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Abstract

Numerous studies from different international groups have demonstrated that sensations can be 

propagated along acupuncture channel pathways (referred to as propagated signals along channel 

pathways; PSCP). The PSCP can be elicited by electroacupuncture (EA), transcutaneous electrical 

nerve stimulation (TENS), manual acupuncture (MA), and heat applied to distal acupuncture 

points (acupoints). Previous experiments with EA in rats reported that nitric oxide (NO) levels 

were elevated in the gracile nucleus and skin regions near to the EA sites, with higher levels at 

acupoints associated with an enhanced expression of NO synthase and transient receptor potential 

vanilloid type 1 (TRPV1). Recent human studies demonstrated that TENS, MA, and electrical 

heat stimulated an increase in NO release over skin regions and greatest NO concentrations at 

acupoints. These stimuli, EA, MA, TENS, and heat, have been used to elicit axonal reflexes, 

which increase local release of NO and neuropeptides such as calcitonin gene related peptide. 

Furthermore, the sensation of PSCP along the body surface occurs only ipsilateral to the 

stimulated acupoints in various human studies, which does not support the involvement of the 

spinal-thalamic pathway, which would involve cross over transmission of the signals. The gracile 

nucleus receives ascending input from the sciatic nerve projecting from the hindlimb and responds 

to somatosensory stimulation mainly on the ipsilateral side via the dorsal column pathway. EA 

at ST36 increases NO release and expression of NO synthase mainly in the ipsilateral side of 

the gracile nucleus, while the cardiovascular effects and analgesic responses to EA at ST36 are 

changed by influences of L-arginine-derived NO synthesis in the ipsilateral gracile nucleus in 

rats. The stimuli-induced release of NOergic molecules (NO synthases, NO, and cGMP) and 

neuropeptides exist high levels in the acupoints, which contain rich neuronal components and 

blood vessels. Enhanced NOergic molecules at acupoints cause axon reflexes during the stimuli, 

which elevate cutaneous blood flow. Elevated NOergic molecules and local blood flow may spread 

over acupoints one after another along the meridian lines differing from nerve pathways following 
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the stimuli to induce PSCP. The same types of stimulation also elicit NO release in the gracile 

nucleus, which contributes to the somatosensory signal transduction of PSCP through the dorsal 

medulla-thalamic pathways. Other substances such as serotonin, catecholamines, and glutamate, 

are proposed to mediate responses and certain effects of acupuncture-like stimulation but their 

mechanisms are poorly-understood. In this review we summarize the current understanding of 

the neurobiological processes of PSCP research with an emphasis on recent developments of 

NO mediating stimulation-evoked axon reflexes and somatosensory signal transduction for PSCP 

perceptions through the dorsal medulla-thalamic pathways.
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1. Introduction

The meridian system (Jing Luo) is as an important component of the theories that deal 

with physiological regulation in traditional Chinese medicine (TCM), which can indicate 

pathological changes of the human [1]. Acupuncture points, also called acupoints, located 

along the meridian pathways over the arm, leg and trunk, are fundamental to the theory 

in acupuncture, electrical acupuncture (EA), transcutaneous electrical nerve stimulation 

(TENS), moxibustion, qigong, and meditation [1,2]. According to TCM, the meridian 

systems flow vital energy and blood circulate, and by which exchange, movement, and 

the internal organs are connected with the arms, legs, and trunk of the body and superficial 

organs as well as communication with the universe and environment as an organic whole 

[1,3]. Thus, meridian systems serve as a guiding principle for diagnosis and treatment 

of diseases and as the central theory of TCM practices and therapies [1–3]. However, 

the biomolecules, structure, and functions of the meridian system, and mechanistic effects 

following stimulation of acupoints and meridians are unclear. It is still unknown in modern 

sciences as to what is the meridian transmission from their somatic pathways to influence 

the functions of related internal organs.

Over the last few decades there are various studies using biophysical approaches to 

investigate the properties of acupoints and meridians [3,4]. It appears that propagated 

sensation along the meridians [5,6], also called propagated sensation along the channel 

pathways (PSCP) [5,7,8], is a commonly observed phenomenon; it may manifest in certain 

aspects of the subject’s sensory and affective perceptions, including numbness, pressure, 

heaviness, warmth, and radiating paranesthesia [3,4,9,10]. Early scientific reports of PSCP 

were published in the 1950s, which have been summarized in the review and book [3,4], 

however, it was described in the Chinese medical work, the Yellow Emperor’s Inner Canon 

(Neijing), that “When hitting a point, a needle seems to move along the street (channels)” 

[1]. The phenomenon occurs most frequently following stimulation of distal acupoints (the 

Jing or the Well points), located at the end of the fingers or toes, using manual acupuncture 

(MA) [4,7–10], EA, or TENS [4,7,8], acupressure with qigong or meditation [4], and 

moxibustion including heat and laser [4,9,10]. The PSCP has been described internationally 
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by human subjects, and the location and progression of these sensations follow the map of 

acupoints and meridians, which are different from the sensory neural pathways [3,4,6]. A 

systematic review found that among 63,228 subjects receiving pulse electrical stimulation 

of the acupoints, PSCP was reported in 12%–24% [3]. It is reported that low electrical 

resistance exists with PSCP, which are present not only in the acupoints, but also over the 

entire lines of the meridians, which are described in traditional charts [3,4].

Although PSCP purports to be genuine evidence for the functional existence of meridians 

[5,8,9], there is a lack of objective and systematic experimental evidence to support 

biochemical and morphological mechanisms behind PSCP. There has been increasing 

experiment reporting that PSCP occurs in the acupoints and medians in humans, however, 

the direct evidence to identify biomolecules and structures localized to acupoints and 

meridians related to development of PSCP are still unavailable, especially limited by 

technological difficulties to explore the gap in human study in vivo.

2. Nitric oxide (NO) and cyclic guanosine 3’,5’-monophosphate (cGMP) 

levels are higher in acupoints and are increased by EA, TENS, and heat 

stimuli

Early anatomical studies of acupoints in humans have shown that the tissue surrounding 

most acupoints contain more neuronal components, hair follicles, sweat glands, and blood 

vessels than are present in non-acupoint areas, as shown in Fig. 2, bottom panel [3,4,11,12]. 

Histological experiments have demonstrated that the epidermis and the outer root sheath 

in the skin tissues possess immune activities of NO synthases, including neuronal NOS 

(nNOS) and endothelial NOS (eNOS), and nicotinamide adenine dinucleotide phosphate 

(NADPH) diaphorase reactivity [13]. Previous studies have demonstrated that NO synthase 

protein levels and NO are consistently higher in skin regions containing acupoints/meridians 

than in those without meridians in rats, and the meridian levels of NO synthase and NO 

are further increased following acupuncture stimulation [12,14]. The results are consistent 

with other studies that found that NADPH diaphorase positive neurons are present in Zusanli 

(ST36) and some of the neurons are projected from the lamina IX of L4 to S1 in spinal cord 

[15]. Our previous studies have demonstrated that concentrations of total nitrite and nitrate 

(NOx-) and cGMP can be quantified over the ventral forearm and leg by using a painless and 

non-invasive biocapture method, and that NO contents are higher over acupoints compared 

to the skin over regions containing meridian lines without acupoints and regions without 

meridians or acupoints [16–19]. As shown in Fig. 1, the region over Chengshan (BL57) is 

defined as a meridian with an acupoint, the space between Heyang (BL55) and Chengjin 

(BL56) represents a meridian line without an acupoint (MWOP). Control samples were 

obtained in a non-meridian control region (NMCR) close to BL. A biocapture device (0.3 

cm × 5.0 cm) was adhered to the skin surface over the skin regions covering acupoints, 

MWOP, and NMCR (Fig. 1). The 2-phenyl-4,4,5,5-tetramethylimidazoline-1-oxyl 3-oxide 

(PTIO, a NO-scavenging compound) solution (100 μmol/L) was injected into the tubing 

and kept in contact with the skin surface for 20 min in order to absorb molecules [16–18]. 

The liquid was drained from the tube and concentrations of NOx- were quantified by using 

chemiluminescence in a blinded fashion [16–19]. The concentrations of nitrotyrosine and 
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cGMP in the samples were quantified by using an enzyme-linked immunosorbent assay 

[18,20].

The results agree with data from dermal microdialysis, which found that the amount 

of NO-cGMP released in the subcutaneous tissue of an acupoint is greater than in the 

non-meridian control region and can be increased by acupuncture stimulation in healthy 

humans [20]. The investigation of NO bioavailability over the skin acupoints has also been 

confirmed by different method in other studies [21], which serves as an important indicator 

for physiological distribution and therapeutic manipulation of the skin microvasculature. 

Several studies have demonstrated that NO release is triggered by various stimuli, such 

as acupuncture, electrical impulses, moxibustion, electrical heat, and laser. The stimuli are 

similar with the biophysical approaches to induce the PSCP and the latent PSCP (The PSCP 

is induced by combining stimuli with mechanical tapping but no prominent sensation of 

propagation could be felt following routine stimuli) over the body surface. The release of 

NO-cGMP in the subcutaneous tissue of the forearm skin along the pericardium channel 

(PC) acupoints, as measured by microdialysis, is increased by low-frequency EA [20]. 

These results are consistent with the report that low-frequency transcutaneous electrical 

nerve stimulation induces an increase in the release of NO and cGMP over PC acupoints 

in humans [18]. Consistently, manual acupuncture with low force/frequency and electrical 

heat stimulates the release of NO over the forearm regions along the PC acupoints [19]. 

Acupuncture induced cutaneous vasodilatation can be attenuated by the application of an 

NO synthesis inhibitor to the forearms of humans [22]. Acupuncture stimulation increases 

blood flow to the skin and muscle, which improves local circulation which helps to clear 

away algesic or sensitizing substances, leading to pain relief [23,24].

3. NO-cGMP and neuropeptides mediate axon reflexes and sensory signal 

transduction

Similarly, axonal reflexes have been defined as a response to mechanical, electrical, thermal, 

or pharmacological stimuli, as shown in Fig.2. [25–29]. The response to local skin stimulus 

is characterized by its biphasic nature—the first peak is due to C-fiber nociceptor-mediated 

axon reflex [25,29], which results in vasodilatation through the local release of calcitonin 

gene related peptide (CGRP) [25,26] and neuropeptide Y (NPY) [27,28]. The second 

increase in skin blood flow, characterized by the plateau, has been demonstrated to be 

largely dependent (about 70%) on NO [28,29]. Local NO release is consistently induced 

by low force/rate of MA, EA and TENS, as well as electrical heat [18–20]. These stimuli 

have been demonstrated to evoke axon reflexes in various studies [25–28]. Several studies 

have demonstrated that peripheral axon reflexes play an important role in the regulation of 

skin blood flow, which is involved in sweating, inflammation, pain, itch, allergic rhinitis, 

neuropathy, and pathological changes [30–32].

A recent study reported that CGRP, via axon reflex, participates in increasing local muscle 

blood flow following manual acupuncture in rats [33]. Another study showed that cutaneous 

vasodilation in response to acupuncture stimulation in humans was significantly inhibited 

by local treatment with N(ω)-nitro-l-arginine methyl ester, an inhibitor of NO synthesis, but 
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not altered by local application of anesthetics cream, which suggest that NO mechanisms 

contribute to cutaneous vasodilation in response to acupuncture stimulation in humans but 

may not occur through an axon reflex [22]. The precise mechanisms of the elevation of NO 

release affected by the stimulations are still unclear. The results from both anatomical and 

biochemical studies consistently suggest that these stimuli are linked to the NO signaling 

molecules that are involved in axon reflexes, and the same NO-mediated axon reflex may 

also participate in the perception of PSCP. However, experiments are needed to evaluate 

whether axon reflexes mediated the NO release contribute to the PSCP induced by the 

same stimuli or other mechanistic link between NO-release and PSCP, which both can be 

induced by the stimuli. The axon reflex can be evoked by a wide range of physiologic 

stimuli such as heat, cold, mechanical distension, and ultraviolet light [34,35]. The topical 

stimulation depolarizes unmyelinated C-fibers in the skin and results in afferent action 

potentials that are conducted orthodromically toward the spinal cord. The transient receptor 

potential vanilloid type 1 (TRPV1) is a non-selective cation channel that binds vanilloids 

and was originally described to be sensitive to a host of stimuli, including mechanical 

distension and temperature [36–38]. TRPV1 mediates sensory signal transduction [38–40]. 

In addition, the expression of TRPV1 in cutaneous sensory nerves, mast cells, and epithelial 

cells suggests a major role for these receptors in the transmission of sensory information 

[38].

Experimental evidence using double immunostaining of TRPV1 receptor and nNOS 

revealed co-localization of TRPV1 and nNOS in both subepidermal nerve fibers and in 

dermal connective tissue cells in rats [41]. A high expression of co-localization of TRPV1 

and nNOS in subepidermal nerve fibers is present in acupoints and the expression is 

increased by EA, which suggests that the increased expression of TRPV1 may play a role in 

mediating the transduction of EA signals to the CNS [41]. It has been demonstrated that EA 

can induce expression of TRPV1 and nNOS in the acupoint ST36 and the gracile nucleus 

and nucleus tractus solitaries, which are involved in the signal transduction of EA stimuli via 

somatosensory afferents-medulla pathways [14]. Other studies also showed that sensitization 

of TRPV1 via peripheral metabotropic glutamate receptor 5 signaling contributes to thermal 

and mechanical hypersensitivity [42], and that the TRPV1 channel contributes to cutaneous 

thermal hyperemia in humans [43]. These findings are also consistent with results which 

show that TRPV1 and nNOS levels are enhanced in the acupoints, and suggest that NO may 

enhance TRPV1 mediated communication which is involved in sensory signal transduction 

and meridian functions [44,45].

4. NO in the dorsal medulla-thalamic pathways contributes to sensory 

signal transduction and functions: Stimuli-induced NO release and axon 

reflex

NADPH phosphate reactivity and nNOS immunoreactivity are increased in the gracile 

nucleus in response to either unilateral electrical stimulation of the sural nerve or by 

sciatic nerve injury [46,47]. Experiments have demonstrated that EA stimulation of the 

foot acupoints BL64, BL65, or the leg acupoint ST36 can increase nNOS immunoreactivity 

and NADPH diaphorase reactivity in the gracile nucleus [48,49]. NO is synthesized by NO 
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synthase, and nNOS, eNOS, and iNOS exist in many cells and neurons in the brain and 

peripheral acupoints [50,51]. These results are consistent with the other reports that found 

somatosensory afferent inputs from the hindlimb project to the gracile nucleus [52–54], and 

showed that nNOS expression induced by the activation of afferent somatic nerves occurs 

mainly in the ipsilateral side of gracile nucleus neurons [14,41,46].

Electrophysiological mapping studies and anterograde axon tracing techniques have 

demonstrated somatotopic organization of the gracile nucleus receiving peripheral 

somatosensory afferents from the hindlimb in various mammals including the cat, rat, 

raccoon, sheep, and opossum [52–54]. The gracile nucleus receives ascending input from 

primary afferent fibers of the sciatic nerve, and the afferent sensory fibers in the sciatic 

nerves originate from the skin or muscle of the hindlimb, and the synapse is directed 

on dorsal horn neurons in the spinal cord, which ascend to the gracile nucleus [52–55]. 

Most responses in the gracile nucleus were to stimulation of skin and hairs of the tail, 

hind foot and leg, and trunk, and a similar distribution of responses was found in the 

cuneate nucleus to stimulation of forelimb, neck, and pinna [55,56]. Cutaneous primary 

afferents projecting from the hindlimb to the medulla oblongata are distributed mainly in 

the gracile nucleus, and the cuneate nucleus receives somatosensory input chiefly from the 

upper limb [52,54]. The synapses from these two major dorsal column nuclei receiving 

somatosensory afferent inputs project to the thalamus [53,57]. It has been suggested that 

the gracile nucleus contributes to somatic and visceral pain and sensory processing, which 

serve as an integration center for such information flowing into the thalamus [58,59]. 

The somatosensory afferent inputs ascend in the paraventricular thalamic nucleus (PVT) 

and adjacent thalamic nuclei have been identified by electrophysiological studies [60,61]. 

Central autonomic control of cardiovascular and other integrative functions has been 

shown in the PVT as the mediodorsal thalamic nucleus [61,62]. These results suggest 

that a nociceptive/somatosensory pathway in the dorsal funiculus tract is involved in the 

mechanistic effects of EA stimulation of acupoints in the leg, which produce NO and 

TRPV1, resulting in somatosensory and cardiovascular and pain regulation.

Experimental evidence further revealed co-expression of TRPV1 with nNOS in 

subepidermal nerve fibers is greater in acupoints than the surrounding tissue, and the 

expression is further increased by EA stimulation [41]. Consistently, our other studies have 

shown that expression of mRNA for TRPV1 is enhanced in the acupoint and modified in 

the brainstem region of rats following EA at ST36 [63]. NO release is increased in the 

gracile nucleus following EA stimulation and TRPV3 expression in the dorsal medulla is 

also enhanced by infrared heat treatment in rats [63–65]. NOergic molecules and TRPV1 

play important roles in signal transduction of not only acupuncture/EA but also TENS, and 

heat induced PSC/LPSC sensory information in peripheral and central sites through the 

acupoints–dorsal medulla–thalamus–cortex pathways (the dorsal funiculus tract).

The effects of l-arginine-derived NO synthesis in the gracile nucleus on the cardiovascular 

responses to EA stimulation of ST36 have been studied in rats [52]. EA stimulation of 

ST36 produces depressor and bradycardic responses in rats, but the same stimulation of non-

acupoints caused slight cardiovascular responses [66,67]. The hypotensive and bradycardic 

responses to EA at ST36 were facilitated by microinjection of l-arginine and blocked by 
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microinjections of lidocaine into the gracile nucleus [66]. Microinjection of nNOS antisense 

oligonucleotides into the gracile nucleus inhibited the cardiovascular responses to EA at 

ST36 in rats [67]. The results suggest that the cardiovascular responses to EA at ST36 are 

mediated by NO in the gracile nucleus. These results are consistent with previous studies 

showing that the thalamic neurons receive neural inputs from the gracile nucleus and further 

demonstrate that NO plays a role in the gracile nucleus for mediating the cardiovascular 

responses to EA at ST36. NO in the gracile nucleus contributes to neuronal activities and 

therapeutics elicited by EA at ST36, and dorsal medulla-thalamic pathways are responsible 

for EA signal transduction [66,67]. It is proposed that substances including serotonin, 

catecholamines, inorganic chemicals, transient receptor potential channels, mas-related G 

protein-coupled receptor D, mas-related G protein-coupled receptor member A3, and amino 

acids such as glutamate and γ-aminobutyric acid may mediate the responses and certain 

cardiovascular and analgesic effects of acupuncture-like stimulations, but their mechanisms 

are poorly understood.

5. EA triggers release of NO and neuropeptides in the ipsilateral gracile 

nucleus and is consistent with the phenomenon of PSCP

The perception of PSCP are similar with the “de qi” sensation that arises during acupuncture 

treatment. Traditionally, sensory perception is believed to be generally transduced through 

the spinothalamic pathway which is a sensory tract that carries signal of nociception, 

temperature, crude touch, and pressure from our skin to the somatosensory area of the 

thalamus and sensory cortex. In the spinothalamic pathway, the axons of the second-order 

neurons cross over the spinal cord to the opposite side, two segments above the level of entry 

via the anterior white commissure, therefore, pain and temperature sensations are mainly 

over the entire contralateral side of the body. However, it is reported that PSCP is induced 

by ipsilateral stimulation but not contralateral stimulation of acupoints in various studies 

involving human subjects [3–5]. An analysis of 57 cases showed that following stimulation, 

85% of PSCP was on the ipsilateral side of limb, and 14% was on the contralateral side 

[68]. These results do not support that the transduction of main PSCP sensations over the 

somatic-body to the sensory cortex are through the spinothalamic pathway.

Earlier investigators have demonstrated that transection injury of the sciatic nerve causes 

dystrophic central terminals in the ipsilateral gracile nucleus [69]. Unilateral transection 

injury of the sciatic nerve upregulated NPY also in the ipsilateral gracile nucleus in rats 

[70]. Studies have demonstrated that sciatic axotomy induces nNOS immunoreactivity and 

NADPH phosphate reactivity predominately in the ipsilateral gracile nucleus in rats, which 

suggests that sciatic injury induces transganglionic or trans-synaptic nNOS expression and 

NO release mainly in the ipsilateral site of the gracile nucleus [46,65]. Consistently, our 

recent studies show that 2,5-hexanedione intoxication increases nNOS positive neurons 

in the ipsilateral gracile nucleus of Zucker diabetic fatty rats and control rats [71]. The 

results support that lesion of the peripheral nerves upregulated NPY in the ipsilateral gracile 

nucleus [69]. The data also agree with studies reporting that EA-induced NO release and 

synthesis in the gracile nucleus in addition to the local stimulated acupoints [14,41,63], 

and EA-induced expression of NOS in the gracile nucleus is similar to lesion-induced 
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transganglionic and/or trans-synaptic expression of an endogenous substance or pathological 

changes [46,70], occurs predominately in the ipsilateral gracile nucleus. These experimental 

results agree with the description in the neuroscience textbook that somatosensory afferent 

inputs from the hindlimb projecting to the gracile nucleus are mainly in the ipsilateral 

side of thalamus [55]. The results are consistent with the human studies reporting that 

PSCP sensations over the somatic-body occur mainly along the ipsilateral side of a limb 

following the stimulation [68] and further suggest that local stimulation of acupoints causes 

up-regulation of NOergic molecules and neuropeptides mainly in the ipsilateral gracile 

nucleus, which contribute to signal transduction of PSCP sensory information from the 

peripheral to central sites through the dorsal funiculus tract.

6. Future perspective

There has been a widespread and increasing interest in scientific examinations of the 

meridian system and the use of acupuncture for treating disorders all over the world. 

However, the direct experiment and technology to identify a specific anatomic structure 

and pathway of acupoints-meridian system are still lack [2–4,45,72]. The chemicals, 

structure, functions and mechanisms of the meridians are unclear. One of the 125 major 

exploration and discovery questions is that “Is there a scientific basis to the meridian 

system in traditional Chinese medicine?” as the international frontier, global common 

needs and gathering foresight released in 2021 by Shanghai Jiao Tong University and 

Science magazine [72]. During the last few decades, various studies have taken biophysical 

approaches to their investigation of phenomenon of meridians [3–10]. The PSCPs follow 

routes over the body surface that are consistent with the classical meridians and have 

been internationally elicited by various stimuli applied on acupoints in many human 

subjects. Although the phenomena of PSCP has been confirmed and published about 

20 years ago and PSCP purports to be genuine evidence for the functional existence of 

meridians [5,8,9], there is a lack of objective and systematic experimental studies to support 

biochemical and morphological evidence and mechanisms of PSCP generation in humans. 

Physiological, histological, and clinical observations suggest that the human body’s fascia 

network resembles the theoretical meridian system, which may be the physical substrate 

represented by the meridians of TCM [73,74]. However, few studies exploring the structure, 

bomolecules and mechanisms behind the meridian phenomenon have been published over 

the past 20 years, perhaps because existing methods were insufficient to study the meridian 

system [2–4,45,72].

The increased interest in TCM and acupuncture has led to an increasing number of studies 

investigating its mechanisms of action, from the sensations of “de qi” and PSCP to the 

transduction of needling stimulation signals through the peripheral and central nervous 

system. The understanding of the neurobiological processes for signal transduction of 

acupuncture and PSCP sensory perceptions were initially believed to be involved in the 

spinothalamic pathway. However, unilateral stimuli cause mainly ipsilateral PSCP but no 

contralateral response, which does not support the role of the spinal-thalamic pathway 

in the transmission of the signal. In addition, the afferent fibers for these PSCP-induced 

stimuli are mainly from mechanoreceptors. Although the results from animal and human 

studies consistently suggest that axon reflexed mediated by NO signaling molecules and 
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neuropeptides including CGRP, NPY, and substance P, can be triggered by MA, EA, 

electrical stimulation, and heat, which also induce PSCP and elevate NO production at 

acupoints and gracile nucleus, more sophisticated approaches are needed to understand 

how NOergic molecules and neuropeptides may be involved in propagation of the axon 

reflex over acupoints and meridian lines in PSCP in humans. In addition, the somatic-organ 

interactions are also unexplored areas, and whether the PSCP pathways along the meridian 

lines also spread into related organs needs to be systemically examined.

It has been shown that NOergic signaling molecules and neuropeptides play important roles 

in mediating the skin conductance responses to electrical stimulation and contribute to the 

low electrical resistance and high electric conductance that are characteristic of acupoints 

and meridians [75]. Norepinephrine synthesis and release was enhanced in acupoints and 

facilitated by the presence of an exogenous NO donor and inhibited by an inhibitor of 

NO synthesis [76]. A recent review summarized that NO concentrations are enhanced 

in skin acupoints and meridians, and l-arginine-derived NO synthesis and noradrenergic 

transmission modify skin electric conductance, which contributes to the low resistance 

characteristics of acupoints and meridians [45]. In addition to local release of NO, EA-

induced NO synthase expression and NO release exist mainly in the ipsilateral gracile 

nucleus [49], which contribute to cardiovascular effects and analgesic responses to EA 

ST36 [67,68]. The gracile nucleus receives peripheral somatosensory nociceptive/sensory 

afferents projecting from the hindlimb, and neurons in the nucleus respond to innocuous and 

somatosensory stimulation mainly on the ipsilateral side via the dorsal column pathway [52–

57]. A number of studies have established that the gracile nucleus is an integration center 

for cutaneous and visceral information flowing into the thalamus, which plays an important 

role in somatic sensory and pain processing [58,59]. Our results are consistent with previous 

studies showing that the thalamic neurons receive neural inputs from the gracile nucleus and 

further demonstrate that NO in the nucleus contributes to neuronal activities and therapeutics 

elicited by EA at ST36 through dorsal medulla-thalamic pathways, which are responsible for 

EA signal transduction, as concluded in a review article published in 2004 [44]. Moreover, 

animal studies have consistently found that NO levels are elevated by EA in the acupoints 

and meridians of rats and are associated with an enhanced expression of NO synthase and 

TRPV1 [14,41]. TRPV3 expression in the dorsal medulla is also enhanced by infrared heat 

treatment in rats [64]. Dermal microdialysis in humans showed that NO and cGMP release 

in the subcutaneous tissue of acupoints is increased by EA [20]. NO and cGMP released 

over skin acupoints are consistently increased by MA, EA, and TENS with low stimulation 

frequency/force, but not by treatments with high stimulation frequency/force [18,19]. The 

results show that NO level is higher over acupoints at physiological levels, and stimulus-

evoked NO release is higher at acupoints [16–20]. A review article [65] summarizing these 

results suggested that higher levels of NO signaling molecules in acupoints may be involved 

in its functional specificity. Further, higher expression of NO synthase and TRPV1 in the 

gracile nucleus and in the subepidermal nerve fibers of acupoints and their subsequent 

upregulation after EA stimulation may play a key role in mediating the transduction of EA 

signals to the CNS supporting the postulated role of the dorsal funiculus tract in sensory 

and nociceptive regulation as well as mediating mechanisms of acupuncture. Consistently, 

the stimuli have been used to elicit axonal reflex, which are characterized by local release 
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of NO and neuropeptides such as calcitonin related polypeptide (CGRP), TRPV1, and NPY. 

Interestedly, the same stimuli can be used to evoke both axon reflex and PSCP. Further, the 

stimuli-induced NO signaling molecules and neuropeptides contribute to the biochemical 

and –physiological processes of the axon reflex, leading to the suggestion that a similar 

driver induces NO signaling molecules and neuropeptide-mediated axon reflexes, spreading 

over acupoints one after another along the median lines, which may participate in the 

somatosensory signal transduction of PSCP.

The biomolecular changes in the acupoints and gracile nucleus play important roles in 

transductions of the sensory signals-induced by PSCP through the acupoints-dorsal medulla-

thalamic pathways. The PSCP perceptions are similar to the de qi during acupuncture 

treatment. That is the reason why stronger de qi may indicate better therapeutic effects 

following MA, EA, electrical stimulation, and heat therapies. NO-mediated axon reflex in 

acupoints and the sensory signals mediated by NO release in the gracile nucleus through 

the acupoints-dorsal medulla-thalamic pathways may also participate in the processes of de 

qi as well as produce therapeutic effects through central regulation induced by the stimuli. 

Moreover, whether the PSCP pathways along the meridian lines spread into related organs 

and influence organ functions, therefore, contribute to the therapeutic effects of the stimuli 

are important areas to be further studied.

7. Conclusion

Previous anatomical studies have demonstrated that acupoints and meridians contain 

higher numbers of nerve fibers and trunks, blood vessels, hair follicles, and sweat glands 

[3,4,11,12]. Several studies demonstrated that low force/frequency of TENS, MA, EA 

and electrical and heat produce an elevation of NO release in all skin areas including non-

acupoints and non-meridian skin regions, but with higher levels at acupoints [12,14,19,20]. 

Recent results have also showed that expression of TRPV1 endowed with NO synthase in 

subepidermal nerve fibers exist a higher level in the acupoints which is further increased 

by EA stimulation. These stimuli are often used to be applied on the distal acupuncture 

points (the Jing or the Well points) for eliciting PSCP. The same stimuli also elicit NO 

release in the gracile nucleus which contributes to the transduction of the sensory signals 

(including both stimuli-evoked signals and sensory signals from elevated local blood flow) 

that are induced by PSCP through the acupoints-dorsal medulla-thalamic-cortex pathways. 

The stimuli-evoked axon reflex and NOergic biomolecules/neuropeptides over acupoints one 

after another along the median lines, which increases local blood flow and somatosensory 

signals in the skin and subcutaneous tissue under a linear path resembling acupoints 

and meridians. The increased interest in the acupoints and meridians has led to an open-

minded attitude towards understanding this system and related therapies, which will bring 

groundbreaking results not only into the TCM but also neuro-physiological regulation and 

the pathophysiology of clinical disorders in biomedical sciences.
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Fig. 1. 
Biocapture of biomolecules from the skin surface over the Bladder meridian (BL) of the 

leg. The BL meridian and related acupuncture points are illustrated right panel. The region 

over Chengshan (BL57) is defined as meridian with an acupoint. the space between Heyang 

(BL55) and Chengjin (BL56) is part of the BL meridian without an acupoint, and a non-

meridian control was established over region adjacent to the BL line.

Ma Page 16

J Integr Med. Author manuscript; available in PMC 2024 September 30.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 2. 
NOergic molecules and neuropeptides mediated stimuli-evoked peripheral axon reflexes 

involved in sensory signal transduction of propagated signals along channel pathways 

(PSCP) and morphological studies of acupoints along the skin meridian. The top panels 

show a somatosensory line path along the acupoints and meridian after a stimulus applied on 

a distal acupoint. The bottom panel shows anatomical studies of acupoints/meridians which 

exist higher number of nerve fibers/trunks, blood vessels, hair follicles, and sweat glands 

compared to their control areas without meridian. The higher number of small nerve fibers, 

blood vessels with rich endothelia and neuronal NO synthase, TRPV1 and neuropeptides 

such as calcitonin gene related peptide, and sweat glands in the cutaneous tissues serve as 

structures for NO signaling molecules and neuropeptides mediated axon reflexes with signal 

functions.
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