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Nitric oxide (NO) Functions

N
itric oxide research seems to
show that acupuncture modu-
lates nitric oxide activity in
the brainstem somatic sen-

sory paths (nucleus gracilis), basal gan-
glia striatum, and the cerebral cortex, as
well as the hippocampus. Nitric oxide is
a messenger molecule with biological
actions that range from signal transduc-
tion to cell killing. Nitric oxide accounts
for tonic relaxation of all types of blood
vessels and non-adrenergic and non-
cholinergic relaxation of the gastroin-
testinal tract. Nitric oxide acts as a
neurotransmitter in the central and
peripheral nervous system, contributes
to the antimicrobial activity of
macrophages, decreases platelet aggrega-
tion, and is involved in hormone release. 

Current evidence indicates that, in the
CNS, nitric oxide is produced enzymati-
cally in postsynaptic structures in
response to activation of excitatory
amino acid receptors. It then diffuses
out to act on neighboring cellular ele-
ments, probably presynaptic nerve end-
ings and astrocyte processes. In several
peripheral nerves, and quite possibly in
parts of the CNS as well, nitric oxide
might be formed presynaptically and
thus act as a neurotransmitter(1).

Although the influence of NO on stri-
atal neuronal activity remains to be
thoroughly characterized, evidence has
accumulated suggesting that NO signal-
ing may mediate and/or regulate multi-
ple aspects of striatal neurotransmission
including the integration of convergent
motor information within striatal net-
works. A major component of the corti-
cal regulation of the nigrostriatal
dopamine (DA) system is known to
occur via activation of striatal efferent
systems projecting to the substantia
nigra through the intermediary role of
striatal nitric oxide synthase (NOS).
Striatal NO tone regulates the basal
activity and responsiveness of DA neu-
rons to cortical and striatal inputs. In
addition striatal NO signaling may play
an important role in the integration of
information transmitted to basal ganglia

output centers via corticostriatal and
striatal efferent pathways(2). 

Acupuncture modulates NO
concentration

Increased concentrations of NO were
found on the skin adjacent to meridians
and acupoints relative to surrounding
areas. The hypotensive and bradycardiac
responses to EA ST36 are modified by
influences of L-arginine-derived NO
synthesis in the gracile nucleus. It
appears that NO plays an important role
in mediating the cardiovascular respons-
es to electro-acupuncture ST36 through
the gracile nucleus(3).

The work of Dr. Sheng-Xing Ma at the
Harbor-UCLA Medical Center suggests
that at least some acupuncture effects
involve transmission of biological infor-
mation by nitric oxide.(4) In addition,
enhanced NO in the acupoints/meridians
is generated from multiple resources
including neuronal NOergic system, and
NO might be associated with
acupoint/meridian functions including
low electric resistance. He recently
reported that stimulation of hindlimb
acupoints (LB 64, 65) resulted in
increased synthesis of the signaling mole-
cule nitric oxide at a specific location of
the brain stem of rats. 

Other studies demonstrate the activity
of nitric oxide modulation through

acupuncture, needling Zusanli (ST 36)
may modulate NOS activity in the hip-
pocampus under diabetic conditions(5).
In addition, Li et al investigated 42 peo-
ple between the ages of age 55 and 70
were given the warm needling at Zusanli
(ST 36), the results showed that IL-2
and NO contents increased significantly
after the warm needling (P < 0.01)(6).

Hippocampal Function
Related to Nitric Oxide
Synthase (NOS)

The hippocampus is a central process-
ing area at which meet the sensory and
associative cortex, Learning and memo-
ry are essential to an animal's ability to
survive and thrive. In many species,
including humans, a cortical structure
known as the hippocampus is critical for
the formation of long-term memory.
Studies of long-term potentiation (LTP)
in the hippocampus help to show how
memories may be encoded and stored at
the synaptic level. suggested that
acupuncture treatment may modulate
NOS activity in the hippocampus under
diabetic conditions(5, 7). In addition,
Kang et al showed that acupuncture
modulates the expressions of NOS and
c-Fos in the gerbil hippocampus post
transient global ischemia(8).   

The hippocampus matures postnatally,
which means that the functions it serves
are not available for some time after
birth. According to Nadel, the role of
the hippocampus is the core of a “spa-
tial/cognitive mapping system.” and
involves possible relations between
space and language(9). In infant rats,
stressful experiences can impact postna-
tal hippocampal development as well as
the later development of the hippocam-
pus inrelation to unusual “fears and
phobias”. It is generally assumed that in
the adult organism the hippocampus
interacts with the neocortex during
memory “consolidation” so as to enable
information to be permanently stored in
cortical sites(9-12).

Since the hippocampus has connec-
tions with the hypothalamus and other
structures dealing with somatovisceral,
emotional, and endocrine functions
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where different parts of the brain com-
bine to form a cognitive map, we can
then understand the possibility of actual
changes in all these areas, including the
consolidation of pain memories.
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