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Abstract

High blood pressure is caused by substances that build up in the arteries and reduce their
internal diameter. Because of that,thesame volume of blood must fit into narrower arteries. The
result is an increase in blood pressure.

This article presents the causes, manner of formation and types of biomineralization
(mineralization of biological tissues) centers, i.e. the formation of the so-called atherosclerotic
plaque on arteries and heart elements.

Presented examples of this phenomenon are based on the author’s own research. Causes of
biomineralization of transplanted elements of the heart are indicated, andan example of self-
healing of some arterial damageis presented.

Introduction substances. Crystalline calcifications are
represented by calcium hydroxyapatite, in
which some of the components may be
replaced by other ions. Experimental

Hypertension, which results in
various diseases, is one of the leading

causes of death. Millions of people around studies on the synthesis of this type of

the world die because of it every year, apatite indicate that it crystallizes and is
which is why research progress in this area stable at pH >6.6-6.7 (Fig. 1)

is so important (1-74).
This means that the apatite

crystallizing from the blood in the blood
vessels can only form in the arteries,
because the pH of arterial blood exceeds

Presented research results broaden
our knowledge on the causes and manners
of formation of atherosclerosis.

Findings 7.0, while venous blood typically has a pH of

6.7. This situation results from the

1. Why does biomineralization affect transport of carbon dioxide by the venous

elements of the circulatory system blood, which easily dissociates,to form with
carrying oxygenated blood, and not water a weak carbonic acid (H2CO3).

venous blood? o
Because carbon dioxide is removed

Studies of calcifications of the during the gas exchange in the lungs,
arteries and elements of the heart indicate oxygenated blood is free of carbon dioxide.
that they are mainly represented by calcium This increases the pH of oxygenated blood.
phosphates of varying crystallinity, from As a result, the solubility product of
amorphous  (non-crystalline) substances phosphates is exceeded, and they crystallize
with significant hydration to crystalline in the form of the so-called calcifications.
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Fig 1. Stability fields of phosphates from the apatite group

2. What is a biomineralization center
and what does it do?

An extremely important starting
point for the biomineralization of arteries
and heart elements are so-called
crystallization centers. These are the places
where the process of formation of
atherosclerotic plaque begins.

Biomineralization centers are often
areas where tissue has been damaged. Their
formation can be caused by many reasons.

Damage sites (biomineralization
centers) are endowed with electric charges,
which results from the damage of
interatomic bonds in the process of tissue
destruction (Fig. 2a, 2b). The electric field
occurring in the crystallization centers is a
place where electrically charged ions can
very easily attach. This applies to both
"organic" and inorganic ions.

Their attachment to the
crystallization center initiates the
biomineralization of the arteries and

elements of the heart. This process can
develop, leading to the formation of
"atherosclerotic plaque”, or it can be stopped.
Completion of suchbiomineralizationcan take
place at an early stage, after all the electrical
bonds of the damaged tissue have been
"saturated". Then, hidden biomineralization
is formed, one that is not visible and can be
revealed only through chemical analyses,
performed with the wuse of the most
sensitive methods.

However, it can also develop

further, resulting in overt biomineralization
that can be observed both microscopically
and macroscopically.

Fig 2.a.The initial phase of biomineralization of a biological structure defect (hidden mineralization).
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Fig 2.b. Schematic picture of the structure of endothelial cell membrane (intima). The damaged zone
(arrow) is the center of biomineralization developing on the surface of the inner wall of the artery.

(After: M. Pawlikowski, 1995, Sekrety mineralizacji tkanek. PAN. Krakéw).
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3. Biomineralization of arteries and
heart with organic substances

3.a. Cholesterol and Fats

Since cholesterol is an organic, yet
crystalline substance, it is subject to
mineralogical laws similarly to the crystals
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of inorganic substances. This also applies to
the arteries, both on their inner wall (the
endothelium) and in the arterial wall. In
both places it forms polycrystalline clusters
(Fig. 3.a) that reduce the diameter of the
artery and contribute to the increase in
arterial pressure.

Fig 3.a. Organic compounds crystallizing in the artery wall. A - cholesterol aggregates (arrows) in the
artery wall. B - bright cholesterol crystals stuck in the shape of boats in the organic mass of the substance.

3.b. Phosphates

Studies indicate that at least some of the
phosphates crystallizing in the arteries are
derived from osteoporosis. Calcium and
phosphorus ions removed from the bones in
the course of osteoporosis flow with blood
through the blood vessels, and when they
encounter a crystallization center, they start
the process of biomineralization of the
arteries. That results is the so-called

calcifications crystallizing both on the
endothelium (Fig. 3.b) and in the arterial
wall. Unlike cholesterol, these phosphates,
mainly represented by apatite, are not
flexible and can detach from the
endothelium when the blood pressure
increases. Detached, they travel with the
blood and can block arteries, leading to
clots and heart attacks.

Fig 3.b. A, B - phosphates (mainly hydroxyapatite) crystallizing on arterial endothelium. SEM.

Crystalline atomic structure of this type of phosphates was confirmed through X-ray diffraction
performed on grains removed from the artery wall (Fig. 3.b.1.)
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Fig 3.b.1. X-ray pattern of grain ofcrystalline hydroxyapatiteseparated from wall ofartery.

3.c. The Most Common, Mixed
Biomineralization of the Arteries by
Organic Compounds and Phosphates

The most common type of
biomineralization of the arteries is a mixed
organic-inorganic biomineralization with
different proportions of both components
(Fig. 3., A, B). This type of

20kV" X2,000

biomineralization proves variable amounts
of cholesterol and phosphates in the arterial
blood.

Each of the listed types of arterial
biomineralization should be adressed with
a different pharmacological treatment, as it
is the cause of various phenomena outside
of the circulatory system.

ierm 208598

Fig 3.c. Examples of the most common type of arterial biomineralization - mixed inorganic-organic. A -
cross-section of the neck artery with atherosclerotic plaque (arrow). B - cholesterol-phosphate aggregate

from the surface of the endothelium of the artery. SEM.

4. Mechanism of Biomineralization of
Crystallization Centers

The most common phenomenon of
crystallization is the result of exceeding the
so-called solubility product of the
crystallizing substance. This occurs when
there is an "excess" of solute in the solution,
which causes the process to start.

In the case of biomineralization of
the arteries, such a situation is impossible
because such a high concentration of
cholesterol or phosphates in the blood
would stop the functioning of the entire
circulatory system.
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Biomineralization of crystallization
centers in the arteries takes place in a
different way, namely by equalizing
concentrations and the phenomenon of
ionic currents.

In the biomineralization center
formed in the artery (Fig. 4 A, B),
interatomic bonds are broken (destroyed).
As a result, a place is created in the artery
with free bonds endowed with electric
charges (plus and minus).

These electrical charges attract
oppositely charged ions that travel with the
arterial blood. After these wandering ions
are bound in the crystallization center
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(biomineralization), near the center there is
a lower concentration of ions "captured" by
the crystallization center. At this point, an
"jonic current" is created towards the
crystallization center (biomineralization of
the artery), which functions by equalizing
the ion concentrations (Fig. 4C).

It works like in the following example.

When we spray a fragrance in one of
the corners of the room, after some time the
whole room will smell equally, based on the
equalization of concentrations.

When the number of mineralizing
ions in the blood decreases in the artery,
near the center of biomineralization
(because some of them have been captured
and built into the artery), an ionic current
will be created (to equalize concentrations).
By equalizing concentrations, it will
transport ions towards the center of
biomineralization. That will result in the
development of mineral concentrations in
this area (Fig. 4, D and E). This phenomenon
can take place in one or more places. In the
final stage, it leads to the formation of the
so-called atherosclerotic plaque.

Fig 4. Diagram of the phases of development of biomineralization in arteries and heart elements. A -
schematic image of the tissue before the formation of the center. B - the phase of formation of the
crystallization center. C - initial phase of biomineralization, attachment of individual ions to damaged
biological structures (hidden mineralization). D - further development of biomineralization (overt
mineralization). E - mineralization of the surface of the aortic valve (arrows). SEM.

Thus, two factors are necessary for
the biomineralization of arteries to occur,
i.e. the presence of crystallization centers in
the arteries and the presence of artery
mineralizing substances in the blood.

The presence of only one of these
elements is insufficient for
biomineralization of the arteries - and as
such, indirectly, for atherosclerosis and an
increase in blood pressure - to occur.

5. Formation of Biomineralization

Centers

Although the damage to the arteries
and heart elements (the formation of
biomineralization centers) has various
causes, their structure looks similar. Such
places where organic and inorganic mineral
concentrations are formed have a common
feature: it is the occurrence of an electric
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field caused by the destruction of
interatomic bonds in tissues.

Some of the most common types of
biomineralization center will be discussed
below, mainly those affecting arteries and
elements of the heart.

5. a. Primary (genetic) biomineralization
centers

These are places in the organic
structures of tissues that are defective.
These defects are passed down from
generation to generation, causing
biomineralization of e.g. coronary arteries.
Such structural defects may occur in
different elements of arteries and heart (Fig.
5.a). Their biomineralization proceeds in
the same way as in structural defects
caused by other factors, e.g. external ones.
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Fig 5.a. Electrically charged biomineralization centers (red arrows) associated with primary, genetic

defects in the atomic structure of the polypeptide chain.

5.b. Secondary biomineralization centers

5.b.1. Crystallization centers
(biomineralization) arising as a result of
mechanical tissue damage, caused, for
example, by excessive physical effort

This type of damage to biological
structures is observed in people who work
hard physically and in high-performance
athletes. Interatomic bonds in biological
structures have a certaindurability. After
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crossing its limits, they are destroyed
(broken). Along with other tissues, this kind
of damage affects the elements of the heart
and arteries. It frequently occurs in the
structure of collagen fibers.

Biomineralization grows extremely
quickly in damaged collagen, not only in the
muscular layer of the arteries (Fig. 5.b.1)
but alsoin tendons and joint cartilage, etc.

Destruction
of atomic
bindings
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Fig 5.b.1. Destruction of the biological structure (collagen) caused by physical effort (red arrows). At the
damaged site, a phosphate biomineralization center is formed (blue arrow)

5.b.2. Biomineralization centers formed
as a result of mechanical destruction of
biological structures by solids
penetrating the body

The carcinogenic properties of
asbestos are well known. Chrysotile
asbestos fibers embedded in the biological
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structures of the lungs lead to destruction of
these structures and creation of electric
fields around the embedded fibers (Fig.
5.b.2). Such areas are particularly easily
affected by calcifications, which can be
revealed on chest x-rays.
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Fig. 5.b.2. Asbestos fiber (blue arrows) embedded in a polypeptide structure. Destroyed bonds in the
polypeptide (red arrows) create an electric field (biomineralization center). Synthetics and minerals

penetrating the lungs work in a similar way

Quartz grains in silicosis and coal
dust in pneumoconiosis, diagnosed in coal
miners, have a similar effect on biological
structures, as dosynthetic substances, e.g.
slags, synthetic silicates, etc.

5.b.3. Crystallization centers caused by
chemical compounds produced by
microorganisms infecting the human
body, as well as chemical substances
entering the body from the outside

Infectious diseases are caused by
various types of microorganisms (bacteria,
viruses, fungi, etc.). Infecting organisms

77/ 1

produce a number of toxins in their life
processes,whichcause disease symptoms.
Each infection has its own particular
symptoms. In other words, each of these
types of toxins causes these symptoms.

The toxins produced by infecting
microorganisms are, generally, toxic
chemicals. Their aggressiveness manifests
itself in the lysis of tissues, i.e.
damagingtissues. Such damaged places are
areaswhere interatomic bonds in biological
structures are broken, i.e. biomineralization
centers (Fig. 5.b.4).
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Fig 5.b.4. Fragment of the peptide chain destroyed by toxins produced by infecting microorganisms

during an illness. Chemicals entering the body from the outside (in the form of gases, solutions and solid
toxins - e.g. some preservatives) work in a similar way

Chemical substances entering the
body from the outside have a similar effect
on the formation of biomineralization
centers in the arteries and elements of the
heart.

Depending on the aggressiveness of
the substances and the duration of their
impact, tissue damage (biomineralization
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centers) can be of various sizes. Therefore,
it is important to shorten the time of this
impact as much as possible

6. Centers of Biomineralization in
Transplants

It has Dbeen observed that
"calcifications"” may appear quite quickly in
transplants of the heart, its elements and in
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the so-called bypasses. Studies of heart
valves from a valve bank indicate that long-
term storage at low temperatures causes
delamination of collagen structures. Spots
affected by such process are the sites of the
valve's potential biomineralization after its
implementation (Fig. 6A).

| T Ll F ol

This biomineralization phenomenon
was observed in valves implanted and then
removed (Fig. 6B). A connection was found
between the delamination of the valve
structure and the time of its storage in deep
freezing.

B

Fig 6.A. split (delaminated) collagen fibers (arrows) of an aortic valve leaflet from a valve bank. These
places are the centers of future biomineralization of the transplant. B - transplanted and removed aortic

heart valve with biomineralization (arrows).
7. Self-Healing Processes

While examining the surfaces of the
arteries’ inner walls, a self-repair (healing)

process was observed in damaged spots. It
is manifested by the development of
endothelium in damaged places (Fig. 7).

BHmy BO8596

Fig 7. Self-healing of arterial damage. Overgrowth of the damaged arterial wall (red arrows) by the
proliferating endothelium of the artery (blue arrows). SEM.

Observed phenomenonindicates
that self-repair processes of damaged
arteries are present in the body. Studying
and use of this phenomenon will lead to
discovery of breakthrough methods in the
treatment of atherosclerosis in the future.

Summary

The most common types of
crystallization centers (biomineralization of
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circulatory system elements) are presented,
which do not cover all cases.

The presented diagrams show the
formation of biomineralization centers in
parts of the circulatory system.

Simultaneous occurrence of several
causes of tissue destruction and formation
of biomineralization centers leads to many
diseases, including those resulting in death.
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Some damage to the arteries and heart the
body can heal by itself (self-healing). The
importance of studying this process in
terms of  treatment cannot  be
overestimated.

Formation of atherosclerotic plaque
in damaged areas of arteries and heart
elements can also be considered a form of
self-healing. On the one hand, it "closes oft"
the damage sites, but on the other, it causes
accumulation of harmful substances that
increase blood pressure.

The problem is damage that the
body is unable to heal on its own. In this
case, it is advantageous to use
biomineralization center blockers. They
close the way to the development of
biomineralization of the arteries and the
heart.

A separate and difficult problem are
the methods of removal, including
dissolution, of already formed deposits,
because different "solvents" must be used
for different types of crystallizing
substances.
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