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AHHOTAIIUA

BBepnenwue. I[lpemnaparsl TECTUKYJIAPHON T'MaJypOHUA3bl UMEIOT IIUPOKOE NIPUMEHEHNE B MEAUIIMHCKOH ITpaK-
TrKe. MopuduKanysa HATUBHBIX OMOJIOTHYEeCKH AKTUBHBIX MOJIEKYJI IIyTeM 2JIEKTPOHHO-JIyY€BOTO [TETHJINPOBAHUSA II03BO-
JISIET YyCOBEPIIIEHCTBOBATH UX (PapPMaKOKHHETUUECKHE CBOMCTBA, UTO 00YCIOBIMBAET MTOCIEAYIONIEE YIydIeHne papMaKo-
JuHamudeckux addexros. Co3zjaHNe OPUTHHAIBHOIO [IEPOPAJIBHOTO JIEKAPCTBEHHOTO cpezicTBa ¢ (hapMaKOJIOIHYecKU
aKTUBHBIM SZIPOM, B KauecTBe KOTOPOTO BBICTYIIaeT I'MalypOHM/a3a, IIPeCTaBIsAeTcs IepCIeKTUBHBIM, OIHAKO TpebyeT
n3yJdeHus1 6€30IaCHOCTH IPUMEHEHH Ha JOKJIMHIYECKOM JTalle.

Ilenp mccume0BaHUSHA. YIbTPAaCTPYKTypHad OlleHKA rellaTOTOKCHYeCKUX 5(pdEeKTOB IIernInpOBaHHOM I'ua-
JIyPOHU/IA3bI in Vitro.

MaTtepuanas u MeToaBsbl .O0beKT UCCIeI0OBAaHUA — IETHINPOBAHHAA HA TOJIM3TUIEHOKCH/IE IIOCPEICTBOM
3JIEKTPOHHO-JIYUEBOTO CHHTE3a TECTUKYJsApHAasa ruamyponuaasa (IIDT-TUAJT). KynabTypasibHas cpefa — MepeBuBaemMast
KyJIbTypa KJeTok rnedenu desoBeka Chang liver. OmeHKy I[UTOTOKCHYECKOTO AEUCTBUS MPOBOJUIH ¢ momorpio MTT-
TecTa. YIbTPACTPYKTYPHbIE U3MEHEHH OLIEHNBAIA METO/IOM 3JIEKTPOHHOU MUKPOCKOIIHH.

PesyunbTarsb . Pa3pabaTsiBaeMoe OpUTHHAIBHOE JieKapcTBeHHOE cpeficTBO IIDT-T'MAJI B m3ydyaeMbIX KOHIIEH-
Tpanusx 37, 75 u 150 EJI /M1 He 0Ka3bIBAaeT IIUTOTOKCUYECKOTO BO3/IEHCTBHUSA HA KYJIbTYPY KJIETOK IIEUeHH UetoBeKa (rema-
TOIUTHI). JKH3HECIOCOOHOCTD KJIETOK HAXOUTCS IPAKTUIECKH HA YPOBHE KOHTPOJISA ITpH Bo3zekcTBuu II9T-T'IAJI B KOH-
neHTpanuax 37 u 75 EJ1/mi, a noa BausHIEM MakCUMaIbHON KOHIleHTpanuu 150 EJI /M7 craTucTUYecKy 3HAUHNMO CTHMY-
supyetcs: npostrdepanus KIeTOK, O YeM CBUAETEIbCTBYET IOBBIIIEHNE UX KU3HECIIOCOOHOCTH 10 106 %. PesynbraTsl
OIIEHKU Y/IBTPACTPYKTYPHBIX N3MEHEHUH IellaTOLUTOB IT0Ka3any, uTo Boszeiicrere II9T-I'IAJI Bo BceX KOHIIEHTPAIUAX
MIPUBOJIUT K YCHJIEHUIO OOMEHHBIX IIPOIECCOB B KJIETKAX, PA3BUTHIO ayTO(Qaruu, KOTOPas SBJISIETCS OJHUM M3 OCHOBHBIX
TrOMeOCTaTU4YeCKHUX IIPOLIEeCCOB.

3akawmwueHHue . Hceaegyemoe ekaperBeHHOE cpeicTBO [IDT-T'TMAJI Bo Beex n3ydaeMbIX KOHIIEHTPALUAX He OKa-
3BIBA€T TOKCUYECKOTO BO3EHCTBUSA HA KyJIBTYPY IellaTOIIUTOB YesloBeKa. I1oydaeHHbIe pe3yIbTaThl MOTYT OBITh UCIIOJIb-
30BaHbI IPU AJIBHENIIIEM UCCIIEZIOBAHUY TP paspabotke [I9T-TMAJL.

Kmuouesnle cnroea: ruaiypoHn/iasa, NerninpoBaHye, IUTOTOKCUYHOCTD, KYJIbTYPa KJIETOK IIeYeHH YeIoBeKa.

Oo6pasen murupoBaHui: lsenosa A.M., KoposieB M.A., Yypus A.A., Boanapeuko H.A., Boratosa H.II., Ep-
moB K.1., Maznonos II.T'., Papuiosa }O.P., Mumenuna C.B. YibTpacTpyKTypHas olleHKa reaTOTOKCUYecKuX addeKxToB
TIETHIMPOBAHHOU THAIYPOHU/Ia3bI B AKCIIEpUMeHTaX in vitro // Journal of Siberian Medical Sciences. 2024;8(3):51-61.
DOI: 10.31549/2542-1174-2024-8-3-51-61

TlocTymuia B peJakiiuio 26.03.2024 Received 26.03.2024

IIpomwna pereH3upoBaHue 13.05.2024 Revised 13.05.2024

IIpunsATa K MyOIMKanuu 30.05.2024 Accepted 30.05.2024

Aemop, omeemcmeeHHblll 3a nepenucky Corresponding author

IlIBeroBa Anekcanzipa Muxaiinosaa: HUW KIMHUYECKON U 9KCIIEPUMEH- Shvetsova Alexandra M.: Research Institute of Clinical and Experimental
TanpHOl muMdosoruu — bunnan PIBHY «®enepanbHbIi HCCIIE[0BATEb- Lymphology — Branch of the Institute of Cytology and Genetics, Siberian
ckuii neHtp UHerutyt nurosoruu u reneruku CO PAH. 630060, 1. HoBo- Branch of the Russian Academy of Sciences, 2, Timakova str., Novosibirsk,
cubupck, yi1. Tumaxosa, 2. 630060, Russia.

E-mail: aleksa-2904@mail.ru E-mail: aleksa-2904@mail.ru

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



IIIgeyosa A.M. u dp. / Journal of Siberian Medical Sciences T. 8, N? 3 (2024)

Ultrastructural evaluation of hepatotoxic effects
of PEGylated hyaluronidase in vitro
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3Novosibirsk State Medical University, Novosibirsk, Russia

ABSTRACT

Introduction. Testicular hyaluronidase preparations are widely used in medical practice. Modification of
native biologically active molecules by electron beam PEGylation allows to improve their pharmacokinetic properties,
which determines a subsequent improvement of pharmacodynamic effects. The development of an original oral drug with
a pharmacologically active core, which is hyaluronidase, is promising, but requires studying the safety of use at the pre-
clinical stage.

A i m . Ultrastructural evaluation of hepatotoxic effects of PEGylated hyaluronidase in vitro.

Materials and methods. Theobject of astudy was testicular hyaluronidase PEGylated on polyethyl-
ene oxide (PEG-HYAL) using electron beam synthesis. The culture medium is a continous culture of human liver cells
Chanq liver. The cytotoxic effect was detected by the MTT assay. Ultrastructural changes were evaluated by electron
microscopy.

R esults. Theoriginal drug PEG-HYAL in the studied concentrations of 37, 75 and 150 U/ml has no cytotoxic effect
on the human liver cell culture (hepatocytes). Cell viability is virtually at the control level when PEG-HYAL administration
at concentrations of 37 and 75 U/ml, and in the maximum concentration of 150 U/ml, cell proliferation is stimulated sig-
nificantly, as evidenced by an increase in cell viability up to 106%. The results of evaluation of ultrastructural changes in
hepatocytes showed that exposure to PEG-HYAL in all concentrations leads to the enhancement of metabolic processes in
cells, development of autophagy, which is one of the main homeostatic processes.

Conclusion. Thedrug PEG-HYAL in all studied concentrations has no toxic effect on the human hepatocyte cul-
ture. The results obtained can be used in further research in the development of PEG-HYAL.

Keywords: hyaluronidase, PEGylation, cytotoxicity, human liver cell culture.
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BBEJAEHHNE INTRODUCTION

I'manyponuzasza ABiaseTcss (epMeHTOM, KOTO-
pBIi paciierisieT TUaJypoOHOBYIO Kucioty. I[lpu
CO3/IaHUU JIEKAPCTBEHHBIX IIperapaToB SH3UMBI
IIPOSIBJIAIOT PsI/T HEJIOCTATKOB, CPeIU KOTOPBIX HU3-
Kasg cTabMJIBHOCTh U OUOIOCTYITHOCTH, IOBBIIIEH-
Has CIIOCOOHOCTH BBI3BIBATH PA3JIMUHBIE AJIJIEPTH-
YyecKue peakI[uy, B TOM YHCJIE CO CTOPOHBI HIMMYH-
HOU cucTteMbl. OOIIMPHBIE TOKA3aHUS K IIPUMeEHe-
HUIO [IPerapaToB HA OCHOBE TECTUKYJISIPHOMN THAITY-
POHU/Ia3bI MO3BOJIAIOT YCIIENIHO UCII0Ih30BATh UX B
Pa3IUMYHBIX 00JIACTAX MEIUITUHBI Ha ITPOTIKEHUU
HECKOJIBKHX JIeCATKOB JieT. OTHAKO MHOTOJIETHUH
OTIBIT UCIIOJIb30BAHUSA IIPENAapaTOB THATTYPOHHUA3bI
B KauecTBe MIePCIEKTUBHOTO CPe/ICTBA JIJIA JIeUeHUA

Hyaluronidase is an enzyme that breaks down
hyaluronic acid. When developing drugs, enzymes
show several disadvantages, including low stability
and bioavailability, increased ability to cause various
allergic reactions, in particilar from the immune sys-
tem. A wide range of indications for the use of tes-
ticular hyaluronidase preparations allows their suc-
cessful use in various fields of medicine for several
decades. However, many years of experience in using
hyaluronidase preparations as a promising drug for
the treatment of several diseases has a disadvan-
tage — lack of their oral forms because of low bio-
availability in this route of administration. By modi-
fying the active substance on a polymeric carrier by
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psza 3aboeBaHUN UMeEET U HEeJJOCTATOK — OTCYT-
CTBUE Y HHUX IEPOpPaJbHBIX (GOPM BBUILY HU3KOMN
OHOZOCTYITHOCTA IPHU JAaHHOM cIocobe IpueMa.
ITyrem ™mopudUKanuyd aKTUBHOTO BelecTBa Ha
MTOJIMMEPHOM HOCUTEJIE TTOCPEACTBOM BJIEKTPOHHO-
JIY4E€BOTO BOBJIEHCTBUS MOIKHO IOJIyYUTbh KOHBIO-
raT ¢ yCTpaHEHHBIMU HETaTUBHBIMHU CBOMCTBAMU
[1, 2]. Co3manue OPUTMHAIBHOTO IIEPOPATHHOTO
JIEKapCTBEHHOTO cpeJicTBa ¢ (apMaKOJIOTHYECKU
aKTHUBHBIM fIPOM, B KAUECTBE KOTOPOTO BHICTYIIAET
THaJypOHHAa3a, UMMOOUIN3UPOBAHHAS HA TOJIH-
STHUJIEHTJIMKOJIE C IIOMOIIBI0 TEXHOJIOTHUU 3JIEKT-
POHHO-JIy4€BOTO CHUHTE3a, IPEACTABJISIETCI HaM
BechMa IEPCHEKTUBHBIM W TpebyeT u3ydeHUs
0e30TaCHOCTH TMPUMEHEHHUs Ha JOKJIMHUYECKOM
sramne [3].

OneHKa TOKCUYHOCTH JIEKAPCTBEHHBIX ITperna-
paToB sSIBJIAETCS HEOTHEMJIEMOU YaCThIO PETUCTPA-
IIMOHHOTO JIOChe, B YACTHOCTH IIMTOTOKCHYHOCTH
mpezcTaBssieT coO0M OTAEIbHBIN ATAll MPU pa3pa-
0OTKe HOBOTO JIEKAPCTBEHHOTO Cpe/icTBa [4]. AHa-
JIN3 PHCKA Pa3BUTHUA TeMaTOTOKCUYHOCTH SIBJIA-
eTcsA Ba)KHOM COCTaBJAIONEH JTOKJIMHHYECKUX
uccnenoBanuii. Haubosiee yacTto pa3BuUTHE HEKe-
JIaTeJIbHBIX pEeakmuii CcO CTOPOHBI OPraHOB
JKEJTyIOUHO-KUIIIEYHOTO TPAKTa IPU IPUMEHEeHUH
JIEKApCTB MIPOUCXOAT UMEHHO B mevyeHu. Jlekap-
CTBEHHAs IelaTOTOKCUYHOCTD BBICTYIIAET IJIaBEeH-
CTBYIOIEH M3 IMPUYMH U3BATHA M OT3bIBA Ipera-
patoB [5]. B cBsi3u ¢ TeM, UTO meYeHb — OCHOBHOH
OpraH JETOKCUKAIIUN U MeTaboInUYecKuX IpoIlec-
COB, KYJBTYPy KJIETOK TemaTOI[UTOB MOKHO
KCIIOJIb30BaTh B KAUECTBE MOEJIH AJIsI TOKCUKOJIO-
TUYECKUX KMCCIeIOBAHUN JIEKAPCTBEHHBIX CPEJICTB
[6]. Ha [moxaImHMYECKOM JTale HWCCIeI0BAHNUA
MEPCIIEKTUBHBIM SIBJISIETCS MTPOBEEHHUE DKCIIEPU-
MEHTOB HMEHHO Ha KJIETOUYHBIX KyJbTypax.
KiieTku — mepBBIf YPOBEHD OpTraHU3aIUH KU3HH,
Ha KOTOPOM MOKHO IIPOBECTHU OIIEHKY HapyIIIeHUH
CTPYKTYPbI BHYTPUKJIETOUHBIX CTPYKTYPHBIX KOM-
IIOHEHTOB, UX B3aMMOJEHCTBUI, YTO B KOHEYHOM
HUTOTE JaCT KapTUHY MeXaHU3Ma IMOBPEKIAIIIEro
nmerictBusg. OLeHKa NUTOTOKCUYHOCTH Yallle BCEero
HCIIOJIb3YETCs B KAUeCTBEe CKPUHUHTA JJIsI OTIpejie-
JIeHUsA COOCTBEHHOI TOKCHUYHOCTHU BelecTBa [7].
IKCIEPUMEHTHI in vitro obJyiaflaloT pAJIOM IIpe-
UMYIIECTB HAPAAY C IPOCTOTOMN MPOBEAEHMS, HU3-
KO CTOMMOCTBIO U OOJIBIIIMM 3aI1acOM MaTepuala,
YTO B IIOCJIEAYIOIIEM II03BOJISIET COKPATHUTh YHC-
JIEHHOCTDb 9KCIIEPUMEHTOB B XO7[€ IOKTMHUUECKHUX
HUCHBITAHUUH in vivo. KpoMe Toro, uccienoBaHue
IUTOTOKCUYHOCTH Ha J1abOpPaTOPHBIX >KUBOTHBIX
1n vivo OGBIBAIOT HepeIeBAHTHBI BBU/Y BHU/IOCIIEIH-
(UYHBIX pa3JIUUNi ¢ yeJoBeKOM [8].

electron beam exposure, a conjugate with eliminated
negative properties can be obtained [1, 2]. Develop-
ing an original oral drug with a pharmacologically
active core, which is hyaluronidase immobilized on
polyethylene glycol (PEG) using electron beam syn-
thesis technology, seems to us very promising and
requires studying the safety of use at the preclinical
stage [3].

Evaluation of drug toxicity is an integral part of the
registration dossier, in particular, cytotoxicity assess-
ment represents a separate stage in the development
of anew drug [4]. Analysis of the risk of hepatotoxicity
is an important part of preclinical studies. The most
frequent of gastrointestinal adverse drug reactions
occurs in the liver. Drug hepatotoxicity is the main
reason for withdrawal and recall of drugs [5]. Because
the liver is the main organ orchestrating the detoxifi-
cation and metabolic processes, hepatocyte cell cul-
ture can be used as a model for toxicological studies of
drugs [6]. At the preclinical stage of research, it is
promising to conduct experiments on cell cultures.
Cells are the first level of life organization, at which it
is possible to assess the disorders in the structure of
intracellular components, their interactions, which
will finally reveal the mechanism of damage. Cytotox-
icity assessment is most often used as screening to
determine the proper toxicity of a substance [7]. In
vitro experiments have several advantages along with
ease of conducting, low cost and large stock of mate-
rial, which subsequently allows for a reduction in the
number of experiments during in vivo preclinical
experiments. In addition, in vivo cytotoxicity studies
on laboratory animals are not relevant because of spe-
cies-specific differences with humans [8].

AIM OF THE RESEARCH

To evaluate in vitro experiments on human cell
culture (hepatocytes) the possible cytotoxic effect of
PEGylated hyaluronidase as an original drug.

MATERIALS AND METHODS

Object of the research. Hyaluronate-endo-f3-
N-acetylhexosaminidase subjected to electron beam
immobilization on a polymer carrier polyethylene
oxide Macrogol-1500 (PEG-HYAL) by accelerated
electron flow at a dose of 1.5 Mrad, which is created
by a pulsed linear accelerator ILU-10 (Budker Insti-
tute of Nuclear Physics, Novosibirsk, Russia). PEG-
HYAL was manufactured at the Siberian Center of
Pharmacology and Biotechnology, JSC (Novosi-
birsk, Russia) and was kindly provided as part of
scientific cooperation. PEG-HYAL was studied at
concentrations of 37, 75 and 150 U/ml. These dos-
ages, simulating the presence of PEG-HYAL in the
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ITEJIb UCCJIEJIOBAHUSA

OLleHUTD B 3KCIIEPUMEHTAX 1N Vitro Ha KyJIbType
TelaTOIUTOB UeJIOBEKA BO3MOXKHOE ITUTOTOKCUYe-
CKOE JeHCTBHE MEerFUIMPOBAHHON T'HMaypPOHU/IA3HI,
paccMaTpuBaeMoOil B KayecTBE OPHUTMHAJIBHOTO
JIEKapCTBEHHOTO CPEJICTBA.

MATEPUAJIBI 1 METO/bI

O0beKT uccieaoBanusa. [narypoHaT-sH10-3-
N-areTuirekco3aMruHHU/1a3a, MTO/IBEPTHYTas
BJIEKTPOHHO-JIyYeBOH MMMOOWIN3AIUA HA IOJIH-
MEPHOM HOCHUTEJIE TOJUATUIIEHOKCHle Maxkpo-
ros1-1500 (II9T-T'MAJT) mOTOKOM YCKOPEHHBIX DJIEeK-
TPOHOB B 103e 1.5 Mpaz, KOTOpBIA cO37aeTcs
UMITYJIbCHBIM JIMHEHHBIM yckopuresnem WJIY-10
(Uuctutyt sigepHoit pusuku umenu .M. Byakepa
CO PAH, Hosocubupck, Poccust). [TAT-I'MAJI usro-
tToBJieHa B AO «CHbupckuii neHTp (papMaKkoJIOTHH U
ouotexuonmorun» (r. HoBocubupck, Poccus)) wu
100e3HO0 TPENOCTaBJIeHA B paMKaxX HAYIHOTO
corpyguudectBa. [I9T-TUAJI usyyanm B KOHIIEH-
Tpanusx 37, 75 u 150 EJI/mi. JlaHHBIE TO3BUPOBKH,
Mojiesupyioomue  Haxoxkzgenme [I9T-TUAJI B
CHCTEMHOM KPOBOTOKE, OBLJIM PACCYUTAHBI C YIETOM
obbeMa IUPKYJIUPYIOIIEH KpPOBH J1abOPaTOPHBIX
Mmbimied. CremeHb YHCTOTHI TPeENapaTtoB > 97%
(u3mepsitach Ha XKUAKOCTHOM xpomarorpade Ackta
Purifier 100, GE Healthcare).

KyabTypa KJIeTOoK. B sxcnnepuMeHTe HCIoIb30-
BaJI¥ IIEPEBUBAEMYIO KYJIBTYPY KJIETOK IIEUeHH YeJI0-
Beka Chang liver (OT'BYH «T'ocymapCcTBeHHbBIH HAyY-
HBIU IIEHTP BUPYCOJIOTUH U OMOTEeXHOJIoTUH «Bek-
top», Poccust). Kimerku neuenu Chang liver kysibTu-
BUPOBJIM B muTaresibHOU cpere RPMI-1640 (OO0
«buonoT», Poccus) ¢ mobasieHueM 10% 3MOpHO-
HayIbHOU TessAubelt cbiBopoTku (ATC) (HyClone, US
Origin), 40 MKr/mi rearamununa cyiabdara (OAO
«JJampxumdapm», Poccnst) 1 2 MMosib L-ryryTamMmuHa
(ICN, CIIA) B CO,-unky6arope npu 37 °C u 5% CO,
110 06pa3oBaHUs KOH(MIIIOIHTHOTO MOHOCJIOS.

HNccaenoBaHue IMHUTOTOKCUYHOCTH. JKCIIe-
PUMEHTHI 110 U3YUEHHIO U OI[€HKE ITUTOTOKCUYHOCTHU
IIPOBOJIVJIU C UCIIOJIb30BAHUEM JIBYX METO/IOB:

MTT-mecm — JaHHBINA METO/T IIO3BOJISIET OTIPE/Ie-
JIUTD KU3HECITIOCOOHOCTDh KyIeTOK. OCHOBaH Ha TOM,
YTO JKUBbIE U MeTabOJIMUEeCKU AKTUBHbBIE KJIIETKU C
IIOMOIIBI0 MUTOXOH/IPUATBHBIX JIETHIPOTEHA3 IIpe-
00pa30BBIBAIOT KEJITYK) PACTBOPUMYIO COJIb TET-
pasonust  (3[4,5-AUMETHI-THA30JI-2- W |-2,5-Aude-
HIWITETPA30JINsI) U BOCCTAHABIIUBAIOT €€ 710 dhuoJe-
TOBBIX HEPACTBOPUMBIX KPHCTALIOB ¢opMasaHa.
IIpu n1u3uce KJIETOK KPUCTAILIIBI (popMasaHa JIETKO
IIEePEXO/IAT B PACTBOP OPTaHUYECKUX PACTBOPHUTE-

systemic circulation, were calculated taking into
account the volume of circulating blood of labora-
tory mice. Pharmaceutical grade > 97% (measured
using an Ackta Purifier 100 liquid chromatograph,
GE Healthcare).

Cell culture. In the experiments, a continuous
culture of human liver cells Changq liver (State Scien-
tific Center of Virology and Biotechnology “Vector”,
Russia) was used. Chanq liver cells were cultured in
a RPMI-1640 medium (BioloT, LLC, Russia) with the
addition of 10% fetal bovine serum (FBS) (HyClone,
US Origin), 40 pg/ml gentamicin sulfate (Dalkhim-
pharm, JSC, Russia) and 2 mmol L-glutamine (ICN,
USA) in a CO, incubator at 37°C and 5% CO, until a
confluent monolayer is formed.

Cytotoxicity study. Experiments to study and
evaluate cytotoxicity were carried out using two
methods:

MTT assay — this method allows to determine the
viability of cells. It is based on the fact that living and
metabolically active cells, using mitochondrial dehy-
drogenases, convert the yellow soluble tetrazolium
salt (3[4,5-dimethyl-thiazole-2-yl]-2,5-diphenyltet-
razolium) and reduce it to purple insoluble forma-
zane crystals. During cell lysis, formazane crystals
easily pass into a solution of organic solvents such as
isopropanol or dimethyl sulfoxide. By measuring the
absorbance of the formazane solution, the activity of
mitochondrial dehydrogenases and, accordingly, cell
viability are determined [9].

To determine the cytotoxicity of PEG-HYAL, cells
were cultured in 96-well plates at the rate of 2x104
cells per well. After 24 hours, the medium was
removed, complete medium with 1% FBS and PEG-
HYAL at concentrations of 37, 75 and 150 U/ml was
added, and cells were cultured for 72 hours. After
incubation of cells with drugs in a CO, incubator at
37°C, the culture medium was removed from the
wells, 100 ul of medium with MTT (3[4,5-dimethyl-
thiazole-2-yl]-2,5-diphenyltetrazolium, Sigma) was
added at an initial concentration of 5 mg/ml and
incubated for 4 hours. The absorption of dissolved
formazane crystals was measured at a wavelength of
492 nm using a Stat Fax-2100 microplate reader
(Awareness Technology Inc., USA) and expressed in
units of absorbance (UA). Cell viability was calcu-
lated as the ratio of UA in the experiment x 100/UA
in the control.

Statistical analysis was performed using STATIS-
TICA 10.0 software (StatSoft Inc., USA). The data are
presented as the mean value (M) and standard devia-
tion (SD). Significance of differences between the
groups was assessed according to the Mann-Whitney
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JIeH, TaKUX KakK W30IPOIAHOJ WU JUMETHUJICYITb-
doxcun. Ilo M3MEpEHHUI0 ONTUYECKOH IIOTHOCTH
pactBopa ¢opMasaHa MPOBOJAT OIpeJieJIeHne
AKTUBHOCTH MUTOXOH[PUATBHBIX JIETHAPOTEHA3 H,
COOTBETCTBEHHO, KU3HECIIOCOOHOCTH KJIETOK [9].

Jnsa  omnpenenenus nuToTokcuuHoctu [I9T-
TUAJI xineTku BBICEBAJIM B QO6-JIyHOUHBIE ILJIAaH-
IIeThl B KOJTUYECTBE 2 X104 KJIETOK Ha JIyHKY. Uepes
24 9 KyJIbTUBUPOBAHMUS CPEY VSN, 100ABIISAIN
oJTHYI0 cpeny ¢ 1% comep:kanuem ITC m I139T-
TMAJI B xOHIIeHTpanusx 37, 75 U 150 EJ] /M, nanee
KyJIPTUBUPOBJI KJIETKH B TeueHue 72 4. Ilocie
uHKyOanuu KJeTok c¢ npenapatamu B CO,-
uHKyOaTope pu 37 °C KyJIbTypaJabHYIO cCpeay you-
paiu U3 JIYHOK, J00OABJISJIM MO 100 MKJI CPEJbI C
MTT (3[4,5-AUMeTHII-THAB0JI-2-HUJ1]-2,5-TUDEH T~
TeTpas3oyus, Sigma) B HCXOJTHOU KOHIIEHTPAIHMU
5 MT/MJI 1 HHKYOUpOBasu B TeueHue 4 4. [Torsiore-
HHE PAaCTBOPEHHBIX KPUCTAJIIIOB (popMas3aHa u3me-
PSUTH IIPU JUTUHE BOJIHBI 492 HM C UCIIOJIb30BAHUEM
iaHmeTrHoro puzaepa Stat Fax-2100 (Awareness
Technology Inc., CIIIA) u BbIpa)kayii B eAUMHUIIAX
ontuueckonn 1mrotHoctu (EOII). >KusHecrocob-
HOCTB KJIETOK pacCUUTBHIBAIU Kak oTHomeHne EOII
B onbITe X 100/EOII B KOHTpOIIE.

CTaTHCTUYECKUN aHAJIU3 BBIMOJIHSIIN C UCIIOJIb-
soBanueM Inakera nporpamm STATISTICA 10.0
(StatSoft Inc., CIITA). /TaHHbIE TIPE/ICTaBIEHBI B BUJIE
cpenaHero 3HadyeHus (M) U cTaHZAPTHOTO OTKJIOHE-
Hus (SD). JIoCTOBEpHOCTh Pa3IMYHN MEKIy TPyIl-
IIaMH OIleHWBAJIM IIO0 KpUTepuio MaHHa — YUTHH.
Pazmuus cauTaaruch JOCTOBEPHBIMH ITPH P < 0.05.

daexmpoHHO-MUKpOCKONUUeckoe  uccaedosa-
Hue: pausaHue [I9T-TMIAJI Ha TUTOAPXUTEKTOHUKY
KJIETOK OII€HWBAaJIU BU3yaJsibHO. KiteTku Gukcupo-
Bany B 1% pacteope OsO, Ha pocparHoM Oydepe
(pH 7.4), nerupaTupoBaJii B BTUJIOBOM CIIHPTE
BO3pACTAIOIIENd KOHIEHTPAllMd W 3aKJIIYajliid B
anoH (Serva, lepmanus). 13 mosiyueHHBIX GJIOKOB
TOTOBUJIY TIOJIyTOHKHE CPe3bl TOJIIMHON 1 MKM Ha
yaprpatome Leica UC7/FC7 (I'epmanus/IlBeiina-
pusi), OKpAIIMBAJIKM TOJYUJMHOBBIM CHHUM, HU3Y-
vaynu nof, cBeToBbIM MuKpockonom LEICA DME u
BBIOWIpAJIN KJIETKHU JJIs BJIEKTPOHHO-MHKPOCKO-
MIUYECKOTO HccieoBaHus. 113 oToOpaHHOTO MaTe-
puasia moJIyJasiv yJIbTPATOHKHE CPE3bI TOJIIUHOMN
70—-100 HM, KOHTPACTHPOBAJIM HACHIIEHHBIM
BOJIHBIM PacTBOPOM ypaHHJAIEeTaTa U IIUTPATOM
CBUHIIA W UW3YYAJIU C IIOMOIINBI0 3JEKTPOHHOTO
mukpockorna JEM-1400 (JEOL, fAnonus) llentpa
KOJIJIEKTUBHOTO  IIOJIb30BAaHUA  MHKDPOCKOIIMYE-
CKOTO aHaIM3a OMOJIOTHYECKHX 00BEKTOB Cubump-
CKOTO OT/eJieHUusT POCCHHCKON akaJeMUH HayK
(HoBocubupck, Poccust).

test. The differences were considered significant at
p < 0.05.

Electron microscopic examination. The effect of
PEG-HYAL on the cytoarchitectonics of cells was
assessed visually. The cells were fixed in a 1% solu-
tion of OsO, using a phosphate buffer (pH 7.4), dehy-
drated in ethyl alcohol of increasing concentrations
and enclosed in EPON (Serva, Germany). Semi-thin
1 um sections were prepared from the obtained
blocks on a Leica UC7/FCy7 ultramicrotome (Ger-
many/Switzerland), stained with toluidine blue,
studied on a LEICA DME light microscope, and cells
were selected for electron microscopic examination.
Ultrathin 70—-100 nm sections were obtained from
the selected samples, contrasted with a saturated
aqueous solution of uranyl acetate and lead citrate,
and studied using a JEM-1400 electron microscope
(JEOL, Japan) of the Center for Collective Micro-
scopic Analysis of Biological Objects of the Siberian
Branch of the Russian Academy of Sciences (Novosi-
birsk, Russia).

RESULTS AND DISCUSSION

Cytotoxicity assessment using MTT assay.
The viability of liver cells with the addition of PEG-
HYAL at concentrations of 75 and 37 U/ml was at the
control level — 99 and 100%, respectively. At the
same time, the viability of liver cells in the maximum
concentration of PEG-HYAL 150 U/ml significantly
stimulated cell proliferation, as evidenced by an
increase in cell viability up to 106%. This fact indi-
cates the absence of a dose-dependent effect, as well
as the cytotoxic effect of PEG-HYAL on human hepa-
tocytes (Fig. 1).

Electron microscopic examination. Incuba-
tion of human liver cells, hepatocytes, with PEG-
HYAL for 72 hours had some effect on the ultrastruc-
tural organization of cells.

Electron microscopic examination of intact hepa-
tocytes revealed a small content of microvilli on the
cell surface. In the cytoplasm of cells, rounded nuclei
with a predominance of euchromatin and a nucleo-
lus of granular fibrillar structure were observed.
Mitochondria were more often oval or rounded in
shape and had well-defined crystae. Glycogen in the
form of rosettes was evenly distributed throughout
the cytoplasm or formed clusters in certain areas of
hepatocytes. Cisterns of the granular endoplasmic
reticulum, peroxisomes and lysosomes were well
represented. Single autolysosomes and lipid inclu-
sions were found (Fig. 2, A and 3, A).

Ultrastructural analysis of hepatocytes cultured
with PEG-HYAL at a dose of 37 U/ml revealed an
increase in the electron density of cell cytoplasm and
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PE3YJ/IBTATDBI 1 OBCY KAEHWUE

O1eHka MUTOTOKCUYHOCTH C UCIOJIb30Ba-
Huem MTT-tecta. Ku3HeCOCOOHOCTh KJIETOK
neueHu npu aobasaenun [I13T-I'MAJI B KoHIIEHTpA-
nuax 75 u 37 EJl/Mu1 Haxoguiiach Ha ypOBHE KOH-
TPOJIsI — 99 M 100 % COOTBETCTBeHHO. [Ipu 3TOM
JKA3HECIIOCOOHOCTh KJIETOK IEYEHH I10J BIANSHUIEM
MaKCHUMaJIbHOU KoHIeHTpanuu [I19T-T'MAJT 150 E/T/
MJI CTaTUCTHYECKU 3HAUYMMO CTUMYJIMPOBAa IPO-
nudepanuio KJIETOK, O UYeM CBUETEIbCTBYET IOBbI-
[IeHNE JKU3HECIIOCOOHOCTH KJIETOK 710 106 %. JlaH-
HBIM (aKT yKasplBaeT Ha OTCYTCTBHUE /10303aBUCH-
Moro 3d@eKTa, a TakKe IUTOTOKCHYECKOTO MIei-
ctBust [IDT-TMAJI Ha renaTOIUTHI YesloBeKa (puc. 1).

AJIEKTPOHHO-MUKPOCKOIIUYECKOE W CCIe-
mpoBaHue. VHKybOamus KJIETOK IeYeH! YeJoBeKa —
renatouuToB ¢ [I9T-I'MAJI B TeueHUe 72 4 OKazaja
HEKOTOpOe BJIMSHUE Ha YJIBTPACTPYKTYPHYIO Opra-
HU3AIUIO0 KJIETOK.

[Ipu 551eKTPOHHO-MUKPOCKOIIMYECKOM HCCIIE0-
BaHUM WHTAKTHBIX TeMTaTOIMTOB OTMEeYaTn HeGOIb-
1I10e cojiep>KaHre MUKPOBOPCUHOK HA TIOBEPXHOCTH
KJIETOK. B nuroriasMe KjIeTOK HaOIOAaIN siapa
OKpyTJI0¥ GOPMBI ¢ MpeobaaaHueM 3YXpOMaTHHA 1
HaJIMYUEM SIJIPBINIKA TPAHYJISIPHO-QUOPUILIIPHOTO
cTpoeHUsA. MUTOXOH/IPUU UMeJIN 4allle OBAJIbHYIO
WU OKPYIJIVIO (POPMY U XOPOIIIO BhIPpayKEHHBIE KPU-
cThl. [7IMKOTEH B BHU/IE PO3ETOK PACIOJIArajicsi paB-
HOMEPHO IO ITUTOIUIa3Me WU 0OpPa30BBIBAT CKO-
IUIEHUSA B OT/EJIBHBIX YYacTKax TenaTonuToB. beuin
XOPOIIIO TIPE/ICTABJIEHBl IMCTEPHBI TPAHYJIIPHOTO
SH/IONJIA3MaTUYeCKOTO PETUKYJIyMa, MepPOKCUCOMBI
¥ JIU30COMBI. BeTpeuasimch OAUHOUYHBIE AyTOJIHU30-
COMBI U JINIIW/THBIE BKJIIOUEeHUs U (puc. 2, A u 3, A).

[Ipu y/1bTpacTpyKTypHOM aHa/IN3€ TrenaToIUTOB,
KoTopble KyabTuBupoBanu c II9T-IT'MAJI B mose

140 —
120 —

*
100 —

80

60

40 —

20

a significant increase in the size and number of
microvilli on the surface of cells that were often in a
budding state (Fig. 2, B). The size of the nucleoli was
significantly increased. The cytoplasm of hepatocytes
was abundant in organelles. Mitochondria had dif-
ferent shapes and sizes. An increase in the content of
cristae and in the electron density of the matrix was
noted (Fig. 3, B). A significant increase in the content
of free polysomal complexes of ribosomes, autolyso-
somes and vesicular structures was observed
(Fig. 2, B).

When culturing hepatocytes with PEG-HYAL at
a dose of 75 U/ml, an increased content and size of
microvilli on the cell surface were noted (Fig. 2, C).
The electron density of the cytoplasm of cells and
mitochondria was similar compared to the control.
Mitochondria were arranged in groups, and most of
them had clearly defined membrane boundaries
with poorly visualized crystae. Well-defined cis-
terns of the granular endoplasmic reticulum and an
increased content of free polysomal ribosome com-
plexes were found. A significant accumulation of
autophagosomes and autolysosomes was observed
(Fig. 3, C).

When PEG-HYAL was added at a dose of
150 U/ml, numerous and enlarged microvilli on the
cell surface were noted. Heterochromatin discrete
masses were often observed in the structure of the
nuclei, located throughout the whole organelle vol-
ume. Heterogeneity in the structure of mitochondria
was noted, which had different sizes, shapes, elec-
tron density and content of cristae. An increased
content of the cisterns of the granular endoplasmic
reticulum, well-defined vacuoles of the Golgi com-
plex, presence of small vesicular structures, moder-
ate content of autophagosomes, autolysosomes and

JKu3HecrmocoOHOCTh KIIETOK meueHu, %
Viability of liver cells, %

KonTpons / Control

150 EJl/mn (U/ml)

75 El/ma (U/ml) 37 EJl/ma (U/ml)

Puc. 1. ’KuzHecrocoOHOCTh KJIETOK Teuenu 1oy BiausaueM [I9T-TMAJT B pa3IMuHbIX KOHIIEHTPAIASIX
(* mocTOBEpPHOCTD Pa3JIMYUI B CDABHEHHH C KOHTPOJIEM D = 0.04)
Fig. 1. Viability of liver cells in the use of PEG-HYAL in different concentrations
(* significance of differences compared with the control p = 0.04)
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A

Puc. 2. YIpTpacTpyKTypa renaTonuTOB IIPY 100aBIeHUH B KyJIbTypasbHyto cpeny [I9T-TVIAJ] B n3y4aeMbIX /103ax: A —
KOHTpPOJIb; B — TI9T-TUAJI B noze 37 E/l/vut; C — IIOT-TUAJT B nose 75 EJl/vut; D — TIDT-TUAJT B fo3e 150 EJI /vt
Fig. 2. The ultrastructure of hepatocytes when PEG-HYAL is added to the culture medium in the studied doses: A —

control; B— PEG-HYAL at a dose of 37 U/ml; C — PEG-HYAL at a dose of 75 U/ml; D — PEG-HYAL at a dose of 150 U/ml

37 EJI/mi1, ObLIO BBIABIEHO YBEJIUYEHUE DJIEKTPOH-
HOU IJIOTHOCTH IUTOILUIA3MbI KJIETOK U 3HAUHUTEh-
HOEe BO3pacTaHUEe Pa3MeEPOB U COJIEPKAHUSI MUKPO-
BOPCHHOK Ha ITOBEPXHOCTU KJIETOK, KOTOPBIE YaCTO
HAaXOJIWJIUCh B COCTOSTHUM TOYKOBaHUS (puc. 2, B).
Brutn 3HAYUTENIPHO YBEJIWYEHBI Pa3MepPhl SAPBI-
mek. lluTomasMa TemaTonUTOB ObLIa HachllleHa
opraHe/uilaMu. MHUTOXOHJIDUM HMEJIU Pas3jInIHbIE
¢dopmbl 1 pazmepbl. OTMeYaTU POCT COAEPIKAHUSA
KPHUCT U YBEJIUYEHHUE BJIEKTPOHHOH IIIOTHOCTH
maTpukca (puc. 3, B). Habioanm 3HaYUTETHHOE
BO3pacTaHue Coiep:KaHusl CBOOOTHBIX TIOJIMCOMATIb-
HBIX KOMILJIEKCOB pUOOCOM, ayTOJIM30COM U BE3UKY-
JISIPHBIX CTPYKTYP (puc. 2, B).

[Ipu KysnpTUBUpPOBaHWU TenmarouuToB c II9T-
THUAJI B nosze 75 EJI/Ma oTMedasi MOBBIIIEHHOE
CoJlep;KaHUe U yBeJIWYEHHbIE pa3Mepbl MUKPOBOP-
CHHOK Ha IOBEPXHOCTH KJeTok (puc. 2, C). dyek-
TPOHHAA IJIOTHOCTh IUTOILIA3MBI KJIETOK U MHTO-
XOHJIpHH ObLIa CXOJHOM C COOTBETCTBYIOIIUMHU

lysosomes, single lipid inclusions and a small con-
tent of glycogen granules were revealed (Fig. 2, D
and 3, D).

The morphological examination data showed that
the addition of PEG-HYAL to the culture medium in
all studied doses led to an increase in the number
and size of microvilli on the outer membrane of
hepatocytes, in the content of protein synthesis
structures of cells — free polysomal complexes of
ribosomes or membranes of the granular endoplas-
mic reticulum; change in the shape, size, electron
density and number of mitochondrial crystae, and
also the content of autophagic structures.

The structural changes observed in hepatocytes
during cultivation with PEG-HYAL indicate that in
all doses the drug does not have a toxic effect and
contributes to the enhancement of metabolic pro-
cesses and the development of autophagy in cells as
one of the main homeostatic processes. Activation of
autophagy helps to maintain an adaptive cellular
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Puc. 3. YIpTpacTpyKTypa U IIUTOAPXTEKTOHNKA IrenaToUTOB 1pu BoszeicTBuu [I9T-T'MAJI B n3yyaemMsbIX f103aX
(MV — mukpoBopcunku; Mit — muroxouapuu; Lis — ayronuszocomsr; Fag — ayrodarocomsr; Rib — pubocomsr;
GER — rpaHyJIApHBIN SH/IOIIJIA3aMaTUYECKUH PETHKYIIYM):
A — xoHTpOJIB; B — TIBT-TUAJI B o3e 37 ENl/mut; C — IIAT-TUAJI B nose 75 EJl/mut; D — TIST-TUAJL B mo3e 150 EJI /M
Fig. 3. The ultrastructure and cytoarchtectonics of hepatocytes when PEG-HYAL is added in the studied doses
(MV — microvilli; Mit — mitochondria; Lis — autolysosomes; Fag — autophagosomes; Rib — ribosomes;
GER - granular endoplasmic reticulum):
A — control; B — PEG-HYAL at a dose of 37 U/ml; C — PEG-HYAL at a dose of 75 U/ml; D — PEG-HYAL at a dose of 150 U/ml

CTPYKTYypaMu B KOHTPOJie. MUTOXOHAPUH PacIoJia-
TaJINCh TPYIIIIAMH, U GOJIBIIMHCTBO UX UMEJIO YETKO
OuUepUeHHbIE TPAHUIIBI MEMOpPAH CO C1a00 BU3YaJIH-
3upyeMbIMH Kpucrtamu. OTMeYaau XOpOIIO BbIpa-
JKEHHBIE [MCTEPHBI IPAHY/IAPHOIO SH/IOIIa3MaTH-
YECKOr0 PETUKYJIyMa U IIOBBIIIEHHOE COIEpP;KaHHe
CBOOOHBIX [TOJIMCOMAIBHBIX KOMILIEKCOB PHOOCOM.
Ha6romamu 3HauYUTE/IbHOE HAKOIUIEHHE ayTodaro-
coM u ayrosiuzocoM (puc. 3, C).

ITpu nobasnenun IIDT-TUAJI B noze 150 EJ] /v
OTMeYaTi MHOTOYKC/IEHHBIE U YBEJIMUEHHbBIE B pa3-
Mepe MUKPOBOPCHHKHM HA IIOBEPXHOCTU KJIETOK.
B crpykType siiep 4acTo HabGJI0a I TJIBIOKH rere-
pOXpOMAaTHHA, PACIIOJIOKEHHBIE 10 BCEMY O0BEMY
opranesuibl. OTMeYai reTepOTeHHOCTh B CTPYKTYPE
MUTOXOHZPHUM, KOTOPblE HUMEJIH pas3IMYHbIE pas-
Mepbl, POpMy, SJIEKTPOHHYIO IJIOTHOCTD U COJIEPIKA-

response in changes of the intracellular and extracel-
lular environment, protects the cell from the forma-
tion of cytotoxic components, and is also one of the
mechanisms for overcoming possible stress reac-
tions [10].

CONCLUSION

As part of the experimental study, it was shown
that PEG-HYAL does not have a cytotoxic effect on
human hepatocytes. The studied concentrations of
PEG-HYAL did not cause a cytodestructive effect.
The data obtained can be used in the further devel-
opment of PEG-HYAL as an original drug.

Conflict of interest. The authors declare no
conflict of interest.
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HHUE KpHUCT. BBIABJIAIN HOBBIIIEHHOE CO/Ep:KaHUe
LUCTepH TPaHyJIAPHOIO  3SHJOIIa3MaTUYeCKOTO
PETHUKYJIyMa, XOPOIIIO BBIPAKEHHBIE BAKYOJIH KOM-
wiekca [oyib/12KY, HAJIMUNe MeJIKUX Be3UKYJIAPHBIX
CTPYKTYD, YMEpEeHHOe cojeprkaHue ayrodarocom,
ayTOJIU30COM M JIU30COM, €IMHUYHBIE JIUIHUTHBIE
BKJIIOUEHUS U HEOOJIBIIIOE COJIePIKAHNE TPAHYJT TJIU-
koreHa (puc. 2, D u 3, D).

[Monyuyennsle  gaHHblE  MOPGOJOTUYECKOTO
HCCJIeTOBAHMUS TIOKA3JIH, UTO 10OaBIEHUE B KYJIBTY-
panbhayto cpeny I[I9T-T'MAJI BO Bcex Hu3ydyaeMbIX
JI03aX MPUBOJWIJIO K BO3PACTAHHUIO COAEPIKAHUA U
pa3MepoB MHKPOBOPCHUHOK Ha HAPYKHOU MeMOpaHe
renaTolUTOB, YBEJIUUYEHUIO COZEepKaHUA CTPYKTYD
0eJIKOBOTO CHHTE3a KJIETOK — CBOOOIHBIX ITOJIHCO-
MaUTHHBIX KOMILIEKCOB prOOCOM TN MeMOpaH rpa-
HYJIADHOTO JHJOIJIa3MaTU4YeCKOTO0 PEeTUKYIyMa,
U3MeHEeHUI0 GOPMBI, PA3MEPOB, HJIEKTPOHHOU IIJIOT-
HOCTH U COJZIep?KaHUsA KPUCT MUTOXOH/IPUH, a TaKKe
coZlep;kaHusA ayTo(parndeckux CTPyKTyp.

Hab6sronaemble cTPyKTypHbIE U3MEHEHUS Tera-
TOIIUTOB NpH KyabTuBHpOBaHUM ¢ II9T-TUAJI
CBUJIETEJIbCTBYIOT O TOM, UTO BO BCeX HM3y4aeMbIX
Jl03aX CPeICTBO He OKAa3bIBAeT TOKCUUECKOTO JIeH-
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CTBHS U CIIOCOOCTBYET YCUJIEHHIO OOMEHHBIX IIPO-
IIECCOB M Pa3BUTHUIO ayTodaruu B KJIETKAX Kak
OJTHOTO U3 OCHOBHBIX TOMEOCTATUUECKUX IIPOIeC-
coB. AKTHBanus ayrodaruud crocoOCTBYET MOAI-
JIep’KaHUI0 AAalITUBHOTO KJIETOUHOTO OTBETa B
YCIOBUSIX W3MEHEHUS BHYTPHU- U BHEKJIETOUYHOU
cpezbl, 3alUTe KJIEeTKU OT 00pa3oBaHUsA IIUTOTOK-
CUYECKHUX KOMIIOHEHTOB, a TAKKe SBJISIETCS OJJTHUM
13 MEeXaHU3MOB IIPEOJI0JIEHUS BO3MOXKHBIX CTpeC-
COBBIX peaxIuii [10].

3AK/IIOYEHUWE

B pamMkax IpoBeZiIeHHOI'O 3KCI€PUMEHTAIBHOTO
uccjaeqoBaHusA IokazaHo, uto II9T-T'MAJI He oka-
3bIBAET IIUTOTOKCUYECKOTO BO3/IeMCTBUSA Ha remnaro-
ouTHl 4esioBeka. McceienyeMmble KOHLEHTPaIUU
[IST-TUAJI He BBI3BIBAIU LUTOAECTPYKTUBHOTO
sddexra. IlosyyeHHbIe JaHHBIE MOXKHO UCIIOJIB30-
BaTh NpH AayibHeH el pa3paborke [TAT-TMAJT kak
OPUTUHAJIBHOTO JIEKAPCTBEHHOT'O CPEZICTBA.

KoH@IUKT HHTEPECOB. ABTOPHI 3asBJISIOT 00
OTCYTCTBUU KOH(JINKTA UHTEPECOB.
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