default
mode encompasses processes similar to introspection
and the time relaxing between and after an
acupuncture treatment.””** This is presently under
investigation by Kathleen Hui and collaborators.

Acupuncture, reward and neuromodulation
Limbic structures play a key role in most diseases
and illness responses including chronic pain and
depression, regulating mood and neuromodulatory
responses (eg sensory, autonomic, and endocrine).
The pleasurable and neuromodulatory aspects of
acupuncture as well as ‘placebo needling’ may partly
be explained by the activation or deactivation of
limbic structures including the hippocampus,
amygdala, and their connections with the
hypothalamus, septal area, and portions of the
tegmentum.” As the limbic structures are activated or
deactivated following stimulation of receptors in the
skin, disregarding site, ‘placebo-needling’ does not
exist and conclusions drawn on the basis that it is
an inert control are false and truly misleading.

The hippocampus and frontal regions of the
cerebral cortex have received much attention since
reductions in hippocampal (and cortical) volumes
were reported in patients with chronic pain,
depression and post-traumatic stress disorder in
whom memory and cognitive dysfunctions are
commonly reported. Also, a decline in hippocampal
function, which exerts inhibitory control over the
hypothalamic-pituitary-adrenal (HPA) axis, could
contribute to the hypercortisolemia found in a subset
of depressed individuals. Bucinskaite and co-workers
previously reported on the effects of repeated
electroacupuncture treatments on open-field
behaviour and on hippocampus concentrations of
neuropeptide Y (NPY), neurokinin A (NKA),
substance P (SP), galanin (GAL) and vasoactive
intestinal peptide (VIP)-like immunoreactivities (-LI)
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in the two rat strains Wistar-Kyoto (WKY) and
(SHR).™
Significantly higher concentrations of SP-LI, NKA-

spontaneously hypertensive rats

LI and NPY-LI were found in the hippocampus
immediately after three weeks of electroacupuncture
treatment compared to untreated animals with similar
changes in neuropeptide concentrations in the two rat
strains. Open-field behaviour was significantly
reduced during the treatment period in both strains.
Also, rats receiving treatment had higher thresholds
to nociceptive stimuli and were calmer than control
rats. There were significant negative correlations
between behaviour and neuropeptide concentrations
in spontaneously hypertensive rats, suggesting
interdependency with sympathetic activity. It was
proposed that some of the effects of electro-
acupuncture in rats are related to increases in NPY-
LI, NKA-LI and SP-LI in the hippocampus.
Interestingly, it has been reported that basal NPY-
LI is lower in the hippocampus of ‘depressed’ rats
(Flinders Sensitive Line) compared with controls,
and that electroconvulsive stimuli (ECS) raise NPY-
LI in the hippocampus.® These findings suggest that
NPY is involved in depressive disorder and that
antidepressant effects of ECS may in part be
mediated through NPY. Furthermore, the
hippocampus has been implicated in the regulation
of anxiety and memory processes and low
concentrations of SP-LI and NKA-LI has been seen
in rats with chronic ‘pain’. Possibly, this disturbance
could be compensated for by repeated electro-
acupuncture treatments. Another, modality of
stimulation that may prove to be effective in
depression is laser-acupuncture (Quah-Smith,
personal communication).

While the hippocampus and frontal cortex are
involved in aspects of chronic pain and mood
disorders, these regions do not account for all

**1% In recent years a role for other parts of

Ssymptoms.
the brain including the brain’s reward regions have
been demonstrated. Studies have identified the
nucleus accumbens (NAcc) and its dopaminergic
inputs from the ventral tegmental area (VTA) of the
midbrain, as one of the most important anatomical
substrates for rewards, such as food, sex, and social
interactions. The amygdala, traditionally viewed as
being critical for learned associations between
negative emotional stimuli and environmental cues,
serves a similar function for rewarding stimuli.
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Interestingly, many patients with chronic pain and
depression show reduced ability to experience
pleasure (anhedonia) and loss of motivation, as well
as abnormalities in several neurovegetative functions
such as appetite, sleep, energy level, and circadian
rhythms. All of these processes are part of highly
overlapping and interacting circuits in which the
dopaminergic VTA-NAcc pathway plays a critical
role.'”" A role for acupuncture and moxibustion in
these conditions is supported by studies showing
that they result in the activation of the reward
system.”

Probably, the transcription factor CREB (cAMP
response element binding protein) is a key regulator
of the reactivity of brain reward circuits and thereby
regulates individual sensitivity to emotional
stimuli.™"* Short term increases in CREB activity in
NAcc, induced by normal rewarding or aversive
stimuli, could serve to dampen responses to
subsequent stimuli and facilitate the ability to deal
actively with the situation at hand (eg consumption
of reward, escape from danger) ie increased
resilience. Under more pathological conditions,
however, larger and more sustained increases in
CREB activity, induced by drug abuse or excessive
stress, would lead to an excessive dampening of
emotional reactivity. Conversely, sustained reductions
in CREB activity, which are seen under conditions of
social isolation, would heighten emotional reactivity
and in the extreme be associated with a state of
anxiety. The regulation of depression-like behaviour
by changes in CREB activity within the NAcc is
partly mediated by dynorphin.'*'** Possibly,
excessive activation of CREB by chronic stress
increases dynorphin expression in the NAcc, which
feed back to decrease VTA dopamine function and
trigger certain features of chronic pain and
depression. Recent findings indicate that acupuncture
as well as moxibustion like stimulation modulates
CREB (unpublished observations).

Brain derived nerve growth factor (BDNF) and
other neurotrophins like nerve growth factor (NGF)
play an important role in the reward system."”*'®
Under normal conditions, this BDNF signalling is
critical for the appropriate memories of potentially
rewarding or dangerous settings. Under pathological
conditions, however, this signalling may establish
abnormal associations, which would lead to certain
symptoms of pain and depression even in the absence
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of true external threats. Probably, BDNF signalling
in the VTA-NAcc is required for the establishment of
important associations with negative emotional
stimuli. This could possibly explain why some
patients who have tried acupuncture and experienced
it as being unpleasant are less inclined to try it again
as the mere thought could evoke unpleasant
associations.

The hypothalamus plays an important role in
reward mechanisms and in the neuromodulatory
responses (sensory, autonomic and endocrine) to
illness.'*"'” This has been explained in part by the
fact that dopaminergic fibres from the VTA project to
the NAcc through the lateral hypothalamus. Studies
of feeding behaviour have especially provided new
insights into the interaction between hypothalamus
and VTA-NAcc. Recent work has begun to draw
connections between hypothalamic feeding peptides
and depression. Of particular interest in this respect
is melanin-concentrating hormone (MCH), which is
a major orexigenic (pro-appetite) peptide expressed
in a subset of lateral hypothalamic neurons.
Administration of MCH into the NAcc stimulates
feeding behaviour, whereas blockade of its receptor
(MCHI1 receptor) decreases feeding. Moreover,
several MCH1 receptor antagonists administered
systemically or directly into the NAcc, exert
antidepressant-like effects. Another transmitter in
the lateral hypothalamus that also plays a role is
orexin (hypocretin). Orexin increases feeding by
promoting a state of wakefulness and alertness via
orexin OX1 receptors. Further, orexin is also involved
in regulating sleep-wake cycles. Abnormalities in
orexin signalling have been implicated in disparate
types of sleep abnormalities reported in chronic pain
and depression. Taken together, two types of patients
emerge: one whose chronic pain and depression is
characterised by reduced activity and weight gain
and one who exhibits increased activity, anxiety, and
weight loss. An anti-depressant acting on one subset
of receptors may therefore be effective or ineffective
whereas acupuncture may work differently ‘re-
establishing the balance’ between the regulating
centres disregarding the ‘subtype’.

Many patients report their most serious symptoms
in the morning with some improvement as the day
progresses. This may represent an imbalance in their
circadian rhythms causing fluctuations in mood,
motivation, energy level, and responses to rewarding

stimuli."™"* The suprachiasmatic nucleus (SCN) of
the hypothalamus is considered the master circadian
pacemaker of the brain. Here, circadian rhythms are
generated at the molecular level by different
transcription factors like Clock, Bmal, Per and Cry
genes. Clock dimerises with Bmal and that dimer
induces the expression of Per and Cry genes, which
in turn feedback to repress Clock-Bmal activity. This
Clock-Per cycle in the SCN is essential for matching
circadian rhythms with the light-dark cycle. These
circadian genes are also found in the VTA and NAcc
indicating that they play a role in the regulation of
mood. Furthermore, there has been interest in NPAS2
(neuronal Pas domain protein-2) in mood
regulation.'”"”NPAS2 is homologous to Clock and,
like Clock, dimerises with Bmal to regulate the
expression of Per and Cry in a circadian fashion.
NPAS?2 is not expressed in SCN but in several limbic
structures and especially within the NAcc.”
Interestingly, NPAS2 knockout mice show increased
anxiety-like behaviour and deficits in fear
conditioning. It has been suggested that NPAS2 is a
critical mediator of circadian rhythms in emotional
responses via actions in limbic regions of the brain
such as the NAcc. Preliminary findings suggest that
acupuncture regulates NPAS2 activity.

Further studies are needed to explore the basis of
acupuncture treatment in reward and reinforcement
(delayed or uncertain), in implicit or procedural
(stimulus-response) representational systems and in
explicit or declarative representational systems.
Individual differences in sensitivity to delays and
uncertainty may contribute to the variable responses
to acupuncture. Learning (attributing a meaning) and
choice (preference) with delayed and uncertain
reinforcement are related but in some cases
dissociable processes. The contributions to ‘delay
discounting’ and ‘uncertainty discounting’ of
neuromodulators including serotonin and dopamine,
and of specific neural structures have recently been
reviewed."™ Activation of the reward system by
acupuncture stimulation is strongly supported by
recent studies investigating the effects of
electroacupuncture on serotonin and dopamine
contents in the brain rewarding system in restrained
The results showed that
electroacupuncture increased the serotonin and

conscious rats.'™

dopamine contents of the nuclei accumbens, caudate,
putamen and lateral hypothalamus, whereas
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decreased content of these monoamines were seen in
the dorsal raphe nucleus and amygdala. Differences
in frequency effects (1Hz or 100Hz) on dopamine
and serotonin were also reported. It was indicated
that the effects of electroacupuncture compensated for
the changes elicited by the restraint stress.

Acupuncture and long term effects

Napadow, Hui and collaborators recently used
functional magnetic resonance imaging (fMRI) to
evaluate the short and long term effects of
acupuncture and ‘sham’ stimulation at acupoint LI4
in patients with carpal tunnel syndrome and in healthy
controls.”™ Carpal tunnel syndrome patients
responded to acupuncture with greater activation in
the hypothalamus and deactivation in the amygdala
as compared with healthy controls. A similar
difference was found between carpal tunnel syndrome
patients at baseline and after acupuncture treatments.
For baseline carpal tunnel syndrome patients
responding to acupuncture, functional connectivity
was found between the hypothalamus and amygdala
— the less the deactivation in the amygdala, the greater
the activation in the hypothalamus, and vice versa.
Furthermore, hypothalamic response correlated
positively with the degree of maladaptive cortical
plasticity in patients with carpal tunnel syndrome.
This study provides evidence that chronic pain
patients have a different response to acupuncture
than healthy controls, through a coordinated network
including the hypothalamus and amygdala. One
reason that some previous studies on acupuncture
imaging have not reported on the deactivation effects
of acupuncture is possibly related to the fact that
some authors, who use Statistical Parametric
Mapping (SPM) for data analysis, have refrained
from reporting deactivation, even if present, because
of the dispute in the interpretation of blood oxygen
level-dependant (BOLD) signal decreases.

In addition to the mentioned networks above,
the cortical-cerebellar system needs to be taken into
account. Ramnani and collaborators argue that a
cortical-cerebellar system is central to the
development of neural models that learn and
eventually stimulate routinely-executed cognitive
processes.'**'” Initially, higher order cognitive
processes, mediated in prefrontal cortical loci, shift
internal cerebellar

control iteratively to

representations of these processes, resulting in sparing

processing load on less efficient executive pre-frontal
resources. Evidence exists for this cortical-cerebellar
system in the acquisition of motor skills, which
enables rapid ‘effortless’ execution and sequencing
of bodily movements.”"***** Furthermore, a growing
body of results indicate that internal cerebellar models
may extend across a much broader range of
contributory cognitive processing, inclusive of
attention to anticipated informational cues, processing
prediction errors for monetary reward, and
autobiographical memory. As with highly efficient
cerebellar models of motor actions, which simulate
complex bodily actions from simple motor
commands, so too these models may facilitate
detection processes inherent to appraising self-
relevant content from task features, or, attentional
shifting between one’s external environment and
introspective mental content.”"*'** The influences
of task relevance to the self may determine the effects
of acupuncture suggesting that not only the pain
system should be taken into account when assessing
the effects of acupuncture. Also, part of the long term
healing effects of acupuncture may be ascribed to
changes in the cerebellar system thereby sparing
processing load in cortical and subcortical areas.

Conclusion

In conclusion, the results of current research suggest
that acupuncture techniques as well as non-
penetrating ‘placebo controls’ activate the patients’
expectation and belief regarding a potentially
beneficial treatment thereby modulating activity in the
reward system.”'” Acupuncture may be viewed as
an intervention that triggers and enhances expectancy
but not equivalent with expectancy itself. These
mechanisms are activated in addition to the well
known analgesic effects of acupuncture.'”"”

‘Self’ may be seen as a shifting illusion,
ceaselessly constructed and deconstructed, and the
effect of acupuncture may reflect its status (as well as
that of the therapist).

Further studies on acupuncture and the default
mode are essential when assessing the effects of
acupuncture using the neuroimaging paradigm in
general.

Reference list

1. Andersson S, Lundeberg T. Acupuncture — from empiricism
to science: functional background to acupuncture effects
in pain and disease. Med Hypotheses 1995;45(3):271-81.

ACUPUNCTURE IN MEDICINE 2007;25(3):87-99.

www.acupunctureinmedicine.org.uk/volindex.php 93



Education, practice and debate

19.

94

Lund I, Lundeberg T. Are minimal, superficial, acupuncture
or sham acupuncture procedures acceptable as inert placebo
controls? Acupunct Med 2006;24(1):13-5.

Thomas M, Lundeberg T. Does acupuncture work? Pain
Clinical Updates 1996;IV(3):1-8.

Naslund J, Naslund UB, Odenbring S, Lundeberg T.
Comparison of symptoms and clinical findings in subgroups
of individuals with patellofemoral pain. Physiother Theory
Pract 2006;22(3):105-18.

Naslund J, Naslund UB, Odenbring S, Lundeberg T.
Sensory stimulation (acupuncture) for the treatment of
idiopathic anterior knee pain. J Rehabil Med 2002;
34(5):231-8.

Hui KKS, Liu J, Marina O, Napadow V, Haselgrove C,
Kwong KK, Kennedy DN, Makris N. The integrated
response of the human cerebro-cerebellar and limbic
systems to acupuncture stimulation at ST36 as evidenced by
fMRI. Neurolmage 2005;27(3):479-96.

Wu MT, Sheen JM, Chuang KH, Yang P, Chin SL, Tsai
CY, Chen CJ, Liao JR, Lai PH, Chu KA, Pan HB, Yang
CF. Neuronal specificity of acupuncture response: a fMRI
study with electroacupuncture. Neuroimage 2002;
16(4):1028-37.

Kawakita K, Shinbara H, Imai K, Fukuda F, Yano T,
Kuriyama K. How do acupuncture and moxibustion act?
Focusing on the progress in Japanese acupuncture research.
J Pharmacol Sci 2006;100(5):443-59.

Schmitz TW, Johnson SC. Relevance to self: A brief review
and framework of neural systems underlying appraisal.
Neurosci Biobehav Rev 2007;31(4):585-96.

Amodio DM, Frith CD. Meeting of minds: the medial
frontal cortex and social cognition. Nat Rev Neurosci
2006;7(4):268-77.

Anderson AK, Phelps EA. Lesions of the human amygdala
impair enhanced perception of emotionally salient events.
Nature 2001;411(6835):305-9.

Bartels A, Zeki S. The neural correlates of maternal and
romantic love. Neuroimage 2004;21(3):1155-66.
Bornhovd K, Quante M, Glauche V, Bromm B, Weiller C,
Buchel C. Painful stimuli evoke different stimulus-response
functions in the amygdala, prefrontal, insula and
somatosensory cortex: a single-trial fMRI study. Brain
2002;125(Pt 6):1326-36.

Craig AD. Forebrain emotional asymmetry: a neuro-
anatomical basis? Trends Cogn Sci 2005;9(12): 566-71.
Critchley HD, Wiens S, Rotshtein P, Ohman A, Dolan RJ.
Neural systems supporting interoceptive awareness. Nat
Neurosci 2004;7(2):189-95.

Antoniadis EA, Winslow JT, Davis M, Amaral DG. 2007
Role of the primate amygdala in fear-potentiated startle:
effects of chronic lesions in the rhesus monkey. J Neurosci.
2007; 11(28):7386-96

Devinsky O, Morrell MJ, Vogt BA. Contributions of anterior
cingulate cortex to behaviour. Brain 1995;118(Pt 1):279-306.
Elliott R, Newman JL, Longe OA, Deakin JF. Differential
response patterns in the striatum and orbitofrontal cortex to
financial reward in humans: a parametric functional
magnetic resonance imaging study. J Neurosci 20031;
23(1):303-7.

Hamann S, Mao H. Positive and negative emotional verbal
stimuli elicit activity in the left amygdala. NeuroReport
2002;13(1):15-9.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Kim H, Somerville LH, Johnstone T, Polis S, Alexander
AL, Shin LM, Whalen PJ. Contextual modulation of
amygdala responsivity to surprised faces. J Cogn Neurosci
2004;16(10):1730-45.

Knutson B, Fong GW, Bennett SM, Adams CM, Hommer
D. A region of mesial prefrontal cortex tracks monetarily
rewarding outcomes: characterization with rapid event-
related fMRI. Neuroimage 2003;18(2):263-72.

Knutson B, Taylor J, Kaufman M, Peterson R, Glover G.
Distributed neural representation of expected value. J
Neurosci 2005;25(19):4806-12.

Kulkarni B, Bentley DE, Elliott R, Youell P, Watson A,
Derbyshire SW, Frackowiak RS, Friston KJ, Jones AK.
Attention to pain localization and unpleasantness
discriminates the functions of the medial and lateral pain
systems. Eur J Neurosci 2005;21(11):3133-42.

LeDoux JE. Emotion circuits in the brain. Annu Rev
Neurosci 2000;23:155-84.

Liberzon I, Phan KL, Decker LR, Taylor SF. Extended
amygdala and emotional salience: a PET activation study of
positive and negative affect. Neuropsychopharmacology
2003;28(4):726-33.

Morgane PJ, Galler JR, Mokler DJ. A review of systems and
networks of the limbic forebrain/limbic midbrain. Prog
Neurobiol 2005;75(2):143-60.

Morris JS, Dolan RJ. Dissociable amygdala and
orbitofrontal responses during reversal fear conditioning.
Neuroimage 2004;22(1):372-80.

Nitschke JB, Sarinopoulos I, Mackiewicz KL, Schaefer
HS, Davidson RJ. Functional neuroanatomy of aversion
and its anticipation. Neuroimage 2006;29(1):106-16.
Northoff G, Bermpohl F. Cortical midline structures and
the self. Trends Cogn Sci 2004;8(3):102-7.

Northoff G, Heinzel A, de Greck M, Bermpohl F,
Dobrowolny H, Panksepp J. Self-referential processing in
our brain—a meta-analysis of imaging studies on the self.
Neuroimage 2006;31(1):440-57.

Ochsner KN, Beer JS, Robertson ER, Cooper JC, Gabrieli
JD, Kihsltrom JF, D’Esposito M. The neural correlates of
direct and reflected self-knowledge. Neuroimage 2005;
28(4):797-814.

Pessoa L, McKenna M, Gutierrez E, Ungerleider LG. Neural
processing of emotional faces requires attention. Proc Natl
Acad Sci U S A 2002;99(17):11458-63.

Pessoa L, Padmala S, Morland T. Fate of unattended fearful
faces in the amygdala is determined by both attentional
resources and cognitive modulation. Neuroimage 2005;
28(1):249-55.

Phan KL, Wager T, Taylor SF, Liberzon I. Functional
neuroanatomy of emotion: a meta-analysis of emotion
activation studies in PET and fMRI. Neuroimage 2002,
16(2):331-48.

Phan KL, Taylor SF, Welsh RC, Decker LR, Noll DC,
Nichols TE, Britton JC, Liberzon I. Activation of the medial
prefrontal cortex and extended amygdala by individual
ratings of emotional arousal: a fMRI study. Biol Psychiatry
2003;53(3):211-5.

Phan KL, Taylor SF, Welsh RC, Ho SH, Britton JC,
Liberzon I. Neural correlates of individual ratings of
emotional salience: a trial-related fMRI study. Neuroimage
2004;21(2):768-80.

Phelps EA, Delgado MR, Nearing KI, LeDoux JE.

ACUPUNCTURE IN MEDICINE 2007;25(3):87-99.

www.acupunctureinmedicine.org.uk/volindex.php



Education, practice and debate

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

52.

53.

54.

55.

ACUPUNCTURE IN MEDICINE 2007;25(3):87-99.

Extinction learning in humans: role of the amygdala and
vmPFC. Neuron 2004;43(6):897-905.

Phillips ML, Drevets WC, Rauch SL, Lane R. Neurobiology
of emotion perception I: The neural basis of normal emotion
perception. Biol Psychiatry 2003;54(5):504-14.

Phillips ML, Drevets WC, Rauch SL, Lane R. Neurobiology
of emotion perception II: Implications for major psychiatric
disorders. Biol Psychiatry 2003;54(5):515-28.

Salomons TV, Johnstone T, Backonja MM, Davidson RJ.
Perceived controllability modulates the neural response to
pain. J Neurosci 2004;24(32):7199-203.

Schaefer A, Collette F, Philippot P, van der Linden M,
Laureys S, Delfiore G, Degueldre C, Maquet P, Luxen A,
Salmon E. Neural correlates of “hot” and “cold”” emotional
processing: a multilevel approach to the functional anatomy
of emotion. Neuroimage 2003;18(4):938-49.

Singer T, Seymour B, O’Doherty J, Kaube H, Dolan RJ,
Frith CD. Empathy for pain involves the affective but not
sensory components of pain. Science 2004;303(5661):
1157-62.

Svoboda E, McKinnon MC, Levine B. The functional
neuroanatomy of autobiographical memory: a meta-
analysis. Neuropsychologia 2006;44(12):2189-208.
Wager TD, Rilling JK, Smith EE, Sokolik A, Casey KL,
Davidson RJ, Kosslyn SM, Rose RM, Cohen JD. Placebo-
induced changes in FMRI in the anticipation and experience
of pain. Science 2004;303(5661):1162-7.

Wagner AD, Shannon BJ, Kahn I, Buckner RL. Parietal
lobe contributions to episodic memory retrieval. Trends
Cogn Sci 2005;9(9):445-53.

Whalen PJ, Rauch SL, Etcoff NL, McInerney SC, Lee MB,
Jenike MA. Masked presentations of emotional facial
expressions modulate amygdala activity without explicit
knowledge. J Neurosci 1998;18(1):411-8.

Whalen PJ, Shin LM, Somerville LH, McLean AA, Kim H.
Functional neuroimaging studies of the amygdala in
depression. Semin Clin Neuropsychiatry 2002;7(4):
234-42.

Winston JS, Gottfried JA, Kilner JM, Dolan RJ. Integrated
neural representations of odor intensity and affective valence
in human amygdala. Neurosci 2005;25(39):8903-7.

Zink CF, Pagnoni G, Martin ME, Dhamala M, Berns GS.
Human striatal response to salient nonrewarding stimuli. J
Neurosci 2003;23(22):8092-7.

Zink CF, Pagnoni G, Martin-Skurski ME, Chappelow JC,
Berns GS. Human striatal responses to monetary reward
depend on saliency. Neuron 2004;42(3):509-17.

Burgess N, Maguire EA, Spiers HJ, O’Keefe J. A
temporoparietal and prefrontal network for retrieving the
spatial context of lifelike events. Neuroimage 2001;
14(2):439-53.

Craik FIM, Moroz TM, Moscovitch M, Stuss DT, Winocur
G, Tulving E, Kapur S. In search of the self: A positron
emission tomography study. Psychol Sci 1999;10(1):26-34.
Cunningham WA, Johnson MK, Gatenby JC, Gore JC,
Banaji MR. Neural components of social evaluation. J Pers
Soc Psychol 2003;85(4):639-49.

Cunningham WA, Raye CL, Johnson MK. Implicit and
explicit evaluation: FMRI correlates of valence, emotional
intensity, and control in the processing of attitudes. J Cogn
Neurosci 2004;16(10):1717-29.

Greene JD, Sommerville RB, Nystrom LE, Darley JM,

www.acupunctureinmedicine.org.uk/volindex.php

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Cohen JD. An fMRI investigation of emotional engagement
in moral judgment. Science 2001;293(5537):2105-8.
Greene JD, Nystrom LE, Engell AD, Darley JM, Cohen
JD. The neural bases of cognitive conflict and control in
moral judgment. Neuron 2004;44(2):389-400.

Gusnard DA, Akbudak E, Shulman GL, Raichle ME.
Medial prefrontal cortex and self-referential mental activity:
relation to a default mode of brain function. Proc Natl Acad
Sci U S A 2001;98(7):4259-64.

Henson RN, Rugg MD, Shallice T, Josephs O, Dolan RJ.
Recollection and familiarity in recognition memory: an
event-related functional magnetic resonance imaging study.
J Neurosci 1999;19(10):3962-72.

Jacobsen T, Schubotz RI, Hofel L, Cramon DY. Brain
correlates of aesthetic judgment of beauty. Neuroimage
2006;29(1):276-85.

Johnson SC, Baxter LC, Wilder LS, Pipe JG, Heiserman
JE, Prigatano GP. Neural correlates of self-reflection. Brain
2002;125(Pt 8):1808-14.

Johnson SC, Schmitz TW, Kawahara-Baccus TN, Rowley
HA, Alexander AL, Lee J, Davidson RJ. The cerebral
response during subjective choice with and without self-
reference. J Cogn Neurosci 2005;17(12):1897-906.
Kelley WM, Macrae CN, Wyland CL, Caglar S, Inati S,
Heatherton TF. Finding the self? An event-related fMRI
study. J Cogn Neurosci 2002;14(5):785-94.

Maddock RJ. The retrosplenial cortex and emotion: new
insights from functional neuroimaging of the human brain.
Trends Neurosci 1999;22(7):310-6.

Moll J, Eslinger PJ, Oliveira-Souza R. Frontopolar and
anterior temporal cortex activation in a moral judgment
task: preliminary functional MRI results in normal subjects.
Arg Neuropsiquiatr 2001;59(3-B):657-64.

Moll J, de Oliveira-Souza R, Eslinger PJ, Bramati IE,
Mourdo-Miranda J, Andreiuolo PA, Pessoa L. The neural
correlates of moral sensitivity: a functional magnetic
resonance imaging investigation of basic and moral
emotions. J Neurosci 2002;22(7):2730-6.

Nielsen FA, Balslev D, Hansen LK. Mining the posterior
cingulate: segregation between memory and pain
components. Neuroimage 2005;27(3):520-32.

Piefke M, Weiss PH, Zilles K, Markowitsch HJ, Fink GR.
Differential remoteness and emotional tone modulate the
neural correlates of autobiographical memory. Brain
2003;126(Pt 3):650-68.

Schmitz TW, Johnson SC. Self-appraisal decisions evoke
dissociated dorsal-ventral aMPFC networks. Neuroimage
2006;30(3):1050-8.

Schmitz TW, Kawahara-Baccus TN, Johnson SC.
Metacognitive evaluation, self-relevance, and the right
prefrontal cortex. Neuroimage 2004;22(2):941-7.

Seger CA, Stone M, Keenan JP. Cortical Activations during
judgments about the self and an other person.
Neuropsychologia 2004;42(9):1168-77.

Shah NJ, Marshall JC, Zafiris O, Schwab A, Zilles K,
Markowitsch HJ, Fink GR. The neural correlates of person
familiarity: A functional magnetic resonance imaging study
with clinical implications. Brain 2001;124(Pt 4):804-15.
Vogeley K, May M, Ritzl A, Falkai P, Zilles K, Fink GR.
Neural correlates of first-person perspective as one
constituent of human self-consciousness. J Cogn Neurosci.
2004;16(5):817-27.



Education, practice and debate

73.

74.

75.

76.

7.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

96

Vogt BA, Finch DM, Olson CR. Functional heterogeneity
in cingulate cortex: the anterior executive and posterior
evaluative regions. Cereb Cortex 1992;2(6):435-43.
Vogt BA, Berger GR, Derbyshire SW. Structural and
functional dichotomy of human midcingulate cortex. Eur J
Neurosci 2003;18(11):3134-44.

Vogt BA, Vogt L, Laureys S. Cytology and functionally
correlated circuits of human posterior cingulate areas.
Neuroimage 2006;29(2):452-66.

Zysset S, Huber O, Ferstl E, von Cramon DY. The Anterior
Frontomedian Cortex and Evaluative Judgment: An fMRI
Study. Neuroimage 2002;15(4):983-91.

Zysset S, Huber O, Samson A, Ferstl EC, von Cramon DY.
Functional specialization within the anterior medial prefrontal
cortex: a functional magnetic resonance imaging study with
human subjects. Neurosci Lett 2003;335(3):183-6.
Pariente J, White P, Frackowiak RS, Lewith G. Expectancy
and belief modulate the neuronal substrates of pain treated
by acupuncture. Neuroimage 2005;25(4):1161-7.
Fransson P. Spontaneous low-frequency BOLD signal
fluctuations: an fMRI investigation of the resting-state
default mode of brain function hypothesis. Hum Brain
Mapp 2005;26(1):15-29.

Greicius MD, Menon V. Default-mode activity during a
passive sensory task: uncoupled from deactivation but
impacting activation. J Cogn Neurosci 2004;16(9):1484-92.
Greicius MD, Srivastava G, Reiss AL, Menon V. Default-
mode network activity distinguishes Alzheimer’s disease
from healthy aging: evidence from functional MRI. Proc
Natl Acad Sci U S A 2004;101(13):4637-42.

Lustig C, Snyder AZ, Bhakta M, O’Brien KC, McAvoy
M, Raichle ME, Morris JC, Buckner RL. Functional
deactivations: change with age and dementia of the
Alzheimer type. Proc Natl Acad Sci U S A 2003;100(24):
14504-9.

Lundeberg T. Some of the effects of acupuncture in knee
pain may be due to activation of the reward system.
Acupunct Med 2006;24 Suppl:S67-70.

Bucinskaite V, Theodorsson E, Crumpton K, Stenfors C,
Ekblom, A, Lundeberg T. Effects of repeated sensory
stimulation (electroacupuncture) and physical exercise
(running) on open- field behaviour and concentrations of
neuropeptides in the hippocampus in WKY and SHR rats.
Eur J Neurosci 1996;8(2):382-7.

Jimenez-Vasquez PA, Diaz-Cabiale Z, Caberlotto L, Bellido
I, Overstreet D, Fuxe K, Mathe AA. Electroconvulsive
stimuli selectively affect behavior and neuropeptide Y
(NPY) and NPY Y(1) receptor gene expressions in
hippocampus and hypothalamus of Flinders Sensitive Line
rat model of depression. Eur Neuropsychopharmacol 2007,
17(4):298-308.

Brody AL, Barsom MW, Bota RG, Saxena S. Prefrontal-
subcortical and limbic circuit mediation of major depressive
disorder. Semin Clin Neuropsychiatry 2001;6(2):102-12.
Drevets WC. Neuroimaging and neuropathological studies
of depression: implications for the cognitive-emotional
features of mood disorders. Curr Opin Neurobiol 2001;
11(2):240-9.

Drevets WC, Gautier C, Price JC, Kupfer DJ, Kinahan PE,
Grace AA, Price JL, Mathis CA. Amphetamine-induced
dopamine release in human ventral striatum correlates with
euphoria. Biol Psychiatry 2001;49(2):81-96.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

Duman RS, Heninger GR, Nestler EJ. A molecular and
cellular hypothesis of depression. Arch Gen Psychiatry
1997;54(7):597-606.

Karolewicz B, Szebeni K, Stockmeier CA, Konick L,
Overholser JC, Jurjus G, Roth BL, Ordway GA. Low nNOS
protein in the locus coeruleus in major depression. J
Neurochem 2004;91(5):1057-66.

Klimek V, Schenck JE, Han H, Stockmeier CA, Ordway
GA. Dopaminergic abnormalities in amygdaloid nuclei in
major depression: a postmortem study. Biol Psychiatry
2002;52(7):740-8.

Manji HK, Drevets WC, Charney DS. The cellular
neurobiology of depression. Nat Med 2001;7(5):541-7.
Mayberg HS. Positron emission tomography imaging in
depression: a neural systems perspective. Neuroimaging
Clin N Am 2003;13(4):805-15.

Mayberg HS, Lozano AM, Voon V, McNeely HE,
Seminowicz D, Hamani C, Schwalb JM, Kennedy SH.
Deep brain stimulation for treatment-resistant depression.
Neuron 2005;45(5):651-60.

Morilak DA, Frazer A. Antidepressants and brain
monoaminergic systems: a dimensional approach to
understanding their behavioural effects in depression and
anxiety disorders. Int J Neuropsychopharmacol 2004;
7(2):193-218.

Muller MB, Holsboer F. Mice with mutations in the HPA-
system as models for symptoms of depression. Biol
Psychiatry 2006;59(12):1104-15.

Nestler EJ. Molecular basis of neural plasticity underlying
addiction. Nat Rev Neurosci 2001;2(2):119-28.

Nestler EJ, Barrot M, DiLeone RJ, Eisch AJ, Gold SJ,
Monteggia LM. Neurobiology of depression. Neuron
2002;34(1):13-25.

Rajkowska G. Depression: what we can learn from
postmortem studies. Neuroscientist 2003;9(4):273-84.
Ressler KJ, Nemeroff CB. Role of serotonergic and
noradrenergic systems in the pathophysiology of depression
and anxiety disorders. Depress Anxiety 2000;12 Suppl
1:2-19.

Tremblay LK, Naranjo CA, Graham SJ, Herrmann N,
Mayberg HS, Hevenor S, Busto UE. Functional
neuroanatomical substrates of altered reward processing
in major depressive disorder revealed by a dopaminergic
probe. Arch Gen Psychiatry 2005;62(11):1228-36.

Baldo BA, Gual-Bonilla L, Sijapati K, Daniel RA, Landry
CF, Kelley AE. Activation of a subpopulation of
orexin/hypocretin-containinghypothalamic neurons by
GABAA receptor-mediated inhibition of the nucleus
accumbens shell, but not by exposure to a novel
environment. Eur J Neurosci 2004;19(2):376-86.

Cyr M, Morissette M, Barden N, Beaulieu S, Rochford J, Di
Paolo T. Dopaminergic activity in transgenic mice
underexpressing glucocorticoid receptors: effect of
antidepressants. Neuroscience 2001;102(1):151-8.

Davis M, Whalen PJ. The amygdala: vigilance and emotion.
Mol Psychiatry 2001;6(1):13-34.

Di Chiara G, Loddo P, Tanda G. Reciprocal changes in
prefrontal and limbic dopamine responsiveness to adverse
and rewarding stimuli after chronic mild stress: implications
for the psychobiology of depression. Biol Psychiatry
1999;46(12):1624-33.

Espejo EF, Mifano FJ. Prefrontocortical dopamine depletion

ACUPUNCTURE IN MEDICINE 2007;25(3):87-99.

www.acupunctureinmedicine.org.uk/volindex.php



Education, practice and debate

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

ACUPUNCTURE IN MEDICINE 2007;25(3):87-99.

induces antidepressant-like effects in rats and alters the
profile of desipramine during Porsolt’s test. Neuroscience
1999;88(2):609-15.

Everitt BJ, Cardinal RN, Parkinson JA, Robbins TW.
Appetitive behavior: impact of amygdala-dependent
mechanisms of emotional learning. Ann N Y Acad Sci
2003;985:233-50.

Everitt BJ, Wolf ME. Psychomotor stimulant addiction: a
neural systems perspective. J Neurosci 2002;22(9):3312-20.
Fulton S, Woodside B, Shizgal P. Modulation of brain
reward circuitry by leptin. Science 2000;287(5450):
125-8.

Goldman-Rakic PS, Muly EC 3rd, Williams GV. D(1)
receptors in prefrontal cells and circuits. Brain Res Brain
Res Rev 2000;31(2-3):295-301.

Heimer L, Zahm DS, Churchill L, Kalivas PW, Wohltmann
C. Specificity in the projection patterns of accumbal core
and shell in the rat. Neuroscience 1991;41(1):89-125.
Horger BA, Iyasere CA, Berhow MT, Messer CJ, Nestler
EJ, Taylor JR. Enhancement of locomotor activity and
conditioned reward to cocaine by brain-derived neurotrophic
factor. J Neurosci 1999;19(10):4110-22.

Horger BA, Roth RH. The role of mesoprefrontal dopamine
neurons in stress. Crit Rev Neurobiol 1996;10(3-4):
395-418.

Hyman SE, Malenka RC. Addiction and the brain: The
neurobiology of compulsion and its persistence. Nat Rev
Neurosci 2001;2(10):695-703.

Jensen J, McIntosh AR, Crawley AP, Mikulis DJ,
Remington G, Kapur S. Direct activation of the ventral
striatum in anticipation of aversive stimuli. Neuron
2003;40(6):1251-7.

Kalivas PW. Glutamate systems in cocaine addiction. Curr
Opin Pharmacol 2004;4(1):23-9.

Kelley AE, Berridge KC.The neuroscience of natural
rewards: relevance to addictive drugs. Neurosci
2002;22(9):3306-11.

Kiefer F, Wiedemann K. Neuroendocrine pathways of
addictive behaviour. Addict Biol 2004;9(3-4):205-12.
Koob GF, Le Moal M. Drug addiction, dysregulation of
reward, and allostasis. Neuropsychopharmacology 2001
;24(2):97-129.

Louilot A, Besson C. Specificity of amygdalostriatal
interactions in the involvement of mesencelphalic
dopaminergic neurons in affective perception. Neuroscience
2000;96(1):73-82.

Nestler EJ. Molecular basis of neural plasticity underlying
addiction. Nature Rev Neurosci 2001;2(2):119-28.
Nieoullon A, Coquerel A. Dopamine: a key regulator to
adapt action, emotion, motivation and cognition. Curr Opin
Neurol 2003;16 Suppl 2:S3-9.

Pallis E, Thermos K, Spyraki C. Chronic desipramine
treatment selectively potentiates somatostatin-induced
dopamine release in the nucleus accumbens. Eur J Neurosci
2001;14(4):763-7.

Pezze MA, Feldon J. Mesolimbic dopaminergic pathways
in fear conditioning. Prog Neurobiol 2004;74(5):301-20.
Rada P, Moreno SA, Tucci S, Gonzalez LE, Harrison T,
Chau DT, Hoebel BG, Hernandez L. Glutamate release in
the nucleus accumbens is involved in behavioral depression
during the Porsolt swim test. Neuroscience 2003;119(2):
557-65.

www.acupunctureinmedicine.org.uk/volindex.php

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

Renard CE, Fiocco AJ, Clenet F, Hascoet M, Bourin M. Is
dopamine implicated in the antidepressant-like effects of
selective serotonin re-uptake inhibitors in the mouse forced
swimming test? Psychopharmacology (Berl) 2001;159(1):
42-50.

West AR, Floresco SB, Charara A, Rosenkranz JA, Grace
AA. Electrophysiological interactions between striatal
glutamatergic and dopaminergic systems. Ann N Y Acad
Sci 2003;1003:53-74.

West CH, Bonsall RW, Emery MS, Weiss JM. Rats
selectively bred for high and low swim-test activity show
differential responses to dopaminergic drugs.
Psychopharmacology (Berl) 1999;146(3):241-51.

Wise RA. Neuroleptics and operant behavior: The
anhedonia hypothesis. Behav Brain Sci 1982;5:39-87.
Wise RA. Addictive drugs and brain stimulation reward.
Annu Rev Neurosci 1996;19:319-40.

Wise RA: Drug-activation of brain reward pathways. Drug
Alcohol Depend 1998;51(1-2):13-22.

Wittmann BC, Schott BH, Guderian S, Frey JU, Heinze
HJ, Duzel E. Reward-related fMRI activation of
dopaminergic midbrain is assocated wth enhanced
hippocampus-dependent long term memory formation.
Neuron 2005;45(3):459-67.

Yadid G, Overstreet DH, Zangen A. Limbic dopaminergic
adaptation to a stressful stimulus in a rat model of
depression. Brain Res 2001;896(1-2):43-7.

Nestler EJ, Carlezon WA Jr. The mesolimbic dopamine
reward circuit in depression. Biol Psychiatry 2006;
59(12):1151-9.

Barrot M, Olivier JD, Perrotti LI, DiLeone RJ, Berton O,
Eisch AJ, Impey S, Storm DR, Neve RL, Yin JC, Zachariou
V, Nestler EJ. CREB activity in the nucleus accumbens
shell controls gating of behavioral responses to emotional
stimuli. Proc Natl Acad Sci U S A 2002;99(17):11435-40.
Barrot M, Wallace DL, Bolanos CA, Graham DL, Perrotti
LI Neve RL, Chambliss H, Yin JC, Nestler EJ. Regulation
of anxiety and initiation of sexual anxiety by CREB in the
nucleus accumbens. Proc Natl Acad Sci U S A 2005;
102(23):8357-62.

Carlezon WA Jr, Duman RS, Nestler EJ. The many faces of
CREB. Trends Neurosci 2005;28(8):436-45.

Carlezon WA Jr, Thome J, Olson VG, Lane-Ladd SB,
Brodkin ES, Hiroi N, Duman RS, Neve RL, Nestler EJ.
Regulation of cocaine reward by CREB. Science 1998;
282(5397):2272-5.

Chen AC, Shirayama Y, Shin KH, Neve RL, Duman RS.
Expression of the cAMP response element binding protein
(CREB) in hippocampus produces an antidepressant effect.
Biol Psychiatry 2001;49(9):753-62.

Conti AC, Maas JW Jr, Muglia LM, Dave BA, Vogt SK,
Tran TT, Rayhel EJ, Muglia LJ. Distinct regional and
subcellular localization of adenylyl cyclases type 1 and 8 in
mouse brain. Neuroscience 2007;146(2):713-29.

Conti AC, Blendy JA. Regulation of antidepressant activity
by cAMP response element binding proteins. Mol Neurobiol
2004;30(2):143-55.

Conti AC, Cryan JF, Dalvi A, Lucki I, Blendy JA. cAMP
response element-binding protein is essential for the
upregulation of brain-derived neurotrophic factor
transcription, but not the behavioral or endocrine responses
to antidepressant drugs. J Neurosci 2002;22(8):3262-8.

97



Education, practice and debate

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

154.

155.

156.

98

McClung CA, Nestler EJ. Regulation of gene expression
and cocaine reward by CREB and DeltaFosB. Nat Neurosci
2003;6(11):1208-15.

Olson VG, Zabetian CP, Bolanos CA, Edwards S, Barrot M,
Eisch AJ, Hughes T, Self DW, Neve RL, Nestler EJ.
Regulation of drug reward by CREB: Evidence for two
functionally distinct subregions of the ventral tegmental
area. J Neurosci 2005;25(23):5553-62.

Pandey SC, Roy A, Zhang H, Xu T. Partial deletion of the
cAMP response element-binding protein gene promotes
alcohol-drinking behaviors. J Neurosci 2004;24(21):
5022-30.

Pliakas AM, Carlson RR, Neve RL, Konradi C, Nestler
EJ, Carlezon WA. Altered responsiveness to cocaine and
increased immobility in the forced swim test associated
with elevated CREB expression in the nucleus accumbens.
J Neurosci 2001;21(18):7397-403.

Ramos BP, Birnbaum SG, Lindenmayer I, Newton SS,
Duman RS, Arnsten AF. Dysregulation of protein kinase a
signaling in the aged prefrontal cortex: new strategy for
treating age-related cognitive decline. Neuron 2003;
40(4):835-45.

Valverde O, Mantamadiotis T, Torrecilla M, Ugedo L,
Pineda J, Bleckmann S, Gass P, Kretz O, Mitchell JM,
Schiitz G, Maldonado R. Modulation of anxiety-
like behavior and morphine dependence in CREB-
deficient mice. Neuropsychopharmacology 2004;29(6):
1122-33.

Walters CL, Kuo YC, Blendy JA. Differential distribution
of CREB in the mesolimbic dopamine reward pathway. J
Neurochem 2003;87(5):1237-44.

LiY, van den Pol AN. Differential target-dependent actions
of coexpressed inhibitory dynorphin and excitatory
hypocretin/orexin neuropeptides. J Neurosci. 2006;26(50):
13037-47.

Mague SD, Pliakas AM, Todtenkopf MS, Tomasiewicz
HC, Zhang Y, Stevens WC Jr, Jones RM, Portoghese PS,
Carlezon WA Jr. Antidepressant-like effects of kappa-opioid
receptor antagonists in the forced swim test in rats. J
Pharmacol Exp Ther 2003;305(1):323-30.

McLaughlin JP, Marton-Popovici M, Chavkin C. Kappa
opioid receptor antagonism and prodynorphin gene
disruption block stress-induced behavioral responses. J
Neurosci 2003;23(13):5674-83.

3. Newton SS, Thome J, Wallace TL, Shirayama Y,

Schlesinger L, Sakai N, Chen J, Neve R, Nestler EJ, Duman
RS. Inhibition of CREB or dynorphin in the nucleus
accumbens produces an antidepressant-like effect. J
Neurosci 2002;22(24):10883-90.

Shippenberg TS, Rea W. Sensitization to the behavioral
effects of cocaine: modulation by dynorphin and kappa-
opioid receptor agonists. Pharmacol Biochem Behav
1997;57(3):449-55.

Todtenkopf MS, Marcus JF, Portoghese PS, Carlezon WA.
Effects of kappa-opioid receptor ligands on intracranial
self-stimulation in rats. Psychopharmacology (Berl)
2004;172(4):463-70.

Berhow MT, Russell DS, Terwilliger RZ, Beitner-Johnson
D, Self DW, Lindsay RM, Nestler EJ. Influence of
neurotrophic factors on morphine-and cocaine-induced
biochemical changes in the mesolimbic dopamine system.
Neuroscience 1995,68(4):969-79.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

Berton O, McClung CA, Dileone RJ, Krishnan V, Renthal
W, Russo SJ, Graham D, Tsankova NM, Bolanos CA, Rios
M, Monteggia LM, Self DW, Nestler EJ. Essential role of
BDNF in the mesolimbic dopamine pathway in social defeat
stress. Science 2006;311(5762):864-8.

Buwalda B, Kole MH, Veenema AH, Huininga M, de Boer
SF, Korte SM, Koolhaas JM Long term effects of social
stress on brain and behavior: a focus on hippocampal
functioning. Neurosci Biobehav Rev 2005;29(1):83-97.
Duman RS, Monteggia LM. A Neurotrophic model for
stress-related mood disorders. Biol Psychiatry 2006;59(12):
1116-27.

Eisch AJ, Bolafios CA, de Wit J, Simonak RD, Pudiak CM,
Barrot M, Verhaagen J, Nestler EJ. BDNF in the ventral
midbrain-nucleus accumbens pathway: a role in depression.
Biol Psychiatry 2003;54(10):994-1005.

Hall FS, Drgonova J, Goeb M, Uhl GR. Reduced behavioral
effects of cocaine in heterozygous brain-derived
neurotrophic factor (BDNF) knockout
Neuropsychopharmacology 2003;28(8):1485-90.
Horger BA, Iyasere CA, Berhow MT, Messer CJ, Nestler
EJ, Taylor JR. Enhancement of locomotor activity and

mice.

conditioned reward to cocaine by brain-derived neurotrophic
factor. J Neurosci 1999;19(10):4110-22.

Lu L, Dempsey J, Liu SY, Bossert JM, Shaham Y. A single
infusion of brain-derived neurotrophic factor into the ventral
tegmental area induces long-lasting potentiation of cocaine
seeking after withdrawa. J Neurosci 2004;24(7):1604-11.
Monteggia LM, Barrot M, Powell CM, Berton O, Galanis
V, Gemelli T, Meuth S, Nagy A, Greene RW, Nestler EJ.
Essential role of BDNF in adult hippocampal function.
Proc Natl Acad Sci U S A 2004;101(29):10827-32.
Pierce RC, Bari AA. The role of neurotrophic factors in
psychostimulant-induced behavioral and neuronal plasticity.
Rev Neurosci 2001;12(2):95-110.

Turner CA, Akil H, Watson SJ, Evans SJ. The fibroglast
growth factor system and mood disorders. Biol Psychiatry
2006;59(12):1128-35.

Borowsky B, Durkin MM, Ogozalek K, Marzabadi MR,
DeLeon J, Lagu B, Heurich R, Lichtblau H, Shaposhnik
Z, Daniewska I, Blackburn TP, Branchek TA, Gerald C,
Vaysse PJ, Forray C. Antidepressant, anxiolytic and
anorectic effects of a melanin-concentrating hormone- 1
receptor antagonist. Nat Med 2002;8(8):825-30.

Chaki S, Hirota S, Funakoshi T, Suzuki Y, Suetake S, Okubo
T, Ishii T, Nakazato A, Okuyama S. Anxiolytic-like and
antidepressant-like activities of MCL0129 (1-[(S)- 2-(4-
fluorophenyl)-2-(4-isopropylpiperadin- 1-yl)ethyl]-4-[4-(2-
methoxy-naphthalen-1-yl)butyl]piperazine), a novel and
potent nonpeptide antagonist of the melanocortin-4 receptor.
J Pharmacol Exp Ther 2003;304(2):818-26.

Daniels E, King MA, Smith IE, Shneerson JM. Health-
related quality of life in narcolepsy. J Sleep Res 2001;
10(1):75-81.

Georgescu D, Sears RM, Hommel JD, Barrot M, Bolanos
CA, Marsh DJ, Bednarek MA, Bibb JA, Maratos-Flier E,
Nestler EJ, DiLeone RJ. The hypothalamic neuropeptide
melanin-concentrating hormone acts in the nucleus
accumbens to modulate feeding behavior and forced-swim
performance. J Neurosci 2005;25(11):2933-40.

Heilig M. The NPY system in stress, anxiety and depression.
Neuropeptides 2004;38(4):213-24.

ACUPUNCTURE IN MEDICINE 2007;25(3):87-99.

www.acupunctureinmedicine.org.uk/volindex.php



Education, practice and debate

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

ACUPUNCTURE IN MEDICINE 2007;25(3):87-99.

Hsu R, Taylor JR, Newton SS, Alvaro JD, Haile C, Han
G, Hruby VIJ, Nestler EJ, Duman RS. Blockade of
melanocortin transmission inhibits cocaine reward. Eur J
Neurosci 2005;21(8):2233-42.

Korotkova TM, Sergeeva OA, Eriksson KS, Haas HL,
Brown RE. Excitation of ventral tegmental area
dopaminergic and nondopaminergic neurons by
orexins/hypocretins. J Neurosci. 2003;23(1):7-11.
Mignot E. Sleep, sleep disorders and hypocretin (orexin).
Sleep Med 2004;5 Suppl 1:S2-8.

Nakamura T, Uramura K, Nambu T, Yada T, Goto K,
Yanagisawa M, Sakurai T. Orexin-induced hyperlocomotion
and stereotypy are mediated by the dopaminergic system.
Brain Res 2000;873(1):181-7.

Saito Y, Nothacker HP, Wang Z, Lin SH, Leslie F, Civelli O.
Molecular characterization of the melanin-concentrating-
hormone receptor. Nature 1999;400(6741):265-9.
Abarca C, Albrecht U, Spanagel R. Cocaine sensitization
and reward are under the influence of circadian genes and
rhythm. Proc Natl Acad Sci U S A 2002;99(13):9026-30.
Andretic R, Chaney S, Hirsh J. Requirement of circadian
genes for Cocaine sensitization in Drosophila. Science
1999;285(5430):1066-8.

McClung CA, Sidiropoulou K, Vitaterna M, Takahashi JS,
White FJ, Cooper DC, Nestler EJ. Regulation of
dopaminergic transmission and cocaine reward by the Clock
gene. Proc Natl Acad Sci U S A 2005;102(26):9377-81.
Okamura H, Yamaguchi S, Yagita K. Molecular machinery
of the circadian clock in mammals. Cell Tissue Res 2002;
309(1):47-56.

Dudley CA, Erbel-Sieler C, Estill SJ, Reick M, Franken
P, Pitts S, McKnight SL. Altered patterns of sleep and
behavioral adaptability in NPAS2-deficient mice. Science
2003;301(5631):379-83.

Garcia JA, Zhang D, Estill SJ, Michnoff C, Rutter J, Reick
M, Scott K, Diaz-Arrastia R, McKnight SL. Impaired cued
and contextual memory in NPAS2-deficient mice. Science
2000;288(5474):2226-30.

Reick M, Garcia JA, Dudley C, McKnight SL. NPAS2: an
analog of clock operative in the mammalian forebrain.
Science 2001;293(5529):506-9.

Cardinal RN. Neural systems implicated in delayed and
probabilistic reinforcement. Neural Netw 2006;19(8):
1277-301.

Yoshimoto K, Fukuda F, Hori M, Kato B, Kato H, Hattori
H, Tokuda N, Kuriyama K, Yano T, Yasuhara M.
Acupuncture stimulates the release of serotonin, but not
dopamine, in the rat nucleus accumbens. Tohoku J Exp
Med 2006;208(4):321-6.

Napadow V, Kettner N, Liu J, Li M, Kwong KK, Vangel M,

www.acupunctureinmedicine.org.uk/volindex.php

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

Makris N, Audette J, Hui KK. Hypothalamus and amygdala
response to acupuncture stimuli in carpal tunnel syndrome.
Pain 2007;130(3):254-66.

Ramnani N, Elliott R, Athwal BS, Passingham RE.
Prediction error for free monetary reward in the human
prefrontal cortex. Neuroimage 2004;23(3):777-86.
Ramnani N, Behrens TE, Johansen-Berg H, Richter MC,
Pinsk MA, Andersson JL, Rudebeck P, Ciccarelli O, Richter
W, Thompson AJ, Gross CG, Robson MD, Kastner S,
Matthews PM. The evolution of prefrontal inputs to the
cortico—pontine system: diffusion imaging evidence from
Macaque monkeys and humans. Cereb Cortex
2006;16(6):811-8.

Allen G, Buxton RB, Wong EC, Courchesne E. Attentional
activation of the cerebellum independent of motor
involvement. Science 1997;275(5308):1940-3.

Bastian AJ, Thach WT. Cerebellar outflow lesions: a
comparison of movement deficits resulting from lesions
at the levels of the cerebellum and thalamus. Ann Neurol
1995;38(6):881-92.

Fiez JA. Cerebellar contributions to cognition. Neuron
1996;16(1):13-5.

Goodkin HP, Keating JG, Martin TA, Thach WT. Preserved
simple and impaired compound movement after infarction
in the territory of the superior cerebellar artery. Can J
Neurol Sci 1993;20 Suppl 3:593-104.

Imamizu H, Miyauchi S, Tamada T, Sasaki Y, Takino R,
Piitz B, Yoshioka T, Kawato M. Human cerebellar activity
reflecting an acquired internal model of a new tool. Nature
2000;403(6766):192-5.

Krupa DJ, Thompson JK, Thompson RF. Localization of a
memory trace in the mammalian brain. Science
1993;260(5110):989-91.

Lu X, Hikosaka O, Miyachi S. Role of monkey cerebellar
nuclei in skill for sequential movement. J Neurophysiol
1998;79(5):2245-54.

Dhond RP, Kettner N, Napadow V. Do the neural correlates
of acupuncture and placebo effects differ? Pain 2007;128
(1-2):8-12.

Linde K, Witt CM, Streng A, Weidenhammer W,
Wagenpfeil S, Brinkhaus B, Willich SN, Melchart D. The
impact of patient expectations on outcomes in four
randomized controlled trials of acupuncture in patients
with chronic pain. Pain 2007;128(3):264-71.

Lundeberg T, Hurtig T, Lundeberg S, Thomas M. Long
term results of acupuncture in chronic head and neck pain.
Pain Clinic 1988;2(1):15-31.

Han JS. Acupuncture: neuropeptide release produced by
electrical stimulation of different frequencies. Trends
Neurosci 2003;26(1):17-22.

99





