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Abstract

Chronic obstructive pulmonary disease (COPD) and bronchial asthma (BA) are very common
pathologies, both of them being characterized by a chronic bronchopulmonary inflammation. This
paper aims to present the mechanisms of the two pathologies in comparison, starting from the
classical approach, entering the cellular level (effector cells), then the molecular one (lipid mediators,
cytokines, chemokines, reactive oxygen species, proteases, ATP, cellular senescence markers), and
finally addressing the mechanisms at the quantum level. It will be explained that electron transfer
through the interfacial water is essential for all cellular energy metabolism associated events. It will
also be presented how biochemical reactions do not occur instantaneously and randomly, but depend
on exceeding a threshold of free energy of activation and satisfying steric requirements. Another
important topic addressed will be the electron-accepting property of ionic reactive oxygen species
(ROS) and how cellular metabolism is regulated by the formation and decomposition of collective
ROS states (this is a quantum regulated phenomenon involving a large number of entangled ROS
molecules simultaneously). Finally, it will be presented how these mechanisms are altered in COPD
and BA as well as the consequences of pulmonary fibrosis at the quantum level. We believe it is
important for physicians to understand how the principles of quantum physics applied to
experimental biology deepen the understanding of the normality and disease origin at the level of
subatomic particles, molecules, and their associated electromagnetic fields.

Keywords: chronic obstructive pulmonary disease; bronchial asthma; inflammation; interfacial
water; ionic free radicals; electromagnetic field

Introduction. Chronic obstructive pulmonary disease (COPD) and bronchial asthma (BA) are
very common pathologies in the Western world, both of them being characterized by a chronic
bronchopulmonary inflammation. However, the nature of the inflammatory reaction differs in each
case, with a large number of clinical phenotypes. In asthma, inflammation usually responds to low
doses of corticosteroids, whereas most patients with COPD are corticosteroid-resistant and require
other anti-inflammatory therapies [1,2].

However, the above-mentioned reasons are not the only ones that lie at the basis of approaching
the two entities. In addition, it is the fact that the assimilation of the pathophysiological mechanisms
involved in each of them ensures the logical and scientific necessary data for understanding the
mechanisms involved in any other bronchopulmonary pathology.

To this end, the classical mechanisms will be presented first, then the cells involved and the
molecular mechanisms, so that finally, we can try to approach them at the quantum level. For many
years, quantum physics has been providing us with profound information about the world of small-
scale structures. While initially quantum principles were considered valid only at the level of
subatomic particles, discoveries in recent years have experimentally confirmed the simultaneous dual
particle-wave behavior for molecules with molecular weights up to 25 kDa. That is, for many
structures existing in the living world, including our body.

Then isn't it important for a physician to understand that health and disease do not begin and
end with the molecular approach?
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1. Classical Pathophysiology of COPD

Chronic obstructive pulmonary disease is a pathological condition in which chronic obstructive
disorders of pulmonary ventilation occur, with a progressive and irreversible character, generated
by pulmonary pathological processes of complex etiology. The most common cause is long-term
exposure to irritants [3].

The conditions that meet this definition are chronic obstructive bronchitis and pulmonary
emphysema.

The definition of COPD excludes acute obstructive disorders, bronchial asthma and obstructive
pathology of known etiology (pneumoconiosis, tuberculosis, bronchopulmonary neoplasm etc.).
Chronic obstructive bronchitis and pulmonary emphysema therefore coexist in COPD, but there are
multiple forms in which one of these pathologies is predominant [3,4].

Mechanisms of pulmonary hypoventilation in COPD:

a. Intrinsic narrowing of affected airways;

b. Partial or total obliteration of the small bronchi by mucus hypersecretion;

c. Decreased lung elastic recoil;

d. Bronchi and bronchioles smooth muscle spasm;

e. Extrinsic compression of small airways by hyperinflated neighboring alveoli.

a. Intrinsic narrowing of affected airways

The unknown for sure etiological factor (but considered to be, most frequently, smoking)
triggers an inflammatory reaction that evolves according to the classical pattern. It is not known
whether it is a chronic inflammation from the beginning or it becomes chronic at some point.
However, it involves bronchial mucosa edema and the release of cytokines in successive waves.
Among these cytokines are the growth factors FGF (fibroblast growth factor) and TGF f3
(transforming growth factor beta), which induce bronchial wall hypertrophy and fibroblast
activation, with collagen synthesis stimulation and the emergence of bronchial and peribronchial
fibrosis [3-5]. Through both edema and hypertrophy followed by fibrosis, the diameter of the
bronchial lumen decreases.

b. Partial or total obliteration of the small bronchi by mucus hypersecretion

Inflammatory mediators strongly stimulate goblet cells, which secrete large amounts of mucus.
After prolonged stimulation, they hypertrophy, mucus secretion becoming autonomous. The mucus
clogs the small bronchi, but by gravitational effect it also falls into the alveoli, where it displaces the
surfactant. Under these conditions, the alveolar collapse in exhalation can no longer be prevented
[3,6].
c¢. Decreased lung elastic recoil

The distension of the small airways in inhalation causes the accumulation in their wall of a force
that will act as elastic recoil in exhalation. When the emphysematous component is present in COPD,
the elastic fibers in the wall of the small bronchi are broken, so the elastic recoil force decreases, and
the terminal bronchioles can no longer remain open [3,7,8].

d. Bronchi and bronchioles smooth muscle spasm

It occurs following both humoral and reflex pathways.

The humoral pathway entails the diffusion of bronchospastic inflammatory mediators
(histamine, prostaglandins, leukotrienes that constitute SRS-A/slow-reacting substance of
anaphylaxis) into the local circulation and interstitium [3,4].

The reflex mechanism is based on the hypersensitivity of bronchial receptors, following repeated
stimulation with inflammatory mediators, so that bronchospasm occurs following minor stimuli
(cold air, smoke, dust etc.) [3].

e. Extrinsic compression of small airways by hyperinflated neighboring alveoli

Partially or totally obstructed bronchioles, along with the decrease in elastic recoil through the

emphysematous component, cause an increase in residual alveolar volume, with the emergence of
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hyperinflation and, later, emphysema bullae. The hyperinflated alveoli act as an extrinsic obstructive
factor on the neighboring bronchioles [7].

The mentioned pathophysiological mechanisms do not affect all pulmonary morphofunctional
units (acini), and those affected present an uneven distribution of the ventilation/perfusion ratio
(V/Q) (so the first major pathophysiological mechanism of type 1 pulmonary respiratory failure/PRF
is present) [3,4,9].

Through mechanisms a — e the uneven distribution of ventilation is explained.

On the other hand, the uneven distribution of perfusion is explained by:

- rupture of the pulmonary capillaries, secondary to the rupture of the alveolar septa, in
emphysema;

- compression of the lung capillaries by the neighboring hyperinflated alveoli;

- uneven reflex arteriolar vasoconstriction, generated by the decrease in ventilation.

Over time, the pathological processes expand more and more, so that units with a small V/Q
ratio (poorly ventilated) will predominate, a phenomenon that can be equivalent to a generalized
alveolar hypoventilation (the second major pathophysiological mechanism in PRF) and which
generates hypoxemia and hypercapnia, i.e. global PRF.

In parallel, the two secondary pathophysiological mechanisms of PRF also work in COPD [3,4,9]:

- Decreased diffusion through alveolar-capillary membrane (ACM). It occurs through indirect
mechanisms: the decrease in the lung surface area for gas exchange and the decrease in the lung
contact time (increases circulation speed by decreasing the pulmonary capillary bed) [4,10];

- Intrapulmonary vascular shunt. It is generated at a certain point in COPD, when pulmonary
hypertension (PH) sets in, meaning the pressure in the lung arterioles exceeds a certain limit. The
consequence is the opening of arteriovenous anastomoses in different areas, with short-circuiting of
the capillaries [10,11].

Pulmonary hypertension is a major pathological change, so, regardless of the presence or
absence of COPD, its mechanisms must be mentioned [11-13].

- reducing the size of the pulmonary vascular bed, by destroying the capillaries, so that the same
ventilation must be done in a smaller space;

- reflex pulmonary vasoconstriction caused by hypoventilation becomes permanent, at some
point. The first result is the arterioles intraparietal tension increase, followed by hypertrophy of the
vascular muscular tunic which determines a large increase in vascular resistance to blood flow;

- polycythemia secondary to chronic hypoxia causes an increase in blood viscosity, equivalent
to an increase in blood flow resistance, which is attempted to be counteracted by compensatory
hypertrophy of both the pulmonary arterioles and the right ventricle (RV). When RV hypertrophy
can no longer compensate for cardiac function, RV failure (chronic cor pulmonale) occurs.
Hypertrophy also affects the left ventricle.

2. Classical Pathophysiology of Bronchial Asthma (BA)

Bronchial asthma (BA) is a chronic inflammatory disorder of the intrapulmonary airways,
determined by the participation of several types of pro-inflammatory cells, especially mast cells. In
people predisposed to this condition, diffuse bronchial obstructive phenomena occur and vary in
intensity, reversible spontaneously or following treatment. Bronchial inflammatory phenomena are
also associated with increased bronchial reactivity to different stimuli (International Consensus Report
definition) [14].

Using the traditional classification (by cause), two categories of BA are distinguished [15]:

- Extrinsic (allergic) BA: determined by the inhalation of allergens from outside the body (dust,
pollen, human or animal hair, flakes etc.);

- Intrinsic (non-allergic/infectious) BA: determined by various bronchopulmonary infectious
processes, inhalation of irritants (smoke, exhaust or industrial gases), physical exertion,

inhalation of cold or humid air, drugs, emotional stress.
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Clinically, we very rarely encounter pure forms of BA, allergic or infectious. Usually, the forms
are intricate, with an initial allergic or non-allergic cause accompanied over time by the other form.

In all these situations, the pathophysiology of BA involves:

A. Immunological and pro-inflammatory mediators discharge abnormalities.

B. Abnormalities of the autonomic nervous system (ANS) that innervates the bronchial territory.

A. Immunological and pro-inflammatory mediators discharge abnormalities

They occur mainly in allergic BA.

In principle, and without going into molecular details, BA differs from COPD by:

¢ increase in the activity of bronchial mast cells;

¢ infiltration of bronchial walls with eosinophils;

¢ structure alterations and desquamation of the bronchial and bronchiolar epithelium [16].

Mechanisms:

The first contact with the allergen does not cause the crisis, it is only a sensitization contact/the
early sensitization phase.

Inhalation of an allergen is followed by its capture on endocytic pattern recognition receptors
(PRRs) on the membrane of the antigen-presenting cell (APCs) represented by bronchial dendritic
cells and macrophages. After endocytosis and in parallel with the transport to the T-dependent zones
in the regional lymph nodes (paracortex), APCs processes the allergen into epitopes, coupling them
with MHC II molecules and presenting them to Th2 lymphocytes, a special variety of TH2 cells,
involved in allergic reactions [17-19]. Th2 fixes the MHC II - epitope couple on the TCR-CD3 receptor
complex, a phenomenon followed by the transduction pathway triggering. Thus, following this
biological information exchange, the Th2 cell is partially activated and begins to secrete small
amounts of type 2 cytokines (especially IL-4, IL-5 and IL-13) [25]. At the same time, fragments of the
allergen also reach the B-dependent zones in the regional ganglia (cortex) via the bloodstream and
activate B cells through BCR (B cell receptors). As with Th2 cells, it is an incomplete activation.

Both types of partially activated lymphocytes move away from the antigenic contact site and
meet at the border between the T- and B-dependent zones of the lymph node. Bidirectional
cooperation between the two types of partially activated lymphocytes occurs. The role of APC is
played by B cells, which present allergen epitopes on MHC II molecules. The partially activated Th2
lymphocyte triggers the first activation signal via the TCR-CD3 pathway. However, activation of the
second signaling pathway, the one via CD40-CD40L, is also mandatory [20]. CD40L appears on the
Th2 membrane only when they are at least partially activated and has an essential role in stimulating
Ig E synthesis. CD40 is a constitutive receptor on the membrane of B cells, and the formation of the
CD40-CD40L couple plays a major role in the full activation of the two lymphocytes [20,21]. Fully
activated Th2 cells have the maximum capacity to secrete IL-4, IL-5 and IL-13, through which they
paracrinely activate various cell types, mainly B cells. Fully activated B cells become plasma cells that
begin to synthesize Ig E.

Thus, under the influence of paracrine stimulation, instead of secreting Ig M, possibly Ig G/Ig A,
plasma cells begin to secrete Ig E, specific for allergic responses, a phenomenon called isotype
switching (mechanism of type I hypersensitivity) [22,23].

Synthesized immunoglobulins E have the particularity of being cytophilic antibodies, i.e. they
stay in the blood and the interstitium for a very short period of time, and they are easily attached to
the cell membranes that have specific receptors (FcER) [24]. Bronchial mast cells are among such
membranes.

All the presented phenomena occur only in people with a genetic predisposition [26-28], i.e.
people who have:

- very large number of Th2 cells;

- very large number of B cells capable of secreting IgE;

- reduced number of Treg lymphocytes (regulators or suppressors) that inhibit the humoral
immune response (HIR) producing IgE;
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- particular configurations of MHC I and II molecules on the membrane of bronchial dendritic
cells and macrophages. The coupling of allergen-derived epitopes and the special MHCs induces a
very intense stimulation of Th2 cells. The result will be the disruption of the functional balance
between Th2 and Treg cells and the production of an exaggerated amount of Ig E.

Conclusion: the first contact with the allergen (sensitization) is manifested by the production
of Ig E and has no clinical expression.

The second...nth contact with the same allergen causes clinical manifestations/the effector
phase. The allergen is quickly attached to Igs E, which, in turn, are attached to mast cell FcERI
receptors, with the receptors change in configuration and in the oscillation of constituent atoms (and
subatomic components). The consequence is the activation of the cytoskeleton (actin and microtubule
networks), with degranulation and release of very large amounts of pro-inflammatory mediators [29].

Bronchial mast cells are arranged in two layers: a superficial one, among the epithelial cells
(actually in direct contact with the allergen), and a deep layer, under the bronchial epithelium
basement membrane [30].

Upon degranulation, superficial mast cells release proteases that break the junctions between
epithelial cells, allowing the allergen to penetrate deeply and induce mast cell degranulation at this
level as well. Thus, pre- and neo-formed/de novo synthesized mediators are released from both
superficial and deep mast cells [31].

Preformed mediators: histamine, acid hydrolases, proteolytic enzymes (tryptase, chymase),
proteoglycans (heparin. serglycin), and certain cytokines (like TNF-cr) [31,32].

Neo-formed mediators: PAF (platelet activating factor), TXA2 (thromboxane A2), LTB4
(leukotriene B4), 5-HETE (5 hydroxyeicosatetraenoic acid), SRS-A (slow-reacting substance of
anaphylaxis, consisting of leukotrienes LTC4, D4 and E4), cytokines (TNF, IL-1p, IL-2, IL-3, IL-4, IL-
5, 1L-6, IL-9, IL-10, IL-11, IL-12, IL-13, IL-16, IL-33, IFNY), chemokines and chemokine ligands (CCL1-
CCL4, CCL8, CCL9, CXCL2, CXCL8, and XCL1) [31-35]

Depending on their actions, pre- and neo-formed mediators can be grouped into bronchospastic
and chemoattractant mediators [36].

a. Bronchospastic mediators: histamine, SRS-A, PAF, TXA2, PG E2, PG F2. They attach to GPCR-
type receptors (G protein-coupled receptors), to the membranes of bronchial smooth muscle cells,
and use cGMP as a second messenger [37].

b. Chemoattractant mediators [35-38]:

¢ For eosinophils: histamine, PAF, LT B4, 5 HETE, IL 5, PG E2 and PG F2.

Eosinophils attracted to the bronchial wall release, in turn:

- acid hydrolases and ROS, which amplify the inflammatory process;

-MBP (major basic protein), which exerts two unfavorable effects: it blocks the movements of
bronchial cilia (mucus accumulates and forms plugs) and favors desquamation of bronchial epithelial
cells, with the amplification of obstruction.

¢ For neutrophils: LT B4, PG D2, PG E2. Attracted neutrophils activate and release lytic enzymes,
reactive oxygen and nitrogen species (ROS, RNS) in the bronchial wall, thereby amplifying
inflammatory phenomena.

¢ For platelets: PAF, TXA2. Locally attracted platelets meet the endothelium modified by
inflammatory cytokines and get activated, triggering hemostasis and partial obstruction of bronchial
vessels (micronecrosis).

In addition, the growth factors TGF-{ (transforming growth factor beta) and FGF (fibroblast
growth factor) are also released from activated resident macrophages, with stimulation of fibroblasts
and the onset of bronchial fibrosis.

Conclusions:

1. The mechanisms of bronchial obstruction have approximately the same pattern as in COPD,
but, unlike COPD, they disappear between attacks (reversible bronchial obstruction).

2. As in COPD, both mast cells and neutrophils as well as macrophages are activated, but the
activation of the latter does not have fully elucidated mechanisms in BA.
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3. Both mast cells and activated macrophages release various cytokines, including IL-3 and IL-
5, which further stimulate mast cell degranulation, but also complement activation, with
intrabronchial discharge of anaphylatoxins C3a, C5a and C4a (with a secondary role), which trigger
inflammation and bronchospasm by direct mechanism.

B. Abnormalities of the autonomic nervous system (ANS) that innervates the bronchial
territory.

They are characteristic of intrinsic BA, but they also intervene in allergic asthma [39-41].

They entail:

- hereditary decrease in the number of 3 adrenergic receptors (through which bronchodilation
is induced);

- hereditary increase in the number of o adrenergic receptors (bronchoconstriction);

- hereditary predominance of bronchial parasympathetic activity;

- increased reactivity of irritation receptors, in connection with cholinergic fibers;

- abnormalities in the activity of non-adrenergic non-cholinergic bronchial nerve fibers (NANC).
Under normal conditions, these fibers release both bronchodilator compounds (active vascular-
intestinal peptide, VIP, and nitric oxide, NO) and bronchoconstrictors (tachykinins, such as
neurokinins A and B, substance P, calcitonin).

In non-allergic BA, people with a hereditary predisposition show an excess of
bronchoconstrictor activity. Moreover, in these people, the hypothesis of the existence of a
pathological, exacerbated, variant of the inflammatory response is also advanced [41,42].

Involvement of PRF pathophysiological mechanisms in bronchial asthma

e V/Q mismatch occurs in mild and moderate BA.

The uneven ventilation distribution is explained by the fact that the inflammatory reaction is not
so strong that all the bronchioles are obstructed by mucus, and the rupture of the alveolar septa does
not uniformly affect the entire lung.

The uneven perfusion distribution is explained by the reflex vasoconstriction in poorly
ventilated areas.

V/Q ratio mismatch is the primary mechanism of PRF onset in early or mild and moderate
BA.

¢ In severe BA and in the elderly, generalized alveolar hypoventilation is present. In addition,
bronchial hypertrophy and fibrosis occur, through increased and prolonged releases of FGF and
TGFp. Hypoxemia and hypercapnia, i.e. global PRF, also occurs.

A secondary role is played by the decrease in O2 diffusion through ACM (indirect mechanism:
decrease in the exchange surface and lung contact time) and the intrapulmonary vascular shunt,
secondary to the increase in pressure in the pulmonary arterioles (mechanisms identical to COPD).

3. Pathophysiological Details in COPD and BA—Similarities and Differences
Regarding:

- EFFECTOR CELLS

- MOLECULAR MECHANISMS

- MORPHO-FUNCTIONAL CONSEQUENCES OF INFLAMMATION

- QUANTUM IMPLICATIONS OF MOLECULAR MECHANISMS

From a clinical point of view, there is a wide phenotypic variety of COPD cases, some of which
present predominantly small airway pathology, while others are characterized mainly by the alveolar
space enlargement and the emphysematous component.

In contrast to asthma, in COPD, inflammation is mainly located in the small airways and lung
parenchyma, being associated with systemic inflammation. The main cause of the airways
obstruction is their narrowing, first by inflammation, then by the fibrosis and collapse caused by the
rupture of elastic fibers. The reversible cholinergic contraction of small airways is added. The
obstruction is also maintained by mucus hypersecretion, amplified by ciliary dysfunction [43,44].

The airway obstruction in COPD is usually progressive, unlike in asthma, where it basically does
not progress. Even in mild forms, there is bronchial obstruction and atelectasis, but the obstruction
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precedes the onset of emphysema. Longitudinal studies on COPD demonstrate that 50% of cases
show an accelerated decline in lung function, while the rest evolve within age limits, but in the latter,
the onset of the pathology is either in the intrauterine period or in childhood [43,44].

In COPD, the number of macrophages, T and B cells increases in the bronchial wall and lung
parenchyma, so there are both innate and adaptive immunity mechanisms [43,44]. The same pattern
of response is observed in smokers without the airway limitation, but it is amplified in COPD,
without the mechanism to be fully understood [45].

On the other hand, most patients with bronchial asthma have an atopic terrain and present an
inflammatory pattern of an allergic type, extended from the trachea to the peripheral airways. This
allergic type of inflammation is induced by Th2 cells, which secretes IL-4, IL-5 and IL-13. That is why
itis called T2-high asthma [46]. Other asthmatic patients do not have this type of inflammation, being
called non-T2/low-T2, these forms being more severe [47]. The mentioned heterogeneity of asthma is
now widespread, but it is very difficult to establish a clear link between molecular mechanisms
(endotype) and clinical phenotypes [48].

In asthma, airway stenosis occurs primarily through contraction of bronchial smooth muscle
and, secondarily, through edema generated by increased permeability and bronchial vasodilation. In
addition, there are structural abnormalities, such as the smooth muscle hypertrophy and fibrosis,
which contribute to the irreversibility of changes in the bronchial wall [44,48]. Plugs of viscous mucus,
rich in glycoproteins and plasma proteins, can completely obstruct the airway. Inflammation causes
not only the narrowing of the bronchial lumen, but also the hyperreactivity of the wall, the defining
asthma phenomenon [49]. The hyperreactivity molecular mechanisms are not fully elucidated, but
certainly incriminate: the release of mediators from inflammatory cells (mainly mast cells), increased
smooth muscle contractility and sensitivity of bronchial nerve endings to pre-existing airway
narrowing, through geometric effects [50].

Even though asthma is relatively easy to control with appropriate medication, approximately
5% of patients do not respond to treatment, being considered to have severe forms [51]. In these
situations, several inflammatory response subtypes have been identified, which can benefit from
personalized medication.

- EFFECTOR CELLS IN COPD AND BA

In both pathologies, not only innate immunity cells (neutrophils, macrophages, eosinophils,
mast cells, NK lymphocytes, vd T lymphocytes, ILC — innate lymphoid cells, dendritic cells), but also
adaptive immunity cells (T and B cells) participate. To them, epithelial cells, endothelial cells and
fibroblasts are added, which are also sources of inflammatory mediators.

Mast cells
® They are the most important effector cells in BA, through the release of bronchoconstrictor

mediators: histamine, SRS-A (LT C4, D4 and E4, also known as cysteinyl-leukotrienes) and PG

D2 [52]. In allergic asthma, mast cells degranulate after the allergen is bound to IgE, which in

turn binds to membrane receptors FceR1. Another cause of degranulation is osmolarity changes

secondary to hyperventilation. Apart from the classical chemoattractants that have already been
presented, mast cells are directly recruited to the surface of the airways by the stem cell factor

(SCF), released by the epithelial cells. SCF binds to mast cell c-Kit receptors [53,54]. Upon

activation, mast cells release IL-4, IL-5, and IL-13, as well as neurotrophins, which appear to play

an important role in the late response to allergens [55]. Mast cell-specific proteases, tryptase and
chymase, are also released. Tryptase has a strong pro-inflammatory action too, contributing to
the onset of bronchial hyperreactivity, while chymase has a profibrotic role, activating TGF{3

[56].
®  On the other hand, mast cells do not seem to have a significant role in COPD, which could

explain the absence of variable airway narrowing, in stark contrast to BA [57]. An increased

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202601.2329.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 January 2026 d0i:10.20944/preprints202601.2329.v1

8 of 30

number of mast cells has been described in patients with centrilobular emphysema, being linked

to bronchial hyperresponsiveness and possibly airway fibrosis [58,59].

Macrophages

As in other tissues, lung macrophages are very heterogeneous, some being pro-inflammatory
and others anti-inflammatory, having a regenerative role.

* In BA, the role of macrophages is not very clear, as it is not established whether the pro-
inflammatory or anti-inflammatory phenotype acts. They can be also activated by Ig E-bound
allergens, which, in turn, attach to low-affinity FceRII (CD23) receptors on the macrophage membrane
[60]. Moreover, in patients with severe forms of BA, it has been observed a decrease in the
macrophage secretion of IL-10, which is an anti-inflammatory cytokine [61].

¢ In COPD, macrophages play the main role in inflammation, being shown to increase their
number in the airways, lung parenchyma and bronchoalveolar lavage fluid. They originate in
circulating monocytes, chemoattracted by the chemokines CCL2 and CXCL1 (CXC chemokine ligand
1), highly present in sputum and bronchoalveolar lavage fluid. Furthermore, the macrophages in
COPD patients show a greater response to CXCL1 than the macrophages in smokers or non-smokers
without COPD. It is explained by the increase in the number and activity of CXCR2 receptors, which
bind to CXCL1 [57,62].

In COPD, the M1 profile of pro-inflammatory macrophages predominates, although an increase
in the number of M2 macrophages, which participate in the defective remodeling of the airways and
lung parenchyma, has also been identified [57,62,63]. M1 macrophages in COPD patients release the
inflammatory mediators IL-1p, IL-6, TNFa, CXCL1, CXCL8, CCL2, LTB4 and ROS in significantly
higher amounts compared to macrophages in normal patients. They also show increased secretion of
matrix metalloproteinases MMP-2, MMP-9, MMP-12 and cathepsins K, L and S [62-64]. Macrophages
have shown the mentioned differences even when maintained for several days in culture, being
clearly different from the macrophages from normal individuals, smokers and non-smokers.

Macrophages also release CXCL9, CXCL10, and CXCL11, chemoattractants for T CD8+ cytotoxic
cells and for TH1 CD4+ lymphocytes that display CXC3 membrane receptors for these chemokines
[64-66].

Both alveolar-resident macrophages and those derived from blood monocytes have shown a
reduced capacity to phagocytose bacteria, a phenomenon that could explain why approximately 50%
of COPD patients have lower airways chronically colonized with Haemophilus influenzae or
Streptococcus pneumonia [67,68]. This pattern has also been described in patients with severe BA [69].
Macrophages have also demonstrated a reduced ability to phagocytose apoptotic bodies
(efferocytosis) [70,71].

Broncho-pulmonary dendritic cells

They are phagocytes that act as antigen-presenting cells, capturing allergens, processing them
in lysosomes, obtaining epitopes, which will then be presented on MHC II molecules to TH cells.
They stimulate the differentiation of TH cells into the TH2 profile, thus activating the humoral
immune response (HIR). BA patients respiratory epithelial cells release the thymic stromal
lymphopoietin (TSLP), a cytokine which stimulates at this level the dendritic cells to release
chemoattractant cytokines for blood TH2 cells [72]. Moreover, the number of dendritic cells is
increased in small airways of COPD patients, especially in severe forms [73].

Eosinophils

¢ They are the main effector cells of inflammation in BA, being attracted from the bloodstream
by the endothelial cell adhesion molecules. Then, will be directed into the submucosa by the
chemokines CCL11 (eotaxin) and CCL5 (RANTES), secreted by respiratory epithelial cells [74,75].
Once extravascular, eosinophils become activated and increase their survival time in the airways. Th2
cells and the innate lymphoid cell population ILCs (ILC2) secrete IL-5, which stimulates medullary
production of eosinophils and their survival in the airways [76]. ILC2 are relatively recently
discovered innate immune cells, being derived from lymphoid progenitor cells. These cells secrete
signal molecules (IL-5, IL-13), through which they participate in the control of both innate and

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202601.2329.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 January 2026 d0i:10.20944/preprints202601.2329.v1

9 of 30

acquired immunity [77]. ILC2 are resident cells in different tissues, predominantly in the mucous
membranes. They participate in the maintenance of tissue homeostasis, morphogenesis, metabolism,
repair and regeneration. These lymphoid cells are considered to play an important role in intrinsic,
non-allergic BA [77].

Experimental blockage of IL-5 and specific receptors, IL-5R, has caused a massive and prolonged
decrease in the number of eosinophils in blood and sputum, without diminishing bronchial
hyperreactivity and symptoms of BA [78,79].

Eosinophils also release growth factors, such as TGEf, involved in bronchial remodeling [80].

¢ If in BA eosinophils are the main leukocytes, their role in COPD is much less clear. However,
in certain stable COPD cases, their increase in airways and bronchoalveolar lavage fluid has been
shown. The presence of eosinophils in such patients indicates a better therapeutic response to
bronchodilators and corticosteroids, as well as the possibility of COPD-BA coexistence. Also, the
eosinophils increase in COPD is attributed to ILC2, stimulated by IL-33, a cytokine released by
attacked epithelial cells [81,82].

Neutrophils

. Some patients with severe BA have shown an increase in the activated neutrophils
number in the airways and sputum, a phenomenon also observed in some mild or moderate BA
forms [83,84]. The mechanisms of neutrophil-induced inflammation in BA are not clear, but they
appear to be related to the treatment with corticosteroids, which prolong neutrophils lifespan and
decrease antibacterial resistance. Another mechanism involves TH17 lymphocytes, known to have a
strong pro-inflammatory action by activating neutrophils. They secrete the A and F forms of IL-17
and have been identified in severe asthma. [85].

¢ On the other hand, the involvement of neutrophils in COPD inflammation is well known. The
clearest evidence is the increase in the number of activated neutrophils in sputum and
bronchoalveolar lavage fluid and the correlation of this number with the severity of the disease [86].
Neutrophils have even been identified in the bronchial lumen and in the lung parenchyma [87].

In smokers, tobacco has been shown to stimulate medullary granulocyte production and their
survival in the respiratory tract. The mechanism appears to be initiated by the aggression exerted by
smoking on bronchial epithelial cells and pulmonary macrophages, which release the granulocyte
and granulocyte-macrophage colony-stimulating factors, G-CSF and GM-CSF. The use of GM-CSF
blocking antibodies inhibits neutrophil-induced inflammation [88].

In patients with COPD, peribronchial endothelial cells expose an increased number of E-selectin
molecules on the luminal membrane to which blood neutrophils adhere. Epithelial cells, local
macrophages and activated T cells also secrete the chemoattractant factors LTB4, CXCL1, CXCL5
(ENA-78) and CXCLS, through which they attract and target neutrophils [89]. Even neutrophils
already in the bronchial wall are an important source of CXCLS, attracting other neutrophils from the
blood [89]. So, COPD patients neutrophils show aberrant, greatly exacerbated responses to
chemoattractant factors [89].

Once inside the inflammatory foci, neutrophils are activated and secrete myeloperoxidase,
serine proteases (elastase, cathepsin G, proteinase 3, matrix metalloproteinases MMP-8 and MMP-9),
which contribute to alveolar destruction [87-89]. Cathepsin G and proteinase 3 strongly stimulate
goblet cells and submucosal glands to secrete mucus [91]. Moreover, activated neutrophils secrete
lipocalins, proteins involved in immune responses, transport of pheromones and retinoids, synthesis
of prostaglandins and biological information exchange between malignant cells [90].

T Lymphocytes

¢ In patients with BA, the TH2 profile predominates (especially Th2), in contrast to normal
individuals, whose airways contain mostly TH1 [92]. The cytokines secreted by Th2 cells
(predominantly IL-5) recruit eosinophils and mast cells and help them survive in the airways. They
also stimulate Ig E synthesis (IL-4 and IL-13) [55]. T reg cells (regulatory/suppressor T lymphocytes)
suppress Th2 effects, but they are low in BA [92,93].
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Innate lymphoid cells (ILC2) are controlled by the epithelial cytokines IL-25, IL-33 and TSLP
(thymic stromal lymphopoietin) and appear to have an important function in intrinsic and severe BA
[77,94].

TH17 cells have already been mentioned, being a lymphocyte population that increases in
number in patients with severe asthma and stimulates the CXCLS release from epithelial cells. This
chemokine, in turn, attracts neutrophils to the airways and lung parenchyma [85,89].

A distinct population of TH is that of TH9 cells, (IL-9-secreting lymphocytes), which are present
in great number in BA and stimulate T cells survival in the airways [95,96]. At this level, they also
activate T cells, B cells and macrophages [105].

¢ In COPD, there is clear evidence of increased T cells number in the airways and lung
parenchyma, predominantly CD8+ cytotoxic lymphocytes (TcCD8+) [97]. The likely explanation is
the transformation of bacterially colonized epithelial cells in the lower respiratory tract into target
cells for cytotoxic lymphocytes [97,98]. A clear argument is also the increase in the number of THI,
which activates TcCD8+, and of TH17 (secretors of IL-17A and IL-22), which activates neutrophils
[99]. T cells number is correlated with the level of alveolar destruction and the severity of airway
obstruction. Both TH CD4+ and Tc CD8+ lymphocytes strongly express the CXCR3 receptor for the
chemokines CXCL9, CXCL10, and CXCL11, which are highly present in COPD [99,100].

In patients with emphysema, alveolar cell apoptosis is induced by mediators secreted by
TcCD8+ cells (perforins, granzymes and TNFa) [97,101]. Another interesting phenomenon
discovered in COPD patients is the immunosenescence of some Tc cells, which no longer express the
stimulatory co-receptor CD28 (CD28 null T cells), but show an increased capacity to release perforins
and granzymes [102,103].

Lymphoid cells are also increased in COPD, especially ILC3, which are innate immunity cells
functionally equivalent to TH17. They too secrete IL-17 and IL-22, activating neutrophilic
inflammation [104,105].

B Lymphocytes

They are the Ig E-secreting cells, following stimulation with IL-4, IL-5 and IL-13 and have been
identified in both allergic and non-allergic BA [107,108]. Moreover, patients with severe forms of
COPD show an increased number of B lymphocytes in the peripheral airways and in the lung
parenchyma [109].

Autoimmunity mechanisms are present in both BA and COPD, triggered by the lung tissue
damage and deficient T reg cells function [110,111]. Thus, autoantibodies have been identified in non-
allergic BA, but their function is unclear [112]. In smokers, cellular and interstitial lung lesions occur
that antigenically alter structures at this level. Furthermore, oxidative stress generates carbonylated
and citrullinated proteins, against which autoantibodies are synthesized. They have been identified
together with anti-endothelial antibodies in the serum of patients with COPD, especially in severe
forms [109]. In all these situations, immune complexes activate complement via the classical pathway,
as evidenced by the increased intrapulmonary presence of complement factors in patients with COPD
[113].

Structural cells

In both AB and COPD, epithelial and endothelial cells, fibroblasts, and bronchial smooth muscle
cells can secrete inflammatory mediators and cytokines when they are attacked and/or activated in
an inflammatory focus [70,71].

-MOLECULAR MECHANISMS

All the mentioned cell types release a great diversity of inflammatory mediators, many of
them having the role of signaling molecules too. In order to remain oriented in this molecular
variety, it is useful to understand that molecular actions are redundant (induce the same response
at various sites of action), “tune in”, becoming coherent through compatible electromagnetic
emission, in terms of both local agglomeration and their effects. This statement is scientifically
correct because it has long been known that any molecule emits an electromagnetic field [114]. It
is also essential to know that all these molecules associate the interfacial water layer, which is in
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fact the ordering and functional coherence factor, through the generated electron and proton fields
[115-117]. If in a short-term inflammation, the cellular and molecular agglomeration can be
functionally coherent for the purpose of effective local and general defense of the body, in chronic
airway pathology and especially in COPD, these new functional balances, obtained for “damage
conditions”, are short-lived, break easily, becoming disease generators themselves, through all
kinds of vicious signaling circles.

Lipid mediators

Prostaglandins and leukotrienes released in the two pathologies trigger bronchoconstriction,
increased vascular permeability and chemoattractant effect, as it has already been presented.
Currently, their differentiated actions in COPD, compared to BA, are not clear or systematized.

* In BA, TXA2 and SRS-A (LTC4, D4, E4) predominate. LTD4 has a strong bronchoconstrictor
effect, but the administration of receptor antagonists is less effective than f sympathomimetics, which
indicates the existence of the additive action of other bronchoconstrictors [118,119]. Prostaglandin D2
(PGD2) has a strong bronchoconstrictor effect too, being also chemoattractant for Th2 lymphocytes,
eosinophils and mast cells by binding to DP2R receptors [120].

¢ In COPD, lipid mediators have a different profile than in asthma. A significant increase in
PGE2, PGF2a and LTB4 has been identified [121]. LTB4 has a strong neutrophil chemoattractant effect
and, more recently, T cells chemoattraction has also been proved [122].

Cytokines

They have an essential role in the synergistic unfolding of inflammation mechanisms, in both
COPD and BA.

¢ In BA, the cytokines released by activated Th2 cells mediate allergic inflammation, while the
“classical” pro-inflammatory cytokines TNFa and IL-1(3 increase significantly in more severe forms
[123]. The use of anti-IL-5 or anti-IL-13 blocking antibodies has been associated with clinical benefit.
TLSP is a cytokine released in asthma by epithelial cells and in turn stimulates LTh2 chemokine
release [94]. Th1l7 lymphocytes releases IL-17A/F and IL-22, which stimulate neutrophilic
inflammation in more severe forms of BA [124]. On the other hand, the anti-inflammatory cytokine
IL-10 is deficient in asthma. TH9 lymphocytes produce IL-9, who stimulates T cells, B cells and
macrophages and may promote inflammation by activating Th2 cells and by increasing mast cell
accumulation [125]. This interleukin also activates Argl+ interstitial macrophages, which secrete the
chemokine CCL5. This attracts eosinophils, T cells, and blood monocytes to the lungs, triggering type
2 inflammation [106]

¢ In COPD, the TNFa level increases, mainly through its production in macrophages. Through
the initiated transduction cascade, TNFa strongly activates the transcription factor NF-kB, which,
among actions, stimulates gene transcription for other proinflammatory cytokines, including IL-6
[126]. It is also responsible for the occurrence of cachexia in some severe and advanced forms,
inducing apoptosis in striated muscle cells, by stimulating TNFR death receptors. Anti-TNF therapies
have not proven to be very effective in COPD because of their strong side effects [127,128].

Furthermore, the other prototypical inflammatory cytokines, IL-1f3 and IL-6, have demonstrated
significant elevation in the serum and sputum of COPD patients. IL-17A and IL-22, produced by
LTh17 and ILC3 innate lymphoid cells, also show increase in the airways. The alarmins IL-33 and
TLSP are produced in increased concentrations by epithelial cells and stimulate ILCs [128].

Chemokines

They play an important role in both COPD and BA, signaling through G protein-coupled
receptors (GPCRs).

* In BA, epithelial cells secrete CCL11, a chemoattractant for eosinophils, which exerts its actions
through CCR3. In parallel, dendritic cells secrete CCL17 and CCL22, chemoattractants for Th2 cells,
to whose membranes they attach via CCR4 receptors [15,19,66,129].

¢ In COPD, macrophages, neutrophils, T cells that have already entered the airways, as well as
epithelial cells secrete the chemokine CCLS, a chemoattractant for neutrophils, by binding with high
affinity to their CXCR2 receptors. CCL1 and CCL5 also act on these receptors, inducing the
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neutrophils and monocytes chemoattraction. Moreover, in patients with COPD, monocyte
chemoattraction determined by CCL1 is significantly stronger than in normal smokers (without
COPD), a phenomenon explained by the increase in the number of CCR2 receptors on these patients
monocytes membranes. Also in COPD, CCLS5 activates CCR5 receptors on T cells and CCR3 receptors
on eosinophils, causing chemoattraction of these cells to the airway wall. In addition, the chemokines
CXCL9, CXCL10 and CXCL11 secreted in COPD cause chemoattraction of monocytes and TH1 and
Tc lymphocytes, acting on their CXCR3 receptors [15,19,66,129].

Reactive oxygen species

They are involved in important signaling mechanisms in COPD and BA, their local and systemic
concentration being increased in these pathologies. They come from both an external source (cigarette
smoke and polluted air) and from endogenous production, secondary to the activation of
macrophages, neutrophils and eosinophils. In patients with BA, increases in 8-isoprostane
(arachidonic acid oxidation compound) and ethane (lipid peroxidation product) levels have been
recorded in exhaled air, both compounds resulting from ROS attack on membrane lipids [130].
Moreover, a direct correlation has been established between ROS levels and disease severity, both in
COPD and BA, by amplifying the inflammatory reaction (secondary to the transcription factor NF-
kB activation) and reducing the response to anti-inflammatory therapy with corticosteroids [131].

In patients with COPD, a decrease in antioxidant levels and antiprotease activity (such as that
of al-antitrypsin) has also been associated, a phenomenon that accelerates elastin degradation in the
lung parenchyma [132]. ROS also reduce the expression and activity of sirtuin-1, a key reparative
molecule with an anti-aging role, the cellular aging phenomenon being accelerated in COPD [133].

Proteases

They are present in any inflammatory reaction, therefore in COPD and BA too. Among the first
to be released is mast cell tryptase, which is also thought to play a role in bronchial hyperreactivity
in asthma. In COPD, elastases are major players in the development of emphysema. By degrading
elastin, elastases generate intermediate peptide compounds, called matrikines, with a
chemoattractant effect for neutrophils by binding to their CXCR2 receptors [134]. In a vicious circle,
activated neutrophils release matrix metalloproteinases, such as MMP-9, which additionally generate
matrikines and degrade elastin. MMP-9 is the predominant elastase in COPD, being secreted by
macrophages, neutrophils and epithelial cells [134]. Neutrophil elastase has also been identified as a
potent stimulator of bronchial mucus secretion, by binding to epidermal growth factor receptors,
EGEFR [135].

ATP

Adenosine triphosphate (ATP) exerts both intracellular and extracellular effects. If in the cell the
ATP molecule plays an essential role in energy metabolism, in the extracellular environment it
attaches to purinergic receptors and aggravates airway inflammation. One of the identified
mechanisms is binding to mast cell P2Y2 receptors, followed by degranulation [136]. It is also a potent
activator of afferent nerve fibers in the airways through the use of P2X3 receptors. Blockers of these
receptors have a very effective antitussive action [137].

Secretory phenotype associated with cellular senescence

Relatively recently, markers of cellular senescence have been identified in the airway smooth
muscle cells of elderly patients with BA: the presence of oxidative stress and chronic inflammation,
telomere shortening, autophagy/mitophagy [138,139].

There is also an increasing evidence that a lung aging process occurs in COPD, manifested by
the accumulation of senescent alveolar epithelial, endothelial and fibroblast cells. These cells release
inflammatory compounds having a particular profile: TNF-a, IL-3, IL-6, CCL2, CXCL1, CXCL8, TGF-
B, MMP-9 and ROS, known as the senescence-associated secretory phenotype, whereby cellular
senescence is amplified and disseminated [138]. In patients with COPD, these compounds have
increased levels, both pulmonary and systemic, considered to be involved in the occurrence of
comorbidities (cardiovascular disease, type 2 diabetes and chronic kidney disease), which accelerate
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the process of cellular aging. The senescence-associated secretory phenotype is transmitted from one
cell to another via extracellular vesicles [139,140].
Systemic inflammation and comorbidities
* In BA, inflammation is limited to the airway mucosa, with little evidence of systemic
inflammation. Comorbidities are usually the other allergic manifestations (allergic rhinitis and atopic
dermatitis), as well as gastroesophageal reflux, secondary to bronchodilator therapy, which relaxes
the gastroesophageal sphincter [141,142]. Another comorbidity is obesity, which may decrease the
therapeutic response in patients with asthma. The adipokines secreted by adipose tissue amplify the
inflammatory response. In addition, obese asthmatic patients show an alteration of the gut
microbiota, which produces short-chain fatty acids and other compounds that activate immune cells
[142].
¢ Unlike in BA, systemic inflammation is present in COPD patients with severe forms or during
exacerbations, being manifested by increases in the cytokines, chemokines and acute phase proteins
blood levels, as well as by significant changes in the blood count. The presence of systemic
inflammation is associated with a poor prognosis in COPD [143]. However, it cannot be said with
certainty whether the systemic inflammatory markers originate from the pulmonary inflammatory
foci, reflect a real systemic inflammation or are generated by comorbidities. In a large population-
based study, the presence of systemic inflammation (increased C-reactive protein, fibrinogen, and
leukocytes) has been associated with a 2- to 4-fold increased risk of COPD-associated cardiovascular
disease, diabetes, pneumonia, and lung cancer. 70% of COPD patients have shown increases in serum
concentrations of CRP, IL-6, CXCLS, fibrinogen, TNFa and leukocyte count, while in 16% of them
inflammation has been persistent and associated with more exacerbations and increase in mortality
[144,145].
- INFLAMMATION MORPHO-FUNCTIONAL CONSEQUENCES
Changes in bronchial smooth muscle
e In patients with COPD, it has not been highlighted a significant increase in the bronchial wall
muscle mass, probably because, among the released inflammatory mediators, there are not sufficient
concentrations of the specific growth factors [57].
¢ On the other hand, in BA, bronchoconstriction is the main mechanism of the bronchial lumen
narrowing and it is induced mainly by mast cell mediators. Bronchoconstriction is associated with
the bronchial smooth muscle hypertrophy and hyperplasia, stimulated by growth factors such as
PDGF and endothelin-1, released by inflammatory cells and epithelial cells. In turn, smooth muscle
cells also release inflammatory mediators, which contribute to the lumen narrowing [145].
Changes in nutrient vasculature
In COPD, there is a decrease in airway vasculature, probably through reduced secretion of the
vascular endothelial growth factor, VEGF [57]. On the other hand, in BA, the blood flow in the
bronchial mucosa vessels is increased, inducing the lumen narrowing. The growth of the
peribronchial vascular network, secondary to VEGF stimulation, also contributes to this
phenomenon. Moreover, in BA, permeability is increased in the post-capillary venules, generating
airway edema and inflammatory exudate [145,146].
Mucus hypersecretion
It is a pathophysiological mechanism present in both COPD and BA, which induces the airway
obstruction. It is accompanied by mucociliary function alteration, submucosal glands hyperplasia in
the large bronchi and an increase in the goblet epithelial cells number. The result is the presence of
viscous mucus plugs that, in fatal forms of BA, can even completely obstruct the airways. IL-13 is a
potent stimulator of mucus secretion and it is antagonized by corticosteroids [146]. Another
pathophysiological mechanism induced in inflammation starts from excess ROS and TGFa, which
stimulates the EGFR receptor, triggering signals completed by mucin gene expression [146,147].
Moreover, neutrophils release proteases that strongly stimulate mucus secretion, a phenomenon
that is confirmed by infiltration of the bronchial wall with neutrophils in patients with COPD and
severe forms of BA [148].
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Inflammation effects on neural regulatory mechanisms

Inflammation plays an important role in the onset of bronchoconstriction and the cough reflex.

e  Effects of inflammation on the cough reflex:

Sensitive nerve endings are activated for a long time by inflammatory mediators, becoming
hyperreactive. Thus, prostaglandins, leukotrienes, ATP and low pH activate transient receptor
potential (TRP) channels, a type of ion channels in the structure of sensory endings, triggering the
cough reflex, in both BA and COPD [57,145]. An indirect mechanism is added, generated by
neurotrophins, in particular by NGF (nerve growth factor), which are released from the bronchial
epithelial cells and mast cells of patients with BA. This mechanism induces an increase in the number
and sensitivity of the airways nerve endings [149]. The role of neurotrophins in COPD is not clear,
although the studies conducted in our department on neurotrophin-3 behavior in COPD patients
have shown a significant increase in serum concentrations compared to healthy individuals [150].

e Effects of inflammation on bronchoconstriction:

The cholinergic mechanism triggering, which involves the acetylcholine release, bronchial
muscarinic receptors stimulation and bronchoconstriction occurrence, can be achieved neuronally or
non-neuronally [151].

- Inflammatory mediators stimulate sensitive nerve endings, with the initiation of a motor reflex,
manifested by bronchoconstriction, mediated by either cholinergic mechanisms or neuropeptide
release. In addition, inflammatory mediators induce an increase in the number of parasympathetic
ganglia in the airways. In turn, the neuropeptides (primarily, substance P) released by the sensitive
nerves stimulated in bronchial inflammation also have a pro-inflammatory role, generating a self-
maintenance mechanism of the inflammatory reaction. However, the role of neurogenic
inflammation in COPD and BA has not yet been clearly proven (the administration of inhibitors of
substance P and other neurokinins has not determined a significant clinical benefit) [152,153].

-Bronchoconstriction can be also triggered by a non-neuronal mechanism, which involves the
release of acetylcholine from bronchial epithelial cells and inflammatory cells, this being an important
inducer of bronchial spasm in the peripheral area of the bronchial trees, where cholinergic
innervation is very reduced [151].

Therefore, anticholinergic medication is effective in both neuronal and non-neuronal
mechanism. In COPD, the use of this type of medication is of great importance, because bronchial
cholinergic hypertonia is the only reversible mechanism of the bronchial lumen reduction. On the
other hand, the 3 sympathomimetic medication has a much more effective bronchodilator effect in
BA than the anticholinergic one, because it also antagonizes the bronchoconstrictor effects of
prostaglandins and leukotrienes [152,153].

Bronchial fibrosis

It is present in both COPD and BA, representing an aberrant reparative response induced by
prolonged inflammatory aggression on the bronchial epithelium.

o In all asthmatic patients, the basement membrane shows apparent thickening due to
subepithelial fibrosis (deposition of type IIl and IV collagen fibers) and eosinophil aggregation
beneath the epithelial basement membrane [153,154]. The most likely molecular substrate of these
changes is the release of TGF( from the epithelial and inflammatory cells activated by repeated
bronchoconstriction-induced mechanical stress. As BA worsens, fibrosis extends beyond the space
beneath the basement membrane and encompasses the entire bronchial wall, presumably through
the phenotypic transformation of bronchial smooth muscle cells into myofibroblasts [153]

o In COPD, peribronchiolar fibrosis is an important factor in disease progression. The
molecular mechanism is also initiated by fibrogenic inflammatory mediators, released by epithelial
cells, and activated macrophages: TGF[3, connective tissue growth factor (CTGF) and endothelin. An
important histopathological observation is that fibrosis of the small airways is an early change in the
development of COPD, preceding the onset of emphysema. As long as the inflammatory mechanisms
can be inhibited, the airway narrowing is reversible [153-155].
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The resolution of inflammation is an active and intense process, for which the body is endowed
with endogenous mechanisms, more recently discovered, initiated by lipoxins, resolvins E, protectins
D and maresins [155]. All these molecules are derivatives of polyunsaturated fatty acids and act on
specific phagocytic receptors, with the resolution of phagocyte-induced inflammation. The
compounds listed above inhibit the recruitment of blood neutrophils into tissues and enhance the
efferocytosis of apoptotic neutrophils. Maresin-1 is the most powerful known activator of
efferocytosis performed by macrophages (efferocytosis is the process of removing apoptotic bodies
and involves mechanisms similar to those of phagocytosis) [155]. The phagocytes deficiency in the
phagocytosis and efferocytosis favors the maintenance of bronchial and peribronchial inflammation.
The phenomenon is confirmed in patients with COPD [153-155].

-QUANTUM IMPLICATIONS OF MOLECULAR MECHANISMS

A.  Quantum behavior of reactive oxygen species and other inflammation mediators

The discussion in this context must necessarily be preceded by the presentation and
understanding of the special properties of water, which is a polar molecule, having an electric dipole,
where the positive and negative charges are separated by a "length" of the dipole [156]. This
configuration makes it possible to establish bonds between several water molecules, more precisely
between the positive region of one molecule (hydrogen atoms) and the negative region of another
(oxygen). This process also continues with other ions, so that any positive or negative ion can attract
and is attracted to the oxygen or the protons in a water molecule. The phenomenon is called hydration
[156]. Water has a surface tension at any interface, including the one with atmospheric air, generated
by dipolar bonds between molecules. This type of polymerization gives the formed water clusters
crystal-like properties, i.e. symmetry and order. Water clusters form hydration layers around
molecules. Thus, in biological systems liquid water interacts not only with small solutes but also with
large hydrophilic or hydrophobic surfaces, such as proteins, nucleic acids, various organelles or cell
membranes [156]. Incoherent inelastic neutron scattering studies of several types of cells and tissues
suggest that 20-30% of the total water (intra and extracellular) of these systems is interfacial water,
i.e. water located in a 1-4 nm (approx.) layer adjacent to the cell surface [156-159]. The remaining 70-
80% is "unstructured" bulk water. At the nanoscale, the interfacial water adjacent to hydrophilic
surfaces has a 2-10¢ times higher viscosity than bulk water, while water in the vicinity of hydrophobic
surfaces has no significant changes in viscosity [156-159]. Moreover, water located more than 1 nm
from hydrophobic surfaces has fewer hydrogen bonds and behaves more like a liquid-vapor interface
water than a “bulk” water [156,159].

Therefore, we can state that the water around a hydrophilic surface is organized in three
concentric layers: interfacial water, semi-structured water and "bulk" water [156-159].

However, biological water can be considered interfacial (structured) water, due to the fact that
there is almost no point in the body placed at a distance much greater than a fraction of a micron
from a surface [159].

Structured/interfacial water has various interactions with biological systems as follows [156—
159]:

-it increases the biological interfaces electrical conductivity, facilitating metabolism and
maintaining the differences in electrical potential at the level of cellular organelles;

-it absorbs, stores and emits electromagnetic energy, phenomena that allow the storage and
transmission of energy and biological information. However, it has long been known that any
molecule emits an electromagnetic field;

-it has a role in thermolysis;

-it solves the problems of intracellular crowding and molecular self-assembly, through chirality
and magnetization.

The exogenous stress exerted on the interfacial water can destroy its structure, initiating a series
of events in the intra- and extracellular spaces, leading to neurological dysfunctions and diseases,
infectious diseases, malignancies and death. We can consider that this is the level at which the disease
is triggered [156-159]. In other words, destructive changes first occur in the aqueous interface, the
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volume in the vicinity of the surface of a biological macromolecule [156]. At this level, the structure
and properties of water are different from those of unstructured/bulk liquid water, as we have
already discussed ("Interface" means the surface area between two phases, while "interphase” is the
volume of the narrow region between two phases).

The studies carried out proved that the interfacial water has a glassy, semi-crystalline
appearance, being considered a different phase from ordinary liquid water. That's why it was called
Pollack's Fourth Phase. It is essentially characterized by the coherence of the electromagnetic field
emitted by each molecule (quantum coherence) [156].

Electron transfer through the interfacial water is essential for all cellular energy metabolism
associated events [157,158]. Anyone can easily imagine the material transfer of electrons in a chemical
environment. However, quantum physics offers us a much more subtle and profound mechanism:
the non-material transfer of electrons/particles.

The simplified diagram below (Figure 1) demonstrates the non-material transfer of electrons
from interfacial water, a phenomenon called electron quantum condensation [158]. Without
requiring the reader to have a deep understanding of these quantum electrochemistry reactions, it is
useful to note the ongoing generation of hydroxyl and superoxide radical species, ionic radical forms
of ROS:

Quantum
condensation <
i _ 0, (H,0),
2 @0, —[ :
H,+ OHY(H,0),
2¢ 0,"(#,0),— 0,(H,0), —HO,; (H,0),
Environment lon-radical forms of ROS

Decay of ion-molecular forms of ROS

2[0; 7 ;0)a ... OH(H20)] — 20 '+ 4a(H,0) +20H +2¢

2[HO, P (H,0), .. OH (H,0), 1— 2HO:+ 4n(H;0) + 20H  +2¢”

Figure 1. Electron quantum condensation as a result of the coherent phase excitation of associated water during
phase instability development is a two-stepped process [158 - Stekhin, A., Yakovleva, G., Pronko, K., & Zemskov,
V. (2018). Regulatory function of macroscopic quantum states of electrons in cell metabolism. Research Article -
Clinical Practice, 15(3), 707-715)].

Electron quantum condensation occurs in two stages and it is the result of the excitation of the
interfacial water coherent phase, excited water that subsequently develops a phase instability.

In the first stage, the almost free electrons generated in the energetically excited interfacial water
molecules emit an electromagnetic vortex field whose energy, in turn, excites the interfacial water
molecules. This excitation energy generates not only molecular coherence but also an energy surplus,
a phase instability [158-160].

In the second stage, there is quantum condensation (attraction) into the vortex of some additional
electrons from the environment, which are given the excitation energy and which themselves become
emitters of the energy given to other atoms, which become radical species. Following the reactions in
Figure 1, we observe how the quantum condensation of electrons is associated with the formation of
molecular hydrogen, hydroxyl and superoxide anions, serving as a source of ionic radical molecules
in living organisms [158-160].
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Enzymes containing metals of variable valence (i.e. all heme-containing enzymes) achieve
“modulation” of the functions of their associated interfacial water. First, the stage of growth of the
coherent phase occurs, i.e. the increase in the energy of the electrons in the enzyme-metal
complexes and in the associated water. Then, phase instability is generated, which is accompanied
by the electrons condensation in the quantum-connected enzymatic sites, with the release of their
energy to free radicals formed in the associated water. In other words, the heme-proteins are
molecules that catalyze radical reactions, being able to induce the balancing (coupling) of the
opposite spin of different radical species [158-162]. This mode of action is specific to antioxidant
enzymes (catalase and peroxidase) as well as to oxygen transporters (hemoglobin and myoglobin)
and cytochromes in the mitochondrial respiratory chain.

How do free radicals influence chemical bonds formation?

Reactive oxygen species, being energetically excited, have a short life span and show a tendency
to recombine, with the generation of radical pairs.

To form, radical pairs require for their electron spin to be correlated, meaning that molecules
must have opposite spin. Under normal conditions, the thermal and enzymatic reactions that produce
free radicals in biological systems involve the energetically stable triplet states of oxygen molecules.
The electrons in chemical bonds that break homolytically (equally) to form free radicals have
antiparallel spin, as do the free radicals themselves. Since the spin must be antiparallel for bond
formation, it is expected that the newly released free radicals with antiparallel spin to immediately
recombine. However, the energy released from the reaction in the environment causes their rapid
separation again, so that the definitive combination of the radicals in pairs occurs rather rarely [158—
162].

Much more important in terms of consequences is the magnetic interaction between the
electron spin of the radical pair and the spin of the nuclei of neighboring hydrogen and oxygen atoms.
As a result of this interaction, the spin state of the oxygen electrons of the radical pair changes, which
now acquires a singlet character (energetically excited, unstable state) [158].

The fact that chemical bonds are formed between free radicals with electrons of opposite spin
does not mean that the homolytic breaking of these bonds automatically implies rapid recombination
of the resulting radicals. Some free radicals do not recombine immediately and, because the energy
released from the reaction diffuses into the immediate vicinity, it induces the threshold energy value
to be exceeded for the formation of another chemical bond. In this way, reactive oxygen species
modulate biochemical reactions in the environment [158-162].

Conclusions:

1. Biochemical reactions do not occur instantaneously and randomly, but depend on
exceeding a threshold of free energy of activation and satisfying steric requirements (i.e. a reaction
can only occur if the reactants, free radicals or other atomic and molecular species, approach each
other in a certain direction) [158-162]. The directed approach between the reactants could be the
result of the action of the electromagnetic vortex field associated with the electronic vortices of the
free radicals.

2. It is now becoming clear that ionic ROS are very important electron acceptors of the body
and that cellular metabolism is regulated through them. As a general mechanism, this regulation
involves the formation and decay of collective states of ROS (a quantum-regulated phenomenon
involving a large number of entangled ROS molecules simultaneously) [158,159,162-164].
Therefore, the biological activity and the functional orientation of cellular metabolism directly
depend on the activity of primary electron receptors.

3. These phenomena occur physiologically, both at the alveolar-capillary level and in every
cell of our body, and the formation of small concentrations of ionic ROS is an essential
mechanism, indispensable for the coherent functioning of our cells.

What happens in COPD and BA?

The disorders associated with these pathologies are initiated by repetitive and/or persistent
inflammation. This means the accumulation of a large number of inflammatory mediators and
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exudated water molecules precisely at the level of these facilitated quantum transfer structures, both
of matter and energy-informational (physical/biological information). Each newly released
inflammatory molecule associates a layer of interfacial water that will generate electron vortices
and proton currents, according to the structure and electrical polarization of that molecule [158].
So, there will be generated electromagnetic emissions that have completely different spectra than
those emitted under normal conditions. In addition, inflammatory cells, especially phagocytes,
will release far above normal amounts of reactive oxygen and nitrogen species, which do nothing
but pick up the energy of the environmental electron vortices and attract new electrons, to then
transfer the energy of the vortices of excitation to other structures, foreign or specific to the body,
degrading them [158-163].

Chronic lung inflammatory phenomena are associated with varying degrees of hypoxia, which
becomes severe during BA attacks and in advanced forms of COPD. Under normal conditions,
oxygen is the final electron acceptor for efficient energy production in the form of ATP. Thus, for the
proper functioning of energy metabolism, mitochondria need oxygen to combine with the electrons
from the cytochrome transport chain and with the protons generated by the proton gradient,
constituting water.

When oxygen drops significantly, the electrons resulting from mitochondrial metabolic
reactions can no longer be picked up and transformed, being released in excess and yielding their
energy to the free radicals that emerge. Moreover, oxygen deficiency will also induce proton
excess, with acidosis [158-163]. Under these conditions, hydrogen peroxide (H202) is converted into
hydroxyl radical (-OH-*), in the presence of bivalent iron or other transition metals. Free radicals
formed excessively in hypoxia and inflammation attack protein and lipid structures as well as nucleic
acids in an attempt to lose their excitation energy. The result is an increase in their molecular size and
a decrease in their availability for oxygen, aggravating in a vicious cycle mitochondrial, nuclear and
cellular dysfunction as a whole [163,164].

In the presence of physiological concentrations of free radicals, the lipid compounds polymerize,
with the formation of nano-sized solid structures, of rubbery gel type, while the peroxidized lipids
behave like crystalline structures [164,165]. In the event of high concentrations of ROS, excessive lipid
peroxidation is associated with severe permeability disorders of the outer membrane and organelle
membranes. It results in the occurrence of a temporary or permanent damage of the hydro-
electromagnetic properties of the tissues, at the level of the exclusion zones of the interfacial water
[165-167].

All these conditions force the cell to extreme responses, such as necrosis or apoptosis.

Conclusions:

1. The synthesis of small concentrations of reactive oxygen and nitrogen species is essential
for normal metabolic reactions and it is accompanied by a normal tissue electromagnetic emission;

2. The oxidative stress in inflammation and hypoxia is associated with the disruption of
mitochondrial, nuclear and cell membrane functioning, lowering the tissue excitability threshold
to electromagnetic fields.

B. Quantum consequences of fibrosis

Another phenomenon generated by the inflammatory reaction, with essential pathological
implications at a quantum level too, is the occurrence of bronchial and interstitial fibrosis.

As an essential histo-physiological element, we must remember that intrapulmonary connective
tissue has as its elementary unit of form and energy-information exchange the spiral collagen fiber.
At the intracellular level, the functional counterpart of collagen is the cytoskeleton, whose basic
component is the microtubule network. Microtubules connect the nucleus to other cytosolic
organelles and structures, being made up of tubulins (six known types, denoted a-C), proteins
assembled in the same spiral form as extracellular collagen fibers [168]. As in a fractal progression,
intracellular spirals of microtubules are connected by membrane junctional proteins to extracellular
collagen spirals, which then join the basement membranes with interstitial collagen, then with the
collagen of the capsules and fascia, of muscles, tendons and skin [167-169].
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A continuum is formed that unites the intracellular space with the extracellular one and then
with the macroscopic one, a continuum that has as a common structure element a spiral shape and
as a common electrochemical and electrodynamic element the polar structure and the presence of
a continuous layer of interfacial water, which functions as a facilitated transport environment
[158,169,170]. All this astonishing structure, which connects the whole organism, could be
functionally assimilated to a network of optical fibers that transfer all biological information in
all directions at a speed close to the speed of light [170,171]. It is a fundamental direction of
experimental research that should not be abandoned.

Arguments

The most interesting characteristic of collagen is hydrophilicity, i.e. the association with
biological water. Most of the hydrogen bonds in the collagen structure are mediated by interfacial
water. Thus, water molecules bind hydrogen between the carbonyl groups of the same chain or
between different chains of the collagen triple helix, as well as between the hydroxyl groups of
hydroxyproline and the carbonyl groups of the same or different chains. The number of water
molecules involved in binding two groups varies along the helix. Water bridges are crucial for
connecting adjacent collagen triple helices and maintaining intermolecular spaces. It is as if water
“dictates” the spatial configuration of collagen [170-172].

The hydrogen bonding network is also present in the associated interfacial water. Each water
molecule binds to four other molecules, forming a three-dimensional network that extends around
the collagen [158,170-172]. As mentioned before, the structured water associated with collagen is
highly ordered, as a single phase.

For 40-50 years, the transport of protons through collagen and the ability of this molecule to
interact with electromagnetic fields, whose photons have frequencies from UV (ultraviolet) to IR
(infrared), have been experimentally proven [172-174]. The result of the interaction will be the
capture of photon energy and the excitation of valence electrons from different collagen groups,
followed by their return to the stable energy phases, through the emission of new photons, with
double energy. The frequency of these photons is doubled and the wavelength is halved [158].

Collagen is the most abundant protein in the body and, through its internal structural order and
associated interfacial water, as well as its ability to interact with electromagnetic fields, has the
behavior of a liquid crystal (liquid crystals are considered states of matter in the mesophase, i.e. in an
intermediate phase between solid and liquid crystals) [158,174,175].

As the most abundant protein of the extracellular matrix and connective tissue, collagen
transfers its liquid crystal behavior to the entire body. In physics, ordered, crystalline structures are
known to facilitate collective, coherent behavior over short and long distances. In conclusion, we can
state again that the structures containing collagen structurally and functionally cohere the whole
body [174,175].

Coming back to the cell, the microtubules cytoskeletal structures are, in turn, polar, therefore
hydrophilic. The water associated with these protein structures conducts electrons through quantum
tunneling, from the negatively charged perinuclear centrosome to the positively charged outer
surface of the cell membrane. These electrons are needed, among other things, to ensure actin
polymerization, essential in all cellular events, and their main source is mitochondria [176,177].
Under hypoxia conditions, mitochondrial production of electrons increases significantly, so that
actin polymerization becomes excessive, this intracellular disorder being transmitted to
neighboring or distant cells through the spiral continuum of collagen fibers [177].

All these hydrophilic intracellular, membrane and extracellular materials are characterized by
different densities of electrons and protons on their surfaces and they can get coherent when
hydrophilic surfaces, water and the energy of an electromagnetic field come into contact, in space
and time.

If, in the light of this information, we try to understand the consequences of pulmonary
fibrosis, we will come to the following findings: the newly synthesized collagen fibers no longer
respect the initial geometry of the lung, they are arranged anarchically and short-circuit or
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interrupt the normal transport pathways, not only in alveoli and capillaries, but also in
interstitium, between alveoli, between acini, between bronchioles..., between the lung and the
pleura, between the lung and the rest of the body.

Moreover, excess collagen “unbalances” the overall emission of the lung, by accentuating the
emission of electron and proton currents from the associated structured water. We can imagine a
“discordant” emission of the lung, difficult to ignore by the rest of the body, which is also faced
with multiple areas more or less “discordant” because of the tissue hypoxia induced by pulmonary
suffering. It is irrelevant whether these perturbations are initiated intracellularly, on the
membrane, or in the interstitium. The continuum that joins the structures ensures the
multidirectional propagation of “disagreement”.

It remains for the future research to establish whether the quantum disturbances of the oxygen
transfer through the alveolar-capillary membrane simultaneously trigger, through “pathological
coherence”, alterations of the cellular energy metabolism in the rest of the body or whether these
alterations are strictly secondary, succeeding pulmonary suffering over time.

Conclusions

1. All diseases of the body involve the appearance of disruptions in the mechanisms of
structural and functional interrelationship between organs, tissues, cells and molecules. We have
presented these disruptions for the two prototypical lung pathologies, COPD and asthma, but the
approach is valid for any other disease.

2. The molecular level is by no means the last at which physiological and pathological events
in living organisms take place. The principles of quantum physics applied in experimental
biology prove the origin of normality and disease at the level of subatomic particles, phenomena
that must be understood by physicians.

3. All stages of manifestation of normality and disease, from the organism and organs to
subatomic particles and fields, involve overlapping phenomena, by no means excluding each
other.
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