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Abstract

The theory of biomineralization of human arteries was presented. The causes of formation of crystallization centers in the
arteries and their types were discussed. Selected types of arterial mineralization were described.
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Introduction

Calcification of arteries is a phenomenon commonly known
and widely studied because of its importance to human health and
life. Extensive literature that deals with this topic can be divided
into three parts: The most extensive portion of the publications
concerns the description of the phenomenon of atherosclerosis
in its various aspects [1, -30]. A significant number of scientists
are also involved in searching for the causes of atherosclerosis,
often represented by so-called “atherosclerotic plaque” [31-50].
On the other hand, the number of publications on research into
the prevention and elimination of deposits in blood vessels is
noticeably smaller [51-61]. The importance of atherosclerosis for
the functioning of the whole organism is difficult to overestimate.

Biomineralisation is a phenomenon of mineralization (often
crystallization) on biological substrates and in the biological
environment. In this article, this term is used to refer to the arteries.
It may, however, include other tissues and organs. It occurs in other
species, including the world of both animals and plants. [11-22].

Therefore, it’s crucial to learn about the phenomenon of
biomineralization of arteries and its causes, and especially to find
a way to prevent arterial calcification and remove (dissolve) it in
cases of advanced calcification. In many cases, it may save lives.

Prevention and treatment of atherosclerosis are not very
effective without a thorough study of the phenomenon, which is
of mineralogical and chemical nature. It results in crystallization
of various substances, which are known by the medical name of
“atherosclerotic plaque”. Those phenomena, related to medical

problems, clearly have a mineralogical character. They should
therefore be subject to structural mineralogical tests.

Biomineralization covers both the inner surface of the
artery and its wall. Research indicates that it concentrates almost
exclusively on the arteries and not veins. That is due to the
chemical composition of arterial blood, which, unlike venous
blood, is oxidized, slightly alkaline, and which carries nutrients.
(Venous blood has a lower pH, and contains CO, and metabolism
products, which prevents the crystallization of most substances
that mineralize blood vessels [11,13,19,35,38].

Biomineralization of arteries is carried out with both inorganic
(phosphates) and organic substances (cholesterol, fats, etc.). It
can be represented only by inorganic compounds, exclusively by
organic substances, or both at the same time.

Crystallization of these substances in the arteries requires
the presence of crystallization centers [22] as well as crystallizing
substances, 1i.e. substances that build the “atherosclerotic
plaque”. Presence of only one of those factors is insufficient for
biomineralization of the arteries to occur.

Taking the above into consideration, we need to analyze the
causes of concentration of components that build the atherosclerotic
plaque, and the causes of the formation of crystallization centers,
i.e. places where arterial biomineralization is formed.

There are many medical theories concerning the reasons for
the increased content of cholesterol, calcium, phosphorus and other
elements causing “mineralization” of arteries (atherosclerosis).
The causes of the creation of biomineralization centers, i.e. sites of
atherosclerotic plaque formation, are discussed below.
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Biomineralization of arteries develops both on their internal
surface (intima) and in the wall itself [15,18,19]. The causes and
ways of development of crystallization centers in arteries (i.e. their
biomineralization) will be presented in such order.

As studies show [8,31,35,37,39,50], biomineralization of
arteries and other organs develops at sites of tissue damage. Such
damaged sites are places where the atomic structure of organic
substances was disturbed by destruction of interatomic bonds in
tissue components. It’s in those sites that we can find an electric
field that acts as a magnet toward electrically charged particles
flowing by. As a result of those interactions, local mineralization
starts e.g. in the arteries. Initially, such mineralization does not
manifest in the form of deposits, grains or concentrations. It
is hidden mineralization involving the insertion of individual
molecules of various compounds into the crystallization centers.

Biomineralization of arteries may stop at this stage or continue
to evolve into overt biomineralization, visible e.g. as so-called
atherosclerotic plaque. An important element of the discussion of
the formation of crystallization centers are details of the causes of
their formation. The causes of the formation of biomineralization
centers, including the formation of calcifications, can be divided
into primary (genetic) and secondary.

Genetic centers are defects of biological structures that are
transmitted from generation to generation. Their presence in
specific places leads to the formation of biomineralization in the
same place, e.g. in a specific spot in the coronary artery.

Secondary centers are formed in the body throughout life. They
can be caused by various factors, including mechanical or chemical
effects of various substances on tissues - including arteries.

Mechanical factors that destroy tissues, including arteries, are
associated with their work, both natural and forced (e.g. sport).
Long-lasting work, especially connected with prolonged physical
effort, leads to damage in the biological structures that build tissues.
In the places where such damage occurs, centers of crystallization
(biomineralization) are created.

Among factors that damage our tissues mechanically there
can be solid substances penetrating our body with air, food and
liquids. Those are both mineral particles (quartz, carbon, asbestos,
etc.) and various products of industrial origin (slag, enamel,
etc.). These particles mechanically damage tissues, creating
crystallization centers in places of such damage.

Chemical factors are many different types of substances
penetrating into our body, but also substances produced by the body
itself. One of the external factors destroying tissues are toxins
produced by microorganisms that infect us (bacteria, viruses, etc.).
Those are often dangerous, aggressive toxins (organic compounds)
that destroy biological structures. Such damaged places become
centers of crystallization.

Those toxins damage lungs, arteries, and other organs, and
the magnitude of damage, and thus the extent of the crystallization
centers being formed, is proportional to the time the toxins affected
the body, i.e. the time and intensity of the infection. The longer and

more dangerous the infection, the greater the chance of calcification
(e.g. in the lungs). Hence quick elimination of infection (e.g. using
antibiotics) appears crucial. Other external factors that damage
tissues are chemicals contained in beverages, and also - as research
has shown - some preservatives. Those substances, chemically
affecting the tissues, destroy them, thus leading to the formation of
biomineralization centers.

Each ofthe above factors may lead to destruction of biological
tissue structures and formation of biomineralization centers. These
factors can combine and co-exist in different configurations,
significantly increasing the number of crystallization centers,
calcifications etc., including atherosclerosis. In other words, a
person with genetic defects of biological structures, subjecting
themselves to excessive physical exertion, using stimulants,
and living in a polluted environment has a much bigger chance
of biomineralization than a person who does not meet these
conditions.

Biomineralization on Intima of Arteries

One of the places of biomineralization in the arteries may
be their inner wall, i.e. the surface of the intima. The intima cell
membrane is composed of phospholipids with a polar structure
(Figure. 1.1), i.e. phospholipids with electric charges at the ends of
the molecules. The mineralization process is described.

.
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Figure. 1. 1: -diagram of the phospholipid system in the intima cell
membrane. 2 - diagram of cell membrane destruction caused by chemical
substances (toxins associated with infection, chemical compounds
penetrating the body from the outside, etc.). The consequence of such
destruction is disintegration of interatomic bonds and development of
electric charges, i.e. formation of a biomineralization center. 3 - molecules
with electric charges get connected in the crystallization center. Formation
of the first stage of biomineralization - hidden mineralization. 4 - further
evolution of mineralization in the crystallization center, leading to the
formation of visible mineralization (crystals, aggregates, concernments,
atheroscleroticplaque, etc.). Thesubstancesthatcrystallizemaybeinorganic
(phosphates, green arrow) and/or organic e.g. cholesterol (purple arrow).
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In its first stage, the development of the intima destruction process is often imperceptible in histological studies (Photo 1A). Only
high magnifications reveal the damage to the intima.

W

Photo 1. A: — Section of the artery with visible intima. Arrows mark the places of deformation and damage to the intima. Histological preparation. B -
inorganic mineralization. Crystals of phosphates crystallizing on the surface of the intima. Arrow shows the location of the chemical analysis using EDS
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method. Scanning microscope. C - organic mineralization. Cholesterol
crystal aggregates crystallized on the surface of the intima. Scanning
microscope. D - mixed mineralization, organic-inorganic. Cholesterol
crystals, in places covered with phosphates (arrow). Scanning microscope.
E - multi-stage mineralization (fragment of atherosclerotic plaque). Red
arrows - cholesterol crystals. Green arrows - older “layer” of phosphate
mineralization. Blue arrows - newer “layer” of phosphate mineralization
(phosphate aggregate). Scanning microscope. F-multi-stage mineralization
(fragment of atherosclerotic plaque). Visible successive layers of
cholesterol mineralization. The oldest mineralization (green arrows),
newer (blue arrows), the newest (red arrows). Scanning microscope.

Biomineralization in The Wall of Arteries

In artery walls, concentrations of cholesterol are the most
common, sometimes “Overgrown” with phosphates. Inorganic or
phosphate grains are rarer. Studies show that the biomineralization
of arterial walls easily develops at the sites of muscle deformity
and damage. It may be related to intense physical activity (work,
sport, etc.), which can lead to mechanical damage to muscle fibers.
It cannot be ruled out that it is the result of aging of muscles
or their long-term functioning. Explaining this phenomenon

1l
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requires further research. Regardless of the causes, muscle
fibers damage manifests in biological structures as breaking of
interatomic bonds. That results in development of free bonds
and electric charges at the damage sites, i.e. the formation of
biomineralization centers (Figure. 2, 1, 2). The consequence of
this phenomenon is connecting electrically charged particles in
the immediate vicinity to the crystallization center (Figure. 2, 3).
When the connected molecules saturate the crystallization center
electrically, i.e. there are no more free bonds or electric charges
at the crystallization site, biomineralization stops and remains
in the arterial wall as hidden mineralization, only recognizable
by sensitive chemical methods. As it continues to develop, it
forms various kinds of concentrations and grains (Figures 2, 4).

The diagram presented above, showing the sequence of
phenomena, is the result of studies of arteries from various parts
of the body and of various ages. Cholesterol concentrations in
various stages of development are easy to observe in stained
histological preparations, because cholesterol stains poorly and is
easily recognizable in stained arteries (Photo 2 A, B).

Figure. 2: Diagram of biomineralization development in the arterial wall (muscle lining). 1 - muscle fibers without crystallization centers. 2-muscle
damage sites with electric charges (crystallization centers). 3 - early stage of biomineralization of artery wall (hidden biomineralization). Connecting
ions to the crystallization center. 4 - late stage of biomineralization of the arterial wall (overt biomineralization). The formation of organic, inorganic

and mixed aggregates in the artery wall.

It was discovered that in some cholesterol concentrations, in their central part, i.e. the early phase of crystallization, there are
elevated amounts of calcium (Photo 2, B). On the other hand, fine grain cholesterol may undergo recrystallization to pure, spindle-
shaped crystals. In such case, it creates easily recognizable, histologically colorless concentrations (Photo 2, C).
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Sometimes artery walls contain exceptionally hard phosphate grains (Photo 2, D). Their clean separation from the muscle is not easy. In
detailed studies, they reveal heterogeneous structure and variable chemical composition (Photo 2, E). They are dominated, especially in
the case of the older and larger grains, by hydroxyapatite with crystallographic features that are very similar to bone apatite.

| {'R1

Photo 2: Advanced (visible) biomineralization of arterial walls. A - the stage of formation of a cholesterol-phosphate lens in the arterial wall (arrows).
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B - large bright cholesterol concentrations in delaminated arterial muscle.
C - numerous, bright cholesterol crystals (arrows) embedded in the fine
cholesterol mass removed from the artery wall. D - phosphate grains
(hydroxyapatite) prepared from the walls of the artery. E - graphs of
chemical analyzes of one of the grains shown in Figure. 2, D, carried out
with the use of electron microprobe. Left side of the Figure.: diagrams of a
grain cross-section with marked, numbered locations of chemical analyzes.
Right side of Figure.: Variation charts of CaO and PO * from the beginning
of grain formation (blue arrow) to the end of its crystallization (red arrow).

Cases where biomineralization develops simultaneously on
the intima and in the arterial wall are quite common. They result in
a significant narrowing of the active section of the artery, leading
to increase in blood pressure.

Conclusion

Presented research helps in better understanding of the
mechanisms of arterial biomineralization, becoming the basis for
prevention of atherosclerosis, among other things. Understanding
those processes is the foundation for undertaking experimental
studies on dissolution of arterial biomineralization (Pawlikowski).
Clearing the arteries and restoring normal functioning of the
cardiovascular system is difficult to overestimate from the point of
view of human health.

The heterogeneity of mineral and chemical composition
of the discussed forms of artery biomineralization proves the
oscillation of phenomena during their formation.

Different levels of calcium and phosphorus found in these
concentrations, as well as variable amounts of cholesterol indicate
that biomineralization of the arteries is a dynamic process. It is
a reflection of certain “chemical states” of an organism affecting
blood chemistry.

Although our knowledge in this area is rapidly expanding,
it is still incomplete, obligating us to carry on further intensive
research.
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