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Momueayus u yenv. JlekapCTBEHHBIE IMIpenapaThl Ha OCHOBE TECTUKYJISPHOU
THATyPOHH/Ia3bl AKTUBHO HCIIOJB3YIOTCS B Pa3IHYHBIX 00jacTsax MeaunuHbl. Co3naH
MPOTOTUIT  JIEKAPCTBEHHOTO CPEJCTBA HAa OCHOBE THATYpPOHWAA3bl, KOTODPBII
mpennojiaraeT npuMeHeHue per 0S [1]. Pa3pabaTeiBacMoe HOBOE JIEKAPCTBEHHOE
CPEICTBO JOJDKHO OBITh TIPOTECTUPOBAHO B JOKJIMHUYECKHX HCCIICIOBAHUSAX,
MMOCKOJIBKY M3Y4YeHHE TOKCHYHOCTHU M 0€30TIaCHOCTH SIBISIETCS OJTHUM M3 HEOOXOTUMBIX
U KIIOYEBBIX ATanoB. OCHOBOIOJArarOlUid MEXaHU3M TOKCHYECKOrO JIEHCTBUSA
KCCHOOMOTHKOB 3aKJIFOYAaCTCs B IMOBPEKIACHUU KIIETOK, KOTOPOE MPOSIBISAETCS
(hopMUPOBaHUEM HAPYIICHUN B UX CTPYKTYPE Wi (PYHKIIMOHATHLHOM KOMIIOHEHTE, 4TO
npuBOAUT K TrOenu [2]. KoHmenws ncnoap30BaHus TECT-CUCTEMBI KYJIbTYPhI KIETOK
in Vitro A OmEHKH TOKCHYHOCTH ©  (hapMaKOJOTHYECKO 0e30macHOCTH
JIEKApCTBEHHBIX CPENICTB B HACTOsIIEe BpeMs BechMa akTyanbHa [3]. Kimerounsrit
YpOBEHb OpraHW3allMU SIBISAETCS TEPBBIM, Ha KOTOPOM MOJXHO IPOBECTH aHAaJIH3
HapylICHWH B CHCTEME «B3aMMOJICHCTBHE-CTPYKTYpa» CYOKIETOYHBIX KOMIIOHEHTOB,
ONpENeNuTh MEXaHU3M MoBpexaaromero BosnelictBus [4]. Ilpomecc wu3ydeHus
TOKCHYECKOTO BIHSHHS HOBOTO pa3pabaThIBaéMOro JIEKapCTBEHHOI'O CpeJICTBA Ha
KYJIBType TenaTolUTOB YeJIoBeKa 00YyCIIOBIIEH, B MIEPBYIO OYEPE/Ib, UX JIEKAPCTBEHHOM
renaToOTOKCUYHOCTRIO, SIBJIIONICHCS NMPUYMHOW OT3bIBA HEKOTOPHIX JICKAPCTBEHHBIX
cpelncTB M3 obopora Ha (hapMalneBTHYeCKOM pbiHKe [S5]. be3yciioBHO, OCHOBHOI
MOJIEJIbIO SIBJISIFOTCSL OKCIIEPUMEHTHI IN VIVO Ha XHMBOTHBIX. OJHAKO MPUMEHEHHE
aJbTCPHATHBHBIX MOJIENCH KJICTOYHBIX KYJIbTYp Ye€JIOBEKa IMOMYJISIPHBI U TO3BOJISIFOT
MOJIyYUTh JIaHHBIC, KOTOPHIC B IMOCIEAYIOIIEM CIIOCOOCTBYIOT YMEHBIICHHUIO YHCIIA
HKCIIEPUMEHTOB IN VIVO Ha 71ab0paTOPHBIX KUBOTHBIX, H KOTOPBIE TIPH SKCTPATIOJISIIAH
Ha opranu3sm HOmMO sapiens Gosiee peseBaHTHBI. METO/ JIEKTPOHHON MHUKPOCKOITHH
MO3BOJIAET HATJISJHO NPEACTABUTh BHYTPUKJICTOYHBIC CTPYKTYPHBIC KOMIIOHCHTHI.
[Ipoananu3upoBaB pe3yabTaThl, MOXXHO TMOJYyYUTh OOIIYI0 KApPTHHY BIUSHUSI
M3y4aeMOro CpPEeJCTBa Ha IUTOAPXUTEKTOHUKY W, CJIEIOBATEIBHO, €r0 TOKCHYECKOE
BO3/IEHCTBHUE.
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Lenpto OBUIO TPOBECTH aHAJIHM3 YJIBTPACTPYKTYPHI KYJIBTYPHI KJIETOK TeIaTOLUTOB
4YeloBeKa TPU  BO3ACHUCTBHM TETSIUPOBAHHOW THAypOHUAA3bl C  MO3UIHU
JOKJIMHUYECKOH OLICHKH 0€30IIaCHOCTH U YCTAaHOBHUTH ACCOLMALIMIO B3aUMOCBSI3b 103a-
s Pexr.

Memoowvr u ancopummosi: OOBEKTOM HCCICAOBAHUS SIBISICTCS IETeIUpOBaHHAS
TecTUKyJsipHas ruanyponunaza H20(IIOI-I'MAJI), moaBeprayTas 3IEKTPOHHO-
JMy4eBOW WMMOOWIHM3AIMN Ha MONMITIIIEHOKcHuae Makporon 1500 moTtokom
YCKOPEHHBIX 3J1eKTpoHOM (n03a 1,5 Mpaa) Ha UMITyIbCHOM JIMHEHHOM yckopuTene-10
(r. HoBocubupck, Poccust). IIDT-ITMAJI npencrasisier coboil ITHOGUIN3NPOBAHHBIN
CBETJIO-ceporo IBeTa mopomok (pepmentarnBHas aktuBHOCTE 2800 EJl B 1 T cyxoro
BeniectBa). Mccnenoranue [191-I'MAJI npoBomunu B fo3ax 37, 75 u 150 EJI/mo.
Kierounsie nuann. [lepeBrBaemas KylabTypa KIETOK medeHn denoseka Chang liver,
nonydeHsl u3 koureknuu kierok ®BYH T'HI Bub «Bexrtop» Pocmorpebnanzopa,
Poccus. Knerku kynpTrBHpOoBanu Ha nutatenbHol cpene RPMI-1640 (buonot, Poccust)
¢ nobGaenenreM 10 % smOpuoHambHON Tensubeilt chiBopoTku (OTC, HyClone, US
Origin), 40 mxr/mi reatamununa cyiabhara (Janexumbapm, Poccuiickas demeparis)
u 2 MMons L-rnyramuna (ICN, CIIA) npu remneparype 37 °C B CO2 nunky6artope.
OLeHKY yIbTPacTPyKTYPhl KyJIBTYPbI KJIIETOK I'€IaTOLMTOB YeJI0BEKA IPU BO3ACHCTBUH
[I2I'-I'MAJI mpoBOaMIM METOJOM SIEKTPOHHON MUKPOCKOIIHH.

Knerku Chang liver kynpTuBUpOBanu B TeueHue 24 4. Y nansum cpeny, 100aBiss npu
3TOM NoNHYy0 cpeny ¢ 1 % conepxanuem OTC, a Taroke gobasmsuu [ID1-I'MAJI B no3ax
37, 75 u 150 E[l/mn. [Ipomomxkanu KyIbTHBHpPOBaHHE Ki1eTOK B TeueHne 72 4 B CO:-
nakybarope (temneparypa 37 °C). Kymbrypanenyto cpeny ynamsum. OukcupoBaHue
KJIeTok ocymectBisuid B 1 % pactBope OsOs Ha ¢ocdarHom Oydepe (mpu pH 7,4).
[Tocne ¢ukcanuy MPOBOAMIN MPOLECC AETHUAPATAIMH C IMOMOIIBIO CEPHU PaCTBOPOB
STUJIOBOTO CIIMPTA BO3PACTAIOLICH KOHLEHTPALUH, Jajiee 3aKIYaid B 3M0H (Serva,
I'epmanusi). Ha ymprparome Leica UC7/FC7 (I'epmanus/IlIBeiitiapus) momy4eHbl
MOJYTOHKKE cpe3bl TonmuHoi 1. Cpe3sl OKpalieHbl TONYHIWHOBBIM CHHHMM. Ha
ceeroBoM wmukpockonie (LEICA DME) otoOpaHel KII€TKM IS JalbHEHIIETro
uccinenosanud. llomydens! ynbpTpaToHKHME cpe3bl TonmumHOM 70-100 HM. Cpessl
coOpaHbl HAa METHBIE CETKH JJIS SJIEKTPOHHOW MUKPOCKOITHH, C TOMOIIBIO HACKIIIIEHHOTO
BOJHOIO pacTBOpa ypaHWIalerata ¢ LHUTpata CBHHLA OTKOHTPACTUPOBAHBI.
[lomyuenHsle 00pasibl HWCCIeNOBaHB Ha AIEKTPOHHOM MuKpockone JEM 1400
(Anonwust) B UKII Mukpockonmyeckoro aHanuza ouonornueckux o0bektoB CO PAH (r.
Hosocubupck, Poccus).

Pezynomamui: B skcnepuMeHTax no wu3ydeHuto BosaedcTBusa [IOT-THAJI Ha
YIBTPACTPYKTYPHYIO OPraHM3alMI0 TeMaTOUTOB MOKa3aHO, YTO BO BCEX HM3Y4aeMbIX
JIO3UPOBKAX HAOIOJAI0TCs HEKOTOpble WM3MEHEHHS B CTPYKType KieTok. [lpu
3JIEKTPOHHO-MUKPOCKOIIMYECKOM HCCIIEJOBAHIM TeNaTOUUTOB, IPH KYJIbTHBUPOBAHUN
¢ TIDI'-I'MAJT Bo Bcex m3yuyaembIX 033X, HAOIMIOJAIM 3HAYMTEIFHOE BO3pacTaHHUE
coJIepKaHus U pa3MepOB MUKPOBOPCHHOK Ha MeMOpaHe KIIETOK, YTO MOJKHO TPaKTOBATh
KaK yBeJMYeHHe MeTa0oJIM4YecKod akTHBHOCTH. LluTomnmasmarmyeckas MemOpaHa He
uMena HapyLIeHUH LeJOCTHOCTU U (parMeHTaluu. B yclIoBUsSIX KyJIbTUBHUPOBAHUS C
[I3I'-r'MAJI He HaOMOAAIOCh YMEHBIICHUS HACHIIICHHOCTH KJIETOK OpraHeIaMH.
[I2T-I'MAJI BO Bcex 103aX HMPUBOAUT K YBEIIMYCHHIO COJIECPIKAHUS CTPYKTYP OSIKOBOTO
CHHTE3a KIJIETOK — CBOOOJHBIX MMOJIMCOMAIIBHBIX KOMIUIEKCOB PUOOCOM WM MeMOpaH
TPaHyJIPHOTO  DHIOIUIA3MAaTHYECKOro peTHkyiaymMa. OTMmMeyasn H3MEHEHHE B
COJICp)KaHUU  ayTO(arudyecKux CTPYKTyp — AayTOJIM30COM U  ayTodarocom,
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BE3UKYJSIPHBIX CTPYKTyp. CTpykTypa siapa 0e3 u3MeHeHWi. MUTOXOHIPWUU HMeENn
pasnuunyo GopMy U pazMmepsl. Tak, B CTPYKTYpe MUTOXOHAPHIA TeNaToONHUTOB, KOTOPhIE
kynbeTuBupoBainu ¢ [IDI-'MAJI B noze 37 EJI/mn HaOmoqanu Bo3pacTaHue CoIepiKaHuUs
KPUCT U YBEJIMYEHUE HICKTPOHHOM IUIOTHOCTM MaTpukca. B TO BpeMs Kak mIpu
nob6asiennu [13I-T'NAIJI B noze 75 EJI/Ma MUTOXOHAPHUH pacIoiarainch IPyINaMy B
KIIETKE M B CTPYKType WMENH YeTKO OdYepueHHBbIe TpaHHuIbl MeMmOpaH co ciabo
BH3YAJIM3UPOBAHHBIME KpuicTaMu. llpn no0aBineHnn MakCUMalbHOW M3ydaeMOM 035l
[OI-I'MAJI 150 EJl/mn B remaTonuTax OTMEYalld TETEPOTCHHOCTH B CTPYKTYpE
MUTOXOHJIPUH: WMEIH pa3lIMuHble pa3Mepbl, (GopMy, DIEKTPOHHYIO IIOTHOCTh U
coaepxanue KpucT. IIpu3sHakoB anpTepalM M JECTPYKLUUOHHBIX MPOLIECCOB
MUTOXOHJIpUH [6], KOTOpBIE MPOSIBISIOTCS B CTOWKOM HAaOyXaHHHM W BaKyOJIM3aIHH,
NPUBOIAIINE K pa3pblBaM U JecTaOWIM3allud MeMOpaH, MPOCBETICHHEM MaTpHKca U
TOMOTEHHU3alel KpucT He HaOmomanu. VI3MeHeHus: B CTPYKType TemaTOIUTOB IPH
TUCTPOPUIECKAX HM3MEHEHUSX OTPAKaloT Kak IMOBPEXACHHWE W HapyIIEHHEe WX
(GyHKUMI, Tak ¥ TOBBIIICHHYID METAa0ONMYEeCKYI0 aKTHBHOCTh W HWHTEHCHBHYIO
¢ynkumio. B wucciaenoBanmm [7] mMOKa3aHO, YTO BEOYUIMM YIBTPAaCTPYKTYpPHBIM
M3MEHEHUEM KJIETKH SIBISIETCS PEIYKIUS OETTOKCHHTE3UPYIONIUX OPTaHEIlT, TeCTPYKITHS
MUTOXOH/IPUATEHOTO KOMIIAPTMEHTA M yCUIJICHUE MPOIIECCOB ayTodaruu.

Buigoowi: TIpoBeneHHOE SKCIEPUMEHTAIbHOE HCCIEJOBaHUE IMPOJCMOHCTPUPOBAIIO
OTCYTCTBHE€  TOKCHUYECKOTO  BIUSHHUSA  IMETeJIUPOBAHHOM  THAJIypOHHIA3bl  Ha
YIBTPACTPYKTYPHOM YPOBHE F€NaTOLIMTOB BO BCEX U3ydaeMbIX A03axX. [IpeacraBieHHbie
B paboTe pe3ynbTatrhl onleHkH uroTokcnuHocTr [131-I'MAJ] neMoHCTpUpYIOT, UTO HE
OBUTIO BBHISBICHO TOBPEXKICHHA KIETOK W HAPYIICHHS B CTPYKType KOMIIOHEHTOB.
Pe3ynpraTel moka3anu, 9To MPOUCXOAUT aKTHBAIHMA OOMEHHBIX MPOIECCOB B KIIETKAX,
pa3BUTHUE MPOLIECCOB ayTo(haruu, KOTOPBINA IO MHEHUIO aBTOPOB [8] SIBJIIETCS OAHUM U3
OCHOBHBIX MPOIIECCOB MOJAEpPKaHHUA TroMeocTa3a. AKTHBAIUs JaHHOTO Ipoliecca,
BO3MOJXKHO, MPOMCXOAWT B OTBET HA M3MEHEHHWs MeTaboiM3Ma, 3alluTe KIETKH OT
00pa3oBaHUAd LUTOTOKCHYECKUX KOMIIOHCHTOB, BBICTYMAIOIIMH Kak OJWH U3
MEXaHHU3MOB aJaNTHBHOIO KJIETOYHOI'O OTBETA.

Qunancuposanue. ViccnenoBanue NpoBEIEHO B paMKax TIOCYAAPCTBEHHOIO 3aJaHUs
HUHWKDJI — dpmmman UL ULul" CO PAH o reme Ne FWNR-2024-0005.
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Motivation and Aim: Medicinal preparations based on testicular hyaluronidase are
actively used in various fields of medicine. A prototype of a hyaluronidase-based drug
has been created, which involves per os use [1]. The new drug under development should
be tested in preclinical studies, as the study of toxicity and safety is one of the necessary
and key stages. The underlying mechanism of toxic action of xenobiotics is cell damage,
which is manifested by the formation of disturbances in their structure or functional
component, leading to death [2]. The concept of using an in vitro cell culture test system
to assess the toxicity and pharmacological safety of drugs is currently very relevant [3].
The cellular level of organisation is the first level at which it is possible to analyse
disorders in the system «interaction-structure» of subcellular components, to determine
the mechanism of damaging effects [4]. The process of studying the toxic effect of a new
drug under development on the culture of human hepatocytes is primarily due to their
drug-induced hepatotoxicity, which is the reason for the recall of some drugs from
circulation in the pharmaceutical market [5]. Undoubtedly, the primary model is in vivo
animal experiments. However, the use of alternative models of human cell cultures is
popular and allows obtaining data that subsequently contribute to reducing the number
of in vivo experiments on laboratory animals and that are more relevant when
extrapolated to the organism of Homo sapiens. The electron microscopy method allows
visualisation of intracellular structural components. By analysing the results, it is
possible to obtain an overall picture of the effect of the studied agent on
cytoarchitectonics and, consequently, its toxic effects.

The aim was to analyse the ultrastructure of human hepatocyte cell culture upon
exposure to pegylated hyaluronidase from the perspective of preclinical safety
assessment and to establish the association of dose-effect relationship.

Methods and Algorithms: The object of the study is pegylated testicular hyaluronidase
H20(PEG-GIAL) subjected to electron-beam immobilisation on polyethylene oxide
Macrogol 1500 by a stream of accelerated electrons (dose 1,5 Mrad) on a pulsed linear
accelerator-10 (Novosibirsk, Russia). PEG-GIAL is a lyophilised light grey powder
(enzymatic activity 2800ED in 1 g of dry substance). PEG-GIAL was studied at doses
of 37, 75 and 150 ED/ml.

Cell lines. Transviable culture of human liver Chang liver cells, obtained from the cell
collection of the Federal Biological Research Centre Vector, Russia. Cells were cultured
on RPMI-1640 medium (Biolot, Russia) supplemented with 10 % fetal calf serum (ETC,
NuClone, US Origin), 40 pg/ml gentamicin sulfate (Dalchimpharm, Russian Federation)
and 2 mMol L-glutamine (ICN, USA) at 37 °C in CO; incubator.

The ultrastructure of human hepatocyte cell culture under PEG-GIAL exposure was
evaluated by electron microscopy.

Chanq liver cells were cultured for 24 hours. The medium was removed while adding
complete medium containing 1 % EFV, and PEG-GIAL was added at doses of 37, 75
and 150 ED/ml. Cell culture was continued for 72 hours in a CO; incubator (temperature
37 °C). The culture medium was removed. Cells were fixed in 1 % OsO4 solution on
phosphate buffer (at pH 7,4). After fixation, dehydration process was carried out using
a series of ethyl alcohol solutions of increasing concentration, then encapsulated in epon
(Serva, Germany). Semi-thin sections of thickness 1 were obtained on a Leica UC7/FC7
ultratome (Germany/Switzerland). The sections were stained with toluidine blue. Cells
were selected for further study on a light microscope (LEICA DME). Ultra-thin slices
with a thickness of 70-100 nm were obtained. The slices were collected on copper grids
for electron microscopy and contrasted with saturated aqueous solution of uranyl acetate
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and lead citrate. The obtained samples were examined on the electron microscope JEM
1400 (Japan) in the Centre for Microscopic Analysis of Biological Objects of the
Siberian Branch of the Russian Academy of Sciences (Novosibirsk, Russia).

Results: In experiments on studying the effect of PEG-GIAL on the ultrastructural
organisation of hepatocytes it was shown that in all studied doses some changes in cell
structure were observed. At electron-microscopic study of hepatocytes, when cultured
with PEG-GIAL in all studied doses, a significant increase in the content and size of
microvilli on the cell membrane was observed, which can be interpreted as an increase
in metabolic activity. The cytoplasmic membrane had no disturbances of integrity and
fragmentation. Under conditions of cultivation with PEG-GIAL, no decrease in the
saturation of cells with organelles was observed. PEG-GIAL at all doses leads to an
increase in the content of cell protein synthesis structures — free polysomal complexes
of ribosomes or membranes of granular endoplasmic reticulum. Changes in the content
of autophagic structures — autolysosomes and autophagosomes, vesicular structures were
noted. The structure of the nucleus was unchanged. Mitochondria had different shape
and sizes. Thus, in the structure of mitochondria of hepatocytes, which were cultured
with PEG-GIAL at a dose of 37 ED/mlI, an increase in the content of cristae and an
increase in the electron density of the matrix were observed. Whereas, when PEG-GIAL
was added at a dose of 75 ED/ml, mitochondria were arranged in groups in the cell and
in the structure had well-defined membrane boundaries with poorly visualised cristae.
When the maximum studied dose of PEG-GIAL 150ED/ml was added to hepatocytes,
heterogeneity in the structure of mitochondria was observed: they had different sizes,
shape, electron density and cristae content. No signs of alteration and destructive
processes of mitochondria [6], which are manifested in persistent swelling and
vacuolisation, leading to ruptures and destabilisation of membranes, matrix
luminescence and homogenisation of cristae were observed. Changes in the structure of
hepatocytes at dystrophic changes reflect both damage and disturbance of their
functions, and increased metabolic activity and intensive function. The study [7] shows
that the leading ultrastructural change of the cell is the reduction of protein synthesising
organelles, destruction of the mito-chondrial compartment and enhancement of
autophagy processes.

Conclusion: The conducted experimental study demonstrated the absence of toxic effect
of pegylated hyaluronidase on the ultrastructural level of hepatocytes at all studied doses.
The results of PEG-GIAL cytotoxicity evaluation presented in the work demonstrate that
no cell damage and disruption in the structure of components were detected. The results
showed that there is an activation of metabolic processes in cells, development of
autophagy processes, which according to the authors [8] is one of the main processes of
homeostasis maintenance. Activation of this process probably occurs in response to
changes in metabolism, protecting the cell from the formation of cytotoxic components,
acting as one of the mechanisms of adaptive cellular response.

Funding: The study was carried out within the framework of the state assignment of
NIIKEL — Branch of FGBNU FIC ICiG SB RAS under the project No. FWNR-2024-
0005.
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