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K CBEAEHUIO ABTOPOB!
[Ipu HampaBIeHUY CTAaTbH B PEAAKITHIO HEOOXOINMO COOITIOATh CISAYIONINE TIPABHIIA;

1. CraTps 1oyKHA OBITH MPECTABICHA B IBYX DK3EMILISIPAX, HA PYCCKOM MJIM aHTIIUHCKOM SI3bI-
Kax, HarleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OHOIl CTOPOHE CTAHIAPTHOIO JIUCTA ¢ INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBIH WPUQT U1 TEKCTa Ha PYCCKOM U
anruiickoM sizpikax - Times New Roman (Kupuaauima), Ui TekcTa Ha TPY3UHCKOM SI3BIKE CIIETyeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykornrcu, HaneyaraHHOW Ha KOMITBIOTEPE, JTOJDKEH
o51Th IprTO’keH CD co crarbeit.

2. Pa3mep craTbu 10TKEH OBITH HE MEHEE IECSTH 1 He OoJiee 1BaALaTH CTPaHUI] MAIIHOIINCH,
BKJIIOUAsl yKa3arellb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPY3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIIEHBI AKTYyaIbHOCTh JJAHHOTO MaTepHalla, METO/IbI U Pe3YIIbTaThI
UCCIIeIOBaHUS U MX 00CYKACHHE.

[Ipu npencTaBIeHNN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJIMYECTBO IKCIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIIHECS METOABl 00e3001MBaHUs U
YCBIMICHHUS (B XOJ€ OCTPBIX OIBITOB).

4. K crarbe JOIKHBI OBITH IPUIIOKEHBI KpaTKoe (Ha MOJICTPAaHUIIbI) Pe3OMe Ha aHIIIMICKOM,
PYCCKOM M I'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIEIYIOLINE pa3aesbl: Lieb UCCIeI0BaHNs, MaTepHua U
METO/IBI, PE3YJILTAThI M 3aKIFOUSHHE) U CIIUCOK KITtoueBbIX ciioB (key words).

5. Tabnuupl HEOOXOIUMO NPECTABIATE B Ie4aTHOM hopme. DoTokonuu He TpuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOTKHBI OBITH 03aryIaBICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (DOTOKOIHMHU C PEHTTEHOTPAMM - B HO3UTUBHOM
n300paxeHnH. PUCYyHKH, YepTeKU U IuarpaMmbl CIeLyeT 03arIaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff hopmare.

B noanucsix k MukpogotorpagusaM cieayeT yKa3bBaTh CTEIICHb YBEIMUCHHUS YePEe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIPETHALIUH CPE30B.

7. ®aMUIIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJATCS B OPUTHHAIBHON TPAHCKPUIILINH.

8. I[Ipu opopmnennn u HarpaBneHun crtared B kypHanm MHI nmpocum aBTOpOB cobmronars
NpaBuIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSAX K PYKOMHUCSM, IPEACTABISIEMBIM B ONOMEIUIIMHCKHUE
JKYpHAJIbD», TPUHATHIX MeXKIyHapOAHBIM KOMHUTETOM PEIaKTOPOB MEAMLMHCKUX JKYpPHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIe Kax /101 OPUTHHATIBHOM CTaThU MPUBOIUTCS OMOIHOrpadguyeckuii cucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPbIE UMEIOTCS CChUIKU B TeKcTe. CIHCOK COCTaBIsIeTCs B
andaBUTHOM MOpsAKEe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK IPUBOAUTCS Ha sI3bIKE OpUrMHana. B
CIMCKE JINTEPATyPhl CHavYajIa MPUBOIATCS PaOOThI, HAIMCAHHBIE 3HAKAMU TPY3MHCKOTO anaBuTa, 3aTeM
KApuuien u naruauned. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTATbH JAIOTCS B KBaIPaTHBIX
CKOOKax B BU/I€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmh-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 32 IMOCTETHNUE 5-7 JIET.

9. ns momydeHus MpaBa Ha MyONHMKALMIO CTaThs TOJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJICHUS BU3Y U CONPOBOIUTEIBHOE OTHOILICHHUE, HAIMCAHHBIC WJIM HAlledaTaHHbIC Ha OJIaHKe
Y 3aBE€PEHHBIE MOJIHCHIO U NIEYaThIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBIO MPUBEACHBI UX
(amuIMM, UIMEHAa U OTYECTBA, YKa3aHbl CIIy>KeOHBIH M JOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble KoopAuHaThl. KonmuuecTBo aBTOPOB (COABTOPOB) HE TOJHKHO MPEBBIIIATE IISITH YEJIOBEK.

11. Penakuus ocraBisieT 3a cOO0 MpaBo COKpallaTh U UCHPaBIATh cTarbi. Koppekrypa aBropam
HE BbICBUIAETCS, BCS paboTa U CBEpKa MIPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HenomycTuMO HarpaBiieHHE B pefaklMIo padoT, MPeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeIbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX M3IAHUSX.

Hpﬂ HApyHI€HUU YKa3aHHbIX IPaBUJI CTATbU HE paCCMaTPUBAIOTCH.




REQUIREMENTS

Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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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 (GluRAI-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 (a-amino-3-hydroxy-5-methylisoxazole-4-propionate)
— receptors involved in chemical excitatory neurotransmission
are transmembrane proteins consisting of tetramers. These re-
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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.
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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-
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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 (GluRAI-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.

PE3IOME

AHAJIN3 CBOMCTB HOBBIX MOJIOXHUTEJBHBIX
AJUVIOCTEPHYECKHUX MOAYJIATOPOB AMPA PE-
HOEITOPOB HA OCHOBE 3,7-JUA3ABUIIUKJIO[3.3.1]
HOHAHOBOI'O KAPKACA

Bpxuu I.J., [IaTuropckas H.B.
Iepesvrit MI'MY um. U.M. Ceuenosa, Mocksa, Poccus

Pabora stBIsieTCsl MPOROIKEHNEM UCCIEA0BAHHS 10 H3yde-
HUIO MEXaHHM3Ma JeUCTBUA pa3pabOTaHHOW MHHOBAILMOHHOM
(apmaneBTHYECKO CYyOCTaHIIMM HAa OCHOBE MPOHM3BOIHOTO
3,7-nuazabunukio[3.3.1]HoHana, oOTHoOcsmelcs K Kiaccy
monynasitopoB AMPA peuentopoB. HakomiaeHo 3HAYHTENb-
HOE KOJIMYECTBO MAHHBIX O (hapMaKOIOTUH U MeEXaHH3Me
JEeHCTBUS TIIyTaMaTHBIX PEIENTOPOB, IIHPOKO MPEACTABICH-
HBIX B I[CHTPAIbHON HEPBHOI CHCTEME KUBOTHBIX M UEIIOBE-
ka. AMPA penentopsl SBISIOTCS HOHOTPOIHBIMH M HapsILy
C perentopamMu APYTHX MOATHIIOB MPUHUMAIOT Y4acTHE B
OTIOCpeayeMOl TITyTaMaToM Tepejade BO30yKIAIONINX CHT-
HajoB. B ctpykrype AMPA penenrtopa BEIACISIIOT HECKOJIBKO
cyopenunnn (GluRAI-GluRA4), nposBisomux pa3nuyHyo
YyBCTBUTEIBHOCTh K PELENTOPHBIM JHTaHAaM. M3ydeHsr
monynstopsl AMPA penentopos, mposiBisiomue hapmMaxo-
JIOTHYECKYI0 aKTHBHOCTB: MPOU3BOJHBIE MUPPOIUANHOHOB,
OCH30THANA3UHINOKCH B, OCH3UINUIICPUANHB U OHapuII-
MIPONHICYTb()OHAMHUBI.

Lens nccnenoBanus - aHAIN3 TEPANEBTUIECKOTO MOTEHIINANA
MEXaHH3Ma AEHCTBHSA HOBBIX MOJIOKUTENBHBIX alIOCTEpUUe-
ckux MoaysaTopoB AMPA perentopoB Ha OCHOBE ITPOU3BOIHO-
ro 3,7-nmua3abunukio[3.3.1]HoHaHOBOrO Kapkaca.

Ha ocHoBe ananmsa mpocTpaHCTBEHHOH cTpyKkTypsl AMPA
peuenTopa, ero KOMIuIekcoB ¢ m3BecTHeIMH PAM AMPA u pe-
3y/lbTaTOB MX MOJEKYIISIPHOTO JOKMHTA MOKA3aHO, YTO COEMIH-
HEHUs] Ha OCHOBE TPUIMKINYECKOTO MPOU3BOAHOTO 3,7-mma-
3a0nuukio[3.3.1]nonana caseBatorcss ¢ AMPA penentopamu
B NMPUHLHUNNAIBLHO HHOM MECTE, YeM aMIaKWHBI U3 APYTHX U3-
BecTHbIX Tpynn PAM AMPA. Jlanuble coequneHus o0namaoT
crnocoOHOCThIO oOneryats onocpeayemyro AMPA  penenro-
paMu IIyTamMaTeprudeckyio Helpomepenady B LEHTPAIbHYIO
HEpBHYIO cucTeMy. COmIacHO MPOaHATU3HUPOBAHHBIM HCCIIENO0-
BaHWIM, MoaysiTopsl AMPA pernentopoB ciocoOHBI YCKOPUTH
MIEPHO]] PEKOHBANIECLIEHIINN MOCNIE HEHPOAEreHePaTUBHBIX CO-
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CTOSIHHH, IPOSIBIISIIOT aHTUICTIPECCAHTHOE JIeHCTBHE, 001a1atoT
HEHPONPOTEKTOPHBIMU CBOHCTBAMH.

OTKpBITHE CIIOCOOHOCTH MOJOKHUTEIBHBIX ATIIOCTEPUUSCKHUX
monynatopoB AMPA penentopa BbI3bIBaTh IKCIIPECCUIO HEH-
porpoduyeckux ¢daxropoB BDNF u NGF, 3zanyckaronmx me-
XaHHM3MBbI, OTBEYAIOIIHE 332 BHDKMBAHHE CYIIECTBYIOIMX (YHK-
LIMOHUPYIONIMX HEHPOHOB, a TAKKE POCT U AU PEPEHIUPOBKY,
(hopMHpOBaHUE HOBBIX CHHAIICOB, J€aeT Pa3pabOTKy HOBBIX
JICKapCTBEHHBIX CPEJCTB HAa OCHOBE TPULMKINYECKHX HPOU3-
BOAHBIX 3,7-nnazabuiukiio[3.3.1]HoHaHa IS MPUMCEHEHHUS Ha
MO3/IHUX CTaIHUSX MOCTHHCYJIBTHON peabHIMTanul OCOOCHHO
IEPCIIEKTUBHOM.
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OBIIECTBEHHBII KOHTPOJIb KAK CPEJCTBO OBECIIEYEHMS
PEAJIN3AIINU ITPABA HA OXPAHY 3JOPOBbAA

"Kpynnosa JI.B., >AuTonoBa E.P., ’Koxan B.IL., “CiuBaxk WU.B., SKpukyn B.B.

! Mestcoynapoonsiii skoHoMuKko-2ymanumapHwlii yuusepcumem um. akaoemuxa C. Jemvsanuyra, PosHo,
’Hayuonanvras akademusi 20cyoapcmeenno2o ynpaenerus npu Ipesudenme Yikpaunol, Kues,
SHayuno-uccnedosamensCkuil UHCMumyni npagoso2o 06ecneuenisi UHHOBAYUOHHO20 PA36UNIsL

Hayuonanvrhoii akademuu npagogwvix Hayk Ykpaunvl, Xapbkos,
Hayuonanvuvlii mexnuyeckutl ynugepcumem Yxpaunwt "Kuesckuil norumexuudeckuti uncmumym umenu Heops Cuxopcko2o”;
*Vuueepcumem 2ocyoapcmeennoil uckanvhotl cyoucovl Yepaunwl, Upnens, Yipauna

CornacHo cr. 3 Koncrutyuuu YKpauHbl XKU3Hb U 3[0pPOBbE
YeJI0BeKa IPU3HAIOTCS HaWBbICHICH COLUAIBLHON LIGHHOCTBIO;
Ka<Iblil UMEET IIPaBO HA OXPaHy 310pPOBbs, MEIULIUHCKYIO II0-
MOIIb U MeAUIMHCKoe cTpaxoBanue (cT. 49 Koncrurymun) [4].
YKpauHCKOE 3aKOHOJATEILCTBO BCEM IpakJaHaM rapaHTUpPYyeT
peanM3alnio uX mpaB B cepe 3ApaBOOXPAHECHUS IyTEM OCY-
IIECTBICHHST OOIIECTBEHHOrO KOHTpONs (Ham3opa) B cdepe
30paBOOXPAHCHUA - I1. T ¢T. 7 OCHOB 3aKOHOZATENbCTBA YKpau-
HBI O 34PaBOOXPAHEHUH [6].

W3BecTHO, 9TO HanMuue OOIMIECTBEHHOTO KOHTPOIIS B JTF000IT
cdepe AeATENEHOCTH OPraHOB FOCYAApPCTBEHHON BIACTH — 3TO
MIPOSIBIICHUE TPaXKIaHCKOro obmecTsa. Hammame cooTBeTCTBY-
IOIUX OPraHOB OONIECTBEHHOTO KOHTPOJIS (HE3aBHCHUMBIX OT
TOCYNAPCTBEHHBIX) SIBJISICTCS IIPOSIBIICHUEM TTOCTPOCHHUS JIEMO-
KPaTH4IeCKOTO TOCYIapcTBa, B KOTOPOM Tpy3 KOHTPOJIS cOaaH-
CHPOBAHO PacIIpe/ieIIeTCsl MEeXKy TOCYJapCTBEHHBIMH 1 001Ie-
CTBEHHBIMH oOpraHamu. IlosToMy OOIIECTBEHHBI KOHTPOJb
MI03BOJIIET M30€XKaTh TOCYIAPCTBEHHOTO BIIMSHHS Ha IPUHSTHE
petreHuit 1 n36exKaTh KOPPYIIIHOHHYIO COCTABIISIIONLYIO.

B 3apyOekHBIX CTpaHax CYIIECTBYIOT pa3JIMUHbBIE CIOCOOBI
obecriedeHust JOCTYITHOCTH MEJUIIMHCKOM ITOMOIIY, MEXaHM3-
MBI HCIOJIB30BaHUs (PUHAHCOBEIX PECYPCOB, TOCYIapCTBEHHOTO
perynupoBaHus U KOHTPOILL 3a KaYeCTBOM OKa3bIBAEMBbIX MEIH-
LUHCKHUX yciyr. [Ipn 5ToM BpaueOHast IesITEIbHOCTh KOHTPO-
JIIpYeTCs He TOIbKO FOCYAapCTBOM U €r0 OpraHaMH, HO U pa3-
JIMYHBIMH HE3aBUCHMBIMU JIPYT OT JpyTa MpodeccCHOoHaIbHEIMI
accoUMalysIMU U HEIPaBUTCIbCTBCHHBIMU OpraHU3aLUsIMU,
MEIUIMHCKUMY LEHTPAMHU, CTPAXOBbIMU KOMIIAHUSMHU M HHBI-
Mu oObeHeHnsIMHU TpakaaH [16]. Hampumep, B CILA napsiny
¢ npasurensctBoM CIHIA u Illtaros, denepanbHBIM IEHTPOM
Medicaid Service, cTpaxoBBIMH KOMITAaHHSIMH, TPO(eCCHOHAITb-
HBIMH aCCOIMALUSIMH KOHTPOIb B cdepe 3IpaBOOXpaHEHHS
OCYILECTBILAIOT: AMEpPUKAaHCKas aKaJeMUs CEMEHHBIX Bpayei,
KOTOpasi OTBEYAET 3a OIPEAECICHUE IOJIUTHUKY CEMEHHOH mpak-
THKH, UMECT PEUIAIOIUi TojIoc MpH O0CYXKIESHHH BOIIPOCOB
OXpaHbl 370pOBbs HA BCEX YPOBHAX UCIIOIHUTEIILHON BIIACTH,
BBICTYIIA€T IIPEACTaBUTEIEM HHTEPECOB CEMEHHBIX Bpauedl u
OCYIIECTBISIET KOHTPOJIb 32 UX 00pa3oBaHHEM; AMEPHKAHCKUH
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KOMHTET 110 CEMEHHOW IpaKTHKe OTBeYaeT 3a O(UINAIBHYIO
cepTudUKannIo ceMeWHbIX Bpadel; Kommccus mo mposepke
MOATOTOBKU OPJMHATOPOB B 00JIAaCTU CEeMEIHON MPaKTUKH IPH
CoBeTe aKKpeJUTalNH BBITYCKHUKOB MEAUIUHCKUX YUpexkie-
HU 37paBOOXPAHEHUS] KOHTPOIUPYET MOCISTUILIOMHOE 00pa-
30BaHUE CHELUAIUCTOB [10 CEMEHHON MEAUIUHEI [2].

B nporecce peann3anuy MeJUIMTHCKONW peopMbl B YKpanHe
B CHCTEME YIPaBICHUS 3ApaBOOXPAHCHUEM HAHOOJIBIIYIO aKTy-
QIBHOCTH IPUOOpETaeT KOHTPOJIb CO CTOPOHBI OOIIECTBEHHO-
CTH ¥ MEIUIUHCKOTOo coodmiectBa. OHAKO €ro OrpaHHIEeHHBIH
XapakTep I0 cell AeHb He I03BOJIIET CINTATh OOIECTBEHHOCTD
9 }eKTUBHBIM CyOBEKTOM BIACTHBIX IOJHOMOYHII B cdepe
31paBooxpaHeHus [15].

B VYkpaune cucrema 0OIIECTBEHHOTO KOHTPOJS B Tocynap-
CTBE BIIepBble BBeJecHa B KoHuennuu coneicTBus opraHaMu
HCTIOJHUTENBHOM BIACTH Pa3BUTHIO TPAXKITAHCKOTO OOIIECTBa,
neiicrBoBasiueil ¢ 2007 no 2012 rr. [14]. Ilocnenyromas pea-
mm3anyst KoHnmennmuu ama BO3MOXKHOCTB C(OPMHPOBATH CHU-
CTEMy CYIICCTBYIOIIETO B YKpawHEe OOMIECTBEHHOTO KOHTPOJIS
B pa3nHYHBIX cepax kuzHenesTensHOCTH. HecMoTpst Ha mMe-
IoImuecs HeJOCTATKH TOTO BHJa KOHTPOIS (OTCYTCTBHE IIPU-
HYXJICHUS 10 MCHOJIHEHHIO PEIICHUI OPraHOB OOIECTBEHHOTO
KOHTPOJISI, HECUCTEMHOCTb IIPOBEPOK), B COBPEMEHHBIX E€BPO-
MEHCKUX CTpaHax OH 00ECIeYUBACT NPO3PATHOCTH IIPABOOTHO-
IIeHUH MEXIy ToCyaapcTBoM H obmectBoM. braromaps nmpowc-
xomsmell B YKpanHe MeIUIMHCKOH pedopme, 00IeCTBEeHHBIH
KOHTPOJIb IIOSIBUJICS B CUCTEME OPraHOB IOCyIapCTBECHHOMU BIla-
CTH IO YIPAaBJICHUIO 3JPaBOOXPAHCHUEM U B OTCUECTBEHHBIX
YUPEKIACHUAX 31PaBOOXPAHCHUSL.

Lenbro uccnenoBanys SBIAETCA PACKPBITH CYIHOCTb U OCO-
OEHHOCTH OOIIECTBEHHOTO KOHTPOJIS KaK CpeicTBa obecriede-
HUSI peaIN3alliy TIpaBa Ha OXPaHy 310POBbSI.

JU1st TOCTMKEHNS yKa3aHHOU IIeJIM OBUTH MOCTABIICHEI CIISTY-
IOLIME 3aJa4l: PACCMOTPETh KOHTPOJIb KaK HEOThEMIIEMYO CO-
CTaBJISIIONIYIO IIPaBa YeJIOBEKa Ha OXPaHy 30POBbsI H TapaHTHIO
COOJIONICHUSI €TO MpaB KaK IAIeHTa, 0XapaKTepH30BaTh CyOb-
eKTHI (OpraHbl) OCYLIECTBICHHUSI OOIICCTBEHHOTO KOHTPOJIS B
cdepe 31paBOOXpaHEHHS U IPOAHAM3UPOBATH HX TIOJTHOMOYHSL.



