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AHHOTAIIUA

BBegeHnue. BHacrosiee BpeMs aKTyaJleH IOUCK aJIbTEPHATUB COBPEMEHHBIM aHTUOMOTHUKAM, a TAK)Ke MaTepHa-
JIOB, He 00JIa/IaloIUX Pa3ApakaroluM JIeHCTBHEM Ha OPTaHU3M, HO CIIOCOOHBIX SABJIATHCA JIEIO /I aHTUMHKPOOHBIX
BeriecTB. Mies co3iaHnsa KOMIO3UIIUY U3 MOAUGUIIIPOBAHHOIO IOJIUSTUIEHITINKOJIEBOTO TeJil U AHTUMHUKPOOHOTO Iell-
TUJIOMHUMETHKA PacCMaTPUBaeTCsA KakK IepcleKTUBHAs.

Il e 1 b . VByuuTh GUBUKO-XUMHUUECKHE MTPOIECCHI BJIEKTPOHHO-IyY€BOI0 KPOCCTMHKUHTA ITOJTUATHIIeHT UKo (I13T)
C IIeJIBIO TIOJIyYEHUs THIPOTeSIs ¢ 33JaHHBIMH CBOHCTBAMHU U CO37JaHUE HA OCHOBE STOH TEXHOJIOTHU JIeIIO-MaTPHUIIbI JIJIS
QHTUMUKPOOHOTO MENTHIOMUMETHKA.

MaTepuasnb U MeTOJBsl . llporeccy paiualiiOHHOTO 00JIyd€eH s, COUETAIONIEMY AECTPYKIUIO TIOJIMepa

U ero cmuBaHue, nogsepraiu 131 ¢ AuamnazoHoOM MOJIEKYJIAPHBIX Macc OT 400 710 40 000 Jla. M3yuasn ux cBoucTBa U
co3/IaBai KOMIO3uUIUi0 Ha ocHoBe I13T u anTUMUKpoOHOTO TenTuaoMuMeTrKa KAMII-1 (tpunentus H-Arg-Tbt-Arg-
NH-C,H,-Ph).

Pe 3y b TarT sl . e nojiydeH Npu UCHOIH30BaHUN HU3KOMOJIEKysApHOTO [I91" 1 fnana3ona /103 paiualiuu oT 1,5
110 3 Mpap wtu BeicokoMoutekysisipHoro I19T (6ostee 4000 1a) u 10361 00s1yueHus 0,25 Mpay,. [l1s focTikeHus reseobpa-
30BaHUA IyTEM KPOCCIMHKUHTA HCIIOJIH30BAJICA HU3KOMOJIEKYIApHBIN [19T (1500 a) u mo3a obayuenus 2 Mpan. B
IIOJIyYeHHBIH Telb aHTHOAKTepUaIbHbIH nentugoMuMeTnk KAMII-1 61 UMIIAHTUPOBAH 6€3 TeXHOJIOTUYECKUX CJIOXK-
HOCTeH ¢ IOMOIII0 POTAIIMOHHOTO TOMOT€HU3ATOpa. YBeJINUYeHNe JJ03bI U3JIyYeHNs ITPUBO/IMIIO K IIPOIOPIIMOHATIBHOMY
CHIDKEHUIO TeKYJIECTH TeJid.
3akJ04eHHUe. Bapuanua napaMeTpoB 3jIeKTPOHHO-JIy4eBOTO Bo3zieHcTBUA U KoHIeHTpanuu II9I nosBosser
IIOJIy4aTh TUAPOTEIN ¢ HeOOXOAUMBIMH CBOMCTBAMH JJIA ZIeTIO-MaTPULB], IpeAHA3HAUYeHHOH /I UMILIaHTanuu papma-
KOJIOTHYECKH aKTUBHBIX areHToB. KAMII-1 ynep:kuBaeTrcs B reseo0pasHoi fieno-MaTpune, u Auddysus 3Toro nenTuio-
MHMeTHKA B BOJHYIO (a3y IPOUCXOIUT ¢ HU3KOM NHTEHCUBHOCTHIO. Pa3paboTKa JaHHON TeXHOJIOTUH CO3/IaHUS AaHTHMH-
KPOOHOTO JIEKAPCTBEHHOTO CPEZICTBA IO3BOJISIET IPOU3BOUTH IPOTOTUIIBI TOTOBBIX JIEKAPCTBEHHBIX (POPM /171 MECTHOTO
IIpUMeHEHUs.

Kaouessle cao6a: NOTUITIWIEHIVINKOND, 19T, aHTUMUKPOOHBIA MENTHOMUMETHK, aHTUMUKPOOHBIE IpernapaTsl,

KAMII-1, anTHOAKTEpUATIBHBIN T'eJlb.
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Electron beam crosslinking of polyethylene glycol
for the developing an hydrogel- and peptidomimetic-based
antimicrobial drug

P.G. Madonov*2, S.V. Mishenina?, E.A. Bondareva®2, A.N. Evstropov?, D.V. Yaroslavtsev’,
M.S. Soldatova!, D.V. Klyuev?, E.M. Lyubushkina', M.A. Korolev*

Research Institute of Clinical and Experimental Lymphology — Branch of the Institute of Cytology and Genetics,
Siberian Branch of the Russian Academy of Sciences, Novosibirsk, Russia

2Novosibirsk State Medical University, Novosibirsk, Russia

ABSTRACT

Introduction. Currently, the search for alternatives to conventional antibiotics, as well as for materials that do
not exert an irritating effect on the body but can serve as a depot for antimicrobial substances, is highly relevant. The idea
of developing a composition of a modified polyethylene glycol-based gel and an antimicrobial peptidomimetic is consi-
dered promising.

A i m . To study the physico-chemical processes of electron beam crosslinking of polyethylene glycol (PEG) in order to
obtain a hydrogel with required properties and develop a depot-matrix for an antimicrobial peptidomimetic based on this
technology.

Materials and methods. PEGswith a molecular weight of 400—40 000 Da was exposed to radiation,
which involves polymer degradation and crosslinking. Their properties were studied, and a composition based on PEG and
the antimicrobial peptidomimetic CAMP-1 (tripeptide H-Arg-Tbt-Arg-NH-C H -Ph) was developed.

Results. Thegelwasobtained using low-molecular-weight PEG and a radiation dose of 1,5—3 Mrad or high-mole-
cular-weight PEG (over 4000 Da) and a radiation dose of 0,25 Mrad. To achieve gel formation by crosslinking, we used
low-molecular-weight PEG (1,500 Da) and a radiation dose of 2 Mrad. The antibacterial peptidomimetic CAMP-1 was
implanted into the gel obtained without technological complexity using a rotary homogenizer. An increase in the radiation
dose led to a proportional decrease in gel flowability.

Conclusion. Varying the electron beam exposure parameters and PEG concentration allows to obtain hydrogels
with the required properties for a depot-matrix intended to implant pharmacologically active agents. CAMP-1 is retained
in a gel-like depot-matrix, and the diffusion of this peptidomimetic into the aqueous phase occurs at low intensity. Develop-
ing this technology of an antimicrobial drug makes it possible to produce prototypes of finished dosage forms for topical
use.

Keywords: polyethylene glycol, PEG, antimicrobial peptidomimetic, antimicrobial drugs, CAMP-1, antibacterial gel.
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BBEJAEHUNE INTRODUCTION

Jleuenre WHQEKITMOHHBIX 3a00JIEBAaHUN KOXKH,
PaHEBBIX ITOBEPXHOCTEH, GOJIe3HEH COeUHUTEh-
HBIX TKaHEH IPEATOJIaraeT AOCTHKEHUE BBICOKHX
KOHIIEHTPAITUA aHTUOAKTEPUAJIPHBIX IIPENIApaTOB B
obyracTy ovara BOCHAJIMTENIBHOrO mporiecca. Tpys-
HOCTH C TIEPEHOCOM AHTHUMUKPOOHBIX IPENapaToB
13 KPOBOTOKa B IOBPEXK/IEHHBbIE TKAHU BO3HUKAIOT
M3-3a CHUIKEHUS apTEPUAILHOTO IaBJIEHUs U OTeKa
B 30HE BOCIIJIEHUs. PellleHneM sIBJISeTCS MECTHOE
aHTUOaKTepUaIbHOE BBEJEeHHE TIIPU Tepalwuy,
HaIpUMep, IepUIIPOTE3HBIX HHPeKIUi. Takoi cro-
co0 BBeZleHUs TMIPEAIIOJIATAET, YTO IIPerapaThl
JIOJDKHBI JIeMCTBOBAaTh KaK MECTHBIE pe3epBYaphl,

The treatment of infectious skin diseases, wound
surfaces, and connective tissue diseases requires
achieving high concentrations of antibacterial drugs
at the site of inflammation. Difficulties in transfer-
ring antimicrobials from blood stream to damaged
tissues are due to a decrease in blood pressure and
swelling at the site of inflammation. The solution is
topical administration of antimicrobials, for exam-
ple, in treatment of periprosthetic infections. This
method of administration suggests that drugs should
act as local reservoirs, gradually releasing antibiot-
ics, and effectively penetrate adjacent tissues. In
addition, it is important that the drugs do not lead to
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IIOCTENIEHHO BHICBOOOK/1as1 aHTHONOTHKH, U 3 deK-
TUBHO TPOHUKATh B OJu3iexaiue TKaHu. Kpome
TOTO, Ba)KHO, YTOOBI IIpeIrapaThl He MPHUBOAIN K
peaxIuaM JIOKQJIBHOTO Pa3/pa’karoIiero JeHCcTBU
U aJUIepruyeckoro otsera. [losmuMep MOTUATHIIEH-
rmikoJb (I19T7) moAXOMUT IS ATUX IIeJIeH, eCIN ero
MOANGDUITUPOBATH /IS IOJIyUeHHUs TeJisl, 4T 00JIer-
YUT BHEZPEHUE aHTUOAKTEPUAILHOTO IIperapara.

[ToMepsl €CTECTBEHHOTO M HCKYCCTBEHHOTO
IIPOUCXOKJEHUS IITUPOKO MU3BECTHBI HA CETOIHAII-
HUH 7eHb B ¢apmarneBTHdeckoil cdepe. Ocobbrit
uHTepec npezcTaBisior 13T ¢ pa3imyHOd MOJIEKy-
JISPHOW MacCOH, COIOJIMMEPHI C ATUJIEHOKCUIOM U
MIPOTIUJIEHOKCUIOM,  TaK)Ke Pa3JIMUHbIE [TOJIHCAXa-
puzbl. ATO CBA3aHO C OTCYTCTBHEM y HUX UMMYHO-
TeHHOCTH, aHTUTE€HHOCTH U TOKCUYHOCTH, a TAaKXKe C
BO3MO’KHOCTBIO MIOJTHOM OHo/Ierpaanii B OMOJIOTH-
YeckHux cucreMax. [1omaTUIEHIIMKOIN 00J1a/1a10T
BBICOKOM pPacTBOPUMOCTBIO B BOJIe U JIEMOHCTPH-
PYIOT HEOOBIUYHOE TMOBeZIeHHE B BOJHBIX PacTBOpax
Gyraromapsi CHWJIBHOMY B3aMMOJIEUCTBUIO D(PUPHBIX
MOJIEKYJI KHCJIOPOZA ¢ MOJIEKYIaMU BOJIBI.

B mocsieHue To/bI yesseTcss BHUMaHUEe CO3/1a-
HUIO (papMalleBTUUECKUX THUAPOTeJIEBBIX KOMIIO3HU-
oy, 00JIAIAIONUX AaHTUMHUKPOOHOU aKTUBHOCTHIO
[1-3]. UccnenyroTcsi apXUTEKTYpHbIE XapaKTepH-
CTHKH ITOJTUMEPHBIX TUPOTEIEH C IIeJIhI0 UX CBA3BI-
BaHUA U BBeZleHUs ¢ (GapMaKOJIOTHUECKUMU areH-
Tamu [4]. Tem He MeHee MeXaHU3MBbI, aCCOIUUPO-
BaHHBIE C PaJUAIlMOHHBIM o0OsydeHuem IIOT st
CO37IaHUS TUAPOTEJIEBBIX CTPYKTYD, €Illle HeZocTa-
TOYHO U3YYEHBI.

[MenTuapl HAXOAAT IPUMEHEHUE B TEPAIUU Pa3-
JIMYHBIX 3a00JIEBaHUH Y JIIOIEH ¢ MOMEHTA TOsIBJIe-
HUS WHCYJIMHA B 1920-X ToJlaX, ¥ Ha CETOMHAIIHUI
JleHb Ha PBIHKE JIOCTYITHO OKOJIO 100 0/I0OpPEHHBIX
MENTUAHBIX JIEKAPCTBEHHBIX IpemnaparoB  [5].
B nocienHue rogpl 0coOBIH UHTEPEC ITPEICTABIISIOT
MIEeNTU/IBI ¢ AaHTUOAKTEPUATBHON aKTHBHOCTBIO, UTO
CBS3AaHO C HEOOXOAUMOCTBIO OOpPHOBI C pacTyIew
AHTHOMOTHUKOPE3UCTEHTHOCTHIO ITATOTEHOB K TPaIU-
IIMOHHBIM aHTUOUOTHUKAM [6].

PaszpaboTka JiekapcTB Ha OCHOBE TEKYJHX T'HJIPO-
resieBpIX CTPyKTyp II9T' ¢ BBICOKOM KOHIIEHTpaInei
AHTUMUKPOOHOTO areHTa MOXKeT 3HAUUTEJIbHO YIIyd-
IIUTh PE3YJIbTAaThl JIeueHUs THOWHO-BOCIAIUTEIIb-
HBIX 3200JIeBaHUI CYCTABOB, KOXKU M MATKHX TKAHEH.

IIEJIb NCCJIEAJOBAHUA

Vzydennie pU3HKO-XUMIIECKHX [TPOLIECCOB DIIEK-
TPOHHO-JIy4eBOro KpoccmuHkuHra II9I' ¢ mesnbio
[IOJIyYeHUsI TUAPOTENA ¢ 3aJJaHHBIMU CBOHCTBAMH U
CO3/1aHIe HAa OCHOBE 3TOH TEXHOJIOTUH I€TI0-MaTPHUIIbI
JUIs1 aHTUMUKPOOHOTO IENTHIOMUMETHKA.

local irritation and allergic reactions. Such polymer
as polyethylene glycol (PEG) is suitable for these
purposes if it is modified to obtain a gel, which will
facilitate introducing an antibacterial drug.

Natural and artificial polymers are widely known
today in the pharmaceutical field. Of particular inter-
est are PEGs with different molecular weights, co-
polymers with ethylene oxide and propylene oxide, as
well as various polysaccharides. This is due to their
lack of immunogenicity, antigenicity and toxicity, as
well as the possibility of complete biodegradation in
biological systems. Polyethylene glycols have a high
water-solubility and exhibit unusual behavior in aque-
ous solutions due to the strong interaction of ether
oxygen molecules with water molecules.

In recent years, attention has been paid to the
development of pharmaceutical hydrogel composi-
tions with antimicrobial activity [1—3]. The struc-
tural characteristics of polymer-based hydrogels are
being investigated in order to bind and administer
them with pharmacological agents [4]. Nevertheless,
the mechanisms associated with PEG radiation expo-
sure for the development of hydrogel structures have
not yet been sufficiently studied.

Peptides have been used in the treatment of vari-
ous human diseases since the advent of insulin in the
1920s, and today about 100 approved peptide drugs
have reached the market [5]. In recent years, pep-
tides with antibacterial activity have been of particu-
lar interest, which is associated with the need to
combat the growing resistance of pathogens to con-
ventional antibiotics [6].

The development of drugs based on liquid hydro-
gel structures of PEGs with a high concentration of
antimicrobial agent can significantly improve the
treatment outcomes of suppurative inflammations in
joints, skin and soft tissues.

ATIM OF THE RESEARCH

To study the physico-chemical processes of elec-
tron beam crosslinking of PEGs in order to obtain a
hydrogel with specified properties and develop a
depot-matrix for an antimicrobial peptidomimetic
based on this technology.

In accordance with the aim, the objectives of the
study were formulated:

1. To identify the patterns of electron beam cross-
linking in PEG solutions and to obtain hydrogel
structures with the function of a depot-matrix.

2. To substantiate the technology of developing
an antimicrobial medicinal product based on a
depot-matrix of a hydrogel with specified properties
and an antimicrobial peptidomimetic.
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B cootBercTBUM € LeJbl0 ObUIH cHOPMYIIHPO-
BaHBI 33/1a4U UCCJIeIOBAHUA:

1. BeIABUTH 3aKOHOMEPHOCTU 3JIEKTPOHHO-JIyue-
BOT'0O KPOCCJIMHKMHTA B pactBopax 131" u nonyuurts
Ha ero OCHOBE TU/IporesieBble CTPYKTYPBHI, BBIIIOIHSA-
orpe GYyHKIUIO Ie0-MaTPHUIIbL.

2. OGOCHOBATH TEXHOJIOTHIO CO3ZAHUS AHTHUMU-
KpOOHOTO JIEKAaPCTBEHHOTr'O IIperapaTta Ha OCHOBE
JIeTIO-MaTPHUIBl TUJIPOTEJIsI C 33J@aHHBIMU CBOM-
CTBAaMHU U aHTUMHUKPOOHOTO MENTHIOMUMETHKA.

MATEPUAJIBI 1 METO/IbI

OOGBEKTHI UCCIIETOBAHUA:

1) II3I' ¢ MoOJEeKyIApPHOH Maccoi 400, 1500,
4000, 6000, 10 000, 20 000 u 40 000 Jla (OO0
«3aBOJl CHHTAHOJIOB», [I3ep:KUHCK). VIcro1b3yeMblii
JIMania30H MOJIEKYJIAPDHBIX MacC M Bapualuy KOH-
[eHTPalui MO3BOJIAIOT IIOJIYYUTH IIOJHOE IIpe-
craBjieHne 00 U3MEHEHHUAX, IPOUCXOANUX B
BOAHBIX pacrBopax II9T" mpu obsiydeHWn B 3aaH-
HBIX /103aX;

2) KOMITO3HIIMA, CO3/JaHHasd de NOVO HAa OCHOBE
II3T' u nentTunomumeTnka KAMII-1. AHTHOAaKTEPH-
aypHBIN TenTuaoMuMeTuk KAMII-1 npezcrasiser
coGoii tpunentuy H-Arg-Tbt-Arg-NH-C,H -Ph ¢
yrctoToi 98 mac.% (AO «Cubupckuii 1ieHTp hapma-
KOJIOTUHU U OuoTexHoIorun », HoBocubupcekK).

JU TOJIy4eHUsA THAPOTesa ¢ HeoOXOJUMBIMU
CBOMCTBAMU IO TEKYUECTH, CTAOVIIBHOCTH, a TAKXKe
BO3MOXKHOCTH HMIUIAHTAIUM AHTUOHWOTHKA ObLIH
IIPOBE/IEHBl SKCIIEPUMEHTHI 110 M3YYEHUI0 BOHBIX
pactBopos II3T'. [Ijis onpenesieHUs MOJIEKYIAPHBIX
Macc Ha/IMOJIEKYJISIPHBIX arperaToB, 00pasyiomuxcs
B II9T" mpu pacTBOpeHUN U 3JIEKTPOHHO-JIYIEBOM
CHHTe3e, UCII0JIb30BAJICA METO/] I'eJIb-IIPOHUKAIOIIEeH
BBICOKOA((PEKTUBHOU KUIKOCTHOH XpOMaTorpa-
dun (I'TI-BIKX). IIpumensics xpomarorpad
Agilent 1200 ¢ xonouko# PL aquagel-OH MIXED,
8 mxM. Vcnonp3oBanuch pedpakTOMETPUUIECKUH U
CIEKTPOGOTOMETPUYECKUH JleTeKTOphl. OuuIleH-
HyI0 BOJy IOJy4YaJdu Ha ycraHoBke Direct Q3
Millipore. Cranuonapsas ¢dasza: xpomaTtorpaduue-
ckasg komoHka PL aquagel-OH MIXED, 8 wmkw,
7,8x300 MM, ¢ IpeziesioM (QpaKIUOHUPOBAHUA OT
100 70 10 muH [la (mo I19T). IlogBukHas ¢asza 1:
OUHUIIEHHYIO BOJIy (DUIBTPOBAIM depe3 MeMOpaH-
HBIU KalpOHOBBIN PUIbTp (0,45 MKM) U JETa3upo-
BaJIH C IIOMOIIIBIO BOJIOCTPYHHOTO Hacoca. [ToxBmx-
Has (aza 2: ToTOBWIIN 0,1 M pacTBOp HUTpATa JIUTHUS
(LiN03><3H20) IyTeM pACTBOPeHHs 12,3 + 0,05 T B
600 MJI OUHIIeHHOUW BOjbl. Ilocite dusbrpanuu u
Jlera3aliy pacTBOp NEPEHOCUIIU B OYTHUIb IS XPO-
MaTorpaduu K Maructpaau A. DKCIIepUMeHT IIPOBO-
ZIIcs B 00€UX MOJIBIKHBIX (hazax JIsl pa3pylIeHus

MATERIALS AND METHODS

Objects of research are:

1) PEGs with molecular weight 400, 1500, 4000,
6000, 10 000, 20 000 and 40 000 Da (Zavod sinta-
nolov, LLC, Dzerzhinsk). The range of molecular
weights and concentrations used allow us to obtain a
complete picture of the changes in aqueous PEG
solutions exposed to radiation at specified doses;

2) a composition developed de novo based on
PEG and a peptidomimetic CAMP-1. The antibacte-
rial peptidomimetic CAMP-1 is a tripeptide H-Arg-
Tbt-Arg-NH-C_H -Ph with a purity of 98% by weight
(Siberian Center For Pharmacology and Biotechnol-
ogy, JSC, Novosibirsk).

To obtain a hydrogel with the required proper-
ties of flowability, stability, and the possibility of
antibacterial agent implantation, experiments to
study aqueous PEG solutions were performed. The
method of gel filtration high-performance liquid
chromatography (GF-HPLC) was used to determine
the molecular weights of supramolecular aggregates
formed in PEG during dissolution and electron
beam synthesis. An Agilent 1200 system for chro-
matography with a PL aquagel-OH MIXED column,
8 um, was used. Refractometric and spectrophoto-
metric detectors were used. Purified water was
obtained on a Millipore Direct Q3 water production
system. Fixed phase: chromatographic column PL
aquagel-OH MIXED, 8 um, 7,8x300 mm, with a
fractionation limit from 100 to 10 mln Da (PEG).
Mobile phase 1: purified water was filtered through
a nylon membrane filter (0,45 um) and degassed
using a water-jet pump. Mobile phase 2: a 0,1 M
solution of lithium nitrate (LiNnggHzO) was pre-
pared by dissolving 12,3 + 0,05 g in 600 ml of puri-
fied water. After filtration and degassing, the solu-
tion was transferred to a chromatography bottle to
line A. The experiment was carried out in both
mobile phases to destroy supramolecular aggre-
gates and identify the true molecular weight of the
particles in the solution.

Fresh solutions of the mobile phase were used.
The flow rate was 1 ml/min, and the sample volume
was 20 pl. Before each test, the column was balanced
with the mobile phase (at least 20 volumes) until a
stable base line was formed. Then, the column was
calibrated using known PEG solutions in a 0,1 M
LiNO,x3H,0 to plot a calibration curve reflecting the
relationship between output time and molecular
weight. After calibration, the samples were analyzed:
20 pl of the test solution was introduced into sam-
pling loop, and the chromatogram was recorded
automatically using the ChemStation program (Agi-
lent, USA).
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HAaJIMOJIEKYJISIPHBIX arperaToB U BBISBJIEHUS UCTHH-
HOU MOJIEKYJIIPHOHN MacChl YaCTHUII B PACTBOPE.

M crosib30BaICh CBEKENIPUTOTOBIEHHbBIE pac-
TBOPBI NOABUKHOHN (asbl. CKOPOCTh IIOTOKA COCTA-
BHWJIA 1 MJI/MUH, 2 00EM BBOJIIMOH ITPOOBI — 20 MKJI.
[Tepen KaXKIbIM TECTUPOBAHMEM KOJIOHKA YPABHOBE-
[IUBaJIach MOJBUKHOU (daszoi (He MeHee 20 00be-
MOB) /10 00pa30oBaHUs CTaOWUIbHOU 6230BOU JIMHUH.
3arem TpoOBOAWIACH KAJTUOPOBKA KOJIOHKH C
HCIIOJIBb30BAHUEM H3BECTHBIX pacTBopoB IIOI' B
0,1 M LiINO,x3H,0 s mocrpoenust KanuGpoBoy-
HOH KPHUBOH, CBA3BIBAIOIIEN BPEMs BBIXO/IA C MOJIE-
KyJsIpHOH Maccoi. [locie KamnOpOBKYU aHATIM3UPO-
BJINCH O0Pa3Ipl: 20 MKJI HCCIEAYEMOTO PacTBOpa
BBOJIMJIA B AHAJTUTUYECKYIO METITI0, a 3aIIUCh XpOMa-
TOTPAaMMBI OCYIIIECTBJISIIACH ABTOMATUYECKH C TTOMO-
mipio mporpammbl ChemsStation (Agilent, CIIIA).

B mpomecce pagmammonHoro obiydenus II9T
IIPOUCXOAT JIBa MPOIIECCa: TECTPYKIIHS OJINMeEpa ¢
00pa3oBaHUEM KapOOHWJIBHBIX T'PYIIIT U CIITHBAaHHE
II3T', uTo IPUBOJAUT K KPOCCIUHKUHTY. /[J1 BbIABIIe-
HUSI ~ KapOOHIWIBHBIX  TPYHI  HCIIOJIB30BAJICS
2,4-TUHUTPODEHWITH/IPA3UH, KOTOPBIH 00pasyeTr
OKpallleHHbIe aHATUTHYeCKre (OPMBI ¢ KAapOOHUIIb-
HBIMH CO€JUHEHUSMU, MO3BOJIAIONINE UAEHTUDU-
[IPOBATh U KOJIMYECTBEHHO ONIPEAEATH UX [7]. Pac-
TBOP  2,4-AUHUTPOGEHWITHAPA3ZUHA TOTOBUJIU,
B3BeIINBAasA Ha AaHAJTUTUYECKUX Becax 0,050 T KpHU-
CTAJLTTIECKOTO 2,4-TUHATPOGEHWITHPA3HHA
(Acros Organics); MepHBIMHU ITWIHHJPAMH OTMe-
PN 25 MJI STUJIOBOTO CIIMPTA, 10 MJI KOHIIEHTPU-
POBaHHOM COJITHOW KUCJIOTHI U 50 MJI JUCTUJIHPO-
BaHHOU Bojbl. HaBecky 2,4-muHUTpOGEHWITHPA-
3WHA PpACTBOPSUIM B KPYIVIOAOHHOU KOJIOe ¢
MPUTEPTOU KPBIIIKOW IIpU HarpeBaHuu. [losydeH-
HblE 2,4-TUHUTPO(PEHMITHAPAZOHBI XapaKTePU3y-
IOTCSI YETKUMH CIIEKTPAJIbHBIMU IapaMeTpaMHu,
[IO3BOJIAIOIIMMU IIPOBECTH HX HUAEHTHUDUKAIUIO.
J1J151 ©X XapaKTePUCTUKHU UCIIOIB3YIOT JIJTUHY BOJIHBI,
COOTBETCTBYIOIIYI0O MAKCHUMYMy IOTJIOIIEHUS, U
MOJIPHBIA KO3(hQHUITUEHT IOIJIOMEHUsI B MaKCH-
MyMe IIOTJIOIIEHU.

DJIeKTPOHHO-JIy4eBON KpoccauHKUHT 1I9I ocy-
IIECTBJISITICA HA HUMITYJIbCHOM JIMHEHHOM YCKOPH-
tese NJIY-10 (MuctuTyT snepHoi pusuku CO PAH,
npousBozcTBeHHasA miorazka 000 «COM», Hoso-
CUOHPCK) ¢ MOITHOCTBIO OOJIy4eHHs OT 0,25 JI0 3,0
Mpaz. Jo3uMeTpUUecKuii KOHTPOJIb IPOBOTUIICA C
HCITOJTh30BAHUEM PAAUOXPOMHBIX INIEHOUHBIX T03U-
MEeTPOB, MEHSIOIINX IIBET B 3aBUCHMOCTH OT JI03bI
obsyuenusi. IlneHOYHbIE TO3UMETPBI, MOABEPTIIIU-
ecsl COBMECTHOMY OOJIyIeHUIO C UCCIeTyeMbIM MaTe-
pUasioM, IPOSBJIAIOTCS IPOTPEeBaHUEM IIpH 60 + 5 °C
B CYIIWIBHOM IKady B TeueHHe 30 MUHYT. B mpo-

During radiation exposure to PEG, two processes
occur: polymer degradation with the formation of
carbonyl groups and PEG crosslinking. For identifi-
cation of carbonyl groups, 4-dinitrophenylhydrazine
was used which forms colored analytical forms with
carbonyl compounds that allow to run their identifi-
cation and quantification [7]. A solution of 2,4-dini-
trophenylhydrazine was prepared by weighing
0,050 g of crystalline 2,4-dinitrophenylhydrazine
(Acros Organics) on an analytical balance; 25 ml of
ethyl alcohol, 10 ml of concentrated hydrochloric
acid and 50 ml of distilled water were measured
using calibrated cylinders. A sample weight of
2,4-dinitrophenylhydrazine was dissolved in a
round-bottomed flask with a ground stopper and
heated. The obtained 2,4-dinitrophenylhydrazones
are characterized by clear spectral parameters that
allow their identification. To characterize them, the
wavelength corresponding to the absorption maxi-
mum and the molar absorption coefficient at the
absorption maximum are used.

Electron beam crosslinking of PEG was carried
out on an ILU-10 pulsed linear accelerator (Insti-
tute of Nuclear Physics, SFM, LLC production site,
Novosibirsk) with a radiation power from 0,25 to
3,0 Mrad. Dosimetry was performed using radio-
chromic film dosimeters that change color depend-
ing on the radiation dose. Film dosimeters that
were exposed to co-radiation with the test samples
are processed by heating at 60 + 5°C in a drying
cabinet for 30 minutes. During radiation exposure,
two film dosimeters are attached to each test sam-
ple. After processing and cooling the dosimeters
down to a room temperature, their optical absorp-
tion was measured on a spectrophotometer at a
wavelength of A = 554 nm. The comparative analy-
sis was performed with a non-irradiated film dosim-
eter. Based on the mean optical absorption of two
dosimeters for each sample, the actual radiation
dose was calculated using the WINdose program
(GEX Corporation, USA).

The design of the experiment, aimed at investi-
gating the process of electron beam crosslinking of
PEGs with various molecular weights depending on
its concentration and radiation dose, is presented in
Table 1. Each sample was analyzed in triplicate mea-
surements.

The implantation of an antibacterial peptidomi-
metic into a hydrogel depot-matrix was carried out
using an ADi145S-P-10G rotary homogenizer
(U-Therm International Limited, China) by mixing
into to evenly distribute CAMP-1 in gel.

To determine the content of the peptidomimetic
CAMP-1 in a polyethylene oxide gel, a gel with a
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Ta6una 1. [lu3aiiH 3KCepuMeHTOB 0 UCC/IeJOBAHUIO IPOLIECCOB 3JIEKTPOHHO-/Iy4eBOr0 KPOCCIUHKHHTA
nosuaTuaeHrMKos (13T ¢ pasiMyHON MOJIEKY/ISIPHOM Maccol B 3aBUCUMOCTH OT €r0 KOHL[EHTPAL[UH U [03bl 06/ 1yYeH s
Table 1. Design of experiments for electron beam crosslinking of polyethylene glycol (PEG) with various molecular weights

depending on its concentration and radiation dose

Nen/m Hccaegyemblii o6paser Coaep:xanue 13T, % Jo3a o61y4enus, Mpap

No. Test sample PEG content, % Radiation dose, Mrad

1 [13T 400 / PEG 400 5 Bes o6sydyenus / No radiation exposure
2 13T 400 / PEG 400 5 1,0

3 [13r 1500 / PEG 1500 5 Be3 o6syuenus / No radiation exposure
4 [13I' 1500 / PEG 1500 5 1,5

5 13T 1500 / PEG 1500 5 2,0

6 13T 1500 / PEG 1500 5 3,0

7 13T 4000 / PEG 4000 5 Be3 o6syuenus / No radiation exposure
8 13T 4000 / PEG 4000 5 1,0

9 13T 4000 / PEG 4000 5 2,0

10 13T 4000 / PEG 4000 5 3,0

11 [13r 6000 / PEG 6000 2 Bes o6sydyenus / No radiation exposure
12 13T 6000 / PEG 6000 2 1,0

13 13T 6000 / PEG 6000 2 2,0

14 13T 6000 / PEG 6000 2 3,0

15 [13r 10 000 / PEG 10 000 1 Bes 06sydyenus / No radiation exposure
16 13T 10 000 / PEG 10 000 1 1,0

17 13T 10 000 / PEG 10 000 1 2,0

18 13T 10 000 / PEG 10 000 1 3,0

19 [13r 20 000 / PEG 20 000 1 Bes o6sydyenus / No radiation exposure
20 13T 20 000 / PEG 20 000 1 0,25

21 13T 20 000 / PEG 20 000 1 0,50

22 13T 20 000 / PEG 20 000 1 0,75

23 13T 20 000 / PEG 20 000 0,5 0,25

24 [13I' 20 000 / PEG 20 000 0,5 0,50

25 13T 20 000 / PEG 20 000 0,5 0,75

26 [13T" 40 000 / PEG 40 000 0,5 Bes o6sydyenus / No radiation exposure
27 13T 40 000 / PEG 40 000 0,5 0,25

28 13T 40 000 / PEG 40 000 0,5 0,50

29 13T 40 000 / PEG 40 000 0,5 0,75

30 13T 40 000 / PEG 40 000 0,25 0,25

31 13T 40 000 / PEG 40 000 0,25 0,50

32 13T 40 000 / PEG 40 000 0,25 0,75

1ecce OOJIydeHHs Ha KaKAbIH HCCIeayeMblii o6pa-
3ell MPUKpPEIUIseTcsl 2 IUIEHOUHBIX JI03UMETpa.
TTocsie MPOSABKY U OXJIAKIEHUS JO3UMETPOB 10 KOM-
HATHOU TeMIepaTypbl IPOU3BOAUTCI U3MEPEHNE HX
ONITUYECKOTO IOTJIOIIEH!Us] Ha CIeKTPodOTOMETpE
[IpH JIJTMHE BOJIHBI A = 554 HM. CpaBHUTEIbHBIN aHa-
JIN3 TPOBOJWICA C HEOOJIYUeHHBIM IIJIEHOYHBIM
nosuMerpoM. Ha ocHOBe cpe/iHel BeJTMYUHBI ONTH-
YECKOT'0 IOIVIOIIEHUs JIBYX JAO3UMETPOB [JIS KaiK-
moro obpasija paccyuThIBaIach (GakTHuecKkas 703a
0o0JIyueHHsI C  HCIOJIb30BAaHWEM  IPOTPaMMBbI
WINdose (GEX Corporation, CIIIA).

JluzaiiH SKCIIEPUMEHTa, B paMKax KOTOPOTO
HCCIIEZI0BAJICSA TTPOIIECC BTIEKTPOHHO-TyYEBOTO KPOC-

CAMP-1 concentration of 0,05% was used. For
analysis purposes, 0,5 g of gel was placed in a 2 ml
centrifuge tube, then 0,5 ml of deionized water was
added. The gel was carefully re-suspended using a
glass rod, and then centrifuged for 5 min at 5000 g.
A supernatant was used without dilution. 10 ul of
the supernatant was applied to the column.
A HPLC-MS (high performance liquid chromatog-
raphy-mass spectrometry) system (Thermo Scien-
tific LCQ Fleet, USA) was used for the analysis in
the mode of selective registration of ions at m/z of
789,0 + 0,5 and 395,0 * 0,5, which correspond to
the molecular ion of CAMP-1 and its doubly charged
ion (Table 1).
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cuakuHTa 1131 ¢ pa3IuaHON MOJIEKYISPHONU Mac-
COU B 3aBHCHMOCTH OT €r0 KOHIIEHTPAIIUH U JIO3BI
obJstyueHus, mpezicTaBieH B Tabs. 1. Kaxasiid o6pa-
3ell TOIBEPTAJICST AHAIM3Y B TPEXKPATHBIX MMOBTOP-
HBIX U3MEPEHHUSIX.

BerpauBanue aHTHOAKTEPUAIBHOTO MTENTH/IOMU-
METHKa B THUIPOTEJIEBYIO JEIO-MAaTPHUILy ITPOBOIU-
JIOCh € WCIIOJIb30BAHUEM POTAIIMOHHOTO TOMOTEHU-
datopa AD145S-P-10G (U-Therm International
Limited, Kuraii) myreM BMeIIMBaHUS JJisI PaBHO-
MepHoTo pactpesiesiennss KAMII-1 B resieBoi macce.

s ompenesieHUs COJlepKaHUA MENTHIOMUMeE-
Tuka KAMII-1 B rejie IOJUATHUIEHOKCHAA OBLI
WCIIOJIP30BaH Tejb ¢ KOHIeHTparued KAMII-1
0,05 %. JI;s aHanusa 0,5 T Tejis MoMelaand B IeH-
TPpUPYKHYI0 TPOOUPKY 06BEMOM 2 MJI, TIOCJIE UETO
JobaBisn 0,5 MJI JIEMOHU30BAaHHOW BOABI. I'esib
AKKypaTHO PpEeCyCIIEHAMUPOBAJIM € IOMOIIBIO CTe-
KJIAHHON NAJIOYKH, a 3aTeM LeHTpUuQyrupoBaju B
TeUyeHHue 5 MUHYT ITPpU 5000 g. CynepHaTaHT UCIIOJTb-
3oBasicss 6e3 pasbamienusa. Ha xpomarorpaduue-
CKYI0 KOJIOHKYy HAHOCKJIM 10 MKJI CyIepHaTaHTa.
J1a aHaym3a ucmojb3oBanachk cucrema BIOXKX-MC
(BpICOKOA(DGEKTUBHAS KUAKOCTHAST XpOMAaTOrpa-
¢usa — wmacc-cnexkrpomerpus) (Thermo Scientific
LCQ Fleet, CIIIA) B peskuMe ceJIeKTUBHOM perucrpa-
MY UOHOB ¢ M/z789,0 * 0,5 U 395,0 + 0,5, KOTOpPbIE
COOTBETCTBYIOT MOJIEKyJsAspHOMYy HoHy KAMII-1 n
€ro JIByX3apsi/;THOMY HOHY.

PE3YJ/IBTATBI UCCJIEJOBAHUA

1 aHanusza ucCIeyeMblXx 00pasinoB ObLTH
[IOCTPOEHBI JIBE KATUOPOBOUHBIE IPSIMbIE HA OCHO-
BaHWM /IAHHBIX, IIOJyUYEHHBIX IIPU IPOBEJEHUU
T'TI-B9KX cranpapTHbIX pactBopoB IISI' 1o snek-
TPOHHO-JIy4eBoro obirydenus (Tabi. 2).

RESULTS OF THE RESEARCH

To analyze the studied samples, two calibration
curves were plotted based on the data obtained dur-
ing GF-HPLC of standard PEG solutions before elec-
tron beam radiation (Table 2).

The results of GP-HPLC of PEG aqueous solu-
tions after electron beam radiation are shown in
Table 3.

The electron beam radiation-exposed samples
showed significant differences in chromatographic
profiles compared to the baseline samples. Even at
low radiation doses (0,25 Mrad), significant aggrega-
tion of PEG molecules in aqueous solutions was
observed (Table 3), which lead to the formation of
supramolecular structures with extremely high
molecular weights (107—109 kDa). The size of these
structures for PEG with a molecular weight ranging
from 4000 to 40 000 Da is almost the same, which
may indicate that the reactions of structure forma-
tion do not depend on the molecular weight of PEG
and the dose applied.

The exceptions are PEGs with a molecular
weight of 400 and 1500 Da. Even an increase in
the dose to 3 Mrad does not cause a significant
raise in the molecular weight of the reaction prod-
ucts. At the same time, the peak asymmetry
observed which increases with dose raising indi-
cates the polymerization process. It should be
emphasized that the obtained particles are cova-
lently bound, but not supramolecular aggregates
(the change of mobile phase 1to 0,1 M LINO_x3H,O
solution does not cause changes in molecular
weight). We note that a particle obtained by irra-
diating PEG with a molecular weight of 4000 Da
has a molecular weight of approximately
34 000 Da, but in water it forms an aggregate with

Ta6una 2. dkcnepuMeHTa/IbHble 3HaYeHUs BpeMeHH BbIX0/la MMKOB CTaHJAPTHBIX 06pa3LoB NOoJU3TUNeH Ko ([13T)
B IIPOLIECCe TeJb-POHUKAIOIEN BbICOK03DPEKTUBHOM KUAKOCTHOH XpoMaTorpadun Ha kosoHke PL aquagel-OH MIXED

(mopBmkHas dpaza 1l u 2)

Table 2. Experimental values of peaks of standard polyethylene glycol (PEG) samples during gel filtration high-performance
liquid chromatography on a PL aquagel-OH MIXED column (mobile phase 1 and 2)

Konueﬂ'rpauml CTaHJAAPTHOroO

CraHjapTHBII o6paser,
Standard sample

o6pasua, Mr/mia

sample, mg/ml

Concentration of the standard

BpeMs BbIX0/a MUKA CTAHJAPTHOTO 06pa3na, MUH
Peak output time of the standard sample, min

nojBuxKHasA ¢asa 1
mobile phase 1

noaBMKHasA ¢pasa 2
mobile phase 2

[13I' 400 / PEG 400 0,50
[13r 1500 / PEG 1500 0,75
[13T 4000 / PEG 4000 0,75
13T 6000 / PEG 6000 0,50

13T 10 000 / PEG 10 000 0,75
13 20 000 / PEG 20 000 0,75
[13I' 40 000 / PEG 40 000 0,50

9,50 9,50
9,13 9,14
8,78 8,81
8,62 8,67
8,37 8,43
8,06 8,14
7,85 7,93
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Ta6/mmua 3. Pe3ynbTaThl MCC/1eJ0BaHUSA 00JIy4YeHHBIX BOJHBIX PACTBOPOB MOMATHIeHIHK0JIA (T1317)
MeTO/I0M TeJib-POHUKAIOIEN BbICOK03DPEKTUBHOH KUJKOCTHON XpoMaTorpadpuu
Table 3. Results of the analysis of irradiated aqueous solutions of polyethylene glycol (PEG) by gel filtration high-

performance liquid chromatography

Ne  Moseky/isipHas Macca
No. wucxogHoro II3T, [la
(xoHUEeHTpauus, %)

Jlo3a o61yyeHus,

Radiation dose,

Bpems BbIxoAa o6pasna,
Mpag, MUH
Sample ouput time, min

MosieKy/IspHas Macca o6pa3sna
nocsje o6ay4enus, /ia
Molecular weight of the

Molecular weight of Mrad irradiated sample, Da
the initial PEG, Da
(concentration, %) B BoJe B LiNO,x3H,0 B BOAE B LiNO,x3H,0
in water inLiNO,x3H,0 in water in LiNO,x3H,0
1 400 (5) 1 9,506 9,51 430 452
2 1500 (5) 15 9,137 9,143 1800 1800
2,0 9,142 - 1870 -
3,0 9,140 9,141 2000 2070
3 4000 (5) 1,0 4,493 7,987 4,66x10° 32400
2,0 4,625 8,051 3,90x10° 26 400
3,0 4,567 7,975 4,47x10° 33700
4 6000 (2) 1,0 4,625 7,832 3,99x10° 65500
2,0 4,598 7,885 4,46x10° 51000
3,0 4,609 7,877 4,41x10° 52400
5 10 000 (1) 2,0 4,376 7,687 8,70x10° 133800
2,5 4,361 7,696 9,09%10° 124 400
3,0 4,336 7,642 7,58x10° 150200
6 20000 (1) 0,25 5,052 7,628 8,36x10°® 244 200
5,320 2,36x10°8
5,828 4,27x107
8,294 19 442
0,50 4,028 6,843 1,93x10° 2805600
0,75 4,026 6,983 2,10x10° 2159200
7 20000 (0,5) 0,25 4,895 7,631 1,33x10° 138000
5,354 1,89x108
5,930 2,86x107
8,812 9300,450
0,50 4,588 7,498 5,15x10°? 270700
0,75 4,591 7,562 5,7x10° 234000
8 40000 (0,5) 0,25 4,813 7,560 1,92x10° 249 000
5,312 2,25x10°8
5,906 3,29x107
8,887 10000,1500
0,50 4,502 7,494 7,64x10° 262 700
0,75 4,477 7,563 8,50x10° 214 000
40000 (0,25) 0,25 4,695 7,745 3,47x10° 79 500
5,217 3,24x10°®
5,858 3,7x107
9,135 1853
0,50 4,545 7,766 6,18x10° 78 000
0,75 4,564 7,790 6,36x10° 70 000

PesynbraTel uccnenoBanusa meroaom ['TI-BOKX
BOJIHBIX pacTBOpoB IIAI' mocsie s1eKTpOHHO-JIyYe-
BOI 00pabOTKY IPUBEIEHHI B TA0I. 3.

OOpasIpl, MOPOIIEANINE 3JIEKTPOHHO-JIYUEBYIO
00paboTKy, MPOIEMOHCTPUPOBATIN CyII[€CTBEHHBIE
pasnuuug B xpomaTorpaduueckux Ipoduifax Io
CpPaBHEHHIO C HCXOJHBIMH OOpasnamu. Jlaxke mpu
HHUBKHUX [03ax obayuenus (0,25 Mpaj) oTMedeHa
3HaAUUTeAbHAA arperanud Mosekya [I9I' B BogHBIX
pacrBopax (cM. TabJ. 3), YTO MPUBOAUT K 00pas3oBa-

a molecular weight of approximately 109 Da. At
the same time, non-irradiated PEG with a molecu-
lar weight of 40 000 Da does not form supramo-
lecular aggregates. These data indicate a branched
structure of the particles has formed after irradia-
tion. This is also confirmed by the appearance of
luminescence in the ultraviolet spectrum (A = 192—
220 nm) of the irradiated samples, which indi-
cates an increase in the number of terminal car-
bonyl groups in PEG.
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HUIO HAJMOJIEKYJIIPHBIX CTPYKTYP CO CBEPX0OOJIb-
MU MOJIEKYJIAPHBIME Maccamu (107-109 k/la).
Paszmep stux crpykryp aus IO ¢ mosekyaapHoOU
Maccoi B uamnasoHe oT 4000 710 40 000 Jla mpakTu-
YeCKU OJJMHAKOB, YTO MOJKET YKa3bIBaTh HA OTCYT-
CTBHE 3aBHCHMOCTH PEaKIUi CTPYKTypooOpa3oBa-
HHUA OT MOJIeKyJIsIpHOU Macchl 119 u mpumense-
MOH /03HbI.

Nckntouernue coctaBadawT 13T ¢ mosekyasap-
HOW Maccod 400 u 1500 Jla. /laxke yBesaudyeHUE
JI03BI Bo3JeicTBUA 0 3 Mpaj He BhI3BIBAET 3HA-
YHUTEJPHOTO POCTAa MOJIEKYJISAPHOU MacChl IIPO-
IYKTOB peaknuu. B To ke BpeMs Habiromaemas
acHMMeTpHUs MHUKOB, YCHJIUBAIOMIASACI C POCTOM
JI03bI, TOBOPDUT O IMIpoIlecce IOJMMEpPHU3aLHUH.
CiienyeT IOJJUEPKHYTD, UTO IIOJIyY€HHBIE YaCTUIIBI
SAIBJIAIOTCA KOBAJIEHTHO CBA3AHHBIMU, a He HAJI]MO-
JIEKyJSIpDHBIMU arperatamMu (CMeHa IOJIBUKHOU
¢as3sr 1 Ha 0,1 M B pacrBOpe LiN03x3H20 He
BBI3BIBAET U3MEHEHUH B MOJIEKYJISAPHOU Macce).
OTMeTHM, UTO YaCTHIA, NOJyYeHHAas IPU 00JIy-
vyenuu [13T ¢ mosyekyasspHON Maccou 4000 [a,
“MeeT MOJIEKYJIIPHYI0O Maccy OKOJIO 34 000 /la,
HO B BOJle oOpasyeT arperat ¢ MOJIEKYJISPHOM
Maccou okoJio 109 /la. B To ke Bpems HeoOIyueH-
HBI# [13T ¢ MosiekynApHON Maccoil 40 000 [la He
¢dopMupyeT HaMOJIEKYJIIDHBIE arperaTrbl. IOTU
JlaHHBIE CBUJIETEJBCTBYIOT O PpPa3BeTBJIEHHOU
CTPYKType 4acTull, 00pa3oBaBIIuXCs IMOcae 00y-
YeHHus. DTO TaKKe MOJTBEPIK/IAeTCA MOSABJIEHUEM
cBeueHUs B yJibTpaduoseroBoM cmektpe (A =
192—220 HM) 006JIy4eHHBIX 00pa310B, YTO YKA3BI-
BaeT Ha yBeJIMUYEHNE KOJIMUECTBA KOHIIEBBIX Kap-
60HMIIBHBIX IpynI B [19T.

O6paszoBaHue TUAPOTES TIOCPENCTBOM BJIEK-
TPOHHO-JIy4E€BOTO KPOCCIMHKHHTA OOBsCHSIETCS
HaKorieHHeM B pactBopax [I9' kapOOHMIBHBIX
IPYIIIUPOBOK, JIETEKTUPYEMBIX B TJIYOOKOH yJIbTpa-
¢duoseroBoit obmactu (A = 192—220 HM). JlaHHOE
[Ipe/ITIoNIOKEHNe HAXOAUT IIOATBEpKJeHNe B JIaH-
HBIX O KOHIEHTpanuu KapOOHWIBHBIX TPYIIII
(>C=0), mnosydyeHHBIX AUDEHUITHIPASTHOBBIM
METOJI0OM, KOTOpBIe II0Ka3a/Iu yBeJNUeHne KOHIIeH-
tparuu >C=0 rpynn B 06ydeHHbIX 00pasnax [13T
B 3aBUCHUMOCTH OT JI03bI 00IyueHus (puc. 1).

[TosryueHHBle HaMU [JaHHBIE JEMOHCTPUPYIOT
OO0IIyI0 cXeMy MPOIIECCOB, MPOXOAIINX MPU DJIEK-
TPOHHO-JIyueBou 06paboTke [13T":

1. Pagrosin3 BobI:

H,O0- OH- + H*
2. O6pasoBanue paaukaios I19T:

~CH,-CH, -0 ~ + OH" — ~ CH, -~ CH+ -O ~ + H,0

The formation of hydrogel by electron beam
crosslinking is explained by the accumulation of
carbonyl groups in PEG solutions detected in the
deep ultraviolet region (A = 192—220 nm). This
assumption is confirmed by data on the concentra-
tion of carbonyl groups (>C=0) obtained by the
diphenylhydrazine method, which showed an
increase in the concentration of >C=0 groups in
irradiated PEG samples depending on the radiation
dose (Fig. 1).

The data obtained demonstrate the general
scheme of processes that are underway during elec-
tron beam irradiation of PEG:

1. Water radiolysis:

H,0 - OH" + H*
2. Formation of PEG radicals:
~CH,-CH,-O~+OH - ~CH,-CH--O~+H0

3. Depending on the conditions, the following
processes take place:
a) degradation of PEG with carbonyl group for-
mation
~CH, - CH+ -0 ~ - ~ CH, - CHO

6) PEG crosslinking

~CH,-CH- -0 ~ ~CH,-CH-O ~
+ - I
~CH, - CH- -0 ~ ~CH,-CH-O ~

Since PEG belongs to predominantly crosslink-
able polymers, electron beam crosslinking is much
more intensive severe than the destruction process,
which ultimately leads to gel formation. Fig. 2 shows
a scheme of crosslinking processes of various molec-
ular weight PEGs.

Irradiation of low- and high-molecular-weight
PEGs at the same dose leads to forming various
structures, from intermediates to crosslinked poly-
mers. A gel can be obtained using either low-
molecular-weight PEG with a radiation dose of
1,5—3 Mrad or high-molecular-weight PEG (greater
than 4000 Da) with a radiation dose of 0,25 Mrad.
We propose that the optimal approach is to change
the dose for low molecular weight. An increase in
the radiation dose leads to a proportional decrease
in gel flowability, which makes it possible to syn-
thesize a depot-matrix in accordance with certain
requirements. For example, a liquid gel is needed
to fill closed cavities, while a gel with the cohesive-
ness effect is preferable for open wounds. To
achieve gel formation by crosslinking, we used a
low-molecular-weight PEG (1500 Da) and a radia-
tion dose of 2 Mrad. The antibacterial peptidomi-
metic CAMP-1 was implanted into the gel obtained
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Puc. 1. 3aBUCUMOCTb KOHIIEHTPAIUU KApOOHUIBHBIX IPYIII B 00pa3iax MOJIUSTUIEHIJIMKOJIS OT ZI03bI 00JIy4eHuUs
Fig. 1. Dependence of the concentration of carbonyl groups in polyethylene glycol samples on the radiation dose

3. B 3aBHUCHMOCTH OT YCJIOBUH TTPOXOJIAT CIIEAYIO-
II[{E MTPOIIECCHI:

a) mectpykius [13T ¢ o6pazoBaHreM KapOOHUIIb-
HOU TPYIIIBI

~CH,-CH+-O ~ - ~CH, - CHO
6) ciuuBauue I19T

~CH, - CH- -0 ~ ~CH,-CH-O ~
+ - I
~CH,-CH--O ~ ~CH,-CH-O ~

Tak kak II9T" oTHOCUTCA K IPEUMYIIECTBEHHO
CIHIMBAIOIIAMCA IIOJIMMepaM, TO IIPOLECC 3JIeK-
TPOHHO-JIy4eBOH CIIMBKY UET HAMHOTO MHTEHCHB-
Hel, 4yeM Impoliece JeCTPYKIIUU, YTO U IPUBOJUT B
KOHEYHOM HuTOre K obpasoBaHuio reisa. Ha puc. 2
Ipe/icTaBjIieHa cxeMa mpoiljeccoB ciuBku [19T° pas-
JIMYHOU MOJIEKYJIIPHOHN MacChl.

Ob6JiryueHre B OJWHAKOBOU ZI03€ HU3KO- U KPYTI-
HoMoJIeKyJIsIpHBIX [I9T" co3zjaer pa3auyuHble CTPYK-

without technological difficulties using a rotary
homogenizer.

The development of a hydrogel- and peptidomi-
metic-based antibacterial drug prototype involves
determination of CAMP-1 in a polyethylene oxide
gel. Direct determination of a peptidomimetic by the
molecular weight scanning all components is diffi-
cult, since PEG is inevitably detected in water, which
is washed off by a wide-band eluent, complicating
the identification of CAMP-1 peaks. Fig. 3 shows the
spectra of CAMP-1 solution in aqua and aqueous gel
extraction. A pair of ions (molecular and doubly
charged) is reliably identified at an output time of
13,4 min, which corresponds to the CAMP-1 output
time in a standard aqueous solution and visually
coincides with the band intensity. However, it is not
known how close the concentration of CAMP-1
observed is to steady state one. Further, more long-
term experiments will be required to answer this
question.

WHTepMenunarsl B pacTBOpax HU3KOMOJCKYpHBIX [1017
Intermediates in low-molecular-weight PEG solutions

Pactop 12T / PEG solution

TIDT/PEG
— = O06mnyuenue -
—IOTPEG  padiation

L

KpoccnuHKUHT B pacTBOpax BEICOKOMOJEKYApHBIX [1017
Crosslinking in high-molecular-weight PEG solutions

'—\./

V

Puc. 2. DIeKTPOHHO-JIy4YeBas IMMOOWIN3AIUA MOJIEKYJT TOJIHITHIeHIHKOIIA (I19T)
Fig. 2. Electron beam immobilization of polyethylene glycol (PEG) molecules
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TYPBI — OT HHTEPMEIUATOB /IO KPOCCIMHKIHTA ITOJTH -
Mepa. ['esib MOXKHO TTOJIYUUTh, UCIIOJIB3YsI HUBKOMO-
nekynsspHbid [191 u quana3oH A03bI pajilaliii OT
1,5 10 3 Mpajg winm BBICOKOMOJIEKYIAPHBIN 19T
(6omee 4000 [1a) c¢ mosout obiyyeHus 0,25 Mpag,.
MBI cunTaeM, 4TO ONTHMAJIbHBIM ITOAXOAOM SIBJIs-
eTcs W3MEHEHWE 03Bl IS HU3KOMOJIEKYJISIPHOU
Macchl. YBeJIMUeHUe 03bl U3JIyYeHUs MPUBOJUT K
MIPOIIOPITUOHAILHOMY CHUKEHHUIO TEKy4YeCTH TeJis,
YTO TI03BOJISIET CUHTE3WPOBATH JIEMO-MATPUIy B
COOTBETCTBHU C OIPEEIEHHBIMU TPEOOBAHUAMHU.
Hanpumep, :KUAKUH TeIb HEOOXOIUM JJIs 3aTI0JTHE-
HUS 3aKPBITHIX IOJIOCTEH, B TO BPeMSA KaK TeJb C
5¢ddeKToM HATOJHEHUSA IPEINIOUTHUTEIbHEE s
OTKPBITHIX paH. [IJ1s JocTrKeHUs Tesieo0pa3oBaHus
IyTeM KPOCCJIMHKUHTA MbI KCIIOJIb30BAJI HU3KOMO-
nexynsipabid [T (1500 /Jla) u 703y o6ay4yeHHs
2 Mpaj. B nostyueHHBIN Teslb aHTUOAKTEPHUATIbHBIN
nentugoMuMeTuk KAMII-1 ObL1 MMILIAaHTHPOBAH
0e3 TEXHOJIOTUYECKHX CJIOKHOCTEH C IIOMOIIBIO
POTAallIOHHOTO TOMOTE€HU3aTopa.

Co3ylanye MPOTOTHUIIA  AHTUOAKTEPUATHLHOTO
JIEKapCTBEHHOTO IIpernapara Ha OCHOBE TU/IPOTeis U
MEeNTHAOMUMETHKA BKJIIOYAET WHCTPYMEHTAIHLHOE

CONCLUSION

The findings of this study lead to the following
conclusions:

1. In non-irradiated PEG solutions with a molecu-
lar weight of 400—40 000 Da, PEG-PEG interactions
are absent, and supramolecular complexes are not
formed.

2. PEG irradiation leads to a dose-dependent
accumulation of carbonyl groups, which triggers the
transformation from a linear structure to a cross-
linked one, regardless of the molecular weight of the
polymer being irradiated.

3. After irradiation, high-molecular-weight
PEGs (4000—40 000 Da) undergo a transition to a
pre-gelation state, which is associated with form-
ing ultrahigh-molecular-weight intermediates and
may be determined by irradiation-induced cross-
linking. In solutions of low-molecular-weight
PEGs (400 and 1500 Da), linking processes
between individual short polymer chains occur via
a radical mechanism.

4. Variation of the parameters of electron beam
exposure and PEG concentration makes it possible to

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

101



Madonos I1.I". u dp. / Journal of Siberian Medical Sciences T. 9, N° 4 (2025)

onpeneneHne KAMII-1 B resie noJM3THICHOKCH/A.
[IpsiMmoe ompezeseHHe IENTUAOMHMeETHKA Yepe3
CKaHUPOBAaHUE MOJIEKYJIAPHBIX MAacC BCEX KOMIIO-
HEHTOB OKa3bIBaeTcs 3aTPYAHUTEIBHBIM, TaK KaK B
Bojle HensbexxHO oOHapykuBaercs I19I7, koTopbIi
CMBIBAETCS BIIIOEHTOM C MTUPOKOU MOJIOCOH, CHITBHO
3arpyaHsas uneHtudukanuio nukoB KAMII-1. Ha
pHC. 3 IIpe/iCTaBJIEHBI CIIEKTPhI pacTBopa KAMII-1 B
BOJIE U BOJIHOM HKCTpaKIMU U3 rejs. I[lapa moHoB —
MOJIEKYJIAPHBIN U JIByX3apAAHBIA — HAJIe?KHO UJIeH-
TudUIUpyeTCa IIPU BpEMeHH BbIX0Za 13,4 MUH, 4TO
cOoOTBeTcTBYyeT BpeMeHH Bbixozga KAMII-1 B
«MOJIEJIBHOM» BOJHOM PacTBOpe U BHU3YaJIbHO
COBIIaJlaeT ¢ HTEHCHUBHOCTBIO 110J10c. OHAKO Heu3-
BECTHO, HACKOJIBKO HaOJfofjlaeMasi KOHIIEHTPAIUs
KAMII-1 6;m3ka K paBHOBECHOU. /[ BBIACHEHUS
ATOTO NOTPeOYIOTCA TaTbHEU e 60Jee MPOI0IIKH-
TeJIbHBIE DKCIIEPUMEHTHI.

3AK/IOYEHUE

[TpoBeneHHOE MCCIIEZIOBAHIE TIO3BOJIAET CIEJIATh
CJIe/lytolye BEIBO/IBL:

1. B HeoGayueHHbIx pactBopax II3T ¢ mosexy-
JIIPHOHM Macco# oT 400 70 40 000 Jla OTCyTCTBYIOT
B3aumoyieticTBus tuma I19T — I13T u He o6pasyioTes
HAaJIMOJIEKYJISIPHBIE KOMILJIEKCHI.

2. O6isyuenne IIDI' mpPUBOAUT K 710303aBUCHU-
MOMY HAaKOIUIEHHIO KapOOHUJIBHBIX TIPYIIIHPOBOK,
YTO WHUIIUUPYET MEPEXO]T OT IUHEHHOU CTPYKTYPHI
K CeTyaTod, BHE 3aBHCHMOCTH OT MOJIEKYJISPHOU
Macchl 06JIy1aeMOoro MmoJInMepa.

3. Ilocie obiyueHUsT ¥ BBICOKOMOJIEKYJIIPHBIX
19T (4000—40 000 [la) HabGsromaercs 3¢hdeKT
Iepexo/ia B COCTOSTHUE IIPe/IreJIMPOBaHNsl, UTO CBA-
3aHO ¢ 00pa30BaHUEM aCCOITUATOB C CBEPXBBICOKUMHU
MOJIEKYJIIPHBIMH MacCaMH{ B MOYKET OBITh 00YCJIOB-
JIEHO IIPOIleccOM KPOCCCIMHKUHTA, WHUIINUPOBAH-
HBIM 00JyiyueHHeM. B pacTBopax HU3KOMOJIEKYJISIP-
HbIX 13T (400 ¥ 1500 /la) IPOUCXOAAT MPOIECCHI
CBA3BIBAHUSA MEXAYy OTAEeJbHBIMU KOPOTKHUMHU
LEMSIMU MOJINMEPA 110 PAIUKATIBHOMY MEXaHU3MY.
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