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Beyond Local Anesthesia: The Emerging Roles of Procaine and Lidocaine in

Neural Regulation, Inflammation, and Cancer Biology
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Abstract

Neural Therapy with Procaine and Lidocaine in Regulatory Medicine: Potential Applications in
Oncology

Neural therapy using procaine and lidocaine is a promising approach in regulatory medicine and is
attracting growing interest in oncology. By influencing the autonomic nervous system (ANS) and
supporting anti-inflammatory, epigenetic, and immunomodulatory effects, these local anesthetics may
also act on the tumor microenvironment and could have a role in cancer prevention and treatment.
Procaine has demonstrated antioxidant, epigenetic, and anti-inflammatory effects that may support
immune function and inhibit tumor growth. Lidocaine complements these properties by inhibiting the
NF-kB signaling pathway, reducing pro-inflammatory cytokine production, and enhancing T-cell
activity, thereby potentially contributing to improved antitumor immune responses.

Given their favorable tolerability, relatively low cost, and broad range of potential applications,
procaine and lidocaine may represent valuable complementary components of multimodal cancer
treatment strategies. However, further well-designed clinical studies are required to evaluate their
efficacy in oncology systematically and more clearly define their therapeutic potential.
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1. INTRODUCTION

The treatment of cancer requires a multimodal
approach that goes beyond purely tumor-focused
therapy and accounts for the organism's overall
biological regulation. Neural therapy, particularly
with the local anesthetics procaine and lidocaine,
offers an innovative approach to modulating the
autonomic nervous system (ANS), reducing
inflammation, and influencing the tumor
microenvironment.

This article examines the mechanisms of action of
neural therapy, highlights the similarities and
differences between procaine and lidocaine, and
discusses their potential roles in the prevention and

therapeutic management of cancer.l9]

1.1 What Is Neural Therapy?

Neural therapy is a scientifically based regulatory
medical procedure that considers the autonomic
nervous system a central regulator of physiological
processes. It was developed on conventional
medical principles and is therefore not considered a
complementary medical method. 510

Through the targeted injection of local anesthetics
such as procaine or lidocaine into specific regions
of the body, so-called “interference fields” or

neuromodulatory  triggers  are  neutralized,
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autonomic dysfunctions are corrected, and
endogenous healing processes are activated. 9161
Neural therapy is used for both diagnostic and
therapeutic purposes in a wide range of conditions,
including chronic pain and systemic disorders.[*6-2
1.2 The Role of the Autonomic Nervous System
in Neural Therapy

The autonomic nervous system (ANS), comprising
the sympathetic and parasympathetic nervous
systems, regulates vital physiological functions
such as heart rate, blood pressure, digestion, and
immune responses. [*5:21- 26]

The sympathetic nervous system (SNS) plays an
essential role in immune defense by regulating the
development, activation, and function of immune
cells.?”31  Stimulation of adrenergic receptors
(ARs) on immune cells influences their survival,
proliferation, circulation, and cytokine production,
all of which are essential components of immune
surveillance.?”]

Within the framework of neural therapy, the ANS
is targeted to correct autonomic imbalances and
reduce stress-induced sympathetic
overactivity.?1:2232-%1 Restoration of homeostasis
may promote regenerative and reparative processes
within the organism.[*-2. 11 381
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Furthermore, neural therapy may support
communication between the peripheral and central
nervous systems by modulating bidirectional
signaling and thereby influencing regulatory
processes.®842 The underlying mechanisms of
action of neural therapy are schematically
illustrated in Figure 1.

Recent studies indicate that dysregulation of the
ANS is a central feature of many immune-mediated
inflammatory diseases (IMIDs). Chronic systemic
inflammation is associated with dysregulation of
the stress response, suggesting an important
neuroimmune dialogue in the pathophysiology of
IMIDs.[20.27
The available literature indicates that chronic
systemic and regional inflammation represents an
essential factor in disease progression in IMIDs.

Regional inflammation and immune deficiency

% Salient Visionary

may promote organ-specific damage, whereas
systemic inflammation is associated with increased
morbidity and mortality because it involves
multiple organ systems.[?"]

Based on these findings, novel strategies to restore
ANS and SNS homeostasis could be developed as
safe, cost-effective approaches to managing IMIDs.
Such strategies may not only reduce comorbidities
but life

expectancy in affected patients.[?’]

may also contribute to improved

The treatment of IMIDs primarily focuses on
controlling inflammatory processes, modulating the
immune response, and alleviating symptoms. In

addition to immunosuppressive agents and

biologics, regulatory therapeutic approaches, such

as neural therapy and anti-inflammatory

interventions, may be promising adjunctive

strategies for managing these disorders.?’]
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Figure 1: Role of the autonomic nervous system in neural therapy. Schematic representation of the potential
regulatory effects of neural therapy on the balance between sympathetic and parasympathetic activity, as well

as on neuroimmune communication, inflammatory regulation, and the restoration of homeostasis
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1.3 Relationship Between the Nervous, Immune,

and Endocrine Systems
Interaction Between the Nervous and

Systems

Immune
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particularly cortisol secretion, which plays
a key role in inflammatory and immune

processes. [1:13.38.52]

Bidirectional Communication

The nervous system modulates immune
responses through direct innervation of
lymphoid organs and the release of
neurotransmitters.[45-521

Chronic stress, mediated through the
autonomic nervous system (ANS), can
suppress immune function and enhance

inflammatory processes.[??52

Interaction with the Endocrine System

e The ANS

function through the
pituitary axis. 338l

e Neural therapy may influence

regulates endocrine gland

hypothalamic—

hormone

production by modulating the ANS,

Bidirectional ~ communication  exists
between the peripheral nervous system
(PNS) and the central nervous system.[>
561 peripheral signals, such as those arising
from inflammation or tissue injury, are

transmitted to the CNS via afferent neural

pathways. In turn, the CNS exerts
regulatory effects on immune and
inflammatory  processes through the

ANS.[2238521 The complex interactions

between

the nervous and endocrine

systems are schematically illustrated in

Figure 2
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Figure 2: Interactions between the nervous, immune, and endocrine systems. Schematic representation of

bidirectional

neuroimmune—endocrine communication and

its

role in

immune responses,

inflammatory

regulation, stress responses, and hormonal homeostasis. Modified from L. Fischer; H. Nazlikul, 2025.
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1.4 Biophysical Medicine and Regulatory
Medicine

Neural therapy is closely associated with
biophysical and regulatory medicine, as both
approaches aim to restore the body's natural
homeostasis. In biophysical medicine, the human
organism is regarded as a complex electromagnetic
system in which cellular communication and
function are critically dependent on bioelectrical

signals.

Procaine and lidocaine play an important role in
this context, as their membrane-stabilizing and
neuromodulatory effects may specifically influence

the regulation of physiological processes.

2. PHARMACOLOGICAL BASIS:
COMPARISON OF PROCAINE AND
LIDOCAINE

2.1 Procaine

Properties

e Procaine is a short-acting ester-type local
anesthetic that acts primarily by blocking
voltage-gated sodium channels. It is
rapidly metabolized by plasma
cholinesterases. 9 3857611

Additional Effects

e Anti-inflammatory effects: Procaine
inhibits the release of pro-inflammatory
cytokines, including TNF-o and IL-6.12% 38
40, 52, 61]

o Epigenetic effects: Procaine may act as a
histone deacetylase inhibitor, thereby
potentially contributing to the reactivation
of tumor suppressor genes. [ 38 40,52, 59]

e Regulation of membrane potential:
Procaine stabilizes the cell membrane and
improves the function of ion-dependent

mechanisms.[19: 38 40, 52,59]

Int Clinc Med Case Rep Jour (ICMCRJ) 2024 | Volume 5 | Issue 10
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e If microcirculation is compromised, it
can lead to inadequate supply of nutrients
and oxygen to surrounding cells and
impede the removal of metabolic waste
products.[®384% This highlights the critical
role of microcirculation in maintaining
cellular health and function.

Limitations
e Short half-life: Due to its rapid

metabolism, the duration of action is
limited.

e Allergic reactions: Metabolism to para-
aminobenzoic acid (PABA) may trigger
allergic reactions.[52 611

2.1.1 Mechanisms of Action of Procaine in

Neural Therapy

In neural therapy, procaine is valued not only as a

local anesthetic but also for its regulatory effects on

the nervous and immune systems. [*338]

Inhibition of Sodium Channels
e  Procaine blocks nerve impulse conduction,

thereby reducing pain and spastic muscle
contractions.[52 621

Anti-inflammatory Effects
e Procaine inhibits  pro-inflammatory
cytokines such as TNF-a and IL-6 and
reduces oxidative stress. [19.38:3952]

e Procaine inhibit the replication of SARS-
CoV-2 ,influenza A virus, Herpes Simplex
Virus, the growth of Aspergillus
species and exert antimicrobial properties
during coinfection with influenza A
viruses and A. Fumigatus.[%3-6]

Epigenetic Modulation
e Procaine influences DNA methylation

patterns and may thereby promote the
expression of tumor suppressor genes. %38

67-71]

Regulation of the Autonomic Nervous System
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e Procaine promotes a balance between
sympathetic and parasympathetic activity,
supporting its application in stress-related
disorders and chronic pain
conditions.[1:3.2852]

Improvement of Microcirculation

. Procaine enhances blood flow in treated
tissues, thereby supporting tissue regeneration.['27l
Neutralization of Interference Fields

e Through targeted injection into trigger
points or scar tissue, pathological impulses
that may contribute to the persistence or
exacerbation of chronic disorders are
neutralized [537:381

2.1.2 Therapeutic Applications of Procaine in
Neural Therapy

e Pain relief: Procaine is specifically used
in the treatment of trigger points, scars,
and chronic pain conditions.

e Treatment of interference fields:
Targeted  injection  may interrupt
pathological reflex mechanisms, thereby
positively influencing chronic
disorders.[%852.74]

e Regulation of the autonomic nervous
system: Procaine may help correct stress-
induced autonomic imbalances.[3%521

e Oncological applications: Due to its
epigenetic effects and its potential to
modulate the tumor microenvironment,
procaine is increasingly being investigated
and applied within the context of
integrative oncology.[19:384061.72.75]

2.2 Lidocaine

Properties

Lidocaine is a longer-acting amide-type local
anesthetic with a mechanism of action similar to
that of procaine, but with a longer half-life and a

more pronounced analgesic effect.

Int Clinc Med Case Rep Jour (ICMCRJ) 2024 | Volume 5 | Issue 10
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Additional Effects

e Anti-invasive effects: In vitro studies
have demonstrated that lidocaine can
inhibit the migration and invasion of
cancer cells (7, 16, 38, 75-82).

e Immunomodulatory effects: Lidocaine
may stimulate T-cell activity and inhibit
immunosuppressive  macrophages (7,
16,49, 76-79).

e Anti-inflammatory effects: Lidocaine
may reduce systemic inflammatory
markers such as C-reactive protein (CRP)
(7, 16, 38, 75-82).

e Limitations

e Increased risk of adverse effects:
Overdosage is associated with an
increased risk of cardiovascular toxicity
and lidocaine is more toxic than procaine(
83-88)

e Limitations of use: Lidocaine requires
precise dosing and administration to
minimize the risk of adverse effects ( 83-
88).

2.2.1 Therapeutic Applications of Lidocaine
Intravenous lidocaine infusions and lidocaine
patches are effective and generally safe in the
management of various chronic and neuropathic
pain syndromes. Furthermore, evidence suggests
that the perioperative use of lidocaine may reduce
the risk of developing chronic postoperative pain
syndromes. !

Inhibition of Cytokine Production and
Immunomodulation

e Lidocaine reduces the release of pro-
inflammatory cytokines: At therapeutic
concentrations, lidocaine dose-
dependently inhibits both spontaneous and
TNF-a-stimulated secretion of IL-8 and
IL-1p in HT-29 and Caco-2 cell lines.[°*-%]
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e Stimulation of  anti-inflammatory

mediators: Lidocaine promotes the

secretion of IL-1 receptor antagonist,

thereby exerting a dual effect: inhibiting

pro-inflammatory cytokines and

enhancing anti-inflammatory
responses. 749911

e Regulation of Nuclear Factor-kB (NF-
kB)

¢ Inhibition of NF-kB: Lidocaine reduces
NF-xB activation, thereby modulating the
production of pro-inflammatory cytokines
and T-cell proliferation.[”-%-%

e Reduction of NF-xB nuclear
translocation in T cells: The proliferation
of anti-CD3-stimulated peripheral blood T
cells (PB T cells) is significantly inhibited,
while NF-«B nuclear translocation is

reduced following lidocaine treatment.[:%-
101]

3. PROCAINE AND LIDOCAINE IN
ONCOLOGY

Procaine and lidocaine have traditionally been used
as local anesthetics; however, in recent years,
increasing attention has been directed toward their
potential applications in the prevention and
treatment of cancer. The potential mechanisms of
action of procaine and lidocaine in the oncological

context are systematically illustrated in Figure 3.

3.1 Combination of Procaine and Chemotherapy

e The combination of procaine and

carboplatin has been described as one of

the most effective strategies for reducing

global DNA methylation levels in
colorectal cancer cells.*%?

e  Procaine may help reduce the cytotoxicity

and adverse effects associated with

Int Clinc Med Case Rep Jour (ICMCRJ) 2024 | Volume 5 | Issue 10
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chemotherapy and radiotherapy.[1937:38.103-
106]
3.2 Lidocaine in Oncology
In addition to its analgesic effects, lidocaine
exhibits potential immunomodulatory and anti-
inflammatory properties, making it a promising
candidate for further investigation in integrative
oncology.["
Note: This article provides a comprehensive
overview of the mechanisms of action of neural
therapy and the pharmacological properties of
procaine and lidocaine. In addition, their potential
roles in preventive and therapeutic medicine,

particularly in oncology, are discussed.

4, MECHANISMS OF ACTION OF
PROCAINE

4.1 Inhibition of Sodium Channels

Procaine blocks voltage-gated sodium channels in
cell membranes, thereby interrupting nerve
conduction and producing a local anesthetic effect.
In addition to its analgesic properties, procaine may
exert antiproliferative effects, as sodium channels
play an important role in cellular proliferation and

tumor progression.[1938.61.69-72]

4.2 Antioxidant Properties
Procaine  exhibits  pronounced  antioxidant
properties that may neutralize free radicals and
reduce oxidative stress. Because oxidative stress
plays an important role in tumorigenesis, procaine
may potentially exert protective effects against
DNA damage and

mutations.[19.3861.72]

cancer-promoting

4.3 Inhibition of DNA Methylation

Procaine exhibits epigenetic effects by inhibiting
DNA methyltransferase activity, potentially leading
to the reactivation of tumor suppressor genes.

Aberrant DNA methylation patterns are a
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characteristic feature of many cancer cells and

contribute to tumor progression. Therefore,
procaine-induced reduction of DNA methylation
may exert antiproliferative effects.[:38.109-113]
Another study demonstrated that procaine reduces
genomic  5-methylcytosine  content, thereby
inhibiting cancer cell growth.i2%!

4.4 Anti-inflammatory Effects

Procaine may reduce the expression of pro-
inflammatory  cytokines, thereby attenuating
chronic inflammation. Since chronic inflammation

is an established risk factor for tumor development,

procaine may have a potential role in the
prevention and treatment of inflammation-
associated cancers,[19:38-40.61.72]

45 Application of Procaine in Cancer

Prevention
A systematic analysis by Grandhi and Peronal*4l

examined procaine's potential efficacy in

preventing cancer recurrence after surgical

interventions.

% Salient Visionary

Given its potential to influence mechanisms
associated with aging and cellular senescence—
including oxidative stress, inflammation, DNA

tumor-protective
al.ls4

methylation, autophagy, and

mechanisms—Gradinaru et classified
procaine as a potential geroprotective agent.

4.6 Reduction of Inflammation

Through its anti-inflammatory effects, procaine
may reduce chronic inflammation and thereby
protect against the development of malignant
This effect

inhibition of pro-inflammatory cytokines and

diseases. is associated with the
modulation of the immune response. [1938-40.721

4.7 Protection Against DNA Damage

Through its antioxidant properties, procaine may
protect against DNA damage caused by free
Since DNA

damage can induce mutations that contribute to

radicals and oxidative processes.

tumorigenesis, procaine may play a potential role in

mechanisms involved in DNA protection,[1938-40.72
109,113]

PROCAINE AND LIDOCAINE IN ONCOLOGY

Traditional Local Anesthetics — New Persp
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Figure 3: Potential mechanisms of action of procaine and lidocaine in the oncological context. Schematic

representation of the reported pharmacological and biological mechanisms, including potential anti-

inflammatory, immunomodulatory, epigenetic, and antiproliferative effects, as well as possible interactions with

established oncological treatment modalities. The approaches shown should be understood as complementary

mechanisms and do not replace established standard oncological therapy.
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5. APPLICATION OF PROCAINE IN
CANCER THERAPY PROCAINE
INFUSION: SPECIFIC BENEFITS AND
APPLICATIONS

Procaine may be used as an adjunct to conventional

cancer treatments such as chemotherapy and

radiotherapy. Through its epigenetic, anti-
inflammatory, and antioxidant effects, procaine
may enhance the efficacy of these treatments while
reducing treatment-related adverse effects.[319.38611
Several studies suggest that procaine may inhibit
the growth of various types of cancer, including
breast, prostate, and lung cancer. These effects may
involve a combination of inhibition of cell
of

suppression of angiogenesis.[3 4 11 19.20, 38, 39, 40, 52,61,

115-117]

proliferation, induction apoptosis, and

5.1 Mechanism of Procaine Infusion

Procaine infusion refers to the intravenous

administration of a procaine solution to achieve
This

homogeneous, systemic distribution of the drug and

systemic  effects. approach allows for

% Salient Visionary

the
of

maintains therapeutic concentrations in
bloodstream. [1938.61.118191  The
procaine infusion in the oncological context is
Figure 4. The

underlying potential mechanisms of action and

application

schematically illustrated in

their possible relevance to supportive oncological

therapy are discussed in detail below.

5.2 Benefits of Procaine Infusion

Intravenous
high

bioavailability and allows a rapid onset of

therapeutic effects,[+:31019,38,61]

e Increased bioavailability:

administration provides

Targeted effects: Following intravenous

administration, procaine may reach

affected tissues and potentially exert its

antitumor and
effects. [3.19.3861, 63-65]

anti-inflammatory

Potential for reduced adverse effects:

Controlled intravenous administration
allows precise adjustment of the dose and
may thereby help reduce the risk of

systemic adverse effects, [1938561.64]

Procaine Infusion in Cancer Therapy
Adjunctive Therapy — More Efficacy, Fewer Side Effects
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Figure 4: Procaine infusion as a potential adjuvant approach in the oncological context. Schematic

representation of the intravenous administration of procaine and its discussed potential antitumor, anti-

inflammatory, and cytoprotective mechanisms. The figure also illustrates possible complementary effects within

multimodal oncological treatment concepts. Procaine infusion should be considered a complementary approach

and does not replace established standard oncological therapy.
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5.3 Application in Cancer Therapy

Procaine infusions may be part of a multimodal
treatment approach combining conventional and
complementary therapeutic strategies. Their use
may potentially contribute to the inhibition of
tumor growth, improvement of patients’ quality of
life, and reduction of adverse effects associated

with conventional cancer therapies.[*® 61

6. PHARMACOLOGICAL PROPERTIES
OF LIDOCAINE
Lidocaine is an amide-type local anesthetic that
inhibits the generation and conduction of nerve
impulses by blocking voltage-gated sodium
channels.[371649.50, 76-79,122-129] | addition to its local
anesthetic effects, lidocaine exerts systemic effects
that may be relevant in various therapeutic
contexts.

6.1 Mechanisms of Action of Lidocaine
e Inhibition of sodium  channels:
Lidocaine reduces neuronal excitability by
blocking voltage-gated sodium channels,
thereby accounting for its analgesic
effects.

e Reduction of inflammation: Lidocaine
inhibits the activation of NF-xB, a key
transcription  factor involved in the
production of
CytOki neS.[7'16' 49,50, 76-79]

e Epigenetic effects: Lidocaine may

pro-inflammatory

influence epigenetic  modifications,
including DNA methylation in cancer
cells, thereby potentially promoting the

expression  of  tumor
genes [3,19,38,61,120-123]

suppressor

e Inhibition of tumor cell migration:
Lidocaine may inhibit tumor cell
migration and metastatic processes by

modulating the function of cell adhesion
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molecules and metalloproteinases.[20-12%-
129]

e Modulation of the immune system:
Lidocaine may inhibit immunosuppressive
cell populations, such as M2 macrophages,
and stimulate T-cell activity, thereby
potentially enhancing the antitumor
immune response. [124-129]

6.2 Lidocaine in Neural Therapy

In neural therapy, lidocaine is used to modulate the
autonomic nervous system and to neutralize
pathological interference fields. The principal
therapeutic objectives include:

e Regulation of the autonomic nervous
system: Lidocaine may help restore the
balance  between  sympathetic  and
parasympathetic activity, thereby
supporting  physiological homeostasis
(Nazlikul et al., 2022; Nazlikul et al, 2025;
Ural Nazlikul et al, 2025).

e Pain relief: Lidocaine is used for trigger-
point injections and in the treatment of
chronic pain, while its anti-inflammatory
properties may further enhance its
analgesic effects, [38:127.128]

e Improvement of microcirculation:
Vasodilation in treated areas may enhance
local blood flow, thereby contributing to
tissue regeneration.[124-128]

6.3 Lidocaine and Cancer: Therapeutic
Perspectives

Lidocaine has demonstrated promising properties
in the oncological setting, both as a supportive
therapeutic intervention and as a compound with
potential direct antitumor effects:

e Inhibition of tumor growth and
metastasis:

o Studies suggest that lidocaine

may  inhibit  cancer  cell
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proliferation and promote
apoptotic processes in tumor
cells.

o It may influence the tumor
microenvironment by inhibiting
pro-inflammatory ~ and  pro-
metastatic signaling pathways.!"]

e Improvement of response to cancer
therapies:

o Lidocaine may act synergistically
with chemotherapeutic agents by
increasing tumor cells'
susceptibility to treatment.’]

e Protection against therapy-induced
neurotoxicity:

o Lidocaine possesses potential
neuroprotective properties that
may contribute to reducing
chemotherapy-induced
neuropathy.[’!

A multicenter  randomized  clinical trial
demonstrated that perioperative  peritumoral
infiltration with 0.5% lidocaine significantly
improved 5-year disease-free survival (DFS) and
overall survival (OS) in patients with early breast
cancer. These findings highlight the potential role
of lidocaine in limiting metastatic processes,
potentially through the blockade of voltage-gated
sodium channels and modulation of inflammatory

signaling pathways.[:129.130]

7. SCIENTIFIC
EVIDENCE
7.1 In Vitro Studies

In vitro studies have demonstrated that procaine

STUDIES AND

and lidocaine may inhibit the growth and
proliferation of various cancer cell lines. These
findings provide important insights into the
potential mechanisms of action and therapeutic

effects of these agents in cancer treatment. [0 1111
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7.2 In Vivo Studies

In vivo studies using animal models suggest that
procaine and lidocaine may slow tumor growth and
improve survival. These findings support further
investigation of these agents as potential adjuncts
to cancer therapy.

7.3 Clinical Studies

Although the preclinical data are promising,
clinical evidence in humans remains limited.
Further well-designed clinical studies are required
to systematically evaluate the safety and efficacy of
procaine and lidocaine in patients with cancer.

7.4 Safety and Adverse Effects

7.4.1 General Safety

Procaine and lidocaine are generally considered
safe when administered appropriately and under
medical supervision. They are usually well
tolerated, with mild local reactions at the injection
site among the most commonly reported adverse
effects.

7.4.2 Potential Adverse Effects

At high doses or when administered improperly,
systemic adverse effects may occur, including
dizziness, nausea, and cardiac arrhythmias.
Therefore, procaine infusions should be
administered exclusively by appropriately trained

and experienced healthcare professionals.

8. MECHANISMS OF NEURAL
THERAPY AND THEIR POTENTIAL
INFLUENCE ON CANCER

8.1 Regulation of the Autonomic Nervous
System

Neural therapy modulates the autonomic nervous
system, particularly by promoting a functional
balance between sympathetic and parasympathetic
activity. This may reduce stress-induced cortisol
secretion, which can exert immunosuppressive
effects and may thereby contribute to cancer

progression. 3852721
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The potential mechanisms of action of neural
therapy in the oncological context are presented
schematically and systematically in Figure 5. The
figure provides an overview of the different levels
of action and illustrates their functional
interrelationships.
8.2 Effects on the Tumor Microenvironment
Procaine and lidocaine may influence the tumor
microenvironment  through  the  following
mechanisms:

e Inhibition of inflammation: Both agents
the of

mediators, thereby

may reduce release pro-

inflammatory
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potentially contributing to tumor growth
inhibition.
e Modulation

of pH: Procaine

influence metabolic acidosis in the tumor

may

microenvironment, thereby potentially
contributing to the inhibition of tumor
growth.

8.3 Epigenetic Modulation

Procaine may act as an epigenetic regulator by

inhibiting DNA methylation in tumor cells and

promoting the expression of tumor suppressor

genes. These effects may inhibit cancer cell

proliferation and enhance apoptotic processes.

MECHANISMS OF NEURAL THERAPY AND ITS INFLUENCE ON CANCER

Neural Therapeutic Regulation - Tumor Microenviroinment - Epigenetic Modulation - Cellular Effects
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Figure 5: Potential mechanisms of neural therapy in the oncological context. Schematic representation of

different regulatory mechanisms of neural therapy with procaine and lidocaine, including modulation of the

autonomic nervous system, potential effects on the tumor microenvironment, epigenetic regulatory mechanisms,

and direct cellular effects. In addition, stellate ganglion block for cancer-related pain is illustrated as a

potential component of an integrative pain management approach.

8.4 Direct Effects on Cancer Cells
e Lidocaine inhibits cell proliferation and
promotes apoptotic processes in various

cancer cell types.
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interfering with cell adhesion molecules.
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Clinically significant improvement was observed in
all three patients who underwent stellate ganglion
block (SGB) for the treatment of cancer-related
facial pain. Stellate ganglion infiltration block may
represent a promising therapeutic option for facial
pain  associated  with malignancy  and
chemoradiotherapy. In addition, by modulating
stress-related autonomic regulation, SGB may
contribute to improved pain management and

quality of life in patients with cancer.[52131

9. THERAPEUTIC APPLICATIONS IN

CANCER TREATMENT

9.1 Pain Relief

Neural therapy with procaine and lidocaine may

alleviate chronic pain frequently associated with

cancer. Targeted treatment of trigger points and

improvement of local microcirculation may

contribute substantially to these analgesic effects.

9.2 Adjunctive Immunomodulation

e Procaine may modulate immune
responses through its regulatory effects
on the autonomic nervous system.
e Lidocaine may attenuate tumor-

associated immunosuppressive

mechanisms and potentially enhance the

effectiveness ~ of  immunotherapeutic
approaches.

9.3 Potential Preventive Effects

Repeated applications of neural therapy could help

maintain a more stable biological and regulatory

milieu. However, whether this translates into a

reduced risk of tumor recurrence requires

confirmation in appropriately designed clinical

studies.

10. CONCLUSION AND
RESEARCH

10.1 Clinical Studies and Current Evidence

FUTURE

Procaine in Cancer Treatment
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Studies suggest that procaine inhibits tumor cell
growth and improves  responsiveness  to
chemotherapy. A study by Smith et al. ( 132)
reported that procaine significantly reduced DNA
methylation in breast cancer cells.

In health services research on cancer patients,
particularly in 30 years of clinical application as
evidenced by Reuter and Oettmeier, demonstrates

the effectiveness of this treatment.[132 133

Lidocaine and Its Antimetastatic Properties
Zhou et al.l*¥1 and Zhang et al.l**! reported that
lidocaine inhibited the migration and invasion of
prostate cancer cells. Further studies suggest that
lidocaine may exert synergistic effects when
combined with conventional cancer therapies.
Preclinical Studies
e Zhang et al.l®¥  demonstrated that
lidocaine inhibited the migration and
invasion of prostate cancer cells.
Clinical Applications
e Lidocaine is increasingly used in
perioperative  settings  to  reduce
postoperative pain and has also been
investigated for its potential role in
reducing metastatic risk.
10.2 Discussion: Neural Therapeutic Regulatory
Medicine with Procaine and Lidocaine
Neural therapy is a regulatory medicine approach
that targets the autonomic nervous system (ANS)
as a central regulator of physiological and healing
processes. Through the targeted injection of local
anesthetics such as procaine and lidocaine,
pathological neuromodulatory triggers
(“interference  fields”) may be neutralized,
autonomic imbalances modulated, and endogenous
regulatory and healing processes supported.
These substances exert both local and systemic

effects, including:
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e Modulation of the autonomic nervous
system

e Improvement of microcirculation

e Anti-inflammatory effects

Coordination and Communication Between the
ANS and the Immune System

The ANS interacts closely with the immune system
and modulates a variety of immunological
processes:

e Regulation of cytokines: The
sympathetic  nervous system  (SNS)
modulates the production of pro-
inflammatory cytokines such as TNF-o
and IL-6, whereas the parasympathetic
nervous system (PNS) contributes to anti-
inflammatory regulatory responses.

e Innervation of lymphoid organs: The

% Salient Visionary

through direct innervation of lymphoid
organs, including the spleen, lymph nodes,
and thymus.

e Stress regulation: Chronic stress may
contribute to immune suppression through
sustained activation of the SNS. By
promoting restoration of ANS
homeostasis, neural therapy may support a
more  balanced functional immune

response.

Figure 6 schematically illustrates the coordination
and bidirectional communication between the
autonomic nervous system (ANS) and the immune
system. The figure summarizes the principal
interactions and  highlights the  complex

neuroimmune regulatory mechanisms involved.

immune  responses
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Figure 6: Coordination and bidirectional communication between the autonomic nervous system and the

immune system. Schematic representation of sympathetic and parasympathetic regulation of immune

processes, including cytokine modulation, neural influence on lymphoid organs, and stress regulation.

Functional autonomic balance contributes to neuroimmune homeostasis and the regulation of inflammatory

processes.
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10.3 Procaine and Lidocaine: Therapeutic

Potential and Economic Advantages

1. Procaine
e Mechanisms of action: Procaine exhibits

anti-inflammatory,  antioxidant,  and
epigenetic properties. It inhibits pro-
inflammatory cytokines such as TNF-o
and IL-6, neutralizes free radicals, and
influences DNA methylation, potentially
reactivating tumor suppressor genes.

e Therapeutic applications: Procaine is
used in neural therapy for pain
management, improvement of

microcirculation, and regulation of
autonomic dysfunction. In oncology, its
effects on the tumor microenvironment
may contribute to tumor-inhibitory
mechanisms.

e [Economic advantages: Procaine is
inexpensive and can be used in a broad
range of clinical applications, making it an
economically attractive option for pain
and inflammation management.

2. Lidocaine
e Mechanisms of action: Lidocaine inhibits

NF-xB activation,  reduces  pro-
inflammatory cytokine production, and
modulates T-cell proliferation. It may also
inhibit cancer cell migration and invasion
and help regulate autonomic nervous
system balance.

e Therapeutic applications: In addition to
its use in neural therapy, lidocaine is used
perioperatively in oncology to reduce
postoperative pain  and has been
investigated for its potential to inhibit
metastatic processes.

¢ Economic advantages: Lidocaine is cost-

effective and has a broad range of clinical
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applications, making it a suitable
candidate for larger clinical trials and
potential integration into routine clinical
practice, as supported by evidence.
10.4 Need for Further Research
Although preclinical data support the potential
biological effects of procaine and lidocaine, further
large-scale clinical studies are required to
systematically evaluate their efficacy and safety in
oncology and neural therapy.
Recommended areas for future research
include:
e Long-term effects of neural therapy on
cancer progression and survival outcomes
e Mechanisms underlying the potential
tumor-inhibitory effects of procaine and
lidocaine
e Potential synergistic interactions between
neural therapy and conventional cancer
treatments
10.5 Conclusion and Outlook
Procaine and lidocaine are established local
anesthetics with a broad spectrum of therapeutic
applications. Their integration into neural therapy
offers a potentially cost-effective regulatory
approach  for managing chronic disorders,
supporting oncological care, and modulating
neuroimmune processes.
Further scientific investigation and carefully
evaluated clinical applications may help clarify the
full therapeutic potential of these agents, to
improve patients’ quality of life and determine
whether they can help reduce the risk of tumor
recurrence.
Procaine and lidocaine represent promising
candidates for further investigation in the
prevention and treatment of cancer. Their
biological effects extend beyond conventional

analgesia and include potential
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immunomodulatory, anti-inflammatory, and
epigenetic mechanisms. While procaine is of
particular interest because of its epigenetic and
anti-inflammatory  properties, lidocaine  has
attracted increasing attention for its potential
effects on tumor cell migration and invasion.
Summary and Perspective
e Procaine offers a  particularly
interesting perspective through its
potential epigenetic mechanisms of
action. Modulation of DNA methylation
may contribute to the reactivation of
tumor  suppressor  genes, thereby
influencing regulatory processes relevant
to tumor growth and cell proliferation.
e Lidocaine is increasingly attracting
scientific interest beyond its
conventional role as a local anesthetic.
Experimental findings indicate potential
antimetastatic  properties,  particularly
through modulation of cell migration,
invasion, and other tumor-biologically
relevant signaling pathways.
e Within the framework of neural
therapy, procaine and lidocaine
therefore acquire a broader scientific
dimension. Their potential
neuroregulatory, anti-inflammatory,
immunomodulatory, and epigenetic effects
open new perspectives for integrative and
multimodal oncological treatment
concepts.
For modern oncology, this means that neural
therapy should not be regarded as a substitute
for established oncological treatments, but
rather as a potential complementary regulatory
approach whose clinical relevance should be
systematically investigated through further

high-quality preclinical and clinical studies.
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Future Perspectives

The next crucial step is generating
robust clinical evidence. Prospective,
randomized, and adequately powered
clinical ~ trials are required to
systematically investigate and
scientifically validate the safety, dosing,
indications, and clinical efficacy of
procaine and lidocaine in the oncological
setting.

Integration into multimodal treatment
concepts appears particularly
promising. Combining neural therapeutic
regulatory approaches with established
oncological therapies may offer new
opportunities to reduce treatment-related
burden, improve quality of life, and
potentially enhance overall therapeutic
outcomes.

The convergence of neuroregulation,
immunomodulation, and biophysical
regulatory mechanisms opens an
expanded field of research. In particular,
the interplay between the autonomic
nervous immune

system, responses,

inflammatory  regulation, the tumor
microenvironment, and epigenetic
mechanisms should become an increasing
focus of translational research.

In the long term, neural therapy may
therefore acquire a new scientific
perspective within integrative oncology:
not as an alternative to evidence-based
cancer treatment, but as a potentially
complementary

regulatory  approach

within individualized, multimodal
treatment strategies.

The key question for future research is
therefore not only whether procaine and

lidocaine exert biological effects beyond
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local anesthesia, but also which of their
regulatory = mechanisms can  be
translated into reproducible clinical
benefits—and which patient
populations are most likely to derive
meaningful additional benefit from

them.
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