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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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reziume

tabletebis farmacevtuli SemuSaveba citoqo-
linis da memantinis modificirebuli gamoTavi-
suflebiT

1,2d.salaxetdinovi, 3b.sisuevi

1novamedika inoteqi, moskovi; 2piatigorskis sa-
medicino-farmacevtuli instituti; 3moskovis 
i.seCenovis sax. pirveli saxelmwifo samedicino 
universiteti, ruseTi

janmo-s monacemebis mixedviT, msoflioSi 35 
milion adamianze mets awuxebs kognituri dar-
Rvevebis sxvadasxva forma. amiloiduri, an sisxl-
ZarRvovani paTologiis efeqturi mkurnalobis 
arasakmarisobis gamo, arsebobs mosazreba kogni-
turi darRvevebis kombinirebuli farmakoTera-
piis perspeqtulobis Sesaxeb.
kvlevis mizans warmoadgenda kognituri dar-

Rvevebis samkurnalwamlo kombinirebuli table-
tirebuli formis Semadgenlobis SemuSaveba 
citoqolinis da memantinis modificirebuli 
gamoTavisuflebiT. 
kvlevaSi gamoyenebulia sainformacio bazebi 

(eLIBRARY, PubMed), samkurnalwamlo saSualebebis 
saxelmwifo reestris kontent-analizi (grls.ros-

minzdrav.ru). Tavsebadobis Sefaseba xorcielde-
boda stresuli eqsperimentebis meTodebiT qro-
matografiuli analizis TanxlebiT. SedarebiTi 
farmakokinetikuri kvlevebi Catarda bocverebze.
dasabuTebulia SemoTavazebuli fiqsirebu-

li kombinaciis farmakologiuri da klinikuri 
mizanSewoniloba, romlis obieqtur upiratesobas 
warmoadgens farmakoTerapiuli moqmedebis po-
tencireba memantinis da citoqolinis erTmxriv 
mimarTuli moqmedebis xarjze; mosalodneli 
efeqti ki gamoixateba Semecnebis gaumjobe-
sebaSi, qcevis da funqcionirebis gauaresebis 
SenelebaSi.
kombinaciis gamoyeneba iZleva saSualebas, rom 

misi gamoyeneba iyos ufro mosaxerxebeli, Sem-
cirdes xarjebi da, Sesabamisad, komplaensi.
SemuSavebuli kombinaciisaTvis SerCeulia op-

timaluri samkurnalwamlo forma - tableti, ro-
melic Seicavs gamoTavisuflebis or meqanizms: 
memantinisa – dauyovneblad, citoqolinisa – pro-
longirebulad.
eqsperimentulad gamovlenilia memantinis hi-

droqloridis da citoqolinis mononatriumis 
farmacevtuli substanciebis Tavsebadoba erTma-
neTTan da tabletis SemadgenlobaSi dagegmil 
sxva damxmare nivTierebebTan. Catarebulia Se-
muSavebuli kombinirebuli samkurnalwamlo pre-
paratis SedarebiTi farmakokinetikuri kvleva.

ANALYSIS OF THE PROPERTIES OF NEW PAM AMPA RECEPTORS BASED 
ON 3,7-DIAZABICYCLO[3.3.1]NONANE FRAME

Brkich G., Pyatigorskaya N.

sechenov First Moscow state Medical University, russian Federation

A significant amount of data has been accumulated on the 
pharmacology and mechanism of action of glutamate recep-
tors, which are widely represented in the central nervous system 
(CNS) of animals and humans. AMPA receptors are ionotropic 
and, along with receptors of other subtypes, take part in gluta-
mate-mediated transmission of excitatory signals [1,2].

Several subunits (GluRAl-GluRA4) are distinguished in the 
structure of the AMPA receptor, which exhibit different sensitiv-
ity to receptor ligands. Modulators of AMPA receptors exhibit-
ing pharmacological activity were studied: derivatives of pyr-
rolidinones, benzothiadiazine dioxides, benzylpiperidines and 
biarylpropylsulfonamides.

Dysregulation of the glutamatergic system can cause men-
tal and neurodegenerative diseases. Regulation of this system 
can improve performance and activate recovery processes in 
the damaged brain. Recently, attention has been drawn to com-
pounds of different chemical structures capable of modulating 
the function of AMPA receptors [1-3].

AMPA (α-amino-3-hydroxy-5-methylisoxazole-4-propionate) 
– receptors involved in chemical excitatory neurotransmission 
are transmembrane proteins consisting of tetramers. These re-

ceptors are expressed throughout the CNS, but are more abun-
dant in the hippocampus and cerebellum [3].

The increase in the prevalence of cognitive disorders is due 
to both an increase in the duration and quality of life of the 
population, and an increasing frequency of the occurrence of 
Alzheimer’s disease, a genetically determined disease, mani-
fested by a progressive decrease in memory and other cogni-
tive functions - praxis, gnosis, speech, intelligence, due to 
the gradual death of neurons in the cerebral hemispheres the 
brain [1,2].

The high prevalence of cognitive disorders dictates the need 
for their early detection with subsequent prescription of treat-
ment - preferably one that would have an impact on the pro-
gression of the disease. The optimal is the simultaneous use of 
medicinal and non-medicinal methods of therapy.

The drug effects primarily include pathogenetic treatment - 
elimination of the cause of the disease and basic symptomatic 
therapy with the use of drugs, the effectiveness of which has 
been proven in multiple randomized, double-blind, placebo-
controlled studies and which are recommended by the medi-
cal community as the main option for symptomatic treatment.
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The discovery of the ability of substances to potentiate the func-
tion of AMPA receptors, thereby enhancing glutamatergic neu-
rotransmission in brain structures, laid the foundation for a new 
direction in neuropharmacology.

Taking into account the fundamentally important role of 
AMPA receptors in the implementation of many physiological 
functions of the CNS, including the processes of neuronal plas-
ticity, learning and memory, as well as the well-known data on 
the participation of glutamatergic brain systems in the genesis 
of the most important pathological conditions of the brain (isch-
emia, stroke, seizure disorders, neurodegenerative diseases), the 
creation and study of the mechanism of action of substances that 
are positive modulators of AMPA receptors and the creation of 
new drugs (MPs) on their basis is of undoubted relevance [4,5].

Selective modulation of glutamatergic neurotransmission by 
altering the functional activity of AMPA receptors illustrates the 
discovery of a new, therapeutically promising pharmacological 
target.

The data obtained to date make it possible to outline new ap-
proaches to the regulation of fundamental physiological and 
pathological processes. Clinical and experimental data indicate 
that positive modulation of AMPA receptors may be a therapeu-
tically effective strategy for the treatment of neurodegenerative 
disorders, depressive episodes, and other disorders of neuronal 
plasticity in the brain [2].

The positive therapeutic effect of ampakines in neurodegen-
erative diseases may be associated with the activating effect of 
ampakines on the expression of neurotrophic factors [5], which 
may prevent the progression of neurodegenerative changes. Of 
considerable interest are data on the ability of a potentially new 
class of ampakines - 3,7-diazabicyclo[3.3.1]nonane derivative 
to exhibit pharmacological activity in the treatment of neurode-
generative conditions of various etiologies [6].

This review analyzed the properties of new positive allosteric 
modulators (PAMs) of AMPA receptors based on the 3,7-diaz-
abicyclo[3.3.1]nonane framework and the development of new 
drugs based on them. These compounds have the ability to fa-
cilitate AMPA receptor-mediated glutamatergic neurotransmis-
sion in the CNS.

 According to the analyzed studies, AMPA receptor modula-
tors are able to accelerate the recovery period after neurodegen-
erative conditions, exhibit an antidepressant effect, and have 
neuroprotective properties.

It is assumed that their effects are based on the positive modu-
lation of the function of ion channels coupled with AMPA re-
ceptors, which manifests itself, in particular, in facilitating the 
phenomenon of long-term potentiation and increasing the ex-
pression of neurotrophic factors. Preliminary clinical data on 
drugs suggest the effectiveness of AMPA receptor modulators in 
the treatment of neurodegenerative conditions [7,8].

Tricyclic derivatives of 3,7-diazabicyclo[3.3.1]nonane are 
PAMs of glutamate AMPA receptors [9]. Glutamate receptors 
are expressed at neuronal synapses and are activated by glutamic 
acid, the most common native neurotransmitter that transmits 
signals that excite nerve cells.

It was found that PAM AMPA either slows down the rate at 
which AMPA receptors lose sensitivity to prolonged exposure to 
glutamate, or slows down the process of deactivation of AMPA 
receptor after the cessation of exposure to glutamate [10].

The most important neurophysiological aspect of the action 
of PAM AMPA is the so-called synaptic plasticity. One of its 
consequences is the effect of long-term potentiation, which is 
considered as one of the main mechanisms of neuronal memory.

In addition, the basis of the therapeutic potential of PAM 
AMPA is their ability, due to depolarization of the postsynaptic 
membrane, to significantly increase the expression of neuro-
trophic factors - nerve growth factor (NGF) and brain-derived 
neurotrophic factor (BDNF), which, in its turn, is the most pow-
erful mechanism for the restoration of nerve cells [11].

Indications for the use of drugs based on PAM AMPA recep-
tors, but not an agonist or antagonist, will include acceleration 
and improvement of the quality of convalescence after cerebral 
accidents, since the acute phase and the phase of convalescence 
are provided by various pathogenetic mechanisms.

For the developed innovative drug, a high safety of use and 
a «procognitive effect» are predicted that exceeds analogs-am-
pakines of the first generations from other structural classes. It is 
planned to develop a dosage form for oral administration.

Particular interest in compounds of this group of drugs is 
based on the unique properties of positive modulation of AMPA 
receptors and “soft adjustment” of the glutamatergic system.

In the studies carried out, it was found that they do not cause any 
disturbances in the binding of the natural ligand at the synapse, in 
contrast to direct agonists of AMPA receptors, due to an overdose 
of which, hyperstimulation of the glutamatergic system of the CNS 
and manifestation of neurotoxicity is possible [12].

Derivatives of 3,7-diazabicyclo[3.3.1]nonane AMPA recep-
tors may be useful in the treatment of various neurological dis-
orders such as depression, Alzheimer’s disease and attention 
deficit / hyperactivity disorder.

The therapeutic effect of PAM is in part associated with a 
significant upregulation of neurotrophic expression factors such 
as neural growth factor (NGF) and brain neurotrophic factor 
(BDNF). In addition, it has recently been established that long-
term exposure to AMPA receptors by PAM of the glutamate 
type through oral delivery of substances leads to regeneration 
of dendritic cells, accompanied by an improvement in synaptic 
plasticity [13].

Activation of NMDA receptors of various subtypes leads to a 
sharp increase in calcium levels, which in turn activates several 
types of calcium-dependent kinases known for their role in en-
hancing central sensitization, such as calmodulin kinase, protein 
kinase C, type 2 cyclooxygenase and NO synthase [13].

 The products of the reactions catalyzed by these enzymes, 
prostaglandin E2 and nitric oxide, enhance nociceptive trans-
mission and support central sensitization by increasing the re-
lease of glutamate, substance P and calcitonin-gene-associated 
protein (cocalcigenin). The last two substances play the role of a 
transmitter, along with glutamate, in spinal nociceptive neurons.

In parallel, they activate microglia and astrocytes, promoting 
the release of cytokines and BDNF by the latter, which are re-
sponsible for maintaining neurons in a state of hyperexcitability, 
and thus contributing to the transition of acute pain to chronic 
pain.

 Recent studies have shown that ampakines affect persistent 
or chronic pain, which makes them promising for the creation of 
drugs for the treatment of chronic pain [14].

Based on the analysis of the spatial structure of the AMPA 
receptor, its complexes with known PAMs and the results of 
their molecular docking, it was shown that compounds based on 
3,7-diazabicyclo[3.3.1]nonane derivatives bind to AMPA recep-
tors in a fundamentally different place compared to other known 
ampakines, with a higher pharmacological activity of analogs-
ampakines of the first generations from other structural classes 
[13].

The basis of the therapeutic potential is associated with the 
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positive modulation of AMPA receptors, and thus their ability, 
due to depolarization of the postsynaptic membrane, to sig-
nificantly increase the expression of neurotrophic factors - the 
growth factor of nerve tissue NGF and the neurotrophic factor of 
the brain BDNF, which, in turn, is a powerful mechanism for the 
restoration of nervous cells in the structures of the hippocampus.

It has been established that such a mechanism of action can 
accelerate and improve the quality of convalescence after neu-
rodegenerative conditions [13].

The data presented on the ability of AMPA receptor modula-
tors to enhance the expression of growth factors are also of inter-
est in the possibility of their use in the treatment of a number of 
CNS diseases.

It is known that the expression of BDNF can affect the mono-
aminergic systems of the brain, the functioning of which is 
closely related to the pathogenesis of depressive conditions, on 
the one hand, and the central mechanism of action of antidepres-
sants and other psychotropic drugs with analgesic activity, on 
the other.

Along with an activating effect on the expression of growth 
factors, substances that positively modulate AMPA receptors 
can exhibit their own antidepressant-like effect and enhance the 
effect of reference antidepressants [15], which is further evi-
dence of the prospects for studying this group of drugs.

A patent study was carried out in relation to drugs based on tri-
cyclic derivatives of N, N’-substituted 3,7-diazabicyclo [3.3.1] 
nonanes for the treatment of neurodegenerative pathologies.

The main objective of the patent research was to update both 
the prior and current state of the art.

Possibility of comparing the innovative development «drug 
based on 3,7-diazabicyclo [3.3.1]nonane derivatives for restora-
tion of motor and cognitive functions after brain damage» with 
products already existing on the market or presented in patent 
documents.

To optimize the research, specialized databases were selected, 
the content of which can reveal the aspects indicated above.

In order to assess the patent landscape as a whole, general 
search parameter were set:

• A drug for the treatment of neurodegenerative pathologies
• Positive modulation of AMPA receptors
• PAM (Positive allosteric modulator) AMPA receptor
• Compound / composition for treatment neurodegenerative 

pathologies
This allowed us to assess the coverage of the area of   interest 

as a whole. Also, a wide list of patents and applications in which 
the above terms are mentioned, made it possible to carry out a 
relative filtering by the frequency of references in the countries 
and applicant firms.

After that, a search process was launched focused on “a drug 
based on tricyclic derivatives of N,N’-substituted 3,7-diazabi-
cyclo[3.3.1]nonanes for the treatment of neurodegenerative pa-
thologies.”

The following query options were considered. Both indepen-
dently and in combination with classes:

• tricyclic derivatives of N, N’-substituted 3,7-diazabicy-
clo[3.3.1]nonanes;

• drugs obtained on the basis of tricyclic derivatives of N, N’-
substituted 3,7-diazabicyclo[3.3.1]nonanes;

• technology for obtaining compounds, compositions based 
on tricyclic derivatives of N, N’-substituted 3,7-diazabicy-
clo[3.3.1]nonanes;

Any possible chemical modifications of the medicinal prod-
uct, derivatives, intermediates and forms were considered with-

out fail. All possible variants of pharmaceutical compositions 
and technologies for producing drugs aimed at treating neurode-
generative pathologies were considered in the same vein. In par-
ticular, a separate unit was the search for all existing or potential 
PAM AMPA receptors. In this block, the following keywords 
were highlighted:

• positive allosteric modulators;
• modulators of AMPA receptors;
• AMPA synaptic response;
• enhancing the synaptic response of AMPA receptors;
• pharmaceutical compositions, as AMPA modulators;
• compounds which enhance AMPA receptor activity;
• positive AMPA receptor modulation;
• methods and compositions for treatment neurodegenerative 

diseases;
• enhancing glutamatergic synaptic responses.
To refine the search and narrowing in some areas, filters were 

used for the following classes. The general indexes are present-
ed without partial variations, which, depending on the situation, 
could contain up to ten classes with the «OR» parameter: The 
patent search was carried out in accordance with the Regulation. 
Justification of the search regulations: depth of 20 years.

Thus, about 500 patents and applications were analyzed. 
Some of the documents were abstracts, since the description and 
formula were written in a foreign language (Chinese, Japanese, 
and the like), most of them were full-text versions of patents. 
After filtration, 81 patents were selected.

A significant amount of information is presented in the USA 
and France. In particular, Cortex Pharm, Lilly Eli Co, Servier 
Lab made a special emphasis on AMPA receptors and modula-
tion.

In the Russian Federation there are 6 patents from the selected 
documents, all of them refer to derivative compounds acting as 
the PAM AMPA receptor.

During the patent search, it was confirmed that there are no 
foreign and Russian objects of technology similar to the tech-
nologies under development in the world, no applications have 
been registered in which the prospects for the potential use of 
3,7-diazabicyclo[3.3.1]nonane derivatives and drugs based on 
them were considered.

It is assumed that the developed drug will have an action ca-
pable of accelerating and enhancing the effects of rehabilitation 
measures, including restoration of skills, working memory and 
attention.

Conclusion. An innovative drug based on 3,7-diazabicy-
clo[3.3.1]nonane derivatives provides long-term activation of 
AMPA receptors and the production of neurotrophic factors, 
which makes it possible to use it for the treatment of cognitive 
impairments and rehabilitation of patients after acute cerebral 
hypoxia, has unique properties due to the rigidity of the frame-
work, the required geometric parameters, and the strict orienta-
tion of substituents at nitrogen atoms in parallel planes.

The use of its structure is very promising for the search, op-
timization, and synthesis on its basis of compounds potentially 
possessing a wide spectrum of pharmacological action.

The discovery of the ability of positive allosteric AMPA re-
ceptor modulators to induce the expression of neurotrophic fac-
tors BDNF and NGF, triggering the mechanisms responsible for 
the survival of existing functioning neurons, as well as growth 
and differentiation, the formation of new synapses makes the de-
velopment of new drugs based on tricyclic derivatives of 3,7-di-
azabicyclo[3.3.1]nonane is especially promising for use in the 
later stages of post-stroke rehabilitation.
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In the course of the patent search, it was confirmed that there 
are no foreign and Russian objects of technology similar to the 
technologies under development in the world, no applications 
have been registered in which the prospects for the potential use 
of derivatives of 3,7-diazabicyclo[3.3.1]nonane as a pharmaco-
logically active pharmaceutical substance or in the composition 
of dosage forms. Also, no applications were found that reflected 
the possibility of using tricyclic derivatives of 3,7-diazabicy-
clo[3.3.1]nonane for restoring motor and cognitive functions 
after brain damage. The data obtained indicate the relevance of 
the chosen research path and the high competitiveness of the 
proposed drug.
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SUMMARY

ANALYSIS OF THE PROPERTIES OF NEW PAM AMPA 
RECEPTORS BASED ON 3,7-DIAZABICYCLO[3.3.1]
NONANE FRAME

Brkich G., Pyatigorskaya N.

sechenov First Moscow state Medical University, russian Fed-
eration

The development study was a continuation research of the 
action mechanism of the developed innovative pharmaceutical 
substance based on the 3,7-diazabicyclo[3.3.1]nonane deriva-
tive, which belongs to the class of AMPA receptor modulators. 
A significant amount of data has been accumulated on the phar-
macology and mechanism of action of glutamate receptors, 
which are widely represented in the central nervous system of 
animals and humans. AMPA receptors are ionotropic and, along 
with receptors of other subtypes, are involved in glutamate-me-
diated excitatory signaling. Several subunits (GluRAl-GluRA4) 
are distinguished in the structure of the AMPA receptor, which 
exhibit different sensitivity to receptor ligands. Modulators of 
AMPA receptors exhibiting pharmacological activity were stud-
ied: derivatives of pyrrolidinones, benzothiadiazine dioxides, 
benzylpiperidines and biarylpropylsulfonamides.

The aim of this study was to analyze the therapeutic potential 
of the mechanism of action of new positive allosteric modula-
tors of AMPA receptors based on the derivative of 3,7-diazabi-
cyclo[3.3.1]nonane framework. 

Based on the analysis of the spatial structure of the AMPA 
receptor, its complexes with the known PAM AMPA, and the 
results of their molecular docking, it was shown that compounds 
based on the tricyclic derivative 3,7-diazabicyclo[3.3.1]nonans 
bind to AMPA receptors at a fundamentally different location 
than ampakins from other known PAM AMPA groups. These 
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compounds have the ability to facilitate AMPA-mediated glu-
tamatergic neurotransmission to the central nervous system. 
According to the analyzed studies, AMPA receptor modulators 
are able to accelerate the period of convalescence after neuro-
degenerative states, exhibit an antidepressant effect, and have 
neuroprotective properties.

The discovery of the ability of positive allosteric modulators 
of the AMPA receptor to induce the expression of neurotrophic 
factors BDNF and NGF, triggering the mechanisms respon-
sible for the survival of existing functioning neurons, as well 
as growth and differentiation, the formation of new synapses 
makes the development of new drugs based on tricyclic deriva-
tives of 3,7-diazabicyclo[3.3.1]nonane is especially promising 
for use in the later stages of post-stroke rehabilitation.

Keywords: AMPA receptors, derivative of 3,7-diazabicy-
clo[3.3.1] nonane, brain neurotrophic factor, positive allosteric 
modulator, rehabilitation of patients after brain damage.

РЕЗЮМЕ

АНАЛИЗ  СВОЙСТВ  НОВЫХ  пОЛОжИТЕЛьНЫХ 
АЛЛОСТЕРИчЕСкИХ  МОдуЛяТОРОВ  AMPA  РЕ-
ЦЕпТОРОВ НА ОСНОВЕ 3,7-дИАЗАБИЦИкЛО[3.3.1]
НОНАНОВОГО кАРкАСА

Бркич Г.Э., пятигорская Н.В.

Первый МгМу им. и.М. сеченова, Москва, россия

Работа является продолжением исследования по изуче-
нию механизма действия разработанной инновационной 
фармацевтической субстанции на основе производного 
3,7-диазабицикло[3.3.1]нонана, относящейся к классу 
модуляторов АМРА рецепторов. Накоплено значитель-
ное количество данных о фармакологии и механизме 
действия глутаматных рецепторов, широко представлен-
ных в центральной нервной системе животных и челове-
ка. АМРА рецепторы являются ионотропными и наряду 
с рецепторами других подтипов принимают участие в 
опосредуемой глутаматом передаче возбуждающих сиг-
налов. В структуре АМРА рецептора выделяют несколько 
субъединиц (GluRAl-GluRA4), проявляющих различную 
чувствительность к рецепторным лигандам. Изучены 
модуляторы АМРА рецепторов, проявляющие фармако-
логическую активность: производные пирролидинонов, 
бензотиадиазиндиоксиды, бензилпиперидины и биарил-
пропилсульфонамиды.

Цель исследования - анализ терапевтического потенциала 
механизма действия новых положительных аллостериче-
ских модуляторов AMPA рецепторов на основе производно-
го 3,7-диазабицикло[3.3.1]нонанового каркаса. 

На основе анализа пространственной структуры AMPA 
рецептора, его комплексов с известными РАМ АМРА и ре-
зультатов их молекулярного докинга показано, что соеди-
нения на основе трициклического производного 3,7-диа-
забицикло[3.3.1]нонана связываются с AMPA рецепторами 
в принципиально ином месте, чем ампакины из других из-
вестных групп РАМ АМРА. Данные соединения обладают 
способностью облегчать опосредуемую АМРА рецепто-
рами глутаматергическую нейропередачу в центральную 
нервную систему. Согласно проанализированным исследо-
ваниям, модуляторы АМРА рецепторов способны ускорить 
период реконвалесценции после нейродегенеративных со-

стояний, проявляют антидепрессантное действие, обладают 
нейропротекторными свойствами. 

Открытие способности положительных аллостерических 
модуляторов AMPA рецептора вызывать экспрессию ней-
ротрофических факторов BDNF и NGF, запускающих ме-
ханизмы, отвечающие за выживание существующих функ-
ционирующих нейронов, а также рост и дифференцировку, 
формирование новых синапсов, делает разработку новых 
лекарственных средств на основе трициклических произ-
водных 3,7-диазабицикло[3.3.1]нонана для применения на 
поздних стадиях постинсультной реабилитации особенно 
перспективной. 

reziume

axali РАМ AMPA receptorebis Tvisebebis ana-
lizi 3,7-diazabiciklo[3.3.1]nonanuri karkasis 
safuZvelze

g. brkiCi, n.piatigorskaia

moskovis i.seCenovis sax. pirveli saxelmwifo sa-
medicino universiteti, ruseTi

kvleva warmoadgens 3,7-diazabiciklo[3.3.1]nona-
nis warmoebulis safuZvelze SemuSavebuli ino-
vaciuri farmacevtuli substanciis moqmedebis 
meqanizmis Seswavlis gagrZelebas, romelic 
AMPA receptorebis modulatorebis klass miekuT-
vneba. dagrovilia mniSvnelovani monacemebi adami-
anisa da cxovelebis centralur nervul sistemaSi 
arsebuli glutamatis receptorebis farmakolo-
giisa da moqmedebis meqanizmis Sesaxeb.

AMPA receptorebi ionotropulni arian da, 
sxva qvetipebis receptorebTan erTad, mona-
wileoben glutamatiT gaSualedebuli agznebadi 
signalebis gadacemaSi. AMPA receptoris struq-
turaSi ramdenime suberTeuls (GluRAl-GluRA4) 
gamohyofen, romelnic gansxvavebul mgrZnobelo-
bas avlenen receptoruli ligandebis mimarT. 
Seswavlilia AMPA receptorebis modulatorebi, 
romelTac farmakologiuri aqtivoba aqvT: piro-
lidinonebis warmoebulebi, benzoTiadiazindio-
qsidebi, benzilpiperidinebi da biarilpropil-
sulfonamidebi.
kvlevis mizans warmoadgenda AMPA recep-

torebis axali dadebiTi alosteruli modula-
torebis Terapiuli potencialis analizi 3,7-di-
azabiciklo[3.3.1]nonanuri karkasis safuZvelze.

AMPA receptorebis, РАМ АМРА-Tan misi cno-
bili kompleqsebis sivrciTi struqturis ana-
lizis da maTi molekuluri dokingis safuZvel-
ze naCvenebia, rom naerTebi 3,7-diazabiciklo[3.3.1]
nonanis tricikluri warmoebulebis safuZvelze 
AMPA receptorebs ukavSirdeba principulad 
sxva adgilze, vidre ampakinebi РАМ АМРА-is 
sxva cnobili jgufebidan. am naerTebs aqvs cen-
tralur nervul sistemaSi AMPA-receptorebis 
monawileobiT ganxorcielebuli glutamatergu-
li neirogadacemis gaadvilebis unari. kvlevebis 
analizis Tanaxmad, AMPA-receptorebis modu-
latorebs ZaluZs rekonvalescenciis periodis 
daCqareba neirodegeneraciuli mdgomareobebis 
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Semdeg, aqvs antidepresantuli moqmedeba da nei-
roproteqtoruli Tvisebebi. 

AMPA  receptorebis dadebiTi alosteruli 
modulatorebis Tviseba, gamoiwvios mofunqcioni-
re neironebis gadarCenze pasuxismgebeli nei-
rotrofikuli BDNF da NGF faqtorebis eqspresia, 

aseve, axali sinapsebis warmoqmna, zrda da dife-
rencireba gansazRvravs 3,7-diazabiciklo[3.3.1]
nonanis tricikluri warmoebulebis safuZvelze 
axali samkurnalwamlo saSualebebis SemuSavebis 
gansakuTrebul perspeqtulobas postinsulturi 
reabilitaciis gvian statiebze gamoyenebisaTvis.

ОБЩЕСТВЕННЫЙ кОНТРОЛь кАк СРЕдСТВО ОБЕСпЕчЕНИя 
РЕАЛИЗАЦИИ пРАВА НА ОХРАНу ЗдОРОВья

1крупнова Л.В., 2Антонова Е.Р., 3кохан В.п., 4Спивак И.В., 5крикун В.Б.

1Международный экономико-гуманитарный университет им. академика с. демьянчука, ровно; 
2национальная академия государственного управления при Президенте украины, киев; 
3научно-исследовательский институт правового обеспечения инновационного развития 

национальной академии правовых наук украины, Харьков; 
4национальный технический университет украины "киевский политехнический институт имени игоря сикорского"; 

5университет государственной фискальной службы украины, ирпень, украина

Согласно ст. 3 Конституции Украины жизнь и здоровье 
человека признаются наивысшей социальной ценностью; 
каждый имеет право на охрану здоровья, медицинскую по-
мощь и медицинское страхование (ст. 49 Конституции) [4]. 
Украинское законодательство всем гражданам гарантирует 
реализацию их прав в сфере здравоохранения путем осу-
ществления общественного контроля (надзора) в сфере 
здравоохранения - п. г ст. 7 Основ законодательства Украи-
ны о здравоохранении [6].

Известно, что наличие общественного контроля в любой 
сфере деятельности органов государственной власти – это 
проявление гражданского общества. Наличие соответству-
ющих органов общественного контроля (независимых от 
государственных) является проявлением построения демо-
кратического государства, в котором груз контроля сбалан-
сировано распределяется между государственными и обще-
ственными органами. Поэтому общественный контроль 
позволяет избежать государственного влияния на принятие 
решений и избежать коррупционную составляющую.

В зарубежных странах существуют различные способы 
обеспечения доступности медицинской помощи, механиз-
мы использования финансовых ресурсов, государственного 
регулирования и контроля за качеством оказываемых меди-
цинских услуг. При этом врачебная деятельность контро-
лируется не только государством и его органами, но и раз-
личными независимыми друг от друга профессиональными 
ассоциациями и неправительственными организациями, 
медицинскими центрами, страховыми компаниями и ины-
ми объединениями граждан [16]. Например, в США наряду 
с правительством США и Штатов, федеральным центром 
Medicaid Service, страховыми компаниями, профессиональ-
ными ассоциациями контроль в сфере здравоохранения 
осуществляют: Американская академия семейных врачей, 
которая отвечает за определение политики семейной прак-
тики, имеет решающий голос при обсуждении вопросов 
охраны здоровья на всех уровнях исполнительной власти, 
выступает представителем интересов семейных врачей и 
осуществляет контроль за их образованием; Американский 

комитет по семейной практике отвечает за официальную 
сертификацию семейных врачей; Комиссия по проверке 
подготовки ординаторов в области семейной практики при 
Совете аккредитации выпускников медицинских учрежде-
ний здравоохранения контролирует последипломное обра-
зование специалистов по семейной медицины [2].

В процессе реализации медицинской реформы в Украине 
в системе управления здравоохранением наибольшую акту-
альность приобретает контроль со стороны общественно-
сти и медицинского сообщества. Однако его ограниченный 
характер по сей день не позволяет считать общественность 
эффективным субъектом властных полномочий в сфере 
здравоохранения [15].

В Украине система общественного контроля в государ-
стве впервые введена в Концепции содействия органами 
исполнительной власти развитию гражданского общества, 
действовавшей с 2007 по 2012 гг. [14]. Последующая реа-
лизация Концепции дала возможность сформировать си-
стему существующего в Украине общественного контроля 
в различных сферах жизнедеятельности. Несмотря на име-
ющиеся недостатки этого вида контроля (отсутствие при-
нуждения по исполнению решений органов общественного 
контроля, несистемность проверок), в современных евро-
пейских странах он обеспечивает прозрачность правоотно-
шений между государством и обществом. Благодаря проис-
ходящей в Украине медицинской реформе, общественный 
контроль появился в системе органов государственной вла-
сти по управлению здравоохранением и в отечественных 
учреждениях здравоохранения.

Целью исследования является раскрыть сущность и осо-
бенности общественного контроля как средства обеспече-
ния реализации права на охрану здоровья. 

Для достижения указанной цели были поставлены следу-
ющие задачи: рассмотреть контроль как неотъемлемую со-
ставляющую права человека на охрану здоровья и гарантию 
соблюдения его прав как пациента, охарактеризовать субъ-
екты (органы) осуществления общественного контроля в 
сфере здравоохранения и проанализировать их полномочия.


