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1. Introduction

Acupuncture is a practice of inserting needles into the body to reduce pain or induce
anesthesia. More broadly, acupuncture is a family of procedures involving the stimulation
of anatomical locations on or beneath the skin by a variety of techniques. Employing
acupuncture to treat human illness or to maintain body health has been practiced for
thousands of years. Recently, models able to describe the mode of action of acupuncture
have aroused scientists’ curiosity. Scientific interest in acupuncture has led numerous
investigators to conduct clinical trials that have tested the efficacy of acupuncture at various
acupuncture points. However, the mechanism(s) of action of acupuncture at the various
meridians are still poorly understood.

The traditional Chinese medical theory says: ‘Qi acts as the commander of blood and blood
acts as the mother of Qi’. This is a general description of the effects of Qi on blood and this
theory can be extended to include the ideas that Qi promotes blood circulation and controls
the blood functioning. Furthermore blood conveying Qi and blood nourishing Qi.

Previous studies have provided a variety of information regarding the physiological effects
of acupuncture on animal and human bodies. Most of them have indicated that acupuncture
is able to increase blood flow [1], and at the acupuncture points and meridians have a high
electrical conductance [2, 3]. A relationship has also been suggested that among those
acupuncture points and meridians with connective tissue planes [4] and the perivascular space
[5]. A number of possible mechanisms by which acupuncture acts have been reviewed [6].

The results obtained from human and animal studies have shown that acupuncture
enhances the generation of nitric oxide (NO) and increases local circulation [7]. Kim, et al.
(2006) pointed out that employing acupuncture on stomach 36 point (ST-36) is able to reduce
blood pressure by activating NO signaling mechanisms [8]. Ma (2003) showed that NO
content and Nitric Oxide Synthase (NOS) expression were consistently higher at skin
acupuncture points/meridians [9]. Chen et al. (2005) showed that L-arginine-derived NO
synthesis appears to mediate the noradrenergic function of skin sympathetic nerve
activation and that this contributes to skin electrical resistance of the acupuncture points
and meridians [10].

NO is known to exert an effect on a number of functions including the regulation of blood
pressure, contributing to the immune response, the control of neurotransmission and
participation in cell differentiation and other physiological functions [11]. NO, a diffusible
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signaling gas is synthesized by three NOS isoforms, namely neuronal NOS (nNOS),
inducible NOS (iNOS) [12] and endothelial NOS (eNOS) [13, 14]. In the cardiovascular
system, NO is tonically released by the endothelial cells in response to shear stress to
maintain vascular tone [15]. This effect is due to the relaxation of the vascular smooth
muscle cells in the medium layer (tunica media) of the arterial wall. However, NO is also
involved in the regulation of synaptic neurotransmission, platelet aggregation,
inflammation, appetite, peristalsis, renal metabolism, respiratory function, lipid metabolism
and glucose metabolism.

It is supposed that the gas (NO) is part of Qi, then the proposed model can be annotated as
this part of Traditional Chinese Medical theory. This hypothesis involves a blood-flow
modulate model. Briefly, the acupuncture stimulus is able to induce a burst of NO
production through mechanotransduction at the local acupuncture point and this NO
diffuses and changes the blood flow either at the local and/or organ microcirculation level.
Erythrocytes in blood vessel detect the oxygen and modulate vascular tone via controlled
NO processing, and this is able to change the frequency of resonance and modulate the
vascular tone.

Chinese acupuncture theory has long been recognized that there are twelve main meridians
or energy channels that relate to the internal organs. These include the lungs, large intestine,
stomach, spleen, heart, the pericardium (the sac around the heart), etc.

Acupuncture induced differential production of NO in various meridian organs, which are
connected via tissue/cells coupled to the cyclically strained blood vessel; vascular blood
flow and its distribution among different vascular beds, are regulated by the changes in
micro vascular tone.

2. A neurovascular blood-flow modulation model of acupuncture

In vascular wall, most of the bioavailable NO is believed to be derived from eNOS and
diffuses into vascular smooth muscle and the blood stream, where it rapidly reacts with the
hemoglobin (Hb) of the red blood cells. Of course, it is also able to transport oxygen and
carbon dioxide. The blood carries the oxygen complex with Hb to all parts of human body
where it is required for metabolism and also returns with carrying carbon dioxide back to
the lungs, where gaseous exchange with the atmosphere. The peripheral chemoreceptors
located in the carotid bodies respond primarily to hypoxaemia. Central chemoreceptors
located in the region of the brainstem respond to hypercapnia. Activation of either the
hypoxic or hypercapnic chemoreflex elicits both hyperventilation and sympathetic
activation [16]. Evidences from animal and human studies have revealed that NO may play
a role in hypercapnia induced vasodilatation [17,18].

Recently, nNOS has been identified as a source of NO in the vicinity of microvessels and has
been shown to participate in vascular function. Thus, NO can be produced and transported
to the vascular smooth muscle cells from endothelial cells and perivascular nerve fibers,
mast cells and other NOS-containing sources [19].

In Chinese terms, “acupuncture is a healing art of inserting a needle into an acupuncture
point in the meridian to regulate an imbalance of Qi. The aim of acupuncture is to stimulate
the flow of Qi through that meridian.”

To explain the Qi phenomenon, we proposed a neurovascular blood-flow modulation
model via acupuncture induced NO.
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2.1 Acupuncture induces mechanotransduction in connective tissue

Immediately after a needle is inserted into connective tissue, the mechanical force is
transferred to the extra cellular matrix (ECM). The ECM is a multi-component tissue that is
able to transduce the internal and external mechanical signals into changes in the tissue
structure and function through a process termed mechanochemical transduction [20,21].

2.2 Mechanical force modulates NO production, and mediates the local vascular
circulation

The availability of NO in arteriolar endothelium and mast cells appeared to be maintained
mainly by nNOS, whereas that in venular endothelium greatly depends on eNOS. Through
the ECM, the mechanical force stimulus can travel across the acupoint into the local tissue
cells including arterioles, nerve terminals and mast cells, and this will trigger nNOS induced
NO production [9] which diffuses into the vascular smooth muscle and change blood flow
and local circulation.

2.3 NO regulates central nervous system and cardiovascular activities

Sympathetic cardiovascular rostral ventrolateral medulla (rVLM) neurons that respond to
both visceral (reflex) and somatic (acupuncture) nerve stimulation during stimulation of
specific acupoints [22]. Nitric oxide (NO) syntheses (NOS)-containing neurons in the rVLM
are activated during cardiac sympathoexcitatory reflexes. NO, specifically nNOS mediates
sympathetic cardiac-cardiovascular responses through its action in the rVLM.[23]
Acupuncture stimulation increases blood flow of the stimulated area by causing axon reflex
and increased cardiac output. [24] and regulate the cardiovascular system.

2.4 Blood flow distributing among different vascular beds are regulated by changes of
vascular tone via controlled NO processing

Mechanical forces, comprising both unidirectional laminar and oscillatory shear, induce an
increase in NO production through increased activation and expression of eNOS. The nNOS
and eNOS have distinct local roles in the physiologic regulation of human coronary and
peripheral microvascular tone in vivo. Whereas eNOS-generated NO facilitates dynamic
alterations in blood flow distribution, the tonic generation of NO by nNOS may be
important for the regulation of basal vasomotor tone and blood flow [25,26].

Hemoglobin, albumin, and glutathione carry and release nitric oxide (NO) within
microvessels. NO moves in blood vessels from upstream to downstream resistance vessels
which allow larger vessels that generate large NO to influence vascular tone in downstream
vessels in response to both flow and receptor stimuli [27].

When acupunctured at a specific acupuncture point, the local mechanical stress produced is
coupled with a cyclic strain of blood vessel and changes the resonance frequency of arterial
trees [28]. Vascular blood flow and its distribution among different vascular beds are
regulated by changes in microvascular tone.

3. Evaluation of the proposed blood flow modulation model

Traditional acupuncture theory proposes that the needling of appropriately selected
acupuncture points has effects that are remote from the site of needle insertion, and this is
mediated by means of the meridian system [29]. To date, physiological models attempting to
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explain these remote effects have either invoked systemic mechanisms involving the
nervous system, or involved signal transduction through connective tissue combining with
the involvement of other systems including the nervous system [30,31].

It has been found that the mean of laser Doppler flowmetry (LDF) signals were significantly
larger at the acupoints than in their surrounding tissues, which indicated a large volume of
blood delivery to the microvascular beds of acupoints. These results indicate that the
physical properties of the vascular structure of acupoints may affect the perfusion
resistance, and modulate the microcirculatory perfusion [32].

3.1 Mechanotransduction between the acupuncture point and connective tissue

In order to understand the acupoint/meridian system, all the studies were mainly looked
for distinct histological features that might differentiate acupuncture points from the
surrounding tissue for past 30 years.

Various structures, such as neurovascular bundles [33-36], neuromuscular attachments [37-
39] and various types of sensory nerve endings [37, 40, 41-45], have been described at
acupoints. Nevertheless, acupoints and meridians are frequently located along connective
tissue planes, that is between muscles or between muscle and bone or tendon[46-48].

When needles were inserted into acupoints, the connective tissue around the acupuncture
needle is wounded. This allows the needle is able to pull and distort the surrounding tissue
and this movement delivers a mechanical signal into the tissue at the cellular level [49,50].
Such mechanical signals are recognized as important mediators of information at the
cellular level [51] and could be transduced into bioelectrical and/or biochemical signals
[52,53] and lead to downstream effects, including cellular actin cytoskeleton polymerization,
signaling pathway activation, changes in gene expression, protein synthesis and
extracellular matrix modification [54,55].

It has been suggested that the mechanism underlying needle grasp in acupuncture is caused
by the muscle contraction [57,58]. Since neurovascular bundles are located along connective
tissue planes, the same amount of needle grasp may have more powerful downstream
effects at acupoints due to the mechanical matrix deformation caused by tissue winding.
Acupuncture has been shown to improve cutaneous microcirculation and tissue healing in
musculoskeletal flaps in rats [59,60] and to increase circulation in the skin above the parotid
glands [61]. Mechanical forces are also able to initiate complex signal transduction cascades,
including the nuclear factor-kappaB and mitogen-activated protein kinase pathways and
these lead to functional changes within the cell [62].

3.2 Mechanical force modulates NO production, and mediates the local vascular
circulation

Changes in ECM composition can modulate the transduction of mechanical signals to,
between and within cells [56]. Acupuncture needle manipulation, thus, may cause lasting
modification of the ECM surrounding the needle, which may, in turn, influence the various
cell populations sharing this connective tissue matrix such as fibroblasts, sensory afferents,
immune and vascular cells. Vascular cells are equipped with numerous receptors that allow
them to detect and respond to the mechanical forces generated by pressure and shear stress.
The cytoskeleton and other structural components have an established role in
mechanotransduction and are able to transmit and modulate tension within the cell via focal
adhesion sites, integrins, cellular junctions and the ECM.
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Traditionally, eNOS, which is primarily a membrane-bound protein [69], is considered the
principal source of bio-available vascular NO. In recent years, the role of nNOS-generated
NO in vascular function has been clearly demonstrated [63-68]. Several studies [73, 74]
reported that nNOS-containing nerve fibers, which innervate arterioles and nerve terminals,
are the major sources of arteriolar NO. The availability of NO in arteriolar endothelium and
mast cells appeared to be maintained mainly by nNOS, whereas that in venular
endothelium greatly depends on eNOS.

Through the ECM, the mechanical force stimulus can travel across the acupoint into the
local tissue cells including arterioles, nerve terminals and mast cells, and this will trigger
nNOS induced NO production [9] which diffuses into the vascular smooth muscle and
change blood flow and local circulation.

3.3 Acupuncture regulates central cardiovascular activities by NO production

When acupuncture stimulates forelimb, hindlimb, chest, and abdomen of human body, all
the heart rate of above parts decreases significantly which were paralleled by the decreasing
in cardiac sympathetic nerve activity. The reflex pathway to decrease heart rate by
acupuncture-like stimulation consists of mainly group IV muscle afferent fibers whose
activity leads to the activation of GABA-ergic neurons in the brainstem and an inhibition of
sympathetic outflow to the heart [93].

When electro-acupuncture applied on the acupoint ST-36, the functional magnetic resonance
imaging (fMRI) activity in the hypothalamus, the dorsal raphe nucleus, the periaqueductal
gray, and the rVLM showed significant correlation with the heart rate variability (HRV) data
[94]. EA at acupoints overlying deep and superficial somatic nerves leads to point-specific
effects on cardiovascular reflex responses. Sympathetic cardiovascular rVLM neurons that
respond to both visceral (reflex) and somatic (EA) nerve stimulation manifest different level
of responses during stimulation of specific acupoints [22]. Acupuncture stimulation seems
to reduce sympathetic nervous system activation via activating of the cholinergic system or
opioid receptors in the rVLM [4,39]. Nitric oxide (NO) synthase (NOS)-containing neurons
in the rVLM are activated during cardiac sympathoexcitatory reflexes. NO, specifically
nNOS mediates sympathetic cardiac-cardiovascular responses through its action in the
rVLM [23].

Acupuncture stimulation increases the blood flow of the stimulated area by causing axon
reflex and increased cardiac output, as well as a decrease in total peripheral resistance via
CNS at the same time [24].

3.4 Blood flow distribution among different vascular beds is regulated by changes in
vascular tone via controlled NO processing.

The organ blood flow affected differently by stimulating different points, and different
methods or regions of acupuncture stimulation also influence blood pressure and autonomic
nerves differently [24]. The functional magnetic resonance imaging (fMRI) studies have
shown that acupuncture stimulation, when associated with sensations comprising deqi,
evokes deactivation of a limbic-paralimbic-neocortical network, which encompasses the
limbic system, as well as activation of somatosensory brain regions [97,98]. Among
acupuncture-like stimuli delivered to the body, cortical cerebral blood flow was increased
by stimuli to face (brain stem), forepaw (the spinal cord at cervical) and hindpaw (the spinal
cord at cervical). The afferent pathway of the responses is composed of somatic groups III
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and IV afferent nerves and whose efferent nerve pathway includes intrinsic cholinergic
vasodilators originating in the basal forebrain [99]. Activation of parasympathetic nitrergic
nerves innervating renal vasculature contributes to vasodilatation in renal arteries and pre-
and postglomerular arterioles, an increase in renal blood flow. NO from neurons in the
brain acts on the paraventricular nucleus of the hypothalamus and the rVLM and inhibits
the central sympathetic nerve activity to the kidney, leading to renal vasodilatation and
increased renal blood flow [100].

In a knee joint microcirculation study, a dynamic balance between the autonomic nervous
system and the release of NO is the primary mechanism mediating the electro-acupuncture
stimulation (EAS) effects has been suggested [95]. When acupuncture was given at ST36 of
rat, the blood perfusion in the stomach increased significantly, the blood perfusion in the
blood vessels and microcirculation of other body parts significantly increased. [96]
Generation of free NO from nonenzymatic reservoir in circulation including S-nitrosothiols
and hemoglobin(Hb) has been recognized as a major physiological source of NO in
biological systems including vasculature [70-72].

NO is produced by endothelial cells and diffuses into vascular smooth muscle and into the
flowing blood, where it rapidly reacts with Hb in red blood cells (RBC). RBC has an active
nitric oxide synthesizing mechanism which has properties similar to eNOS syntheses. This
RBC-NOS activity contributes to the NO export from RBC. RBC-NO generating mechanisms
can be stimulated by exposing red cells to shear stress and that calcium plays a role in this
stimulation [73].

Mechanical forces, comprising both unidirectional laminar and oscillatory shear, are being
recognized as important inducers of vascular NO generation. Laminar shear induces an
increase in NO production through increased activation and expression of eNOS. Precisely,
laminar shear activates eNOS through both Ca2+-dependent and Ca2+-independent
mechanisms [74,75]. Oscillatory shear has also been shown to be able to stimulate an acute
increase in NO production and up-regulation of eNOS [76]. Periodic bursts of intracellular
free Ca2* in response to a constant agonist concentration have been observed in a number of
non-excitable cell types including endothelial cells [77-79]. There is controversy regarding
shear stress-induced Ca?* transient release in endothelial cells with some investigators
reporting multiple Ca2?* transient events [80-83], whereas others report only their irregular
appearance or nothing at all [84-86]. Furthermore, both transient and sustained release of
NO has been reported in response to this shear stress. It is seems that shear stress regulates
NO release in a Ca2*-independent mode through phosporylation of eNOS, which results in a
sustained basal NO production irrespective of the presence or absence of the Ca2* transient
effect [87-89]. Kutchan and Frangos [90] measured the NO end-oxidation products

(NOj; and NO3) released from endothelial cells exposed to laminar flow and reported the

presence of transient Ca2*-dependent NO release at the initial moment but sustained release
in the presence of a constant shear stress level. Buerk and Riva [91] observed the presence of
spontaneous low-frequency NO oscillations in the cat optic nerve head, which were attributed
to a natural variation in shear stress. Kanai et al. [92] measured NO release from endothelial
cells exposed to constant shear stress using of NO-sensitive microelectrodes and reported
shear stress induced periodic Ca?* transient release and a concomitant release of NO.

Several studies have indicated nNOS to be present in perivascular nerve fibers [101].
Vascular blood flow and its distribution among different vascular beds are regulated by
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changes in microvascular tone. NO plays a key role in the local paracrine regulation of
vessel tone both under resting conditions and when blood flow increases in response to
agonist stimulation or increased shear stress. The nNOS plays an important role in the local
regulation of vessel tone, independent of the effects of nNOS-derived NO in the central
nervous system [28]. The nNOS and eNOS have distinct local roles in the physiologic
regulation of human coronary and peripheral microvascular tone in vivo and then, that
these isoforms may therefore subserve distinct functions. Whereas eNOS-generated NO
facilitates dynamic alterations in blood flow distribution, the tonic generation of NO by
nNOS may be important for the regulation of basal vasomotor tone and blood flow [25,26].
If Blood vessels are continuously subjected to mechanical forces in the form of stretching
and this encompasses cyclic mechanical strain due to the pulsatile nature of blood flow and
shear stress. These are accompanied by phenotypical modulation of smooth muscle cells
and endothelial cells, which then produce structural modifications of the arterial wall. The
hemoglobin, albumin, and glutathione carry and release NO may have influenced the
movement of NO by blood within microvessels. NO can move in blood from upstream to
downstream resistance vessels. This mechanism allows larger vessels that generate large
amount of NO to influence vascular tone in downstream vessels in response to both flow
and receptor stimuli [27].

A meridian is a hypothetical or functional line linking various arterial trees (acupuncture
points) that have a similar resonance property [28]. The meridian selected frequency may be
the same as the resonant frequency of its related internal organ. From the pressure wave
propagation equation, the resonance frequency of the organs (or tissue’s) main artery
coupled system will decide the blood pressure energy distribution. Needling at an acupoints
is a disturbance that will cause an impedance mismatch and therefore influence the
efficiency of the resonance. Stimulating an acupuncture point, which is a tissue-rich with
small arteries, is an effective way to cause the redistribution of blood pressure energy and
therefore influence the blood perfusion.

From above studies, it is suggested that when acupuncture is applied at a specific acupoint,
the local mechanical stress produced from needle grasp is able to trigger a burst of NO
production and couple with the cyclic strain of the blood vessels, then there is a change in
the microvascular tone of blood vessels. NO in the central nervous system plays a very
important role in the control of sympathetic outflow and regulation of cardiovascular
activities. This has exerted an effect on the artery tree changing the various meridian organs’
blood distribution and perfusion in our body. The mechanism underlying the increased
blood flow resulting from acupuncture rely on the activation of thin nerve fibers and these
release vasoactive neuropeptides and NO from their peripheral terminals upon activation.
A dynamic balance between the autonomic nervous system and the release of NO is the
primary mechanism mediating the acupuncture stimulation effects in the local
microcirculation.

4. Discussion

Acupuncture has been shown to improve cutaneous microcirculation and tissue healing in
musculoskeletal flaps in rats [59,60] and to increase circulation in the skin above the parotid
glands [61]. The mechanism underlying increased blood flow by acupuncture has been
suggested to rely on the activation of thin nerve fibers, which release vasoactive
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neuropeptides and NO from their peripheral terminals upon activation; this leads to
vasodilatation and increased blood flow [1,102,103]. It is noted that because NO is involved
in multiple body functions, its presence in the peripheral blood or in an acupuncture point is
supportive of our hypothesis.

According to Traditional Chinese Medical theory, acupuncture points are functionally
related to certain visceral organs and these relationships have been partially proved by
clinical application of acupuncture therapy. Acupuncture point ST36 (stomach 36) is the
most commonly used acupuncture point for the purpose of immune strengthening and
immune regulation in oriental medical clinics (specifically strengthening and regulating Qi
and blood in oriental medical terminology) [104]. Lee’s morphological study [105] suggest
that there is a commonality of CNS cell groups in brain controlling the stomach (viscera)
and the Zusanli point (ST36). A fMRI study was able to demonstrate that stimulation of
ST36/SP6 specifically activated the orbital frontal cortex and de-activated the hippocampus
[106]. Alternatively, stimulation of GB34/BL57 activated the dorsal thalamus and inhibited
various primary motor areas and the premotor cortex. These results strongly support the
existence of acupoint specificity.

The modulatory effect of acupuncture on the cardiovascular and the sympathetic system has
been referred to somatoautonomic reflexes [107]. Manual acupuncture stimulation elicited a
transient increase similar to skin sympathetic nerve activity (SSNA) and that this increase is
dependent on the baseline of the SSNA [108]. EA can reduce sympathetic nerve activity
(SNA) and arterial pressure (AP). Specifically, short-term EAe of ST36 is able to resets the
neural arc to a lower SNA, which moves the operating point toward lower AP and SNA
under baroreflex closed-loop conditions [109]. L-arginine-derived NO synthesis appears to
mediate noradrenergic function during skin sympathetic nerve activation, which probably
contributes to skin electrical resistance of the acupuncture points and meridians [10].

It has been speculated that acupuncture stimulates some sensory nerves or the autonomic
nervous system and induces the recovery of blood circulation [110-112]. NO content and
nNOS expression have been shown to be consistently higher at the skin acupuncture
points/meridians [9]. EA at ST-36 is regulated through NOS in those organs on the stomach
meridians [8]. ST-36 is used to promote blood flow and to treat cardiovascular disease;
therefore, ST-36 possibly induces its beneficial antihypertensive effect by activating NOS in
the microcirculation. Meanwhile, acupuncturing ST-36 alone has been shown to produce
different results when used to treat a renal hypertensive hamster compared to a sham-
operated hamster. However, this is not universal for all acupoints and there was no
response in organs that are not responsible for hypertension illness.

According Traditional Chinese Medical theory, the effects of acupuncture at a specific point
are expressed differently. Here, a blood-flow modulation model starting from a local
perspective was proposed and this model is able to suggest physiological processes that can
bridge from the traditional nerve model of acupuncture to the vascular model. Based on
this, we suggest that when target organs located on and not located on the same meridian
as, for example, ST-36, it should be possible to identify the physiological mechanisms
responsible for individual organ behavior. However, while acupuncturing ST-36 alone has
produced different results between renal hypertensive hamster and sham-operated control
[8], there is also need to consider differences in the operation methods. Finally, we suggest
that the best approach to a physiological study of acupuncture point either alone or
combined with other acupuncture points should involve a broad range of measurements in
addition to studying NOS.
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The Traditional Chinese medical theory says: ‘Qi acts as the commander of blood ,and blood
acts as the mother of Qi’ This is a general description of the effects of Qi on blood and it can
be expanded to include the ideas that Qi promotes blood production, and controls the blood
circulation. Furthermore blood conveying Qi and blood nourishing Qi. If we suppose the
NO is Qi, then the model we propose can be annotated as this part of Traditional Chinese
Medical theory.
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