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The possibility of using nanoporous composite system based on biogenic hydroxyapatite
(BHA), which alloyed by ferromagnetic additives due to using two methods of physicochemical
mixing, as a carrier of drugs for orthopedics and traumatology was shown. It was found that
the sample obtained by precipitation previously prepared iron oxalate on the surface of BHA
microspheres has a greater adsorption activity than the sample obtained by including BHA
directly in the process of obtaining iron oxalate (300 and 175 mg/g respectively). However,
due to the difference in porosity, they are capable to hold a different amount of the injected
antibiotic mass: 6 wt % — for material obtained by physico-mechanical method and 10 wt
% — for the sample obtained by chemical method.
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IToxkasana BO3SMOYKHOCTH HCIOJbL30OBAHUA HAHOIOPUCTOM KOMIIOSHUIIMOHHON CUCTEMBLI Ha
ocHoBe OumorenHoro rugpoxcmanarura (BI'A), JernpoBaHHOrO0 MarHATHBIMHK NOGaBKaMMU IIPHU
IOMOILIIY JBYX CIOCOGOB KOHIEHCAIIMOHHOrO (PUSHKO-XMMHYECKOr'0 METOLA, KAK HOCHTEJS
JIEKAPCTBEHHBIX CPEJCTB AJIs OPTONeAUM ¥ TPaBMATOJOIMU. ¥CTAHOBJIEHO, 4TO oOpaselr,
MMOJIYYEeHHBIA Uepes OCAMKIEHHEe I'OTOBOI'O OKCAJIATA ’Kejesa Ha IOBEPXHOCTIX MUKPOTPAHYJI
BT'A, umeer GOJbBIIYIO aICOPOIIMOHHYI0 AaKTUBHOCTE 10 CPABHEHUIO ¢ 00pasIioM, IOJYUEHHBIM
nmpu HemocpexcTBeHHOM BBegenmu BI'A B mporece ocamkgenus oxcanara xeaesa (300 u
175 Mr/r cOOTBETCTBEHHO), OJHAKO 32 CYET PABHOCTH IIOPUCTOCTEIl OHH CIIOCOOHBI YIEPIKU-
BaTh B cefe pasHOe KOJMUECTBO MACCHI BBEIEeHHOTO aHTuOMOTHKAa: 6 macc.% — marepumad,
HOJYYEeHHBIN (pusngo-MexaHumyeckum ciocobom; 10 mace.% — o6Gpasel, HONYUYECHHBIH XUMMU-
YEeCKUM CIIOCODOM.

Apcop6uia medrpiakcony 6GioremHum rigpoxcmanmaturom iz MarHiTHUMH go0aBKaMHU.
O0.M .Omuuenko, T.€.I0.Babymina, O.A.Ryda, O.M.Byduaina, JI.C.IIpouenrxo, O.FO.Kosanv,
I.B.Veaposa.

ITokazano MOMKJIMBICTL BUKOPHCTAHHSA HAHOMIOPMCTOI KOMIIOBHUIIITHOI CHCTEMH HA OCHOBi
Gioremnoro rigporxcuanatuty (BI'A), seroBanoro mMargiTHUMH JOGABKAMK 3 BHKODPHUCTAHHSAM
IBOX cIIO0CO0iB KoHAeHcalliiiHoro (isumro-ximiumoro meromy, SK Hocid JiKapcbKux 3acobie
naa norped opromenii Ta TpaBmarosorii. BeranosieHo, [0 3pasoK, OTPUMAHUU Uepe3 OCa-
JKeHHS I'OTOBOI'0 OKcaJaTy 3akiza Ha moBepxHAX Mikporpanya BI'A, mae 6inbiry agcopOriiii-
HY aKTUBHiCTE HOPiBHAHO 3i 3paskoMm, oxep:kanuM Oesmocepenrim Beegennam BI'A y mporeci
ocapreHHsa oxcasaary saiaisa (300 Ta 175 mr/r BizmoBigHo), ogHAK 3a paxyHOK BiaminmocTeil
y IIOPUCTOCTSAX BOHHU 3IATHI yrpuMyBaTH B c00i pisHy KiabkicTs macu BBemeHOro antmubioTu-
Ky: 6 mac.% — matepiaiu, orpuManuil Qpisuxo-mexaniuaum crocobom; 10 mac.% — 3pasok,
omepKaHull XiMiuHmMM crocobom.
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1. Introduction

Development of technologies of produc-
ing materials for bone implants on the basis
of calcium phosphates was caused by a ne-
cessity of overcoming the immune answer
from organism on implanted metallic, allo-
graft or xenograft. Each of the implants,
except substantial advantages, has substan-
tial defects [1-3]. Thus, stainless steel, tita-
nium and its alloys are biologically inert,
non-toxic and resistant to biochemical influ-
ence of the body whereas xeno- and allo-
grafts even being “dead” bone, slowly pro-
liferate with surrounding cells and can
transfer various diseases of bacterial or
viral etiology from donor to recipient. At-
tempts to minimize these risks through in-
tensive heat treatment led only to reduction
of the osteoinductive properties and me-
chanical strength of almost 50 %, but the
possibility of infection wasn’t completely
eliminated. Besides, the use of autografts
for transplantation are limited by amount
withdrawed material and leads to increase
in terms of surgical interference, blood loss
and prolonged hospitalization [4, 5].

At the same time, over the past few dec-
ades of wide application of hydroxyapatite
(Ca p(PO,4)gOH,) in osteoplactic surgery, it
acquired significance as compoud identical
to mineral component of bone [6, 7]. It
should be noted that the mechanical proper-
ties of such bioactive and resorptive ceram-
ics are signified only in very short period
because of substitution by bone that re-
moves all related problems. At that, bio-
ceramics as all the achievements of modern
materials, continuously are improved
through development of alternative types of
materials alloyed with different chemical
elements or compounds that now there are
hundreds [8]. Powder based on iron was no
exception too.

In particular, in composite system the
biogenic hydroxyapatite (BHA) alloyed by
magnetite (FeO-Fe,03) plays the role of
magneto-sensitive component with a reac-
tive surface and BHA is a thin layer of
stabilizator [9, 10]. In addition, if the first
composites with additions of iron or its
compound were developed primarily for con-
trolled drug delivery [11-13], then in the
field of orthopedics they started to be used
as fine accumulators of antibiotics designed
to further reduction of the risk of infection
or chronic granulomatous inflamation after
implantation [14].
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To load the material bone cavity fillers
in medicine, there are mostly used the
broad spectrum antibiotics with antimicro-
bial action — cefazolin [15], gentamicin, ri-
fampicin [16-19] and others. Over the last
decade the most appointed antibiotics
(38.2 %) were cephalosporins [20] that op-
erate on sensitive organisms in the stage of
active multiplication [21]. Therefore, to
study the adsorption activity of compact
samples of BHA doped by nanomagnetite,
the ceftriaxon is chosen as a drug of the
third generation of cephalosporins, which is
characterized by high activity against gram-
negative enterobacteria [22] as well as a
drug which has the longest (5—7 h) half-life
among other cephalosporins. The drug has
the high degree of protein binding and dual
output path [23].

The purpose of this work is to investi-
gate interaction of composite systems based
on biogenic hydroxyapatite (BHA) alloyed
with magnetic additions and antibiotics.

2. Experimental

As an object of the research it was cho-
sen the biomaterial "Osteocapatyt Keramich-
niy"(r) (Ukraine) obtained from cattle bone
tissue in a form of microgranules [24]. It
alloyed by ferromagnetic particles due to
using two methods of physicochemical mix-
ing. The number of reagents was chosen
based on the final amount of iron not more
than 1.5 % mass. [25]. In the first case the
alloyed powder material was obtained by in-
cluding BHA directly in the process of ob-
taining iron oxalate (chemical method)
through mixing hydrosuspension of BHA
stabilized by sucrose and isopropanol with
solutions of FeSO47H20 and H2C2042H20
and as a result of chemical interaction be-
tween them dehydrate iron oxalate was pre-
cipitated on the BHA surface. In the second
case previously prepared iron oxalate was
precipitated on the BHA surface as hy-
dromixture (physico-mechanical method).
Subsequently filtering, dehydration, and
drying of obtained condensation disperse
system was carried out [26].

The compact samples of pure BHA and
alloyed materials of cylindrical shape (d =
10+0.2 mm) with mass 1.8+0.3 g were ob-
tained by dry pressing (10 MPa). Sub-
sequently low temperature thermolysis in a
nitrogen medium at 500°C (below the Curie
point for magnetite — 572°C) for 2 h was
carried out.
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The specific surface area of the biomate-
rials was determined by method of thermal
desorption of nitrogen by "MPP2" device [27].

The phase composition of the powder ma-
terials was controlled by X-ray diffractome-
ter "DRON-8.0" under Co—-K, radiation.

Adsorption activity was determined
using ceftriaxon (Ceftriaxon, "Arterium”,
Ukraine) — p-lactam semisynthetic broad
spectrum antibiotic. Ceftriaxon (Fig. 1) is
white crystalline powder which is soluble in
water, medium soluble in methanol, and
slightly — in ethanol. Color of the
ceftriaxon solution changes from yellow to
amber, depending on the storage tempera-
ture, concentration and solvent applied.

In our work quite simple and widely used
but non-standart drug adsorption procedure,
prescribed in GOST 4453-74 [17], was selected.
It will not reduce to additional financial, time
or organizational means in the future.

The antibiotic solutions were prepared
immediate before experiment by methodol-
ogy, developed by the authors of this arti-
cle, taking into account the period of drugs
half-life. As disolvent 0.9 % sodium saline
("Arterium”, Ukraine) was applied. Studied
samples were placed into special bottles and
the antibiotic solutions were slowly added.
According to prescription letter on the men-
tioned antibiotic for intramuscular injection
it was used concentration of 286 thousands
mg/l (1 g of preparation on 3.5 ml of lido-
caine or sodium saline), and for intravenous
— 100 thousands mg/1 (1 g antibiotic to
10 ml solution for injection). In this regard,
it was chosen the initial concentration of
ceftriaxon, which was less than both,
namely ~56 thousands mg/l. Subsequently,
the bottles were closed and left at the room
temperature (22—24°C) for 4 h — one half
of half-life. When the time of experiment is
out the antibiotic solutions were placed into
test-tubes and centrifugeted for 10 min
(n = 3000 rpm/min) with the purpose of
elimination of any particles from the stud-
ied materials. The surface of the compact
samples were studied after complete drying
at the temperature which is not exceed
25°C. Amount of the drug in the solution
after contact for 4 h with the compact sam-
ples was determined by the calibration
schedule for ceftriaxon.

The antibiotic concentration was deter-
mined using photoelectrocalorimetric
method by "FEC-56M" device and calibra-
tion schedule of optical dense ceftriaxone
solutions depending on their concentration.
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Fig. 1. Structural formula of ceftriaxon
C15H;gNg07S3.
Adsorption activity in reference to
ceftriaxon was determined by formula (1):
(Cy - CK)WV (1)
=
where C; — mass concentration of starting

solution of antibiotic, mg/l; C5 — mass con-
centration of antibiotic solution after inter-

action with material, mg/l; K — coefficient
of solution dilution which is taken for
analysis; m — mass of the sample, g; V —

volume of antibiotic solution which is taken
for research, ml.

The samples mass was determined on the
analytical balance of "OHAUS Pioneer
PA214C" firm ("OHAUS Corporation”,
China) with an accurate within 0.0001 g.

Surface morphology of the compact mate-
rials was studied using the microscope
"JEOL Superprobe 733" with gold (Au)
deposition.

3. Results and discussion

Technological process of obtaining the
pressed samples foresees the stage of con-
trolling the chemical composition of the
studied materials on carbon and iron con-
tents because of them excessive quantities
can be harmful to human organism. Thus,
with increased content of the both elements
the inflamation is mainly absent [28], but
increasing the amount of iron to more than
2 wt.%. it could to disturb homeostasis and
inhibit the growth of osteoblasts [29], which
in our case is undesirable. In order to deter-
mine the chemical composition, specific sur-
face area and phase composition one sample
of each materials after thermolysis in nitro-
gen medium was crashed to powder condi-
tion. The results of its chemical analysis
showed in Table 1.

Numerous research of phase composition
of above mentioned powder material after
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Table 1. Results of chemical analysis of studied samples

Material Thermolysis medium | Content C,,,;, % Content Fe, ,,;, %
mass. mass
BHA (<160 um) nitrogen medium, 0.03 0.08
500°C, 2 h
BHA + Fe;0,4, chem. method 0.86 0.98
BHA + Fe;0,4, ph.-mech. method 0.86 1.29

Table 2. Physical characteristics of compact samples after thermolysis in nitrogen medium

(500°C, 2 h)
Material Specific s%rface Porosity, %
area, m”/g Total Open
BHA (<160 um) 5.6 42.2 38.8
BHA + FezO4 chem. method 7.5 49.2 34.4
BHA + Fe;0, ph.-mech. method 6.3 42.8 41.1
thermolysis in the nitrogen medium at To understanding the reasons of such ex-

500°C for 2 h showed the absence of any
toxic chemicals: the level of iron compounds
showed minor changes (Fig. 1). A further
study was conducted taking into account
the same uniform color of pressed samples
and corresponding powders as well as a sta-
ble level of iron compounds.

The physical characteristics of the com-
pact materials shown in Table 2.

Adsorption activity of BHA without fer-
romagnetic additives was 155 mg/g. In the
case of iron-containing sample, obtained by
physico-mechanical method, this value is
300 mg/g, while for the material obtained
by chemical method — 175 mg/g.

However, by examining the dried com-
pact samples (after complete drying at
25°C), it was found that the pure BHA ad-
sorbed about 5 wt. % of the drug, while the
material obtained by adding the BHA in the
process of deposition of iron oxalate —
10 wt. %, the material obtained through
precipitation of iron oxalate on the surface
of BHA microgranules — about 6 wt. %.

Comparing the data of the studies of the
solution and dried samples it can be argued
that the best adsorption properties were in
the material obtained by chemical method,
because of since the indirect adsorption ac-
tivity to ceftriaxon it can hold a greater
amount of the drug. The pure unalloyed
BHA and the material obtained by physico-
mechanical method can contain a nearly
equal number of antibiotic — 5—6 %, while
having radically different values of adsorp-
tion activity. The reason for such a fact
may be partly different specific surface of
the starting material, which affects on the
structure and value of open/closed porosity.
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perimental data, microphotos of the alloyed
samples were studied before and after inter-
action with the antibiotic solution.

The main part of surface area of the
sample, obtained by physico-mechanical
method before the experiment (Fig. 2.1,
3.1) held an extensive network of pores
smaller than 400 nm and a small number of
larger one ~700-900 nm localized in some
areas of 70—-300 pum?2. It is possibly caused
by the pressing technological features.
There are also grain agglomerates with size
of 0.2-0.4 uym and small amount of larger

than 0.6-0.8 um located mainly around
places with the large pores.

Then after the experiment (Fig. 2.2, 3.2)
the antibiotic partial penetration in the
sample in the field of localization larger
pores (600—-700 nm) and around them the
relatively large agglomerates grain size of
0.7-1.5 um were observed. The rest of the
surface with the network of smaller pores
was covered by ceftriaxon, reducing the
pores size (<100 nm) and the size of the
surrounding agglomerates (<0.5 um).

The microstructure of the material ob-
tained by chemical method, compared with
the previous sample has a non-uniform sur-
face that preferably has an extensive net-
work of pores with the size of 450—-600 nm.
At the same time it is notable many places
clusters (<4 um?) of smaller pore size less
than 300 nm as well as few surface defects
with diameter of 1.8-83.0 um with pores in
the size of the order of 300-400 nm caused
by technological features of pressing. Simi-
lar to the samples obtained by the physico-
mechanical method, the above material is

Functional materials, 24, 4, 2017
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Fig. 2. Microstructure of sample obtained by physico-mechanical method, before (1) and after (2)

adsorption of ceftriaxon; x2000.

Fig. 3. Microstructure of sample obtained by physico-mechanical method, before (1) and after (2)

adsorption of ceftriaxon; x6000.

also has the agglomerate grain with size
near 0.3—-0.4 um and separate agglomerates
larger than 0.7-0.9 pm, localized mainly
around surface defects (Fig. 4.1, 5.1).

After ceftriaxon adsorption (Fig. 4.2, 5.2)
the most of the surface pores represent the
pores less than 300 nm with single ran-
domly located pores larger (~500-600 nm)
and surface defects. There are notable also
a few localizations of grains agglomerates
of 0.5-0.8 um in diameter and the numer-
ous specific surface areas, grain sizes of
which are difficult to determine. This may
indicate that the drug only in small amount
penetrates into the sample (it is possible in
the defects areas), thus smoothing their edges
and consequently reducing the size. The main
amount of the adsorbed antibiotic is based on
the sample surface, so it becomes more homo-
geneous microstructure (mainly through con-
solidation of small grains).

These differences in the adsorption proc-
esses can be explained through the differ-
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ences between the specific surface areas of
the starting powder materials and, conse-
quently, the ratio of the total and open po-
rosity after pressing (Table 2).

4. Conclusion

As a result of the studing the compact
samples of pure biogenic hydroxyapatite
and BHA alloyed by ferromagnetic additives
using two methods of physicochemical mix-
ing, it was established their complex micro-
structure. This microstructure depends sig-
nificantly on the technological charac-
teristics of chosen method for doping the
initial biomaterial as well as the ratio closed
and open porosity after compression. Analy-
sis of the results and physical parameters of
the initial materials indicates probably
small tortuosity of capillary-porous struc-
ture formed sorption layer on the samples
obtained through deposition of previously
prepared iron oxalate on the surfaces of
BHA microgranules. For almost all open po-
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Fig. 4. Microstructure of sample obtained by chemical method, before (1) and after (2) adsorption

of ceftriaxon; x2000.

Fig. 5. Microstructure of sample obtained by chemical method, before (1) and after (2) adsorption

of ceftriaxon; x4000.

rosity (41.1 % at 42.8 % of the total), ad-
sorption activity of 300 mg/g and micro-
structure characteristic mainly for the drug
penetration into the sample, dried residue
shows the presence of only 6 wt. % of the
antibiotic. The situation is similar with a
the sample of pure BHA, which even with
mediate adsorption activity of 155 mg/g
and more open porosity (38.8 % to 42.2 %
of the total) could resist only about 5 wt. %
of the starting amount of ceftriaxon. Thus,
even penetrating into the material, the active
substance is not fixed in it after removal of
the solution. The material obtained by chemi-
cal method having a much lower adsorption
activity of 175 mg/g, but due to the antibi-
otic penetration into the compact sample and
covering its surface is able to hold a nearly
twice bigger mass of ceftriaxon (10 wt. %).
This can be explained based on the micro-
structure of the sample before and after ad-
sorption, showing only a slight penetration of
the antibiotic into pressed material that, due
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to the lower open porosity (34.4 % over
49.2 % of the total) and, possibly, greater
tortuosity of the capillary-porous structure
lingers inside.
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