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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Every year, out of the total number of people recognized as 
disabled for the first time due to cerebral injuries, the traumatic 
genesis of disability is noted in more than 35% of people [3,5]. 
Disability due to traumatic brain injury (TBI) is usually long-
lasting, and in 30–35% of cases lasts for the whole life [8]. 
Depending on the nature of the brain injury and the severity of 
the victims, mortality from trauma varies from 5 to 65% [12]. 
The development and introduction of emergency neurology and 
neurosurgical practice of new drugs, which can affect second-
ary neuronal damage in patients with traumatic and/or ischemic 
damage genesis, in the practice has allowed to significantly af-
fect the recovery of such patients, reduce the duration of inten-
sive care therapy, reduce mortality, improve rehabilitation and 
recovery of cognitive functions of victims [1,2,10].

The disorders of intracellular ion homeostasis on the back-
ground of brain injury, on the one hand, lead to cytotoxic edema 
and osmotic lysis of cells (necrosis), and on the other hand - to 
the initiation of a number of other cascades of molecular bio-
chemical reactions, among which a key role belongs to apop-
tosis, the violation of oxidative phosphorylation and inflamma-
tion [4,13]. The proportion of necrotic and apoptotic death of 
neurons in the total mass of damaged nerve tissue on the back-
ground of TBI is quite variable and depends on many conditions. 
Cell death caused by apoptosis is not accompanied by the devel-
opment of inflammation and the integrity of the membrane is not 
violated. The apoptic death of neurons is considered ”less evil” 
for the brain than the necrotic one, although the total number of 
cells decreases [4, 9, 11].

To thoroughly determine the effect of Ademol on the progress 
of TBI, it was of interest to investigate the effect of the course 
therapy with these drugs on the apoptosis of cerebral cortex cells 
in rats with traumatic brain injury.

Aim of the study - to determine the effect of Ademol on the 
DNA fragmentation (apoptosis) of cerebral cortex cells of rats 
with traumatic brain injury.

Material and methods. The experiments were carried out on 
white male rats weighing 160-190 g, which were in the standard 
vivarium conditions, in compliance with the ethical standards of 
conducting experimental studies according to the ”General Prin-
ciples of Work on Animals”, approved by the I National Con-
gress of Bioethics (Kyiv, Ukraine, 2001) and the Law of Ukraine 
”On Animal Protection from Cruel Treatment” of 26.02.2006. 
The experimental TBI model was caused by the action of carbon 
dioxide flow, which was created with a gas-balloon air pistol 
called ”Baikal МР-654K” (RF, Izhevsk, certificate No. - ROSS 
RU MG03.В02518) and the carbon dioxide balloons (liquefied 
СО2 weight - 12 g.) under pressure (Crosman, USA, series No. 
— 456739). The rats in condition of propofol anesthesia (60 mg/
kg), after the catheterization of the femoral vein and making it 
possible to make an infusion through infusomate, performed 
right-sided osteoplastic trepanation of the skull of the middle 
cerebral artery projection, with a hole diameter of 5 mm2. Af-
ter fixing the rat in a position on the abdomen upside down, a 
shot was fired from a fixed distance (close-up shot), the bone 
fragment on the periosteum together with the aponeurosis was 

returned to the place and the wound was sutured in layers. Thus, 
severe TBI was simulated.

The therapeutic effect of Ademol (Ademol-Darnitsa, Darnitsa, 
Ukraine, 10 ampoules of 5 ml at a concentration of 1 mg/ml) on 
the model TBI was evaluated at a dose of 2 mg/kg intravenously. 
Treatment was happening via slow intravenous infusion using 
infusomate, which lasted 2 h with an interval of 2 t/d (every 12 
h) for 8 days. The treatment began 1 hour after modeling the 
pathological state. The pseudooperated animals were subjected 
to all interventions (anesthesia, skin incision, osteoplastic skull 
trepanation) with the exception of manipulations that could di-
rectly lead to traumatic brain damage, which offset the impact 
of the traumatic conditions of the experiment. They also had an 
equivalent amount of 0,9% NaCI solution to the dose of Ade-
mol injected. As drugs for the control group, we used a 0,9% 
NaCl solution at a dose of 2 ml/kg i/v in the same mode, and for 
the comparison group we used amantadine sulfate (”PC-Merz”, 
Merz Pharmaceuticals, Switzerland, 200 mg/500ml) on model 
TBI, which was evaluated at a dose of 5 mg/kg intravenously in 
the same mode.

The evaluation of the level of DNA fragmentation in the 
nuclei of neurons of the cerebral cortex as a marker of neu-
roapoptosis was performed in conditions of model TBI in 
rats. The study was performed by the flow cytometry [6]. On 
day 8 of TBI, the parts of cerebral cortex were removed. The 
suspensions of the nuclei were obtained by adding a special 
solution for studying the nuclear DNA SuStain DNA from 
the company Partec (Germany) to the tissue in accordance 
with the protocol-instruction from the manufacturer. This 
solution provides simultaneous extraction of nuclei and la-
beling of DNA nuclei with diamidinophenylindole, which is 
its component. The special disposable CellTrics 50 μm fil-
ters (Partec, Germany) were used to prepare nuclear suspen-
sions. The nuclear suspensions of the biopsies of rat cerebral 
cortex were prepared immediately after collecting the mate-
rial and washing with the cold (+4 - +8 °C) phosphate-salt 
buffer pH 7.4 (Sigma). The determination was made using a 
multifunctional research flow cytometer “Partec PAS” from 
Partec, Germany. An ultraviolet lamp was used to stimulate 
diamidinophenylindole fluorescence. 10 thousand options 
were analyzed from each sample of the nuclear suspension. 
The flow analysis of the DNA fragmentation was performed 
using FloMax software (Partec, Germany) by isolating the 
Sub-G1 area on the DNA histograms [6,9].

The obtained results were processed using the statistical 
processing program StatPlus 2009 using the paired Wilcoxon 
test. Differences were considered statistically significant at 
p<0.05 [7].

Results and discussion. The study of the possible mecha-
nisms of the protective action of the studied cerebroprotectors 
on traumatically damaged brain showed that in the control pa-
thology group (TBI + 0.9% NaCl solution) the intensity of the 
DNA fragmentation in the nuclei of neurons of the temporal 
cerebral cortex of rats on the 8th day after simulating TBI was 
probably 198,2% higher (Fig. 1 and 2, Table 1).

THE EFFECT OF ADEMOL ON THE DNA FRAGMENTATION OF CEREBRAL CORTEX CELLS 
IN RATS WITH EXPERIMENTAL TRAUMATIC BRAIN INJURY
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(Sub-G1) – 5,21%
Fig. 1. dna fragmentation in the nuclei of cells of the cere-

bral cortex of a pseudooperated rat on the 8th day. Flow cytom-
etry. number of samples - 10,000

(Sub-G1) –15,54%
Fig. 2 dna fragmentation in the nuclei of cells of the cerebral 

cortex of the rat with traumatic brain injury on the 8th day (con-
trol group). Flow cytometry. number of samples - 10,000

Table 1. The effect of the course infusion of Ademol on the DNA fragmentation in the nuclei of neurons of the cerebral cortex 
of rats with traumatic brain injury on the 8th day of the experiment (M±m, n=5)

Experimental conditions DNA fragmentation, %
Pseudoperated animals + 0.9% NaCl solution 5,21±0,047

TBI + 0.9% NaCl solution (control group) 15,54±0,42 º
(+198,2%)

TBI + Ademol, 2 mg/kg i/v
8,35±0,133 º*#

(+60,2%), [-46,2%], 
{-27,2%}

TBI +amantadine sulfate, 5 mg/kg i/v 11,47±0,02 º*
(+120,1%), [-26,2%]

notes: TBi - traumatic brain injury; º –p<0.05 regarding pseudooperated animals; 
* - p<0.05 regarding the control pathology group; # - p<0.05 regarding amantadine sulfate (10 mg/kg i/v); 

() - regarding the indicator of pseudooperated rats; [] - regarding the indicator of control pathology; 
{} - regarding amantadine sulfate therapy

After a course (8 days) infusion of amantadine sulfate at a 
dose of 5 mg/kg in rats in the severe period of traumatic brain 
injury (Fig. 3), in the nuclei of the cells of the cerebral cortex of 
rats, the values   of the interval Sub-G0G1 relative to the same 
indicator in animals of the control group were determined lower 
by an average of 26.2% (p<0.05), but still the studied indicator 
remained higher than the one in the group of pseudooperated 
animals by 120.1% (p<0.05).

There was a statistically significant reduction in the DNA 
fragmentation in the nuclei of cerebral cortex cells in the study 
period with the use of Ademol in comparison with the control 
pathology group by 46.2% (p<0.05).

By its ability to reduce the level of the fragmented DNA in the 
nuclei of neurons of the cerebral cortex of rats on the 8th day of 
TBI, Ademol probably exceeded the reference drug by an aver-
age of 27.2% (Table 1; Fig. 3 and 4).

(Sub-G1) – 8,35%
Fig. 3 dna fragmentation in the nuclei of cells of the cerebral 

cortex of the rat with a model of traumatic brain injury, which 
was treated with ademol (2 mg/kg) on the 8th day. Flow cytom-
etry. number of samples - 10,000

(Sub-G1) – 11,47%
Fig. 4. dna fragmentation in the nuclei of cells of the cere-

bral cortex of the rat with a model of traumatic brain injury, 
which was treated with amantadine sulfate (5 mg/kg) on the 8th 
day. Flow cytometry. number of samples - 10,000
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Many studies of drugs with potentially primary neuroprotec-
tive effects to block the cascade of brain tissue damage in trauma 
have been performed. However, almost all major clinical trials 
in this area have been unsuccessful [3, 6, 10]. Today, the search 
for molecules and their combinations that can effectively inhibit 
the cascade mechanisms of death of neurons and components of 
neuroglia, which are triggered in the area of ischemic damage to 
brain tissue in traumatic brain injury.

Data from previous studies show that ademol has a complex 
effect, exhibiting the properties of both primary and secondary 
cerebroprotector, with significant advantages over others, pre-
sented in the modern pharmaceutical market, neuroprotectors 
[6], but the study of the effect of 1-adamantylethyloxy-3-mor-
pholino-2-propanol hydrochloride (Ademol) on the course of 
TBI was not performed.

Analysis of the therapeutic course of the infusion of Ademol 
at a dose of 2 mg/kg during the study period showed the best 
effectiveness of this cerebroprotector in comparison with 0.9% 
NaCl solution and amantadine sulfate. The obtained data show a 
slight decrease in the processes of apoptotic damage to cells of 
the cerebral cortex of rats on the background of the experimental 
treatment of traumatic brain injury with amantadine sulfate. The 
evaluation of the effectiveness of Ademol to correct the process-
es of apoptotic death of neurons in the cortex of traumatically 
damaged brain showed a better therapeutic effect in comparison 
with both the control pathology group and the group of the ref-
erence drug - amantadine sulfate. Assessing the growth of DNA 
fragmentation in the control pathology group (TBI + 0.9% NaCl 
solution), we can talk about the process of intensive formation 
of post-traumatic focus due to the neurons that are in a state of 
apoptotic death.

In TBI, the glutamate excitotoxicity is one of the triggering fac-
tors influencing the development of lactic acidosis, angiospasm 
and endothelial dysfunction, the formation of reactive free oxygen 
radicals, the activation of lipid peroxidation, cerebral edema, induc-
ing the apoptosis processes and cell necrosis [4, 6]. When compar-
ing the effectiveness of the studied cerebroprotectors, the action of 
which is associated with the blockade of NMDA receptors by the 
indicator of DNA fragmentation (SUB-G1) of the nuclei of cere-
bral cortex cells in rats with TBI, it was found that the therapy with 
Ademol solution at a dose of 2 mg/kg was significantly better than 
the infusion of amantadine sulfate at a dose of 5 mg/kg by 27.2% 
(8.35±0.133% vs 11.47±0.02%) (p<0.05). 

In our opinion, the suppression of the intensity of neuroapop-
tosis in the cortex of traumatically damaged brain of rats on 
the background of Ademol indicates a decrease in the focus of 
neurodestruction by maintaining the number of morphologically 
intact neurons, and is one of the leading mechanisms of its cere-
broprotective action in traumatic brain injury.

Conclusions. 1. The post-traumatic period of model TBI in 
rats is accompanied by a probable increase, compared with in-
tact animals, in the level of DNA fragmentation in the nuclei of 
cells of the cerebral cortex on the 8th day of the experiment at 
an average of 3 times.

2. By the antiapoptotic effect in conditions of post-traumatic 
brain injury, Ademol solution therapy was significantly better 
than the infusion of 0.9% NaCl solution and amantadine sulfate 
at an average of 46.2 and 27.2%, respectively (p<0.05).
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SUMMARY

THE EFFECT OF ADEMOL ON THE DNA FRAGMEN-
TATION OF CEREBRAL CORTEX CELLS IN RATS 
WITH EXPERIMENTAL TRAUMATIC BRAIN INJURY

1Semenenko S., 1Semenenko A., 2Khrebtii H., 3Bodnar R., 
1Semenenko N.

1national Pirogov Memorial Medical University, Vinnytsya; 
2Higher education institution in Ukraine “Bukovinian state 
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The aim of the study. To determine the effect of Ademol on 
the deoxyribonucleic acid (DNA) fragmentation of the cerebral 
cortex cells (apoptosis) of rats with traumatic brain injury (TBI). 
Materials and methods. An experimental model of severe trau-
ma was created in male rats using an air pistol. The therapeutic 
effect of Ademol in TBI was evaluated at a dose of 2 mg/kg 
intravenously at intervals of 2 t/d for 8 days. As a drug for the 
control group we used 0.9% NaCl at a dose of 2 ml/kg, and as 
a comparison drug - amantadine sulfate at a dose of 5 mg/kg. 
On day 8 after TBI and decapitation of animals, the parts of the 
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cerebral cortex were taken to assess further DNA fragmentation 
in cells by the flow cytometry method. Results and conclusions. 
The post-traumatic period of model TBI in rats is accompanied 
by a probable increase in the level of DNA fragmentation in the 
nucleus of cerebral cortex cells on the 8th day of the experiment. 
By the antiapoptotic effect in conditions of post-traumatic brain 
injury, Ademol solution therapy was significantly better than the 
infusion of 0.9% NaCl and amantadine sulfate at an average of 
46.2 and 27.2%, respectively (p<0.05).

Keywords: traumatic brain injury, Ademol, apoptosis, aman-
tadine sulfate.
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ВЛИЯНИЕ АДЕМОЛА НА ФРАГМЕНТАЦИЮ ДНК 
КЛЕТОК КОРЫ ГОЛОВНОГО МОЗГА КРЫС ПРИ 
ЭКСПЕРИМЕНТАЛЬНОЙ ЧЕРЕПНО-МОЗГОВОЙ 
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Цель исследования - определить влияние адемола на 
фрагментацию дезоксирибонуклеиновой кислоты клеток 
(апоптоз) коры головного мозга крыс на фоне черепно-моз-
говой травмы. 

Экспериментальную модель тяжелой черепно-мозговой 
травмы (ЧМТ) моделировали на крысах-самцах с исполь-
зованием пневматического пистолета. Терапевтическое дей-
ствие адемола при ЧМТ оценивали в дозе 2 мг/кг с интер-
валом 2 р/д в течение 8 суток. В качестве лекарственного 
средства для контрольной группы применяли 0,9% NаСl в 
дозе 2 мл/кг, а препарата сравнения - амантадина сульфат в 
дозе 5 мг/кг. На 8 сутки после ЧМТ и декапитации живот-
ных части коры головного мозга забраны для дальнейшей 
оценки фрагментации дезоксирибонуклеиновой кислоты 
(ДНК) в клетках методом проточной цитометрии. 

Посттравматический период модельной ЧМТ у крыс со-
провождался вероятным ростом уровня фрагментации ДНК 
в ядрах клеток коры головного мозга на 8 сутки экспери-
мента. По величине антиапоптотичного эффекта в условиях 

постравматического повреждения головного мозга терапия 
раствором адемола оказалась достоверно лучше в сравне-
нии с инфузией 0,9% NaCl и амантадина сульфата, в сред-
нем, на 46,2% и 27,2%, соответственно (р<0,05).

reziume

ademolis gavlena virTagvebis Tavis tvinis qer-
qis ujredebis dnm-is fragmentaciaze qala-tvi-
nis eqsperimentuli travmis dros

1s. semenenko, 1a. semenenko, 2g. xrebti, 3r. bodnari, 
1n. semenenko

1n. pirogovis sax. erovnuli samedicino uni-
versiteti, vinica; 2bukovinis saxelmwifo sa-
medicino universiteti, Cernovci; 3ternopilis 
i.gorbaCevskis sax. erovnuli samedicino univer-
siteti, ukraina

kvlevis mizans warmoadgenda ademolis gav-
lenis Sefaseba virTagvebis Tavis tvinis qerqis 
ujredebis dezoqsiribonukleinis mJavas fragmen-
taciaze (apoptozi) qala-tvinis travmis fonze.
qala-tvinis mZime travma eqsperimentulad mode-

lirda mamr virTagvebze pnevmaturi pistoletis 
gamoyenebiT. ademolis Terapiuli moqmedeba qa-
la-tvinis travmis dros Sefasda dozaze 2 mg/kg 
8 dRe-Ramis ganmavlobaSi. sakontrolo jgufSi 
samkurnalwamlo saSualebad gamoyenebuli iyo 
0,9%-iani NаСl, doziT 2 ml/kg, xolo Sedarebis 
preparatad – amantadinis sulfati, doziT 5 mg/kg. qa-
la-tvinis travmidan me-8 dRes, cxovelebis deka-
pitaciis Semdeg aRebuli iyo Tavis tvinis qerqis 
nawilebi ujredebSi dezoqsiribonukleinis mJa-
vas (dnm) fragmentaciis SefasebisaTvis gamdinare 
citometriis meTodiT.
virTagvebSi qala-tvinis travmis modelze eqs-

perimentis me-8 dRes posttravmul periods Tan 
axlda dnm-is fragmentaciis donis mosalodneli 
zrda Tavis tvinis qerqis ujredebis birTvebSi. 
antiapoptozuri efeqtis sididis mixedviT Ta-
vis tvinis posttravmuli dazianebis pirobebSi 
Terapia ademoliT aRmoCnda sarwmunod ukeTesi 
0,9%-iani NаСl-is da amantadinis sulfatis infu-
ziasTan SedarebiT, saSualod, 46,2%- da 27,2%-iT, 
Sesabamisad (р<0,05).


