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Abstract: According to traditional Chinese medicine, Qi and Blood circulate through the human body via
pathways known as 'channels and collaterals'. This process supports the normal function of internal organs
and the whole body. Pathological conditions can be attributed to abnormal circulation of Qi and Blood, which
results in excess or deficiency of organs and channels. Therapeutic methods used in traditional Chinese
medicine restore the balance of Qi and Blood. Since acupuncture was introduced in Europe, discussion and
debate about the nature of 'acupoints,' 'channels,' and 'collaterals' has continued. Currently, opposing views exist
on this subject, ranging from complete denial of the existence of the channels to uncovering the previously
unknown system of intra-tissue gaps and microscopic vessels. The author offers an original hypothesis that
regards the theory of channels and collaterals as the description of the physiology and pathology of
intercellular space and the theory of organs as a description of the physiology and pathology of cells.
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Introduction

According to traditional Chinese medicine (TCM), Qi and blood circulate through the human body
via pathways known as 'channels' and 'collaterals.' Since acupuncture was introduced in Europe,
discussion and debate about the nature of 'acupoints,’ 'channels,' and 'collaterals' has continued.
There have been fewer questions about the nature of the 'organs' that resembled the concepts of
classic medicine.

Scientific medicine made a significant step forward when Rudolf Virchow (1821-1902) defined a
disease as a cellular pathology.[1] However, from that time, any extracellular disorders were almost
ignored or deemed as functional diseases or pathologies of the connective tissue.[2] Perhaps due to
the concept of cellular pathology, the idea of the traditional Chinese medicine of the channels, gaps,
or tunnels distributed within a human body did not find a proper understanding.

1. Modern Discoveries in Morphology of Acupuncture Points

According to many researchers, there are no unique structures at the acupuncture points that
are not present in other areas. However, the acupoint has an unusual combination of common
structures, which allows it to be distinguished as a particular formation.

1.1. Acupuncture points exist in humans, animals and plants

The morphological and functional heterogeneity of human skin is described in TCM as
"acupuncture points" and "skin zones." A similar morphological and functional heterogeneity is
typical for warm-blooded animals,[3,4] such as elephants and dogs,[5,6] sheep,[7] goats,[7,8]
donkeys,[7] rabbits,[7,9,10] cats,[7] horses,[6,11,12] pigs,[7,13] monkeys,[14] and birds,[15] as well as
for frogs,[16] insects,[17] and plants.[18,19]

At the end of the XIX century, a Russian doctor, Grigory Zahar'in, and an English physician,
Henry Head, discovered that internal organs diseases were accompanied by skin hyperesthesia in a
particular location. Later, hypersensitive skin regions related to sick organs were called Zahar'in-
Head's zones.[20,21] It was subsequently found that hyperesthesia zones may turn into hypoesthesia
zones.[22] For example, it is known that in most patients an acute appendicitis is accompanied by
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hyperesthesia and vasodilatation in the projection area whereas the destructive form of appendicitis
is marked by hypoesthesia and zone of dermal vascular constriction.[23]

Among the other discoveries of the reflex zones we can name the points of McBurney, Lanz,
Vagquez, Boas, etc. Most of the "modern" reflex zones have a segmental innervation in common with
the sick organ.[24-26] When it comes to the motor points known in neurology, only a few of them are
also acupuncture points.[27,28]

In the fifties of the last century, a physician, Janet Travell, started actively using procaine
injection into painful points to treat myofascial pain syndrome.[29,30] By the mid-80s, Janet Trevell,
jointly with David Simons, came up with the theory of trigger points widely used by osteopaths,
chiropractors, physiotherapists, and massage therapists for treating musculoskeletal system diseases.
Unlike oriental medicine, based on the concept of vital energy (Qi) and its circulation in the human
body, the theory of trigger points was based on the principles of European conventional medicine.[31]

In the middle of the 20th century G. Soulié de Morant wrote that the modern Chinese name of
an acupuncture point sounds as xue [7%] or kong xue [FL.7%] translated as "depression” or "entrance to
the cave." [32,33] Around the same time A. Podshibyakin found that acupuncture points have
increased oxygen consumption and increased temperature; he proposed to call them "biologically
active points" (BAP).[16,34,35] Both definitions suggest that an acupuncture point is an area on the
skin surface with the access to the active structure located inside the body.

According to some scholars, there is a mathematical model for the distribution of BAPs on the
body, so the localization of each point can be calculated.[36,37]

1.2. Palpation of acupuncture points

Surface palpation of the BAP area will reveal a loosened-up tissue and an insignificant indent in
the skin and the muscle [16,34] due to the thinning of the epidermis and a different areolar structure
of the connective tissue in that area.[38,39] The location of BAP on the skin of cadavers manifests
itself by small retractions that correspond histologically to the fibers of connective tissue positioned
perpendicular to the skin surface and containing neurovascular elements stretching through all layers
of the skin and reaching the epidermis.[40]

Relatively looser surface epithelium in the BAP area permits identification by palpation or by a
metal probe with a rounded 2-3 mm diameter tip, as well as with an acoustic instrument that detects
the changes of sound produced by the friction of the instrument against the skin surface.[41]

A feeling of soreness often accompanies a deep palpation of the point.[42-44] According to some
authors, the soreness at a BAP point is present only in the case of a disease associated with that point
because, after the recovery, sensitivity returns to normal.[45]

1.3. General morphology of acupuncture points

Morphological studies around the acupuncture points have not revealed any unusual structures
that cannot be found in other parts of the body,[26,46-48] which sometimes leads to the conclusion
that BAPs do not exist de facto and are nothing but topographic or reference points on the skin
surface.[49]

According to other authors a BAP may be defined both as a functional unit and as a morphological
formation where the effect of therapy with acupuncture is different from the effect outside the
point.[44]

As a general rule the elements of the nervous and vascular system, as well as various cells are
identified around the acupuncture points. J. Bossy, studied the morphology of numerous BAPs and
in 42% of cases found subcutaneous nerves; in 40% the veins with subcutaneous perivascular nerve
plexus, and in 18% cases found subcutaneous arteries.[50] In other laboratories, subcutaneous nerves,
veins, and arteries were found in the area of BAPs in 80% of the cases.[51,52] P. Rabischong et al.
reported the usual presence of spiral-shaped vascular plexus surrounded by nerve fibers of
cholinergic type lacking myelin in BAP areas.[39]

Some authors have attempted to correlate acupuncture points with specific nerves, blood
vessels, or their branches.[53] However, the analysis of a wide variety of morphological studies
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makes one doubt that the nerves, the blood vessels, or specific cells form the basis of an acupuncture
point.

In 1959, G. Novinsky found that an areolar connective tissue with increased hydrophilic properties
is typical for BAP projection area.[54] For that reason it is easier to separate the skin of cadavers from
the underlying tissue in the BAPs than in other parts of the body.[41] Furthermore the epithelium
around BAPs is thinner and looser and the fibers of the connective tissue are perpendicular to the
skin surface.[26,55]

A special role is attributed to the morphological peculiarity of BAP in fascia in the places where
neurovascular bundles or nerve fibers are reaching out from the depths to the surface layers of the
skin.[40,56,57]

Fibers of connective tissue are located alongside such structures in such a way that the surface
layers of the skin are connected to the parts deep inside the body. All cutaneous branches of spinal
nerves perforate skin at least once and that area precisely coincides with a particular BAP.[38,58] The
feeling that the needle is “falling through" in the acupuncture point familiar to all practitioners is most
likely due to the needle hitting such perforation of surface fascia.[44]

According to N. Verzhbitskaya et al., BAP includes two morphologic-functional components:
"channel of the point" and "locus" or the active area of the point.[59,60]

"Channel of the point" linking the skin's surface with a locus is formed by the epithelium and
connective tissue fibers. There are few cellular elements, nerves, and blood vessels within a channel
compared to the surrounding tissue, which makes penetration of the needle easy and painless to the
depth of the "locus" located in subcutaneous fat tissue or between muscles and tendons.[59]

The "locus," or an active area of the point, is formed by loose connective tissue reminiscent of a
polymorphic flask. A high content of nerves, vessels, and cells with a high content of heparin,
histamine, acetylcholine, serotonin, catecholamines, and other active substances characterizes it.[59-
61] The estimated schematics of the acupoints are shown in Figure 1.[62]
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Figure 1. Schematics of an acupuncture point.

According to morphologic studies, different nerve receptors and free nerve ends are abundantly
represented in acupuncture points.[48,63] The presence of a certain receptor depends on the
localization of the points. The encapsulated receptors include Meissner's and Pacini's corpuscles,
bulbos terminales Krause, muscle spindles, and spindle tendon (Golgi tendon organ). [26,38,63,64]

The number of nerve fibers per section of the tested dermis in the auricular points exceeds about
two to three times the number of them in the dermis of the control skin areas.[64,65] Examination of
BAP areas with ultrasound demonstrated that the receptors and the nerve structures presented
within these areas and outside are different.[66]

A comparison of the acupuncture points along the pericardium channel revealed increased
nerve structure density in the distal direction.[64] Other studies found that the number of sensory
fibers in a distal part of an arm eleven times exceeds that of a forearm and almost twenty times that
of a shoulder.[67] The receptor apparatus of the acupuncture points is similar to the reflexogenic
zones of Zahar'in - Head, McBurney, Mac-Kenzie, Vidal, and others.[68,69]
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The Laser Doppler flowmetry revealed that the blood flow through the microcirculatory vessels
in the area of acupuncture points (GI-4 and V-64) is significantly higher than in the surrounding
tissue.[70]

Fibroblasts, histiocytes, leukocytes, and mast cells may be discovered at the active area or
"locus." [60,61] The number of mast cells is more significant in the area of acupuncture points than in
the areas outside the points. Mast cells found in the area of acupuncture points have a high content
of biologically active substances such as histamine, serotonin, and heparin, which affect vascular
permeability, microcirculation, tissue metabolism, and skin conductivity. The number of cells with
signs of degranulation increases after acupuncture treatments, and a preliminary blockade of
degranulation of mast cells leads to the decreased effect of acupuncture.[71]

In the area of acupoints, many gap junctions are detected. Gap junctions connect cells to ensure
intercellular transporting cytoplasm and dissolved substances, including c-AMP, RNA, and low
molecular weight proteins. Increased concentration of gap junctions leads to high electrical
conductivity of skin at acupoints area. [72-74]

The evaluation of a microwave signal reflected from the skin surface led to the conclusion that
BAPs are more hydrated as compared to the control skin areas.[75]

Modern diagnostic methods permit specifying the shape and macroscopic localization of the
point’s active areas. For example, X-ray fluorescence analysis revealed that the acupuncture points of
the extremities are elliptical with elongated axis alongside the meridians.[76] In another experiment,
acupuncture needles were introduced in Bl-25 (Da Chang Shu) and B1-26 (Guan Yuan Shu) points with
subsequent manipulation to achieve sensory reactions propagated along the channel. Computer
tomography revealed that the localization of the above points corresponds to the intermuscular
septum between the spinal erector (m. Erector spinae) and transversospinal muscle (m.
Transversospinalis).[77]

2. Modern discoveries in physiology of acupuncture points

Morphological differences in acupuncture points suggest functional differences between the
acupoints and the surrounding skin. These distinctive features are reduced electrical resistance of the
skin, increased electrical capacity, high thermal conductivity, low-frequency electrical signals, and
other "abnormalities."

2.1. Reduced skin resistance of the areas of the acupuncture points

In the early 1950s, a Japanese doctor, Yoshio Nakatani, found a reduced electrical resistance
around the points and developed a diagnostic method based on conductivity measurements at
specific points of each channel.[78-80] Around the same time, similar studies were conducted by other
scientists, including A. Podshibiakin in the USSR, [35] J.E.H. Niboyet in France,[81,82] and R. Voll in
Germany.[83-85] Subsequently, the electrical "anomalies” of the skin in the area of BAP were studied
by T. Ischikava, [86] C. Ionescu-Tirgoviste,[87] I. Dumitrescu),[88,89] F. Portnov,[90] P. Chan,[91] and
numerous other researchers.

The electrical resistance of the skin for indifferent areas varies from 250 Kilo-Ohm to 1 or 2,74 or
10 Mega-Ohm,[55,88] but in the area of the acupuncture points, it could be reduced up to 20 + 60 Kilo-
Ohm.[55,81,92] In the studies of A. Podshibiakin, the resistance at acupuncture points with the
negative active electrode was 20 + 10 Kilo-Ohm. With a positive electrode, it initially went down but
subsequently increased within 20-60 seconds to 0.4 + 0.5 Mega-Ohm.[16] Due to low resistance in
acupuncture points, they may be visualized in the high-frequency corona discharge of AcuVision
device.[62,93] (Figure 2)
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Figure 2. (a) Visualization of low electrical resistance points on the auricle of a living person. (b)
Visualization of low electrical resistance points on a cadaver one day after the death.[62]

Localization of the electrically conductive spot in the same person may be displaced in any
direction to a distance of up to 1 cm and even more;[16,94] however, the localization of the
electroconductive points predominantly coincides with the localization of the acupuncture points.

The size of an electrically conductive spot varies from Imm to 10 mm. During sleep and after
creative workload, the diameter of the point is reduced to 1 mm; after waking, it may increase to 10
mm. During a disease, the size of conductive spots may increase so that individual "points" overlap
and form vast areas.[16,95]

The highest electrical conductivity was found at the points located on the head. In the central part of
the body (for example, around the sacrum), the conductivity is higher than on the limbs, where it
decreases as it approaches the fingertips and toes.[96]

In the case of certain conditions, the conductivity of a point may be the same as that of the
surrounding skin areas or even lower.[96] In some studies of healthy individuals, no points with
reduced conductivity were found; therefore, some authors argue that there is no difference in
electrical resistance between acupuncture points and surrounding skin.[97] However, in most cases,
there are more points with reduced electrical resistance than the known acupuncture points.[98]

Given the fact that it is not always possible to find the complete correlation between the detected
points of electrical conductivity and the "acupuncture points" [98-100], it is possible to assume that
this is due to the functional displacement of the conductive patch only. However, the main component
of the point (locus) most likely remains at the standard location without any displacement.

Transplanted skin loses its original properties immediately after separation from its original
location and acquires the electrical characteristics of the skin area of the new location. As a result,
lowered resistance typical for the "points" appears in the skin transplanted from an indifferent area
to an acupuncture point.[101,102] Conversely, low resistance is no longer observed when skin is
transplanted from the BAP region to a common area. Given the above, some authors assume that an
"acupuncture point" is a complex unit associated with specific deep structures.[103]

Even though electrical parameters in acupuncture points are susceptible to fluctuations depending
on many internal and external factors, the average daily indexes of electrical resistance in specific
"points" registered under constant conditions are relatively stable and reflect the individual
characteristics of the subjects.[104]

The study of the semi-conductivity of the points revealed the coincidence of the changes with
the daily dynamics of atmospheric electrical conductivity. At maximal conductivity of the
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atmosphere (as a general rule at night), the electrical conductivity of the points goes down and
increases with the change of weather.[105]

Electrical conductivity in men and women reduces to minimal at night between 2:00 a.m. and
5:00 a.m. and coincides with a deep sleep. In the daytime, the dynamics of electrical conductivity
depend on the gender of the subjects. In men, maximum values were found between 11 a.m. and 2:00
p-m., and in women, between 4:00 p.m. and 9:00 p.m.[106]

In the days of high geomagnetic activity (high K-index), the resistance at the points was 40-80%
higher than the daily average calculated for the days with low K-index.[104] Conductivity is maximal
in the periods of low geomagnetic activity.[107] Long-term observations found a decrease in electrical
conductivity in winter and an increase in summer correlating with average monthly air
temperature.[106]

Note: Geomagnetic activity indices are intended to describe the variations of the Earth's
magnetic field. K-index - is a quasi-logarithmic index (incremented by 1 with disturbance increasing
approximately two times). It is calculated according to the data of a specific Observatory for the three-
hour periods. The index was introduced by J. Bartels in 1938 and ranges from 0 to 9 for each three-
hour interval (0-3, 3-6, 6-9, etc.) of the Greenwich Mean Time. In order to calculate the index, the
change of the magnetic field within a three-hour interval is taken, and a regular part (determined by
calm days) is subtracted from it. The resulting value is converted into a K-index according to a special
table.[108]

Numerous authors have reported that the electrical conductivity of specific points depends on
the changes in physiological and pathological conditions of the associated channels, organs, and the
body as a whole.[80,85,109] It was found that the Bl-64 (Jing-Gu) point's electrical conductivity
increases when the person wakes up and decreases during sleep. It is reduced in case of a reduction
of overall reactivity, but it does not change with psycho-emotional stress.[110]

Electrical resistance in the BAPs also depends on the autonomic nervous system condition. It
increases when the activity of the sympathetic division of the autonomic nervous system is below the
normal condition.[46]

The change in conductivity is observed in the presence of macroscopic structural changes in the
skin. In patients with psoriasis, the resistance around the papules is lower than in the surrounding
skin and even lower, closer to acupuncture points in the area of the papules.[9] The study of the
location of birthmarks, moles, and nevi revealed that they frequently coincide with the acupuncture
points. In both cases, the reduced electrical resistance of the skin was observed.[111] However, nevi,
birthmarks, and moles do not possess high thermal conductivity, which is typical for acupuncture
points.[111]

Electrical heterogeneity of the skin persists from several days to one week after death. This
phenomenon was revealed in the parts after the dissection of cadavers and for the whole
cadavers.[81,88,112-114] Skin heterogeneity on amputated limbs is observed for up to three
days.[9,59] The difference in resistance between the points and the surrounding skin is far more
considerable on the cadavers than on living humans and animals.[82,92,115,116] Electrical
heterogeneity in cadavers disappears gradually due to autolytic processes that cause the physical
parameters of the skin to align.[40,81,82,92,115,116]. They concluded that the structures located in the
area of electrically abnormal points are more stable than in the surrounding skin area.[9]

However, one can assume that the high electrical conductivity of the skin in the area of acupuncture
points is associated with the absence of insulating structures. Thus, the conductivity function does
not require metabolic activity, so it creates an impression of stability of the acupoints after death.

2.2. Electrical potential and action potential in the "acupuncture points”

In 1825, professor of Physics Claude Pouilett was the first to use a galvanometer to discover the
electrical potential between the needle inserted into the acupuncture point and an oral mucosa.[117]
The study of electrical potentials (EP) in different skin areas revealed differences in potentials
between the centers of the acupuncture points and the surrounding skin. EP may vary from 2 to 300
mV, decreasing with the distance from the center. Average values of the difference in potential may
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vary during the day, reflecting the moderate fluctuations in the functional activity of internal
organs.[16,35,96,118]

Thus, an increase of the EP in the urinary bladder meridian points is observed when the bladder
is full and returns to normal after emptying. An increase in EP of the Stomach meridian points will
follow if a patient is suggested under hypnosis that he had eaten well. Novocaine blockade causes a
decrease in the EP.[35]

Some authors have noted slow, low-amplitude irregular fluctuations of the electrical potential
ranging from 0.1 to 1.0 Hz with amplitude from 50 to 500 mV. This biological potential is constant
and subject to the general laws of galvanic skin response.[119]

An above-normal difference of (electrical) potentials may indicate the presence of a disease, a
predisposition to one, or the presence of a residual pathology in a relevant organ.[16,35,118,120-122]
Electrical potential in the point has a tendency to decrease as recovery progresses.[122]

When acupuncture is used on the points with deviated electrical potential, a reflex reaction is
observed in the corresponding internal organ. According to A. Podshibiakin, a positive effect from
treatment, was observed when electrical potentials in the active points of the skin exceeded 25 mV.
Treatment of the acupoints with electrical potential under 10 mV (especially — 1 mV) has a negative
effect on the analogous electrical current used for treatment.[118]

The pattern of electric potential distribution on the skin persists for several days after death until
autolytic processes reduce the difference to a minimal one that can no longer be recognized.[118]

Apart from an electrical potential at the BATs, they also can register an action potential (AP) of
a high-frequency impulse activity. AP fluctuations' frequencies vary from 0.5 Hz to 400 Hz and have
amplitude from 0.1 to 1.5 mV and duration of 0.3 — 1.25 milliseconds. AP in the "point" is registered
only alongside certain sensations and may last 20-30 minutes.[123] The frequency characteristics of
AP are higher with active pain syndrome and go down with pain relief. The maximum values of AP
are recorded at inspiration.[123-126]

Action potential in auricular points is detected only in the presence of a pathological process in
the relevant organ and disappears as recovery progresses.[46]

2.3. Other Electrical Characteristics of " Acupuncture Points”.

Study of the volt-ampere characteristic in BAP areas revealed nonlinear curves including an S-
shaped curve with a part of a negative differential resistance. This data suggest that the tissues
surrounding BAPs may possess generating properties and may convert a direct electric current into
alternating.[127]

Apart from high conductivity the acupuncture points have capacitive characteristics that permit
them to accumulate and keep an electrical charge much longer than the surrounding tissues.
According to the research of I. Dumitrescu the capacity in the area of the points may reach 0.5
microfarad whereas the capacity elsewhere does not exceed 0.01 microfarad.[128,129]

Periodic low-frequency electrical signals ranging from 0.1 to 100 Hz are also found in the "points"
in contrast to the noise-like signals in the surrounding skin areas.[130-131] These signals differ from
the periodic processes in the nervous system that reach up to a thousand Hz.[131]

2.4. Skin temperature parameters around acupuncture points

Studies by A. Podshibyakin in the mid-20th century found high activity of metabolic processes
and an increase in local temperature in acupuncture points. Other authors confirmed his
results.[16,132]

A comprehensive study of the BAP's functional condition indicates that the activated points are
hot, and the non-active ones are cold. Therefore, the "points" condition may prompt the treatment
technique.[133] Specific pathologies cause the increase of hot "point"” or zone size alongside the heat
emission.[134]

A change in temperature sensitivity around acupuncture points was noted alongside the
temperature changes. A Japanese doctor Kobe Akabane, was one of the first to discover this
phenomenon. In 1952, K. Akabane treated the right side tonsillitis with hot foot baths. During one of


https://doi.org/10.20944/preprints202310.1820.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 October 2023 doi:10.20944/preprints202310.1820.v1

these procedures, he noted that the little finger of the right foot was not as sensitive to hot water as
the little finger of the left foot. After the recovery, he noted that the sensitivity was normal and
symmetrical. Several experiments led Akabane to the conclusion that the functional activity of a
meridian affects the thermal and pain sensitivity of the endpoints of the meridians (Jing).[135]
Subsequently, N. Bogdanov found the changes in the thermal sensitivity of auricular points
corresponding to specific pathological processes.[124,136]

The high thermal conductivity of skin around the acupuncture "points" led to the hypothesis
that the "points" serve as a kind of sluice channel for heat exchange between the body and the ambient
environment.[42,94,137]

The high thermal conductivity of skin in the area of the points can be used to determine the
location of the "points accurately." When a metal probe moves slowly and without pressure around an
acupuncture point, a patient feels something like a "drop of cold water" on the skin (with increased
thermal conductivity) at the acupoints. Individual temperature sensitivity differs, so using several
probes of different heat capacities is necessary.

Acupuncture and moxibustion permit the change of a natural heat transfer. The needles have an
effect similar to cold and increase heat emission from the points to the environment.[42,137,138]
Within the first minute after a needle is inserted into a point, the radiation temperature in that area
increases by 0.4 - 2.3 ° C, and at a distance of 5 cm from the needle, it is reduced by 0.6 - 3.0 © C. The
temperature on the needle handle fluctuates between the values in the BAP zone and those at a
distance of 5 cm from the BAP. 2-6 minutes after insertion of the needle, the radiation temperature of
the skin around it continues to increase as it goes down on the farther skin areas. If a needle is not
extracted for the next 30-40 minutes, the temperature of the BAP area gradually goes down and
becomes significantly lower than it was initially.[138]

2.5. Relationship between electrical, temperature, and other point parameters

According to A. Wein, a skin temperature indirectly reflects the condition of the
parasympathetic division of an autonomic nervous system, and electrical conductivity reflects the
condition of the sympathetic division of an autonomic nervous system.[139]

Some studies found the relationship between conductivity, temperature, and pain sensitivity in
acupuncture points. As a general rule, an increase in temperature in the points is accompanied by an
increase in conductivity,[96] and an increased conductivity in the points correlates with the intensity
of pain.[140,141] However, A. Nechushkin found no direct correlation between pain sensitivity,
electrical conductivity, and temperature at the points.[142]

2.6. Other "physical anomalies” of acupuncture points

Other peculiarities of the acupuncture point areas have also been identified apart from the
electrical and thermal "anormalies” that distinguish such areas from the surrounding skin.

According to A. Podshibyakin, BAP areas have increased oxygen absorption and release of carbon
dioxide. Initially, the increased molecular oxygen tension starts to drop right after achieving the "De
Qi" or "De Chi" phenomenon, which is observed at the treated point and other points of the same
channel.[16,143] High functional activity of the BAP area is accompanied by increased incorporation of
radioactive phosphorus (P32).[144-146]

Research with laser instruments detected mechanical vibrations of the needle's handle inserted
into acupuncture points. The oscillation frequency was within two ranges: from 7 to 10 Hz and 15 to 20
Hz, in contrast to the surrounding skin, where only noise spectrum vibrations were found.[147]
Periodic mechanical activity at points was not related to the pulsation of the arteries.[148]

Feeble spontaneous visible light (ultra-weak photon emission) was detected around the end (Jing)
points of the channels, with the intensity of such light increasing mainly on the channels associated
with a sick organ.[149] Measurement of the light diffusing properties found a more intense absorption in
the visible light around BAPs compared to indifferent skin areas.[150,151] The values of the light
diffusion coefficient at the points reach maximum at noon, at 6:00 p.m., at midnight, and at 3:00 a.m.
The values are minimal at 6:00 a.m., 9:00 am, 3:00 pm, and 9:00 pm.[151] The diseases of internal
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organs change the diffusing properties of the points. A short laser exposure (under 60 seconds)
reduces light diffusing properties, and after a long-term exposure (60-120 seconds) returns it to the
initial level.[152] Increased skin sensitivity to high-frequency electromagnetic radiation was also
observed in BAP areas.[75,153]

Due to the variety of the above properties of "acupuncture points," some authors suggest that
the "points" play the role of multifunctional receptors,[52] capable of responding to signals of
different natures, including electric, magnetic, and electromagnetic fields.[132,154-157] In this case,
the inserted acupuncture needle can be an antenna that captures electromagnetic waves of a specific
range.[158]

Summarizing the above and taking into account the Chinese characters L7 (Kong Xue), used
for acupoints and translated as a "aperture", "cavity" or a "hole," [159-161] we may conclude that the
acupuncture point is a locus in the skin where a loosening of surface epithelium and specific
connective tissue organization create an invisible "hole" which provides "access" to the inside the
body. A large number of active elements discovered inside the "hole" turn the acupoint into a complex
functional unit that facilitates interaction between the internal and external environment of the body.
(Figure 1)

3. Modern discoveries in morphology of channels and collaterals

According to TCM theory, Qi and blood circulate along specific paths called "channels and
collaterals." There are twelve Regular channels and the associated secondary vessels, including
tendon-muscular channels (or sinews, or muscle regions), Luo channels or collaterals, and divergent
channels as well as extra-channels. (Figure 3)

Centuries ago, a famous Chinese doctor, Li Shizhen, wrote: "... there are tunnels within the body
and the one turning his mental gaze into himself may illuminate them..." [162]

European anatomists and physiologists have been trying to unravel the nature of channels for
several centuries. The results of these studies and suggested hypotheses, which may be divided into
the following groups:

Denial of the possibility of the existence of the system of channels and collaterals;

The theory of channels describes nervous and vascular systems;

The theory of channels describes muscles and subcutaneous tissue;

The theory of channels describes a system of electrical conductors and semiconductors;
The theory of channels describes a system of the conductors of the heat;

Channels are "immaterial pathways" transmitting electromagnetic waves;

Channels are independent and previously unknown bodily systems;

The theory of channels describes the physiology and pathology of connective tissue;
The theory of channels describes interstitial openings and bodily cavities;
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Other hypotheses that explain the transmission of signals along the channels.

Despite the difference in the viewpoints on the nature of the channels, most acupuncturists agree
that the concept of channels makes it easier to represent the system and the locations of the
acupuncture points and improves the efficacy of acupuncture diagnostics and treatment.[44,49,163]
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Figure 3. (a) Channels as depicted in old Chinese books on acupuncture. (b) The original schematics
of alayout of channels and collaterals.

3.1. The denial of the possibility of the existence of the system of channels and collaterals

Many reputable experts in the field of neurophysiology and acupuncture are categorically
against recognizing channels as separate functional and morphological formations.[46,48,49,163,164]
Some voice an opinion that the channels are strictly a functional concept, and the regularity of linear
positioning of acupuncture points can be explained by the presence of interneuron connections
formed during embryogenesis at different levels of the central nervous system. [44,53,165] According
to Erich W. Stiefvater, the system of channels and collaterals in its classical sense is too primitive from
the viewpoint of modern biology.[69]

The term "meridian" (meaning an imaginary line conditionally connecting functionally similar
acupuncture points) was introduced in the middle of the 20th century thanks to Soulié de Morant, a
founder of the French school of acupuncture.[33]

3.2. Theory of channels describes nervous and vascular systems

The assumption about the likeness between channels, nerves, and vessels can be made due to
similarities between the paths of the channels and the topography of neurovascular
bundles.[33,166,167]

The first Latin translations of literature on Traditional Chinese Medicine published in Europe
used the term "paths” that circulate "the blood and the spirit" to convey the meaning of Jing-Luo
("channels and collaterals"). However, the dissertation of Willem ten Rhijne described channels and
collaterals as blood vessels, which resulted in an erroneous view that identified TCM channels with
the blood vessels known to European medicine.[168,169] Later, a Russian doctor, A. Tatarinov (1853),
wrote that the Chinese doctors used the term "Jing" (channels) sometimes to describe the nerves and
sometimes to describe the tendons.[170] Similar views were expressed by other researchers who
studied acupuncture points and channels, or practiced acupuncture.

G. Soulié de Morant (1957) and Fr. Hiibotter (1929) associated nerve stems with Yang-related
channels and the vessels with Yin-related channels.[33,171] H. Goux (1955) suggested that the
channel theory describes the physiology and the pathology of the autonomic nervous system (ANS),
with the sympathetic section of the system belonging to the Yang channels and the parasympathetic
belonging to the Yin channels.[172] R. de La Fuje and H. Shmidt (1952),[173] held a similar view in
their joint work, as well as G. Bachmann. (1959).[174]

Dr. R. de La Fuje explained the mechanisms of acupuncture from the viewpoint of establishing
skin-visceral connections in embryogenesis, noting that the nervous system and the skin have ecto-
dermal origin. In contrast, the internal organs have meso- and endo-dermal origin. Communication
between the internal organs, the nervous system, and the skin is realized during the process of
organogenesis as the elements of the nervous system grow into the internal organs.[175] Dr. J. Hu


https://doi.org/10.20944/preprints202310.1820.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 October 2023 doi:10.20944/preprints202310.1820.v1

11

(1975), in the article "Neural basis of meridians and acupuncture points,” noted the closeness of the
channel trajectory and the distribution of dermatomes.[176]

Gong Qihua et al. (1979) made a note of the topographical closeness of the paths of the meridians
and lymphatic vessels, as well as of the fact that the spread of lymphangitis is triggered by trauma of
a thumb in the L-1 (Shao Shang) area alongside the path of the lung meridian. In the experiments on
cadavers, when a colorant was introduced in the region of Yin meridian distal points, such as the L-1
(Shao Shang) point, it spread along the lymphatic paths alongside the relevant meridians.[177] A close
relationship between the meridians and lymphatic vessels was also pointed out by R. Voll (1966),
who had even singled out a particular lymphatic meridian.[83]

Summarizing the data available in the early 1960s, V. Vogralik described meridians as nervous
conductors within integuments that weave around lymph and blood vessels and muscles and then
transition into the nerve plexus, spinal cord, and brain, and then to the nerves going to internal
organs.[53]

3.3. Theory of channels describes muscles and subcutaneous tissue

In the mid-50s, a Japanese physician, R. Fujita (1955), noted that the outer pathway of the
meridians coincides with the lines of muscle contraction. He described the painful points as nodes of
densification that appear in subcutaneous tissue in case of disease of internal organs.[178,179]
American author F. Warren (1981) noted that the foci of neuro-myofibrosis coincide with the
acupuncture points.[180]

Even though up to 70% of trigger point coincides with the localization of the BAPs used for pain
treatment, R. Melzack et al. (1977) believed that the concept of "acupuncture point" is much broader
than of the "trigger point." [181] Some doubts were expressed about the very existence of any
independent trigger points that are not acupuncture points.[182]

3.4. The theory of channels describes a system of electrical conductors and semiconductors

As electrical conductivity within the points of the same channel is higher than between the points
of different channels, it was suggested that the theory of channels and collaterals describes the
physiology and pathology of the system of electrical conductors and semiconductors.

In 1950s, Dr. Y. Nakatani measured the electrical conductivity of the skin of a patient with
chronic nephritis and found on his back a point with an increased electrical conductivity. As
suggested by Prof. K. Sasagawa of the Department of Physiology, University of Kyoto, the points
with increased conductivity were called riodoten. The line along which they were found was called
ryodoraku: (ryo) - good, (do) - conductivity, (raku) - line or meridian.[79,80,183] Later, the results of
Y. Nakatani were confirmed by modern scientists [184].

Similar findings confirming lower resistance between the points within the same channel were
discovered by a Soviet scientist A. Podshibyakin,[35] a French scientist J. Niboyet,[81,92] a German
physician R. Voll),[83-85] and many others.

A Nobel Prize Winner in Physiology and Medicine (1937), A. Szent-Gyorgyi was one of the first
to point out the possibility of semiconductor effect in the human body. In 1941, he suggested that the
migration of electrons in the conduction zones of protein structures with properties similar to those
of semiconductor crystals may play an essential role in some biological processes.[185] Given that the
effect is present in nucleoproteins (rather than in the proteins or the nucleic acids), the active protein
structure should be compared to an impure molecular crystal.[186]

In 1976, V. Nikiforov repeated the hypothesis that a living organism is a giant bio-semiconductor
containing numerous zones of conductivity and semiconductivity. The channels (meridians) are
conductors presented in the body's integument that weave around lymphatic and blood vessels,
muscles, and internal organs. The system of conductors or channels is the essential system that
integrates all the other regulatory systems and the body as a whole. End portions of the meridians
have the highest functional activity and are the points of the highest electrical conductivity.[105]

H. Schuldt (1976) measured electrical potential on the surface of the human body and concluded
that the meridians are located along the lines of maximum concentration of electrical fields.[187]
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After a series of experiments with the electrical conductivity of the channels, R. Becker (1987)
suggested that the transfer of energy and interaction within the meridian system goes along the glial
cells of the nervous system according to semiconductor principles. The glial cells transmit direct
electrical current of small amplitude at low speed, unlike the neuron that transmits high-frequency
electrical signals at high speed. According to R. Becker, that particular weak direct electrical current
is the manifestation of simple electrophysiological mechanisms ensuring regeneration and
restoration of the function of nerve fibers in case of trauma.[188]

Research of the channel conductivity with the electrode located by ultrasound suggests that the
reduced resistance along the channels is due to the loose connective tissue that fills the gaps between
the muscles or between the muscles and the bones.[189]

Thus, we can assume that in a multicellular organism, the channels serve as conductors of
electric current.[96]

3.5. The theory of channels describes a system of the conductors of the heat

Due to the high thermal conductivity of the skin in the acupuncture "points" and between the
points within the same channel, A. Romodanov, O. Butenko, D. Lyaschenko, and some other authors
suggested that the channels represent a system of thermal field conductors, and the "acupuncture
points” serve as the gateway for heat exchange between the body and the environment.[42,94,138,190]

3.6. Channels are "immaterial pathways” transmitting electromagnetic waves

Alexander Gurwitsch (1922) and George Lakhovsky (1929) were the first to describe the function of
the cells based on radiophysical theory. G. Lakhovsky even applied electromagnetic fields to treat
plants, animals, and humans.[191-193] In 1932, Harold Burr, observing the proliferation of nerve cells
in the water lizard (Ambystoma mexicanum Hope), designed a theory of electrodynamic development
of the living body.[194]

The wave model that explains the growth and development, physiology, and pathology of living
subjects was later used in the works of A. Leontowitsch (1933), [195] S. Turlygin,(1942), [196] E.Popp
(1978), [197] and many others.

As the efficacy of acupuncture was confirmed over many centuries of practice, however, no
morphological substrates of channels were identified, some scientists attempted to explain the
channels as "immaterial” ways of transmitting electromagnetic waves.[107] For example, A. Lebarbier
(1975) stated that the meridians were the power lines of an electromagnetic field that are not defined
by the anatomy but are detected by electronic instruments.[198] Sergey Sit'ko, one of the developers
of microwave resonance therapy, suggested that the meridian system of living subjects has an
electromagnetic nature and may be regarded as a mathematical solution of some limit cycles, both
periodic and stable over time and space. In other words, the points and the channels are the
projections of the solution of these limit cycles on a three-dimensional living object.[199,200]

3.7. Channels are independent and previously unknown bodily systems

Various authors assumed the presence of an independent self-regulating system within a body.
According to N. V. Quan (1936), channels are real rather than imaginary lines with the properties
different from such known anatomical entities as nerves and blood vessels.[45] Though normal
functioning of channels is associated with the nervous system, they are not a nervous system in the
ordinary sense. Probably, in terms of evolution theory, the system of channels and collaterals is
simpler and more "ancient” as compared to the nervous and vascular systems.[96]

Russian scientists A. Zhirmunsky (1979) and L. Savina (1983) voiced the opinion that there
existed the 3rd regulatory system of the body.[107,201] A. Zhirmunsky assumed that the main
function of that system is the transfer of information from the peripheral parts of the body associated
with the environment to the body, as well as information transfer within the internal organs and to
its periphery.[201]
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In 1961-1962, North Korean biologist Kim Bong Han (Figure 4), invented the method of coloring
living and actively functioning tissues and discovered the previously unknown anatomic-histological
"Kyung-Rak" system that differs from the nervous, circulatory, and lymphatic systems.[202]

r2.

Figure 4. A modified photo of Dr. Kim Bong Han (1916-1966), taken from his book.[202]

According to Dr. K. Han, Kyung-Rak system consists of specific Bonghan's corpuscles located in
the area of biologically active points, linked with each other by the Bonghan's ducts, with circulating
viscous liquid containing high concentrations of DNA and RNA molecules. Bonghan's corpuscles are
surrounded by connective tissue with a relatively high content of tissue fluid.[202] (Figure 5)

Kim Bong Han's discovery was confirmed by Japanese scientists only.[203] Scientists from other
countries were unable to confirm the Kyung-Rak system.[51,204,205] According to G. Kellner, who also
researched that matter, the structure identified by Kim Bong Han was an artifact.[26] Due to the absence
of Kyung-Rak system confirmation by scientists from other countries, the research in North Korea
was stopped, and the laboratory was disbanded. The further fate of Kim Bong Han is not known.

In 2002, a South Korean scientist Jiang Xiaowen et al., described the technique that allowed them
to identify the structures previously described by Kim Bong Han. It turned out that these intravascular
channels of a diameter under 50 pm are restricted with a whitish, semi-transparent, soft, and flexible
wall that is easily destroyed during a conventional histological examination. In order to identify, it is
necessary to introduce intravenously in a live subject a 10% dextrose solution and cause blood
coagulation and blood depositing around the studied intravascular channels.[206,207]

Subsequently, there came a series of publications on the morphology, physiology, and pathology
of the Kyung-Rak system. A newly re-discovered structure got the name of "Primo Vascular System".
[208-213] "Bonghan" ducts and tubes were found in blood and lymph vessels,[209,214,215] in fat
tissue, [215] and on the surfaces of internal organs.[216] The flow rate of Bonghan fluid within the
tubes is 0.3 mm/sec, which is significantly lower than the movement of blood or lymph.[217]

It is assumed that this system plays an important role in the process of tissue regeneration and
metastasis.[218-221]
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Figure 5. Illustrations from the book "On the Kyungrak System", by Kim Bong Han.[202] (1) Figure 6:
Cross section of superficial Bonghan corpuscle (16x6.3) a. Thin outer smooth muscle fiber layer; b.
Inner substance; c. Thick outer smooth muscle layer. (2) Figure 20: Phase-contrast microscopic
observation of Bonghan duct: d. Endothelial nuclei of Bonghan ductule; e. Bonghan ductule.
(3) Figure 27. Radioautogram after thew injection of P%? into a Bonghan corpuscle on the inner-side of
a rabbit femur: f. Injection point.

3.8. The theory of channels describes the physiology and pathology of connective tissue

The hypotheses presuming that the elements of areolar and fibrous connective tissues made of
proteins with semiconductor properties that transmit various kinds of energy are the morphological
base of the meridians are in a separate group.[222]

In the eighties of the last century, a Japanese physician, H. Motoyama (1980), investigated the
electrical conductivity of acupuncture points and concluded that it is a highly hydrated phase of the
connective tissue of the skin that plays a leading role in the conductivity of electrical current.
Therefore, connective tissue serves as the physical basis of the so-called system of channels and
collaterals.[223,224]

A. Umanskaya (1984) stated that the channels are the terminal formation of connective tissue
with countless bilateral connections (both between the elements and the peripheral parts of the
central nervous system, organs, and organ systems). Acupuncture points are the locations for the
filtration of a complex range of external inputs and their transformation into the signals appropriate
for the nervous system.[225]

At the end of the 1980s, Chinese authors, J. Yuchi (1986) and X Du (1989), noted a strong
correlation between the connective tissue and the channels.[226,227] Around the same time, the
famous Swedish radiologist, Dr. B. Nordenstrom (1989), suggested that a vascular—interstitial system
transferring ion fluxes may be regarded as a morphological base of a channel.[228] French scientist
P. de Vernejoul et al. (1992) came to a similar conclusion after studying the migration of radioactive
isotope solution introduced into acupuncture points.[229] According to Japanese researcher, P.
Hashimoto (2005), the perineurium of connective tissue and perineural vessels may serve as the
morphological basis of the channels.[230]

Scientists from Romania, S. Ionescu-Tirgoviste et al. (1987), measured electrical potentials in
acupuncture points and concluded that the system of channels is a network of electrical conductors
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formed by interstitial tissue stretching between other known anatomical structures.[231,232]
According to A. Ahn et al. (2005) that reduced resistance along a channel is due to the loose connective
tissue that fills the gap between individual muscles or between muscles and bones.[189]

In 1996-1998, M. W. Ho et al. developed the theory of liquid crystal organization of living objects.
According to that theory, collagen and water molecules form a liquid crystal structure that pervades
the entire body. This 'crystal' is the basis of the channels. In acupuncture points, hydrated collagen
fibers are perpendicular to the skin and form a passage linking the internal and the external
environment. It is assumed that this aqueous collagen crystal is a semiconductor for protons. It
functions as a unit and serves as the environment that ensures the existence of the cells of a multicellular
organism. Dr. M. Ho considered collagen crystal to be a peripheral "body consciousness" that
interacts with the "central consciousness" localized in the brain.[233-235]

According to Yu. Ignatov et al. (1990), the stimulation caused by the needle may be transmitted
to a certain distance along the fibers of the connective tissue due to the ability of muscle fascia to
transfer vibrations caused by its tension or perforation.[46]

H. Langevin et al. (2001) studied the phenomenon of needle retention during acupuncture
treatments. It appeared that the needle retention was due to the reaction of connective tissue
structures that twist and untwist around the needle rather than to a muscle spasm reaction. The force
that has to be applied to remove the retained needle is more significant when the needle is in the
acupuncture point than when the needle is introduced in a random skin area.[236] The studies
suggested that fibrous connective tissue can conduct signals at long distances as mechanical waves
propagate along the fascia covering muscles.[237]

Chinese scientists L. Yuan et al. (2004) suggested that the anatomical basis of the channel system
is a branching network of fibrous connective tissue represented by various fascia.[238]

According to J. Kim et al. (2009), a channel is a subcutaneous connective tissue layer with an
interstitial fluid passing through it. These channels ensure the redistribution of tissue fluid pressure
between different body portions in motion. Acupuncture points are the locations for control of the
redistribution of interstitial fluid.[239] P. Fung (2009) came up with a similar idea and added that mast
cells and membrane calcium pumps are essential for the functioning of the channel system.[240]

3.9. The theory of channels describes interstitial clefts and bodily cavities

In 1952, doctor Rokuro Fujita, proposed the hypothesis that the channels represent a system of
inter-muscular slots where interstitial fluid moves due to muscle contraction.[178,179] According to
a doctor S. Takano (1985), interstitial clefts filled with a liquid with a high concentration of ions cause
the "ruodoraku” phenomenon, which means high electrical conductivity of channels.[241]

In 1966, G. Kellner analyzed scores of layered skin preparations aiming to confirm or refute the
results of Kim Bong Han. He found unique slots in the borderline zone between the papillary and
reticular layers that made him suggest the existence of an autonomous intradermal system capable
of transferring interstitial fluid and possibly responsible for the transfer of energy through the skin
surface.[26]

In 1980, D. Draehmpaehi et al. studied tissue samples of four-month-old human fetuses and
discovered linear subcutaneous cavities stretching in the sagittal direction of the localization
corresponding to the description of the "channels." [242]

In 2003, a group of Chinese researchers analyzed the structure and function of perivascular space
and suggested that the area around blood vessels could explain the phenomenon of channels and
collaterals.[243] In 2008, doctor B. C. Lee et al. published an article describing the channel as
longitudinal slots in subcutaneous muscles. Unlike the Kyung-Rak system, these channels have no
covering membrane. They are not associated with acupuncture points, although fluid moves along
these channels, like Bong Han tubes.[210]

W. B. Zhang (2008) used a special technique that permits the measurement of interstitial fluid
pressure. He found areas of low pressure under the skin different from those in the surrounding tissues.
These longitudinally oriented regions of low hydraulic pressure coincide with the path of the so-
called "channels." Limited areas with low hydraulic resistance coincide with the points of lower
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electrical resistance. Radioactive isotope helped visualize the channel trajectory with low hydraulic
resistance. A coloring agent (Alcian blue) determined a more accurate location. The speed of
interstitial fluid in the channel is significantly lower than that of blood and lymph in the vessels. It is
presumed that low hydraulic pressure and resistance areas belong to a previously unknown system
described in the TCM.[244-246]

A study of the migration of coloring agents injected in the area of acupuncture points on the
back (BI-18, Bl-20, Bl-23) was conducted in 2009. The magnetic resonance imaging method found that
the substance was not transmitted along the blood or lymph vessels but via interstitial gaps towards
the direction of corresponding internal organs. [239]

3.10. Other hypotheses that explain the transmission of signals along the channels

Among the other hypotheses explaining transmission of signals along the channels is the one
that assumes that the gap junctions participate in the process. They play an important role in the
metabolic communication and in the integration of cells and tissues. It is believed that the system of
gap junctions is capable of receiving and integrating information from skin surface and transmitting
it to nearby and remote areas of the living organism.[127] The mechanism of signal transmission via
gap junctions is working as follows: each stimulated excretes biologically active substances that
stimulate neighboring cell which in turn is accompanied by mechanical vibrations. An introduced
needle causes vibrating biomechanical processes that spread due to gap junctions along the chain of
cells transmitting the information to the destination.[147]

Doctor S. Y. Lo (2001) suggested that channels are formed by the various polarized molecules
gathered into large clusters, where water molecules play an essential role due to their permanent
dipole moment.[247]

4. Modern discoveries in the functioning of channels and collaterals

This section is devoted to the research related to the specific functions of the tissue along the
assumed pathways of the channels, namely:

The high electrical conductivity;

The high thermal conductivity;

The conducting of the electromagnetic waves;
The conducting of the radioactive isotopes;
The conducting of the contrast media;

AN

The propagating of the specific sensations along the channel.

4.1. The high electrical conductivity of the channels

The most significant number of studies in channel physiology is dedicated to measuring their
electrical conductivity. The resistance between the points belonging to (lying on) the same channel is
lower than between the points belonging to different channels.[52,79,115,116,248,249] It is
noteworthy that the conductive properties of the channels maintain their properties on the skin of
cadavers and transplants.[114,115,250,251] According to F. Kracmer (1962), the electrical properties of
the channels prove they have specific intermolecular bindings.[252]

Stimulation of the points of a particular channel causes a change in the conductivity of the points
of the same channel.[96] For example, when the Pc-6 (Nei Guan) acupuncture point is stimulated, a
significant decrease in the resistance to electric current is observed in the Pc-3 (Qu Ze) acupuncture
point, which is located on the pathway of the same channel.[253]

In the experiment, bipolar electrical signals of a sine-shaped wave with a frequency of 2.5 Hz were
applied to the points of the Lungs channel. It was found that the signal was transferred better in a
distal direction from the point L-3 (Tian Fu) to the point L-11 (Shao Shan), that is, "in the direction of
Qi flow along the channel and worse — in the opposite direction, i.e., "against Qi flow".[248]

There is an opinion that the change in the electrical activity of the channel reflects the change in
the intensity of an electromagnetic field within the body,[96] blood filling of the capillaries, and the
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amount of interstitial fluid.[253] The experiments on the gel model suggested that the function of
electrical conductivity of the channel is associated with interstitial fluid containing water, salt, and
proteins.[254]

4.2. The high thermal conductivity of channels

Experimental and clinical work of A. Romodanov, O. Butenko, D. Liaschenko, A. Ovechkin, and
other authors indicated that a thermal field spreads along the pathways of the channels. That led to
the presumption that the channels represent the system of conductors of heat
fields.[42,94,137,158,255]

The studies of the Chinese authors registered temperature inhomogeneity of the face with an
infrared imager. It was present in the volunteers and patients with facial nerve palsy. The
temperature increase along the urinary bladder channel was observed in 95 out of 444 subjects. The
width of the "hot" line reached 1-1.5 cm, and the temperature gradient ranged from 0.2-0.3 to 1.5
degrees. As a general rule, the temperature gradient increased after acupuncture.[256] Acupuncture
in LI-4 (He Gu) point caused an increase in temperature in the facial area along the projection of the
colon.[257]

In another study, applying moxibustion at acupoints caused the lines of high temperature
coinciding with the channel path to appear on the patient's body.[258] After a moxibustion of the
point GV-4 (Ming Men), 70% of the volunteers noted an increase in the temperature along the midline
of the back. After moxibustion of the points CV-12 (Zhong Wan), 56% of the volunteers had an increase
in temperature along the median line of the abdomen and chest. It is assumed that the mechanism of
linear propagation of the thermal field along the trajectory of the channel is associated with a change
of local microcirculation or an increased thermal conductivity along a compactly organized
connective tissue.[259]

Using an infrared thermal imager during acupuncture permits observing the change of
temperature spreading along the projection of channels. For example, acupuncture of the point GB-37
(Guang Ming) in a patient with paralysis of a facial nerve caused increased temperature around the
eyes. In contrast, acupuncture at the point LI-4 (He Gu) caused an increase in temperature around the
mouth.[260] Acupuncture at the point LI- 4 (He Gu) caused a more pronounced temperature reaction
on the face than at the point S5t-36 (Zu San Li).[261] Thus, the change of thermal fields during
acupuncture further confirms the specific effect of different acupuncture points.

However, it should be noted that the distribution of the thermal field along the trajectory of the
channel was not observed in all experiments.[262] This negative result may be due to the peculiarities
of the subjects, which were healthy volunteers, or the moxibustion technique applied as far as no
initial abnormalities were diagnosed. Acupoints were selected randomly but not according to the
patient's condition, which means the experiment did not follow classic recommendations used in
traditional Chinese acupuncture.

4.3. The conducting of the electromagnetic waves

In 1984, an article was published by D. F. Mandoli and W. R. Briggs dedicated to waveguide-
like structures of plants capable of conducting light along the branches, the stems, and the roots.[19]
Other scientists conducted similar research work.[263]

In the laboratory of V. Kaznacheev, acupuncture points were exposed to the visible light emitted
by a conventional incandescent lamp. A photomultiplier tube measured the intensity of photon
radiation emitted by neighboring acupuncture points. It was found that the emission intensity by
points located on the same channel as the irradiated point was several hundred times higher than the
background radiation detected from the points of the adjacent channels; thus, the channel's ability to
conduct electromagnetic waves of the visible band was detected. It is believed that the system of
channels permits the light to penetrate and reach the deepest sections of the living body.[264] The
ability of the channels to conduct light was confirmed and studied by the laboratory in China.[265]
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4.4. The conducting of the radioactive isotopes

The first study of radioactive isotope (RAI) migration after its introduction into the acupoints was
conducted by a North Korean scientist, Kim Bong Han, who published his findings in 1964.[202]

In 1981, Romanian scientists Tiberiu Réibulet et al. reported the migration of isotopes in the
distal direction of the limb, i.e., opposite to the proximal direction expected if the isotopes were
moving through veins or lymphatic vessels.[266]

The following publications were from the French scientist P. de Vernejoul et al.[267-270]
Technetium-99m [99mTc] in the form of sodium pertechnate was administered subcutaneously to a
depth of 3-5 mm to a group of patients and healthy volunteers, volume of 0.05 ml containing a single
dose of 10 MBq. Introduction of the RAI into the point K-7 (Fu Liu) located on the inside surface of
the leg led to linear migration of the isotope to 30 cm from the injection site (Figure 6b). A local
diffusion in different directions was observed (Figure 6a) when it was introduced outside the point.

When RAI was introduced into point St-43 (Xian Gu), located on the dorsum of the foot, the
isotope migrated in proximal and distal directions along the tendon-muscular channel of the
Stomach.[267] When RAI was administered in GB-36 (Wai Qiu) point located on the outer surface of
the tibia and point St-41 (Jie Xi), located on the borderline between the foot and shin, a linear
migration of the isotope in the distal and proximal directions was observed. When RAI was
administered to a point LI-18 (Fu Tu) in the center of the sternocleidomastoid muscle, the isotope
migration was observed toward the upper lip on the opposite side, i.e., alongside the Large Intestine
channel.[268]

A

30 cm

(a) (b)

Figure 6. A modified picture presented in the article of P. de Vernejoul, et al. [267] (a) Circular
diffusion of isotopes administered in a control area of the skin, (b) and a linear migration of isotope
administered in the acupuncture point K-7.

When RAI was introduced into the left and the right points of the Kidney channel K-7 (Fu Liu)
of the patients with unilateral renal pathology, it turned out that the speed of propagation of the
isotope was higher on the affected side than on the unaffected one.[267]

In the subsequent experiments, RAI was administered bilaterally at the point K-7 (Fu Liu). Then,
point K-2 (Zhang Gu) was exposed to impulses of the helium-neon laser. The pulse frequency of 24
Hz changed the RAI migration speed. The pulse frequency of 48 Hz caused no change in the rate of
RAI migration.[268]

Pertechnetate sodium and rhenium sulfide labeled by technetium isotope [99mTc] were used to
exclude migration of the isotope via (or through) the lymphatic system. lisotopes were administered
to the acupuncture points or into the webbing between the toes according to the classical method of
lymphography. After introducing rhenium sulfide into the webbing between the toes, it was
accumulated in the lymph node. However, no RAI accumulation in the lymph nodes was observed
when sodium pertechnetate and sulfur rhenium were administered at the acupuncture point. The
assumption of the distribution of RAI by veins was also excluded, as the isotope migration went on
in a longitudinal direction (not in the transverse direction typical for the location of the veins on the
back of the foot.[267,269,270]
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The average speed of RAI linear migration did not exceed 3-5cm/minute, i.e., it was significantly
lower than in the case of migration along the veins or lymph vessels. Thus, apart from the typical
trajectory of the isotope propagation, there was another essential peculiarity of the isotope migration:
a slow onset of the migration and a slow disappearance, unlike rapid onset and disappearance in the
case of isotope migration along lymphatic or venous vessels.[268] It is believed that RAI migrates
along areolar connective tissue surrounding neurovascular bundles.[268]

The Spanish scientists of F. M. Kovacs's laboratory performed similar studies on dogs. In the first
experiments, radioactive technetium (99mTc) was administered subcutaneously at a low electrical
resistance point on the dog's paw; after that, the linear isotope migration (LIM) was observed in the
proximal direction as a narrow line. The isotope propagated along the same line in different
experiments with an average 2cm/minute speed. The isotope distribution was not associated with the
movement along nerves, blood, or lymph vessels.[271]

Further experiments clarified that the migration of radioactive technetium is possible only in
case of skin integrity both in the path of the migration and on the opposite extremity.[272]

If a skin incision is made in the path of the radioactive isotope, the migration continues around
the wound. After stitching the wound, LIM was restored, and the isotope ceased moving around the
wound. LIM was also restored if an unstitched wound was filled with silicone gel or a gel for
ultrasound diagnostics and was covered with a solid silicone sheet parallel to the skin surface. LIM
was absent if the wound remained unstitched but was filled with Vaseline or a whole silicone layer.
Thus, the LIM process was observed even before restoring the integrity of the traumatized tissue. The
experimental results suggest that the mechanism of linear isotope migration is similar to the capillary
electrophoresis.[273]

Despite the obvious character of the above results, some authors are still arguing that the leading
role in the process of elimination of the radioactive isotope is not played by the "channels," but rather
by the well-known venous and lymphatic vessels.[274,275]

4.5. The conducting of the contrast media

Studies with non-radioactive contrast agents administered at the points of different channels
were also conducted. According to MRI, the migration of contrast matter was linear along the
trajectory of the channels. It was also noted that the transfer of the contrast matter was not related to
the movement of the blood or lymph among the vessels. Linear movement of the contrast matter was
not observed when it was administered outside the acupuncture points.[276]

Similar results were demonstrated by J. Kim et al. (2009) in their studies of colorant migration
when administered to the dorsal acupuncture points (Bl-18, BI-20, Bl-23). According to MRI, the
substance was transferred neither by the blood or lymphatic vessels but via interstitial gaps in the
direction of the respective internal organs.[239]

The studies of W. B. Zhang (2008) detected longitudinal regions of lower pressure in the
subcutaneous areas of guinea pigs. The speed of interstitial fluid through these lower pressure
channels was significantly lower than that of blood and lymph within vessels.[245]

Solutions of medications introduced into points with low flow resistance are eliminated from
the area of the points much faster than when administered to control skin areas. Rapid absorption of
the medication means a quicker onset of the pharmacological effect.[277]

6. The propagating of the specific sensations along the channel

Phenomenon of "Arrival of Qi" (De Qi) was described from the very beginning of acupuncture.
If the needle is inserted to the desired depth, the patient may feel aching, distension, tingling and other
sensory modalities in the area of acupoint. In this case you may find the changes of biophysical
parameters of skin around the needle. In the ancient book Spiritual Pivot (Huangdi Neijing Lingshu), it
was written that "acupuncture therapy does not take effect until arrival of Qi". Later they noticed, that
quick arrival of Qi suggested good effects in treatment, slow arrival of Qi retarded effects in treatment.
If there is no needling reactions, doctor should concentrate his mind, insert needle to a certain depth,
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apply special manipulation and wait for Qi, which "seems a fish bites on fishing pulling the line
downward".[278]

Special needle manipulation causes the sensations that propagate along the limbs and the body.
This phenomenon is called "propagated sensations along the channels" or PSC. The phenomenon of
the "arrival of Qi at the site of disease" or AQSD is similar. With it, the positive clinical effect develops
as the sensory responses extend to a place of the conventional localization of the pathological process
or pain.[279-281] There are manifesting PSCs when a patient is describing some sensations
accompanied by the change of objective parameters of the points and relevant bodies, and the latent
ones when it is possible to detect a change of objective parameters in the area of the points and/or
organs despite the absence of sensory reactions.[280,281]

According to the experts in acupuncture the presence of PSC is one of the proofs supporting the
existence of morphological — functional system referred to as channels or meridians. Registration of
the directions and the development of the sensations when acupuncture points are activated permits
to further verify the paths of the meridians.[282-284]

The research permitted the measure of the sensations' propagation speed, which varies on
average between 1.5 and 5.0 centimeters per second, but sometimes reaches 20 cm/second. The width
of the strips of skin within which the sensations are experienced ranges from one to three centimeters
on the limbs and up to 10 centimeters on the body.[44,96]

Objective physiological changes are detected in the presence of sensory reactions that can be
measured by a variety of devices, such as:

- Anincrease in the amplitude of the systolic wave of the vascular rheo-angiogram located
in the area of the stomach meridian with the stimulation of the point St-36 (Zu San Li).

- Increase in heart rate during stimulation of the Pericardium channel points;

- Anincrease in urine output during stimulation of the Kidney channel points.

- Anincrease in the excretion of cAMP upon stimulation of the Urinary Bladder channel.

These changes ceased shortly after the stimulation is over and PSC is withdrawn, and they do
not occur when the points of the other meridians are activated. In the absence of PSC, physiological
changes were not recorded or were expressed very weakly.[285]

In other studies, the proliferation of the PSC, caused by the needle stimulation, was accompanied
by a change of skin color as a red stripe (vasodilatation) or as a white stripe (vasoconstriction).[279]

Stimulating the end (Jing) points of channels caused 2-15 Hz sound signals with triangle or sine
waves propagating along the channel.[279] The other phenomena included the change in the
electrical resistance and capacity in the points, increased pain threshold, and increased activity of the
spontaneous visible light.[279] Upon reaching the PSC of the relevant body, it changed its
physiological parameters, and in particular, there was an increase in myocardial contractility, louder
rumbling in the stomach, and activation of peristaltic motion.[279-281] In this case, specific sensations
reached the area of the disease, the pain was eased, asthma attacks stopped, or a muscle spasm was
relieved. Persistent clinical effect was achieved by the courses of treatment of chronic diseases,
including myopia, gastroptosis, optic nerve atrophy, ischemic heart disease, and others.[280]

The studies on the blockade of sensations propagating along a channel are of great interest. It
was proven that the PSC and therapeutic effects may be blocked by cold exposure of the area of the
channel projection. [96,279] On the contrary, local warming of the channel speeds up the transmission
of PSC.[279,280] On the contrary, local warming of the channel speeds up the transmission of PSC.
[279,280] The PSC blockade effect may also be achieved by injecting 0.2-0.3% saline or lidocaine
solution into deep tissue and after either epidural or peridural anesthesia. However, intrathecal and
epidural anesthesia could not blockade the sensation propagating along a channel in some patients.[280]
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A mechanical pressure of 500 - 1000 - 500 g/mm? with a tissue deformation in the channel projection
region immediately blocks PSC. The critical factors for PSC blockade are the localization and the force
of pressure of pressure. Thus, a light touch to the skin without pressure and the pressure outside the
channel projection area do not cause PSC blockade and, therefore, do not reduce the effect of
acupuncture treatment.[279,280,286] PSC blockade neutralizes all of the above effects of PSC,
including the pain relieving effect of acupuncture.[96]

In the middle of the 1980s, E. Andreev, S. Sit'ko, et al. carried out studies with low-intensity
electromagnetic radiation (EMR) in millimeter (MM) range. Therapeutic frequency was chosen for
each patient individually, considering the patient's body's PSC and objective parameters. They called
their methods "microwave resonance therapy".[153,199,200] They were the first to describe the effect
of the PSC blockade by constant magnetic field. This phenomenon was called "the phenomenon of
Rudenko".[287,288]

In 1989, as part of a state program carried out under the supervision of the USSR Academy of
Sciences to study the biological and medical effects of EMR MM, a series of experiments on the
stimulation of sensory reactions with subsequent blockade by a constant magnetic field was carried
out. It was found that the patient’s sensory reactions were accompanied by a change in temperature
at particular acupoints located on the channels. When the permanent magnet with a magnetic field
strength of 500 oersted was placed on one of the points along the channel, the sensory reactions
previously stimulated by EMR MM were gone, and the temperature at the points went back to the
initial one.[289]

Summarizing the review of research on the PSC phenomenon, one can say that most authors
who studied the PSC phenomenon concluded that the PSC blockage was not due to the signal
interferences at specific parts of the central nervous system but instead due to the blockage of some
process at the periphery. Therefore, the PSC phenomenon is associated with an unknown
physiological process developing and propagating directly along a channel.[280,286]

5. The "channels and collaterals" theory describes the physiology and pathology of intercellular
space

In 1989, after analyzing the literature on acupuncture points and channels, and considering the
results of the therapeutic application of the EMR MM range, it was suggested that the channels are
interstitial gaps.[290]

After further discussion, attention was drawn to modern research methodology that usually
suggests the connections of specific functions to specific structures of a biological object. However, in
some cases, the absence of a structure provides an additional conductive function, for example, a
window or door opening, a riverbed or drainage system, etc. Thus, the channels can be represented
as gaps stretching between the other well-known anatomical structures. Surfaces of muscles, blood
vessels, nerves, bones, and other structures also form the outer walls of the so-called channels. These
gaps are filled with longitudinally oriented fibrous connective tissue, ground substance, electrolyte
solutions, and structured water. Perhaps, this is enough to ensure the Qi conductivity function. This
interpretation of the channels corresponds to the functional and morphological data discussed above
and to the description of the channels in the writings of the Chinese master Li Shi Zhen: "... there are
tunnels within a body and the one turning his mental gaze there may illuminate them ..." [162]

The theory and the experimental data proven that direct intercellular information exchange is
carried out with the participation of electromagnetic fields of the frequency ranging from 10" to 10
Hz.[264,291] According to radio physics, such frequencies are transmitted by dielectric waveguides.
Nerve fibers are suitable transmitters of low-frequency signals, whereas high-frequency signals may
be transmitted only through the channels serving as a waveguiding structure. Therefore, the system
of channels is the leading candidate for transmitting high-frequency signals generated by the cells.
Theoretical and experimental studies confirm that the channels can be waveguides transmitting
electromagnetic waves of various ranges.[19,264,287,291]

The channels likely are an independent and the most ancient (in phylogenetic and ontogenetic
sense) regulatory system of the body. However, being the basic one, it unites all other more
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sophisticated and the younger systems of macro-organism and provides interaction of the bodily
interior with the environment.[107,201,292]

For the above reason, in 2003, the hypothesis was first proposed that physicians of ancient China
designed the theory of channels and collaterals to describe the physiology and pathology of
intercellular space, gaps, and cavities of the human body.[62,293] (Figure 7)
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Figure 7. Theory of channels and collaterals describes physiology and pathology of intracellular space

Analyses of the channel trajectory may prompt us to find a correlation between the channels and
specific anatomical structures, but the relationship will be functional rather than morphological. The
nature of the disease and its effects may help to determine the relationship of a specific disease with
a particular regular channel or its secondary vessel.

For example, skin and subcutaneous tissue inflammation accompanied by redness, swelling,
increased local sensitivity, and temperature may serve to diagnose the excess syndrome of the
tendon-muscular channel passing through the affected area. Suppose there is a contraction of a
specific group of muscles or tendons, or a keloid scar or non-healing wound persists after recovery;
in that case, one can suggest the involvement of Luo-channel (collateral) in that affliction. If there are
general manifestations of the disease with the signs of general adaptation syndrome and symptoms
of the organs, it signifies the presence of the pathology of the regular channel and perhaps an
organ.[294]

However, if we analyze the pathway of the Governing Vessel and the Conception Vessel, we can
conclude that the first one corresponds to the spinal canal and cranial cavity, and the second one
corresponds to the thoracic and abdominal cavities.[62]

6. The theory of Organs describes the physiology and pathology of cells

TCM identifies 12 main organs. There are six organs classified as Yin, or solid organs with
parenchyma inside (Lungs, Spleen-Pancreas, Heart, Kidneys, Pericardium, Liver), and there are six
organs classified as Yang, or hollow organs with internal cavities (Large and Small Intestines,
Stomach, Gall bladder, Urinary bladder, and Triple heater).

Solid and hollow organs combined in pairs. There are small cavities inside the solid organs, for
example, bronchi in the lungs, pyelocaliceal system in the kidneys, pancreatic ducts in the pancreas,
bile ducts in the liver, etc., which resemble hollow organs. The hollow bodies are surrounded by
parenchymal walls which can be attributed to a solid organ. Therefore, a stone in a kidney is located
in the Urinary bladder, and a peptic ulcer located in the Stomach is a manifestation of the pathology
of the Spleen-Pancreas.[62]

The term "organ" in TCM has a broader meaning than in anatomical formation. Most cells have
standard organelles such as the nucleus, Golgi apparatus, endoplasmic reticulum, mitochondria, etc.
Each organelle is responsible for specific functions. Mitochondria are responsible for oxidizing-
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phosphorylation and ATP synthesis. Golgi apparatus synthesizes proteins, polysaccharides, and
other complex molecules and accumulates various minerals and biologically active substances. The
cell nucleus is responsible for the development, constant shape, and death of the cell.

The essential functions of the main organs may be localized in specific organelles of every cell;
for example, mitochondria are in charge of breathing (~ lungs), the endoplasmic reticulum is
responsible for digestion and nutrient transportation (~ pancreas); the Golgi apparatus is responsible
for the accumulation of biologically active molecules (~ liver); the cell nucleus maintains homeostasis
and is in charge of development and death (~ kidney). The centrioles play an essential role in the
process of cell division. Microtubule pulsing discovered in centrioles suggests that centrioles are most
likely the intracellular analogs of the heart.[295] (Figure 8)
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Figure 8. Cell and organelles: Golgi complex corresponds to the Liver, Mitochondria — to the Lungs,
the Nucleus - to the Kidneys, Endo-plasmatic reticulum — to the Spleen-Pancreas, Centrioles could
correspond to the Heart.

All said above suggests that the TCM concepts of the organs are related to certain features and
pathological processes in the human body's cells.[62] For example, the term Lungs stands for the
system of organs and tissues responsible for synthesizing Qi, or energy accumulated in ATP
molecules. This system includes a respiratory center that regulates the complete process of
respiration: the Lungs, which are involved in external breathing, red blood cells transport gases, and
mitochondria perform ATP synthesis. (Figure 9)

Essentially, this complex circuit converts the energy stored in food into energy stored in the
binding between the ribose molecule and phosphoric acid molecule. Therefore, whenever dyspnea is
present, it is necessary to work with the points of the Lung channel regardless of the etiology,
pathogenesis, and true localization of the disease. Inspiratory dyspnea and cough that aggravates at
exhalation indicate the syndrome of lung deficiency and require activation of the relevant points.
Expiratory dyspnea and cough that aggravates at inspiration indicate the syndrome of lung excess
and require sedation of the relevant points.[62]
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Figure 9. A system of "Lungs" provides the function of the external breath, transportation of oxygen
and carbon dioxide and finally tissue respiration with subsequent synthesis of ATP molecules.

In the same way, all other main organs have their essential functions and specific symptoms. For
example, headache and dizziness points to a disease of the 'Liver,' insomnia and poor memory point
to a disease of the 'Heart," digestive problems point to a disease of the 'Pancreas,' and so on.[96]

Conclusion

Thus, according to the acupuncture theory of TCM, Qi, and blood circulates in the human body
along the "channels and collaterals". For several thousand years, this theory allowed for effective
treatment using classical acupuncture and moxibustion. From the time of acupuncture was designed
to today, man has not changed. Consequently, the "channel system" described in ancient times is
present in the human body today. However, analyzing all the above material, it is impossible to find
confirmation that some kind of specialized regulatory system is still unknown in modern anatomy
or physiology. Based on this, we can conclude that a "channel system" must exist, and perhaps it is
known in modern biology and medicine. However, its description in scientific terms makes it difficult
to recognize the system described as a "channels and collaterals.” Taking this into account, one can
propose that, by the theory of channels and collaterals, doctors of ancient China described the
physiology and pathology of the intercellular space and cavities of the body, and by the theory of
internal organs they described the physiology and pathology of the cells.

Depending on the nature of the disease and its consequences, it may refer to channels
(intercellular space), which are superficial and less dangerous, or to organs (cells), which are deeper
and more dangerous.

In turn, depending on the nature of the disease and its consequences, it may refer to regular
channels, which are deeper, or to the secondary vessels or collaterals, which are more superficial and
less dangerous.

The term "organ" can refer to a specific function inherent in all cells, or to a specific organ that
provides a particular function. It also can unite a system of organs involved in the joint
implementation of a complex function. In the latter case, the term "organ" describes a "functional
system," the unifying factor of which is the valuable result of the action.[296]

Analyzing theories used in TCM, one may believe they are a basic mathematical model, showing
the general laws and relationship between physiological and pathological processes in the human
organism. Although modern analogs can be found for the majority of terms and theories of TCM, it
is essential to avoid simplifying ancient knowledge but to study it carefully to use it for scientific
research and daily practice.[297]
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