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Clinical trials are currently underway to determine the effectiveness of acupuncture in the
treatment of drug addiction. While there are still many unanswered questions about the basic
mechanisms of acupuncture, some evidence exists to suggest that acupuncture can play an
important role in reducing reinforcing effects of abused drugs. The purpose of this article is to
critically review these data. The neurochemical and behavioral evidence showed that
acupuncture’s role in suppressing the reinforcing effects of abused drugs takes place by
modulating mesolimbic dopamine neurons. Also, several brain neurotransmitter systems such as
serotonin, opioid and amino acids including GABA have been implicated in the modulation of
dopamine release by acupuncture. These results provided clear evidence for the biological
effects of acupuncture that ultimately may help us to understand how acupuncture can be used
to treat abused drugs. Additional research using animal models is of primary importance to
understanding the basic mechanism underlying acupuncture’s effectiveness in the treatment of
drug addiction.
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Introduction

Acupuncture, arguably the most well-known alternative

medicine treatment, has been an important therapy in

Eastern countries for thousands of years. Although

introduced relatively recently, acupuncture has gained

popularity and greater acceptance as a treatment option

in Western countries.
In oriental medicine, the human body is considered to

be a complex network of intricately related processes

played upon by opposing forces (Yin and Yang). Health

is viewed as the maintenance of balance and harmony

between Yin and Yang, while illness is an expression of

unbalance and disharmony between Yin and Yang (1).

Acupuncture is an important treatment modality in

manipulating and balancing Yin and Yang.

Acupuncture involves the stimulation of specific points

on the skin, usually by the insertion of metallic needles;

however, related techniques such as manual, electrical or

laser stimulation of acupuncture points are also often

summarized under this term. In its original form,

acupuncture was based on the principles of traditional

oriental medicine. In oriental medicine, health is under-

stood in terms of a vital force or energy called ‘Qi’, a

metaphysical concept, which circulates between the

organs along hypothesized channels called meridians.

On these ‘meridians’, there are 365 designated acupunc-

ture points that can be used for stimulation through

needles or ‘moxibustion’ to balance and harmonize Yin

and Yang by relieving blockages in the flow of ‘Qi’.

Qi energy must flow in the correct strength and quality

through each of these meridians and organs for health to

be maintained. The acupuncture points are located along

the meridians and provide one means of altering the

flow of Qi. Thus, the supposed principle of acupuncture
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in oriental medicine is correcting the unbalanced and
disharmonized flow of Qi by stimulating the relevant
points on the body surface (2,3). Conformation of
acupuncture’s role for homeostasis by manipulating and
balancing Yin and Yang was shown, when the body’s
innate homeostatic potentialities are overwhelmed by
acute-or chromic-stress conditions (4).
Complementary therapies are widely used throughout

the world, but in fact their effectiveness is quite
controversial (5,6). Among them, acupuncture is one of
the spotlighted treatments on the field of illness which is
hard to cure in the modern western medicine.
Acupuncture as a therapeutic intervention has been
widely practiced for the treatment of many functional
disorders including substance abuse and mental illness in
Eastern countries through diverse methods such as
manual acupuncture, electroacupuncture and acupoint
nerve stimulation (7). Importantly, acupuncture has
become a standard procedure in many detoxification
programs for drugs, worldwide (8,9). While more
scientific studies are needed to confirm the efficacy and
define the physiological mechanisms of acupuncture, the
National Institutes of Health Consensus Development
Panel issued a report in 1977 stating ‘Acupuncture may
be useful as an adjunct treatment or an acceptable
alternative or be included in a comprehensive manage-
ment program’ (10). Also, in 1997, a consensus panel
issued by the NIH cautiously concluded that acupuncture
might be efficacious in the treatment of post-operative
and chemotherapy nausea and vomiting, nausea of
pregnancy and post-operative dental pain, including
drug addiction (11).
Addiction treatment programs increasingly use a com-

bination of conventional and complementary/alternative
medicine (CAM) method as acupuncture. Many studies
in acupuncture have used auricular acupuncture for
the treatment of addictions in patients, stimulating on a
3–4 point including Shenmen auricular point. However,
the clinical data obtained from effects of auricular
acupuncture for drug addiction have not been consistent.
Several works have shown that auricular acupuncture did
not provide significant contribution over, and above, that
achieved by conventional treatment alone in reduction of
alcohol and cocaine use (12,13) and was not more
effective than needle insertion at control point in
reducing cocaine use (14). The existing data fail to
document the benefit of acupuncture in treating cocaine
addiction as the sole treatment at this time. However,
some evidence exists to suggest that acupuncture can be
beneficial in the treatment of cocaine addiction as an
adjunctive therapy (13). Importantly, there is consider-
able evidence to support that electroacupuncture at
body points is also particularly effective in alleviating
the withdrawal syndrome in heroin addicts (15,16). These
findings are intriguing in light of the fact that recent
clinical studies have brought the search for the difference

between body and auricular points in the efficacy of
acupuncture in the treatment of drug addiction.
Only a few experiments using animal models have been

performed to determine the basic mechanisms underlying
acupuncture’s effectiveness in the treatment of drug
addiction. Unfortunately, very little is known about the
effects of acupuncture in a situation where drugs of abuse
are used on a chronic basis and how chronic use of drug
effects both neurochemical and behavioral changes.
However, it has been generally accepted that acupuncture
treatment can contribute to the biochemical balance in
the central nervous system and maintenance or recovery
of homeostasis (17,18). Additionally, results of some
animal studies regarding drug addiction have provided
evidence for the involvement of neurotransmitters in the
action of acupuncture (19). Additional research using
animal models is of primary importance to understanding
the basic mechanisms of acupuncture. The present article
will explore studies directed at elucidating the neurobiol-
ogical mechanism of acupuncture on drug addiction with
focus on Yin and Yang theory.

Physiological Basis of Drug Addiction

Role of Dopamine

The mesolimbic dopamine system originates in the
ventral tegmental area (VTA) and projects to regions
that include the nucleus accumbens and prefrontal cortex.
Dopamine is believed to be the final common pathway
for drugs such as cocaine, morphine and alcohol. The
neurobiological substrate for self-administration of all
addictive drugs by animals and drug abuse in humans is
believed to, in some way, involve the dopamine system of
the nucleus accumbens, a primitive structure that is one
of the brain’s important pleasure centers. Dopamine is
believed by many to be directly responsible for the
exhilarating rush that reinforces the desire to take drugs
in drug addicts and plays a pivotal role in the
development of drug addiction. These drugs of abuse-
induced changes in brain levels of dopamine are
associated with feelings of well being and pleasure and
provide positive reinforcement; contributing to the
continued drug abuse (20–22). Furthermore, repeated
drug administration produces sensitization of extracellu-
lar dopamine levels in the nucleus accumbens and
behavioral sensitization in rats, as evidenced by an
enhanced locomotor response and increased dopamine
release in brain (23,24). Conversely, withdrawal from
chronic drug administration produced a reduction in
dopamine outflow in the nucleus accumbens (25–27).
As suggested by many studies, drug-induced dopamine
depletion in the mesolimbic system may represent the
mechanism, at least in part, underlying dysphoria and
anhedonia that accompanies drug withdrawal and might
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also contribute to the intense drug craving experienced by
addicts (28,29). These withdrawal-negative affects are
largely associated with negative reinforcement.
Although it is generally believed that the same neural

systems are involved in drug reward and drug-associated
learning, there are two different theories that have
opposite views on the role of brain reward pathways in
mediating drug-seeking behavior. One theory suggests
that drug seeking is triggered by drug-like, proponent
processes that activate reward pathways in a manner
similar to acute effects of drug itself (30,31). Another
theory suggests that drug-opposite or opponent processes
induce drug seeking by producing a hypofunctional state
of reward pathways which leads to dysphoria or anxiety
during withdrawal (32). Yin and Yang theory may explain
these seemingly opposite proponent and opponent
theories underlying drug addiction and relapse to drug
seeking. Koob and Moal Le (33) proposed a conceptual
framework of allostasis which focused on abnormal
changes in reward function that lead to excessive drug
taking and drug seeking in prolonged withdrawal. The
allostasis model has been proposed for brain changes that
occur during the development of addiction process and
explains the persistent vulnerability to relapse long after
drug taking has ceased. During the course of addiction,
counter-adaptive processes such as opponent process that
are usually part of normal homeostatic limitation of
reward function fails to return to normal range and it is
hypothesized to form an allostatic state. The allostasis
model shares a similar concept on reward with Yin and
Yang theory, from the standpoint of understanding
that both theories explain the homeostasis and balance
between positive and negative impact on drug addiction.

Modulation of Dopamine Neuron by GABA and Opioids

The firing activity of dopamine neuron is controlled by
the intrinsic activity of the neuron as well as the
inhibitory and excitatory input, which it receives from
other brain structures as well as from local GABA
interneurons in the VTA. GABA can interact with either
GABAA or GABAB receptors present in the VTA. While
GABAergic neurons are known to dampen dopamine
neurons via inhibitory GABAA or GABAB receptors in
the VTA dopamine neurons (34,35), recent findings
suggest that GABAB receptors play a predominant role
in attenuating the reinforcing effects of the drugs through
a modulation of dopamine transmission. For example, it
has been shown that the GABAB antagonist SCH 50911
blocked gamma-vinyl GABA’s inhibition of cocaine-
induced increases in dopamine in the nucleus accumbens
(36). A similar conclusion was obtained in another study
in which GABAB receptor agonist baclofen dose depen-
dently reduced heroin-induced dopamine release in the
nucleus accumbens and inhibited heroin self-administra-
tion behavior (37). Therefore, it is highly likely that

GABAB receptor stimulation is sufficient to dampen
nucleus accumbens dopamine release induced by abused
drugs. Chronic cocaine or amphetamine is associated
with altered GABAB receptor function after withdrawal
(38). Importantly, the observed increase in GABAB

heteroreceptor function would be expected to lead to
decreased dopamine and glutamate release in the VTA,
and may therefore contribute to the reward deficits
associated with psychostimulant withdrawal (38).
Moreover, chronic administration of ethanol enhanced
the baseline activity of VTA GABA neurons underlying
the decrease in accumbal dopamine release associated
with withdrawal from chronic ethanol (39). It has been
shown that probability of GABA release in the VTA area
is increased during withdrawal from morphine (40).
In contrast, chronic exposure to cocaine decreased the
functional coupling of GABAB receptors to G-proteins in
the VTA in rats, suggesting that cocaine sensitization
implicates the enhanced extracellular dopamine levels in
the nucleus accumbens (41). There is some direct support
for this finding in studies of in vivo microdialysis showing
that endogenous GABA release was reduced in the
striatum of rats sensitized to cocaine (42). Taken
together, these results suggest that neurochemical and
behavioral sensitization may imply a decreased ability of
GABAB receptors to inhibit dopaminergic activity.
Activation of m- and k-opioid receptors is known to

exert opposite modulation of dopamine neuron in the
mesolimbic dopamine system (43,44). The m-opioid
receptors are selectively expressed on inhibitory GABA
interneurons in the VTA. Activation of m-receptors
hyperpolarizes these GABAergic neurons, causing a
disinhibition of the dopamine neurons (45). As a
consequence, this leads to the increased accumbal
dopamine release. Conversely, k-receptor is located on
presynaptic dopaminergic nerve terminals in the nucleus
accumbens. The k-receptor agonist inhibits the dopami-
nergic neuron directly, resulting in the decrease of
accumbal dopamine release (46). Supporting the notion
that suppression of GABAergic input onto dopaminergic
neurons in the VTA contributes to m-opioid receptor
modulation of cocaine reinforcement, m-opioid receptor
knockout mice showed the reduced cocaine self-
administration and increased GABAergic input to VTA
dopaminergic neurons (47). A role for k-receptor in
dopamine release in the nucleus accumbens was extended
by the observation that inhibition of k-opioid receptor by
k-opioid receptor knockout and the k-opioid receptor
antagonist norbinaltorphimine produced ethanol-induced
elevation of extracellular dopamine in the nucleus
accumbens, respectively (48,49). Also, recent work has
shown that blockade of k-opioid receptor increased
alcohol drinking in two bottle choice paradigm, suggest-
ing that k-opioid receptor may be particularly important
for the blockade of the reinforcing effect of ethanol via
inhibition of dopaminergic neuron (50).
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A Role for Brain Neurotransmitters
in the Action of Acupuncture

All studies measuring neurochemical responses to acu-
puncture provided evidence for the biological effects of
acupuncture that ultimately may help to understand how
acupuncture can be used to treat disease. Moreover, in a
more general sense, these results suggest that acupuncture
can correct reversible malfunctions of the body by direct
activation of brain pathways and thus contribute to the
biochemical balance in the central nervous system by
regulating neurotransmitters that control health and
disease. The discovery of the central endorphin system
was a prominent step toward understanding the analgesic
effect of acupuncture (51,52). It is now well established
that endorphinergic neurons in the hypothalamus pro-
jecting to the dosal raphe nucleus and periaqueductal
gray matter of the mesencephalon are primarily respon-
sible for acupuncture analgesia (53). Additionally, other
brain areas such as the nucleus accumbens, with
interconnections to the descending pathway from the
hypothalamus to the dorsal raphe nucleus and periaque-
ductal gray matter, might also mediate opioid- and
acupuncture-induced analgesia (54,55). In the nucleus
accumbens, drugs of abuse act to produce a large
increase in dopamine that has long been associated with
addictive behavior (56). The descending antinoceptive
pathway from the hypothalamus appears to depend on
the activation of the anterolateral tract by acupuncture
(57). Also, several brain neurotransmitter systems such as
serotonin, catecholamines and amino acids including
GABA have been implicated in the analgesic effects of
acupuncture (58).
Although few experiments have investigated the effect

of acupuncture on GABAergic neuron, GABA-related
studies provided evidence that acupuncture stimulation
may produce the inhibitory effect via GABAergic neuron.
For example, it has been shown that electroacupuncture
exerted depressor effect by inhibition of the sympathetic
nervous system and this effect was mediated through
GABA in the rostral ventrolateral medulla. This inhibi-
tory effect via GABAergic neuron was reversed with
injection of GABA antagonist (59,60). GABA has also
been implicated in the therapeutic effect of cerebral
ischemia by electroacupuncture using middle cerebral
artery occlusion (MCAO) rats. Electroacupuncture
effectively reduced infarct area in the cerebral cortex
and hippocampus and increased GABA immuno-
reactivity. Inhibition of infarction by electroacupuncture
was completely prevented by a GABA receptor’s
antagonist (61).
With regard to serotonin, microdialysis study showed

that acupuncture at bilateral Shenshu acupoints signifi-
cantly increased serotonin release in the rat nucleus
accumbens (62). The authors suggested the possibility
that acupuncture affect the reward system pathway of the

brain by activation of serotonergic neurons. Further
support for a role of acupuncture in regulating brain
serotonin is the observation that electroacupuncture
prevented restraint-induced decreases in serotonin levels
in the nucleus accumbens (63). Serotonin has long been
hypothesized to have a role in mediating the efficacy of
acupuncture in the treatment of drug withdrawal (64).
Considerable evidence showed marked differences
between the alcohol-preferring rats and normal rats in
that the alcohol-preferring rats have fewer serotonin
neurons and higher levels of enkephalin in the hypotha-
lamus, fewer GABA neurons, lower dopamine release
and dopamine D2 receptors in the nucleus accumbens
(65–68). Based on these observations, it was postulated
that chronic exposure to drugs might cause ‘reward
deficiency syndrome’ resulting from a basal dysfunction
of brain reward dopamine function. These authors
proposed that activation of serotonin neurons in the
hypothalamus induces met-enkephalin release in
the VTA, and as a consequence, GABA neurons in the
VTA are inhibited, thereby increasing dopamine release
in the nucleus accumbens (69). This proposal, combined
with the finding that acupuncture activates the descend-
ing serotonergic pathways via the anterolateral tract (57),
have suggested that acupuncture may have a role in
normalizing the release of dopamine via serotonin
neurons in the hypothalamus (64).

Acupuncture and the Negative Reinforcing
Effect of Abused Drugs

Role of the Mesolimbic Dopamine System in Acupuncture

Although there is a lack of well-controlled experiments
investigating the effect of acupuncture on drug abuse,
including ethanol, a few studies using animal models have
provided evidence that acupuncture can play an impor-
tant role in reducing negative reinforcing effects of drug.
Electroacupuncture at the specific point ST36 effec-

tively reduced the increase in alcohol-drinking behavior
and enhanced the striatal dopamine level in rats
challenged with immobilization stress (70). While ethanol
has diverse effects in the brain, ethanol has been shown
to increase the firing rates of mesolimbic dopamine
neurons by modulating GABAA receptors located on
GABAergic neurons in the VTA (71). Ethanol has
stimulatory, euphoric, sedation, anxiolytic and muscle
relaxant effects. Even though all these diverse effects
probably cannot be related to one specific single neuro-
transmitter, dopamine seems to be involved in most
of the effects. During ethanol withdrawal, brain stimula-
tion reward thresholds were elevated compared to
pre-drug baseline (72). This elevation in reward
threshold may reflect an anhedonia state and as such it
may be homologous to the anhedonia reported by
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alcohol-dependent patients (73,74). A likely neurochem-
ical mechanism involved in this withdrawal state would
be some hypoactivity of dopamine functioning. It has
also been shown that withdrawal from chronic ethanol
administration can produce a reduction in dopamine
outflow in the nucleus accumbens (75). Based on the
earlier facts, these results, combined with observations of
dopamine levels in the striatum, suggest that the
suppression of alcohol-drinking behavior by electroacu-
puncture may be mediated by the increase of striatal
dopamine levels.
Recent studies have shown that acupuncture attenuated

alcohol withdrawal syndrome and Fos-like immunoreac-
tivity (FLI) in the striatum and the nucleus accumbens
core of rats. During 3 days of cessation following chronic
administration of ethanol, rats showed a significant
increase in alcohol withdrawal syndrome, such as
hypermotility, tail rigidity, grooming and tremor and
increase in FLI in the dopamine terminal areas in the
brain, reflecting the expected increases in neuronal
excitability. Treatment of acupuncture at Zusanli or
Sanyinjiao points during withdrawal period inhibited
AWS and also prevented the expected increase in FLI of
rats exposed to chronic ethanol. These results suggest
that acupuncture may be effective in suppressing alcohol
withdrawal syndrome by modulating post-synaptic neural
activation in the striatum and nucleus accumbens core
(76). Similar to these results, a recent study showed that
electroacupuncture decreased both c-Fos gene expression
in the central nucleus of the amygdala and withdrawal
signs in morphine-withdrawn rats (77). Amygdala and
nucleus accumbens play an important role for the
motivational effect of opiate withdrawal. Given that the
increase of c-Fos gene expression in the central nucleus of
amygdala is associated with the negative motivational
impact on drug addiction, one possibility is that
acupuncture could help to normalize neuronal activation
and thereby reverse withdrawal signs.

Acupuncture and Cerebral Endogenous Opioid System

The ‘Incentive-sensitization theory’ proposes that
enhanced mesocorticolimbic dopamine neurotransmission
is currently recognized as a common target of the
dependence-producing properties of opioids, psychosti-
mulants and alcohol (78). Previous work has suggested
cerebral b-endorphin system may be involved in reward.
Additionally, cerebral b-endorphin originates in the
arcuate nucleus of the mediobasal hypothalamus and
projects to limbic structures such as the VTA and the
nucleus accumbens, seems to be responsible for the
reinforcing effects of abused drugs (79). A hypothetical
model has been proposed for possible interactions
between the endogenous opioid reward system and the
release of dopamine from the nucleus accumbens. VTA
GABA interneurons connect to VTA dopamine neurons

and likely inhibit them. Activation of presynaptic
m-opioid receptors on these GABAergic interneurons
decreases the firing rate of VTA GABA neurons, leading
to an increase in release of dopamine in the nucleus
accumbens, whereas presynaptic k-opioid receptors in the
nucleus accumbens directly inhibit dopamine release in
the nucleus accumbens. b-endorphin released from fibers
ascending from the arcuate nucleus of the hypothalamus
stimulates m-receptors in the VTA, thereby disinhibiting
VTA dopamine neurons. Also, it activates �-opioid
receptors in the nucleus accumbens. Thus, b-endorphin
increases dopamine release in the nucleus accumbens
(Fig. 1) (80). Several experiments have investigated the
effect of electroacupuncture on endogenous opioid
system. These opioid-related studies, using animal
models, have provided evidence that low-frequency
electroacupuncture can activate enkephalinergic and
b-endorphinergic neurons in the nucleus arcuatus of the
hypothalamus (81,82). Accordingly, it seems reasonable
to propose that electroacupuncture may help to enhance
the release of dopamine in the nucleus accumbens via
�-opioid receptors in the nucleus accumbens as well as
m-receptors in the VTA. In addition, there is an
important neurochemical evidence that acupuncture
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Figure 1. A hypothetical model of possible bidirectional effects of

acupuncture on dopamine release in the nucleus accumbens. In positive

reinforcement, acupuncture treatment activates GABAB receptors on

the dopamine cell bodies, resulting in a decrease of dopamine release in

the nucleus accumbens through the inhibition of dopaminergic neurons;

additionally, acupuncture activates presynaptic k-opioid receptors in the

nucleus accumbens through dynorphin neurons, resulting in a decrease

of dopamine release in the nucleus accumbens. In negative reinforce-

ment, acupuncture treatment stimulates enkephalin neurons in the

hypothalamus, such that methionine-enkephalin released in the VTA

interacts with m-opioid receptors to inhibit VTA GABAergic interneu-

rons, inducing the disinhibition of dopaminergic neurons and thus,

eventually increases the dopamine release in the nucleus accumbens.
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treatment directly affects the mesolimbic dopamine
system. Acupuncture treatment at the specific acupoints
Shenmen (HT7) significantly prevented a decrease of
extracellular dopamine levels in the nucleus accumbens
after withdrawal from chronic ethanol administration,
with an accumbal dopamine concentration restored to
approximately 90% of that of naı̈ve animal (83). Given
chronic ethanol-induced dopamine depletion in the
mesolimbic system is linked to the dysphoria and
anhedonia that often accompanies ethanol withdrawal
(84), acupuncture may play a role in relieving withdrawal
syndrome and help to prevent compulsive drug-seeking
behavior and relapse.
Animal models for the acute reinforcing effects of

abused drugs have included measures of preference for
the environment paired with drug administration (condi-
tioned place preference; CPP). Further support for a role
of brain b-endorphin is the observation that low-
frequency electroacupuncture reduced morphine-induced
place preference in rats and this effect was reversed by
pretreatment of opioid receptor antagonist naloxone at a
small dose which is sufficient to block the opioid m and �,
but not the k, receptors (85). The authors suggested that
m-opioid receptor might be involved in acupuncture’s role
in suppressing the negative reinforcing effect of mor-
phine. In this study, since CPP paradigm was carried out
24 h after the last daily injection, the negative stimulus
effects of acute morphine withdrawal may be responsible
for the preference to the drug-pairing environment. Thus,
it is possible that electroacupuncture reduces the negative
stimulus effects by activation of dopamine release
through b-endorphinergic and enkephalinergic neurons
in the brain, especially in the arcuate nucleus. On the
other hand, one behavioral study has indicated that high-
frequency electroacupuncture suppressed the naloxone-
induced morphine withdrawal syndrome and this effect
was reversed by pretreatment with dynorphin A antibody
or k-receptor antagonist (86).
The neuropharmacological data reviewed earlier, pro-

vide some evidence for the action of the endogenous
opioid peptides in acupuncture analgesia. On the basis of
these and other findings that low-frequency electroacu-
puncture facilitates the release of b-endorphin and
enkephalin in the CNS, whereas high-frequency electro-
acupuncture produced an increase in dynorphin release
(87,88), it has been expected that low-frequency electro-
acupuncture can play a predominant role in attenuating
withdrawal syndrome by activating the b-endorphinergic
and enkephalinergic neurons. However, high-frequency
electroacupuncture was more effective in suppressing
morphine withdrawal syndrome compared to low-
frequency electroacupuncture (89). The exact neurochem-
ical mechanisms mediating the suppressive effect of
high-frequency electroacupuncture on withdrawal
syndrome is unknown but these results suggest the
possibility that electroacupuncture’s role in suppressing

the morphine withdrawal syndrome takes place by
activating the k-opioid receptor and dynorphin release.
To summarize the research described earlier, low-
frequency electroacupuncture appears to play a critical
role in attenuating the motivational aspects of drug
withdrawal, while high-frequency electroacupuncture may
be most effective in reducing withdrawal symptoms.

Acupuncture and the Positive Reinforcing
Effect of Abused Drugs

Role of i-opioid Receptor in Acupuncture

A number of studies with rats have shown that
acupuncture attenuates rewarding effects induced by
drugs of abuse. Recent work using injections of selective
opioid receptor antagonists has shown that k-receptor
may be particularly important for the inhibitory effect of
high-frequency electroacupuncture on the expression of
morphine-induced CPP and cocaine-induced CPP (90,91).
High-frequency electroacupuncture increases dynorphin
release to interact with k-receptor in brain (92). A similar
observation was obtained in another study in which high-
frequency electroacupuncture enhanced the expression of
mRNA encoding predynorphin in brain (93). Recent
studies have demonstrated that dynorphin causes the
decrease in dopamine release within the nucleus accum-
bens through an action on k-opioid receptors that are
located on presynaptic dopaminergic nerve terminals in
this region (93,94). Furthermore, behavioral studies
reported that k-opioid receptor agonists decrease cocaine
and heroin self-administration (95,96). Therefore, it has
been suggested that high-frequency electroacupuncture
stimulation is sufficient to dampen morphine-induced
CPP through k-opioid receptor. Roles for enkephalin and
dynorphin in the mechanisms underlying the inhibitory
effect of electroacupuncture has been replicated using
morphine-induced CPP and reinstatement of extinguished
CPP (97). Preproenkephalin or preprodynorphin mRNA
levels in the nucleus accumbens were increased, respec-
tively, in rats shown to suppress morphine-induced CPP
and reinstatement of extinguished CPP after low- or
high-frequency electroacupuncture.

Inhibition of Dopamine Release by Acupuncture

There is evidence that the enhancement of dopamine
transmission in the nucleus accumbens induced by all
addictive drugs is linked to its reinforcing properties and
may be implicated in the development of behavioral
sensitization (98,99). This persistent phenomenon,
referred to by some as sensitization, is thought to play
a major role in magnifying the positive-reinforcing
properties of a subsequent drug challenge and repre-
sent the mechanism, at least in part, underlying the
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reinstatement of drug-seeking behavior (100). Thus, there
is lot of interest in gaining a better understanding of how
acupuncture works in the brain to influence addictive
behaviors. Few studies were designed to investigate
the effect of acupuncture on extracellular dopamine
levels using in vivo microdialysis and behavioral changes
in rats treated by repeated drugs, including morphine and
alcohol after drug withdrawal followed by drug chal-
lenge. Results showed that systemic challenge with drug
produced neurochemical and behavioral sensitization
indicating a much larger increase in dopamine and
behavioral activity compared to saline-pretreated rats.
Most importantly, these results demonstrated that even
brief (1min) acupuncture treatments prevented to a great
extent, drug-induced elevation in dopamine levels in
the nucleus accumbens and also reduced the amount
of drug-induced behavioral hyperactivity (19,83). In view
of the fact that enhanced dopamine transmission in the
nucleus accumbens induced by all addictive drugs has
long been associated with addictive behaviors, these
results suggest that reduction in behavioral activity by
acupuncture may be mediated by attenuation of dopa-
mine release and neuronal activity in the nucleus
accumbens. Moreover, in a more general sense these
results suggest that minimizing sensitization may be one
of mechanisms whereby acupuncture reduces drug crav-
ing in addicts.
Fewer studies have been performed to determine the

basic mechanism underlying acupuncture’s effectiveness
in reducing dopamine release induced by the drugs. One
study used rats to investigate the possible mechanism of
acupuncture on the GABAB pathway. Rats were admi-
nistered with the highly selective GABAB antagonist SCH
50911 prior to an intraperitoneal injection of ethanol.
Immediately after ethanol treatment, acupuncture was
administered for 1min. Acupuncture at the specific
acupoint HT7, but not at control points (PC6 or tail)
significantly decreased dopamine release in the nucleus
accumbens. Inhibition of dopamine release by acupunc-
ture was completely prevented by SCH 50911 (101).
GABAergic neurons are known to dampen dopamine
neurons via inhibitory GABAB receptors in the meso-
limbic dopamine system (102). Recently, the GABAB

receptor agonist reduced reinforcing properties of ethanol
(103). These earlier-mentioned results suggest that stimu-
lation of specific acupoints inhibits ethanol-induced
dopamine release by modulating GABAB activity and
implies that acupuncture may be effective in blocking the
reinforcing effects of ethanol (Fig. 1).
As with cocaine, amphetamines and morphine, addic-

tion to nicotine is believed to result from increased
release of dopamine in the region of nucleus acumbens
(104,105). One study reported the effect of acupuncture
on behavioral locomotor activity and c-fos expression in
the nucleus accumbens and striatum utilizing the
immunocytochemical detection of the Fos protein in

nicotine-sensitized rats. Similar to morphine or ethanol-
sensitized rats, acupuncture significantly attenuated
expected increase in nicotine-induced locomotor activity
and FLI in the nucleus accumbens and striatum to
subsequent nicotine challenge (106). These findings
suggest that acupuncture produces a therapeutic effect
on nicotine addiction, possibly by modulating post-
synaptic neuronal activity in the nucleus accumbens and
the striatum.

Conclusion

Clinical trials are currently underway to determine the
effectiveness of acupuncture in treating drug addiction
(15,107). Yet, there are still many unanswered questions
about the basic mechanisms of acupuncture. Additional
research using animal models is of primary importance
in understanding the basic mechanisms of acupuncture.
Chronic exposure to drugs of abuse produces a with-
drawal state as reflected in increases in brain reward
thresholds, and this change in reward threshold appears
in be opposite to actions of the drug administered
acutely. These opposite proponent and opponent pro-
cesses during the development of drug addiction may
contribute to the intense drug craving experienced by
addicts. Based largely on animal self-administration, the
reinforcing effects of drugs have been linked to central
dopamine activity in the mesolimbic dopamine system.
While little is known about the basic mechanism of
acupuncture in treating drug addiction, the neurochem-
ical and behavioral data reviewed earlier showed that
acupuncture directly or indirectly affects the mesolimbic
dopamine system. These results suggest that acupuncture
helps to maintain the homeostasis and balance between
positive and negative processes involved in drug addic-
tion. Moreover, in a more general sense, these results
suggest that acupuncture can be used as a therapeutic
intervention for correcting reversible malfunction of the
body by directing brain pathways and thus contributes to
balance in the central nervous system by regulating
neurotransmitters. Future studies should determine if
acupuncture therapy can influence any of the other
neurotransmitters (GABA and glutamate) believed to
play a role in regulating dopamine release. It would also
be interesting to assess the effect of acupuncture on drug
reward thresholds in animals trained to self-administer
drugs of abuse.
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