YK 615.355-056.3-092.9 DOLI: 10.31549/2542-1174-2023-7-2-114-127

JKcCnEePUMEeHTAIbHOE U3YYEHHUE AJIEPTU3UPYIONIETO e CTBUS
npenapara Ha OCHOBe THAJIyPOHHU/Ia3bl, IETHJINPOBAHHOMU IO
TEXHOJIOTUM 3JIEKTPOHHO-JIyY€BOI'0 CUHTE3a

B.E. 3abanosa® 2, K.J1. Epmos® 2, A.M. IlIBernosa?, E.1O. [llepcro6oer?, B.B. XKmaHos?,
T.A. Ipo6pimeBal, A.JK. ®@ypcosa® 2, I[1.I. MayioHOB" 2

'@I'bOY BO «Hogocubupckuil 2ocydapcmeeHHblil MeduyuHckull yHusepcumem» MuHucmepcmaea 30pasooxpaHeHus
Poccuiickotit ®edepayuu, Hosocubupck, Poccus

2HHCcmumym KAuHuveckoll U akcnepumeHmanvHou aumgonoauu — guruan @PI'bHY «DedepanvHolil
uccaedosamenvexuil yenmp MHemumym yumoaoauu u 2cenemuxu» CO PAH, Hosocubupck, Poccus

3sHayuHo-uccaedogsamenvckuil uHcmumym @gapmaxonoauu u peceHepamugHotil meduyurst um. E.J]. F'oav0bepaa
OI'BHY «Tomckuil HAUUOHAAbHDLIL Uccaedosamenvekuil meduyuHekuil yenmp Poccutickoil akademuu Hayk», Tomck,
Poccus

AHHOTAIIUA

BBepgeHue. 'mamyporngaza — GepMeHTHBIH Ipenapar, MIXPOKO HCIOIB3YIOIIUNACT B MEAMIIMHE, B TOM YHCIIE U
odrampmosnoruu. ['nanypoHnaasa, uMes 6eJIKOBYIO CTPYKTYPY, HECET TOTEHIIMAIBHYIO OIIACHOCTD B BH/IE HEXKEIaTEIbHBIX
aJUIeprHYecKuX peaknuil. UYToOb! n3bekaTh a/uiepru3upyomux 3pGeKToB, 6eJIKOBbIE CTPYKTYPhI MOAUMUIIUPYIOT IyTeEM
COeIMHEHMUSI C TIOJTUMEPHBIM HOCUTEJIEM, HATIPUMED TTOJTUATHIIEHIJIMKOJIEM.

Ienp mcciamenqoBaHUs. V3yueHHe BO3BMOXKHOTO JIJIEPTOTEHHOTO JIEUCTBUS THMATyPOHHUIA3bI, ITETHIHPO-
BAaHHOH I10 TEXHOJIOTUH 3JIEKTPOHHO-IyY€BOTO CHHTE3a, IPH PA3/IMYHbIX ITyTSX BBEJEHU.

Matepuanab u MeTo bl . OObEKT UCCIEIOBAHNSA — ETHINPOBaHHAs rHaiyponuiasa (IIDT-T'uai). Jkcrre-
pUMeEHTAaIbHBIE XKIUBOTHbBIE — MBIIIH-THOPH/IBI 1 MOPCKHE CBUHKU. BbUIO IIPOBEZIEHO 7 TUIIOB SKCIIEPUMEHTOB: aHadUIaK-
TOTeHHasi aKTHBHOCTh; KOHBIOHKTHUBAJIbHAA IIP00a; HAKOXKHBIE ANIIUIMKAIIH; PEAKIINA IMIIEPUYBCTBUTEIBHOCTH 3aMe/l-
snennoro tuna (I'3T); akTHBHAs KOKHAs aHAbUIAKCHS; HETTPSAMAsI PEaKIUs IeTPAHYJISITUN TYYHBIX KJIETOK; PEAKIIHS BOC-
najyieHus Ha KoHkaHaBaanH A (KoHA).

PesyunbrTarsbl . [IpuusydyeHnn aHabUIaKTOTeHHOH aKTUBHOCTY aHADUIAKTHYECKOH PEaKIINY Y MOPCKUX CBHHOK
He Haboaa10ch. KOHBIOHKTUBAIBHBIN TECT TAK)KE He BBISBIJI IPU3HAKOB [TOBBIIIEHHOU UyBCTBUTEJIBHOCTH K IIpera-
paty. IIpu ucc/ieoBaHUH CEHCUOMIN3UPYIOIIEro AeUCTBYs He HaOII0/]aioch PA3BUTUS MECTHBIX aJVIEPIHUECKHX Peak-
1ui. B skcnepuMenTax mo uzydenuro peaknuu ['3T Ha MbIlIaX He BBIABIEHO JOCTOBEPHBIX Pa3IMUNI HH/IEKCA PEAKITUH
I'3T B ONBITHON M KOHTPOJIBHOM Ipymnax. B aKkcneprMeHTe 1O OIleHKe aKTUBHOU KOXKHOHM aHadMWIAKCHH TOKa3aHO, UTO
JIUaMeTp OKPAIIIEHHOTO MATHA IOCTOBEPHO He OTJINYAJICS B 00EHX OIBITHBIX IPYIIIIaX OT KOHTPOJIBHOU. B aKcriepuMeHTax
10 HEIPSIMOU PeaKIUU JIeTPaHyJIALNH TYYHBIX KJIETOK YCTAHOBJIEHO, YTO CTATHCTUIECKH 3HAUMMOTO N3MeHEeH!s [T0Ka3a-
TeJIsl AerPaHyJ/SIUHU TYYHBIX KJIETOK He Habmoaanock. OieHKa ajuieprusupyoiero aericrsus [I9T-I'vas B peakuuu Boc-
naseHus Ha KOHA mokasasa, 9YTo HeT CTATUCTUYECKU ZIOCTOBEPHON PA3HUIbI MEK/Y OIBITHBIMU U KOHTPOJIBHOM IPyII-
aMu.

3axknwueHHUe. Ha ocHOBAaHUU pe3ybTATOB MIPOBEJEHHBIX DKCIIEPUMEHTOB MOXKHO C/I€JIaTh BBIBOJ] O TOM, UTO
II9T-T'rasn He 06J1aaeT aJUIEPTU3UPYIOINM JIEHCTBUEM IIPU PA3JIMYHBIX IYTAX BBEJIEHUS, UTO CYIIIECTBEHHO PACIIHPIET
BO3MOXKHOCTH €€ KIIMHUIECKOTO TPUMEHEHUs.

Knaroueenvle caoea: ruaiypoHniasa, MerwjdpOBaHHAS MAIyPOHH/a3a, aJUIeprUu3upyollee JAelCTBre, CeHCuOmin3a-
(U1, PEAKIUS THIEPUYBCTBUTEILHOCTH 3aMe/[JIEHHOTO THUIIA.
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Experimental study of the allergenic potential of a drug based
on hyaluronidase PEGylated using the technology of electron
beam synthesis
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ABSTRACT

Introduction. Hyaluronidase is an enzyme preparation widely used in medicine, including ophthalmology.
Hyaluronidase, having a protein structure, carries a potential danger in the form of undesirable allergic reactions. To avoid
allergenic effects, protein structures are modified by combining with a polymer carrier, for example, by polyethylene glycol
(PEG).

A im . To study the possible allergenic potential of hyaluronidase, PEGylated using the technology of electron beam
synthesis, with various routes of administration.

Materials and methods. Theobjectof the study is PEGylated hyaluronidase (PEG-Hyal). Experimen-
tal animals are hybrid mice and guinea pigs. Seven types of experiments were carried out: anaphylactogenic activity; con-
junctival challenge test; cutaneous applications; delayed-type hypersensitivity (DTH); active cutaneous anaphylaxis; indi-
rect mast cell degranulation; inflammatory response to concanavalin A (ConA).

Results. Whenstudying anaphylactogenic activity, an anaphylactic reaction was not observed in guinea pigs. The
conjunctival challenge test also revealed no signs of hypersensitivity to the drug. In the study of sensitization, no develop-
ment of local allergic reactions was observed. In experiments to the study DTH in mice, there were no significant differ-
ences for the DTH index in the experimental and control groups. The assessment of active skin anaphylaxis has been
showed that the diameter of the stained spot did not significantly differ in both experimental groups from the control one.
In indirect mast cell degranulation experiments, it was found that there was no statistically significant change in the mast
cell degranulation index. Evaluation of the allergenic potential of PEG-Hyal in the inflammatory response to ConA showed
that there is no statistically significant difference between the experimental and control groups.

Conclusion. Basedon theresults of the experiments, it can be concluded that PEG-Hyal does not have an aller-
genic potential in various routes of administration, which significantly expands the possibilities of its clinical use.
Keywords: hyaluronidase, PEGylated hyaluronidase, allergenic potential, sensitization, delayed-type hypersensi-
tivity.
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BBEJIAEHUE

T'nanypoHnziasa IIHUPOKO HCIOIB3YETCsI B Pas-
JINYHBIX 00J1aCTAX MeJHUINMHbI, BKJIIOYasd aHeCTE3Hu0-
JIOTHIO, Kap/INOJIOTHIO, PeHTreHorpaduio, OHKOJIO-
TU0, O(PTATBMOJIOTHIO, TJIACTUYECKYI0 XUPYPTHIO,
acTeTHYecKyr0 MeaunuHy. OHA UMeeT IIUPOKUI
CIEKTp KIWHUYECKUX TNpPUMeHeHu# OGiaromaps
CBOEH YHUKAJIBHOU CIOCOOGHOCTU 06JIer4aTh pacceu-
BaHUE U/WJIN BCAChIBAaHHE PA3JIMIHBIX JIEKAPCTBEH-
HBIX [IPernapaToB. ATOT (HEPMEHT TaKKe HCIOIb3Y-
€TCA IJId JIeHEHHA KEJIOMOHBIX pY6HOB B KadyecCTBe
AJIbTEPHATUBBI CTEPOUIAM, JJIA JIEUHEHUA reMaToOM U

INTRODUCTION

Hyaluronidase is used in various fields of medi-
cine, including anesthesiology, cardiology, radiogra-
phy, oncology, ophthalmology, plastic surgery, aes-
thetic medicine. It has a wide range of clinical appli-
cations because of its unique ability to facilitate the
dispersion and/or absorption of various drugs. This
enzyme is also used to treat keloid scars as an alter-
native to steroids, to treat hematomas and lymph-
edema. Hyaluronidase can also be used to eliminate
persistent edema, given its ability to increase the
permeability of capillaries and tissues.
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nuMpenemsbl. Takke MOXKHO HCIIOJIH30BAaTh THAILY-
pOHUZA3Y [Tl yCTPAHEHUsI CTOMKHUX OTEKOB, YUUTbHI-
Bas ee CIOCOOHOCTH YBEJIMUMBATH IIPOHUIIAEMOCTH
KallIJUIAPOB U TKaHEH.

Onnaxko, nMesi 6€JIKOBYIO CTPYKTYPY, 9TOT HATHB-
HBIM (epMeHT HeceT NOTEHI[UAJIBHYI0 OIACHOCTH
JIJIs OpraHU3Ma B BU/I€ BBICOKOH NIMMYHOT€HHOCTH U
aJIJIEPTUYECKOro MoTeHIuasna. [Ipu ucnoib30BaHuu
THAJIyPOHHU/Ia3bl B OCHOBHOM BO3HUKAIOT MECTHBIE
ayrepruueckue peakiuu. Coo0IaeTces, 4To 4acToTa
QJJIEPTUYECKUX PEeaKIUi COCTaBJIsIET OT 0.05 10
0.69 % [1, 2]. AyuteprudecKre peakIiiu Ha THATIYPO-
HU/Ia3y IPEJICTABJIAIOT COOOU peaKIU TUIlepUYyB-
CTBUTEJILHOCTA HeMeJ[JIEHHOTO naedctBus (tum I,
OTIOCPeI0BAaHHBIM MMMYHOTI00y1HOM E), Betpeya-
IOTCSI MeHee 4eM B 0.1 % cjIydaeB, TaKyKe MOTYT BO3-
HUKATh PEeaKIU{ TUIEPUYBCTBUTEIHHOCTU 3aMe]l-
genHoro Ttmna (tun IV, omocpeoBaHHBIN
T-xierkamu) [3, 4]. B 2016 1. 66110 OIYOJTMKOBAHO
COOOIIeHNe O PpeaKIUH THUIEPUyBCTBUTEIHHOCTH
HeMeJIJIEHHOTO THUIIA IIPYU UCIOJIb30BAaHUH THATYPO-
HUJIa3bl B COUETAHUU C MECTHBIMH aHAJIbIeTUKAMU
IpU OIEPATUBHBIX BMEIIATEJbCTBAX Ha IJIa3aX,
KOI7Ia B PpaHHEM IIOCJIEOTIEPAIIMOHHOM IIEPUOZE
Ha0II0/1a7ICs OTEK BEK F XeEMO03 KOHBIOHKTHUBBI, KOTO-
pbIii OBLT KyIUPOBAaH MCIOJb30BAaHUEM AHTUTHCTA-
MUHHBIX IIPENapaToB U TJIIOKOKOPTUKOCTEPOUIOB
[5]. Peakiius 3amMeIJIEHHOIO THUIIA B OTBET Ha BBEJlE-
HUe THAJyPOHHA3bl OTMeYasjach B BHJE IEJUIIO-
JUTa OpPOUTAJIBPHON KJIETYATKH C IOC/IEeAYIoNIen
HeoOpaTUMOU roTepel 3peHus [6, 7].

[TpenmnosiaraeTcsi CyIleCTBOBAaHUE CBSI3U MEXKIY
c1ocoO0M BBeZIEHUS U JIO3UPOBKOMU, YTO MOKET OBITH
(akTopoM TsIKECTH aJIJIEPTUYECKON  PEeaKIINU.
B 1esioM TIpH MECTHOM BBEIEHUU THATYPOHU/Ia3bI B
Jo3ax MeHee 1500 ME HaO07amoTcss JOKaJbHbIE
ajUlepruueckie peaknuu (HampuMep, OTeK, 3PH-
TeMa, KparuBHUIIA) B 06J1aCTH UHBEKITUY 6e3 00IIuX
cumnTomoB [8]. Korja 10361 BAPHUPYIOT OT 1500 10
200 000 ME u/wiu BBOAATCA BHYTPUBEHHO, Y 60JTh-
IIMHCTBA TAIUEHTOB C aJIeprueil HaGJII0AaIoTCs
OoJiee obIIIME CHUMIITOMEI [8, 9].

TecTrpoBaHNe Ha KOXKHYIO JIEPTHIO ITUPOKO
pacmpocTpaHeHO B MPAKTUKE SCTETHUECKOU M-
OUHBI I TPeAOTBpAIleHUs aHA(PUIAKTUIECKON
peaxiuu, oJHaKO Hanbosiee eHHON nHMOopManuen
IUTs Bpaya sIBJIsIeTCsI UCTOPHUs O0JIe3HU MallhueHTa —
IIpUeM JIEKapCTB, aJUIEPTUM U Jiobas peakius Ha
IIpe/ilIecTByIoONee BO3/IeHCTBHE T'HAIypPOHHU/IA3HI.
CylIIecTBYIOT OIpe/ie/IeHHbIE TPYIIbI MAlMEeHTOB, Y
KOTOPBIX IIPY BO3HUKHOBEHUU peakiuu I Tuma Ha
KaKOW-71M00 TIperapaT Win ajuiepreH Oyzer 6osiee
BBIDOKEHHBIN aHadmIakTuueckuii oteer. IIpume-
paMu TaKUX MAIMEHTOB SBJITIOTCS JIIOAY, IPUHIMA-

However, having a protein structure, this native
enzyme carries a potential danger to the body as
high immunogenicity and allergenic potential.
When using hyaluronidase, local allergic reactions
occur. It is reported that the frequency of allergic
reactions ranges from 0.05 to 0.69% [1, 2]. Allergic
reactions to hyaluronidase are immediate hypersen-
sitivity reactions (type I, mediated by immunoglob-
ulin E), occur in less than 0.1% of cases, delayed-
type hypersensitivity reactions may also occur (type
IV, mediated by T cells) [3, 4]. In 2016, a report was
published on an immediate hypersensitivity reac-
tion to hyaluronidase in combination with local
anesthetics during eye phacoemulsification, when in
the early postoperative period there were lid edema
and conjunctival chemosis, which were managed
with antihistamines and glucocorticosteroids [5].
Delayed hypersensitivity reaction in response to
introducing hyaluronidase was noted in the form of
orbital cellulitis with subsequent irreversible loss of
vision [6, 7].

It is assumed that there is a relationship between
the route of administration and dose strength, which
may be a factor in the severity of allergic reaction. In
general, with topical administration of hyalu-
ronidase at doses less than 1500 IU, local allergic
reactions (for example, edema, erythema, urticaria)
are observed in the injection site without general
symptoms [8]. When doses range from 1500 to
200 000 IU and/or are administered intravenously,
most patients with allergy experience more general
symptoms [8, 9].

Skin testing is widespread in the practice of
aesthetic medicine to prevent anaphylactic reac-
tion, but the most valuable information for a doc-
tor is the patient’s medical history — taking medi-
cations, allergies and any response to hyaluroni-
dase. There are certain groups of patients who,
when a type I reaction to a drug or allergen occurs,
will have a more pronounced anaphylactic
response. Examples of such patients are people
taking angiotensin converting enzyme inhibitors,
beta-blockers, patients with mast cell activation
and high trypsin levels, susceptibility to allergic
reactions, with Ci-esterase deficiency, hereditary
angioedema [10].

To increase the effectiveness, reduce the sensiti-
zation and toxicity of protein-based drugs, their
modification is used — physico-chemical transfor-
mation via the conjugation of a protein molecule
with a polymer carrier. At the moment, a lot of
attention is paid to polyethylene glycols (PEG) of
various molecular weights. Conjugation of a poly-
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I0II[Ie UHTUOUTOPBI AHTHOTEH3WHITPEBPAIIAIOIIETO
depmenTa, Gera-6JI0KaTOPHI, MAIUEHTHI C TOPaAXKe-
HHUEM TYYHBIX KJIETOK U BBICOKUM YPOBHEM TPHII-
CHHA, NIPeAPaCIOIO)KEHHOCThI0 K aJIeprUYecKUM
peaknusam, c¢ aebunurom Cil-scTepasbl, Hacen-
CTBEHHBIM aHTMOHEBPOTUYECKUM OTEKOM [10].

Hna nospimeHus 3¢G@eKTUBHOCTU, CHUKEHUA
QJUIEPTOTEHHOCTH W TOKCUYHOCTU JIEKAPCTBEHHBIX
IpernaparoB 0eJIKOBOH IPUPOJbI HCIOIB3YETCS HX
Mopuduranusa — GU3NKo-xuMudeckass TpaHcdop-
MaIUs 3a CUET COeIMHEHUs OEJTKOBOU MOJIEKYJIBI C
MMOJIUMEPHBIM HOcuTeJaeM. Ha JaHHBIA MOMEHT
MHOTO BHUMAaHUA yJleJIseTcA MOTUITUIEHITIUKOIAM
(I13T) pasuyHOU MOJIEKYIAPHON Macchl. [Tporecc
MIPUCOEUHEHUS MOJIEKYJIBI TTOJTUITUIEHTJIUKOIIA K
JIpYTrOo¥ MoJieKyJie HOCUT Ha3BaHUe MeTWIANUA WIN
neruupoBanue. dPDeKTh METUIUPOBAHHBIX TIpe-
mapaToB MOAUMUIMPYIOTCA 32 CUET IIOBBIIIEHUS
PacTBOPUMOCTH B BOJI€; YCTOMYUBOCTH K JIEHCTBUIO
(epMeHTOB, TMOJHOCTHI0 WX Pa3pylIAIIUX HIJIN
YAaCTUYHO CHIDKAIONIUX KOHIIEHTPAIUI0 B TKAHIX
rpemnapara; aJpecHO JOCTaBKH JIEKAPCTBEHHOTO
rpernapara Jio MuIeHu. [IoMumMo 3Toro, NeruIupo-
BaHUE IMPOJJIEBAET IEPUOJ €ro IOJyBBIBEJIEHUA U
CIIOCOOHO CHUKATh UMMYHOT€HHOCTH [11].

B Hamem wucciieJToBaHUM MbI U3YUYaIH aJlIEPTH-
3UPYIOIINE CBOMCTBA METHJIUPOBAHHONU THAJypPO-
HU/Aa3bl C IeJIbI0 PACHIMPEHUs IOTEeHIINAIbHBIX
HaIpaBJIEeHUH NPUMEHEHUs JJAaHHOTO Ipernapara, B
TOM YHCJIEe U B 0pTaTIBMOJIOTHH. [JaHHOE HceenoBa-
HUE BBITTOJIHEHO B TPEX YUPEIK/IEHUAX, YKa3aHHBIX B
abpwmanuu. Ilybnukanus JJAHHOW CTaTbH OJI0-
6pena JIOKaJIbHBIM SKCIIEPTHBIM KOMUTETOM VHCTH-
TyTa KJIUHUYECKOU U SKCIIepUMEHTAIBHON JUMO-
gorun  (HoBocubupck) (mporokon NO 179 or
23.03.2023).

IIEJIb NCCJIEJOBAHUA

V3yueHre BO3MOIKHOTO aJIJIEPTOT€HHOTO JieH-
CTBUA THAJIYPOHU/A3bl, IIETHIIUPOBAHHOH 110 TEXHO-
JIOTUH 3JIEKTPOHHO-JIy9e€BOTO CHHTE3a, DU Pa3JIny-
HBIX IyTSX BBEIECHMUS.

MATEPUAJIBI 1 METO/bI

O0beKkT muccaegoBaHuA. llermwinpoBaHHAs
ruasyponuiaza (I190-I'man) wmsrotoieHa B AO
«Cubupckuil eHTp GpapMakoIOTHU U OUOTEXHOJIO-
run» (r. HoBocubupck) u a00e3H0 MpelocTaBIeHa
JUISL DKCIIEPUMEHTAJIBHBIX HCCIEIOBAHUI B PaMKax
Hay4yHOTo coTpyaHudectBa. 1I9T-T'man mnpepcras-
JIsieT coOOU TeCTHKYJISPHYIO THaaypoHuaasy H2o0,
KOTopasi Oblaa MOABEPTHYTA 3JIEKTPOHHO-JIYIEBOM
HMMOOMIN3alNy Ha MOJIUSTHIeHOKeuze (Makpo-
roJ-1500) B IIOTOKE YCKOPEHHBIX 3JIEKTPOHOB B /103€

ethylene glycol molecule with another molecule is
called PEGylation. The effects of PEGylated drugs
are modified by increasing solubility in water; resis-
tance to enzymes that completely destroy them or
partially reduce the tissue concentration of the drug;
by targeted delivery of the drug. In addition,
PEGylation prolongs its half-life and can reduce
immunogenicity [11].

In our study, we investigated the allergenic prop-
erties of PEGylated hyaluronidase in order to
expand the potential uses of this drug, including
ophthalmology. This study was carried out in three
institutions specified in the affiliation. The publica-
tion of this article was approved by the Local Expert
Committee of the Institute of Clinical and Experi-
mental Lymphology (Novosibirsk) (No. 179 dated
2023-03-23).

AIM OF THE RESEARCH

To study the possible allergenic potential of hyal-
uronidase PEGylated using the technology of elec-
tron beam synthesis with various routes of adminis-
tration.

MATERIALS AND METHODS

Object of study. Pegylated hyaluronidase (PEG-
Hyal) was manufactured by Siberian Center of Phar-
macology and Biotechnology, JSC (Novosibirsk) and
kindly provided for experimental research within the
scientific cooperation. PEG-Hyal is a testicular hyal-
uronidase H20, which was subjected to electron
beam immobilization on polyethylene oxide (Macro-
gol-1500) in accelerated electron flux at a dose of
1.5 Mrad generated by a pulsed linear accelerator
ILU-10 (manufactured by the Budker Institute of
Nuclear Physics, Novosibirsk). PEG-Hyal used in the
experiments is a lyophilized powder of light gray
color with an enzymatic activity of 2800 IU per 1 g of
dry matter, easily soluble in crystalloid and colloidal
solutions.

Currently, there are no approved PEG-Hyal-
based medications to treat degenerative diseases.
Meanwhile, there is a long-term research experi-
ence in determining the specific regenerative activ-
ity of PEG-Hyal [12—16]. This circumstance pro-
vides for the positioning of this drug as a medication
for regenerative medicine not for bolus injection,
but for long-term use. Where, the most compliant is
topical and oral administration of PEG-Hyal medi-
cations.

Experimental animals. Fi1(CBA/C57Bl/6),
Balb/c hybrid mice of both sexes aged 6—8 weeks
weighing 18—20 g. Guinea pigs of both sexes weigh-
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1.5 Mpag, co3ziaBaeMbIM HUMITYJIBCHBIM JIMHEWHBIM
yckopuresem NJIY-10 (mpousBojictBo — MHCTUTYT
sanepHoit pusuku um. I'1. Byaxepa CO PAH, Hoso-
cubupck). Mcnonp3oBanHas B 9kcriepuMenTtax [191-
T'man mnpejcraBisier cobod JTMODUIU3UPOBAHHBIA
IIOPOIIOK CBETJIO-CEPOTO IiBeTa ¢ hepMeHTATUBHOH
axkTuBHOCTHIO 2800 E/I B 1 T CyX0T0 BeIecTBa, JIETKO
pacTBOpAIONIUNCA B KPUCTAUIOUIHBIX U KOJIJIOUI-
HBIX PacTBOpax.

B Hacrosimee BpemsA HeT 3aperduCTPUPOBAHHBIX
JIEKapCTBEHHBIX IIpernaparoB Ha ocHoBe II3I-I'mai
JULS JIEUEHUs JleTeHepaTUBHBIX 3ab0sieBaHuil. Mexky
TeM eCThb MHOTOJIETHUH OIBIT UCCIIE0BAHUIM T1I0 OIIpe-
JIEJIEHUIO CIIEIT(PUIECKON PereHEPAaTUBHOW aKTHUBHO-
cru [13T-T'man [12—16]. 3T0 06CTOATENHCTBO TIPETIO-
JlaraeT NO3WIMOHMPOBAHUE JAHHOTO IIpelapaTa Kak
CpezicTBa [Isl PereHePaTUBHOM MeIUITHEL, IIPeycMa-
TPHUBAIOIIET0 He GOJIIOCHOE, a KYPCOBOE JIJTUTEIHHOE
IIprMeHeHMe. B 3ToM cIydyae MakCUMaIbHO KOMILIA-
€HTHBIM SIBJIIETCSI MECTHBIA W TIEPOPAIHbHBIA IPUEM
JIEeKapCTBEHHBIX ITperapaToB Ha ocHoBe [19-T'nast.

JKcrlepUMeHTAJIbHbIE KUBOTHBIE. MbIm-
rubpusbl oboero mosia F1(CBA/Cs7Bl/6), Balb/c
6—8-HeneILHOTO BO3pacTa Maccod Tena 18—20 T.
Mopckre CBUHKH 000€ero moJjia Maccou 250—270 T.
Cozep:kaHue JKUBOTHBIX OCYIIECTBJISITIOCh B COOT-
BETCTBUU C MPABWIAMU, IPUHATHIME EBpomeiickoit
KOHBEHITEN I10 3aIlUTe MMO3BOHOYHBIX KUBOTHBIX
(Crpacbypr, 1986); 'OCT 33216-2014 «PykoBOACTBO
IO COZIEP?KAHMIO U YXOTY 32 JJaO0OPaTOPHBIMU JKUBOT-
HbeiMu. [IpaBmiia copep:kaHus U yxoza 3a Jabopa-
TOPHBIMU I'PHI3YHAMH U KPOJIUKAMU » OT 01.07.2016;
TI'OCT 33215-2014 «PyKOBOACTBO IO COZIEPKAHUIO U
yxony 3a J1abopaTOpPHBIMU KUBOTHBIMHU. IIpaBmiia
000pyZI0BaHUS IOMEIEHUH U OPraHU3aIUH IPOIIe-
Zlyp» OT 01.07.2016. BpIBe/ieHUE )KUBOTHBIX U3 BKC-
IepUMeHTa OCYIIEeCTBJIAJIOCh Yepe3 24 4 B COOTBET-
CTBUU C COBPEMEHHBIMU MeTO/IaMH SBTaHA3UH J1a60-
paTOpHBIX  KUBOTHBIX (corsiacHO JupekTuBe
2010/63/EU 1o oxpaHe >XKUBOTHBIX, UCIIOJIb3YEMBIX
B HAyYHBIX IeJisaX, EBpomneiickoro IlapyiameHntra u
CoBera EBporrelickoro coiosa).

MeToapl u3yuyeHUs a/LIEePru3vupyrouiero
aelictBusa. l3zyueHue aJIEPTU3UPYIONIETO JIeH-
crBus I[I9T-Tmanm mpoBOAWIOCH COTJIACHO [17] u
COCTOSJIO U3 7 DKCIIEPUMEHTOB:

1. Vizyuenune aHapMIaKTOTEHHON aKTUBHOCTHU Ha
MOPCKHX CBHHKaX camiax (d) u camkax (). Cencu-
OMIM3AIUIO JKUBOTHBIX OCYIIECTBJISUIM BHYTPHIKeE-
JIyIOYHBIM BBejieHueM [19T-I'uan B TeueHue 5 CyTOK
B 1o3ax 20.83 EJ[/kr (1 TepaneBTuueckas mo3a (T1))
u 208.3 E/I/xr (10 T/I). AHaduIakTOreHHbIE CBOM-
crtBa [I9I-T'van BBIABISIN IyTeM BHYTPUBEHHOTO
BBEJIEHUS PacTBOpa IIperapara Ha 14-e CyTKH MOocyIe

ing 250—270 g. The animals were kept in accor-
dance with the rules adopted by the European Con-
vention for the Protection of Vertebrate Animals
Used for Experimental and Other Scientific Pur-
poses (Strasbourg, 1986); GOST 33216-2014 Guide-
lines for the Management and Care of Laboratory
Animals. Rules for the Management and Care of
Laboratory Rodents and Rabbits dated 2016-07-01;
GOST 33215-2014 Guidelines for Accommodation
and Care of Animals. Environment, Housing and
Management dated 2016-07-01. The animals were
removed from the experiment after 24 hours in
accordance with modern methods of euthanasia of
laboratory animals (according to EU-Directive
2010/63/ on the use of animals for scientific pur-
poses, the European Parliament and the Council of
the European Union).

Methods of studying the allergenic poten-
tial. The study of the allergenic potential of PEG-
Hyal was carried out according to [17] and consisted
of 7 experiments:

1. Study of anaphylactogenic activity on male (&)
and female (9) guinea pigs.

Animals were sensitized by intragastric admin-
istration of PEG-Hyal for 5 days at doses of
20.83 IU/kg (1 curative dose (CD)) and 208.3 U/kg
(10 CD). The anaphylactogenic properties of PEG-
Hyal were detected by intravenous administration
of the drug solution on the 14th day following the
last sensitizing application. Challenge test with
intravenous administration of the studied drug was
carried out at a dose of 208.3 IU/kg, which was ten-
fold curative dose for guinea pigs. This dose was
used both in guinea pigs with the administration of
1 CD and 10 CD. The control was non-sensitized
guinea pigs, to which the drug was administered
intravenously. The intensity of the anaphylactic
reaction was evaluated by the Weigle method [18]
using the formula

Al=(4-n+3-n+2-n,+1-n,/N,

Al — anaphylactic index;

n — number of animals whose anaphylactic reac-
tion resulted in death;

n, — number of animals with intense manifesta-
tions of anaphylactic reaction;

n, — number of animals with moderate anaphy-
lactic reaction;

n, — number of animals with mild anaphylactic
reaction;

N - total number of animals in the group.

With an Al value of < 1.0, the anaphylactic reac-
tion was considered negative.
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IIOCJIETHETO CEHCUOMIN3UPYIONIET0 ITPUMEHEHUS.
Pazperaroiiiee TecTupyolee BHyTpPUBEHHOE BBeJle-
HUe HccselyeMOoro Ipenapara IpoBOJUIOCH B J103€
208.3 EJI/xr, KoTOpas cocTapJsyia JIECATHKPATHYIO
TepareBTUYECKYIO /103y /JI CBUHOK. JTa /103a MPU-
MeHsJIach KaK Y MOPCKHX CBUHOK € BBeJleHUeM 1 T/1,
tak u 10 T/I. KoHTpoJieM CiTy>KIIn HeCeHCUOMTU3 -
poBaHHBIE MOpCKHE CBUHKH, KOTODBIM IIperapar
BBOJIMJTM BHYTPUBEHHO. VIHTEHCUBHOCTh aHA(DUIIAK-
THYECKON peaknuu oneHuBam 1o meroxmy W.O.
Weigle [18] ¢ ucnioip3oBanuem GopMyJibi

AI/I=(4-n+3-n1+2-n2+1-n3)/N,

rae AVl — anapuIakTHYeCKUH UHJIEKC;

N — YUCJIO JKUBOTHBIX, aHA(DUIaKTUUECKAS peaK-
¥ KOTOPBIX 3aKaHYMBAJIACh CMEPTEJIbHBIM HCXO-
ZIOM;

N, — YUCJIO KUBOTHBIX CO 3HAUYUTEIbHBIMH IIPO-
SIBJIEHUSIMH aHA(PUIAKTHIECKON PEAKIUH;

n, — YHUCJIO 3KUBOTHBIX CO CPEJTHUMH IPOSABJIEHHU-
SIMU PEaKIUy;

N, — YUCJIO KUBOTHBIX €O CIAOBIMU MPOSIBJIEHHU-
SIMU PeakIiy;

N — ob111ee YHCII0 JKUBOTHBIX B TPYIIIIE.

I[Ipu BenmuumHe AWM < 1.0 aHaduIaKTHUecKas
peaxkuus cyruTasach OTPUIATETHHOM.

2. KoHbIOHKTHUBaIbHAS ITp06a HA MOPCKUX CBUH-
Kax. Yepes 24 4 mocjie 3aBepIIeHUs 5-HEBHOTO
IUKJIa CeHCUOMMU3upyomux Beegenuii [13-I'uan
BHYTPIDKEJYJIOUHO B go3ax 20.83 E//kr u
208.3 EJI/kr mnpoBOIMIOCh KOHBIOHKTHBAJIHHOE
TecTHpoBaHUe. TecT 3aKI0Uaics B 3aKalbIBAHUU B
JIEBBIU TJIa3 Ka’KJIOTO JKUBOTHOTO 20 MKJI pacTBOpa
[I3T-T'man c kounenrparnueit 167 EJ/mn (mo3a, He
BBI3BIBAIOIIAS PA3/IPAKAIOIIETO JEUCTBUSA Y MHTAKT-
HBIX JKMBOTHBIX), B IIPaBbId I71a3 — 2% pacteop 1191
B TOM ke o0beMe. OTeHKa COCTOSHUA KOHBIOHKTUBBI
rJ1a3a IPOBOJIMJIACH Uepes 15 MUH, 24 U 48 4 110 cie-
JIyro1nei 1mkase (B 6ayrax): 1 — JIerkoe IOKpacHeHue
CJIE3HOTO IIPOTOKA; 2 — IIOKPAaCHEHME CJIE3HOTO IIPO-
TOKa M CKJIepbl B HalpaBJIeHHWU K POTOBHIIE; 3 —
IMOKpacHEHHE BCEH KOHBIOHKTUBHI U CKJIEPHI.

3. MeTo/1 HaKOKHBIX AMIUIMKAIUNA HA MOPCKHUX
cBUHKax. lccezoBaHue CeHCUOWIU3UPYIOIIETO
neticteus [19T-I'uan mpoBoAMIN ITyTEM 20 IIOBTOP-
HBIX HAKOKHBIX allIUTUKAIMH Ha yJ4acTOK OOKOBOU
IIOBEPXHOCTHU TYJIOBHUIIA Pa3MEPOM 2X2 CM IO 5 pa3
B Hezaenmo. Hanocwin no 3 xarumm pactBopa I[19T-
I'man c koHneHnTpanuei 167 EJI/mi (1o3a, He BBI3bI-
BaIOIasl MeCTHOpAa3Apakaromiero ericreus). KoH-
TPOJILHBIM TPYyIIIaM MOPCKHX CBHHOK (5 CaMIIOB U
5 CaMOK) HAHOCWJIM PacTBOPHUTENb — 2% pacTBOpP
[19I'-1500. I1lepBoe TecTUpPOBaHME TPOBOAMIIH ITOCTIE
10 aNIUIMKaNUH, BTOPOe — IocJie 20. PeakIuio KoxKu

2. Conjunctival challenge test on guinea pigs.
Twenty-four hours after the completion of the
5-day cycle of sensitizing injections of PEG-Hyal
intragastrically at doses of 20.83 IU/kg and
208.3 IU/kg, conjunctival testing was performed.
The test consisted in instilling of 20 ml of PEG-
Hyal solution at a concentration of 167 IU/ml
(a dose that does not cause irritating effects in
intact animals) into the left eye of each animal, and
2% PEG solution in the same volume — into the
right eye. The assessment of the conjunctiva was
carried out after 15 min, 24 and 48 hours using the
following scale (in points): 1 — mild redness of the
lacrimal duct; 2 — redness of the lacrimal duct and
sclera in the direction of the cornea; 3 — redness of
the entire conjunctiva and sclera.

3. Cutaneous applications on guinea pigs. The
study of the sensitizing effect of PEG-Hyal was car-
ried out by 20 repeated cutaneous applications to a
2x2 cm area of the lateral surface of the trunk 5 times
a week. Three drops of PEG-Hyal solution were
applied at a concentration of 167 IU/ml (a dose that
does not cause local irritant effect). Control groups of
guinea pigs (5 males and 5 females) were applied a
solvent — a 2% PEG-1500 solution. The first test was
performed after 10 applications, the second -
after 20. The skin reaction was assessed according to
the following criteria: if the skin in the area of drug
application remains unchanged, the reaction is nega-
tive (—); if erythema appears at the site of applica-
tion, the mild positive reaction (+) is registered; the
presence of erythema and edema is evaluated as the
positive reaction (++); when erythema and edema go
beyond the limits of the drug’s contact with the skin,
the reaction is assessed as the strong positive (+++);
when hyperergia is characterized by an extensive
peripheral edema, erythema, vesiculation and ulcer-
ation of the skin, then the reaction is of the highest
degree (++++).

4. Delayed-type hypersensitivity (DTH) in mice.
Outbred albino mice were sensitized with a single
intradermal injection of 60 ul of an emulsion con-
sisting of 30 pl of PEG-Hyal solution at a concentra-
tion of 167 IU/ml and 30 pl of complete Freund’s
adjuvant (CFA) into the base of a tail. To detect sen-
sitization 5 days later, 40 ml PEG-Hyal solution at a
concentration of 167 IU/ml was injected into the pad
of the hind paw of mice. Following six and twenty-
four hours after the sensitizing injection, the inten-
sity of DTH was evaluated by the reaction index (RI),
which was calculated individually for each animal
according to the formula
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VYUTBHIBAIH 110 CIIEAYIOIINM KPUTEPUSIM: €CJTH KOXKa
B 00OJIacTH HaHECEHHWs IIperapaTa OCTaeTCs HeH3-
MEHHOMU — peakIus oTpulaTesabHas (—); mpu ciaabo-
TTOJIO’KUTEJIPHOUM peaknuu (+) Ha MecTe HaHECEHUs
TOSIBJISIETCS DPUTEMA; HAJIMYHE DSPUTEMBI U OTEKA
KOJKM OIIEHHBAaeTCsd KaK IOJIOKHUTEIbHASA pPeaKIus
(++); TpU PE3KOIOJIOKUTETHPHOU peakiuu (+++)
SPUTEMA U OTEK BBIXOJIAT 32 IIPEJIeJIbl KOHTAKTA IIpe-
mapata ¢ KOXKeH; BBICIIAsA CTENeHb peaKIuu
(++++) — runmepeprus — BBIpAXKAETCSA B OOIIMPHOM
nepudepruIECcKOM OTEKE, SPUTEME, BE3UKYJISAIUU U
HU3BA3BJIEHUH KOXKHU.

4. Peaknus THIIEpUYYBCTBUTEIBHOCTH 3aMe-
aendoro tuna (I'3T) Ha mbimax. becmoposHbIX
MBIIIEeH-aTb0MHOCOB CEHCUOWIU3UPOBATIN OHO-
KpPaTHbIM BHYTPHUKOKHBIM BBE€JIEeHHEM B OCHOBa-
HHE XBOCTa 60 MKJ 3MYJIbCUH, COCTOSIIEH U3
30 My pactBopa II9T-T'man ¢ KOHIEHTpamuel
167 EJI/MJ1 11 30 MKJI TTOJTHOTO a/ibloBaHTa ®peitHia
(ITA®). Jlyiss BBISBJIEHUS CEHCHOWJIM3AIUHN Yepes
5 CyT MBIIIIaM B ITOYIIEYKY 3a/{HEM JTallbl BBOJAHIHN
40 Mka pacrtBopa II9T-T'man ¢ KoHIeHTparuen
167 EJ1/mn. Yepes 6 u 24 4 11ocjie CEHCUOUTU3UPY-
Ollell WHBEKIIUU WHTEHCUBHOCTHh peakiuu ['3T
OIleHUBAJIN 110 uHJAeKkcy peakiuu (MP), koTopbii
BBIYHCIISIITH UHAUBUTYAJIBHO I KaKJIOTO JKUBOT-
HOro 1o ¢popmyJie

WP (%)=M, _-M)/M -100 %,

rae M — Macca J1ansl )KMBOTHOTO OTIBITHOM IPYTIIIBI;

M_ - Macca Jsambl >XHBOTHOTO KOHTPOJIBHOM
TPYIIIIBL.

KOHTpOIPHBIX JKUBOTHBIX CEHCUOMIN3UPOBATIU
smyabcuend ITA® c pactBopom XeHKca IO TOH Ke
cXeMe, YTO U B OIIBITE.

5. AKTUBHad KO)XKHasg aHadmIakcUsA Ha MBbIIIax.
Mpermeti iunun Balb/c ceHcubuinsupoBaiu myrem
BBesieHusA I19T-I'nan B TeyeHue 5 CyTOK BHYTpHIKe-
aynouso B s103e 50 EJI/kr (1 TZ) B 0.2 Mmu1 2% pac-
tBOpa I19I-1500 (1-s rpynmna) u B 703€ 500 MKT/KT
(10 TO) B 0.2 M 2% pacrBopa IIDI-1500 (2-a
rpynma). Paspemaromee BBenmenue I130-T'man ocy-
IIECTBJISUIN Yepe3 1 HeJlesIIo IocyIe OCIeTHEro CeH-
CUOWIM3UPYIOIIETO TPUMEHEHHUS B IBYKPATHBIX pas-
Be/leHUAX npenapara B f1o3ax 0.5 E/l u 1 EJl BHyTpH-
KOKHO B 00beMe 0.03 M. Uepe3 20 MUH MbIIIIaM
BHYTPUBEHHO BBOAWIN 0.5 MJI 1% pacTBOpa CUHETO
JBaHca. Yepe3 30 MUH IIPOBOJMJIM 3BTAHA3UIO
JKMBOTHBIX U OIIPEJIeJIsUIN Pa3Mephl CHHETO IIATHA Ha
BHYTPEHHeH CTOpOHE KOKU B MeCTe BBeJIeHU Ipera-
para. Pazpemaroniue nabekiun [191-I'nan u cuaero
JBaHca BBOAWIN TaK)Ke KOHTPOJIBHBIM JKHUBOTHBIM,
KOTOPBIM B JHU CEHCHUOWJIM3AIMH OIBITHBIX TPYIII
BBO/IWJIU TOJIBKO pacTBOpUTEb — 2% pactsop 13T

RI (%) = (Mexp -M) /M, -100 %,

M,,, — weight of the paw of the experimental ani-
mal;

M, — weight of the paw of the control animal.

Control animals were sensitized using CFA emul-
sion with Hanks’ solution according to the same
scheme as in the experiment.

5. Active cutaneous anaphylaxis in mice. Balb/c
mice were sensitized by administration of PEG-Hyal
for 5 days intragastrically at a dose of 50 IU/kg
(1 CD) in 0.2 ml of a 2% solution of PEG-1500
(group 1), and at a dose of 500 pg/kg (10 CD) in
0.2 ml of a 2% solution of PEG-1500 (group 2). The
challenge injection of PEG-Hyal was performed
1 week after the last sensitizing procedure in twofold
dilutions of the drug at doses of 0.5 IU and 1 IU
intradermally in a volume of 0.03 ml. Twenty min-
utes after, 0.5 ml of a 1% Evans blue solution was
intravenously administered to mice. Thirty minutes
later, the animals were euthanized and the size of
the blue spot on the inside of the skin at the injection
site was determined. The challenge injections of
PEG-Hyal and Evans blue were also administered to
control animals, which were injected with a solvent
only — 2% PEG solution on the days of sensitization
of the experimental groups.

6. Indirect mast cell degranulation in mice. At
the end of the 5-day administration of PEG-Hyal to
CBA/C57Bl/6 mice at doses of 50 IU/kg and 500
IU/kg, the animals were euthanized and blood
serum was obtained, which was then tested for the
ability to cause mast cell degranulation in the pres-
ence of a specific PEG-Hyal antigen. To obtain mast
cells, intact CBA/C57Bl/6 mice were euthanized,
4—5 ml of Hanks solution without phenol red was
injected intraperitoneally, after a light massage of
the abdominal wall for 1—1.5 min, an incision was
made with scissors along the midline and the exu-
date was collected into a silicone tube. The speci-
mens were prepared on cleared slides stained with
0.3% alcohol solution of neutral red and dried at
room temperature. On one side of the slide, 0.03 ml
of mast cell suspension, 0.03 ml of experimental
animal serum and 0.03 ml of PEG-Hyal solution at a
concentration of 0.15 IU/ml were mixed (the dose of
the drug was selected in advance so that the index of
mast cell degranulation during incubation with the
test substance did not exceed 5%), this area was
experimental; on the other side of the slide, 0.03 ml
of mast cell suspension, 0.03 ml of experimental
animal serum and 0.03 ml of Hanks’ solution were
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6. Hempsamas peaxnus JerpaHy/IAlNN TYyYHBIX
KJIETOK Ha MbIIIax. I[lo OKOHUYaHUHU 5-THEBHOTO Kypca
BBezenus mbimam iuauu CBA/C57Bl/6 I[19I-T'uan B
nozax 50 EJI/kr u 500 EJ]/Kr mpoBO UM 9BTAaHAZHIO
SKUBOTHBIX U TTOJIYYaJIH CHIBOPOTKY KPOBH, KOTOPYIO
3aTeM TECTUPOBAJIM HAa CIIOCOOHOCTh BBI3BIBATH
JIeTPAHYJIAIIUIO TYIHBIX KJIETOK B IPUCYTCTBUH CIIEII-
nduueckoro antureHa I[19I-T'masn. nsa noydeHus
TYYHBIX KJIETOK IIPOBOJIMJIM SBTAHA3HIO MHTAKTHBIX
wmoiieit inauu CBA/C57Bl/6, BBoguIn BHYTPUOPIO-
IIIUHHO 4—5 MJI pacTBopa XeHKca 6e3 (heHOJIOBOTO
KPaCHOTO, IIOCJIE JIETKOTO Maccaka OPIONTHOHN CTEHKHU
B TeUeHUe 1—1.5 MUH JIeJIajIi HOXKHUIIAMU Pa3pes 110
CpefHel JIUHUYU U COOHMPAIN DKCCY/IaT B CHIMKOHM-
3UpPOBaHHYI0 MpoOUpKy. [IpemapaTsl TOTOBWIM HA
00e3:KUPEHHBIX [TPEIMETHBIX CTEK/IAX, OKPAIIIEHHBIX
0.3% CIUPTOBBIM PACTBOPOM HEUTPaJIbHOTO Kpac-
HOTO U BBICYIIIEHHBIX TP KOMHATHOH TeMIeparype.
C oHOU CTOPOHBI IPEIMETHOTO CTEKJIA CMEITHNBAIN
0.03 MJI B3BECH TYYHBIX KJIETOK, 0.03 MJI CHIBOPOTKHU
HOAONBITHOTO )KMBOTHOTO U 0.03 MJI pactBopa [13T-
l'uan ¢ xonnenTpanued 0.15 EJ[/mu (mo3y npemna-
pata mombupanu 3apaHee, TaK YTOOBI ITOKa3aTesb
JIETPAHYJISIIUY TYYIHBIX KJIETOK IIPH WHKYOAIruu C
HccyelyeMbIM BeEIIeCTBOM He IPEeBBIMIAN 5 %) —
OTIBIT; C APYTOH CTOPOHBI — 0.03 MJI B3BECU TYUHBIX
KJIETOK, 0.03 MJI CBIBOPDOTKU HOJOIBITHOTO >KHUBOT-
HOTO ¥ 0.03 MJI pacTBOpa XeHKca — KOHTPOJIb. [lanee
mpenapaThl MOKPHIBAJIM IOKPOBHBIMHU CTEKJIAMH,
3aTeM WHKYOMpPOBJIU 15 MUH B TepPMOCTaTe IIPHU
370 °C. [IpenapaTsl u3yvdaau Mpu yBeTUUEHUN X20.
O1leHKyY pe3yIbTaTOB IMPOBOAWIIN UM PEPEHITUATD-
HBIM CIT0COOOM, TOACUUTHIBAJIA IIOKA3ATEJb JeTpa-
Hy11ud TYIHbIX KieTok ([TJITK) mo ¢popmyne

IIJATK = (1a + 2b + 3¢ + 3d )/ 100,

rae a, b, ¢, d — KOJIMUeCTBO JIerPaHyIUPOBAHHBIX
KJIETOK COOTBETCTBEHHO CTEIEHU JIeTPAHYJIAINI
(c1abo BBIpaKeHHOH, yMEPEHHOMU, PE3KOH U IIOJTHOU
JIETPaHYJIAINY KIETOK).

7. OTleHKa aJJIEPTU3UPYIOIIEr0 IeUCTBUS B PEaK-
UK BocIajieHnss Ha KoHkaHaBaimH A (KoHA).
OMBITHI MPOBOIMIIN HA 6ECTIOPOAHBIX OEJIBIX MBIIIIAX
maccor 18—20 r. II9T-T'man BBOAMIN KHUBOTHBIM
epopayIbHO B ABYX mo3ax — 50 EJI/kr (1 T/]) u 500
EJI/xr (10 T/I) oguokpaTHO. MBIIIaM KOHTPOJIbHOM
TPYIIBI AHAJIOTHYHBIM 00pa3oM BBOAIIIN 2% pac-
TBOp I19T-1500. Uepes 3 u 1mocjie BBeJleHUs Iperna-
para WiIN pacTBOPHUTEJIS MBIIIAM OIBITHBIX M KOH-
TPOJIBHOU TPYHI CyOIUIaHTapHO BBOAWIN KOHA B
Jto3e 100 MKT/20 T Macchl Tesia (20 MKJI pacTBOpa B
KOHIIEHTPAIIUU 5 MT/MJI), B KOHTPJIATEPAJIbHYIO
KOHEUHOCTh — TOT ke 00BeM (HU3MOJIOTUUECKOTO
pactBopa. Uepes 1 4 IPOBOAMIIN HBTaHABUIO, OIIPe-

mixed, and this part was control. Next, the speci-
mens were covered with cover slips, and then incu-
bated for 15 minutes in a thermostat at 370°C. The
specimens were studied at magnification x20. The
results were evaluated in a differential way, the mast
cell degranulation index (MCDI) was calculated
according to the formula

MCDI = (1a + 2b + 3¢ + 3d ) / 100,

a, b, ¢, d — number of degranulated cells corre-
sponds to the degree of degranulation (mild, moder-
ate, strong and complete degranulation of cells).

7. Inflammatory response to concanavalin
A (ConA). Experiments were carried out on out-
bred albino mice weighing 18—20 g. PEG-Hyal was
administered orally to animals in two doses —
50 IU/kg (1 CD) and 500 IU/kg (10 CD) once. The
control mice were similarly administered the 2%
PEG-1500 solution. Three hours after the adminis-
tration of the drug or solvent, the mice of the
experimental and control groups were injected
subplantarly with ConA at a dose of 100 pg/20 g of
body weight (20 pl of solution at a concentration of
5 mg/ml), the same volume of saline solution was
injected into the contralateral limb. One hour later,
euthanasia was performed, the weight of the hind
paws was determined and the inflammatory
response index (IRI) was calculated according to
the formula

IRI = (Mexp -M) /M, 100 %,
M,,, — mass of the hind paw foot, into the pad of

which the ConA was injected;
M, — mass of the hind paw foot, into the pad of

which the saline solution was injected.

RESULTS AND DISCUSSION

In experiments to study the anaphylactogenic
activity, it was shown that the intravenous adminis-
tration of PEG-Hyal did not lead to the development
of an anaphylactic reaction in guinea pigs (Table 1).
The anaphylactic index in both control and experi-
mental groups of animals was less than 1.0.

The conjunctival challenge test revealed no signs
of redness of the conjunctiva or lacrimal duct in
guinea pigs, which indicates the absence of hyper-
sensitivity to the PEG-Hyal drug (Table 2).

When assessing the sensitizing effect of PEG-
Hyal, no development of redness or skin edema at
the site of application of the studied drug follow-
ing both 10 and 20 applications was found. The
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Ta6una 1. Ouenka BiausHus [130-I'man Ha peakiyio o61iel aHapUIaKCUU
Table 1. Evaluation of the effect of PEG-Hyal on the anaphylactic reaction

I'pynmna
Group

AHapuIaKTHYECKU NHAEKC
Anaphylactic index (X £ m)

Kontpounb 1 (2% pactsop I13T") / Control 1 (2% PEG solution) & (n =5)
[13T-T'uau, gosa 20.83 EJl/kr | PEG-Hyal, dose 20.83 1U/kg & (n=5)
[13T-T'uaJ, gosa 208.3 EJl/kr | PEG-Hyal, dose 208.3 IU/kg & (n=5)
KonTpoJib 2 (2% pactsop I13T') / Control 2 (2% PEG solution) ¢ (n =5)
[13T-Tuan, go3a 20.83 E/l/xr | PEG-Hyal, dose 20.83 [U/kg @ (n=5)
[13T-Tuan, no3a 208.3 E/l/kr | PEG-Hyal, dose 208.3 [U/kg @ (n=5)

0.60 £ 0.24
0.80 £0.20
0.80 +0.20
0.60 + 0.24
0.60 + 0.24
0.80 £0.20

JIEJISUTA Maccy JIall U MOZCYUTHIBAIN MHAEKC Peak-
nuu Bocnianenus (MP) mo dopmyie

nP=M_-M)/M, -100 %,

rae M — macca CTOIbI 3a/JHEH JIallbl, B MOAYIIEYKy
KoTOpo# BBoAMIIN KOHA;

M_ - macca CTONbI 3a/IHEH JIAIIbI, B IOAYIIEUKY
KOTOPO¥ BBOAWIN (PU3UOJOTHIECKUHA PACTBOP.

PE3YJIBTATBI 1 OBCYXKJAEHNE

B skcrmepuMeHTax MO WU3y4YeHUIO aHADUIAKTO-
TeHHOW aKTHUBHOCTH ITOKAa3aHO, YTO TECTUPYIOIIee
BHyTpuBeHHOe BBejleHUe [I9I-I'nan He nmpuBOUIO
K Pa3BUTHIO aHADWIAKTUYECKOH peaKIuud y MOp-
CKHUX CBHHOK (TabJ1. 1). AHapUIIaKTUUECKUH UHJIEKC
KaKk B KOHTPOJIPHOHW, TaK W B ONIBITHBIX TI'PYyIIax
JKUBOTHBIX OBLT MeHee 1.0.

KOHBIOHKTHBAJIIBHBIN TECT HE BBISIBHJI IIPHU3HA-
KOB IOKpPaCHEHUsl KOHBIOHKTHBBI WA CJIE3HOTO
MPOTOKA IJIa3 MOPCKHUX CBUHOK, YTO CBHJIETEJIb-
cTByeT 00 OTCYTCTBHH ITOBBIIIEHHOW YyBCTBUTEJIb-
HOCTH K nipenapaty [19T-I'nas (Tabs. 2).

IIpu oIeHKe CEeHCUOHUIU3UPYIOIIEro AeHCTBUS
[13I-T'nasn He HAOIIOATIOCH PA3BUTHS OKPACHEHUS
I OTEKA KOJKU HA MeCTe HaHEeCEHUs UCCIIENYEMOTO
mpernapara Kak 1mocJie 10, Tak U Iocje 20 anIIuKa-

skin reaction in the experimental group did not
differ from the reaction in the control group
(Table 3).

In the experiments studying the delayed hyper-
sensitivity reaction in mice, we have found no sig-
nificant differences in the reaction index in the
experimental group of mice which received PEG-
Hyal with Freund’s adjuvant, compared with the
control group which received Freund’s adjuvant
alone, following 6 and 24 hours after administration
(Table 4).

When studying active cutaneous anaphylaxis, it
was shown that after an intradermal challenge PEG-
Hyal injection, the diameter of the stained spot did
not significantly differ in both experimental groups
(50 IU/kg and 500 IU/kg) from the control one
(Table 5).

In experiments evaluating the indirect mast cell
degranulation, it was found that the serum of ani-
mals which received PEG-Hyal at doses of 50 and
500 IU/kg did not cause a statistically significant
change in the MCDI compared with the control group
(Table 6), and the MCDI did not significantly change
either in the absence or in the presence of PEG-Hyal.
The MCDI in the presence of PEG-Hyal but without
the addition of mouse serum was 0.04.

Ta6smua 2. OueHKa BJUSHUS HHCTHUIALUE [13T-T'uas Ha coCTosIHHE KOHBIOHKTUBBI [J1a3a
Table 2. Assessment of the effect of PEG-Hyal instillations on the state of the conjunctiva

Bpelvm nmocjie UHCTU/JIAIUHA

I'pynna Time after instillation
Group
15muH /min 244 /h 484 /h

KonTposib 1 (2% pactsop I13T) / Control 1 (2% PEG solution) & (n = 5) H.M. / n.ch. H.U. / n.ch. H.H. / n.ch.
T13T-Tuaun, gosa 20.83 EJ/xr | PEG-Hyal, dose 20.83 IU/kg & (n=5) H.U. / n.ch. H.U. / n.ch. H.U. / n.ch.
T13T-Tuan, mosa 208.3 EJ/xr | PEG-Hyal, dose 208.3 IU/kg & (n=5) H.U. / n.ch. H.HU. / n.ch. H.U. / n.ch.
KonTpoJib 2 (2% pactsop I13T') / Control 2 (2% PEG solution) ¢ (n=15) H.U. / n.ch. H.M. / n.ch. H.M. / n.ch.
[13T-Tuaun, no3a 20.83 EJ/kr | PEG-Hyal, dose 20.83 [U/kg @ (n=5) H.HU. / n.ch. H.HU. / n.ch. H.U. / n.ch.
[13T-Tuaun, goza 208.3 E/l/xr | PEG-Hyal, dose 208.3 1U/kg @ (n=5) H.M. / n.ch. H.M. / n.ch. H.U. / n.ch.

[IpuMeyaHUue. HU - HET U3MEHEHH.
N o t e . n.ch.-no changes.
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Ta6smmua 3. OLeHKa BJUSIHUS HAKOXKHBIX aninKaui [137-T'uaj Ha cOCTOsIHUE KOXKHBIX TOKPOBOB MOPCKUX CBUHOK
Table 3. Evaluation of the effect of PEG-Hyal skin applications on the state of the guinea pigs’ skin

I'pynmna
Group

KosinyecTBO anmjinKamui
Number of applications

10 20

KonTtposnb 1 & (2% pactsop I13T) / Control 1 & (2% PEG solution) (n = 5) - -

M3r-Tuan / PEG-Hyal & (n = 5)

KouTpoJib 2 @ (2% pactsop I13T') / Control 2 @ (2% PEG solution) (n = 5)

[137-T'uan / PEG-Hyal @ (n=5)

[IpuMedaHUue. «»-OTpULATe/]bHAsA PeaKIHs.
N o t e. «»-negative reaction.

nui. Peaknys KOXKU B OIBITHOH TPYIIIIe HE OTJIMYA-
JIach OT PEAKIIMH B KOHTPOJIBHOU rpytre (Tabi. 3).

B skcneprMeHTax 1Mo U3yYEeHUIO PeaKINU TUIEP-
YyBCTBUTEJIBHOCTU 3aMeJ[JIEHHOTO THUIIA Ha MBIIIaxX
YCTaHOBJIEHO, UTO JIOCTOBEPHBIX PA3INUMNI MHEKCA
peakuyu I'3T B ONBITHOM I'PYyIITIe MBIIIEH, OTyJIaB-
mux [19-T'uan ¢ agproBanToM DpeiHza, MO CpaB-
HEHUI0O C KOHTPOJIbHOH TPYIIIIOH, TIOJyJIaBIINX
TOJIBKO aTbI0BAaHT Ppeiinia, He HAOJII0/IAIOCH Yepe3
6 u 24 4 ocjie BBeAeHus (Tabil. 4).

[Ipu n3ydyeHNH aKTUBHOU KOXKHOU aHaA(PHIIAaKCUH
MOKa3aHO, YTO IIOCJe BHYTPUKOXKHOTO BBEJIEHUSA
paspematoreid uHbeKIUH [I9[-T'nan guamerp
OKpAaIlleHHOTO IATHA JIOCTOBEPHO HE OTJINYAJICS B
obeunx ombITHBIX rpynnax (50 EI/xr u 500 EJI/xr)
OT KOHTPOJIbHOHU (TabJI. 5).

B sxcnepuMeHTax 110 U3YUEeHHIO HEIIPSMOU peak-
WU JIETPAHYJISAINN TYYHBIX KJIETOK YCTaHOBJIEHO,
YTO CHIBOPOTKA JKUBOTHBIX, ITosry4yaBiux [191-T'uan
B 103ax 50 u 500 EJI/kr, He BbI3bIBajla CTaTUCTAYE-
cku 3HaunMmoro udMmenenus II/ITK o cpaBHeHUIO €
KOHTPOJIPHOU Tpymmou (tabs. 6), mpuuem IIJITK
JIOCTOBEPHO He U3MEHSICSA KaK B OTCYTCTBUU, TaK U B
npucyrcereuu I19T-T'man. IIATK B npucyrcrBun
[I3T-T'uan 6e3 nobaBjeHUs] CHIBOPOTKH MBbIIIEN
COCTaBUJI 0.04.

Onenka ajuieprusupymoiiero gevcrsus I[19T-
I'man B peaknun BOCIIaJieHWsI HAa KOHKAHAaBAJINH A

Evaluation of the allergenic potential of PEG-
Hyal in the inflammatory response to concanavalin A
showed that the course administration of the drug
both at a dose of 50 IU/kg and at a dose of 500 IU/kg
did not lead to a statistically significant difference in
the IRI in the experimental and control groups
(Table 7).

CONCLUSION

When studying the allergenic properties of PEG-
Hyal in various experiments (anaphylactogenic
activity, conjunctival challenge testing and cutane-
ous applications on guinea pigs; active cutaneous
anaphylaxis, delayed-type hypersensitivity, indirect
mast cell degranulation, cutaneous and inflamma-
tory response to concanavalin A in mice), no signifi-
cant differences were found between the control and
experimental groups. Thus, PEG-Hyal does not have
an allergenic potential in various routes of adminis-
tration. This, firstly, significantly expands the possi-
bilities of clinical use of PEG-Hyal, and, secondly,
once again confirms that electron beam PEGylation
of enzymes allows to achieve the effect of eluding of
proteins from allergic response of immunocompe-
tent cells.

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

Ta6smmua 4. Ouenka BaussHus [1937-I'man Ha UHTEHCUBHOCTD peakiuu ['3T
Table 4. Evaluation of the effect of PEG-Hyal on the intensity of the DTH

Unaexc peakuuu I'3T / DTH index (X + m)

I'pynmna

Group yepe3 6 4 / after 6 h yepe3 24 4 / after 24 h
KonTposb (p-p XeHkca + agbloBaHT OpeliHza) 1.66 £ 0.53 2.42 +0.64

Control (Hanks’ solution + Freund’s adjuvant) (n = 5)

OnbrT ([13r-T'nan + agboBanT PpeitHaa) 7.58+2.71 496 £1.19

Experiment (PEG-Hyal + Freund’s adjuvant) (n = 5)

[IpumMevyaHue.
N o t e . DTH - delayed-type hypersensitivity.

I'3T - runepyyBCTBUTENBHOCTb 3aMe/IJIEHHOI'O THIIA.
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Ta6suna 5. BiusHue BBeenus [137-I'nas Ha aKTUBHYIO KOXKHYI0 aHaQUIaKCUIO
Table 5. Effect of PEG-Hyal administration on active cutaneous anaphylaxis

JMuameTtp natHa (Mm?2) (X £ m) npu paspelaniieM BBeAeHUI
II3I'-I'man B xo3e

I'pynna Spot diameter (mm?) (X + m) in challenge administration
Group of PEG-Hyal at a dose of
0.5EA /IU 1.0EA /IU
KonTpoub (2% p-p 13T 0.75 £ 0.19
Control (2% PEG solution) (n =5) 1.06+0.33
OnerT 1 (T13T-T'man, gosza 50 EJJ/xr) 0.88+0.18 219 + 0.60
Experiment 1 (PEG-Hyal, dose 50 IU/kg) (n =5) oo
Onert 2 (T13T-T'uan, fosa 500 E/l/xr) 1.29+0.26 20+0.61

Experiment 2 (PEG-Hyal, dose 500 IU/kg) (n = 5)

Ta6smna 6. Bausinue BBeeHus [191-I'wan Ha peakUUIo AeTPaHy/ISLMU TyYHBIX KJIETOK
Table 6. Effect of PEG-Hyal administration on the mast cell degranulation

I'pynna (50HOPBI CLIBOPOTKH)

M/JTK (X + m) B npucyTctBum / MCDI (X £ m)

Group (serum donors) CHIBOPOTKH cbIBOpOTKH U I13r-T'nan
for serum for serum and PEG-Hyal

®on / Background (n =5) 0.048 + 0.005 0.046 + 0.009

KonTposb (2% p-p [13T) / Control (2% solution PEG) (n =5) 0.044 + 0.008 0.050 £ 0.015

Onert 1 (TI13T-T'man, gosza 50 EJ/xr) 0.052 £0.010 0.060 + 0.005

Experiment 1 (PEG-Hyal, dose 50 IU/kg) (n =5)

Omnert 2 (T13T-T'uan, fosa 500 E/l/xr) 0.048 £ 0.010 0.046 + 0.007

Experiment 2 (PEG-Hyal, dose 500 [U/kg) (n =5)

[IpumevyaHnue.

N o t e . MCDI - mast cell degranulation index.

[ATK - nokasaTeJ/ib erpaHy My TYYHbIX KJIETOK.

Ta6smmna 7. Bausinue BBesenus [197-I'wan Ha unaekc peakyuu (MP) BocnasieHrss Ha KOHKaHaBaJuH A
Table 7. Effect of PEG-Hyal administration on the inflammatory response index (IRI) to concanavalin A

I'pynna / Group

WP /IRI (X + m)

KonTtpouss (2% p-p [13I") / Control (2% solution PEG) (n = 5)

Onerr 1 (T113T-T'man, gosa 50 E/|/xr) | Experiment 1 (PEG-Hyal, dose 50 IU/kg) (n=15)
Onert 2 (T13T-T'uan, gos3a 500 E/l/xr) | Experiment 2 (PEG-Hyal, dose 500 1U/kg) (n =5)

3.09£0.59
3.25+£0.74
3.69 £ 0.87

[MOKasaJia, YTO KypCOBO€E BBEJIEHME Mpernapara Kak B
noze 50 EJI/xr, Tak u B 1o3e 500 EJ[/kr He mpuBO-
JIAJIO K CTaTUCTUYECKH JIOCTOBEPHOU pazHule mo NP
B OTIBITHBIX U KOHTPOJIBHOU Tpynmax (tab. 7).

3AKJIIOYEHUE

[Tpn wusydyeHUHN AaJIepPrU3UPYIOIIUX CBOUCTB
[I3r-T'man B pa3jIuyHBIX dKcIepuMeHTax (aHadu-
JIAKTOTeHHas AaKTHUBHOCTb, KOHBIOHKTHUBAJIBHOE
TeCTUPOBAHUE U HAKOXKHbIE alIIMKallud Ha MOp-
CKUX CBUHKAX; aKTHUBHad KOXKHAsA aHadUIaKCcusd,
peakuus TUIIepYyBCTBUTEJIBHOCTU 3aMe/IJIeHHOIO
TUIA, Peaknusa HeNmpsAMON JerpaHyIAlNN TYIHBIX
KJIETOK M PeakIus BOCIAJIeHUA Ha KOHKaHaBaJIuH A

Ha MBIIIax) He ObLIO BBISBJIEHO IOCTOBEPHBIX OTJIH-
YHH MEXJy KOHTPOJBHBIMH K OIBITHBIMH TPYII-
mamu. Taxkum ob6paszom, II9T-Tman He obsamaer
QIIEPTU3UPYIONIUM JeUCTBUEM TIPU Pa3JIMYHBIX
IyTSIX BBelEeHUs. ITO 0OCTOSATENIHCTBO, BO-IIEPBBIX,
CYIIIECTBEHHO PACIIUPSET BO3MOKHOCTH KJIUHHYE-
ckoro npuMmeHeHus II9T-T'man, a BO-BTOPBIX, elle
pa3 MOATBEPIK/AET, UTO 3JIEKTPOHHO-IyIEBOE MEeTH-
supoBanue  ¢GEepMEHTOB  TO3BOJISIET  JIOCTUYb
adderTa «yckoab3aHUs» OEJKOB OT aslIepruye-
CKOTO OTBETAa UMMYHOKOMIIETEHTHBIX KJIETOK.

KoH@uuKT HHTEPECOB. ABTOPHI 3aBJIAIOT 00
OTCYTCTBUU KOH(JINKTA UHTEPECOB.
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