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AHHOTAIIUA

B pesysibTaTe 9KCIEpUMEHTA TOJIyIeHbl HECEJIEKTUBHO 3aMelleHHbIN N,O-IuaTHIaMIHOATHIXUTO3aH (JIDAD-X3-I)
C BBICOKOU CTeIleHb 3aMelleHUs 1.2 U CeJIEKTUBHO N-3aMelleHHbIN U THIaAMUHOATHIXUTO3aH (JIDAD-X3-11) ¢ ymepeH-
HOH CTeIlleHb 3aMelleHHus 0.57. JTU3THIaMUHO3TUIPHBIA 3aMeCTUTENh 00YC/IOBJIMBAET TTOBBIIIIEHHYI0 aHTHOAKTEPHAIIb-
HYI0 aKTUBHOCTb 1N Vilr0 TOJIyYeHHBIX IIOJIMMEPOB 110 CPABHEHHUIO C UCXOHBIM XUTO3aHOM. AHTHOAKTEpHAIbHAS aKTHB-
HOCTbH IN3TUJIAMUHOATHJIHHBIX TPOU3BOTHBIX BO3PACTAET C YBEJIMUEHUEM CTelleHH 3aMelieHus. HauboJibinas aHTuoakTe-
puasibHas aKTUBHOCTB BBIABJIEHA I MPOU3BOAHOTO0 JIDAD-X3-I. TOKCHYHOCTD MOy4YeHHBIX IPOU3BOAHBIX TAKKE BO3-
pacTaeT ¢ yBeJIUUeHUEM CTEIIeHH 3aMeleHUs U I BICOKO3aMEeI[eHHOTO ITPOU3BOTHOTO MMeEET BBIPAKEHHYIO 3aBUCH-
MOCTh OT KOHIIEHTpaIuu. B KOHIleHTpauaX, OJIM3KUX K MUHUMAJIbHON MHTHOUPYIOIIEH KOHIIEHTPAI[UU, TOKCHIHOCTh
000UX POUBBOAHBIX COMTOCTABUMA C TOKCHYHOCTHIO HCXO/THOTO XUTO3aHA. [10/TyueHHbIe IPOU3BOIHBIE TPEICTABIISIOT HH-
Tepec JIS TAIbHENIITNX UCCIIENOBAHIH in Vivo.

Kalouesvle cno8a: aHTHOAKTEPUAIbHAS aKTUBHOCTb, TOJIMCAXaPH/Ibl, aHTHOMOTHKY, ITOJIMMEPAHAIOTUIHBIE IIPEBPA-
LIEHUs.

ABSTRACT

In this study, non-selectively substituted N,O-diethylaminoethylchitosan (DEAE-CS-I) with a high degree of substitu-
tion of 1.2 and selectively N-substituted diethylaminoethylchitosan (DEAE-CS-II) with a moderate degree of substitution
of 0.57 were obtained. The diethylaminoethyl substituent causes increased antibacterial activity in vitro of the obtained
polymers compared to the initial chitosan. The antibacterial activity of diethylaminoethyl derivatives increases with a rise
of the degree of substitution. The highest antibacterial activity was detected for the DEAE-CS-I derivative. The toxicity of
the derivatives obtained also increases with an growth in the degree of substitution and, for a highly substituted derivative,
has a pronounced dependence on concentration. At concentrations close to the minimum inhibitory concentration, the
toxicity of both derivatives is comparable to the toxicity of the starting chitosan. The derivatives obtained are of interest for
further in vivo studies.

Keywords: antibacterial activity, polysaccharides, antibiotics, polymer-analogous transformations.

Tlocrymmia 23.12.2018 Received 23.12.2018

IIpusnsaATa 18.01.2019 Accepted 18.01.2019

*A8mop, 0meemcmeeHHblil 3a nepenucky *Corresponding author

Kpuruenkos Aujpeii Cepreesud: Poccuiickuii yHUBepCHTET APYKObI Ha- Kritchenkov Andrey Sergeevich: Peoples’ Friendship University of Russia, 6,
ponoB, 117198, . MockBa, yi1. Mukiayxo-Makias, 6. Miklukho-Maklaya Str, Moscow, 117198, Russia.

E-mail: platinist@mail.ru E-mail: platinist@mail.ru

Journal homepage: http://jsms.ngmu.ru 51



doi: 10.31549/2542-1174-2019-2-51-60

Kpumuenkos A.C. u dp. / Journal of Siberian Medical Sciences 2 (2019) 51-60

BBEAEHUWE

B cBsI3U ¢ HEYKJIOHHBIM POCTOM PE3HCTEHTHO-
¢t BO30OyaUTENIed HO30KOMUATIBHBIX U BHEDOJIb-
HUYHBIX THEKINH K AHTUMUKPOOHBIM JIEKAPCTBEH-
HBIM CpeJICTBaM pa3paboTKa 1 CHHTE3 HOBBIX 3 dek-
TUBHBIX aHTHOAKTEPHUAIbHBIX IIPENApaTOB SBJISETCS
OTHOU W3 IIPUOPHUTETHBIX 337]a4 COBPEMEHHOU (pap-
Makosiorud. Cpe/iu pa3IUYHBIX COeITMHEHUN C aHTH-
OaKTepHaIbHON aKTUBHOCTBIO XUTO3aH BBITOJHO OT-
JmyaeTcsi OHMOCOBMECTUMOCTBIO, THIIOAJLJIEPTEHHO-
CTBhIO, OHMO/IETPAIUPYEMOCTBI0 U OTCYTCTBUEM TOK-
CUYHOCTH.

Xwurtozan (X3) mpesncraBiseT CcOOOU JIMHEH-
HBI TPUPOAHBIN MOJHUMEDP, COCTOAIIMN U3 3Be-
HBEB TJIIOKO3aMUHA, YEPEAYIONIUXCS CO 3BEHbSIMH
N-auerwinrimoko3amMusa. [Ipon3BosHble XHWUTO3aHA
3aYacTyI0 XapaKTePU3yIOTCs BbIPAa’KeHHOH aHTUOAaK-
TepUaJTbHON aKTUBHOCTHIO [1]. I3BecTHO, YTO TpO-
W3BOJIHBIE XHUTO3aHA O0JIAZAIOT Cpa3y HECKOJIbKH-
MU MeXaHH3MaMH{ aHTHOAKTEPHAIBHOTO JEHCTBUSI,
KOTOPBIE TI0 CBOEH CYTH SIBJISIIOTCSA YHUBEPCATHHBI-
MU HUBHKO-XUMUYECKIMU MeXaHU3MaMH (3JIEKTPO-
CTAaTUYECKOE B3aUMOJIEHCTBUE TOJIUKATHOHA C OTPHU-
[IaTeJIFHO 3aps?KEHHOH ITOBEPXHOCTBHIO OaKTepUAIIh-
HOU KJIETKH, XeJIATUPOBAHUE U CBSA3bIBAHNE BAYKHBIX
JUUIST MUKPOOHOM KJIETKW MOHOB U HYTPUEHTOB U JIP.).
B cBSI3M ¢ KOMILJIEKCHBIM CJIO?KHBIM aHTHOAKTEpU-
QJIBPHBIM JIEMCTBHEM IIPOW3BOJIHBIX XHUTO3aHA II0-
sIBJIeHUE PE3UCTEHTHOCTH OaKTepuil K JAHHBIM II0-
JuMepaM B OJirpKauineM OyayleM MaJOBEPOSTHO,
ecJI BooOIIle BO3MOXKHO [2].

B ciiokHOM MexaHW3Me aHTHOAKTEPHAIbHOTO
JIEUCTBHS XUTO3aHA KJIFOUEBBIM MOMEHTOM SIBJISIETCS
B3aUMO/IEHCTBHE XUTO3aHOBOTO IOJIUKATHOHA C OT-
pUIATENBHO 3apSKEHHBIMU TTOBEPXHOCTAMU OaKTe-
PUATBHOHN KJIETKU. XUTO3aHOBBIU MMOJTUKATUOH (Pop-
MupyeTcsi 61aroyiapsi OCHOBHOCTH ITIEPBUYHBIX aMH-
HOTPYIII MaKPOMOJIEKYJIbI XUTO3aHAa.

JJIEKTPOCTATUYECKOE B3aUMOJIEHCTBHE XHUTO-
3aHOBOT'O NOJIMKATHOHA ¢ OaKTepHaJIbHOU KJIETKOU
MIPUBOJIUT KaK MUHUMYM K JIByM HeOJIarOMpPUATHBIM
JUTSL KJIETKU TIOCJIEZICTBUSAM: 1) PE3KOMY U3MEHEHHIO
CBOWCTB IPOHUIIAEMOCTH MEMOPAHBI, YTO ITPOBOIIH-
pyeT BHYTPEHHHIH OCMOTHYECKUH ArcOaiaHe U, cie-
JIOBaTeJIbHO, WHTUOHUPYeT POCT MHUKPOOPTAHU3MOB
U 2) TUAPOJIUTHYECKOMY PACIIEIUIEHUIO IENTH/IO-
IVJIHKAHOB B CTEHKE MUKPOOPraHHU3Ma, UTO IPHBO-
JIUT K yTeYKe BHYTPUKJIETOUYHBIX AJIEKTPOJIUTOB, Ta-
KUX KaK MOHBI KT, & TAaK:Ke BaXKHBIX KOMIIOHEH-
TOB OPTaHUYECKOH MPUPObI, TAKUX KaK OEJKH, Hy-
KJIEMHOBBIE KHUCJIOTBI, TJIIOKO3a, JIAKTaT/Ieruipore-
Hasza u Jp. [3]. OTu HebmaronpuaTHLIE /71 OaKTEPH-
aJIPHOM KJIETKH IIPOIECCH B KOHEYHOM HUTOTE BBI3bI-
BAaIOT ee THOeIb.

INTRODUCTION

Due to the steady increase in the resistance of
pathogens of nosocomial and community-acquired
infections to antimicrobial drugs, the development
and synthesis of new effective antibacterial drugs
is one of the priorities of modern pharmacology.
Among the various compounds with antibacterial
activity, chitosan is advantageously distinguished
by biocompatibility, hypoallergenicity, biodegrad-
ability, and lack of toxicity.

Chitosan (CS) is a linear natural polymer con-
sisting of glucosamine units, alternating with N-
acetylglucosamine units. Chitosan derivatives are
often characterized by marked antibacterial activ-
ity [1]. It is known that chitosan derivatives pos-
sess several mechanisms of antibacterial action,
which are inherently universal physicochemical
mechanisms (electrostatic interaction of a polyca-
tion with a negatively charged surface of a bacte-
rial cell, chelation and binding of important for
microbial cells ions and nutrients, etc.). Due to the
complex, intricate antibacterial effect of chitosan
derivatives, the emergence of bacterial resistance
to these polymers is unlikely in the near future, if
possible at all [2].

In the complex mechanism of the antibacterial
action of chitosan, the key point is the interaction of
the chitosan polycation with the negatively charged
surfaces of the bacterial cell. The chitosan polyca-
tion is formed due to the basicity of the primary
amino groups of the chitosan macromolecule.

Electrostatic interaction of a chitosan polyca-
tion with a bacterial cell results in at least two ad-
verse consequences for the cell: 1) a drastic change
in the permeability properties of the membrane,
which provokes an internal osmotic imbalance and,
therefore, inhibits the growth of microorganisms
and 2) hydrolytic cleavage of peptidoglycans in the
wall of the microorganism, which leads to leakage
of intracellular electrolytes, such as potassium ions,
as well as important components of an organic na-
ture, such as proteins, nucleic acids, glucose, lactate
dehydrogenase and others [3]. These processes, un-
favourable to the bacterial cell, ultimately cause its
death.

A feature of chitosan, which greatly limits the
study of antibacterial properties, is its poor solubil-
ity in water. Chemical modification of chitosan can
not only overcome this drawback but also improve
the antibacterial properties of chitosan due to the
antibacterial pharmacophores introduced into the
polymer chain [4].
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OcCOo0OeHHOCTPIO XUTO3aHA, CHJIBHO OTPAaHUYU-
BaIOIEN H3yuyeHHe aHTHOAKTepHaJIbHBIX CBOMCTB,
B TOM YHCJIE€ SIBJIIETCS €r0 IIOXasi paCTBOPHMOCTH
B Bojle. XUMUYeCcKass MOAU(PUKAIINA XUTO3aHA CIIO-
coOHa He TOJIBKO MPEeO0/I0JIETh ATOT HEJTOCTATOK, HO U
VIYUIIUTh aHTHOAKTepUaIbHbIE CBOMCTBA XUTO3aHA
Os1aroziapss BBOAMMBIM B IOJUMEPHYIO II€lb aHTH-
bakrepuaabHbIM hapmaxkodopam [4].

IOEJDb NCCJIEJOBAHUA

Xumuueckass MOAMMUKAIMA XUTO3aHA U THII-
aMWHOSTUJIbHBIM (DParMEHTOM W W3y4YeHUEe aHTH-
0aKTepHuaIbHOU AKTUBHOCTU ITOJIyYEHHBIX POU3BO-
JIHBIX XWTO3aHA B CPABHEHMM C HCXOZHBIM XHUTO3a-
HOM ¥ aHTUOMOTHUKAMU F€HTAMUIMHOM U aMIIUIIAJI-
JINHOM B OTHOILIEHUU TPAMITOJIOKUTEIBHBIX U TPaM-
oTpuIaTeIbHBIX OakTepuii (S. aureus u E. coli).

MATEPHUAJIBI 1 METO/bI

B mHacrosimem WCCIEOBAaHUU  WCIIOJIH30Ba-
JIM HU3KOMOJIEKYJIIDHBIA KpaboBbiii xuTo3aH (3A0
«Buomporpecc») co cpefiHell MOJIEKYIIPHON Maccou
6.9 X 104, CTENIEHBIO ATIETUJIMPOBAHUS 0.22, BJIAKHO-
cThio 8.9 %, 2-x710p-N,N-AUSTUISTHIIAMUH THAPOX-
sgopuz (mustwiamuHosTwiaxaopua) (Aldrich), mua-
smsHbie MeMbpanbl (MWCO 12.000—14.000) 6bLTH
npuobperensl B Orange Scientific (Braine-1’Alleud,
Benbrust). CexkTphl sepHO-MarHUTHOTO PEe30HAaH-
ca (IMP) 'H perucrpupoBaiu Ha npubope Bruker
Avance (Bruker) II+ 400 MHz B pacrsope D,0/
CF,COOH 100/1 ipu 70 °C. VIHTerpaJIbHyI0O UHTEH-
CHUBHOCTD CUTHAJIOB H-1 ITI0OK03aMUHHBIX parmMeH-
TOB XHUTO3aHA U €ro IIPOU3BO/IHBIX IPUHUMAIIH 34 1.
Knerounsie kynapTypsl HEK-293 mHKyOMpOBaIHCH
B CO,-unky6aropax BINDER (Binder, I'epmanus).
Onrtuyeckyio 1wioTHocTh B MTT-Tecte musmepsiu ¢
rmomoiiesio mpubopa CLARIOstar (BMG LABTECH,
Tepmanus).

Cunmes JusmuaamuHosmuaxumosara-I ([9-
AD-X3-I) 8 eemepozeHHbIX YCA08UAX. XUTO3aH
(1.0 T) cMeIUBaIHU C 2 MJI IUCTUTMPOBAHHOM BOJIBI
u 1.5 i1 35% pactBopa NaOH. Cmech nepemeninBa-
JI1 B TEYEHHE 2 Y Ha MAarHUTHOU MeIajke. 2-XJIop-
N,N-usTHISTAIaMUH Tupoxaopua (5.35 T) pac-
TBOPSUTH B 21.5 MJI 85% TiporniaH-2-oJ1a (M30IpOIH-
sioBoro ciupTa, UTIC) 1 706aBIsAIn K MIET0YHOH Cy-
CIIEH3UM XWUTO3aHa. PEaKIMOHHYI0 CMeECh IepeMe-
MBIV B TeueHue 3 4 npu 80 °C B TOKe a30Ta U 3a-
TeM HetTpanuzoBamu 10% HCL IoaydueHHBIH mTpo-
IyKT JI9AD-X3-1 ounmmanu Auam30M MMPOTUB JIHC-
THJUTUPOBAHHOU BOJIbI, TECTHPOBAIN HA OTCYTCTBUE
XJIOPU-UOHOB U CYIIHJIN JTUO(PUIHHO.

Cunmes dusmuaamurosmuaxumo3adama-II (/13-
AD-X3-II) 8 2omo2eHHbIX Ycaosusx. XuTo3aH (1.0 1)

AIM OF THE RESEARCH

Chemical modification of chitosan with a dieth-
ylaminoethyl fragment and study of the antibacte-
rial activity of the obtained chitosan derivatives in
comparison with the initial chitosan and antibiotics
(gentamicin and ampicillin) against Gram-positive
and gram-negative bacteria (S. aureus and E. coli).

MATERIALS AND METHODS

In the present study, we used low molecular
weight crab chitosan (Bioprogress, JSC) with an
average molecular weight of 6.9 x 104, a degree of
acetylation of 0.22, a moisture content of 8.9 %,
2-chloro-N,N-diethylethylamine hydrochloride
(diethylaminoethyl-chloride) (Aldrich); dialysis
membranes (MWCO 12.000—14.000) were bought
in Orange Scientific (Braine-I’Alleud, Belgium). Nu-
clear magnetic resonance (NMR) 'H spectra were
recorded on a “Bruker Avance” (Bruker) II+ 400
MHz instrument in a D,O / CF,COOH 100/1 solu-
tion at 70°C. The integrated intensity of the H-1 sig-
nals of the glucosamine fragments of chitosan and
its derivatives was taken as 1. HEK-293 cell cultures
were incubated in BINDER CO, incubators (“Bind-
er”, Germany). Optical density in the MTT test was
measured using a CLARIOstar instrument (“BMG
LABTECH”, Germany).

Synthesis of diethylaminoethylchitosan-I (DE-
AE-CS-I) under heterogeneous conditions. Chito-
san (1.0 g) was mixed with 2 ml of distilled water
and 1.5 ml of 35% NaOH solution. The mixture was
stirred for 2 hours on a magnetic stirrer. 2-Chloro-
N,N-diethylethylamine hydrochloride (5.35 g) was
dissolved in 21.5 ml of 85% propan-2-ol (isopropyl
alcohol, IPA) and added to the alkaline suspension
of chitosan. The reaction mixture was stirred for
3 hours at 80°C in a stream of nitrogen and then
neutralized with 10% HCI. The resulting product
DEAE-CS-I was purified by dialysis against distilled
water, tested for the absence of chloride ions and
dried by cool dehumidification.

Synthesis of diethylaminoethylchitosan-II
(DEAE-CS-II) under homogeneous conditions. Chi-
tosan (1.0 g) was dissolved in 10 ml of 0.1 M HCL.
Then a solution of 2-chloro-N,N-dimethylethyl-
amine (5.35 g in 15 ml of distilled water) was added
to the polymer solution and the pH was adjusted to
6.5 with sodium acetate. The reaction mixture was
stirred at 80°C for 3 hours, followed by the addi-
tion of 5 ml of 10% HCI. The product was dialyzed
against distilled water, tested for the absence of
chloride ions, and lyophilized.
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pactBopsuin B 10 mut 0.1 M HCL. 3arem x pactBo-
py mosiuMepa A00aBiIsIM pacTBOp 2-xy0p-N,N-
IUMeTWIdTUIaMuHa (5.35 T B 15 MJI IUCTHJLIUPO-
BaHHOH BOjbI) U pH moBOAMIN /1O 6.5 C TIOMOIIBIO
areraTta HaTpus. PeakIMoHHYIO cCMech IlepeMeIIBa-
i ipu 80 °C B TeueHUe 3 U ¢ MOCTIeAYIONUM q00aB-
serueM 5 mit 10% HCL. TTpoaykT noaBepraiu quaiu-
3y IPOTUB JUCTHJUIMPOBAHHON BOJBI, TECTUPOBAIH
Ha OTCYTCTBUE XJIOPU/I-MOHOB U JTUO(DUITUZUPOBAIIH.

MTT-mecm (ouyenxa moxcuuHocmu). Pac-
TBOpHI [IDAD-X3 TOTOBWIM CEpUHHBIM pa3Bejie-
HHeM B murtaresabHOu cpefe alpha-MEM. PactBo-
pBpl 06beMOM 0.1 MJI 100ABJISATN K KOHQIIIOOHTHO-
My MoHocso kiaeTok HEK-293, KynbTuBUpyeMoO-
My B JIVHOYHOM IUTaHIIeTe. KieTku WHKyOMpOBa-
auch 24 4 npu 37 °C B atmocdepe ¢ cofieprKaHueM
5 % CO,. Ilocie TOr0 KJIETKM IPOMBIBAIM JBaX-
Jibl pocdaTHBIM OydepHBIM PACTBOPOM U J00aBJIs-
JI1 0.1 MJI pactBopa 3-(4.5-TUMETHITHABO0III)-2.5-
nudenunTerpasonnii 6pomuza B dochatHoMm Oy-
dbeproM pacTBOpe (0.5 MKI/MJI) U HHKyOUPOBAaIH
1 4. 3aTeM CyllepHATaHT 3aMeHsJIu Ha 0.1 MJI 96%
BTAHOJIA ¥ U3MEPSIN ONTUYECKYIO IVIOTHOCTH Ha IIPU
JUTHHE BOJIHBI 535 HM.

AnmubaxkmepuanvbHas axKmueHoCcms. AHTHU-
6aKTepUaIbHyI0 AKTUBHOCTH IIOJIyYEHHBIX IIPOHU3-
BOZIHBIX XUTO3aHA HU3y4Yaau MeTonoM «Juddy3un
B arap» B OTHomleHuu ImrammoB S. aureus RCMB
010027 u E. coli RCMB 010051 (VSMU). B kaue-
CTBe KOMMEPUECKH IOCTYIHBIX AHTHOWOTHKOB JIJIsS
CPaBHEHUS B CJIyJae S. aureus UCIOJIb30BAIN AMIIU-
nwutuH (Aldrich), a B cityuae E. coli — renTaMmuniyie
(Aldrich). AKTHBHOCTH OIpEAEIANN IIyTEM H3Me-
peHus amamMeTrpa 30HbI MHTHOUPOBAHUA (B MUJLIU-
Merpax). Kaxkayo 30Hy MHIHOMPOBAaHUA M3MEPSLIN
IIOCJIe CyTOUHOTO BBIPAIIMBAHUS B TEPMOCTATe IPHU
37 °C. OnbITHI IIOBTOPAIU He MeHee Tpex pa3. MuHu-
MaJIbHYI0 HMHTHOUpYIOIIyIo KoHueHTpauio (MUK)
TECTUPYEMbIX 00Pa3IOB OIPEEIIIN IIyTEM TO/ICYe-
Ta KosioHUH [5]. B xauecrBe MUK npunuManmu ca-
MYI0 HU3KYI0 KOHIIEHTPAIHIO, KOTOPAas IOJHOCTHIO
WHTUOUPYeT WHOKYJIATHI 10 CPABHEHUIO C KOHTPO-
JIeM.

PE3YJIBTATHBI U OBCYXKJAEHMNE
J9AD-X3 mosyyasm ¢ HCIOJIb30BAaHUEM [ABYX
Pa3HBIX TOJIXO/I0OB, BKJIIOUAIOIINX B3aHUMOJIEHCTBHE
JIUSTHIAMUHOITIIXJIOPU/IA U XUTO3aHA. I[lepBbId
€I10co0 3aKJI0YAIICA BO B3aUMOAEHCTBUY MEKIY XHU-
TO3aHOM U JIUSTWIAMUHOSTWIXJIOPHUJIOM B TETEPO-
TeHHBIX YCIOBUAX B mesiouHol cpeze (MIIC-NaOH).
Bropoii moxaxoz mpenmosiaran 06paboOTKy XHUTO3a-
Ha JUATUIAMHHOATHJIXJIOPUIOM B alleTaTHOM Oy-
(epHOM pacTBOpe B TOMOTEHHBIX YCJIOBHUAX IIPH

MTT assay (toxicity assessment). DEAE-CS
solutions were prepared by serial dilution in a nu-
trient medium alpha-MEM. 0.1 ml solutions were
added to a confluent monolayer of HEK-293 cells
cultured in a well plate. Cells were incubated for 24
hours at 37°C in an atmosphere with 5 % CO,. Af-
ter that, the cells were washed twice with a phos-
phate buffer solution and 0.1 ml of a solution of
3-(4.5-dimethylthiazolyl)-2.5-diphenyltetrazolium
bromide in a phosphate buffer solution (0.5 pg /
ml) was added and incubated for 1 hour. Then the
supernatant was replaced with 0.1 ml of 96% etha-
nol and measured optical density at a wavelength
of 535 nm.

Antibacterial activity. The antibacterial activ-
ity of the obtained chitosan derivatives was studied
by the “diffusion into agar” method with respect to
the strains of S. aureus RCMB 010027 and E. coli
RCMB 010051 (VSMU). Ampicillin (Aldrich) was
used as commercially available antibiotics in the
case of S. aureus, and gentamicin (Aldrich) — in the
case of E. coli. Activity was determined by measur-
ing the diameter of the zone of inhibition (in milli-
metres). Each zone of inhibition was measured after
daily growth in a thermostat at 37°C. The experi-
ments were repeated at least three times. The mini-
mum inhibitory concentration (MIC) of the tested
samples was determined by counting colonies [5].
As the MIC, the lowest concentration was taken,
which completely inhibited inocula compared to the
control.

RESULTS AND DISCUSSION

DEAE-CS was obtained using two different
approaches, including the interaction of diethyl-
aminoethylchloride and chitosan. The first method
consisted in the interaction between chitosan and
diethylaminoethylchloride in heterogeneous con-
ditions in an alkaline medium (IPA-NaOH). The
second approach suggested treating chitosan with
diethylaminoethylchloride in the acetate buffer
solution in homogeneous conditions at pH = 6.5.
In both cases, water-soluble chitosan derivatives
(DEAE-CS-1 and DEAE-CS-II respectively) were
obtained, which were then characterized using H
NMR spectroscopy.

The nucleophilic substitution reaction between
the diethylaminoethylchloride acting as an elec-
trophile and chitosan as a nucleophile can pass
through two nucleophilic reaction centres — the
amino group (N-substitution) and the primary alco-
hol group of the chitosan glucosamine link (O-sub-
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Puc. 1. Cnexrp AMP 'H I9A3-X3 (323 K, 400 MTI', D,O + CFBCOOH)
Fig. 1. NMR spectrum ‘H DEAE-CS (323 K, 400 MHz, D,O + CFSCOOH)

pH = 6.5. B oboux ciaydasx mOJydusIn BOAOpac-
TBOPUMBIE TTPOUBBO/HBIE XxUTO3aHA ([IDAI-X3-1 u
JI9AD-X3-II cOOTBETCTBEHHO), KOTOPBIE 3aTEM ObLITH
OXapaKTEPU30BAHBl C ITOMOIIBIO CIIEKTPOCKOIIIH
AMP 'H.

Peaknusa Hyk1eopUIBHOTO 3aMeIIeHUA MY
BBICTYTIAIOIINM B POJIH 3JIEKTPO(UIIA AU TUIAMUHO-
STUIXJIOPUIOM U XUTO3aHOM KaK HyKJIeo(pHIIOM MO-
JKeT IPOXOJIUTD TI0 IBYM HYKJIEO(DUIBHBIM PeaKIH-
OHHBIM IIeHTpaM — amuHorpyiie (N-3aMeleHue)
U TIEPBUYHON CIIMPTOBOM IPYIIe INIIOKO3aMHUHHOTO
3BeHa xuTo3aHa (O-3amerenue). B cnexrpe AMP ‘H
JIDAD-X3-II (puc. 1) mMeeTCs TPU CUTHAIA, KOTOPBIE
[IPeIOCTABIIAIOT UH(MOPMAIHIO O CTEIIeHU U TUIIE 3a-
MenleHus. Tpumier mpu 1.33 MUWUIMOHHOH 10U
(M. 11.) COOTBETCTBYET IPOTOHAM METHJIBHOU TPYIIIIBI
srupHOro ¢parmenta CH,—CH,-. N-zamerenue
TIOATBEPIKAAETCA CMeEIeHUeM CUTHAIa aHOMEPHOTO
MpoToHA B cyiaboe mose (4.77 M. 71.). MeTuiaeHoBbIE
nporoHsl parmenta CH,—CH,— nipesicraBieHsl HH-
TEHCUBHBIM CUTHAJIOM IIPH 3.25 M. /. U COCECTBYIO-
UM C HUM CJIa0bIM CUTHAJIOM METUJIEHOBOU TPYII-
IIBI, CBA3AHHOU C JIEMPOTOHUPOBAHHON aMUHOTPYII-
IO XUTO3aHA. DTH CUTHAJIBI TIEPEKPHIBAIOTCS C CHT-
HasoM H-2 6io0ka GleN + H3. CrerreHb 3aMeIEHU
(C3) paccuuThIBaIN COTJIACHO CJIEAYIONIEMY YPaBHe-
HUIO:

C3=1I(d)/ (6 +2I(7).

stitution). In the '"H NMR spectrum of DEAE-CS-II
(Fig. 1), there are three signals that provide infor-
mation about the degree and type of substitution.
A triplet at 1.33 ppm corresponds to the protons of
the methyl group of the ethyl fragment CH - CH_—.
N-substitution is confirmed by the displacement of
the signal of the anomeric proton in a weak field
(4.77 ppm). Methylene protons of the CH,— CH,-
fragment are represented by an intense signal at
3.25 ppm and the weak signal of the methylene
group adjacent to it, which is associated with the
deprotonated amino group of chitosan. These sig-
nals overlap with the H-2 signal of the GlcN + H,
block. The degree of substitution (DS) was calcu-
lated according to the following equation:

DS=1(d)/ (6 + 2I(7)).

The *H NMR spectrum of DEAE-CS-I, synthe-
sized in a mixture of IPA-NaOH (see Fig. 1), indi-
cates the formation of highly substituted products.
The integral intensity of the anomeric proton signal
shifted in a weak field in the DEAE-CS-I spectrum
shows that about 75 % of the amino groups are re-
placed. Methyl protons of the diethylaminoethyl
substituent are represented by three superimposed
triplets, which can be explained by the presence of
both O- and N-types of substitution.
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Cnextp AMP 'H JI9AD-X3-1, cHTe3pOBaHHOI'O
B cmecu MIIC-NaOH (cm. puc. 1), yKa3pIBaeT Ha 00-
pasoBaHMe BBICOKO3aMeEIleHHBIX IPOAYKTOB. VHTe-
rpaJibHAasi THTEHCUBHOCTD CMEIIEHHOTO B cy1aboe moJjie
CHTHaJIa aHOMEPHOT'0 IPOTOHA B crieKTpe JIDAI-X3-1
IIOKa3bIBAET, UTO OKOJIO 75 % aMHHOTPYIII 3aMele-
HbI. MeTuIbHbIE IPOTOHBI AUITIIAMUHOSTIVIBHOTO
3aMeCTUTeJIs TIPe/ICTaBJIeHbl TPEMA HAIO0KEHHBIMU
TPUILIETAMH, KOTOPbIE MOXKHO O0BSICHUTH HATUIUEM
Kak O- , Tak 1 N-TUIIOB 3aMeIeHN .

Takum obGpaszom, 00pabOTKa XHWTO3aHA IIATH-
KPaTHBIM HU30BITKOM TUSTUJIAMUHOSTUIXJIOPUIA B
IIEJIOYHOU cpefie IPU KOMHATHOH TeMIepaType mIpu-
BozIMJIa K oOpaszoBaHuio JJDAI-X3-1 co creneHbro 3a-
MeleHust 1.2 ¢ obpasoBanueM N,O-3aMelleHHBIX
IIPOU3BOAHBIX. B3anMozelicTBre ke XUTO3aHAa C JU-
STIJIAMUHOSTHJIXJIOPUZIOM B arieTaTHOM OydepHOM
pactBope tipu pH = 5—6 ¢ TOH ke KOHIleHTpaIuein
peareHToB IIpU TAKOH JKe TEMIIEPATYPE B TEUEHNUE Ta-
KOTO JKe BpEMEHH IIPHBeJia K 00pa30BaHUIO CeJIEK-
TuBHO N-3amelneHHOro [[9A9-X3-II co cremeHbIO
3amerenus 0.57. CenekruBHoe N-3aMelieHue MO/~
TBepXKAAeTCA KoppessAnued Mexay WHTerDAIbHBI-
MM UHTEHCUBHOCTSIMU CUTHAJIOB IPOTOHOB METHUJIb-
HOU I'PYIIIBI ¥ CMENIEHHBIM B CJIa00e€ I10JIe CUTHAJIOM
AQHOMEPHOTO IIPOTOHA.

IIpu npoBezieHUN peaklUi XUTO3aHa B BOJHON
cpefie B IPUCYTCTBUU KHUCJIOT WJIU IIEJIOYeH MOXKET
Ha0JIIOZIATHCSA YaCTUYHOE JIe3alleTUINPOBAHNE XUTO-
3aHa. VlHTErprpoOBaHue CUTHAIA alleTaMU/IHBIX IIPO-
TOHOB (2.08 M. /1.) yKa3bIBaeT HA TO, UTO HU B alle-
TaTHOM OydepHOM pacTBope, HH B cpene UIIC-NaOH
JlealleTUINPOBAHUSA He IIPOUCXOJUT.

AHTHOAKTEPHUAJIbHYI0 AKTHBHOCTD IOJIyIEHHBIX
JISTUIAMUHOSTUIBHBIX ITPOU3BOAHBIX XUTO3aHA
B oTHoureHuu S. aureus u E. coli uzygaan MetooMm
«auddy3un B arap» B CPaBHEHUU C UCXOTHBIM XUTO-
3aHOM, aMINIWUINHOM U TeHTaMUIIMHOM. Pe3ysib-
TaThl UCIIBITAHUH IIPECTABJIEHBI B TA0JI. 1.

AnTHOAaKTepHUaIbHAsI AKTUBHOCTb JUSTHJIAMU-
HOSTWIBHBIX IIPOM3BO/IHBIX XUTO3aHA BBIIIIE, YEM CO-

Thus, treatment of chitosan with a fivefold ex-
cess of diethylaminoethylchloride in an alkaline
medium at room temperature led to the formation
of DEAE-CS-I with a degree of substitution of 1.2 to
form N,O-substituted derivatives. The interaction
of chitosan with diethylaminoethylchloride in an
acetate buffer solution at pH = 5-6 with the same
concentration of reagents at the same temperature
during the same time led to the formation of se-
lectively N-substituted DEAE-CS-II with a degree
of substitution of 0.57. Selective N-substitution is
confirmed by the correlation between the integral
intensities of the signals of the protons of the meth-
yl group and the anomeric proton signal shifted in
a weak field.

When carrying out chitosan reactions in an
aqueous medium in the presence of acids or alkalis,
partial deacetylation of chitosan can be observed.
The integration of the acetamide proton signal
(2.08 ppm) indicates that deacetylation does not
occur in either an acetate buffer solution or in an
IPA-NaOH medium.

The antibacterial activity of the obtained dieth-
ylaminoethyl derivatives of chitosan against S. au-
reus and E. coli was studied by the method of “diffu-
sion into agar” in comparison with the initial chito-
san, ampicillin and gentamicin. The test results are
presented in Table 1.

The antibacterial activity of diethylamino-
ethyl derivatives of chitosan is higher than the
corresponding activity of the starting chemically
unmodified chitosan. The antibacterial activity of
the derivatives obtained is characterized by a pro-
nounced growth with an increase in the degree of
substitution. This trend is obviously associated with
an increase in the cationic density of the polymer
compared to chitosan. Chitosan contains primary
amino groups, which are capable of protonation
with the formation of cationic -NH_* groups. The

Tab6unma 1. AHTHOAKTEpUATIbHAS AKTUBHOCTD IMATHJIAMUHOATUIIBHBIX ITPOU3BOHBIX XUTO3aHA in vitro,

30HA HHTHOUPOBAaHUSA (MM)

Table 1. The antibacterial activity of diethylaminoethyl chitosan derivatives in vitro, the zone of inhibition (mm)

Muxkpoopranusm / Microorganism

Obpasen / Sample S. aureus E. coli

X3 / Chitosan 13.5 + 0.30 10.4 + 0.11
JI9AD-X3-1 / DEAE-CS-I 22.8 £ 0.23 18.1+ 0.31
JIDAD-X3-11 / DEAE-CS-II 17.9 + 0.15 13.3 + 0.24
Avnunuins / Ampicillin 30.2 +£ 0.19 —
Tenramurun / Gentamicin — 22,1+ 0.24
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OTBETCTBYIOIAsi aKTUBHOCTb UCXOTHOTO XUMHUYECKH
He MOAUGUIMPOBAHHOTO XUTO3aHA. AHTUOAKTEPHU-
aJibHAs aKTUBHOCTD ITOJIYYEHHBIX ITPOU3BOIHBIX Xa-
PaKTepU3yeTCsT BBIPAYKEHHBIM POCTOM C YBEJIMYEHU-
eM CTelneHU 3aMelneHus. Takas TeHAeHIUs CBA3aHa,
OYEBHU/THO, C POCTOM KATHOHHOH IIJIOTHOCTH IIOJTH-
Mepa [0 CPAaBHEHHIO C XHUTO3aHOM. XHUTO3aH COJIEP-
JKUT B CBOEM COCTaBe ITEPBUYHbIE AMHUHOTPYIIIIBI, KO-
TOpBIE CLIOCOOHBI K TPOTOHUPOBAHUIO C 00pa30BaHU-
eM KaTHOHHBIX rpynnupoBok —NH *. Makpomoie-
KYJIBI JKe IU3THIaMUHOITHIBHBIX TPOU3BO/IHBIX XU~
TO3aHa, KpOME TEPBUYHBIX aMUHHBIX TPYIII, CO/IEP-
JKaT TakyKe BTOPUYHBIE U TPETHYHBbIE aMHHOTPYII-
eI, obsazaromiie OOJBIEH OCHOBHOCTHIO. Takas
CTPYKTypHasi 0COOEHHOCTDH IOJIyY€HHBIX IMPOHU3BO-
JTHBIX TIPUBOJIUT K MOSIBJIEHUIO OOJIBIIIETO YHCJIA Ka-
THOHHBIX CAUTOB 10 CPABHEHUIO C UCXOJHBIM XHUTO-
3aHOM IIPU OJIMHAKOBBIX yCJIOBUSX. IMEHHO KaTH-
OHHBIE CAUTHI OTBETCTBEHHBI 32 B3aWMOJIEUCTBHE C
AHMOHHBIMH CAaUTaMH ITOBEPXHOCTH OAKTEPUATIHBHOU
KJIETKH, UTO B KOHEUHOM UTOTe 00ecrieunBaeT aHTH-
OakrepuanpHOe JeiicTBre. UHCII0O KAaTHOHHBIX Cali-
TOB BO3PACTAET MPU YBEJIUYEHUH CTEIIEHU 3aMellle-
HUSA TUSTHIAMUHOSTHIBHBIX POU3BOIHBIX, UTO SB-
JIsieTcss MPUIUHON 6oJlee BBIPAXKEHHOU aHTHOAKTe-
PpHUaIbHON aKTUBHOCTH BBICOKO3aMEIEHHOTO IIPOU3-
BoaHOTO JIDAI-X3-I 110 cpaBHEHUIO ¢ yMEPEHHO 3a-
MeIIeHHBIM ITPpOu3BOAHBIM J[DAD-X3-II. Ocobo cie-
JIlyeT OTMETHUTH COTIOCTABUMBIN C TEHTAMHUI[THOM BbI-
COKMi aHTHOAKTEpUATbHBIN 3¢ dekT IIAI-X3-1 B
otHoureHuu E. coli. Tanubiit 3pdext MoKHO 00bsic-
HHUTH BBICOKHM CPOJICTBOM ITIOJIOKHUTEJIFHO 3apsKeH-
HOTO B BOJHOH Cpejie 3aMeCTUTENISI K OTPUIATETHLHO
3apsKEHHBIM OCTATKaM TEHUXOEBBIX KHCJIOT C OJTHOU
CTOPOHBI ¥ BBICOKUMH XEJIATHPYIONIUMH CIOCOOHO-
crsavu JIDAI-X3 — ¢ apyroii [6]. Fpko BeIpakeHHbIE
xeJylaTopHbIe cBoiicTBa JIDAI-X3 00yCc/I0BINBAIOT 32-
XBaT JIBYX3apsAJAHBIX KATHOHOB METaJJIOB, KOTOpbIE
CIIOCOOCTBYIOT YCTOHYMBOCTH CJIOSI JIMIIOTIOJIHICAXa-
punoB (JIIIC) mocpeAacTBOM 3JIEKTPOCTATUUECKHUX
B3aUMO/IEUCTBUN. Y/TaJIeHUE STHX KATUOHOB JIUATH-
JIAMUHOSTWIBHBIMU TPOU3BOAHBIMHM XHUTO3aHA U3
BHEIITHEW MeMOpaHbl OaKTEpHU MPUBOJIUT K JIeCTa-
OGuu3aIuu MeMOpaHbl TOCPEICTBOM OCBOOOK/IEHUS
mostekyn JITIC [7, 8].

JIJ1s1 TTOJTyYeHHBIX TTPOUBBOIHBIX ObLIa U3Mepe-
Ha MUK (MKr/mi) B cpaBHEHHH C aMIIHUITULUTHHOM
¥ TEHTaMUITTHOM, KOTOpasi CoCTaBmIa 0.87 MKT/MJI
(mst S. aureus) u 2.50 mxr/mia (s E. coli). 3Haue-
Hre MUK aMmunwuinHaA COCTAB/IAIO 0.15 MKT/MJI
(S. aureus), a reatamunHa — 0.22 MKr/mi (E. coli).

OCHOBHBIM ITPEUMYIIIECTBOM XHTO3aHA IO CPaB-
HEHUIO C IDYTUMHU KaTUOHHBIMH TOJIIMEPAMHU SIBJISI-
eTcsl HU3Kasi TOKCUYHOCTh. He BIOJIHE BEpHBIM Oy-

macromolecules of the same diethylaminoethyl
derivatives of chitosan, in addition to the primary
amine groups, also contain secondary and tertiary
amino groups, which have greater basicity. Such a
structural feature of the derivatives obtained leads
to the appearance of a larger number of cationic
sites as compared to the initial chitosan under the
same conditions. It is the cationic sites that are re-
sponsible for interaction with the anionic sites of
the surface of the bacterial cell, which ultimately
provides an antibacterial effect. The number of
cationic sites grows with an increase in the degree
of substitution of diethylaminoethyl derivatives,
which is the reason for the more pronounced an-
tibacterial activity of the highly-substituted DEAE-
CS-I derivative compared to the moderately substi-
tuted DEAE-CS-II derivative. Of particular note is
the high antibacterial effect of DEAE-CS-I against
E. coli comparable to gentamicin. This effect can
be explained by the high affinity of a positively
charged in aqueous medium substituent for nega-
tively charged residues of teichoic acids on the one
hand and high chelating abilities of DEAE-CS on
the other [6]. The pronounced chelator properties
of DEAE-CS cause the capture of doubly charged
metal cations, which contribute to the stability of
the layer of lipopolysaccharides (LPS) through elec-
trostatic interactions. The removal of these cations
by diethylaminoethyl chitosan derivatives from the
bacterial outer membrane leads to membrane de-
stabilization by the release of LPS molecules [7, 8].

For the derivatives obtained, the MIC (ug/ml)
was measured in comparison with ampicillin and
gentamicin, which amounted to 0.87 pg/ml (for
S. aureus) and 2.50 pug/ml (for E. coli). The MIC
value of ampicillin was 0.15 ug/ml (S. aureus), and
gentamicin — 0.22 pg/ml (E. coli).

The main advantage of chitosan compared with
other cationic polymers is low toxicity. It is not en-
tirely correct to apply this judgment to chitosan
derivatives unreasonably. In this work, the MTT
assay, a colourimetric method for estimating the
number of viable cells in culture, was used to assess
toxicity. The colourimetric method was based on
the fact that NADPH-dependent dehydrogenases
of living cells reduce 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) to purple
formazan. Thus, the colour intensity is proportional
to the viability of the culture. The work compared
the toxicity of the initial chitosan in the form of
hydrochloride with diethylaminoethyl derivatives.
The results of the experiment are shown in Fig. 2.
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Fig. 2. Evaluation of the toxicity of diethylaminoethyl chitosan derivatives

JieT 6e30CHOBATEILHO MIPUMEHSTh JaHHOE CY:KIeHNe
K MPOWBBOJAHBIM XWTO3aHA. B gaHHON pabore ist
OLIeHKU TOKCHUYHOcTU npuMmeHsim MTT-tecrt, koso-
PUMETPUYECKUN METOJT OIIEHKH KOJIMYECTBA KU3HE-
CIIOCOOHBIX KJIETOK B KyJIbTYPE, OCHOBAHHBIA HA TOM,
uro HAJI®H-3aBucumble AerUpOreHa3bl KUBBIX
KJIETOK BOCCTAHABJIHUBAIOT 3-(4,5-IUMETUITHA30JI-2-
win)-2,5-nudeHnn-Terpazonuii 6pomun (MTT) B pop-
MasaH, OKpAaIlleHHbIN B IyPIyPHBIH I[BeT. Takum 00-
pa3oM, UHTEHCHUBHOCTb OKPACKH IPOIIOPIIHOHATHHA
JKMBHECIIOCOOHOCTH KyJIbTYPhL. B paboTe cpaBHUBATH
TOKCUYHOCTh HCXOJHOTO XUTO3aHA B (hOpMeE THAPO-
XJIOPH/A C JUSTHIIAMHUHOSTIIBHBIMU TTPOU3BO/IHBI-
Mu. Pe3ysibTaThl SKCIIEpUMEHTa IIPeJICTaBJIeHbl Ha
puc. 2.

BpUIO yCTAHOBJIEHO, YTO TOKCHYHOCTH IIOJIY-
YEeHHBIX TPOU3BOJHBIX MMeEET BBIPAXKEHHYIO 3aBH-
CHMOCTh OT CTEIIeHU 3aMelleHUsl. YMEPEeHHO 3aMe-
1eHHOoe Mpou3BoiHoe [IDAI-X3-11 xapakrepusyer-
¢ HU3KOH TOKCHMYHOCTBIO, OJIM3KOM K TOKCHYHOCTH
HCXOJTHOTO XUTO3aHa. BhICOKO3aMeleHHOe TPOU3BO-
auoe JIDAD-X3-1 obsafaeT 3HAUYUTEIBHO OOJIBIIEH
TOKCHYHOCTHIO, WMEIOIIEH BBIPA’KEHHYI0 3aBUCH-
MOCTb OT KOHIleHTparuu. OfHAKO B KOHI[EHTPAIUSX,
63kux k MUK, TOKCHYHOCTb 000MX ITPOU3BO/THBIX
COITOCTAaBHMa C TOKCHYHOCTBIO HCXOZHOTO XUTO3aHa.

It was found that the toxicity of the derivatives
obtained has a pronounced dependence on the de-
gree of substitution. A moderately substituted de-
rivative of DEAE-CS-II is characterized by low tox-
icity, close to the toxicity of the original chitosan.
The highly substituted derivative of DEAE-CS-I
has significantly greater toxicity, which has a pro-
nounced dependence on concentration. However,
at concentrations close to the MIC, the toxicity of
both derivatives is comparable to the toxicity of the
initial chitosan.

Thus, as follows from the presented data, the
interaction of diethylaminoethylchloride with chi-
tosan at pH = 5—6 leads to the selective formation of
N-substituted DEAE-CS-II with a moderate degree
of substitution, while in an alkaline medium this re-
action proceeds as non-selective N,O-substitution
and product is highly substituted DEAE-CS-I.

The introduction of the diethylaminoethyl
fragment into the polymer matrix enhances the
antibacterial activity of chitosan. The antibacterial
activity of diethylaminoethyl derivatives increases
with a rise of the degree of substitution. The high-
est antibacterial activity is characterized by highly
substituted chitosan derivatives. The toxicity of the
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Takum 00pa3oMm, Kak CJIeZyeT U3 IPeJICTaBJIEH-
HBIX JAHHBIX, B3AUMOJEHUCTBUE JTUSTHIAMHHOITHII-
XJIOpUZA ¢ XUTo3aHOM Iipu pH = 5—6 IPUBOJUT K ce-
JIeKTUBHOMY obpaszoBaHuio N-3amelrieHHOTO J[DAD-
X3-1I c yMepeHHOH CTeleHbI0 3aMeIleHHs, B TO Bpe-
MS KaK B IIEJIOYHOH cpejie JaHHAsl PeaKIUsi IIpoTe-
KaeT Kak HecesleKTuBHOe IN,O-3aMellieHue 1 IPOayK-
TOM SIBJISIETCS BBICOKO3aMeIleHHbIN J[DAD-X3-1.

BBenenve AMATHUIAMUHOSTHIIBHOTO (parMeH-
Ta B IOJHUMEPHYI0 MATPUIly YCHIUBAEeT aHTHOAKTe-
PHUATBHYI0 aKTHBHOCTh XUTO3aHA. AHTUOAKTEPHAITb-
Hasg aKTUBHOCTDH JUATHUIAMUHOATHIBHBIX IIPOU3BO-
JIHBIX BO3PACTaEeT C YBEJIUUEHUEM CTelleHU 3aMellfe-
uusa. HaubGospiliell aHTHOAKTEPHUATBHOM AKTHBHO-
CTBIO XapaKTePU3YIOTCs BHICOKO3aMellleHHbIe ITPOU3-
BOJHBIE XUTO3aHA. TOKCUYHOCTh MOJIyYEHHBIX IPO-
U3BO/HBIX TaK:Ke BO3PACTAET C YBeJIMUEHUEM CTelle-
HU 3aMeIeHUs U JJIs BBICOKO3aMEIEHHOTO TPOU3-
BOTHOTO MMEET BBIPA’KEHHYIO 3aBUCUMOCTH OT KOH-
[IEHTPAIIH, OJTHAKO B KOHIIEHTPAIUAX, OJIU3KUX K
MUK, TOKCUYHOCTh 0OOUX MPOU3BOHBIX COMOCTA-
BHMAa C TOKCUYHOCTHIO HCXO/THOTO XUTO3aHa.

3AK/IIOUEHUE

IlosABeHNe AUATUIAMUHOITUIBHOIO (pparmeH-
Ta B IIOJTUMEPHOM MATPUIlE YCUIUBAET aHTHOAKTe-
pUaIbHYI0 aKTUBHOCTb XMTO3aHa, IIPDU 3TOM aHTHU-
OakrepuasbHas AaKTUBHOCTh JIMOTHJIAMHHO3TUIIb-
HBIX [IPOU3BOJHBIX BO3pAcTaeT ¢ yBeJIMUeHUeM CTe-
reHu 3amelneHus. Haubospinas aHTHOAKTEPHAIH-
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derivatives obtained also grows with an increase in
the degree of substitution and, for a highly substi-
tuted derivative, has a pronounced dependence on
concentration. However, at concentrations close to
the MIC, the toxicity of both derivatives is compa-
rable to the toxicity of the initial chitosan.

CONCLUSION

The diethylaminoethyl fragment in the poly-
mer matrix enhances the antibacterial activity of
chitosan, while the antibacterial activity of the di-
ethylaminoethyl derivatives increases with a rise of
the degree of substitution. The highest antibacterial
activity is observed in highly substituted chitosan
derivatives. The data obtained are of interest for
further preclinical studies in vivo.

Conflict of interest. The authors declare no
conflict of interest.

Hasl aKTMBHOCTb HAOJIIOJIae€TCs Y BBICOKO3aMeIleH-
HBIX [TIPOM3BOAHBIX XUTO3aHA. [I0/IyUeHHbBIE JaHHbIE
[IPEJICTABJIAIOT HHTEPEC ISl AIbHENIINX JOKIMHN-
YeCKUX UCCJIeOBAHUM in vivo.

Koudaukr nuHTepecoB. ABTOPHI 3a5BJISIOT 00
OTCYTCTBUU KOH(IINKTA UHTEPECOB.
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CBEAEHHUA Ob ABTOPAX
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BaTeJIbCKUH YHUBEPCUTET HH(OPMALOHHBIX TEXHOJIO-
THH, MexaHuKH 1 onTuku» (Poccutickas Oeneparus).
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