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The paper presents the results of studies on the effect of additives on crystallization in solutions simulating the composition of human blood plasma. Synthesis
from prototypes of human blood plasma in the presence of organic and inorganic additives was carried out, and it was found that the obtained solid phases consisted
of octacalcium phosphate, B-type carbonate hydroxyapatite, and vitlocite. The effect of additives (magnesium ions, alanine, and glycine) on the crystallization of calcium
phosphates was studied. It was found that the presence of additives in the model solution reduces the crystallite size and the fraction of carbonate hydroxyapatite in the
solid phase. The bioactivity of synthetic samples was studied, and kinetic characteristics were established. A study of thermal transformations.

Introduction

Currently, the percentage of pathogenic mineral formation
in blood vessels and heart valves has increased [1-4]. This is
due to a number of factors of both exogenous and endogenous
nature. Therefore, the study of crystallization processes of
poorly soluble compounds formed in the human body for the
purpose of disease prevention and warning is a promising area
of research. Blood plasma is water containing mainly dissolved
salts and proteins. Soluble substances in plasma make up
about 10% of the blood mass, of which about 7% are proteins,
0.9% are inorganic salts, and the rest are non-protein organic
compounds [5].

According to the results of a study of coronary artery
lesions, the authors of [6] identified three independent phases
of atherosclerotic lesions of the coronary arteries associated
with calcification of atherosclerotic plaques: a) fibrous plaque
sites with low lipid content; b) the final stage of the formation
of necrotic foci; c) hemorrhage and thrombosis.

Calcifications are typical biogenic minerals, closely
associated  spatially,  genetically  structurally, and

morphologically with the components of body tissues. The
degree of defectiveness is always high and depends more
on local processes than on the state of the organism as a
whole. The Ca/P ratio in calcinates, according to published
data, varies significantly [7, 8]. In matrix vesicles, this ratio
can be about 0.66, and in mature apatite, it reaches 2. The
crystal size during the maturation of bioapatite increases from
nanoscale to 100 and even more microns. Pathogenic apatite
does not have such a close connection with metabolic processes
in the body as physiogenic. From this, we can conclude that
the crystallochemistry of natural inorganic apatite is incredibly
complex, and the structure of bioapatite has a number of
additional features, while the mineralization of tissues has
been studied insufficiently [9-11].

It is because of calcification that the duration of heart valve
transplants is limited [12-14]. In this regard, there is a need to
study the mechanism of calcification initiation of both collagen
and muscle tissues and heart valve transplants in order to
develop ways to prevent it based on the obtained ideas.

The purpose of the work is to study the crystallization of
calcium phosphates from prototypes of human blood plasma in
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the presence of inorganic and organic additives, to study their
properties (bioactivity, thermal degradation).

Materials and methods

To calculate the composition of model solutions, the
mean concentration of inorganic ions entering the human
blood plasma was used [15]. The choice of initial reagents
and their ratio in the solution was determined so that the ion
concentration and ionic strength of the solution were as close as
possible to the parameters of human blood plasma. The initial
reagents were pure and chemically pure salts and distilled
water. For each series of experiments, solutions were prepared
containing cations and anions, the combined presence of which
under the given conditions does not result in the formation
of poorly soluble compounds. In each, the pH values were
adjusted to the physiological value (7.4 + 0.01) by adding a 30%
solution of NaOH or HCI. After mixing equivalent volumes of
the solutions, we obtain a solution with a given supersaturation
and the calculated concentration of the components. At the end
of the synthesis time, the solution is filtered. A portion of the
supernatant is collected for chemical analysis. After filtration,
the precipitate is dried in a drying cabinet at a temperature of
~ 80 °C until all water is removed.

To study the effect of inorganic and organic substances, the
corresponding components were added to the model system:
magnesium ions in concentrations exceeding the physiological
2, 4 times; glycine, alanine - in physiological concentrations
and exceeding physiological 10 and 50 times (Table 1).

The phase composition of the obtained precipitates was
studied using X-ray powder diffraction (DRON-3) and IR
spectroscopy (FT-02 spectrophotometer). The peaks in
the diffraction patterns were identified using the JCPDS
card file and the DifWin 4.0 and Crystallographica Search-
Match software packages. The content of the phases
present in the samples was determined by the corundum
number method (Chang method, Crystallographica Search-
Match program). The sizes of the coherent scattering region
(CSR, minimum crystallite sizes) of solid phases are determined
by the Debye — Scherrer formula. The parameters and volume
of the unit cell of the crystals were calculated by the formulas
for the hexagonal HA syngony.

To study the energy of the processes of thermal
decomposition of the obtained solid phases, thermogravimetric
analysis (TGA) was carried out. A test sample weighing 0.2000
+ 0.0005 g was placed in a ceramic crucible and heated in a
muffle furnace from 200 °C to 1000 °C, with step 200 °C.

The resorption (solubility) of the samples was studied
by dynamically dissolving them with constant stirring in a
solution of 0.9% sodium chloride (pH 7), in acetate (pH
4.75) and Tris buffer (pH = pH = 7 4) at a temperature of 18
20 °C. Based on the obtained experimental data, kinetic curves
were obtained and their mathematical processing was carried
out according to the algorithm described in the work.
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Results and discussion

X-ray powder diffraction analysis showed that all
samples synthesized in a model blood plasma solution with
varying supersaturations and synthesis times are a mixture
of Hydroxylapatite (HA), Octocalcium Phosphate (OCF), and
vitlocite (Figure 1). OKF lines correspond to peaks on a 26 scale:
28.3; 34.4; 36.7, KHA lines correspond to peaks on a 26 scale:
26.3; 33.9; 34.6, and the lines of vitlocite correspond to peaks
on a 20 scale: 17.4; 30.2; 33.7.

It was found that in the IR spectrum, (Figure 2) of all the
studied samples in the region of 1000 - 1200 cm™'the stretching
asymmetric vibrations of the P-0 bonds of the PO, 3-ion appear
in the region of 920 - 980 cm™ - symmetric stretching
vibrations of the P- bonds O ion PO, > in the region of 500 -
650 cm™ - deformation asymmetric vibrations of the P-O
bonds in the PO, ion. Also, in the IR spectra of the samples,
absorption bands are recorded in the spectral regions of 1400
- 1500 and 850 - 900 cm™, which are related to stretching
and deformation vibrations of C — O bonds of carbonate ions,
respectively. It can be seen that the intensity characteristic for
hydroxylapatite bands of OH vibrations *very low in the region

Table 1: The concentration of the studied additives.

m Concentration, mmol / L

Alanine 0.495 4.95 24.75
Magnesium ions S physica S hysical” 2 S physica 4
1.9 3.8
Substance Concentration, mol/L
Glycine 0.250
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Figure 1: X-ray diffraction patterns of samples with the addition of a-alanine;

magnesium b-ions; c-glycine.
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104 Mg decrease is associated with the removal of adsorption and
09 Alanine crystallization water. In the range from temperatures of 600
08 4 Glycine °C - 800 °C, carbonate ions are removed from the structure
0.7 4 of carbonate hydroxylapatite. The main phase transformations
06 of crystallization products as a result of heat treatment are
c:; 0.5 4 presented in Table 4.
ER
2 04 - . . .
i The shape of crystallites after heat treatment is shown in
5] Figure 3.
] Conclusion
0,0 o
B y y T T T As a result of the work performed, the process of
0 1000 2000 3000 4000 5000

crystallization from human blood plasma prototypes was
studied and the properties of the obtained solid phases were

Figure 2: IR spectra of the obtained samples. determined.

Based on the results of the work, the following conclusions
of 3500 cm™. From this, we can conclude that the precipitate can be drawn:
contains B-type carbonate hydroxylapatite.

Wave mmmber,cm

It was found that the presence of additives in Table 2: Crystallte sizes.

the initial model solution of human blood plasma reduces the m

crystallite size (Table 2). Supersaturation The crystallite size, nm
) . . . . 25 7,29 6.10 5.50 2,36
The size of crystallites decreases with increasing
: . . \s 50 7.48 6.24 5.61 2,52
supersaturation. In our opinion, organic additives can have
a bilateral effect on crystallite size. One of the options is the 75 772 6.51 573 264
adsorption of molecules of organic additives on the faces of 100 8.16 6.63 6.08 2.71
the formed crystallites and the poisoning of their growth. The
second option is the formation of complex compounds Table 3: Comparison of dissolution rates in the studied solvents

with calcium ions in solution. When administration and a m Acetate buffer

solution of magnesium ions crystallite size is significantly

reduced. This may be due to a slowdown in the formation of Supersaturation v, pmol/L- min Y, umol/l- min
calcium phosphates in the presence of magnesium ions, as 2 20325 1.9702
well as to an insignificant formation of a sparingly soluble 50 1.7362 1.6214
compound Mg, (PO,), Having analyzed the obtained results, 75 13,698 12,154
we can propose a number of additives that affect the crystallite 100 11,547 10,231

size of the solid phase: Mg?* <glycine < alanine <no additives.

Table 4: Phase transformations of crystallization products as a result of heat
treatment.

were processed and the reaction order was determined by the .
. . . Scheme of processes causing sample loss
graphical method. For each sample, it was equal to zero, which

Removal of adsorption and crystallization water:

Kinetic data on the bioactivity of the obtained samples

is characteristic of heterogeneous ion exchange reactions 200 2Ca(HPO,) (P0,), 5H,0 — Ca, (PO,) (OH), + 6CaHPO + 3H.0
occurring in solution. Also, for each sample was determined Melting of monetite with the formation of calcium pyrophosphate:
by the speed of dissolution and found that, with increasing 400 2 Ca, (PO,), (OH), + 3 CaHPO, — % Ca, (PO,),(OH), + 3/2y-Ca,P,0,
supersaturation dissolution rate does not vary monotonically, 600-800 Removing carbonate ions from the HA structure:

the difference is explained, and the change in the phase Ca,(PO,),,,(HPO,) (CO,),(OH), — 3p-Ca, (PO,),+ XCO,+ 2yH,0

composition of solid powders [16,17].

Analysis of the time dependence of the samples under study
did not reveal general trends for the two solvents. It was found
that the highest dissolution rate of the samples was recorded
in an acetate buffer solution, in our opinion, this is due to
the acidic environment of this solution (Table 3).

Figure 3: The shape of the crystallites synthesized after heat treatment, increased
x 120

of the synthesized samples in the temperature range of 1). Crystals that were subjected to heat treatment in the temperature range
200 °C -800 °C are estimated. It was established that in the from 200 to 400 °C: the crystals have a pronounced oval shape (Figure

temperature range from 200 °C — 400 °C, the greatest decrease 3a,b).

The main processes occurring during the heat treatment

2). Crystals that were subjected to heat treatment in the temperature range
from 600 to 800 °C: the crystals have a lamellar structure (Figure 3c,d).

032

in mass is observed, which is consistent with the data [6]. This
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