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reziume

Wrilobis arxis makrofagocitebis ultrastruq-
turis cvlilebebis dinamika cecxlnasroli da-
zianebis Semdeg

1r. mixailusovi, 2v. negoduiko, 3v. nevzorovi, 
3o. nevzorova, 1t. denisiuki

1xarkovis diplomisSemdgomi ganaTlebis sa-
medicino akademia; 2ukrainis Tavdacvis saminis-
tros CrdiloeTis regionis samxedro-samedicino 
klinikuri centri; 3v. zaicevis sax. zogadi da 
gadaudebeli qirurgiis instituti, ukraina

kvlevis mizans warmoadgenda ConCxis kunTebis 
submikroskopuli arqiteqtonikis gadawyobis 
Taviseburebis, organelebisa da ujredSida mem-
branebis transformaciis dinamikis gansazRvra 
cecxlnasroli namsxvrevi Wrilobis modeli-
rebis sxvadasxva vadaze.
dakvirvebis qveS iyo 26 bocveri,  romelTac 

Wriloba miayenes pistoletidan “forti-12”. 
bocverebi eqsperimentidan gamohyavdaT daziane-

bidan 30-e da me-60 dRes. ultrastruqturuli 
anaTlebi, tyviis citratiT kontrastirebis Sem-
dgom, Seiswavleboda eleqtronuli mikroskopiT 
ЭМ-125 (sumi, ukraina) amaCqarebeli ZabviT 75 kv, 
gadidebiT 42000-72000.
Wrilobis arxis nawiburovani qsovilidan 

aRebuli makrofagocitebis organelebis eleq-
tronul-mikroskopiuli kvleviT Wrilobis mi-
yenebidan 30-e dRes gamovlinda maRali funqciuri 
aqtivobis mdgomareobaSi myofi makrofagoci-
tebis uxvi raodenoba, organelebis distro-
fiuli da destruqciuli cvlilebebi birTvis 
membranebis, mitoqondriebis da granuluri endo-
plazmuri retikulumis kerovani dazianebebiT. 
kataboluri procesebis mimdinareoba gamowveu-
li iyo toqsikuri komponentebis, daSlili mio-
simplastebis da damazianebeli elementis mZime 
metalebis ionebis arsebobiT Wrilobis arxSi. 
Ddazianebidan me-60 dRes SenarCunebuli iyo makro-
fagocitebis momatebuli aqtivoba, gamowveuli 
miosimplastebis dazianebuli ultrastruqtu-
ruli komponentebis da damazianebeli elementis 
mZime metalebis ionebis utilizaciis duned mim-
dinare procesebiT.

MANAGEMENT OF AMNESTIC AND BEHAVIORAL DISORDERS AFTER KETAMINE ANESTHESIA

1Belenichev I., 2Burlaka B., 4Puzyrenko A., 5Ryzhenko O., 3Kurochkin M., 4Yusuf J.

Zaporozhye State Medical University, 1Department of Pharmacology and Medical Recipe; 2Department of Drug Technology; 
3Department of Pediatrics; 4All Saints University School of Medicine, Department of Pharmacology, Roseau, Dominica; 

5ICU, 5th Children’s Hospital, Zaporizhzhia, Ukraine

General anesthesia may cause damage of the central nervous 
system and cognitive dysfunction in the postoperative period. The 
frequency of postoperative cognitive dysfunction – 36,8% [1,2]. 
The early postoperative cognitive dysfunction is the main predictor 
of the stable amnestic disorder. It makes worse the patient’s quality 
of life [3-5]. Neuroprotective drugs have an important role in pre-
venting the neuron damage and cognitive dysfunction at the early 
postoperative period when these changes are potentially reversible 
[1,2,6-7]. The neuroprotective drugs have a direct influence on 
memory and mental activity and also increase steadiness of brain 
to the aggressive effect of hypoxia, injuries, intoxication [2]. A new 
intranasal form of Noopept (N-Phenylacetyl-L-prolylglycine ethyl 
ester) was developed by our team at the Department of the medical 
technology (Zaporizhzhia State Medical University, Ukraine). This 
work aimed to estimate the neuroprotective action of Noopept and 
to prove using in the clinic for correction of amnestic and behav-
ioral disorders after ketamine anesthesia.

Material and methods. All experimental studies were conduct-
ed in accordance with the “Methodological recommendations for 
conducting preclinical studies of potential drugs of the State Expert 
Center of the Ministry of Health of Ukraine”. The studies were per-
formed on a sufficient number of experimental animals. All manip-

ulations were carried out according to the regulation of using of the 
animals in biomedical experiments (Strasbourg 1986, as amended 
in 1998). The protocols of experimental studies were approved by 
the decision of the Ethical Committee of the Zaporizhzhia State 
Medical University (protocol No. 77 of Aprile 5th, 2018).

50 mature male Wistar-Kyoto rats with body weight of 200-
220g were treated in a common laboratory environment (12-
hour light cycle, T=+22°C) with free access to water and food. 
All rats were 6 months old. Animals were obtained from the 
Institute of Pharmacology and Toxicology of the Academy of 
Medical Sciences of Ukraine. The duration of the quarantine 
(acclimatization period) for all animals was 14 days. During the 
quarantine, every animal was inspected daily (behavior and gen-
eral condition). Before the beginning of the study, animals that 
met the criteria for inclusion in the experiment were divided into 
groups by using the randomization method. Animals that did not 
meet the criteria were excluded from the study during the quar-
antine. Cells with animals were placed in the separate rooms.

Ketamine anesthesia was made by the intraperitoneal admin-
istration of 100mg/kg ketamine. After recovery from anesthe-
sia the single administration of the drugs in following doses 
was made: 10mg/kg Noopept by the intranasal way, 0,2mg/kg 
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cerebrocurin intraperitoneally, 250mg/kg piracetam intraperi-
toneally. The intact group (the animals without administration 
of ketamine) received 1ml/100g normal saline intraperitoneally 
once, and the control group (the animals after ketamine anes-
thesia) received 1ml/100g normal saline intraperitoneally once. 
The next day after anesthesia the estimation of motor and search 
activity by the open field test and in the labyrinth was made dur-
ing the next 10 days. 

Cerebrocurin (Scientific Production Enterprise, Ukraine) is a 
white, slightly yellowish transparent liquid with pH 6,1-6,4. It 
contains neuropeptides, including proteins S-100, reelin, nerve 
growth factor, amino acids [12,13].

Piracetam was used in the form of 20% solution (Arterium, 
Ukraine).

Noopept (OTCpharm, Russia) is a homogeneous transparent 
liquid without odor with the low viscosity in the nasal form (Pat-
ent # 126979, Ukraine).

Determination of motor activity
Determination of motor activity was carried out by the open 

field test using arena 80х80х35cm. The animal was placed in the 
center of the area, and then it has been allowed to walk across 
the arena freely for 8 min. We estimated general walked dis-
tance, general motor activity, structure of activity (high, low 
activity, torpidity), quantity of freezing and entering in center, 
distance walked near wall, vertical search activity (quantity of 

rearing near wall and free standing), quantity of short and long 
grooming events, quantity of defecation and urination.

Estimation of reference and working memory
Investigations of memory were carried out with radial laby-

rinth LE760 (AgnTho’s, Sweden). Radial arm maze consists of 
an octagonal platform (lateral length 22cm) with outgoing 8 ra-
dial ray-paths 70cm length and 10cm wide. Each path is closed 
by the guillotine mechanism independently of one another. All 
installation was placed at the height of 70cm from the floor. The 
investigation was carried out in silence.

Starting from the first day animals were placed in the central 
part with 4 closed rays and 4 opened rays. 200mg of food was 
put into troughs. Combination of opened and closed rays was 
individual and regular for each animal. Each animal was trained 
in food search using visual landmark for 10 min. The experiment 
was repeated every day twice for each animal. The animals have 
gotten daily food ration after the experiments. On the 10th day, 
the animal was placed in a radial labyrinth with 8 opened ray-
paths, and in 4 of ray-paths the food was put according to habit-
ual scheme for the individual animal. We estimated the number 
of referent memory mistakes (first visit the earlier closed ray 
where animal never found the food), and the number of working 
memory mistakes (repeated visit the ray where animal found or 
not found food earlier). Besides, we estimated traversed distance 
and general motor activity.

Table. Influence of noopept, cerebrocurin and piracetam on rat’s behavioral activity and memory after ketamine anesthesia

Index Intact group Control group
Ketamine 

anesthesia+
Cerebrocurin

Ketamine 
anesthesia+
Piracetam

Ketamine 
anesthesia+

Noopept
Radial labyrinth

Number of referent 
memory mistakes 2 3 2 3 1#,†

Number of working 
memory mistakes 4±1 13±1* 5±1#,† 12±1* 2#,&,†

General motor activity, 
cm2/s 24380,98±124,4 26867,58±154,5 44862,35±168,5*,#,† 27552,12±123,1 34863,66±

108,5*,#,&,†

Open field
Traveled distance, cm 4161,82±29,78 4202,03±77,1 3094,16±34,5*,#,† 4013,25±42,36 3916,56±24,48
Number of entering to 
centre, unit 1 2 1±1 2 1

High activity, % 7,83±1,44 14,83±2,07* 21,83±1,58*,#,† 12,22±1,21* 10,50±1,45#,&

Low activity, % 61,71±7,08 65,83±4,03 65,17±3,69 66,22±7,44 78,30±1,59*,#,&,†

Torpidity, % 30,47±6,59 22,34±4,37 13,00±4,64 21,22±5,11 11,20±3,67*,#

Immobility, unit 284±35 429±27* 85±21*,#,† 434±33* 138±17*,#,†

Freezing, unit 284±35 529±27* 374±32*,#,† 539±21* 242±28#,&,†

Free distance, cm 59,37±26,31 529,76±21,98* 323,64±88,71*,#,† 612,12±55,43*,# 226,10±33,44*,#,†

Free distance, % 1,43±0,61 11,30±2,67* 8,92±2,01* 12,74±2,0* 6,06±1,20*,#,†

Distance near wall, cm 4102,44±289,55 3672,27±312,74 2770,53±281,43*,#,† 3700,82±332,90 3690,16±110,34
Standing near wall, unit 4±1 8±1* 5±1# 7±1* 5±1#

Free standing, unit 2 2±1 1 1±1 1±1
Short grooming, unit 4 2* 3 2±1* 3
Long grooming, unit 1 1 1 1 1
Defecation, unit 3 2 2±1 2 1
Urination, unit 1±1 1 1 1 2

notice:	 * - р<0.05 vs Intact group; # - р<0.05 vs Control group; & - р<0.05 vs Cerebrocurin group; † - р<0.05 vs Piracetam group
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Data obtaining and handling
Investigations were carried out at the department of experi-

mental pathophysiology and functional morphology of the 
Training medico-laboratory center (Zaporizhzhia State Medi-
cal University, Ukraine). Experiments have been performed in a 
well-illuminated room in silence. During the test, the influence 
of external and internal visual, olfactory and auditory stimuli 
was excluded. Evaluation of animal’s behavior was carried out 
by the technician without knowledge about belonging animal 
to the concrete experimental group. Capture and image record-
ing were made by using the color-video camera SSC-DC378P 
(Sony, Japan). Analysis of video file was made by using soft-
ware Smartv 3.0 (Harvard Apparatus, USA). All statistical cal-
culations were done by «STATISTICA® for Windows». A sig-
nificant difference was considered at p<0.05.

Results and their discussion. Evaluation of the specific in-
dexes of open field test showed the negative influence of ket-
amine anesthesia on the animal behavior (Table). Administration 
of ketamine didn’t lead to a valid change of traveled distance but 
increased the free distance. In the control group, the rising num-
ber of the freezing and immobility of the animals were observed. 
All these factors indicate a forming of anxiety and excitability 
of the animals after ketamine anesthesia. Administration of ket-
amine didn’t change a number of free-standing of the animals 
but led to increasing of standing near the wall in 2 times. Also, 
the number of short grooming acts was decreased and a num-
ber of long grooming was invariable. This fact also indicates 
a forming of anxiety and excitability of the animals after ket-
amine anesthesia. Rising of high activity also may be estimated 
as decreasing of ability to search because a rat makes a lot of 
unnecessary movements and needs more time for learning a new 
environment. 

When specific training indexes in radial labyrinth were car-
ried out it was revealed that in 10 days after ketamine anesthesia 
the cognitive dysfunction of animals was present. General activ-
ity of animals in the control group hadn’t valid differences with 
intact group. It was established that on the 10 days after admin-
istration of ketamine the number of working memory mistakes 
was increased in 3 times what indicates a breach of amnestic 
function after ketamine anesthesia. 

Obtained data relate to the conception of the postoperative 
cognitive dysfunction due to ketamine which can lead to forming 
the stable cognitive deficit and also psycho-emotional disorders 
– lethargy, fear, anxiety, disorientation, aggressiveness, irritabil-
ity [14,15]. Administration of ketamine may provoke deposition 
of amyloid beta-protein and so can provoke long-term cognitive 
effects [16]. Other reasons for cognitive dysfunction due to ket-
amine are considered (e.g. inhibition of glutamate transmission, 
exhaustion of energetic balance and circulatory ischemia) [17]. 

Our study showed increased free distance in 10 times compare 
to the intact group after piracetam administration. Piracetam 
didn’t reduce the number of freezing and torpidity. A number 
of standing near the wall in the piracetam group stayed high and 
unchanged compare to control group. A number of short groom-
ing acts was at the level of the control group as well. These facts 
indicate that piracetam doesn’t decrease anxiety, fear, excitabil-
ity and uncomfortable state of the animals after ketamine anes-
thesia. Also, piracetam didn’t have a positive influence on the in-
dexes of cognitive-amnestic functions. The number of mistakes 
of working and referent memory was not decreased. 

Administration of cerebrocurin after ketamine anesthesia 
reduced anxiety and excitability. So cerebrocurin reduced free 
distance, number of freezing and standing near the wall. At the 

same time, the cerebrocurin didn’t have an influence on the ani-
mal’s comfortability (grooming) and led to rising of high activ-
ity compare to intact and even compare with a control group. 
Cerebrocurin significantly decreased the number of mistakes of 
working memory and referent memory on the 10th day after ket-
amine anesthesia. 

Protective effects of cerebrocurin on the brain tissue may include 
its action on the energetic metabolism and homeostasis of calcium, 
intracellular protein synthesis [2]. Effects of cerebrocurin can have 
a connection with increasing of neuron plasticity [9].

Intranasal administration of noopept to the animals after ket-
amine anesthesia led to reducing of anxiety, fear, excitability 
and had a good effect on emotional status and behavior of the 
animals. Noopept reduced free distance, a number of standing 
near wall and immobility compare to control group. Noopept 
decreased the high (unproductive) activity and increased the low 
activity.

Noopept significantly reduced the number of working mem-
ory mistakes after ketamine anesthesia, and also it was the best 
result among other investigated compounds. Intranasal adminis-
tration of noopept also decreased the number of referent mem-
ory mistakes. These facts show the high antiamnesic effect of 
noopept after ketamine anesthesia and significant neuroprotec-
tive effect. 

Noopept has an antioxidant action by reducing oxidative de-
struction of the protein molecules including memory proteins 
and also by decreasing accumulation of nitrosative stress mark-
ers. So noopept can prevent the neuron destruction [18]. Neu-
roprotective action of noopept may have a connection with the 
level of anti-inflammatory interleukins [8-11,18-19].

Conclusions.
1. Ketamine anesthesia leads to increasing of anxiety, excit-

ability and worsening of search activity and leads to amnestic 
dysfunction.

2. Parenteral administration of piracetam doesn’t have a signifi-
cant influence on the animal’s behavior, excitability and doesn’t 
have an effect on the animal’s memory after ketamine anesthesia.

3. Parenteral administration of cerebrocurin lowers anxiety 
and also shows some antiamnesic effect.

4. Intranasal administration of noopept after ketamine anes-
thesia significantly decreases anxiety and excitability, raises the 
animal’s activity, shows an intensive antiamnesic effects and in-
creases animal’s training ability. Noopept significantly exceeds 
piracetam and cerebrocurin according to neuroprotective effects.
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SUMMARY

MANAGEMENT OF AMNESTIC AND BEHAVIORAL 
DISORDERS AFTER KETAMINE ANESTHESIA

1Belenichev I., 2Burlaka B., 4Puzyrenko A., 5Ryzhenko O., 
3Kurochkin M., 4Yusuf J.

Zaporozhye State Medical University, 1Department of Pharma-
cology and Medical Recipe; 2Department of Drug Technology; 
3Department of Pediatrics;4All Saints University School of Med-
icine, Department of Pharmacology, Roseau, Dominica; 5ICU, 
5th Children’s Hospital, Zaporizhzhia, Ukraine

General anesthesia may cause damage of the central nervous sys-
tem and cognitive dysfunction in the postoperative period. A new 
intranasal form of Noopept (N-Phenylacetyl-L-prolylglycine ethyl 
ester) was developed by our team at the Department of the medical 
technology (Zaporizhzhia State Medical University, Ukraine). 

The objectives of this investigation were the study of neuro-
protective action of Noopept and to prove using in the clinic for 
correction of amnestic and behavioral disorders after ketamine 

anesthesia. We discovered that the intranasal administration of 
noopept after ketamine anesthesia significantly decreases anxi-
ety and excitability, raises the animal’s activity, shows an inten-
sive antiamnesic effects and increases animal’s training ability. 
Noopept significantly exceeds piracetam and cerebrocurin ac-
cording to neuroprotective effects.

Keywords: ketamine, N-Phenylacetyl-L-prolylglycine ethyl 
ester, noopept, cerebrocurin, piracetam, neuroprotection.

РЕЗЮМЕ

ФАРМАКОЛОГИЧЕСКАЯ КОРРЕКЦИЯ  
КОГНИТИВНО-АМНЕСТИЧЕСКИХ И ПОВЕДЕН-
ЧЕСКИХ НАРУШЕНИЙ ПОСЛЕ КЕТАМИНОВОЙ 
АНЕСТЕЗИИ

1Беленичев И.Ф., 2Бурлака Б.С., 4Пузыренко A.Н., 
5Рыженко О.И., 3Курочкин М.Ю., 4Юсуф Д.

Запорожский государственный медицинский университет, 

1кафедра фармакологии; 2кафедра технологии лекарствен-
ных средств; 3кафедра педиатрии; 4Университет всех свя-
тых, кафедра фармакологии, Розо, Доминика; 5V детская 
больница, реанимационное отделение, Запорожье, Украина

Общая анестезия часто вызывает повреждение центральной 
нервной системы и когнитивную дисфункцию в послеопе-
рационном периоде. Новая интраназальная форма Ноопепта 
(этиловый эфир N-фенилацетил-L-пролилглицин) разработана 
сотрудниками кафедры технологии лекарственных средств 
Запорожского государственного медицинского университета. 

Цель исследования - определение нейропротекторного 
действия Ноопепта и обоснование его использования в кли-
нике для коррекции амнестических и поведенческих рас-
стройств после кетаминового наркоза.

Обнаружено, что интраназальное введение Ноопепта 
после анестезии кетамином значительно снижает беспо-
койство и возбудимость, повышает активность животного, 
проявляет интенсивный антиамнестический эффект и повы-
шает способность животного к тренировкам. Ноопепт зна-
чительно превосходит пирацетам и цереброкурин по нейро-
протекторному эффекту.

reziume

amneziuri da qceviTi darRvevebis marTva keta-
minuri anesTeziis Semdeg

1i. beleniCevi,ი 2b. burlaka, 4a. puzirenko, 
5o. riJenko, 3m. kuroCkini, 4d. iusufi 

zaporoJies saxelmwifo samedicino universite-
ti, 1farmakologiis kaTedra; 2samkurnalwamlo 
teqnologiebis kaTedra; 3pediatriis kaTedra; 
4„yovlad wmnindas“ universiteti, farmakologiis 
kaTedra, rozo, dominika; 5V sabavSvo saavadmyofo, 
reanimaciis ganyofileba,zaporoJie, ukraina

zogadma anesTeziam SeiZleba gamoiwvios cen-
traluri nervuli sistemis dazianeba da aRqmiTi 
disfunqcia postoperaciul periodSi.
noopeptis (N fenilacetil-L-proliglicin 

eTilis eTeri) axali intranazaluri forma Se-
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muSavda samedicino teqnologiebis departamen-
tis TanamSromlebis mier ukrainis zaporoJies 
saxelmwifo samedicino universitetSi. kvlevis 
mizans warmoadgenda noopeptis neiroproteq-
toruli moqmedebis Seswavla da misi klinikuri 
gamoyenebis marTebulobis damtkiceba amnestiuri 
(cnobierebisa) da qceviTi darRvevebisas ketami-
nis anesTeziis Semdem.

aRmoCnda, rom noopeptis intranazaluri mox-
mareba ketaminuri anesTeziis Semdeg mniS-
vnelovnad amcirebs SfoTvas da agznebadobas, 
aZlierebs "cxovelur" aqtiurobas, gamoxatavs 
intensiur antiamneziur efeqts da zrdis varji-
Sis unars. neiroproteqtoruli efeqtis mixedviT 
noopepti mniSvnelovnad aRemateba piracetams da 
cerebrokurins.

EVALUATION OF STRUCTURAL CHANGES IN THE AREA OF EXPERIMENTAL 
MANDIBULAR DEFECT WHEN APPLYING OSTEOPLASTIC MATERIALS BASED 

ON VARIOUS COMPONENT PERCENTAGE OF HYDROXYAPATITE AND POLYLACTIDE 

1Skochylo O., 1Mysula I., 2Ohonovsky R., 2Pohranychna Kh., 2Pasternak Yu.

1Ivan Horbachevsky Ternopil State Medical University, Department of Surgical Dentistry; 
2Danylo Halytsky Lviv National Medical University, Department of Surgical Dentistry and Maxillofacial Surgery, Ukraine

Defects in bone structures of different genesis, location and 
size are quite common in the practice ofdental surgeons and 
maxillofacial surgeons and orthopedic general practitioners, as 
well as general orthopedic doctors [5,12]. The only effective way 
to treat such clinical cases is to use a variety of bone substitutes, 
which can significantly adjust the processes of reparative regen-
eration and rehabilitation of patients with this pathology [1,2]. A 
large amount of scientific studies has been devoted to this issue, 
but the problem has not been fully resolved yet [3,4,6].

Given the significant growth in various contagious infectious 
diseases, transmitted between organisms regardless of their spe-
cies, and certain bioethical issues, plastic materials of synthetic 
origin have become most prevalent [7]. A number of authors em-
phasize the use of materials based on analogues of the mineral 
component of bones, particularly hydroxyapatite. [8, 10]

Although in the scientific literature there are references and 
research data of such compositions, solving the problem of 
choice is far from complete, since there is still no universal 
material that would meet all necessary requirements [9]. In this 
regard, it is relevant to keep searching for new materials that 
would optimize the processes of reparative osteogenesis and 
studying the mechanisms of bone tissue regeneration under their 
influence [11].

In fact, there are few studies that would investigate and com-
pare regenerative processes with percentage compositional vari-
ants, and no practical guidance on how to use them has been 
provided [13].

The main aim is to find out the mechanisms of reparative re-
generation of bone tissue in artificially created transverseman-
dibular defects in rats when applying osteoplastic materials 
based on hydroxyapatite and polylactide with different compo-
nent percentage.

Material and methods. Experimental studies were carried 
out on 114 mature laboratory white male 180-220 g rats fed on a 
standard vivarium diet in compliance with all the requirements 
of the “European Convention for the Protection of Vertebrate 
Animals Used for Experimental and Other Scientific Purposes” 
(Strasbourg, 1986).

To perform the tasks, all animals were divided into groups 
(36 rats each): control group - animals whose bone defect was 
filled only with a blood clot; 1st experimental group - the entire 
defect volume was densely filled with a block with the ratio of 
component parts, hydroxyapatite 80% + polylactide 20%; 2nd 
experimental group was similar, but with the ratio of 50% + 50% 
[14]. There was also a separate group of intact animals (6 rats) 
that did not undergo intervention, but onlytheir blood samples 
were collected to determine the norm of biochemical parameters 
to be compared.

An experimental defect was created using a spherical den-
tal 2 mm diameter bur according to the method of Chechin 
A.D. (1989) [15], using a Surgec XT physiodispenser (NSK, 
Japan) at a speed of 800 rpm constantly cooling the bur 
with 0.9% saline solution. Perforation defects were created 
through external access in the submandibular area to the left. 
Polylactide (PL) - Poly (L-Lactide) Purasorb PL 32 (Nether-
lands) and hydroxyapatite (HA) Ca10 x (PO4) 6 (OH) 2 with 
a particle size of 0.1mm (sintering temperature = 10500С), 
synthesized at the department of chemical technology of sili-
cates at Lviv Polytechnic university, were used to create the 
osteo preservation composition (Fig. 1).

Fig. 1. Photo of the obtained composite material


