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Abstract

Mast cells (MCs) are strategically concentrated at acupuncture points throughout the body,
where they serve as critical cellular intermediaries between mechanical stimulation and
neurological response. The evidence from over four decades of research — originating with
Professor Jimei Song's 1977 hypothesis and confirmed by molecular studies through 2025 —
demonstrates that mast cells are not merely passive immune sentinels but active transducers of
acupuncture signals. This study synthesises the mechanotransduction pathway, the mediator
cascade (ATP, serotonin, histamine, tryptase), the mast cell-nerve cell coupling mechanism,
acupoint sensitization dynamics, and the broader integrative biology of Far-Infrared (FIR)
therapy, GHK-Cu peptide, and Advanced Glycation End-products (AGEs) as they relate to
acupoint physiology.

1 Introduction: Bridging Traditional Medicine and Molecular

Biology

Acupuncture, practiced for over two thousand years within Traditional Chinese Medicine (TCM),
operates on the principle that stimulating discrete anatomical loci — acupoints — along
meridian pathways modulates physiological function and alleviates pathology. For much of its
history, the mechanism by which a fine needle inserted into skin produces analgesia, immune
modulation, and systemic effects remained scientifically unexplained.

The pivotal insight came from Professor Jimei Song (1924—1987) of the Liaoning College of
Traditional Medicine, who in 1977 first proposed that cutaneous mast cells are responsible for
the phenomena associated with meridian activation and acupoint De Qi sensation. Song's Mast
Cell Theory has since been substantiated by hundreds of experimental studies and is now
recognised as one of the leading mechanistic frameworks in acupuncture science.

The core thesis is elegant: acupoints are defined not merely by anatomical convention, but by
distinctive local biology — a high density of mast cells co-localised with nerves, microvessels,
and collagen fibres — that enables them to transduce mechanical stimuli into biochemical and
electrical signals propagated through the nervous and immune systems.

2 Mast Cell Biology: A Foundation

2.1 General Characteristics

Mast cells are granulated tissue-resident immune cells derived from pluripotent haematopoietic
progenitors. They are especially abundant at sites in close contact with the external
environment — skin, gastrointestinal tract, and airways — and are distributed across virtually all
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organs and vascularised tissues. Their cytoplasm is rich in secretory granules containing
preformed mediators including:

e Histamine (HA) — a biogenic amine involved in vasodilation, vascular permeability, and
neural sensitisation

e Serotonin (5-Hydroxytryptamine / 5-HT) — a neurotransmitter and paracrine signalling
molecule

e Tryptase — a serine protease with receptor-activating and pro-inflammatory properties

e Adenosine Triphosphate (ATP) — the primary energy currency and an extracellular
purinergic signalling molecule

Mast cells are classically known for their role in IgE-mediated allergic reactions, in which IgE
binds to the high-affinity Fce receptor (FceRlI) on the cell surface, and subsequent cross-linking
by allergen triggers degranulation. However, they respond to a far broader range of stimuli —
including mechanical force, temperature, neuropeptides, and electromagnetic radiation —
making them central sensors at the interface of the immune, nervous, and circulatory systems.

2.2 Mast Cells at Acupoints

Research consistently shows that acupuncture points in rodents and humans exhibit significantly
higher mast cell densities compared to adjacent non-acupoint tissue.! This mast cell
enrichment, together with dense collagen fibre networks, microvessels, and nerve terminals,
constitutes the structural basis that distinguishes acupoints as preferential sites for physiological
signalling.

Studies employing toluidine blue staining have demonstrated that the locations of putative
acupoints such as CV 8 and Kl 16 can be inferred from mast cell density maps — offering a
potential objective, cytological method for acupoint identification independent of traditional
cun measurement.

3 Acupoint Sensitization: From Silence to Activation

3.1 The Dynamic Acupoint

Acupoints are not static anatomical features. They exist in a dynamic continuum between a
"silenced" (quiescent) state and an "activated" (sensitised) state. Acupoint sensitization refers to
the transformation of an acupoint from its baseline low-reactivity condition to a heightened
responsiveness, typically occurring in the context of visceral disease or pathological conditions
corresponding to the associated meridian.
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This dynamic nature is mediated largely by mast cells.® Under pathological conditions — for
instance, knee osteoarthritis in experimental models — mast cells at relevant acupoints such as
Yanglingquan (GB34) and Weizhong (BL40) show increased recruitment, higher degranulation
rates, and elevated release of tryptase, 5-HT, and histamine.

3.2 The Mediator Triad: Tryptase, 5-HT, and Histamine

The three principal mediators released during mast cell degranulation are:

Tryptase acts on protease-activated receptors (PARs) on sensory nerve terminals, directly
sensitising them and lowering pain thresholds. It also activates downstream inflammatory
cascades and promotes further mast cell recruitment.

5-Hydroxytryptamine (5-HT / Serotonin) is stored in mast cell granules and released upon
mechanical stimulation. 2023 research demonstrated that MC-derived 5-HT at Zusanli (ST36)
contributes directly to acupuncture analgesia.® Serotonin mediates ATP release through 5-HT1A
receptors, establishing a sequential amplification cascade: needling - 5-HT release - ATP
release - purinergic signalling - analgesia.

Histamine (HA) binds to H1 receptors on sensory nerve terminals. Activation of the histamine
H1 receptor increases B-endorphin levels in cerebrospinal fluid, replicating the analgesic effect
of acupuncture.?

Together, the release of 5-HT, HA, and tryptase during degranulation underlies the cross-talk
between the circulatory, nervous, and immune systems at acupoints, establishing mast cells as
trigger elements in acupoint sensitization.

4 The Mechanotransduction Pathway

4.1 From Mechanical Stimulus to Cellular Response

Acupuncture needle insertion and manipulation generate mechanical force and torque within
the tissue. Mast cells at acupoints express multiple mechanosensitive ion channels including
TRPV1, TRPV2, TRPV4, and mechanosensitive chloride channels. Needle manipulation deforms
the collagen fibre network, transmitting mechanical strain indirectly to mast cell membranes via
integrin and cytoskeletal coupling. This activates the mechanosensitive channels, triggering a
cascade:

1. MS channel activation = Ca?* influx from the extracellular space and Ca?* release from the
Endoplasmic Reticulum (ER) into the cytosol
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2. Intracellular Ca?* rise - triggers mast cell degranulation
3. Granule content release - histamine, 5-HT, tryptase, and ATP expelled into the extracellular
space (ECS)

The TRPV2 channel has been identified as particularly central.” TRPV2 on the mast cell
membrane is the primary receptor through which mechanical stimuli from acupuncture are
transduced, after which the mast cell activates H1 or adenosine Al receptors to trigger the
analgesic cascade.

4.2 Experimental Evidence: The DSCG Paradigm

Pharmacological mast cell stabiliser experiments using disodium cromoglycate (DSCG)
consistently show:

e Acupuncture at standard acupoints produces a remarkable increase in mast cell
degranulation

e Pretreatment with DSCG counteracts degranulation at the acupoint

e DSCG pretreatment also significantly reduces the analgesic effect of acupuncture

Studies at Zusanli (ST36) show that DSCG injection suppresses the increase in nerve discharge
frequency that normally follows acupuncture needle twisting.

This pharmacological evidence establishes mast cell degranulation as a necessary upstream step
in acupuncture signal initiation, not merely a coincidental epiphenomenon.

5 The Mast Cell-Nerve Cell Coupling Model

5.1 Anatomical Co-Localisation

Nerve cells share perivascular localisation with mast cells throughout the body. This spatial
intimacy has been confirmed in vitro and in vivo across multiple tissue types: myocardium,
diaphragm, brain, gallbladder, ileum, mesentery, and skin — in numerous animal species at both
anatomical and molecular levels.® This widespread MC—nerve cell proximity points to a
fundamental, evolutionarily conserved interdependence.

5.2 The ATP-Purinergic Signal Cascade

The most precisely characterised mast cell-nerve cell communication pathway operates through
ATP and purinergic receptors:
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Step 1 — Mechanical stimulus: Acupuncture needle manipulation generates force at the
acupoint.

Step 2 — Ca?* mobilisation: MS channel activation triggers intracellular Ca?* rise in the mast cell
(from both ER release and extracellular influx).

Step 3 — ATP release into ECS: The Ca?* rise drives ATP exocytosis from mast cell granules.
Physical stimulation studies confirmed that mechanical stress, heat, and red laser light all induce
ATP release from human mast cells — establishing that all major acupuncture modalities share
this common cellular pathway.w

Step 4 — Purinergic receptor activation: ATP diffuses through the ECS and binds to purinergic
receptors (P2X3, P2X4, P2X7) on adjacent sensory nerve terminals.

Step 5 — Action potential generation: ATP binding gates purinergic receptors, triggering Na*
influx and inducing an action potential at the sensory nerve ending.

Step 6 — Signal propagation: The electrical signal spreads along the nerve fibre branches
through the neural network to the spinal cord dorsal horn and ascending to the brain.

Step 7 — ATP hydrolysis to adenosine: Extracellular ATP is sequentially hydrolysed: ATP - ADP
- AMP - Adenosine. Adenosine activates Al receptors on primary afferent fibres, exerting an
inhibitory effect that reduces pain signal conduction.

5.3 The Positive Feedback Loop

Mast cell-nerve cell interaction is bidirectional. Mast cell mediators sensitise sensory neurons;
the activated sensory neurons in turn release neurotransmitters and neuropeptides — such as
Substance P and Calcitonin Gene-Related Peptide (CGRP) — that further activate mast cells. This
creates a positive feedback amplification loop that sustains and magnifies the acupuncture
signal.

6 Acupoint-Specific Signal Initiation

6.1 The Central Role of Mast Cells

Key research has established that the mast cell is the central structure of acupoints — the
cellular hub through which mechanical stimuli are transduced into biochemical signals that
activate the nervous system.” The molecular sequence is:

Mechanical stimulation > TRPV2 activation - Ca?* influx - degranulation - HA (H1R
activation) and Adenosine (A1R activation) - 8-endorphin release in CSF = analgesia
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6.2 Mast Cell Density Determines Acupuncture Efficacy

System biology modelling has confirmed that the magnitude of acupuncture effects is
quantitatively dependent on local mast cell density at the treated acupoint. Studies at BL40
(Weizhong) confirmed that deep acupuncture at the true acupoint increases both the number
and degranulation rate of mast cells and local concentrations of 5-HT, Substance P, and
histamine, while shallow acupuncture or needling adjacent non-acupoints fails to reproduce
these effects.t

6.3 Mast Cells as Upstream Regulators: Evidence from Parkinson's Disease

2024 research in a Parkinson's disease model demonstrated a groundbreaking finding: MC
activity augmentation by acupuncture was blocked by the MC stabiliser cromolyn but not by
lidocaine (local anaesthetic).:u This establishes that MC activity is a more upstream regulator of
acupuncture effects than nerve conduction — mast cells activate first, then transmit signals to
nerves, not the reverse.

7 The Broader Neuroimmune Network at Acupoints

7.1 Volume Transmission and Wire Transmission

Two complementary modes of signal transmission operate at acupoints:

Wire transmission refers to classical point-to-point signal conduction along nerve fibres — the
action potential propagation described in the ATP-purinergic cascade. This provides rapid,
targeted communication.

Volume transmission refers to diffuse spread of chemical mediators (histamine, serotonin, ATP,
adenosine) through the extracellular space and tissue fluid. This slower, broader mode underlies
the systemic and sustained effects of acupuncture beyond the immediate needling site.

7.2 Central Pathway Connections

Signals initiated at acupoints ultimately propagate to the central nervous system, engaging:

Spinal cord dorsal horn — where ascending pain pathways are modulated

Periaqueductal gray (PAG) — a key centre for descending pain inhibition

Pontine micturition centre (PMC) and other brainstem nuclei

Pineal gland — implicated in melatonin and endorphin regulation

Amygdala — a limbic structure involved in stress, fear, and pain processing
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The final analgesic output involves endorphins (endogenous opioid peptides released in the
CSF), dopamine (contributing to reward and pain modulation), and COX/PGE,/TRPV1/CGRP
pathways modulated by acupuncture.

7.3 Chromaffin Cells and Serotonin

Chromaffin cells of the adrenal medulla are another source of serotonin and catecholamines
that interact with the systemic effects initiated at acupoints. The adreno-sympathetic axis
represents one of the major efferent pathways through which acupuncture produces systemic
immunomodulatory effects, including the cholinergic and splenic anti-inflammatory pathways.

8 Far-Infrared (FIR) Therapy and Acupoint Endothelial Biology

8.1 FIR as an Acupoint Modality

Far-infrared radiation (FIR, wavelengths 3—1000 um) represents a non-invasive alternative to
needle stimulation. Like mechanical acupuncture, FIR applied to acupoints can induce mast cell
activation and downstream biological effects. Electroacupuncture has been shown to trigger the
release of mesenchymal stem cells (MSCs) into the bloodstream, contributing to vascular repair
and tissue regeneration in stimulated areas.

8.2 FIR Effects on Vascular Endothelial Cells

FIR exerts complex, context-dependent effects on vascular endothelial cells through a dual-
action mechanism:

Protective mechanisms: FIR activates the transcription factor PLZF (Promyelocytic Leukemia
Zinc Finger), which translocates to the nucleus and blocks the PI3K/Akt signalling pathway — a
key driver of cell proliferation. This selectively inhibits VEGF-induced pathological endothelial
proliferation relevant to tumour angiogenesis and vascular disease. FIR also promotes
phosphorylation of endothelial nitric oxide synthase (eNOS) and generation of nitric oxide (NO),
providing vasodilation, antioxidant activity, and anti-inflammatory protection.

Dual-action balance: By simultaneously inhibiting uncontrolled VEGF-driven proliferation via
PLZF/PI3K/Akt while boosting the protective eNOS/NO pathway, FIR achieves a remarkable
therapeutic duality: preventing stenosis and vascular thickening while promoting healthy blood
flow and tissue repair in ischaemic areas.

Dosimetric considerations: Wavelength and intensity are critical determinants of biological
effect. Non-thermal (photobiological) effects at appropriate wavelengths are beneficial;
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excessive thermal effects from high-intensity FIR emitters can damage cells and negate
therapeutic benefit.

9 Metabolic Context: ATP, Oxidative Phosphorylation, and Cellular

Energy

The ATP-centred mechanism of acupuncture signal transduction connects directly to
fundamental cellular bioenergetics. ATP metabolism at acupoints:

e ATP (triphosphate) > ADP (diphosphate) > AMP (monophosphate) - Adenosine

e Oxidative phosphorylation in mitochondria is the primary pathway producing ATP from
cellular nutrients, using molecular oxygen as the electron acceptor (38 ATP molecules per
glucose molecule in eukaryotes)

e Glycolysis — the cytoplasmic pathway that converts glucose to pyruvate — provides a
supplementary, oxygen-independent ATP source

This is clinically relevant in ischaemia-reperfusion injury (IRI): the sudden reoxygenation
following ischaemia produces reactive oxygen species (ROS), oxidative stress, and further tissue
damage. Acupuncture modulates this process partly through mast cell-mediated anti-
inflammatory pathways.

Supportive nutritional co-factors of relevance to acupoint biology:

e N-Acetyl Cysteine (NAC) — a precursor to glutathione and antioxidant defence, protecting
acupoint tissue from oxidative damage

e Leucine — an essential branched-chain amino acid that activates mTOR signalling, critical for
protein synthesis and tissue repair

e Kisspeptins (KISS1 gene, GPR54 receptor) — originally identified as metastasis suppressors;
they regulate GnRH/FSH/LH signalling cascades at the intersection of reproductive
endocrinology and acupoint-activated biochemical networks

10 GHK-Cu: Copper Peptide Enhancement of Stem Cell Activity

GHK-Cu (Glycyl-L-Histidyl-L-Lysine copper) is a naturally occurring copper-binding tripeptide with
multifaceted biological activity relevant to acupoint tissue regeneration:
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Restores stem cell "stemness" Reverses senescent gene expression patterns in
aged MSCs

Promotes trophic factor secretion Enhances MSC release of VEGF and bFGF

Activates integrin pathways Regulates gene expression and stem cell
behaviour

Resets gene expression Shifts profiles from diseased/aged toward

healthy states

Anti-inflammatory / antioxidant Reduces oxidative stress and inflammation in
surrounding tissue

Promotes tissue regeneration Stimulates collagen, decorin, angiogenesis,
nerve outgrowth

The relevance to acupoint biology is considerable: acupuncture-triggered MSC release into the
bloodstream represents a systemic regenerative signal, and GHK-Cu could potentiate this by
restoring MSC proliferative capacity and amplifying trophic factor secretion in tissues targeted
for repair.

11 Advanced Glycation End-Products (AGEs) and Acupoint Tissue

Health

Advanced Glycation End-products (AGEs) are harmful compounds formed during sustained
hyperglycaemia. They represent a major challenge to acupoint tissue integrity through multiple
mechanisms:

e Oxidative stress and inflammation: AGEs elevate reactive oxygen species (ROS), promoting
tissue oxidative damage

e RAGE signalling: AGE-RAGE receptor binding activates MAPK and NF-kB pathways, driving
inflammation and cellular dysfunction

e Endothelial damage: AGEs impair vascular endothelial cell function, reducing the circulatory
support that acupoint tissue depends on

e Neural injury: AGEs implicated in neuronal damage, potentially impairing the nerve density
that makes acupoints functional

Clinical manifestations include vascular disease, diabetic nephropathy, diabetic osteoporosis,
and neurodegenerative disease. Therapeutic approaches include inhibiting AGE formation,
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blocking AGE—RAGE interaction, antioxidant/anti-inflammatory therapies (NAC, FIR, GHK-Cu),
and targeting RAGE/MAPK and NF-kB signalling pathways.

AGE accumulation in diabetic patients may degrade the mast cell-rich, collagen-dense
microenvironment of acupoints, potentially explaining reduced acupuncture responsiveness in
diabetic populations and supporting combined AGE-reduction and acupuncture strategies.

12 Integrated Model: The Acupoint as a Neuroimmune Signalling

Hub

Drawing together the above evidence, the modern scientific understanding of acupoints spans
six integrated layers:

Structural layer: Each acupoint is a discrete tissue region characterised by high mast cell
density, dense collagen fibres, rich microvasculature, and concentrations of free nerve endings
— co-localised in connective tissue.

Sensory layer: Mechanical (needling), thermal (moxibustion), electrical (electroacupuncture),
and photonic (FIR/laser) stimuli all converge on mechanosensitive ion channels (TRPV1, TRPV2,
TRPV4, MS channels) on mast cell membranes.

Transduction layer: Mast cell Ca?* mobilisation - degranulation - release of ATP, 5-HT,
histamine, tryptase, and other mediators into the extracellular space.

Neural layer: ATP activates P2X purinergic receptors on sensory nerve terminals = action
potential generation - afferent signal propagation to spinal cord and brain. Adenosine (ATP
metabolite) activates A1R - inhibitory modulation of pain pathways.

Central layer: Signal reaches PAG, brainstem nuclei, amygdala, and cortex - triggers
descending opioidergic inhibition (endorphins), dopaminergic modulation, and
cholinergic/adrenal anti-inflammatory reflexes.

Systemic layer: Peripheral immune modulation, MSC mobilisation (electroacupuncture), and
volume transmission of mediators into the circulation produce systemic therapeutic effects.

13 Clinical Implications and Future Directions

Confirmed Therapeutic Applications

e Analgesia (musculoskeletal pain, arthritis, neuropathic pain) — most extensively validated;
MC density at acupoints correlates with analgesic magnitude
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e Overactive bladder / urinary dysfunction — deep acupuncture at BL40 modulates brain
activation patterns via MC/tibial nerve pathway

e Parkinson's disease symptoms — peripheral MC modulation shown to mediate therapeutic
effects

¢ Inflammatory conditions — TRPV1/2 activation and downstream anti-inflammatory cascade

Emerging Research Areas

e Oncology support — FIR + acupoint combination for angiogenesis modulation; GHK-Cu for
MSC-mediated repair

e Metabolic disease — AGE reduction + acupuncture for diabetic vascular and neuropathic
complications

e Neurodegenerative diseases — MC modulation of neuroimmune crosstalk at acupoints

e Fibroblast—mast cell signalling — 2025 research decoding this pathway, suggesting
fibroblasts as additional cellular partners in acupoint signalling

Research Priorities

4. Quantitative mapping of MC density across all classical acupoints in humans

5. Molecular characterisation of MC subtype differences at acupoints versus non-acupoint
tissue

6. Clinical trials integrating FIR + needling with MC density biomarkers as predictive endpoints

7. Investigation of GHK-Cu as adjunctive therapy to potentiate acupuncture-induced MSC
release

8. AGE burden assessment as a predictor of acupuncture responsiveness in diabetic and
metabolic syndrome patients

14 Conclusion

The scientific case for mast cells as the cellular foundation of acupoint physiology is now robust.
From Professor Song's 1977 hypothesis through the molecular pathway studies of the 2010s to
the 2024-2025 research delineating MC roles in Parkinson's disease treatment and overactive
bladder management, the evidence converges on a unified mechanistic picture:

Acupoints are tissue microenvironments of concentrated mast cells, where mechanical, thermal,
and photonic stimuli are converted via Ca®>*-mediated degranulation into a cascade of
purinergic, serotonergic, and histaminergic signals that activate adjacent sensory nerves,
propagate action potentials to the central nervous system, and trigger systemic neuroimmune
modulation. The density and functional state of mast cells at acupoints — modifiable by disease,

Page 13 of 15



Mast Cells and Acupoints - Mindfulness in Biz 2025

ageing, AGE burden, and therapeutic adjuncts such as FIR and GHK-Cu — determines the
efficacy and character of the therapeutic response.

This understanding opens a new frontier: designing acupuncture-informed interventions that
are optimised at the cellular level, informed by patient-specific MC biology, and integrated with
complementary modalities that support the mast cell-rich acupoint microenvironment.
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