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Physicochemical properties and adsorbtion activity of biogenic hydroxyapatite-based (BHA)
osteoapatite material and BHA alloyed by ferromagnetic particles due to using two methods of
physicochemical mixing with subsequently low-temperature thermolysis in a nitrogen medium at 500 °C
(below the Curie point for magnetite — 572 °C) for 2 h have been studied. The phase composition of the
powders was determined using an X-ray diffractometer DRON 3.0 under CoK,-radiation. According to
X-ray studies, the material obtained by including BHA directly in the process of iron oxalate preparation
had a higher intensity of Fe;0, than such peaks of the material obtained through mechanical mixing of
BHA microgranules with iron oxalate. X-ray analysis data agreed well with the data of chemical analysis
which showed the Fe content of 1.17 mass. % and 1.12 mass. % at a first and second case respectively.
Data of scanning microscope Jeol Superprobe 733 are evidence of uniform distribution of magnetite in
BHA matrix in the both materials.

Solubility experiments were performed in vitro in isotonic 0.9 % solution of NaCl with using the
BHA microgranules and the powders of BHA alloyed by ferromagnetic particles placed in an incubator
for 2 and 7 days at the temperature 36.6-37 °C, corresponding to the normal temperature of the human
body. Both alloyed materials showed a biosolubility higher than that in BHA microgranules for the first
2 days and almost identic value for all powders after 7 days.

To avoid an infection from implanted osteoapatite materials, adsorption of antibiotics is carried out
by different methods. However, it is reasonable to check adsorption activity of such biomaterials
preliminary for test indicators with molecular mass like that of necessary medicaments. In particular, the
investigated materials were checked by using methylene blue (320 g/mol). According to the results of
experiments, the presence of the alloying element influences on the adsorption properties of the
investigated biomaterials at the specified concentration of methylene blue compounds solution
insignificantly.

Keywords: biogenic hydroxyapatite, nanomagnetite, phase composition, microstructure, biosolubility,
adsorption activity

INTRODUCTION constituent of bone tissues of mammals. That’s
why it successfully serves as the base component
of materials for an orthopedics and stomatology
[7].

After implantation dependent on chemical
composition of medium, the sufficiently rapid
structural and concentration changes take place
on the surface of the marked biomineral by the
ions exchange. At that the changes of structural
descriptions of crystals remain minimal [8].
Thus, a possibility for putting off fully
satisfactory and functionally valuable mineral
substance in bone tissues is provided [7]. At the

Calcium phosphate materials including
calcium apatites have been interesting for
scientists already above half a century [1-3].
Their unique properties (high biocompatibility,
absence of immune response from the side of
native tissues, non-toxicity) predetermine the
wide spectrum of possible and already realized
applications in medicine [4—6], and, in particular,
in materials for implantation. Hydroxyapatite
(HA) occupies the special place among them,
because it is a chemical analogue of mineral

© O.M. Otychenko, T.E. Babutina, O.R. Parkhomey,
O.M. Budylina, L.S. Protsenko, 1.V. Uvarova, 2017 10



Influence of thermolysis in the nitrogen medium on physicochemical properties of medical using material based

same time, a low mechanical durability as the
main defect of HA does not allow to apply it on
large wound surfaces.

To remove this negative property as well as
for perfection and control of already existent HA
descriptions, the active alloying of calcium
apatites was started from single-element and
ended by different types of glass. Taking into
account a new direction in pharmacology formed
during the last 20 years, namely creation of the
magnetic medications, magnetite and barium
ferrite are often used in scientific researches
[9, 10] as magnetic carriers and fillers [11]. In
such systems magnetic carriers play the role of
magneto-sensitive components with a reactive
surface which potentially allow realizing a
chemical design and constructing necessary
architecture of polyfunctional nanocomposite,
while HA plays the role of a thin layer of
stabilizer [12]. Under interaction of bioactive
ceramics with the physiological media of living
organism, difficult processes take place.
Dissolution of the components of material in a
physiological medium leads to the change of
composition last and can influence on the
cytoactivity. lons and proteins from surrounding
tissues are adsorbed on ceramics with different
intensity, which depends on its morphology,
composition and specific surface area. It is set that
the increase in solubility of the implanted
ceramics assists the acceleration of the
mineralization process of regenerate native tissue
[13].

After any operative intervention the risk of
infection exists. To avoid such situation on the
implanted osteoapatite materials, adsorption of
antibiotics is carried out by different methods
[14]. However, it is reasonable to check
adsorption activity on such biomaterials
preliminary for test indicators with molecular
mass similar to those of necessary medicaments.
In particular, the investigated materials were
checked by using methylene blue (320 g/mol).

MATERIALS AND METHODS

As an object of the research was chosen the
biogenic hydroxyapatite (BHA) obtained from
animal bone meal annealed at the temperature
more than 750°C in a laboratory furnace
SNOL-1,7.3.1,2/12 during 3-4h [15] in
accordance with TU U 33.1-22965991.002-2001.
After complete cooling, the BHA powder was
grinded into particle size of 160 um — 1 mm in a
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mortar Abha. For this work BHA was taken in a
form of microgranules with particle size of
160 um. It was alloyed by ferromagnetic
particles due to wusing two methods of
physicochemical mixing. In the first case
(physico-mechanical ~ method),  previously
prepared iron oxalate was precipitated on the
BHA surface as a hydromixture. In the second
case, composite materials were prepared by
physicochemical method through mixing
hydrosuspension of BHA stabilized with sucrose,
isopropanol, solutions of FeSO,7H,O and
H,C,042H,O (due to chemical interaction
between them dehydrate iron oxalate was
precipitated on the BHA surface). For preparing
a BHA doped with nanomagnetite from iron
oxalate salt, low temperature thermolysis of
obtained condensation disperse system was
carried out after filtering, dehydration, and
drying [16]. Subsequently low-temperature
thermolysis in a nitrogen medium at 500 °C
(below the Curie point for magnetite — 572 °C)
for 2 h was carried out. The phase composition
of the powder materials was controlled by an
X-ray diffractometer DRON-3.0 under CokK,
radiation. Total iron content was determined by
photoelectrocalorimetric method on a
FEC-56M device. The amount of total carbon
was determined using an Express carbon
analyzer AN-7529. The amount of total nitrogen
was  determined in  accordance  with
GOST 21600.6-83. The specific surface area of
the biomaterials was determined by the method
of thermal desorption of nitrogen on a MPP2
device. Microstructure was studied by a scanning
microscope Jeol Superprobe 733 (Japan). The
mass of the samples was determined on an
analytical balance of OHAUS Pioneer PA214C
firm (OHAUS Corporation, China) accurate
within 0.0001 g. The amount of bioresorption
was determined by placing the samples into the
inorganic model medium, namely, 0.9 % sodium
saline (Novofarm Biosynthesis, Ukraine) for 2
and 7 days under thermostatic conditions, under
temperature similar to that of the human body
(36.6-37 °C). Adsorption activity of powders by
methylene blue was determined according to the
method prescribed in GOST 4453-74.

RESULTS AND DISCUSSION

Research objects are:
1) powder materials of BHA + Fe;0,,
obtained by including BHA directly in the
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process of obtaining iron oxalate due to after low temperature termolysis in nitrogen
interaction of oxalic acid dehydrate with a medium;

solution of iron sulfate stabilized with a mixture 2) compact samples of these materials in
of isopropanol and sucrose (chemical method) the form of cylinders after thermolysis in a
and through mechanical mixing of BHA nitrogen medium under similar conditions.
microgranules with iron oxalate in the Physical characteristics of studied samples
hydrosuspension (physico-mechanical method) are shown in the Table 1.

Table 1. Physical characteristics of the powder and compact samples after thermolysis in a nitrogen medium

(500 °C, 2 h)
Material Specific Specific density (apparent), Porosity
surface g/em’ (total/open), %
area, m’/g Powder Compact Powder Compact
BHA + Fe;0, 7.5 0.7 1.7 79.2/~79.0 44.8/39.4
chem. method
BHA + Fe;0, 6.3 0.7 1.8 77.0/~77.0 43.0/39.4
phys.-mech. method
According to X-ray studies the presence of Moreover, material obtained by including BHA
characteristic lines of nanomagnetite and BHA directly in the process of obtaining iron oxalate
was found in the range of angles 20 of 35-52° (Fig. 1, 1) has a higher intensity of Fe;O, than
and 62-75°, 35-65° respectively as in our such peaks of the material obtained through
previous work [18]. mechanical mixing of BHA microgranules with
A similar trend was observed on the iron (Fig. 1, 2). X-ray analysis data agree well
diffraction patterns of these materials (Fig. 1). with the data of chemical analysis (Table 2).

m Cayga(POgls(OH):
* FB304
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Fig. 1. Diffractograms of studied powder materials: / — BHA + Fe;0, (chem. method); 2 — BHA + Fe;0,4 (phys.-mech.

method)
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Table 2. The results of chemical analysis of studied samples

Material Content Fea, Content Ciya)s Content Nygtar,
mass. % mass. % mass. %
BHA + Fe;0, 1.17 0.56 04
chem. method
BHA + Fe;04 1.12 0.58 0.1

phys.-mech. method

Analysis of microphotograms of compact
sample of material obtained by physico-
mechanical method after low temperature
termolysis in nitrogen medium shows a complex
structure consisted of agglomerates with size of
0.3-3.5 u and pores with different diameters
(Fig. 2, a).

A similar trend is observed for the sample
obtained by chemical method, but its structure is
more fine-grained and has a large number of
nanoscale pores with different diameters. This
may indicate that the latter material is sintered
better due to low heat treatment at 500 °C for

a

2h. These data agree with data of specific
surface area (Table 1).

Investigation of bioresorption velocity was
determined by placing the samples into the
inorganic model medium, namely, 0.9 %
sodium saline (Novofarm  Biosynthesis,
Ukraine) for 2 and 7 days under thermostatic
conditions (36.6-37 °C). Specific loss of

samples mass as a characteristic of biosolubility
determined by the method described in our
previous work [19]. Obtained average value
shown

(n=4) of biosolubility is in the

Table 3.

Fig. 2. Microstructure of studied materials (x5000): @ — BHA + Fe;0,4 (phys.-mech. method); b — BHA + Fe;0,

(chem. method)

Table 3. Biosolubility of powder materials set irn vitro

Material Solubility, % mass. / day
2 days 7 days
BHA (<160 p) [19] 0.2801 0.2655
BHA + Fe;04 (chem. method) 0.9232 0.2493
BHA + Fe;04 (phys.-mech. method) 0.7747 0.2337
ISSN 2079-1704. CPTS 2017.V.8.N 1 13
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Also, after experiments in vitro, the content
of Fe, Ca and P in selected solutions was
determined. Derived average value (n=4) is
shown in the Table 4.

As one can see, under a relatively constant
amount of calcium in solutions we observe a
gradual increase in phosphorus and a fairly sharp
increase in the level of presence of iron particles
in the above intervals, and consequently under
implantation the iron-containing compounds
probably interact with surrounding biological
fluids more intensively than the other elements.

At the same time, as magnetite has no
pronounced toxic effect, even for doses that are
ten times higher than the concentration required

to achieve the therapeutic effect, it shoved not
cause the harm for the living organism [11, 20].

The number and phase composition of the
ferromagnetic components in the investigated
materials act as regulators of the rate of
solubility, so the data of Tables 3 and 4 should
be considered when choosing the antibiotic
adsorbate, and in particular the time of its half-
life decay.

To find the level of adsorption activity of the
tested materials, experiments were carried out
according to the known technique [21], using a
solution of methylene blue with a concentration
of 1500 mg/l as indicator. The average results
obtained for 3 samples of each specimen are
given in Table 5.

Table 4. The results of chemical analysis of the effluent solutions
Element content, mg
Material 2 days 7 days
Fe Ca P Fe Ca P

BHA (<160 p) - 0.28 0.15 - 0.26 0.22
BHA + Fe;0, 0.007 0.38 0.018 0.040 0.34 0.025
(chem. method)

BHA + Fe;0, 0.007 0.31 0.017 0.043 0.33 0.031

(phys.-mech. method)

Table 5. Methylene blue adsorption activity of the materials
. Adsorption activity, mg/g
Marepiaa 1/10 2/10
BHA (<160 p) 114.75 118.08
BHA + Fe;04 (chem. method) - 115.76
BHA + Fe;04 (phys.-mech. method) — 117.75

*1/10, 2/10 — aquatic

According to these results, the presence of
the alloying element influence on the adsorption
properties of the investigated biomaterials at the
specified concentration of solution of methylene
blue compound with a molar mass of 320 g/mol
insignificantly.

CONCLUSION

The study has elucidated a possibility of
applying nitrogen (as non-oxidative) medium for
the heat treatment of biogenic hydroxyapatite

14

alloyed with ferromagnetic additives. A uniform
distribution of nanomagnetite particles along the
surface of BHA was found, during the use of
both mechanical and chemical methods of
doping. It has been also found complex
microstructure of the investigated materials,
which depends increasingly on the technological
features of the chosen method for doping the
initial biomaterial. These slight differences in the
physicochemical parameters of both composite
systems cause their different rate of solubility.
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Taking into account also the similar values of ACKNOWLEDGEMENT
adsorption activity of the samples relative to the
high molecular weight compound as methylene
blue (320 g/mol), we can assume that the same
trend can be observed for therapeutic drugs.
However, real values of the antibiotic adsorption
will depend, on the one hand, on their
concentration, and on the other hand on the value
of open porosity and on the capillary-porous
structure of the formed adsorption layer.
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BB TepM0o00poOKH B a30TOBMiCHOMY cepeoBuIIli HA (Pi3MKO-XiMi4HI BJIaCTUBOCTI
MaTepiajly MeAUYHOI 0 NPU3HAYEHHS] HA OCHOBI 0iOreHHOr0 riAPOKCHATIATHTY

O.M. Otuuenko, T.€. baoytina, O.P. Ilapxomeii, O.M. bByauuina, JI.C. IIpouenko, I.B. YBapoBa

Inemumym npobaem mamepianosnascmea im. .M. @panyesuua Hayionanvnoi axademii nayx Yrpainu
syn. Kporcuoicaniscoroeo, 3, Kuis, 03680, Ykpaina, osteo@materials.kiev.ua

Ilpogedeno Oocniodcenus Qi3uUKO-XIMIYHUX XAPAKMEPUCIMUK MaA  A0COPOYILIHOI aKmMueHOCmi no
MEMUNIEHOBOMY CUHbOMY MAMeEPIanié MeOuuHo20 NPUSHAYEHH HA OCHOGI DI02EHHO20 2i0POKCUAnAMUMY
(bI'4), necoéano2o HanomazHemMumoM i3 3acmMoCY8aHHAM 080X CNOCOOIE8 BUKOPUCIIANHA KOHOEHCAYIUHO20
Qizuxo-ximiunoeco memody. Buseneno pienomipHuil po3nodin gepomacnimuux wacmunox no bI'A ma
CKIAOHY MIKPOCMPYKMYPY 3PA3KIG.

Knrouoei cnoea: 6iocennuil ciopoxcuanamum, HAHOMASHemMum, (azoeuti CKiad, MIKpOCMPYKmypd,
biopo3uunHicme, adcopoOyiina AaKMUBHICMb

Bausinue TepMmooOpadoTKU B a30TCOAep:KalLIeil cpee HA PU3HKO-XUMHYECKHe CBOMCTBA
MaTepHaJia MeJIUIUHCKOr0 HA3HAYEHHNS HA OCHOBEe OMOTe€HHOT0 THIPOKCHANIATHTA

O.H. OTbruenko, T.E. Badyruna, A.P. [1apxomeii, O.H. bByasiiuna, JI.C. IIpouenxo, U.B. YBaposa

Hucmumym npobaem mamepuanogedenus um. . H. @panyesuua Hayuonanvhoti akademuu Hayk Ykpaunol
va. Kporcuosrcanoeckozo, 3, Kues, 03680, Yxpauna, osteo@materials.kiev.ua

IIposedeno uccreoosanue Gu3uUKO-XUMUYECKUX XAPAKMEPUCTIUK U AOCOPOYUOHHOU AKMUBHOCU NO
MEmunenogomMy  CUHeMy  Mamepuaiog MeOUYUHCKO20 — HA3HAYeHUs HA  OCHOBe  OUO2EHHO20
euopoxcuanamuma (bI'A), neeuposannoco HanomacHemumom ¢ npuMeHeHuem O08YX Choc0006
UCNONIL306AHUA  KOHOEHCAYUOHHO20  usuKo-xumuveckozo memood. OOHAPYICEHO  pPABHOMEPHOE
pacnpedenenue gheppomacnumusix ywacmuy no BI'A u crosxcnyio mukpocmpykmypy o6pasyos.

Kniouesvie  cnosa:  Ouocennvili  euopoxcuanamum, — HaHoMazhemum, — dazoevili  cocmas,
MUKPOCIPYKMYPA, OUOPACMEOPUMOCHTb, A0COPOYUOHHAS AKMUBHOCTD.
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