(GEORGIAN
VIEDICAL
INNEWS

ISSN 1512-0112 No 3 (324) Mapr 2022

TBUJIMCHU - NEW YORK

EXEMECSUYHBIN HAYUHBIN )KYPHAJ

Mennnunckue HopocT I'py3uun
bogodmggmml Lsdgwoobm Losbemgbo



GEORGIAN
MEDICAL
NEWS

No 3 (324) 2022

Published in cooperation with and under the patronage
of the Tbilisi State Medical University

N3naercs B COTpyAHUYECTBE U IO IIATPOHAKEM
TOnIMCCKOro rocyIapCTBEHHOTO METUIIMHCKOTO YHUBEPCUTETA

30dm0393> mdoaolols Lobgedfogm LsdgwoEobm ¥bogg@lodgdmsb
05653dOMAgmdoms s dobo 3sG®mbogom

EXXEMECSIUHBIN HAYYHBIN KYPHAJI
TBUJUCH - HbIO-IOPK



GMN: Georgian Medical News is peer-reviewed monthly journal committed to promoting the
science and art of medicine and the betterment of public health, published by the GMN Editorial Board
since 1994. GMN carries original scientific articles on medicine, biology and pharmacy, which are of
experimental, theoretical and practical character; publishes original research, reviews, commentaries,

editorials, essays, medical news, and correspondence in English and Russian.

GMN is indexed in MEDLINE, SCOPUS, PubMed and VINITI Russian Academy of Sciences. The
full text content is available through EBSCO databases.

GMN: Meaunnnckue HoBocTH I'py3um - eXeMecsuHbIM peleH3UpyeMblil Hay4dHbIM KypHal,
m3naérea PemakumonHoi kosuterued ¢ 1994 roga Ha pycCKOM M aHITIMMCKOM S3bIKAax B IIEJISIX
MOJACPKKA MEIULMHCKOM HayKd W YIy4dlIEHHUs 3/ApaBooxpaHeHHs. B >xypHane myOnukyoTcs
OpUTHMHAJIbHBIE Hay4HbIE CTaThU B 007aCTU MEIULMHBI, OMONIOTHH U papMaluu, cTaTbh 0030pHOTr0

XapakxkTepa, HaAy4YHbIC COO6HI€HI/I${, HOBOCTHU MCAWIUHBI U 30paBOOXPaHCHU.

Kypnan unnexcupyercs B MEDLINE, orpaxén B 0aze qanubsix SCOPUS, PubMed 1 BUHUTU PAH.

[TonmHOTEKCTOBBIE CTaTHU KypHana fgoctynHsl yepes3 b/l EBSCO.

GMN: Georgian Medical News — Lo Jo®mggaml bsdgoozobm Losbangbo — s@ols ymggamgoy@o
bodg3b0gM™ bodgoEobm @9i39bboMgdswo gy@boao, yodmogds 1994 Farowsb. [o®dmowagbls
bodgeodaom  gmmayool 3admEgdslb. GMN-Fo dgbger o obymolig®  gbgdby  J309bwgds
94139003963 g 0,mgm@ogeo ©s 3G5JB0ggeo balosmols m@oaobsey®o Lsdgibogdm bEsGogdo
390030601, domgmyools s Bo®dszools byg@mdo, Jodmboangomo balosmols bEs@ogdo.
Ja®bsao obpgdbo@gdygaos MEDLINE-ol bsg@msdmdobm Lolb@gdsdo, sbsbygaos
SCOPUS-o0l;, PubMed-ols wo BUHUTHU PAH-0l dmbsigdms dobgddo. Ls@ogdols boygmo @gjl@o
bgedols{gemdos EBSCO-I dmbsigdms dsbgdowsb.



MEJIUIIUHCKHUE HOBOCTHU I'PY3UHN
ExxemecsiuHbIi COBMECTHBIN I'PY3UHO-aMEPUKAHCKUI HAYYHBIN 3JIEKTPOHHO-IIEYATHBIN Ky pHAII
Oo6mectBa Orpannuennoit OrsercTBeHHOCTH “Tpy3unckas Jlenosas [Ipecca”.
Mznaercs ¢ 1994 1., pacnpocrtpansercs 8 CHI, EC u CILIA

IJIABHBINA PEJAKTOP
Huxonos Iuprxananmsuim

HAYYHBIN PEJIAKTOP
Enene I'mopranze

3AMECTHUTEJIb ITTABHOI'O PEJJAKTOPA
Huno MukaGepuze

HAYUYHO-PEJAKIIMOHHBINA COBET
3ypabé Bagaukopua - npeaceaarennb HayuHo-pe1akumoHHOIO coBeTa

Anexcannp ['ennunr (I'epmanus), Amupan ['amkpenunaze (I'py3us),
Koncrantun Kunuanu (I'py3us), I'eopruii Kamkamunze (I'py3us),
[Taara Kypranuase (I'py3us), Baxranr Macxynus (I'py3ust),
Tenrus Pusnanc (CIIA), Peraz Cermamunu (I'py3us), Isug Dmya (CLLIA)

HAYYHO-PEJAKHHIMOHHAS KOJIJIEI'USA
Koncrantun Kunuanm - npencenaress HayuHo-peqakumoHHON KoJLJIeruu

Apxumanaput Anam - Baxranr Axanaaze, AmMupan AnTtanse, Hemnu Antenasa,
l'eopruit Acarunanu, Tenrus Acaruanu, ['us bepanze, Puma bepuamsunu, Jleo bokepus,
Orap I'ep3maga, JInana l'ornamBunu, Homap ['ore6amsunu, Hukonait I'onranse, JIus J{Banan3e,
Tamap Jlonmmamsunn, Manana XKsanus, Tamap 3epexunse, Mpuna Keauanze, Hana Ksupksenus,
3ypab Kesanumsunu, ['ypam Kuknanze, umurpuii Kopazana, Tetimypas Jlesxasa, Homap Jlomunse,
Hxannyumpxu Menortu, Mapuna Mamananse, Kapaman [TaraBa, Mamyka [ lupixananisuim,
Amnna PexBuamBunu, Maxka Conoramsuiy, Pamas Xerypuanu,
Pynone¢ Xoxendemtnep, Kaxadep Yemmaze, Tunatun YnkoBanu, Apunn Uxorya,
Pama3 Illenrenus, KereBan D0panuize

Website:
www.geomednews.com

Bepcus: neyarnas. Llena: cBoOoHAs.
YenoBusi HOANMUCKM: TIOJNKMCKA IPUHUMAETCS Ha 6 1 12 Mecsues.
ITo Bonpocam noaAnucKy o0pamaThLCA 1o Test.: 293 66 78.
Konrakthslii aapec: ['py3us, 0177, Tounucu, yn. Acarnanu 7, 1V stax, komHara 408
Ten.: 995(32) 254 24 91, 5(55) 75 65 99
Fax: +995(32) 253 70 58, e-mail: ninomikaber@geomednews.com; nikopir@geomednews.com

ITo Bompocam pa3MelneHusi peKkJaamMbl o0pamarbes mo Tes.: 5(99) 97 95 93
© 2001. OOO I'py3uHckas nenoBas npecca



GEORGIAN MEDICAL NEWS
Monthly Georgia-US joint scientific journal published both in electronic and paper formats
by LLC Georgian Business Press. Published since 1994. Distributed in NIS, EU and USA.

EDITOR IN CHIEF
Nikoloz Pirtskhalaishvili

SCIENTIFIC EDITOR
Elene Giorgadze

DEPUTY CHIEF EDITOR
Nino Mikaberidze

SCIENTIFIC EDITORIAL COUNCIL
Zurab Vadachkoria - Head of Editorial council
Alexander Génning (Germany), Amiran Gamkrelidze (Georgia), David Elua (USA),
Konstantin Kipiani (Georgia), Giorgi Kamkamidze (Georgia), Paata Kurtanidze (Georgia),
Vakhtang Maskhulia (Georgia), Tengiz Riznis (USA), Revaz Sepiashvili (Georgia)

SCIENTIFIC EDITORIAL BOARD
Konstantin Kipiani - Head of Editorial board
Archimandrite Adam - Vakhtang Akhaladze, Amiran Antadze, Nelly Antelava,
Giorgi Asatiani, Tengiz Asatiani, Gia Beradze, Rima Beriashvili, Leo Bokeria,
Kakhaber Chelidze, Tinatin Chikovani, Archil Chkhotua, Lia Dvaladze, Tamar Doliashvili,
Ketevan Ebralidze, Otar Gerzmava, Liana Gogiashvili, Nodar Gogebashvili,
Nicholas Gongadze, Rudolf Hohenfellner, Zurab Kevanishvili, Ramaz Khetsuriani,
Guram Kiknadze, Dimitri Kordzaia, Irina Kvachadze, Nana Kvirkvelia, Teymuraz Lezhava,
Nodar Lomidze, Marina Mamaladze, Gianluigi Melotti, Kharaman Pagava,
Mamuka Pirtskhalaishvili, Anna Rekhviashvili, Maka Sologhashvili, Ramaz Shengelia,
Tamar Zerekidze, Manana Zhvania

CONTACT ADDRESS IN TBILISI

GMN Editorial Board Phone: 995 (32) 254-24-91

7 Asatiani Street, 4" Floor 995 (32) 253-70-58
Thilisi, Georgia 0177 Fax: 995 (32) 253-70-58

CONTACT ADDRESS IN NEW YORK

NINITEX INTERNATIONAL, INC.
3 PINE DRIVE SOUTH Phone: +1 (917) 327-7732
ROSLYN, NY 11576 U.S.A.
WEBSITE
www.geomednews.com



K CBEAEHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITHIO HEOOXOMNMO COOTIONATh CISAYIONINE TIPaBHIIA;

1. CraTps 1oyKHA OBITH MPEJCTABICHA B IBYX DK3EMIUISIPAX, HA PYCCKOM MM aHTIIUHACKOM SI3bI-
Kax, Hare4yaTaHHas Yepe3 MoJTOPa HHTEPBAJa HA OHOIl CTOPOHE CTAHAAPTHOTO JINCTA ¢ IIMPUHOMH
JIEBOTO TOJIA B TPU caHTHMeTpa. Vcroiap3yeMblil KOMITBIOTEPHBIN MIpU(T U TEKCTa Ha PYCCKOM U
anmniickoM s3pikax - Times New Roman (Kupuuinna), 111 TeKCTa Ha TPYy3UHCKOM SI3BIKE CIEIYeT
ucnons3oBath AcadNusx. Pasmep mpudra - 12. K pykonucu, HareyaraHHON Ha KOMIIBIOTEPE, 1OJDKEH
OBITH TIpHTOkeH CD co cTaTheit.

2. Pa3mep craTbu 10JKEH OBITH HE MEHEe IECSTH U He OoJiee 1BaAaTH CTPAHUI] MAITMHOIIHCH,
BKITIOYAs yKa3aTelb JINTEPaTyphl U Pe3toMe Ha aHTJIIMICKOM, PYCCKOM U TPY3MHCKOM SI3BIKaX.

3. B crarbe 10mKHBI OBITH OCBEIIEHBI AKTYaTbHOCTh JAHHOTO MaTepHalia, MEeTOJIBI X PE3YIIbTaThI
WCCIIeIOBaHUSI U MX 00CYKICHHE.

[Ipu npencTaBneHny B reUaTh HAyYHBIX IKCIIEPUMEHTAITLHBIX paO0T aBTOPHI JIOJIKHBI YKa3bIBaTh
BH]l ¥ KOJMYECTBO JKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS H
YCBITUIEHHUS (B XO/1€ OCTPBIX OIBITOB).

4. K crarbe IOMHKHBI OBITH MPUIOKEHBI KPAaTKOE (HA MOJICTPAHUIIBI) PE3FOME Ha aHTIIUHCKOM,
PYCCKOM H TPY3MHCKOM $I3bIKaX (BKJIFOUYAIOIIEE CIICAYIOIIHE Pa3/Ieibl: IeJb UCCIIeJOBaHuUs, MaTepral U
METOJTBI, PE3YIBTATHI M 3aKTFOUCHHE) U CIIHCOK KITF0UeBEIX ciioB (key words).

5. Tabmuiibl HEOOXOUMO MPEACTABIISITE B ITe4aTHO# popme. DoTokonuu He puHUMaroTcs. Bee
nu(ppoBbIe, HTOTOBbIE U MPOIEHTHHIE JAHHBIE B TA0JHIAX JOJKHBI COOTBETCTBOBATh TAKOBBIM B
TeKcTe cTaTbu. Ta0nuIbe! 1 rpaduKH TOJKHBI OBITH 03aITIaBICHBI.

6. dororpadun AOIKHBI OBITh KOHTPACTHBIMHU, (DOTOKOIHHU C PEHTTEHOTPAMM - B IO3UTHBHOM
n300pakeHUH. PUCYHKH, YepTeXHU U JUArpaMMBbI CIICAYyeT 03aIIaBUTh, IPOHYMEPOBATh M BCTABUTH B
COOTBETCTBYIOITEe MecTo TekcTa B tiff popmare.

B moanucsx k MukpogoTorpadusiM ciieyeT yKa3blBaTh CTEIICHb YBEJIMUYCHUS Yepe3 OKYIISP HITH
00BEKTHB U METOJI OKPACKH WIJIM UMITPETHAIINN CPE30B.

7. ®aMHUINH OT€YECTBEHHBIX aBTOPOB MPUBOATCS B OPUTHHAIBHOW TPAHCKPHUTIITHH.

8. I1pu opopmiienun u HanpaBieHun crateid B >kypHan MHI mpocum aBTOpoB coOmonarh
NpaBuIIa, U3JIOKEHHBIC B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPECTABISIEMbIM B OMOMETUIIMHCKUE
JKYpHAJIBD», MPUHATHIX MeXKTyHapOIHBIM KOMUTETOM PEIAKTOPOB MEAMIIMHCKUX KYPHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B xoHIIe Ka)X0i OPUTHHAIBHON CTaThH MPUBOAMUTCS Onbinorpaduuecknii cnucok. B cnmcok nutepa-
TYpBI BKJIIOYAIOTCS] BCE MaTepHalibl, Ha KOTOpble UMEIOTCS CCBIIKM B TekcTe. CIHCOK COCTaBiseTcs B
andaBUTHOM MOpsIKE U HyMepyeTcs. JIuTteparypHblii HCTOYHUK TPUBOAUTCS Ha sI3bIKE OpUTrHMHana. B
CIIHMCKE JIUTEePaTyphl CHavYasa MPUBOJSITCS PaOOTHI, HAIMCAHHBIC 3HAKAMU TPY3WHCKOTO an(aBuTa, 3aTeM
Kupuuied u naruauned. CChUIKM Ha IIUTHPYEMble pabOThl B TEKCTE CTAaThbH JAIOTCS B KBaJpPaTHBIX
CKOOKax B BUJIC HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOW padOoTHI B CITUCKE TUTEpaTypbl. BonbmmH-
CTBO IUTUPOBAHHBIX UCTOYHUKOB JIOJDKHBI OBITh 32 TIOCTEIHUE 5-7 JIeT.

9. Jlns momydenus mpaBa Ha MyONHWKANWIO CTaThs JOJDKHA MMETh OT PyKOBOIHUTENS PAaOOTHI
WIN YUPEXKJCHUSI BU3Y U CONPOBOIUTEIHHOE OTHOILICHHUE, HAITMCAHHBIC MITM HalleYaTaHHbIe Ha OJaHKe
Y 3aBEPEHHBIC MOJIIICHIO U TICUAThIO.

10. B xoHIe cTaThu MOKHBI OBITH MOMAIMKCH BCEX aBTOPOB, IMOJHOCTHIO NMPUBEIACHBI UX
(hamuTiM, IMEHa M OTYECTBA, YKa3aHbl CIIy)KCOHBIH M JOMAalIHUH HOMEpa TeIe(OHOB U aapeca il
MHBIE KOOpAUHATHL. KomnuecTBo aBTOPOB (COaBTOPOB) HE JOJIKHO MPEBHIIIATH MATH YEJIOBEK.

11. Penakuus octapisiet 3a coOO0# MpaBo COKpaIaTh U UCIPABIIAThL CTaThi. KoppekTypa aBropam
HE BBICBIJIAeTCSI, BCs paboTa M cBepKa MPOBOAUTCS IO aBTOPCKOMY OpPUTHHAITY.

12. HepomycTuMO HampaBlieHHE B PEJAKIUI0 padoT, MPEACTABICHHBIX K TI€YaTH B WHBIX
M3/IaTeThCTBAX WITM OMYOJUKOBAHHBIX B IPYTHUX M3IAHUSIX.

IIpu HapymieHnH yKa3aHHBIX NPABHJ CTATHH He PACCMATPUBAIOTCH.
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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
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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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SCIENCE-BASED APPROACH TO THE EXPERIMENTAL DEVELOPMENT
OF A BIODEGRADABLE CHITOSAN BASED CARRIER

'Kargin V., 'Pyatigorskaya N., 'Brkich G., 'Zyryanov O., 'Filippova O., ?Vladimirova A., *Sherina T.

"I M. Sechenov First Moscow State Medical University (Sechenov University),
’LLC LABMGMU, Moscow, Russian Federation

Currently, synthetic and natural biodegradable poly-
mers are used as carriers for drug delivery. Various poly-
amides, polyesters, polypropylenes, etc. can be used as
synthetic biodegradable polymers. Natural polymers can
be conventionally divided into polysaccharides, hetero-
glycans (alginates, agar and agarose, pectins and carra-
geenans), glycolipids, and proteoglycans [1]. Cellulose
biodegradable polymers are the most effective, since they
also have the ability to clean the wound surface, absorb-
ing the decay products of the affected tissues [2].

Chitosan in its structure is very close to cellulose, there-
fore it has film and fiber-forming properties. The unique
properties of chitosan, such as biocompatibility with
cells and biodegradability against the background of
high biological and sorption activities, make it possible
to attribute this aminopolysaccharide to a small group
of polymers that are safe for humans and relatively
commercially available [3]. Since chitosan quickly un-
dergoes biodegradation under the action of enzymes of
a living organism without forming toxic substances, it
is a biodegradable protective material for the treatment
of open wounds and burns [4]. Chitosan derivatives
are biocompatible with human cells, which is achieved
by splitting into non-toxic substances for the body: N-
acetylglucosamine or glucosamine.

The choice of the form of a biodegradable polymer
based on chitosan is preferably limited to water-soluble
modifications, due to the possibility of binding the phar-
maceutical substance to its polymer structure. It should
be noted that native chitosan is a water-insoluble com-
pound that must be modified to change its conformational
globular structure into a linear form that is water-soluble.
Carrying out such a modification preserves its ability to
sorption, and also guarantees the safety and efficacy of the
developed drug based on it [7].

The study of the properties of the water-soluble form of
chitosan as a carrier for drug delivery is given great atten-
tion by scientists because of the possibility of incorporat-
ing various pharmaceutical substances into its structure to
modify their release. For example, pharmaceutical sub-
stances, which are molecules with a low molecular weight,
in particular, such as some antibacterial chemotherapeutic
agents, as well as drugs based on metal ions and enzy-
matic complexes [6,7]. The various bonds formed in this
case between the pharmaceutical substance and the carrier
can contribute to its controlled exit from the matrix of the
drug carrier [8]. Water-soluble modifications of chitosan
are obtained by dissolving it to form a salt form, which
requires the use of acids in large quantities.
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In pharmaceutical practice for the creation of salt forms
of chitosan, acetic acid solutions are most often used as
both an auxiliary and an active substance. This is due to
the fact that the acetate form of chitosan is stable enough
to be used as an auxiliary substance [9].

Studies on the use of the product of the reaction of chi-
tosan with acetic acid, chitosan acetate, are widely covered
in a number of works [10—13]. However, standardization in
terms of quality, the quantitative content of acetic acid in chi-
tosan acetate is complicated by the fact that during the pro-
duction and storage of the soluble modification of chitosan,
part of the acid volatilizes or passes into an unbound state.
For these reasons, its content changes over time.

Among the many organic acids that can also act as a sol-
vent for chitosan, it is promising to use ascorbic acid [14].
The pKa value of ascorbic acid is closest to that of acetic
acid, which determines the possibility of its use in order to
obtain salt forms of chitosan - its soluble modifications.

Unlike the use of acetic acid in the process of obtaining
salt forms of chitosan, the use of ascorbic acid will be
safer due to minimal toxic effects on the human body [15].
The lack of volatile properties of ascorbic acid contributes
to the possibility of more accurate standardization of its
quantitative content in the salt form of chitosan. More-
over, ascorbic acid has a beneficial effect on damaged tis-
sues due to its antioxidant action [16].

The aim of the study was to develop a scientifically
based approach to the development of a biodegradable
carrier of a pharmaceutical substance using the modifica-
tion of chitosan.

Experimental. To obtain a carrier, the salt form of chi-
tosan, it was necessary to determine the equivalent amount
of acid for its complete dissolution. For this purpose, chi-
tosan with molecular weights of 200 and 500 kDa, manu-
factured by Bioprogress, Russia, was dissolved in solu-
tions of acetic and ascorbic acids. In the study, we used:
acetic acid 70% chemically pure grade and ascorbic acid
content 99.9% produced by Badrazves LLC, China. In ad-
dition to the visual organoleptic analysis of the obtained
solutions, the viscosity and potentiometric determination
of pH were also determined. For dissolution, pre-prepared
acid solutions were used, which were then diluted. The
value of the concentration of standard solutions of ascor-
bic and acetic acid was 20%. For the study, the following
equipment was used: to measure the viscosity parameter,
an AND SV-10 vibroviscometer; The mass of an accu-
rate sample of chitosan was 4 g, which is the minimum
amount required for research and further freeze-drying.

Preparation of a standard solution of ascorbic acid with
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a mass fraction of 20%: An accurate sample of ascorbic
acid containing 200 g of the substance is placed in a 1000
ml volumetric flask, brought to the mark with distilled
water. Spend the dissolution of ascorbic acid. Use this so-
lution freshly prepared.

Preparation of a standard solution of acetic acid with a
volume fraction of 20%: 250 ml of acetic acid is measured
into a graduated cylinder, carefully transferred to a 1000 ml
volumetric flask half-filled with distilled water, the resulting
solution is made up to the mark with distilled water.

Obtaining water-soluble chitosan: an accurate weighed
portion of chitosan containing 4.00 g of the substance was
transferred into a 100 ml beaker, the required volume of ace-
tic or ascorbic acid solution was added and left to stir on an
overhead stirrer at high speed for 30 s. Then, the required
volume of distilled water was added to the resulting mass.
Stirred for 2 hours. The volume of prepared solutions was
100 ml. The required volumes and scheme for preparing so-
lutions of water-soluble chitosan with molecular weights of
200 and 500 kDa are presented in Table 1.

The necessary equivalent amounts of acetic and ascor-
bic acids required to dissolve chitosan were determined
by determining the viscosity parameters and pH values
according to the SP RF XIV [17,18].

The resulting solutions were evaluated according to the
SP RF XIV in terms of “Transparency and degree of tur-
bidity of liquids” by a visual organoleptic method on a
white background using the corresponding standard solu-
tion as a reference liquid. The pH values of the solutions

were also determined to establish the upper limit of the
acidity of the chitosan dissolution medium.

The process of dissolution of chitosan and its modifica-
tion into a salt form was accompanied by an increase in
the dynamic viscosity of the solution. It should be noted
that the value of the dynamic viscosity of the solution has
a significant impact on the technological parameters of
freeze drying; therefore, this indicator was evaluated [19].
If undissolved particles of chitosan were observed in the
solution, it was called “suspension”; for these solutions,
viscosity analysis and potentiometric determination of the
pH index were not carried out [21].

Samples of soluble chitosan selected in the course of
the study were poured into a polymer container of 50
ml and set to freeze. After freezing the samples of chi-
tosan, they were transferred to a preliminarily prepared
(condenser temperature minus 80°C) freeze dryer. Cov-
ered with a dome and evacuated to the desired value. The
samples were dried according to the regimes indicated in
Table 2. After freeze-drying, the samples were examined
for weight loss upon drying according to the SP RF XIV
on an A&D moisture analyzer, Japan.

According to research data on obtaining solid forms of
chitosan [19, 20], drying requires freezing the resulting
solutions at minus 80°C for 2-3 hours until the mixture is
completely solidified. A suitable sublimation mode was set
experimentally based on the lowest value of the residual
moisture content of the resulting product. Freeze drying was
carried out under the conditions indicated in Table 2.

Table 1. Scheme for preparing solutions of water-soluble chitosan
with molecular weights of 200 and 500 kDa

Solution Ne | A sample of chitosan, g | Volume of standard acid solution, ml | Volume of distilled water, ml
1 4,00 50,00 50,00
2 4,00 40,00 60,00
3 4,00 30,00 70,00
4 4,00 20,00 80,00
5 4,00 15,00 85,00
6 4,00 10,00 90,00
7 4,00 5,00 95,00
Table 2. Freeze drying and freezing modes
Mode Ne Freeze mode Drying mode* Dry mode* Condenser
temperature, °C
| Duration: 10 h Duration: 2 h
Pressure: 0.34 mbar Pressure: 0.12 mbar
) Duration: 20 h Duration: 4 h
2-3 hours Pressure: 0.34 mbar Pressure: 0.12 mba .
. . - - minus 80°C
3 minus 80°C Duration: 40 h Duration: 8 h
Pressure: 0.34 mbar Pressure: 0.12 mbar
4 Duration: 60 h Duration: 12 h
Pressure: 0.34 mbar Pressure: 0.12 mbar
*Drying and post-drying modes were the maximum possible value
of the instrument s program mode at a condenser temperature of minus 80 °C
© GMN 165
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Table 3. Results of determining the upper limit of the acidity of the medium
for dissolving chitosan with a molecular weight of 200 kDa

Solution Chitosan ascorbate Chitosan acetate
N . D}Znamlc pH Observations . D)jnamlc pH Observations
viscosity, mPaxs viscosity, mPaxs
1 628,0 3,79 Clear solution 756,0 3,68 Clear solution
2 649.,0 3,84 Clear solution 521,0 3,72 Clear solution
3 700,0 4,58 Clear solution 897,0 3.86 Clear solution
4 760,0 5,06 Clear solution 1023,0 4,09 Clear solution
5 1000,0 5,58 Clear solution 1287,0 461 Clear solution
6 - - Suspension solution 1507,0 5,27 Clear solution
7 - - Suspension solution - - Suspension solution
Table 4. Results of determining the upper limit of the acidity of the medium
for dissolving chitosan with a molecular weight of 500 kDa
. Chitosan ascorbate Chitosan acetate
Solution - .
Ne . D):namlc pH Observations . D):namlc pH Observations
viscosity, mPaxs viscosity, mPaxs
1 675,0 3,63 Clear solution 708,0 3,71 Clear solution
2 867,0 3,74 Clear solution 745,0 3,86 Clear solution
3 1303,0 4,05 Clear solution 1324,0 3,98 Clear solution
4 1454.,0 4,99 Clear solution 1357,0 4,23 Clear solution
5 - - Suspension solution 1471,0 481 Clear solution
6 - - Suspension solution - - Suspension solution
7 - - Suspension solution - - Suspension solution

Results and discussion. The determination of the up-
per limit of the acidity of the medium for dissolution was
carried out on 3 samples of each number of chitosan so-
lutions. Tables 3 and 4 present the average values of the
results of instrumental determination of viscosity and po-
tentiometric analysis of the pH value.

According to the presented research results shown in
Tables 3 and 4, a linear dependence of the data is ob-
served: with a decrease in the acid concentration in a chi-
tosan solution, an increase in the values of the viscosity
parameter of the solutions is observed, as well as a shift in
the pH values towards a slightly acidic medium.

The results of the study of the upper limit of the acidity
of the medium, at which transparent solutions of chito-
san were obtained, presented in tables 3 and 4, were
recalculated. So, it was found that to form a salt form
obtained by dissolving 1.00 g of chitosan with a molec-
ular weight of 200 kDa, it is necessary to use ascorbic
acid with a concentration of 0.75%, to obtain 100 ml
of a solution prepared according to the procedure, and
the concentration of acetic acid should be 0.5% per 100
ml of solution, to obtain 100 ml of a solution prepared
according to the procedure.

To form a salt form obtained by dissolving 1.00 g of
chitosan with a molecular weight of 500 kDa, it is nec-
essary to use ascorbic acid at a concentration of 1%, to
obtain 100 ml of a solution prepared according to the
procedure, and the concentration of acetic acid must be
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0.75% per 100 ml solution, to obtain 100 ml of a solution
prepared according to the method.

It should be noted that the results of the obtained studies
to determine the equivalent amount of acid indicate the
satisfactory use of chitosan with a molecular weight of
both 200 kDa and 500 kDa in the development of a sup-
port based on a biodegradable polymer. The water-soluble
biodegradable polymer chitosan acetate had the smell of
acetic acid in terms of organoleptic properties, which in-
dicated that part of the acetic acid is in a free state and can
lead to undesirable effects on a living organism. There-
fore, chitosan ascorbate was chosen as a soluble modifica-
tion of chitosan. A solution of the biodegradable chitosan
ascorbate polymer had pH values closer to wound exudate
[9], which also confirms the choice of its soluble form as a
carrier of the pharmaceutical substance for further devel-
opment of the composition of the dosage form.

Thus, solution Ne. 5 for 200 kDa chitosan ascorbate and solu-
tion No. 4 for 500 kDa chitosan ascorbate were chosen as opti-
mal for further development of the biodegradable carrier.

The choice of dosage form should be based on the
physicochemical and technological properties of active
and excipients. And also the drug being developed must
be effective and stable throughout the entire shelf life. In
view of the fact that most of the pharmaceutical substanc-
es are lipophilic compounds that are not able to ionize in
an aqueous medium, it was decided to obtain a solid form
of a biodegradable polymer of chitosan ascorbate.
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Table 5. The results of the study of the moisture content of solid forms of chitosan ascorbate

Ne freeze drying mode Chitosan ascorbate samples, kDa Humidity, %
) 200 3,10
Drying mode Nel 500 3.50
. 200 1,30
Drying mode Ne 2 500 1.70
. 200 0,30
Drying mode Ne3 500 0.50
. 200 0,25
Drying mode Ne4 500 0.47

The determination of the freeze-drying mode for ob-
taining solid forms of chitosan ascorbate was carried out
on 2 samples in triplicate, selected during the study on
obtaining soluble forms of chitosan. Table 5 presents the
average values of the results of the instrumental determi-
nation of moisture content.

Based on the combination of the lowest moisture con-
tent in the samples after freeze drying in the shortest time,
mode No. 3 was set to obtain a solid form of chitosan
ascorbate. According to the results of the research and the
data presented, a solid form of the carrier based on the
modification of chitosan was developed for the develop-
ment of a drug.

Conclusions. A scientifically based approach to re-
search has made it possible to develop a technology for
obtaining a water-soluble biodegradable carrier based
on salt forms of chitosan. The experimental approach to
research made it possible to establish the upper limit of
the acidity of the medium, at which transparent solutions
of chitosan were obtained, for acetic and ascorbic acids,
which are necessary for modifying the native form of chi-
tosan and obtaining its salt forms.

Taking into account the better organoleptic properties
compared to chitosan acetate, as well as higher pH values,
which are close to the pH of wound exudate, and higher
viscosities of the obtained solutions of salt forms of chito-
san, it was possible to select a water-soluble form - chito-
san ascorbate for further development of the composition
of the dosage form.

The optimal mode of freeze-drying in laboratory condi-
tions was established to obtain a solid form of chitosan
ascorbate with the following parameters: freezing for 2-3
hours at a temperature of minus 80 °C; drying mode for
40 hours, pressure - 0.34 mbar; post-drying mode for 8
hours, pressure - 0.12 mbar; condenser temperature minus
80°C.
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SUMMARY

SCIENCE-BASED APPROACH TO THE EXPERIMENTAL DEVELOPMENT
OF A BIODEGRADABLE CHITOSAN BASED CARRIER

'Kargin V., 'Pyatigorskaya N., 'Brkich G., Zyryanov O., 'Filippova O., *Vladimirova A., *Sherina T.

'I.M. Sechenov First Moscow State Medical University (Sechenov University);
2LLC LABMGMU, Moscow, Russian Federation

The aim of the study was to develop a science-based ap-
proach to the development of a carrier of a pharmaceutical
substance using the modification of chitosan.

Studies were carried out to determine the upper limit
of acidity - ascorbic and acetic to obtain salt forms of
chitosan, the choice of modification of chitosan and the
experimental development of a method for obtaining its
solid salt form.

A scientifically based approach to research has made
it possible to develop a technology for obtaining a wa-
ter-soluble biodegradable carrier based on salt forms of
chitosan. The experimental approach to research made it
possible to establish the upper limit of the acidity of the
medium, at which transparent solutions of chitosan were
obtained, for acetic and ascorbic acids, which are neces-
sary for modifying the native form of chitosan and obtain-
ing its salt forms.
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Taking into account the better organoleptic properties
compared to chitosan acetate, as well as higher pH values,
which are close to the pH of wound exudate, and higher
viscosities of the obtained solutions of salt forms of chito-
san, it was possible to select a water-soluble form - chito-
san ascorbate for further development of the composition
of the dosage form.

The optimal mode of freeze-drying in laboratory con-
ditions was established to obtain a solid form of chito-
san ascorbate with the following parameters: freezing
for 2-3 hours at a temperature of minus 80 °C; drying
mode for 40 hours, pressure - 0.34 mbar; post-drying
mode for 8 hours, pressure - 0.12 mbar; condenser tem-
perature minus 80°C.

Keywords: biodegradable polymers, chitosan ascor-
bate, chitosan acetate, wound treatment.
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PE3IOME

HAYYHO-OBOCHOBAHHBIN MOJIXO/ K DKC-
NEPUMEHTAJIBHOM PA3PABOTKE BHOJE-
IT'PAJUPYEMOI'O HOCHUTEJISI HA OCHOBE
XHUTO3AHA

'Kaprun B.C., TIaruropckas H.B., 'Bpkuu I.9.,
Beipsinos O.A., '®uaunnosa O.B.,
Baaaumuposa A.A., *Illepuna T.A.

IPIA0Y BO Ilepswiii MTMY um. U.M. Ceuenosa Muns-
opasa Poccuu (Ceuenosckuil ynusepcumem), Mocksa;
2000 JIABMI' MY Mocksa, Poccuiickas ®edepayus

Llenbro ncciie1oBaHus ABUIICS HAYYHO-000CHOBAH-
HBIU MMOAX0J K pa3padoTke HOCUTENS papMaIieBTHIE-
CKOW CyOCTaHIIMU C MOMOIIBI0 MOAU(DUKAIIUH XUTO-
3aHa.

IIpoBeneHsl MCCIEAOBAaHUS MO OMPEACICHUIO BEPX-
HEro Ipejena KUCIOTHOCTH — aCKOPOMHOBOW M yKCycC-
HOM, 715 IOJyYEHHUS COJIEBBIX (JOPM XHUTO3aHa, BEIOOpa
MOIU(UKAIIMN XUTO3aHA M HKCIEPHUMEHTAIbHOH pas-
paboTku cmocoba MOITydYeHHsS €ro TBEPHOH COoNeBOH
(hopmeI.

HayuHo-000CHOBaHHBIM TMOAXOA K HCCICTOBAHHUIM
MT03BOJIMIT Pa3padOTaTh TEXHOIOTHIO MOJYyUEHHUS BOJO-
pacTBOPUMOTO OMOAETPAIUPYEMOTO HOCHTEIS Ha OC-
HOBE COJIEBBIX (POPM XHTO3aHA. DKCIICPUMEHTAIBHBIN
MTOJXO0/ K MCCIIEZIOBAHUSM MO3BOJIMII yCTAHOBUTH BEPX-
HIOIO TPAHHUILy KHCIOTHOCTH CPEIbl, IPU KOTOPOIl TO-
JTy4eHBI IPO3pauHbIe PACTBOPHI XUTO3aHA 110 YKCYCHOH
1 acKOpOMHOBOHN KHCIOTaM, HEOOXOAMMBIE IS MOIHU-
(uKanuy HaTUBHOW ()OPMBI XUTO3aHA U MOJIyUIEHUS €TO
COJIEBBIX (OpPM.

YuurtsiBas Jydlllie OPraHOJIENTUYECKUE CBOMCTBA B
CPaBHEHMHU C alleTaTOM XHTO3aHa, a TAKXKe OoJiee BhICO-
kue 3HaueHnsa pH, 6nmskue k pH paneBoro sxccynara,
n Oosee BBICOKHE BA3KOCTH IIOJYYEHHBIX PAacTBOPOB
CONEBBIX (POPM XHTO3aHA, yAAIOCh MOA00paTh BOIHO-
pacTtBopuMyto Gopmy - ackopOaT XWTO3aHa, A AaIb-
Helmel pa3paboTKu cocTaBa JIEKapCTBEHHOH (GOPMEL.

YCTaHOBICH ONTHUMAIBHBIM pEXUM JIHOGUIBHOMN
CYLUIKH B IJ1a0OpPaTOPHBIX YCIOBMSAX IS TONydECHHS
TBepaOil OopMBEI ackopbaTa XHTO3aHA CO CIICTYIOIIH-
MH ITapaMeTpaMu: 3aMOpaKMBaHHE B TeUeHHE 2-3 da-
coB npu Ttemrepatype Munyc 80°C; pexxum cymku 40
yacoB, nasneHue - 0,34 mOap; pexxuMm noCcymuBaHUSI &
yacoB, gasienue - 0,12 mOap; Temmneparypa KOHJEHCA-
Topa muHyc 80°C.
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