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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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According to the Consensus Study on Brain Disease in Eu-
rope, over 700,000 Europeans suffer from traumatic brain injury 
(TBI) [21]. TBI in health care is today called a “silent epidemic” 
due to the increasing scale of the problem, low awareness of 
its significance and incomplete epidemiological data [17, 19, 
15]. Severe forms of TBI (brain compression with intracranial 
hematomas, diffuse axonal damage) are diagnosed in 20–40% 
of patients with TBI [16, 3]. Depending on the nature of the 
brain injury and the severity of the victims, the lethality at TBI 
ranges from 5 to 65% [23]. Disability due to TBI is usually long-
term, and in 30-35% of cases it is established indefinitely [18]. 
Therefore, TBI is by far the leading and most common cause 
of disability and mortality in persons aged 20–40 years, with 
TBI mortality 10 times higher than cardiovascular disease and 
20 times higher than malignancies [12 , 16, 18, 23].

The high expectations of modern medicine for neuroprotective 
therapy have stimulated scientists all over the world to actively 
search for new effective means of influencing the pathophysi-
ological cascades of neuronal damage development [24]. The 
ambiguity of the results of clinical trials to study the efficacy of 
neuroprotective effects has influenced the fact that the appropri-
ateness of neuroprotective therapy remains the subject of intense 
debate [13]. When referring to neuroprotection, the prevention 
and reduction of damage to neurons with a clear evidence base, 
that is, confirmed in experimental and randomized clinical stud-
ies, should be considered first and foremost [10, 13, 24].

Studies have shown that TBI has an increased synthesis of 
neurotransmitters, which correlates with a deterioration in the 
prognosis of a patient with brain injury [7]. The greatest dam-
aging effect is inherent in glutamate, which triggers the excito-
toxicity cascade [8]. Hyperactivation of NMDA- and AMPA-
receptors causes an excessive intake of calcium ions into the 
cell with activation of phospholipases, endonucleases, caspases, 
etc.; which destroy cytosolic structures and trigger cell apoptosis 
[9]. Many studies have demonstrated the efficacy of glutamate 
NMDA receptor antagonists. Blockade of NMDA receptors is 
considered to be one of the main links in neuroprotection [10].

The efforts of modern neuropharmacology are aimed at find-
ing effective molecules that can prevent secondary neuronal 
damage, which is by far the most promising target for expo-
sure to pharmaceuticals in the face of acute brain injury. Pri-
mary neuroprotection is aimed at inhibiting rapid responses of 
the glutamate calcium cascade. Moreover, the greatest hopes in 
this direction are laid on NMDA receptor blockers. Promising 
for further study is a compound having neuroprotective proper-
ties, synthesized under the guidance of Acad. M.O. Lozynsky 
Institute of Organic Chemistry, NAS of Ukraine, derivative of 
adamantane 1-adamantylethyloxy-3-morpholino-2-propanol 
hydrochloride (laboratory code YUK-1, name ademol) [3, 4, 5]. 
The impetus for in-depth study of the cerebroprotective effect 
of ademol was the fact that it is a low-affinity non-competitive 
blocker of the polyamine site of the NMDA receptors of the ion-
ophore complex of pyramidal neurons of the hippocampus with 
very fast kinetics of NMDA receptor release [8].

Studies have demonstrated the presence of new cerebroprotec-
tors, namely a derivative of adamantane 1-adamantylethyloxy-

3-morpholino-2-propanol hydrochloride (ademol) stimulating 
effect on cerebral blood flow in the pool of internal carotid artery 
in patients with acute ischemic and hemorrhagic strokes [8, 9, 
10]. It should be noted that the integrative indicators of the im-
pact of the neuroprotector on the ischemic brain are, along with 
the decrease in mortality, the rapid elimination of neurological 
deficits and the restoration of cognitive-masticatory functions, 
which was the case in the ademol studies [9].

The release of the enzyme neuron-specific enolase (NSE) 
from neurons into cerebrospinal cerebrospinal fluid and blood 
is a marker of nerve tissue damage. NSE activity in the blood 
of patients with TBI reflects the area of necrotic changes in the 
brain [1,6].

For a thorough elucidation of the influence of ademol on the 
course of TBI, it was of interest to investigate the effect of this 
drug on the intensity of the course of destructive changes in neu-
rons by the dynamics of the activity of neuron-specific enolase 
(NSE) with the modeleted brain pathology.

The aim of the work - to evaluate the effect of adamantane 
1-adamantylethyloxy-3-morpholino-2-propanol hydrochloride 
(ademol) derivative compared with amantadine sulfate and 
0.9% NaCl solution on the dynamics of neuron-specific enolase 
activity in rats with acute TBI.

Material and methods. The experiments were conducted on 
white rats weighing 160-190 g, which were in standard vivarium 
conditions, in accordance with the ethical standards of experi-
mental studies according to the «General principles of work on 
animals», approved by the I National Congress on Bioethics 
(Kyiv, Ukraine, 2001) and the Law of Ukraine «On the Protec-
tion of Animals from Cruelty» of 26.02.2006. The experimental 
model of TBI was caused by the action of a carbon dioxide flow 
under pressure created using a gas cylinder pneumatic gun of 
the Baikal MR-654K brand (P F, Izhevsk, No. ROSS certificate 
RU MZH03.V02518) and carbon dioxide cylinders (liquefied 
CO2 - 12 g) under pressure (Crosman, USA, series 456739). 
Rats under conditions of propofol anesthesia (60 mg/kg), after 
catheterization of the femoral vein and the possibility of infu-
sion through the infusomat, performed right-sided bone-plastic 
trepanation of the skull of the projection of the middle cerebral 
artery, with a hole diameter of 5 mm2. After fixation of the rat in 
a position on the abdomen upside down, a shot was taken from 
a fixed distance (close-up shot), the bone fragment on the peri-
osteum together with aponeurosis, was returned to the site and 
the wound was sutured in layers. Thus, severe TBI was modeled.

The therapeutic effect of Ademol («Ademol-Darnitsa», Dar-
nitsa, Ukraine, 10 ampoules of 5 ml at a concentration of 1 mg/
ml) on model TBI was evaluated when administered at a dose of 
2 mg/kg intravenously. Treatment was performed by slow intra-
venous infusion of infusomate, which lasted for 2 h at intervals 
of 2 times per day (every 12 h) for 8 days. Treatment was started 
1 h after the simulation of the pathological condition. The pseud-
operated animals were subjected to all interventions (anesthesia, 
skin incision, bone-plastic skull trepanation) with the exception 
of manipulations that could directly lead to traumatic brain inju-
ry, which nullified the effects of trauma. They were also injected 
an equivalent amount of 0.9% NaCl solution up to the dose of 
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Ademol. 0.9% NaCl solution at a dose of 2 ml/kg intravenously. 
In the same regimen was used amantadine sulfate (PC-Mertz, 
Merz Pharmaceuticals, Switzerland, 200 mg/500 ml) in the con-
trol group (the comparison group) by administering a dose of 5 
mg/kg intravenously in the same regimen.

The activity of neuron-specific enolase (NSE) in the serum of 
rats was measured on the 8th day of TBI by enzyme-linked im-
munosorbent assay using the NSE ELISA KIT kits (DAI, USA) 
(Fujirebio Diagnostics Inc., Sweden) on the device of the com-
pany “Hipson” [7].

Quantitative data were processed using the statistical process-
ing program StatPlus 2009. It was used the parametric criterion t 
-Student in cases of normal distribution of the variational series, 
the nonparametric criterion W White - in his absence, the paired 
criterion Ť Wilcoxon [2]. The differences were considered statis-
tically significant at p<0.05. 

Results and discussion. Analyzing the data obtained at the 
end of our experiment, as of the 8th day of the model TBI in the 
control group, we observed a significant increase in the level of 
NSE, which in the specified period of the experiment was sig-
nificantly higher than the same indicators in the group of pseud-
operated animals on average 4.95 times (table 1).

Thus, analysis of the data obtained in the TBI group+0.9% NaCl 
solution with respect to NSE levels, as a marker of nerve tissue 
damage, concludes that intensive formation and organization of the 
nucleus occurs in the control group rats at day 8 of TBI.

The use of ademol at a dose of 2 mg/kg as well as amantadine 
sulfate 5 mg/kg against the background of the TBI model for 8 days 
reduced the level of the test marker (NSE), but still at the end of the 
experiment its level remained significantly higher by 136% for the 
group, respectively TBI+ademol and 205% for the TBI+amantadine 
sulfate group compared to the pseudoperated group.

A rat infusion course with TBI solutions of ademol (2 mg/
kg) and amantadine sulfate (5 mg/kg) over 8 days of the TBI 
model helped to significantly reduce the increase in NSE levels 
in animals of the control pathology group by an average of 52.1 
and 38.2% respectively. 

Thus, the results obtained indicate that with the use of ademol 
at a dose of 2 mg/kg intravenously and amantadine sulfate 5 mg/
kg intravenously on the background of the model TBI in these 
drugs show strong neurocytoprotective properties. Moreover, 
this effect of ademol manifests itself more clearly, because in 
its ability to prevent an increase in the NSE level, it probably 
outweighed the reference drug by an average of 22.5%.

Studies have shown that the neuroprotective effect of ademol 
is associated with a modulating effect on the activity of NMDA 
receptors, also found that the drug has a complex effect, show-
ing the properties of both primary and secondary cerebropro-
tector, with significant advantages compared to others presented 
in modern pharmaceutical market, neuroprotectors [8, 9, 10]. 
Acute excitotoxic neurodegeneration, caused by excessive 
activation of NMDA receptors and pathological reactions of 
glutamate-calcium damage, develops not only in brain strokes, 
proven to date is its decisive role in the initiation of second-
ary damage in traumatic lesions [8]. The results obtained in our 
study are pathogenetically sound and substantially open up the 
prospects for further research.

Conclusions. 1. Course therapeutic treatment of rats with se-
vere TBI with a solution of Ademol dose of 2 mg / kg intrave-
nously, preferably better rats in the control pathology group of 
0.9% NaCl and the group with amantadine sulfate contributes to 
reducing the increase in NSE, with Ademol dominated the refer-
ence- the drug averaged 22.5% (p<0.05).

2. One of the pathogenetic mechanisms of brain protective 
action in TBI is the ability of Ademol to correct NSE levels in 
severe cerebral trauma.
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SUMMARY

EVALUATION OF THE EFFECT OF ADEMOL ON THE 
DYNAMICS OF NEURON-SPECIFIC ENOLASE IN 
TRAUMATIC BRAIN INJURY IN RATS

Semenenko S., Semenenko A., Malik S., Semenenko N., 
Malik L.

National Pirogov Memorial Medical University, Vinnytsya, 
Ukraine

The great hopes of modern medicine for neuroprotective 
therapy have stimulated scientists around the world to actively 
search for new effective means of influencing the pathophysi-
ological cascades of the development of neuronal damage.

Aim. To evaluate the effect of the use of the adamantane de-
rivative 1-adamantylethyloxa-3-morpholino-2-propanol hydro-
chloride (ademol) compared with amantadine sulfate and 0.9% 
NaCl solution on the activity dynamics of neuron-specific eno-
lase in rats with acute traumatic brain injury (TBI) .

The therapeutic effect of ademol in experimental traumatic 
brain injury was evaluated using a dose of 2 mg/kg (i/v) every 
12 hours for 8 days. The pseudo-operated animals and the con-
trol group received a 0.9% NaCl solution at a dose of 2 ml/kg i/v, 
and the comparison group received amantadine sulfate at a dose 
of 5 mg/kg in the same mode. To determine the effectiveness 
of the studied drugs in brain injury, the level of neuron-specific 
enolase (NSE) was used. 

The course infusion in rats with TBI of solutions of ademol 
(2 mg/kg) and amantadine sulfate (5 mg/kg) during the 8 days 
of the TBI model, significantly reduced the increase in the NSE 
level in animals of the control pathology group by an average of 
52.1 and 38.2%. Thus, the results obtained indicate that when 
using ademol at a dose of 2 mg/kg i/v and amantadine sulfate 
(5 mg/kg i/v), powerful neurocytoprotective properties appear 
against the background of a model head injury. Moreover, the 
neuroprotective effect of ademol manifested itself more clearly, 
since in terms of the ability to prevent the increase in NSE lev-
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els, it significantly dominated the reference drug by an average 
of 22.5%.

Keywords: traumatic brain injury, ademol, amantadine sul-
fate, 0.9% NaCl, neuron-specific enolase.

РЕЗЮМЕ

ОЦЕНКА ВЛИЯНИЯ АДЕМОЛА НА ДИНАМИКУ 
НЕЙРОН-СПЕЦИФИЧЕСКОЙ ЭНОЛАЗЫ ПРИ ЧЕ-
РЕПНО-МОЗГОВОЙ ТРАВМЕ У КРЫС

Семененко C.И., Семененко А.И., Малик С.Л., 
Семененко Н.А., Малик Л.М.

Винницкий национальный медицинский университет 
им. Н.И. Пирогова, Украина

Большие надежды современной медицины на нейропро-
текторную терапию стимулировали ученых всего мира на 
активный поиск новых эффективных средств воздействия 
на патофизиологические каскады развития нейронального 
повреждения.

Цель исследования - определение влияния произво-
дной адамантана 1-адамантилетилоксы-3-морфолино-2-
пропанола гидрохлорида (адемола) в сравнении с аман-
тадином сульфата и 0,9% раствором NaCl на динамику 
активности нейрон-специфической энолазы у крыс с острой 
черепно-мозговой травмой.

Терапевтическое действие адемола при эксперименталь-
ной черепно-мозговой травме оценивали при применении 
в дозе 2 мг/кг (в/в) каждые 12 ч в течение 8 суток. Псев-
дооперованные животные и контрольная группа получали 
0,9% раствор NаСl в дозе 2 мл/кг в/в, а группа сравнения 
- амантадин сульфат в дозе 5 мг/кг в том же режиме. Для 
определения эффективности исследуемых препаратов при 
черепно-мозговой травме (ЧМТ) использовали уровень ней-
рон-специфической энолазы (NSE). 

Курсовая инфузия крысам с ЧМТ растворов адемола 
в дозе 2 мг/кг и амантадина сульфата 5 мг/кг в течение 8 
дней способствовала достоверному уменьшению нараста-
ния уровня NSE в сравнении с животными группы контро-
ля, в среднем, на 52,1% и 38,2%, соответственно. Таким об-
разом, полученные результаты свидетельствуют о том, что 
при применении адемола в дозе 2 мг/кг в/в и амантадина 
сульфата 5 мг/кг в/в проявляются мощные нейроцитопро-
текторные свойства на фоне модельной ЧМТ. Причем ней-
ропротекторный эффект адемола проявился более отчетли-
во, поскольку по способности препятствовать нарастанию 
уровня NSE он достоверно превосходил референс-препарат, 
в среднем, на 22,5%.

reziume

ademolis moqmedebis Sefaseba neiron-specifi-
kuri enolazas dinamikaze qala-tvinis travmis 
dros virTagvebSi

s.semenenko, a.semenenko, s.maliki, n.semenenko, 
l.maliki 

vinicas n.pirogovis sax. erovnuli samedicino 
universiteti, ukraina

Tanamedrove medicinis miRwevebma neiropro-
teqtoruli Terapiis mimarTulebiT msoflioSi 
gaaqtiura neironuli dazianebis ganviTarebis 
paTofiziologiur kaskadze moqmedi axali efeq-
turi saSualebebis samecniero Zieba. 
kvlevis mizans warmoadgenda adamantanis 

warmoebulis – 1-adamantileTiloqsi-3-morfo-
lino-2-propanolis hidroqloridis (ademoli) 
moqmedebis gansazRvra amantadin sulfatis 
da NaCl-is 0,9%-ian xsnarTan SedarebiT neiron-
specifikuri enolazas aqtivobis dinamikaze qa-
la-tvinis travmis dros virTagvebSi. 
ademolis Terapiuli moqmedeba qala-tvinis 

eqsperimentuli travmis dros Sefasda misi gamo-
yenebisas doziT 2 mk/kg yovel 12 saaTSi 8 dRis 
ganmavlobaSi. fsevdooperorebuli cxovelebi 
da sakontrolo jgufi iRebda NaCl-is 0,9%-ian 
xsnars doziT 2 mk/kg intravenurad, xolo Seda-
rebis jgufi – igive reJimSi amantadin sulfats, 
doziT 5 mk/kg. Sesaswavli preparatebis efeq-
turobis gansazRvrisaTvis qala-tvinis travmis 
dros gamoyenebulia neiron-specifikuri enola-
zas (NSE) done.
ademolis xsnaris 2 mk/kg da amantadin sulfa-

tis 5 mk/kg infuziis kursma 8 dRis ganmavlobaSi 
qala-tvinis travmis dros,  sakontrolo paTolo-
giis jgufis cxovelebTan SedarebiT, xeli Seu-
wyo NSE-is donis sarwmuno Semcirebas da saSua-
lod Seadgina, 52,1% da 38,2%, Sesabamisad.
amrigad, miRebuli Sedegebi mowmobs, rom qala-

tvinis modelirebuli travmis dros ademolis 
2 mk/kg intravenurad da amantadin sulfatis 
5 mk/kg gamoyenebisas vlindeba maTi mZlavri 
neiroproteqtoruli Tvisebebi. amasTan, ademo-
lis neiroproteqtoruli efeqti ufro mkafioa: 
NSE-is donis zrdisadmi winaaRmdegobis unaris 
TvalsazrisiT is referens-preparats aRemateba, 
saSualod, 22,5%-iT.


