Pre prints.org

Hypothesis Not peer-reviewed version

Acupuncture Action Due to Waves of
Negative Potential Travelling in
Interstitial Fluid

Jian-Ying Wang i ,Jingyan Wang , Karl Drlica
Posted Date: 24 June 2025
doi: 10.20944/preprints202506.1997v1

Keywords: acupuncture; meridians; DeQi; acupuncture mechanism

Preprints.org is a free multidisciplinary platform providing preprint service
that is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0
license, which permit the free download, distribution, and reuse, provided that the author
and preprint are cited in any reuse.



https://sciprofiles.com/profile/4539510
https://sciprofiles.com/profile/1312299

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 June 2025 d0i:10.20944/preprints202506.1997.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Hypothesis
Acupuncture Action Due to Waves of Negative

Potential Travelling in Interstitial Fluid

Jian-Ying Wang ¥, Jingyan Wang 2 and Karl Drlica 3

1 Unaffiliated Researcher, Westwood, MA 02090, USA.

2 School of Life Science and Technology, IMUST, Baotou 014010, China

3 Public Health Research Institute, New Jersey Medical School, Rutgers Biomedical and Health Sciences,
Rutgers University, Newark, NJ 07103, USA

* Corresponding author. Email: jianyw1945@163.com, Tel: +86 17274577957

Abstract

According to traditional Chinese medicine, meridians constitute an invisible network that connects
body surface and viscera. Life-supporting substances, Qi and blood, circulate in meridians;
acupuncture regulates meridian function. Since meridian channels have no dedicated anatomical
structure and the concepts underlying acupuncture are difficult to rigorously test, acupuncture has
remained controversial. Nevertheless, many published observations support the existence of
meridians. We propose a mechanism for the objective sensations acupuncture elicits and present a
hypothesis that, for the first time, is amenable to theoretical description and experimental testing. We
postulate that meridians consist of interstitial spaces rich in nerve endings, muscles, and vessels
within a connective tissue matrix. We propose that needle puncture elicits propagated sensations
(DeQi) along the channels. Based on an analysis of published data, we posit that DeQi is a relay of
action potential that is transmitted from one excitable cell to another, via two modes of ion transport:
migration driven by gradients of extracellular, negative potential impulses; and ion diffusion
originating from potential-associated charge density fluctuation in the interstitial fluid of meridian
channels. According to the hypothesis, the initial negative potential derives from skin battery
potentials, pierced cells, and the collagen piezoelectric/converse-piezoelectric effect. We further
propose that acupuncture effects are due to the depolarizing action of the traveling negative potential
that accompanies DeQi. This hypothesis explains a variety of observations and provides readily
testable predictions of acupuncture action.

Keywords: acupuncture; meridians; DeQi; acupuncture mechanism

Introduction

In traditional Chinese medicine, acupuncture meridians consist of 14 major, invisible
channels running longitudinally over the body surface, thereby connecting head, dorsum or
abdomen, and limbs. Names have been assigned to the channels, generally based on the organs they
reach: conception vessel, governor vessel, lung, large intestine, stomach, spleen, heart, small intestine,
bladder, kidney, pericardium, triple energizer, gall bladder, and liver (Hu, Bao, & Ma, 1990; Worsley
& Worsley, 2004; Z. Zhu & Hao, 1998). Major channels, plus many minor channels, form a complex
system. Along the channels are at least 361 acupoints (Chapple, 2013) suitable for acupuncture
stimulation. According to traditional theory, Qi and blood, the life supporting substances, flow in the
meridian channels to keep the body at harmony: loss of harmony results in disease. Acupuncture
can elicit Qi and regulate the balance of Yin and Yang, thereby having therapeutic effects. The
meridian theory, along with concepts such as Five Elements and Yin-Yang, constitute the basis of
traditional Chinese medicine (Men & Guo, 2010).

Acupuncture, which has been practiced in China and East Asia for at least 2500 years, is
now becoming popular throughout the world. However, a scientific basis for acupuncture has not
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been established. Beginning in the 1950s, acupuncture research has focused on discovering the
mechanism underlying the effects of acupuncture and the essence of meridians. A variety of
observations have emerged, but strikingly absent is a dedicated anatomical structure defining the
meridians. Nor is it clear how the meridians function to produce the observed effects of “needling”
at specific anatomical points. Nevertheless, many observations support the existence of meridians.
For example, some meridian channels coincide with low impedance lines found using body-surface
conductance measurements (Ahn et al., 2008; Hu et al., 1990; Z. Zhu & Hao, 1998). Moreover, some
channel paths have lower hydraulic resistance than nearby tissues (W. B. Zhang et al., 2008), channels
can exhibit high-temperature bands revealed by infrared imaging (Hu et al., 1990; . Li et al., 2012; Z.
Zhu & Hao, 1998), and channels have louder and higher-pitched sounds generated by percussion
than nearby, extra-channel regions (Xiong et al., 2023; Z. Zhu & Hao, 1998). Channels also show
preferential migration of dyes and radioactive isotopes injected at acupoints (Hu et al., 1990; Xiong
etal., 2023; Z. Zhu & Hao, 1998), and in some cases channels show visible red or white lines following
acupuncture stimulation (Dimitrov et al., 2021). In one case, a patient with liver and kidney disorders
exhibited prominent, bloody bands along the Gall Bladder and Kidney channels that disappeared
when the patient recovered from these diseases (D. Li & Li, 1981).

Examination of the channels has revealed that they follow spaces between bones, muscles, and
vascular/lymphatic vessels; they tend to be filled with connective tissue in addition to interstitial fluid
(Dorsher, 2009; Langevin et al., 2002; Xie, 2002). Mast cells, nerve endings, and small vessels enrich
the paths, especially at acupoints. Overall, meridians are viewed as a functional system without a
dedicated anatomical structure (Dimitrov et al,, 2021; A. H. Li, Zhang, & Xie, 2004; Maurer et al.,
2019).

Needle stimulation at acupoints can induce DeQi (gaining Qi) in patients. When DeQi is
induced, patients may feel heaviness, tingling, sour taste, and electric shock, depending on individual
cases. Acupuncturists who grip the needles may experience a feeling similar to a fish biting bait on a
fishhook. DeQi is more descriptively called “propagated sensations along channels (PSCs)”. These
propagated sensations are not simply patient perceptions: they associate with measurable
physiological activities, such as nerve discharges in the channels and high-potential reactions in the
corresponding brain cortical somatosensory area, sometimes even without subjective feeling (Xu,
Zheng, Pan, Zhu, & Hu, 2013; Z. Zhu et al., 2014). Propagated sensations, when traveling over
neurological innervated segments, at speeds of about 10-20 cm/s (Hu et al., 1990; Z. Zhu & Hao, 1998),
can be blocked by mechanical pressure along channel paths, by lowering temperature, and by
injection of anesthetics (Hu et al., 1990; B. Zhu et al., 2002; Z. Zhu & Hao, 1998). Under pathological
conditions, the propagating sensations tend to travel to diseased areas, straying from the usual paths
(J. Zhang, Pei, Li, & al., 1981). Experiments show that PSCs are not simply nervous signals as often
perceived (Longhurst, 2010), because moderate pressure (1 kg/cm?) applied to points on a channel
can block PSCs while such pressure does not affect nerve conduction (Hu, Wu, Li, Li, & Gong, 1987).
Moreover, non-nervous tissues, such as myofascia and muscles, are involved in PSCs (Langevin et
al., 2002; Xu et al., 2013). Although PSCs are known to be important in acupuncture therapy, their
essence and how they promote the therapeutic outcomes of acupuncture are unclear.

Studies of meridian essence have led to many theories that now fall largely into four categories:
neurogenic theory, interstitial fluid theory, connective tissue theory, and physical field theory (J. Li
et al., 2012; Longhurst, 2010; Qi, He, Gu, & al., 2024; Yang & Han, 2015; W. B. Zhang et al., 2008). To
date, none of the proposals clearly defines the essence of PSCs and meridians or how a seemingly
diffuse network propagates sensations: the meridian system appears to be a functional integration of
many different tissues. The central question is how acupuncture signals transmit from one tissue to
another without specialized structures or direct contact; the tissues involved may even be of different
types. Such cross-tissue signal transmission, termed “ephaptic coupling”, has been observed in
physiological studies (Buller & Proske, 1978; Katz & Schmitt, 1940; B. Zhu et al., 2002), but the
mechanism is unknown. That is the main concern of this paper.
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The Hypothesis

We postulate that the components of meridian superstructure collectively relay extracellular
impulses of negative potential (EINPs) that jump from one excitable cell to another by self-propulsion
and ion diffusion. These impulse waves are proposed to be the physical manifestation of the PSCs
that generate the physiological effects of acupuncture occurring via the membrane depolarizing
function of negative potentials.

Mechanistically, a sudden drop of electrical potential at a point in interstitial fluid would propel
anions away from the point and attract cations toward it by Coulomb force due to a potential
gradient. Additionally, negative potentials associate with high density of anions and low density of
cations. Density gradients would cause anions to diffuse away from and cations toward the point of
low potential. Such ion movements would lower the electrical potential at neighboring locations,
causing an EINP to propagate to neighboring cells where it could excite cells. This is how EINP could
propagate along a channel as a pulse initiated from either an active cell or from acupuncture (Figure
1). Wherever EINP waves go, they would trigger membrane depolarization, which can have striking
physiological effects (Abdul Kadir, Stacey, & Barrett-Jolley, 2018) in addition to eliciting action
potentials in neurons and muscles.
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Figure 1. Illustration of proposed EINP wave generation and propagation in meridians.Successful needle
stimulation leads to a collective excitation of excitable cells in the acupoint area that manifests a transient drop
in electrical potential.(b) Example of negative potential propagation in a meridian channel located in the
interstitial space between muscle and bone. Action potentials propagate in several ways via neuron-muscle
junctions and ephaptic coupling between muscle and nerves and nerve cells. Red arrows indicate the direction
of negative potential propagation. Elements are not drawn to scale. Inset: time course of average electrical
potential in the channel at various times (ephaptic coupling and nerve-muscle end-plate transmission result in

a propagation of negative potential wave).
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We propose that EINPs due to needling at acupoints arise from three sources. One is the negative
charge of human skin, which, relative to the dermis, can be as high as -30 mv (Foulds & Barker, 1983).
A metal needle inserted into the dermis would introduce a negative potential at the acupoint. As
expected, surface-insulated needles have reduced acupuncture efficiency (Zou & Huang, 2019).
Second, needle insertion would inevitably pierce a few cell membranes, thereby releasing negative
charge into the extracellular space. A third source is expected to be collagen, a major component of
connective tissue (Fox, Gray, Koptiuch, Badger, & Langevin, 2014). Connective tissues provide
matrices for channels and interact with the needle via collagen. Collagen possesses
piezoelectric/converse-piezoelectric properties (Kamel, 2022) that, upon mechanical/electrical
stimulation, can generate electrical potentials or deformation surrounding a needle. At acupoints,
needle-introduced EINPs may cause mast cell degranulation, macrophage secretion of cytokines, and
neurotransmitter secretion by neurons (Haslberger, Romanin, & Koerber, 1992; Hochner, Parnas, &
Parnas, 1989; Kassel, Amrani, Landry, & Bronner, 1995). We propose that these biologically active
materials will sensitize excitable cells around the area of needle insertion. Collective excitation would
then generate effects, such as excitation of nerves that signal the central nervous system and that pass
the signal along meridian channels.

We emphasize that the EINP idea is distinct from saltatory conduction, the rapid
transmission of electrical signals (action potentials) along myelinated axons. In saltatory conduction,
the signal appears to "jump" over the myelin sheath between two nodes of Ranvier, significantly
speeding conduction compared to unmyelinated axons (Tonomura & Gu, 2023). Saltatory conduction
is associated with a clearly defined anatomical structure while EINP propagation is not. Moreover,
saltatory conduction takes place in a single cell while PSCs are postulated to transmit from one cell
to another.

We postulate that the force generating PSCs is membrane polarization energy. It would drive
propagation of both intracellular and extracellular action potentials in an energetically favored
process following stimulation, such as skin puncture. Once an EINP is generated at a spot, it would
propagate along an energy-favorable path, a meridian channel, because these channels would be
more densely packed with excitable cells and would have thicker interstitial fluid than surrounding
tissue. After an EINP wave passes, the excited cells would regain their negative intracellular resting
potential and ion concentration at the expense of ATP hydrolysis.

Evaluation and Testing of the Hypothesis

The validity of the hypothesis can be assessed by considering its ability to explain existing
observations. Propagation of EINP waves requires 1) that the wave path be rich in excitable
membranes so the decaying EINP wave can be relayed and 2) that the path be filled with interstitial
fluid so ions can move readily under the Coulomb force of potential and ion gradients. The specific
path for each channel would be determined by these two conditions: they would be responsible for
the major properties of the channel paths. For example, the channels are proposed to possess spaces
containing interstitial fluid and therefore would have high electrical conductance (Ahn et al., 2008; Z.
Zhu & Hao, 1998) and low hydraulic resistance (W. B. Zhang et al., 2008). That would account for
migration of dye and radioactive isotopes along the channels. Point mechanical pressure is expected
to squeeze fluid out of channels, thereby blocking propagating EINP waves. Since the channels are
considered to be filled with an almost incompressible liquid, they are expected to respond to being
struck by producing vibrations having an elevated frequency and amplitude: percussion on the
channels generates sounds that are louder and have a higher pitch than sounds generated from
nearby soft tissue (Xiong et al., 2023; Z. Zhu & Hao, 1998). High temperature bands could derive from
ATP production. After the passage of an ENPI wave, depolarized cells are expected to restore the
resting states of membrane potential and ion concentration by pumping out Na* and Ca?, a process
that uses ATP (Raghavan, Fee, & Barkhaus, 2019) and inevitably generates heat. That would also
cause higher CO:z content and lower Oz pressure in the channels (W. B. Zhang, Tian, Zhu, & Xu, 2009).
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Finally, in electroacupuncture a cathode rather than an anode is used as a test electrode, presumably
because cathodes can provide negative potential for initiation of PSCs.

According to the hypothesis, PSCs can move from one tissue to another without synapses in
neurons or gap junctions for cell-cell signaling. An example is seen in a rat model at the Zusanli
acupoint: electrical signals transmit from superficial peroneal nerves to deep peroneal nerves even
after both nerves have been severed from the spinal cord (Wang, Zheng, Lu, & Wu, 1987). A similar
phenomenon has been observed with acupoints on a dorsal portion of the rat Foot Taiyang Bladder
meridian (Guo et al., 2016).

Key support for the hypothesis is the detection of negative impulses in channels. For example,
in an experiment with a rat model, a needle, serving for both stimulation and measurement, was
inserted at a dorsal point equivalent to a human acupoint in the Bladder meridian. At approximately
500 ms after needle insertion, an impulse with a negative polarity of 60 mv, lasting about 30 ms, was
observed (MA, Zheng, & Xie, 2001). Additionally, at an adjacent acupoint an impulse, composed
mainly of negative potential, was measured by an inserted needle. A similar phenomenon was seen
with the human Pericardium meridian channel (Spaulding, Ahn, & Colbert, 2013). These experiments
provide a method for detecting the predicted waves of depolarization.

Rigorous testing of the hypothesis would involve measuring the negative potential impulses
along the channels, especially at acupoints, when PSCs are elicited. Indeed, such impulses have been
detected in a channel near the needle-stimulating point (Spaulding et al., 2013). We expect that the
phenomenon will be seen in all channels and at distant acupoints by inserting needles at the sites and
detecting the negative electric potentials as sensations move along a channel.

Implications of the Hypothesis

The hypothesis defines the physical nature of acupuncture-simulated PSCs, the EINP waves in
the meridian channels. Since EINPs are measurable, their detection could have a major impact on
acupuncture acceptance by establishing the existence of meridians. At the physiological level, the
PSCs are proposed to functionally integrate interstitial fluids, the peripheral nervous system, the
circulatory system, the immune system, the endocrine system, and muscle bundles into a large
regulatory system. Understanding the interactions among the parts of this system through EINPs
could lead to many new treatment modalities.

With respect to acupuncture practice, measurable EINP waves would enable a quantitative
description of needle manipulation, a practice that is now based largely on individual experience:
PSC is a subjective feeling by patients that is measured only indirectly by methods such as
electromyography (Zhong et al., 2024). By measuring the amplitude, duration, and propagation
velocity of EINP waves, the efficacy of the many needling techniques can be evaluated and optimized.
In acupuncture efficacy testing, points outside the channels are used as negative or sham controls.
Acupoints often fail to outperform sham controls when tested by standard means (Langevin et al.,
2011). This paradox could be resolved by finding no EINP outside stimulation points. Overall,
application of the hypothesis could greatly increase the rigor of acupuncture practice.

Limitations and Conclusions

Unresolved issues exist. For example, with some measurements, the amplitude of extracellular
potential are small compared to the threshold required to evoke action potential in excitable cells:
extracellular potentials are in some cases only a few negative mv (Dipalo et al., 2017), while the
threshold for eliciting action potentials is on the order of -30 mv. That difference may be why
acupuncturists facilitate PSCs by massaging skin along the target channel, by needling acupoints
ahead of PSCs, and by repetitive stimulation at acupoints. While experiments show that a moving
PSC can cause an electrical burst, largely of negative potential, at acupoints (MA et al., 2001), more
attention is needed concerning the idea that acupoints may serve as energy refill stations that
augment PSC signals. A separate issue is the inaccuracy of the extracellular potential measurement.
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Pulsed electrical potentials in interstitial fluid decrease rapidly with distance. Thus, the distance
between the measuring pole and the source of potential needs to be more carefully considered than
is currently the practice. Still another issue is the use of metal poles in measurements: they can flatten
the potential’s sharp peaks due to electrochemical reactions at the metal-solution interface (Xu, Xu,
Sun, Li, & Xu, 2018). Overcoming this issue will require technical advances. Nevertheless, we are
optimistic that more refined amplitude measurements will establish a quantitative basis for the
depolarization wave hypothesis.

In summary, acupuncture is proposed to treat disease by needle puncture of body surfaces to
generate PSCs that move along the meridian channels to diseased sites. The critical question is how
acupuncture signals jump from one cell to another without special structures or direct cellular
contact. The EINP wave hypothesis provides a testable explanation by postulating that acupuncture-
generated extracellular action potentials self-propel to nearby excitable cells through interactions
between electrical fields and electrolytes and through ion diffusion. The negative potentials
depolarize cell membranes and elicit additional action potential. Since the hypothesis is amenable to
theoretical description and experimental testing, it could bring acupuncture into the purview of
modern medicine.
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