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MNpepgncnoBne

Llenn, ocHOBHble NpUHLMNbI 1 06LWMe npaBuna npoBefeHus paboT Mo MeXrocyfapCTBEHHOW cTaHaap-
Tn3aunm yctaHosneHol TOCT 1.0 «MexrocygapcreeHHaa cucrema craHgaptnsaunm. OCHOBHbIE MOJTOXEHNA»
n rOCT 1.2 «MexrocygapcTBeHHaa cucrema craHgaptusaunn. CtaHgapTbl MeXrocygapCcTBeHHble, npasuna
N pekomeHgauumnm no MexrocyfapcTBeHHOW cTaHgapTusaunun. Mpasuna pas3paboTku, NPUHATUSA, 0OHOBIEHUA
N OTMEHbI»

CBepgeHusa o ctaHgapTe

1 NOATrOTOBJIEH ABTOHOMHOW HeEKOMMeEpYeckol opraHumsaumein «VIHCTUTYT MenunKo-6nonornyeckmnx
nuccnenoBaHuini n TexHonornin» (AHO «MMBUWT») Ha ocHOBE COGCTBEHHOrO MepeBOofa Ha PYCCKUIA SA3bIK aH-
rNOA3bIYHON BEpPCUN [OKYMEHTA, YKa3aHHOro B NyHKTe 5

2 BHECEH ®epgepanbHbiM areHTCTBOM MO TEXHUYECKOMY PEerympoBaHuio U MeTposiornu.

3 MPUHAT MexrocygapcTBeHHbIM COBETOM MO CcTaHgapTu3auuu, MeTposorum un ceptudukauunm
(npoTtokon oT 28 utoHa 2024 r. Ne 174-1)

3a NpuHATUE nporosocoBanu:

KpaTKoe HanMmeHoBaHne CTpaHbl KO,CI, CTpaHbl COKpaLLlEHHoe HanMeHoBaHNe HalMoHa/IbHOTo opraHa
no MK (MCO 3166) 004—97 no MK (MCO 3166) 004—97 no ctaHgapTusauun
ApmeHus AM 3A0 «HaunoHanbHbI opraH no ctaHgapTU3auum u me-

Tponoruu» Pecny6/mkn ApMeHus

Benapycb BY lFoccraHpapT Pecnybnvku Benapycb

KasaxctaH KZ FoccTraHgapT Pecny6nmkn KasaxcTaH

Knprusuns KG KbipreisctaHgapT

Poccua RU PocctaHaapt

TagxukmuctTaH TJ TapxukcTaHgapT

Y36ekucTaH uz Y36€eKCKOe areHTCTBO MO TEXHUYECKOMY PEryimpoBaHuio

4 Tpukazom denepanbLHOro areHTCTBa MO TEXHUYECKOMY peryMpoBaHuio U MeTposorum oT 9 ceHTabpsA
2024 1. Ne 1188-cT mexrocygapcTBeHHblli ctaHgapT FOCT ISO/TR 21582—2024 BBefeH B AeiicTBUE B Kaye-
CTBe HauMoHasbHOro ctaHgapta Poccuiickoin depgepauynm ¢ 1 mapta 2025 r.

5 HacTtosuwmnii cTaHAapT NAeHTUYEH MeXAyHapoaHOMYy AOoKYMeHTY ISO/TR 21582:2021 «[MMpOreHHoCTb.
MpuHLUMNBI 1 MeToAbl UCCNefoBaHNA NMUPOTeHHOCTN MeAULMHCKUX usgenuin» («Pyrogenicity — Principles and
methods for pyrogen testing of medical devices», IDT).

HanmeHoBaHWe HacTosAWero craHgapta U3MEHEHO OTHOCUTENbHO HAaWMEHOBaHWA YKa3aHHOro Mexay-
HapoOA4HOro AOKYMeHTa Ansa npueepeHus B cootBeTcTBme ¢ NOCT 1.5 (nogpasgen 3.6)

6 BBEJAEH BIEPBbIE
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WHdopmauns o BBefeHUn B AelicTBMe (NpekpalieHun AeicTBUS) HACTOSWEro craHgapTa 1 nsme-
HEHWI K HEMY Ha TeppuTOpUM YKasaHHbIX Bbllle rocyfapcTB NybanKyeTCS B yKazaTenax HalMoHaNbHbIX
cTaHapToB, N3jaBaeMbiX B 3TUX rocygapcTBax, a Takke B ceTu VIHTepHeT Ha caiiTax coOOTBeTCTBY-
HOLLUX HAUVOHA/IbHbIX OPraHoB No cTaHAapTu3auuu.

B cnyyae nepecmoTpa, M3MEHEHUS UM OTMEHbl HACTOSLLEero cTaHgapTa cCooTBeTCTBYLWAas UH-
opmauns 6ygeT onybsvMkoBaHa Ha oduunanibHOM UHTeEpPHeT-caliTe MexXrocyaapcTBEHHOrO coBeTa no
cTaHjapTu3auum, MeTponorum u cepTudukauum B kKaTanore «MexrocygapcTBeHHble CTaH4apTbi»

© 1S0, 2021
© OdopmneHne. ®IrbY «NHCTUTYT cTaHgapTmnlaumm», 2024

B Poccuiickoit ®eaepauun HacTosILMA cTaHAapT He MOXET GbiTb MOMIHOCTLIO WK
YaCTMYHO BOCMPOU3BE/EH, TUPAXMPOBAH M pPacnpocTpaHeH B KayecTBe ouuMaibHOro

n3gaHus 6e3 paspelleHns ®eaepasbHOr0 areHTCTBa Mo TEXHUYECKOMY PerysmpoBaHuio
U MEeTpooruun
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BBepgeHune

ISO (MexpgyHapoaHas opraHusauusa ctaHfapTusauun) asnsetca pegepaumneli HaumoHanbHbIX OpraHoB
no ctaHgapTusaumm (opraHoB — uneHoB ISO). PaboTy no nNoAroToBke MexXAyHapoAHblX CTaHA4apTOB MPOBO-
OAT yepe3 TexHuyeckne komutetbl 1ISO. Kaxgaa opraHusauma-yneH, 3anHtepecoBaHHas B o6nactun gesatesib-
HOCTW, AN KOTOPOU co3jaH TEXHUYECKUA KOMUTET, MMeeT NpaBo 6biTb NPeACTaBNIEHHOW B JaHHOM KOMUTETe.
MexayHapogHble NpaBUTesIbCTBEHHbIE U HEMPAaBUTE/IbCTBEHHbIE OpraHM3aumnm Takke NpMHUMalT yyactue B
pa6oTe ISO. ISO TecHo coTpyAHu4aeT ¢ MexayHapoaHOW anekTpoTexHnyeckon komuccueid (IEC) no Bonpo-
caMm cTaHgapTh3auumn 31eKTPOTEXHUYECKON NpoayKuum.

Mpouenypbl, NPUMEHeHHbIe Npu pa3paboTke HACTOALWEro cTaHgapTa, a Takke npoueaypbl, npegHasHa-
YeHHble ANA ero ganbHeiwen nogaepxkn, npuseneHsl B Aupektuee ISO/IEC, yacTb 1. B 4aCTHOCTM, HYXHO
OTMETUTb HEOOBXOAMMOCTb Pas/IMYHbIX KPUTEPUEB YTBEPXKAEHMA ANA pas3/InyHbIX TUNOB fOKyMeHTOB ISO. Ha-
CTOALWMI cTaHA4apT CoCTaBfeH B COOTBETCTBUM C peAakuMOHHbIMW npaBunamu aupektus ISO/IEC, yacTb 2
(www.iso.org/directives). Heo6xoanMmo o6paTuTb BHUMaHMWE Ha BO3MOXHOCTb TOr0, YTO HEKOTOpPblE 3/1IEMEHTHI
HacTofLero ctaHgapTa MoryT 6bITb 06bEKTOM MAaTEHTHbIX Npas.

ISO cHuMaeT ¢ ce6s OTBETCTBEHHOCTb 3a 0603HayYeHne KakuxX-IMbo TakoBbIX NATEHTHbIX npas. deTanu
Kaknx-nmbo naTeHTHbIX npaB, 0603HAYeHHbIX Npu pa3paboTke AOKyMeHTa, 6yAyT cofepaTbCA BO BBeLEHUN
n/Mnn B NepeyHe NMoNyYeHHbIX NaTEHTHbIX Aeknapauuii ISO (cm. www.iso.org/patents).

Nob6as ToproBas mapka, npuBefeHHas B HacTosWeM cTaHgapTe, ABAsSeTcs MHdopmauueid, NnpuBeseH-
HOli AnA yao6cTBa nosb3oBartenieil n He ABNAETCA pekiamoi.

[ns pa3bACHEHUA A06POBOMBLHOIO XapakTepa CTaHAapTOB, 3HAYEHWUI KOHKPETHbIX TEPMUHOB ISO 1 Bbl-
paXKeHWUi, CBA3aHHbIX C OL,EHKOl COOTBETCTBMSA, a Takke MHdopMauuu o npuBepxeHHocTn ISO npuHumnam
BTO no TexHuyecknm 6apbepam B Toprosne (TBT) cm. cnepywowmii URL: www.iso.org/iso/foreword.html.

HacTtosiwumin ctaHgapT pa3paboTaH TexHuueckum komutetom ISO/TC 194 «Buonornyeckass n KnnHu4ye-
CKas oueHKa MeguLUHCKUX U3aennii».

Bce 0T3bIBblI M BONPOCHI MO AAHHOMY AOKYMEHTY [O/DKHbI OblTb Hanpas/ieHbl B HaLMOHAasIbHbIE OpraHbl
no cTaHgapTM3auun nonb3oBaTens. MofiHblli NnepevyeHb AaHHbIX OpPraHoB NPUBEAEH MO ajpecy: Www.iso.org/
members.html.

B HacTosuiee BpeMs npu oueHke 6e30NacHOCTM MeaULMHCKUX U3[enmnii pykoBOACTBYHOTCA TOKCUKONOTN-
YeCKUMU Unau Apyrumuy nccrefoBaHuaMuU, peKkomeHgyeMbiMu B cepun ctaHgapTos ISO 10993.

MuporeHHOCTb, OonocpefoBaHHasi MaTtepuanom, npeactaBaseT cob0il CUCTEMHbI 3apeKT, BKAOYEH-
Hblli B npunoxeHne G ISO 10993-11:2017, HO AaHHbLIA cTaHAapT NOJIHOCTbK HanpaB/iEH Ha pacCMOTpeHue
nccnenoBaHna MUPOTEHHOCTU MEeLULUHCKUX U3Jennii B Lesom.

MuporeHHas peakuunss — 3TO0 He61aronpusATHOE BO34ENCTBME XMMUUYECKOTo areHTa wav Apyroro areHTa,
Hanpumep MUKPOGHOro KOMMOHEHTa, Bbi3biBallee PebpUNbHYIO (IMXOPaL0YUYHYIO) peakumio.

NcnbiTaHWs Ha NUPOreHHOCTb HeobXoAuMbl ANS OUEeHKW 6e30MacHOCTVM MPOAYKTOB, MMEKLLMX NPSAMON
Ny onocpenoBaHHbIli (KOCBEHHbIM, HEMPSAMOI) KOHTAKT C CUCTEMON KpoBoo6GpalweHns u numdaTnyeckoi cu-
CTEMOW, CMIMHHOMO3IOBOI XWAKOCTbIO U CUCTEMHO B3aVMOAENCTBYOLWMUX C OPraHN3MOM YeloBeka.

B HacTosllee BpeMsi B KayecTBe NpMeM/IEMbIX METOA0B OLEHKN NMUPOTEHHOCTN MEeAULMHCKUX U3gennii n
MX MaTepunasnoB CyLLEeCTBYIOT MeToAbl UCcCefoBaHNs in Vivo Ha Kposimkax M MeTofbl in Vitro Ha 6akTepuanbHble
3HA0TOKCUHbI. OCHOBHbIE Mpoueaypbl, BKIOYas NPUroToB/eHne o6pasLoB KaX4oro nccnefyemoro o6bekra,
yXe YCTaHOBJ/IEHbl, TAPMOHU30BaHbl B MEXAYHapOAHOM MjaHe W yka3aHbl B COOTBETCTBYHOLNX PYKOBOACTBAX
n hapmakonesx.

B nocnepHee Bpemsi 6bin paspaboTaH U NMPMMEHEH MeToA MCCnefoBaHWA NUPOreHHOCTW in Vitro ¢ wmc-
NosIb30BaHMEM MMMYHHbIX KN€TOK YesioBeka, OCHOBAHHbIA Ha MeToAe UCMbITaHWA Ha NUPOTeHHOCTb Ha KneT-
kax yenoseka (HCPT) pgna uccnefoBaHus NUPOreHHOCTU MapeHTepasibHbIX NIEKapCTBEHHbIX CpeAcTB. KoH-
Lenumnss NpMMEeHeHus nccnefoBaHns NUPOTeHHOCTU A9 MeAULUHCKUX U3Jennii paccmaTpuBaeTcs B CBA3N C
NPSIMbIM WM ONOCPEAO0BAHHbLIM BO34ENCTBMEM Ha K/IETKM KPOBMW YeloBeKa.
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M E X T OCVYAAPG CTUBTEHH HBDB 1 CTAHOAPT

N3penua MmeanumHckue
OLIEHKA BMO/IOMMYECKOIro AENCTBUA MEAVNLIMHCKUX U3OEMNI
MpUHUMNbI N MeToAbl UCCelOBaHWIA Ha NUPOTEHHOCTb

Medical devices.
Biological evaluation of medical devices.
Principles and methods for pyrogen testing

Jata BBegeHuna — 2025—03—01

1 O6nactb NpUMeHeHUsA

HacToswuii cTaHgapT ycTaHaBAMBaeT NPUHLUMbI Y METOAbLI UCCNEA0BAHUS MeAULUHCKUX n3aenuii (M)
U UX MaTepuasioB Ha NMUPOTEHHOCTb.

2 HopmaTuBHbIE CCbI/IKM

HopMaTuVBHbIe CCbI/IKW B HACTOSILEM CTaHAapTe OTCYTCTBYHOT.

3 TepMuHbI 1 onpepeneHus

B HacToAwem cTaHAapTe NPUMEHEHbI criegylolme TEPMUHbLI C COOTBETCTBYIOLWUMWN ONpeaeneHnsamu.

ISO n IEC nogaepXumBarT TEPMUHONOTMYECKYD 6a3y AaHHbIX, UCNOAb3YEMYI B LiensX cTaHgapTuia-
uun, No crepywWwmm agpecam:

- Qnektponeausn IEC: goctynHa no agpecy http://www.electropedia.org/;

- nnatopma oHnaiH-npocmoTpa ISO: gocTynHa no agpecy http://www.iso.org/obp.

31 MeguumHckoe mnagenuve (medical device): VIHCTpyMeHT, annapaT, YCTPOMCTBO, MalluHa, npubop,
UMMaHTaT, peareHT in vitro unn kanu6paTop, nNporpaMmHoe obecneyeHue, maTtepuan UM APYroi cxonHbl
UM CONPSHXEHHbIN NpeameT, NpefHa3HayeHHble Npon3BoAnTEeNEeM A/ NCMONb30BAHNUS Ye/I0BEKOM, OTAE/bHO
nnu B KOM6MHaLuu, ANA OAHON WM 6051ee KOHKPETHbIX Lenei:

- AnarHocTtuka, npodunakTuka, MOHUTOPUHT, feyeHne unu obneryeHme teyeHnsa 6onesHu;

- AMarHocTuKa, MOHUTOPUWHI, NeYyeHune, naanmaTtmue WA KOMNeHcauusa TpaBMbl;

- o6cnepgoBaHue, 3amMeHa, MogudMkauns unu nogaepxka opraHa unm @U3noNorn4eckoro nNpouecca;

- NoAAEPXKA NN COXPAHEHUE XU3HU;

- KOHTPO/b 3a4aTus;

- fe3uHdekyma MU;

- npegocTaB/ieHne UHopMauun nytem obcnegoBaHusa in Vitro o6pasuoB, NOMYUYEHHbIX W3 OpraHM3mMa
yesioBeka;

N He gocTuralmolime CBOEro OCHOBHOrO npejnonaraeMoro geiicTeua apmakosnornyeckumm, MMMyHonornye-
CKUMK nnn MeTabonumyeckumy crocobamy B opraHm3Me yesioBeka WM Ha MOBEPXHOCTU Tefa, HO KOTOPOMY
OHW MOTyT NOMOYb B (DyHKLMOHMPOBaHUN M.

MpumevyaHne — TIpoAyKTbl, KOTOpble MOryT cumtareCd MW B OTAE/IbHbIX HOPUCAUKUUAX, HO HE BO BCEX,
BK/1OYAIOT:

- Ae3vHmLmMpyoLLmMe BELLECTBa,;
- I'IpVICI'IOCO6J'IeHVIF| ana nuy, ¢ orpaHNnYeHHbIMN BO3MOXHOCTAMMN,

M3gaHne opuuynanbHoe
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- U3Lenus, BKIOYAOLME TKaHWU XUBOTHOTO U/ YE/I0BEYECKOTO MPOUCXOKAEHUS;
- U3Lenus A1 OnoA0TBOPEHUs iN Vitro uian TeXHOMOM MM BCIOMOraTelbHO PenpoayKLui.

[GHTF/SG1/N071:2012, 5.1]

3.2 nuporeH (pyrogen): BewecTBo, Bbi3biBalOLEE NNXOPASKY.

3.3 MMPOreHHOCTb (pyrogenicity): CBOWCTBO XMMMWUYECKOro BeliecTBa WAW APYroro areHTa BbI3blBaTb
hebpunbHy0 peakuuto.

3.4 hebpunbHasa peakuus (febrile response): MoBbiWeHNEe 3HAYEHUST TeMNepaTypbl Tesia Bbille HOPMbI.

MpunmevaHne — Takke 0603HAYAETCA KaK Kap UM MUPEKCUS.

4 CokpaleHud

COX — (hbepMeHT UuMKIo0oKCUreHassbl;

CpG — uuto3uH (C), cnegywowmnii 3a ryaHmHom (G) B cekBeHuum AHK, npu p, o603Havawwem, 4to
C n G npussizaHbl hocoaAnsaMpPHO METULHON FPyNMnoi K NATON NO3MUUU LUTO3MH-NKU-
PUMUANHOBOIO KONbLA;

ELISA — (hepMeHTHbIi MMMYHOCOP6EHTHbIN aHanu3d HCPT, Hanpumep ucnbiTaHWE Ha akTUBaLU
MoHouuToB (MAT);

HCPT — UCNbITAHUE Ha NUPOTreHHOCTb Ha kneTkax yenoseka (Human Cells Pyrogenic Test);

IKK — KnHaza |IkB, doepMeHTHbI KOMMJ/eKc, 3a4eNCTBOBaHHbII B pacnpoCTpaHeHUn KAeTOYHOro
oTBeTa Ha BocnasjieHue;

IRAK — peuenTop IL-1-accouynmnpoBaHHas KuHasa,

LAL — nn3at amebounTOB MEYexBocTa;

LPS — nunononucaxapua;

MD-2 — [NIMKONPOTEWH, BbIAENSEMblA MOMEKyNaMu, CBA3bIBAIOLWLINIA BHEKIETOUYHbIN AoMeH TLR4;

MCP — XemoTakcuyeckuii 6enok makpocparos;

MIP — BOCNaNUTENbHbIA 6eN10K Makpogaros;

NOD — HYKIeOoTUA-CBA3bIBAIOLWMNIA ONMTOMEPUN3ALNOHHbIA AOMEH;

pge?2 — npoctarnaHgnH E2;

RANTES — perynnpyemblii N0 akTuBauuun, HOpMasnbHbIA ¢ T-3kcnpeccueli 1 BblAENSAEMbIA;

RNA — puBOHYK/IEMHOBAS KUCNOTA,

SEA — CTaMIOKOKKOBbIA 3HTEPOTOKCUH A;

Spe C — CTPENTOKOKKOBbIN MUPOreHHbIN 3K30TOKCUH C;

Spe F — CTPENTOKOKKOBbIA MUPOreHHbIA 3K30TOKCUH F;

TBK — TANK-cBA3bIBaLWan KnHasa;

TLR — Toll-nogo6HbIN peuenTop;

TNF — dhakTOp Hekpo3a onyxosneii;

TSST — TOKCUH CMHAPOMA TOKCUMYECKOro LIOoKa.

5 XapaktepucTturka nmporeHa

5.1 O6une NosIoXeHus

OcHoBbIBasICb Ha Npupoge NUporeHa, pebpunbHYI0 peakuuio MOXHO pasfennTb Ha TPU TPynnb:

a) NMPOreHHOCTb, OMOCpeAoBaHHasA MaTepuanoM, Bbl3BaHHAA XMMUYECKAMMN areHTamu;

b) NMPOreHHOCTb, ONOCpeAoBaHHas 3HAOTOKCUHOM;

C) NMPOreHHOCTb, ONOCpPeAOBaHHAA MUKPOGHLIMM KOMMOHEHTAMM, KPOME 3HAOTOKCUHA.

MWpPOreHHOCTb, He onocpefoBaHHas 3HAOTOKCMHAMM, OTHOCUTCS K BblLUEONUCAHHLIM FpynnaM B nepe-
yncneHuax a) u c). OgHako NPUHAZIEXHOCTb NMUPOTEHHOCTW K rpynne corsiacHO MepPEeyvYnCcsIEHN0 C) MOXHO
YeTKO OT/INYUTL OT MUPOTEHHOCTU, ONOCPeAOoBaHHOl MaTepuanom, nNo ebpunbHOn peakyuu, Bbl3BAHHOI
MUKPOOHOW KOHTaMuHaumei.

TLRs aBnsawTca 6enkamu, KOTOpble COCTaB/ISAOT BaXKHYH 4acTb MMMYHHOW CUCTEMbI, NPOTUBOAENCTBY-
toweli MUKPOGHBIM UHAEKUUSAM, TECHO CBSA3aHHbLIM C MUPOTEHHOCTbID MUKPOGHbLIX KOMMNOHEHTOB. Ha faHHbI
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MOMEHT 6blNn naeHTuuumposaHbl 13 Buaos TLRs yenoseka, oT TLR1 go TLR13, u aroHUCTbl K HEKOTO-
pbIM 13 HUX. BOMBLWMHCTBO NMPOreHOB, KOTOPbIE MOTYT 6bITb OUeHeHbl B MU, MOryT BnATbCA 6UOAKTUBHBIMYU
BelwecTBaMu, MOJIYy4eHHbIMU OT MUKPOOPraHM3mMoB, MPUCYTCTBYIOLWMX B KayeCcTBe KOHTaMWHAHTOB npoLlecca
NpoM3BOACTBa U3OE/NS WM B caMUX MaTepumanax. Tak Kak KOMNOHEHTbl SABAAKTCA aroHucTamn TLR w gei-
CTBYIOT KaK NMUPOreHbl Mo OTHOLLEHUIO K YesioBeky, 3HaHue o0 TLR o4vyeHb BaxHO.

5.2 BbakTepuasibHbl 3HOO0TOKCUH

BakTepmanbHbIi 3HAOTOKCUH, BaXHbl/i KOMNOHEHT BHELWHEN MmembpaHbl rpamoTpuuaTenbHOi 6akTepum,
ABNSeTCA Hanbosiee MOLHbIM MMPOreHOM, pacno3HaBaeMbiM TLR4. HAOTOKCUMH SABNSeTCA MOAYNATOPOM UM-
MYHHOrO OTBeTa OpraHm3Ma u NposiBNseT pa3HoobpasHble 6Guosiormyeckue AeicTBUSA, HaNpUMep akTuBaLluio
MakpodparoB, MUTOT€HHOCTb U aAbOBAHTHOCTb, U B JONOJIHEHWE K NMUPOreHHOCTU BbI3biBAeT peakuuto LLBap-
yMaHa. C KJIMHNYEeCKOW TOYKM 3PEHUS IHAOTOKCUMH SAABNSETCS NMPUYUHOLM cencuca, CeNnTUYECKOro LWoka u noam-
OpraHHon HeJOCTATOYHOCTU, ABAAKLIUXCA CUCTEMHBIMU PACCTPOACTBAMMU C BbICOKMM YPOBHEM CMEPTHOCTU.

OHAOTOKCMH B OCHOBHOM COCTOWT M3 reTeponosiMcaxapuiHoi 4yacTtu, nogpasfgeneHHol Ha O-cneyu-
onyeckyo Lenb, OCHOBHOW onurocaxapug v AUNUAHbIA KOMMNOHEHT, Ha3blBaeMblit Aunug A, ABnswWuincs
61MONOrMYECcKN aKTUBHbIM LEHTPOM 3HAOTOKCMHA. Ha MOWHOCTb 3HAOTOKCMHA BAUSAKT CXEMbl auunpoBaHus
n oochopunmpoBaHmns, a Takke Hannune/oTcyTCcTBME MOMSIPHON TPynnbl, CBSA3aHHON C pocdhaTHbIM OCafKOM
B Mosiekyne nunuga A. JJOno/sHUTENbHO 3HAOTOKCMH 0b6nagaeT BMAOCNEeLNdPUYHOCTbIO K aKcnpeccun ero 6uo-
aKTMBHOCTMW.

B npupoge rpamotpuuatenbHble 6akTepumn WKMPOKO pacnpocTpaHeHbl B Bofe (peku 1 mops), BO3gyXxe,
nouyse, a TakkKe B Yes/IOBEYECKOM opraHu3me. Takum obpasom, 6uomaTtepuansl, caenaHHble M3 NPUPOLHbIX
BELLECTB, MOTYT 6bITb 3apaXKeHbl GAKTEPUSAMM U UX KOMNOHEHTamu. ABTOKNaBMpoBaHue, 06/y4eHne U raso-
Basi cTepunansaums npy Npou3BOACTBEHHOM MNpouecce Cnoco6Hbl youTb 6akTepun. Tem He MeHee MUKPOo6-
Hble KOMMNOHEHTbl, 0CO6GEHHO 3HAOTOKCWUH, HE MOTyT ObiTb A€aKTUBUPOBAHblI TakKMMK OObIYHBIMW MeTOLAaMU.
B cnyyae KoHTamuHauuy B npouecce NpoM3BOACTBa yAalleHWe 3HAOTOKCUHA [O0CTATOYHO CMOoXHO. Mpu npo-
N3BOLCTBEHHOM MpoLecce KONYECTBO IHAOTOKCMHA MOXET ObiTb YMEHbLIEHO WAN 3HAOTOKCUH MOXeT ObiTb
NOMHOCTbLIO yAaneH nyTem genuporeHusauynmn (Hanpumep, npu HarpeBaHun o 250 °C B TevyeHne 30 MUH), npu-
MEHEHUS XUMUYECKUX BELLECTB O/19 AeaKTuBauuu 3HAOTOKCMHA, TakKMX Kak, Hanpumep, nonumMukcuH-B [50],
[66], unn ncnonb3oBaHMA B TEXHO/IOTMYECKMX MpoLeccax NpovM3BoACTBa BOAbl, CBOOOAHON OT 3HAOTOKCUHA.

5.3 MVIKpO6HbIe KOMMOHEHTbI, OT/INYHbIE OT 3HAOTOKCUHa

MuKpoopraHm3ambl NPON3BOAAT pasfiMyHble 6MOaKTUBHbIE BELLECTBa, He ABNAKLWMECA IHLOTOKCUHAMMU.
NlunoTeixoeBas KWCMIOTa, BaXHblAi KOMMOHEHT BHELWHeN membpaHbl rpaMnosnioXUTeNnbHON GakTepuun, npepg-
cTaBnseT aHasior 3HAOTOKCMHA W AeNCcTBYeT Kak NMUpOreH, pacno3HaBaeMblii TLR2, B3aummogeincTBylowni
n popmupyowmii retepogumep ¢ TLR1 wnam TLR6. JlunonpoTeunHsbl, nnnonentuabl ¥ nunoapabuHomaHHaH,
ABNAOWMECH KNETOYHbIMW KOMMOHEHTAMW pPasfIMyHbIX MUKPOOPraHu3MoB, TakKXe MOryT AelcTBOBaTb Kak
aroHucTbl TLR2. X0oTS menTuaornivkaH, CTpPosWmniA KNeTOUYHY CTEeHY rpaMnofiokuTenlbHo 6akTepumn u rpam-
oTpuuaTenbHON GakTepumn, cunmtancsa aroHnctom TLR2, HegaBHO 6bl10 NMpeanonoxeHo, 4yto 6enkn NOD1 un
NODZ2, a He TLR2, moryT urpaTb po/sib MeAnaTopoB 3KCMpeccun ero 6MoakTMBHOCTM. Takxe BUpyCHas ABYX-
uenoyedHasa PHK, xrytuku 6aktepuii, 6aktepuanbHblii 1 BUpYyCHbI CpG AHK 6binn ngeHTudunympoBaHbl Kak
aroHucTbl TLR3, TLR5 n TLR9 cooTBeTCTBEHHO, U BCe OHM AENCTBYIOT B Ka4YeCTBe NMuUporeHa yenoseka. Xotsa
NMMPOreHHOCTb He Habnwganu ans nwboii hopmbl npenapata (1,3)-p-O-nNnoKaHa, MOXHO OTMETUTb, YTO onpe-
feneHHble Buabl (1,3)-p-O-rnokaHa MOryT NOBbICUTb TOKCUYHOCTb 3HAOTOKCUHA.

Coo6uwanocb, YTO 3HAOTOKCUHbI N IHTEPOTOKCUHLI, Takne kak TSST-1, SEA, Spe F u Spe C, npoayum-
pyemble pasfiIMyHbIMW NaTOr€HHbIMU OpraHn3MamMu, Bbi3biBaloT DEOPUIbHYI0 peakuuio B OpraHu3me yesioBeka
TOKCUH-cneynduyeckuMm cnocoboM, KOTOpbIi MOXET OT/IM4aTbCa OT CUrHaNbHOW TpaHcaykumn TLR. Mpu gna-
nun3e Habnwganu BCNbIWKY BOCMaNeHus, ANXopagkMm U NepuToHUTa y HEKOTOPbIX NauMeHTOB M3-3a KOHTamu-
Hauun pactBopa nentugornukaHom [52], [76].

5.4 TpoBocnanuTesibHble LNTOKUHbI

Tak kak qoebpunbHble peakuuu, NHAYUMPOBaHHble aroHnctamu TLR, onocpefgoBaHbl NpoBOCnannTesib-
HbIMW UWTOKMHaMU, Takumu KakTblba, IL-1p, IL-6 1 INF-y, nponu3BogMbIMU UMMYHHbIMW K/1€TKaAMu 4YenoBeka,
caM 9HOOreHHbIi MefuaTop AO0/KEH, eCTeCTBEHHO, AeNCTBOBaThL Kak nmuporeH. Kaxablili LWTOKMH ganee ak-
TUBUPYET MMMYHHbIE KIETKN LUTOKMHOBON CeTWU, Tak Kak B fonosiHeHue k TLR peuentopsl, cneyudunyHbie K
LMTOKMHaM, HaxXo[ATCSA Ha MOBEPXHOCTU MOHOLMTOB U Makpodaros.
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5.5 XuMnyeckue areHTbl 1 gpyrme nuporeHsl

MexaHn3mM MUPOreHHOCTU XMMMUUYECKUX WU NPUPOAHbLIX BELLECTB He AOCTATOYHO XOPOLWO MUCCNenoBaH.
Kpome TOro, ¢ KaxgblM roaom B MUpe OGHapyXuBawT UM cuHTesupyrT 6onee 1000 HOBbIX COEAUHEHUI, He
BCe 6MOM0rMyeckme CBOKCTBA KOTOPbIX MCCNefoBaHbl. BOALWNMHCTBO XMMMWUYECKUX BELLECTB, UCMOJb3YEMbIX
B HacToswee Bpema Ana MW, 6e3onacHbl U He NUPOreHHbl AN YenoBeka. TeM He MeHee HeKOTOpble HOBble
6vomartepuasnbl U XMMUYECKME BelLecTBa MOryT Bbi3BaTb (DEGPUIbHYIO peakuuio.

Takoii 6MONOrNYECKNA OTBET BO3MOXEH A1 an/IOr€HHbIX UIN KCEHOTEHHbIX KNEeTOYHbIX MPOAYKTOB, KO-
TOpble MOTYT Bbi3BaTb MMMYHOJ/IOTMYECKOE pacno3HaBaHue u akTuBaLulo UMMYHOKOMMETEHTHbIX K1ETOK.

B kauecTBe npumMmepa HWKe NepeyvncsieEHbl XMMUYECKME BELLECTBA, O KOTOPbIX M3BECTHO, YTO OHU CMO-
CO6GHbI BbI3biBaTb (PEOPUILHYIO peakuunio opraHuama 4yesnioBeka. B OCHOBHOM NO MexaHW3My BO3HUKHOBEHMUS
ebpunbHOI peakynnm 3aTM XMMMYeckne BewecTBa MOTyT ObiTb pasfenieHbl Ha TpU Fpynnbl:

a) areHThbl, HaNPAMYK CTUMYNMpPYLOLWME TEPMOPEryIATOPHbIE LEHTPbI MO3ra Y HEPBHOW CUCTEMBI,

b) pasobuiatouime areHTbl OKUCNUTENIbBHOTO POCopunnMpoBaHns u

C) NMpOreHbl C Manon3yYeHHbIMY MexaHu3MaMn gelicTBUA.

MI3BECTHO, YTO NPUBEAEHHbIE HMKE XMMUYECKUE BellecTBa Bbi3blBAT Yy YesioBeka hebpunbHy0 peak-
uuio:

- npocTarnaHgmnHbl;

- MHOYKTOpPLI (HanpuMep, nonvageHunoBas, noanypugnuaosas, NnoiM6MOHO3MHOBAA U NoAnpuéGoLnTMAN-
noBas KUCNOThI);

- BelecTBa, Hapywawume MYHKUUIO LEHTPOB TepMoperynsaumu (Hanpumep, guatunnamug nm3epruHo-
BOIN KNCNOTbI, KOKaWH, Mopduii);

- HelipomeanaTopbl (Hanpumep, HopagpeHasinH, CEPOTOHUH);

- pasobuwaruime areHTbl OKUCANTENbHOIO pochopunmpoBanmsa (Hanpumep, 4,6-AMHNTPO-0-Kpe3on, Au-
HUTPOOEHO, NUKPMHOBAS KMUCNOTA);

- bl-dbeHnn-(3-HadpTMnamvH 1 anbaonb-a-HapTUNaMUH (PebpunbHbIi MeXaHW3M HEU3BECTEH);

- MeTasbl, Takue Kak COMN HUKens, B OTAENbHbIX Cnydasx.

B fonosiHeHUe K 3TUM XMMUYECKMM BELLECTBAM €CTb BEPOSATHOCTb, YTO Mukpocdepsl [23] n HaHovacTu-
ubl [61], BKIOYAsA MPOAYKThI Aerpajauunm UMMAaHTaTtoB [7], MOryT BecTh cebs kak nuporeHsl. Mukpocdgepsl,
yacTtuubl [23] n HaHovacTuubl [61] onpeAeneHHbIX pasmMepoB MOryT 6biTb (haroynTupoBaHbl Makpodharamu u
aKTMBM3MpOBaTb NPOBOCNANUTENbHbIE LUTOKNHbLI, BblgensemMble Mmakpodgaramm, Takumu kak TNFa. TNFa aB-
nseTcsa OAHUM U3 3HAOTEHHbIX MUPOreHOB.

5.6 MpuHuMn hebpuabHON peakumn

TLR ABNAITCA KNaccoM OTAENbHbIX TPaHCMEMOpaHHbIX HekaTanuTUYeCcKMX peLenTtopoB, KoTopble
pacno3HalT CTPYKTYpPY COXpPaHMBLUMXCA MWKPOOHbLIX MOJIEKYN, Kak TO/MbKO OHW NpeofonesarT u3nyeckune
(busmnonornyeckne) 6apbepbl, Takue Kak Koxa WauM CAn3ucTas KALeYyHuKa, U akTUBUPYIOT UMMYHHbIE KIETKN.
CuunTaeTcs, 4yTo TLR wrpalwT KIOYEBY pO/ib BO BPOXAEHHON WMMYHHOW cucTeMe U MOryT (DYHKLWOHUPO-
BaTb Kak gumepsbl. bonbwunHcTBO TLR AelicTBYOT kak romogumMepsl, TLR2 dopmupyet retepogumepsl ¢ TLR1
unn TLR6, npuyem kaxablii AuMep MMeeT pasHyl cneunguruyHocTe anraHgos. TLR Takke MOryT 3aBuUceTb OT
ApYyrnx copeuenTopoB B M/laHe MNOJIHON 4YyBCTBMTENIbHOCTW /INF@HAO0B, Hanpumep B criyyae pacno3HaBaHus
3HAO0TOKCUMHOB nocpeactBoMm TLR4, yto TpebyeT monekyny MD-2. /3BecTHO, 4TO cBA3bIBawwmue 6enkn CD14
n LPS obneryawT pacno3HaBaHue 3HAOTOKcMHA Ansa MD-2. Mpu aktmBauum TLRS 3afeicTBYHOT MOJIEKY/IbI-
ajanTtepbl B uutonnasMe KNeToK ANA pacnpocTpaHeHus curHana. V3BeCcTHbl 4eTbipe MOJiekysbl-afantepa,
3ajelicTBOBaHHbIe B nepejaye curHana. T 6enkn u3BecTHbl kak MyD88, Tirap (Takke nmeHyemblin Mai), Trif
n Tram. AfanTopbl akTUBUPYIOT APYrne MOJEKy/bl BHYTPU K/IETKW, BKIOYass onpefeneHHble NpoTenHKUHas3bl
(IRAKI, IRAK4, TBK1 u IKKi), ycunusatwlime curHasa u B KOHEYHOM cueTe Beayliue K MHAYKUMW Uan nojasne-
Huo reHoB (NF-kB, AP-1 u IRP3), MHNLMMPYOLWMX BOCNANNTENbHbI OTBET.

Mocne akTMBauuy nUraHgamMum MMKPOOGHOTo MPOUCXOXAEHNSA BO3MOXHO HECKO/IbKO peakuunit. IMMyHHble
KNeTKu MOryT BblpaboTaTb LUMTOKMHBI, Bbi3biBalowme socnaseHne. IL-1P 0coO6eHHO TeCHO CBfAA3aH C UHAYKUWEN
hebpunbHoi peakumn. IL-6 n TNFa 6blan BbiAeN€Hbl NO3XE U TaKKe UAEHTUMULNPOBAHbI Kak MUPOreHHble
LUTOKMHbI, HO Npu 60see BbICOKMX Ao3ax [28], [29]. MoOHMMaHMe MexaHu3ma /MXopafKu Yy MeKonuTalLwmnx
COCTOUT B TOM, YTO 3TV NPOBOCMANUTE/IbHbIE LLUTOKUHBLI NPUBOAAT K akcnpeccun COX-2, KoTopas cnoco6CcTBy-
eT cnHTesy PGE2 [30]. ¥ mblweli ¢ HegocTaTouHbiM COX-2 nuxopagka He BO3HWKAET B 0TBET Ha LPS, IL-1 nan
IL-6 [47], a PGE2 [48] BbI3biBA€T BHYTPUK/IETOUHbIA CUTHA/MbHbIA Kackaj, MEHSKWWNA HopManbHOe 3HavYeHune
Temnepatypbl Tena. Takum o6bpasom, IL-1p, IL-6 n TNFa asnsawTca meguaropamu, BblAesIAeMbIMU UMMYH-
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HbIMW KNeTKaMu MNpu KOHTakTe C NMporeHamu, OTBETCTBEHHbIMU 3a Bbl3blBaHWE peakuum nuxopajku B MO3re.
13BeCTHO, 4TO BewecTBo P nHayunpyet nuxopaaky nytem BbipaboTkm TNF-a, IL-6 n PGE2 [17].

TLRs moryT 6bITb 3aelicTBOBaHbl B BbipaboTke LUMTOKMHOB W akTUBAaLWN KNETOK; OHW y4acTBYIOT B Npo-
ueccax agresum n arountosa MUKPOOPraHM3MoOB, a TakKxe ApYrux noTeHunanbHbIX NMUPOreHoB.

BHe 3aBMCMMOCTM OT curHanbHoro nytm TLR n nocnegytoueli BbipaboTkn LMTOKMHOB TeMnepaTtypa Tena
MOXeT NOBbIWATbLCA BelecTBamu, HanpsaMyl CTUMYNMPYKOLWUMU LEHTPbl TepMoperynauumn. Takxe, pa3o6-
Lwarwlime areHTbl OKUC/INTENbHOIo hocopuampoBaHMsa MOTyT NOBLICUTbL TeMnepaTtypy Tena B pesynbrare
aKTMBaLUM LEeNoYKn TpaHcnopTa 3/1eKTPOHOB B MUTOXOHAPUMN.

6 OueHKa NUpPoreHHoCcTn

6.1 O6wme NONOXKEHUSA

CywecTBylOT Tpy MeToga A/ UcclefoBaHUs MUPOTEHHOCTU, OMKUCaHHble HUXe. VMccnepgoBaHue nupo-
FEHHOCTU Ha KpoJiMkax in Vivo siBNsieTCS e4UHCTBEHHbIM METOAOM, B OT/IMUME OT APYrMX ABYX METOAOB U3-
MepsowWwmM ebpubHy peakuuio opraHusMa B KauyecTBe GMOMIOrMYECcKOro nokasaTesisi B COOTBETCTBUM C
onpegeneHveM nuporeHa. MeTofbl in Vitro 06HapyXMBaT NUPOreHbl, UCNONbL3YyA Apyrne 6MON0rUYeckue no-
KazaTenu, Takue Kak BblpaboTka LUTOKMHOB U Koarynsuus Gesnkos.

6.2 NcnblTaHne Ha 6akTepnanbHble 3HAOTOKCUHBI (BET)

6.2.1 OOLWKMe NOSIOXEHUS

MeTog ucnbiTaHMs Ha G6akTepuanbHble 3HAOTOKCUMHbI (BET) rapMoOHU3MpOBaH C HECKONbkumMu dhapma-
konesamu. JaHHblli MeTof npefHasHavyeH ANA O06HapyXeHUs WM KOWYeCTBEHHOro onpegenieHns 6akrepu-
a/lbHOTO0 3HAOTOKCMHA rpamoTpuuatenbHOro 6akrepnanbHOro NPOUCXOXAEHUA C MCNOMb30BaHWEM u3aTa,
ABNAIOLLETOCSH BOAHbIM 3KCTPAKTOM LUpKynupyklowmux amebouutos meuvexsocta (Limulus polyphemus wam
Tachypleus tridentatus). TexHuyecku ucnbiTaHne Ha 6akTepuanbHble 3HAOTOKCUHBLI pasfenseTcs Ha ABa MeTo-
Ja: O4MH npefcTaBnseT MeTof resb-TpoMba, OCHOBaHHbI Ha (OpMUMpPOBaHWK Tens, NHAYLUMPOBAHHOTO peak-
uuei nu3ata c 3HAOTOKCUHAMW, a APYroi ABnsieTcs (POTOMETPUYECKMM METOAOM, OCHOBAHHbLIM Ha M3MEHEHUN
ONTMYECKO MAOTHOCTU MHAYLMPOBAHHbLIX 3HAOTOKCMHaMK pacTBopa nu3aTa. NocnegHunin ganee pasgensercs
Ha ABa MeToga: Typ6uaAuMeTpuyeckunii, U3MepsaloLWwmnii KOHUEHTpPaLMM 3HAO0TOKCUHOB B pacTBopax 06pasLos,
OCHOBbIBAsICb Ha M3MEHEeHWUW MPO3pPayvyHOCTM pacTBopa Mpu reneobpasoBaHNN, ¥ XPOMOTEHHbIN, OLEeHMBat-
WMIA KOHUEHTpauuMn 3HAOTOKCUMHA W3MEepeHMeM ONTMYEeCKOW NAOTHOCTM uBeTa xpomodopa, BblAeNssemMoro
CUHTETUYECKAM XPOMOFEHHbIM Cy6CTpaToMm, 4TO SABASIETCA MOAENMpPOBaHMEeM nocfiegHein cragun hepmeHT-
HOI KackagHOl peakuun, ONMCaHHOW HUXe.

WcnbiTaHne Ha 6GakTepuasbHble 3HAOTOKCMHbI MOXET MCMNO/Ib30BaTbCA 4719 KOHTPOAA KOHTaMuHauuu
9HAO0TOKCMHaMK B npoueccax npoussoactsa MU 1 roToBbIX M3LENUA C TOUKM 3PEHNS 06bIYHOTO KOHTPOASA Ka-
yecTBa. [lo ncnonb3oBaHUsA peareHTa siM3arta, akcTparupoBaHHoro us Tachypleus tridentatus, gaHHbI meToz4
HasblBann: UcnbliTaHMe nmu3aTtoMm amebounToB numynyca/oTpsag medexsocta (LAL-TecT).

MpumeyaHne — CylWecTBYOT gpyrne MeToAdbl 06HapyXeHus GakTepuasibHbIX 3HAOTOKCMHOB, Hanpumep
(oNyopecLEeHTHbI MeToA, C UCMO/Ib30BaHNEM PEKOMOUHAHTHOro dpaktopa C, cm. [6].

6.2.2 TMpuHuun peakymn LAL

BET siBnsetcsi chepMeHTHOWN KackafHOW peakuuei, MMeloLLeil HanBbICLIY YYBCTBUTE/bHOCTb K O6Ha-
PYXXEHWUIO M KOSIMYECTBEHHOMY OMpPeAesieHNnI0 rpaMoTpuuaTesibHbiX 6akTepuanbHbiX 3HAOTOKCMHOB. CHaua-
na caktop C, cepuHOBOW npoTeasbl, YyBCTBUTE/IbHbIA K 3HAOTOKCMHAM, HaxoAAlWMIACA B peareHTe nu3ara,
aKTUBUpyeTCA 3HAOTOKCUHOM. AKTMBMpPOBaHHLIA dpakTop C KOHBepPTMpYeT pakTop B M3 HeaKkTMBHOW hopMbl
B aKTMBHYIO, YTO MPOAO/IHKAeT KOHBEPTMPOBATb Mpokoaryaupylwuii hepMeHT B Koarynupyowuii. HakoHel,
Koarynupywwmii hepmeHT KOHBEPTUPYET KoarynoreH B KoaryiunH, 4To BegeT Kk hoopmupoBaHuio rens. fonon-
HUTeNbHO K (hakTopy C M3HaAuyalbHbI/i peareHT nusaTa COAEPXUT akTuBupyemblin (1,3)-(3-0-rnokaHamu dak-
Top G, KOTOPbLIA 3aTEM KOHBEPTUPYET NpOKoarynmpylwmnin hepmeHT B Koaryampywmin. 3HA0TOKCUH-cNeLu-
huuHbI peareHT LAL 6bin paspaboTaH nyteM yganeHus caktopa G uam ycuneHus ero dayHKLuu.

Tak kak BET ocHOBbIBaeTCA Ha 3H3MMAaTMYECKOW peakuuu, Ha ero pesynbTaTbl BAUSIKOT Temnepatypa
n pH pactBopa o6pasua. Peakunsi CTUMYyANPYyeTCsS WM UHIMOGUPYETCA Pas3fIMUHbIMU COEAUHEHUAMU, TakuMu
Kak npoteasa, MHIMOGMTOPbLI NpoTeasbl, NOHbI MeTanna, feTepreHTbl, Xenarbl, CONN U caxapa, ecnu TakoBble
NMPUCYTCTBYHOT B AOCTATOYHbIX KOHLUEHTpaLumax. Takum o6pa3om, nccriefoBaHUs Ha NpeaMeT Mellawwmnx dak-
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TOPOB MOTYT NPOBOAUTLCA A1 NPOBEPKUA HaANMUUA UHIMOUTOPOB M MHULMATOPOB peakuun B UCCneayemom
pacTBope. ddhdekTa Mewarwwmnx akTopoB MOXHO n3bexartb NyTem pasbaBneHus nccaefyemoro pacteopa.

6.2.3 O6buwaa npouenypa BET

Ob6wune MeToabl AN OBHAPYXEHUS M KOMIMYECTBEHHOrO onpefeneHus 3HAOTOKCMHA 06Cyxaanncb B
hapmakonesx pasindHbix ctpaH n B AAMI ST 72. leTann NpuMBOAAT B AaHHbIX AOKYMEHTaXx.

OTmevaeTcs, YTO B OTCYTCTBME WHbIX YKasaHuii ANs NpuroToB/EHUA McCnefyemoro pactsopa B kKadve-
CTBE 3KCTparupyrLwen XngkocTu MOXeT UCMO/Ib30BaTbCs annuporeHHas Boga. SHAOTOKCUH, MPUCYTCTBYHOLLUNIA
B MU un nx matepmnanax, 06bIYHO IKCTparMpyT Npy KOMHATHON Temnepartype.

6.2.4 OcobeHHoCTM (cBoiicTBa) BET

MeTtog LAL sABNsieTCcs MPOCTbIM U ObICTPbIM WUCCME€A0BaHWEM, CMOCOOHBLIM C BbICOKOW TOYHOCTbH 06-
HapyXnTb 3HAOTOKCWMH, 0603Ha4Yasi Hanuvume rpamoTpuuatenbHOlW GakTepuanbHO KoHTamuHauum MW, IH-
LOTOKCUH o6nafaeT BMAOBON cneumuYHOCTbIO B NPOSAB/IEHUN TOKCUYHOCTU B 3aBUCUMOCTU OT XMMMWYECKON
CTPYKTYpbl yyacTka nunuga A. Tak kak CTPYKTYpPHble 0COBGEHHOCTM 3HAOTOKCMHA HE B TaKOl CTEMNEeHU BAUSAKT
Ha akTMBHOCTb LAL, kak ero gpyrue 6uonormyeckme CBONCTBA, Takne Kak BbICBOOOXAEHNE LUTOKMHOB M3 BOC-
nanuTenbHbIX KNeTok, To BET cnocobeH naeHTucunumpoatb 60nee pa3HooOpa3Hblit CNEKTP 3HAOTOKCUHOB
no cpaBHeHuto ¢ HCPT [16].

KoHTamnHauns MW 3aHOOTOKCMHOM MOXET yKa3biBaTb Ha 60see LMPOKYI MUKPOOMONOTrMYECKY KOH-
TaMuHaumo. OfHako Koppenauna mexpay KONMYeCcTBOM 3HAOTOKCMHAa U APYruX MUKPOOPraHWsMoB B u3ge-
nnn otcytcTByeT. BET ABNAeTcA o4yeHb cneynguyHbiM 47159 rpaMmoTpuuaTesibHON 6akTepun UanM 3HAO0TOKCMHA.
NcToprnueckn npeobnagawwummn n Hanbosnee CUNbHLIMU NMUPOTrEHHbIMW KOHTaAMWUHAHTamMu Npu Npovu3BOACTBE
MW, nogfamwmmmncsa KOHTPO0, ABNANUCE BakTepuanbHble 3HAOTOKCUMHbI. KOHTamMuHauunio 6akrepuasnbHbiMuy
3HAOTOKCUMHAMM C/IOXHO MPefoTBpaTuTb, Tak Kak OHU NMOBCEMECTHO pacnpoCTpaHeHbl, cTabusibHbl U gocTa-
TOYHO MaJibl, YTOObI NPOATN CKBO3b OObIYHbIE CTEPUAN3YHOLWME PUNLTPbI.

BET o6nagaet onpeaeneHHbIMU HegocTaTkamu. OCHOBHbIM M3 HUX AiBAsieTcA TO, 4TO BET He moxeT 06-
HapyXuBaTb APYIrMX NMPOreHoB, KPOMe 3HAO0TOKCMHA. Kpome TOoro, NOCKO/IbKY 3HAHWUSA O BuAe akTUBHOrO A4
yesioBeKa 3HAOTOKCMHA OrpaHW4YeHbl M3-3a OTCYTCTBUA TpebOoBaHU K CTPYKTYPHbIM CBONCTBAM 3HAOTOKCUHA
0N NMPOAB/IEHNA ero TOKCMYHOCTU, To BET He Bcerga oTpaxaeT NUPOTreHHY peakuuio YyenoBeka.

M3rotoBUTENN MN3OEMNS IKCTPArMpyoT 3HAOTOKCUH M3 MW, 3Has, 4To Henb3s goctuub 100 %-Hoi cTe-
neHy ero yganeHus. B HeKOTOpbIX cryvyasax 3HAOTOKCUH, abcopbupyemblii Ha HEKOTOPbIX NosiMMmepax, kepa-
MUKe, MeTannax WM oTAeNbHbIX NPUPOLHbLIX NPOAYKTaX, HEBO3MOXHO yAanuTb OOLWEeNPUHATBIMKU MeToLamu
BOJHOW 3KCTpakuum. TeMm He MeHee napameTpbl 3KCTpakuuu, pekoMmeHayemble [lenapTaMeHTOM MO KOHTPOJIO
KayecTBa MULLEBbLIX MPOAYKTOB U neKkapcTBeHHbIX cpefctB CLIA (FDA), a Takke cornacHo o6s3atesibHbIM
TpeboBaHUAM HalMOoHaNbHbIX hapmakonei, NoATBEPXAEHHbIM MHOTO/IETHUM MNpUMeHeHneM, 6biin gocTta-
TOYHbI 4N o6ecnevyeHns OTCYTCTBUA NUporeHHocTu MU npu o603HaAuYeHHbIX Npegenax npeanosiaraemoro ero
npumeHeHuns [20].

6.3 ViccnepgoBaHue NMUPOreHHOCTU Ha Kposimkax

6.3.1 O6uwwme nonoxeHus

I/Iccne,qOBaane MMPOTeHHOCTN Ha Kponukax ABndaetTca egUuHCTBEHHbIM U3BECTHbIM UCNbITaHWeM And 06-
HapyXeHunda nnporeHoB, onocpenoBaHHbIX MaTepnasioM, a Takxe NMporeHoB, Bbi3BaHHbIX MUKPOOPraHnMmamwu.

Hannune nuporeHHoCTu aKcTpakTa, 06HapPYXEHHOro Mo BbICOKON TemnepaTtype, yka3biBaeT Ha NpUCyT-
CTBWE B U3[eninM NUPOreHoB, He cojepXxawux 3HAOTOKCUHOB. ViccnepgoBaHue Ha KpoOJiMkax He OTHOCUTCH K
MeTogaM KO/IM4eCTBeHHOro onpeneneHnda 3aHAO0TOKCMHA B KOHEYHbIX NMpoAyKTax B KayeCTBe PYTUHHOIO TecCTa
017 KOHTPO/1A KayecTBa.

B cootBeTcTtBuM Cc ISO 10993-11 MW, copepxalme xMmMmnyeckme BeLLecTBa, KOTOpble paHee Bbi3biBaiu
HMpOFeHHbIﬁ OTBET W/MNN HOBbIE XUMWUYECKNE coegnHeHuns, ﬂMpOFEHHbIﬁ noTeHuynan KOTOPbIX HEN3BECTEH,
MOTYT 6bITb OLLEHEHbl HA NpegMeT NMUPOreHHOCTN, ONOCpe0BaHHON MaTepuanom.

6.3.2 MpuHUMN nccnegoBaHNa NUPOreHHOCTU Ha KPoJsinKax

AN oueHkn hebpunbHOn peakumm Ha NMPOreHbl Y MAEKONUTAKOLWMX iN ViVO TemnepaTypa Tesa nameps-
eTCA B AMHaMWKe nocsie BHYTPMUBEHHOIO BBeAEHUA I3KCTpaKTa U3 M nnn mMaTtepunanoB B d)I/IBI/IOHOFVIHeCKOM
pacTBope.

6.3.3 lMpoueaypa ncnbiTaHUA MUPOreHHOCTU Ha KPOJiMKax

MeTog ucnbiTaHWA npeacTaBfeH B COOTBETCTBYHOLMX PyKoBOACTBax U hapmakonesx. XoTa pPyKOBOA-
cTBa/hapmakonen pasHbiX CTpaH pas3/inyaroTcsi B OTHOWEHUN OFPaHUYeHnii Macchl Tena Kposnkos, onpegene-
HWA HOpMaI'IbHOVI TemMnepartypbl Tesna, 4o3bl UHbEKUNN NccrienayemMoro pacrteopa n noBTOpHOro ncnosib3oBaHunAa
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KPO/INKOB, B OCHOBHOM MeTO/Abl O4YeHb CXO0XW. COOTHOWEHUA ob6paseLl/akcTpareHT W YyC/I0BUSA 3IKCTpakuuu,
nNpPUMeHUMble 418 NPUTOTOBNIEHUA 3KCTPakToB 13 M n matepuanos, npuseeHsl B ISO 10993-12.

OTmeyvaeTcs, 4YTO B KAYeCTBEe 3KCTparmpyluw,ero pacrtsopa Ans npurotosneHus npob nccnegyemoro 06-
pasua MOXHO MCNO/b30BaTb TO/ILKO anMpPOreHHbI hM3noornyeckuii cosieBoin pacteop. MNpu akcTpakuum mo-
XEeT NCnonb30oBaTbCsA caMasi BbiCcOokas TemnepaTtypa cpegu ycnosuin 1ISO 10993-12, koTopass He NPUBOAUT K
3Ha4YNTENIbHOMY YXY/ALIEHWNI0 CBOWNCTB maTtepuana.

6.3.4 XapakTepucTuka uccsenoBaHuUsA NMMPOTreHHOCTU Ha KpPoJsinkax

B uenom uccnegoBaHve Ha KpoaMkax MOXeT 06HapyXuTb BCe BWAbl MMPOTreHOB M haKTUYEeCKyl Benu-
UnHy thebpunbHOl peakuun. LaHHasa peakuus, UHAYLUMPOBaHHAsA KaXAblM MUPOreHoM, OueHuBaeTcs in Vivo
Kak MOBbILIEHNE BHYTPEHHEN TemnepaTtypbl Tena kponuka. C 3TON TOYKM 3pEHUS, HECMOTPSA Ha pasnnuusa B
CneundmnUYHOCTM K NMPOreHaM Yy YesioBeKa U KpOsvMKa, UCMbITaHME Ha KpoJiMkax in vivo, no-BuagnuMomy, umeeT
npenmMyuLecTBo no cpasHeHunto ¢ HCPT. TeM He MeHee uccrefoBaHUe Ha KpoJiMkax nMeeT HefoCTaTku, Takme
KaKk HM3Kas 4yBCTBUTE/IbHOCTb, MCMOJIb30BaHNE XWBOTHbIX, & TakKe HeobXxoAMMoCTb 60/bLIOr0 KonmyecTBa
nccnefyemMoro Beuecrtsa. MiccnegoBaHue NUPOTreHHOCTU Ha KpOMKax SBASETCA €AUHCTBEHHbIM W3BECTHbIM
1 BaNuANPOBaHHbIM METOAOM AN 0GHapYyXeHWs NMPOreHoB, ONOCpefoBaHHbIX MaTepPUanoM Y XUMUYECKNMN
BellecTBamu, BbIMbIBAEMbIMM M3 Martepuana u cnoco6HbIMU Bbi3biBaTb (DEOGPUNBHYIO peakuuio y naymeHTa.
HoBble KOHTaKTMpYylOLWME C KPOBbIO UM MMMNAAHTUPYEMble MaTepuanbl/u3genns MoryT 6biTb MPOBEPEHbI Ha
npeaMeT NMPOreHoB, ONoCpef0BaHHbIX Marepuasiom.

OpHako B 60NbLIVHCTBE C/lydyaeB UCMbITaHNWE Ha NUPOreHHOCTb Ha KPOJIMKax He MUCNosib3yeTcs BMeCTO
BET.

6.4 lMcnblTaHMe Ha NUMPOreHHOCTb Ha KneTkax venoBeka (HCPT)

6.4.1 OO6wwme nosioxeHus

VicnbiTaHMe Ha MMPOreHHOCTb Ha kneTkax yenoseka (HCPT) ocHoBbiBaeTCA Ha MMMYHOJ/10rMY€CKOM
peakyuMy Ha KJeTOYHOM YPOBHE M ABNSETCA MeToAOoM in Vitro ansa o6HapyXeHus U KONMYeCTBEHHOrO onpe-
JeneHns NUPoreHoB, Bbi3blBalWMUX (hebpunbHYI0 peakuunio NyTem akTuBauuy MUMMYHHbIX KNETOK YyefnoBeka,
Takux Kak MoHOuMTbl U Makpocdharm [13]. MeToa npegHasHayeH a8 OUEHKM NUPOTreHHOCTU, ONoCpenoBaHHOA
9HA0TOKCMHOM, U MUPOTEHHOCTW, ONOCPEAOBAaHHON APYTUMU MUKPOOGHbIMW KOMMNOHEHTaMu B COOTBETCTBUM C
ebpunbHOi peakuuen, MHAyUMpoBaHHON aroHuctamm TLR. B gononHeHune k aroHnctam TLR cyuwecTtByer
BO3MOXHOCTb, 4YTo HCPT MOXeT KO/IMYEeCTBEHHO OnpefesninTb CTENeHb BOCNAasIMTE/IbHOr0 OTBeTa, KackajHo
WHULNNPOBAHHOIO harounTto3oM MUKpOocdep M B3BELUEHHbIX YacTul,.

MepBMYHLIMMN MULLEHSAMWU 3HAOTOKCMHA iN VIVO ABNAKOTCA MOHOLMTLI U Makpodaru. bbil npoBefeH psg
nccnenoBaHuin ANA BbISCHEHUS B3aMMOCBA3M MEXAY XMMUYECKOW CTPYKTYPOli 3HAOTOKCUHA ¥ ero buonornye-
CKOI aKTMBHOCTbLIO C UCMOMIb30BaHneM mMakpodaroB. CaM OCHOBHOI mMeTon, npumMmeHsiemblii B HCPT, 0CHOBGI-
BaeTCA Ha TPaAULMOHHbIX MeToAax nuccriefoBaHnsa 3HAOTOKCUHOB. Tak Kak 3TOT MeTof eMOHCTpupyeT 6onee
WNPOKNIA CMNEKTP BbIABAEHUA MUPOTrEHOB MO CPABHEHMWIO C UCMNbITAHUAMMWM Ha GakTepuasnbHble 3HAOTOKCUHbI
(BET), oH MOXeT 6bITb NOJsie3eH B kayecTBe MeToda O/19 ycTpaHeHus npob6ena mexay BET u vcnbiTaHuem
NMMPOreHHOCTN Ha KPOJMKax, ecnv oH Hajanexauimm obpa3om BanugupoBaH.

6.4.2 TMpuHunn metoga HCPT

Makpodoarn SBNSKOTCA TKAHEBbIMMW K/1IeTKaMu, MPOUCXOAAWMMU U3 cneymuduyeckux neikoymTos — Mo-
HOUMTOB. MOHOLMTBI M Makpodarm OoTHOCATCA K harounTapHbiM KneTkam, fABMASACb COCTaBHON 4acTbl He-
cneundunyeckomn sawmntbl (UM BPOXAEHHONO MMMYHUTETA), a Takke Cnocob6CTBYS 3anyckaHui cneuncpuny-
HbIX MEeXaHW3MOB 3aluTbl (WM KNEeTOYHO-0MOCPefOBaHHOI0O WMMYHUTETa) MO3BOHOUYHbIX >XWUBOTHbIX. WX
ponb 3aknwyaeTcsa B (parounmTose NpPoOAYKTOB KNETOYHOro pacnaja v natoreHoB Kak B TKaHecneuupuyHbIx
nnu carounTapHbiX Knetkax, Tak M B pacno3HaBaHUM pacTBOPUMMbIX natoreHoB nytem TLR, Haxogswwmxcs
Ha MOBEPXHOCTU KNEeTOK, a TakkKe B CTUMYNAUMU AMMEOLUTOB U APYTMX MMMYHHbIX K/I1eTOK ANA OoTBeTa Ha
naTtoreHol. B kayecTBe CEKPETOPHbIX KNEeTOK MOHOUUTLI U Makpodarn XU3HEeHHO BaXHbl ANA perynsaunn num-
MYHHbIX OTBETOB U pa3BUTUA BOcCnasieHus. ®ParoumtapHaa akTUBHOCTb K/1€TOK akTUBMpyeTca aroHnctamm TLR
(cm. 4.2 n 4.3) anA BbIpaboTKM aKTUBHbIX XMMUYECKUX BELLECTB, BK/KOYAA LUUTOKUHbI. LIMTOKMHBI, Takne kak
TNFa, IL-1[3u IL-6, B kauecTBe perysnsaTopHbiX DakTOpoB MHAYLUPYIOT hebpunbHyo peakumio B COOTBETCTBUN
C MexaHu3MoMm, onucaHHbiM B 4.6. B HCPT UMTOKMHbI, Bbigensemble U3 TaknMx KAeToK, OGHapyXuBawTca u
KONMYEeCTBEHHO onpegensaTca Metogom ELISA kak cpeACcTBOM OUEHKM cTeneHn hebpunibHOM peakunu.
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6.4.3 BbI6Op MMMYHHbIX KNE€TOK YesioBeKa

[onoNHUTENbHO K LEeNbHOW KPOBM YenoBeKa NIMHUU MUEeSTOMOHOLUTapPHbIX KIETOK YenoBeka, Takux Kak
MMG61), 1 MOHOHYK/€eapHbIX KNeTOoK YenoBeka2) [72] Takke AOCTYMNHbl B KayecTBe KneTok-nHankatopos HCPT.
C TOYKM 3peHUs abopaToOpHOro NpMMeEHeHUsA (NpocToTa AOCTaBkM U 6€30NacHOCTb) 3TV JIMHUK KNeTok 6onee
NPaKkTUYHbI, YEM LesibHas KPOBb. TEM HE MEHee y LeflbHOl KpOoBM eCcTb ciefylolime npeumyliecTsa:

- BCE KOMMNOHEHTbI KPOBW MPUCYTCTBYIOT B (pM3N0OI0OTMYEecKMx Nponopumnsax, Heo6xoanmbix 47159 B3auMo-
LelicTBMS NuporeHa c nenkounTamu;

- B LLeNIbHOWN KpOBM BO3MOXHa MHKy6auma o6pasLos, YTO HEBO3MOXHO NPOBECTU C JIMHUAMW KNETOK.

C [pyroit CTOpPOHbI, MHUW KNETOK MMEIT criegyllime HefocTaTku:

- BpeMAa (06bIYHO Hepenu), 3aTpadyeHHoe Ha (POPMUpPOBaHME JIMHUWU KNeTOK, HauyMHasa C allMKBOTbl 3a-
MOPOXEHHOro maTtepuana. [na ucnonb3oBaHWsA B UCNbITAHUN HEOOBXOAMMO AOCTATOYHOE KOMIMYECTBO KIETOK
Heob6xoANMOW YyBCTBUTENBHOCTK (K NMpOreHam);

- pasHasl YyBCTBUTE/IbHOCTb K/JETOK NpY pasHblX KOAMYecTBax naccaxei;

- He06X0AUMOCTb OAHOBPEMEHHON CTUMYNALUM POPOONOBLIM 3PUPOM UMM KaNbUUTPUOIOM;

- NOATBEPXAEHMNE NPUCYTCTBUA Ha KIETOYHOW JIMHUM pasfiIMyHbIX PeLenTOpHbIX 3/1eMEHTOB, Heobxoan-
MbIX 4718 TPaHCAYKUUM OTBETOB NUpOreHam.

Coobuwanocb, 4YTO YYBCTBUTENbHOCTb KMETOYHbIX IMHUI K IHAOTOKCMHY OT/AUYaeTcs APYyr OT Apyra,
TONIbKO KNnetkn MM6 BbipabaTbiBatoT 60/blioe kKonmnvyectBo TNFa B 0OTBET Ha OTHOCUTE/IbHO HEGO/MbLIOE KO-
4YeCTBO 3HAOTOKCMHA MOC/e CTUMYNAUMK KasbUUTPUOMOM. KneTkn LenbHON KPoBU NpOsiBNSAKT 60siee BbICO-
Kyt YyBCTBUTENbHOCTb K 9HLOTOKCUHY MO CPABHEHUIO C 3TUMW KNETOYHbIMU IMHUAMU, HO KneTkn MM6-CAS83),
cyb6knoHbl knetok MM6 [58], 4,EMOHCTPMPYIOT NPaKTUYECKN UOEHTUYHYIO YYBCTBUTE/IBHOCTb K K/1eTKam Lefb-
HOI KpOBM Npu 06HapyXXeHWN 3HAOTOKCMHA W NEenTUAOrnKaHa.

6.4.4 BbIGOp MapKepHOro LUTOKMHA

XO0TS KOMMYECTBO LMTOKMHA WU XEMOKMHA, NOJSIyYeHHoe cTumynsiymein aroHmctoB TLR u mukpocdep wus
KNeToK LesIbHO KPOBU 4YenOBeKa, pas3/invyaetrcs B 3aBMCUMMOCTU OT BuAa CTUMY/IATOPOB, BO BCEX Cay4dasx
KNeTkn MHAYLUPYIT 3HaumuTenbHoe konnyectso MCP-1, IL-1[3ra, IL-8, M1P-1a w/unn M1P-1(5 B ononHeHue K
IL-1J3, IL-6 n TNFa, asnatowmxca TpaguunoHHbIMNU MapKepHbIMU LLUTOKUHAMN.

M3 yncna aTux UMTOKUHOB U XeMOKMHOB IL-ip unun IL-6 cTaHOBATCA XOpowWnMKU Mapkepamun n3-3a 6osee
BbICOKOV nponopuuun curdan/wym (S/N). lononHntensHo M1P-la n MCP-1 nposBAstOT OTHOCUTENLHO 6osee
BblCOKOE COOTHoweHne S/N, Ho cooTHoweHne MCP-1 gns o6HapyxeHus aroHncta TLR3, a Takke yacTtuy u
MuKpocdep oTHOCUTesIbHO Mano. Cwm. [35] u [36].

Knetkn MM6-CA8 AEeMOHCTPUPYIOT APYIY0 CXEMY BblpabOoTKM LUTOKMHA N XEMOKMHA U3 KNeTOK LiesIbHOW
KpoBUW. KneTkm unHAoyuupyroT 3HaumTesnbHoe konuyectso IL-8, RANTES, 11 -13ra, MCP-1, M1P-1a u MIP-1p B
OOMOJIHEHNE K TPAAULNOHHBIM MapKepHbIM LUUTOKUHaM. JINHMA kneTok IL-6 nposBasieT HaMBbICLIYO Nponop-
umio S/IN ans o6HapyxeHus Bcex aroHncToB TLR n mukpocdep cpegmn 3aTux LUTOKMHOB U XeMOKMHOB. M1P-1a,
MIP-1 p n IL-1P Takke 4eMOHCTpPUPYT 60onee BbicOKOe cooTHoweHne S/N, yem TNFa.

C y4yeTOM 3TOr0 MOXHO BblObpaTb MOAXOAALMA MapKepHbIi UUTOKUH WM XEMOKWH B COOTBETCTBUU C
Knetkamu, ncnonbdyembimu B FICPT.

6.4.5 OnucaHne metoga HCPT

CBexeoTob6paHHYl0 renapuHU3NpOBaHHYO LENbHYHO KPOBb YesioBeka OT 340p0BOro AOoHOpa WM Kpuo-
KOHCEPBMPOBAHHYIO LLe/IbHYI0 KPOBb Ye/10BEKA OT HECKOJIbKMX AOHOPOB PacTBOPSAOT B 0M3NON0TMYECKOl anu-
poreHHon conesoit unn RMPI 1640 cpege gns KAMHUYECKOTO NPUMEHEHUsT U 06bEeAUHAIT C YacTblo nccne-
ayemoro M npsambiMm MeTtogom [63], NM60 Npyv KOCBEHHOM MeTOAe MOAXOAsLLEEe KOJIMYEeCTBO UCCefyemMOoro
pacTBopa sKcTparmpywT mn3 nsgenusa. fNocne mHkybauyum ot 8 Ao 24 4 npu Temnepartype 37 °C B atmocde-
pe, noaxogsuein ans Bbl6paHHON KynbTypasnbHOW cpeAabl, TpebyeMoli MeTogoM uccnenoBaHusi, KONMYECTBO

1) HemeLkas KONMEKUMS MUKPOOPraHM3MOB W KNEeTO4YHbIX KynbTyp (DSMZ; Cat. No. ACC 124), BpayHLBelir,
repmaHus.

2) VcnbiTaHne Ha akTvBauuo MoHoumToB, CTL-MAT LLC, 20521, 6ynbBap LarpuH, Lleikep-Xawtc, KnueneHg,
Oraiio 44122-5350, CLUA. MNpueaeHHas nHGopmauus SBASETCA NPYMEPOM KOMMEPYECKN JOCTYMHOMO NOAXOAALLEro Npo-
gykta. JaHHas vHdopmaumsa npueoauTcsa ANs yaobcTea nosb3oBateneli 4aHHOro AOKYMEHTa W He SBMISeTCS peknamoi
[AaHHOro NpoAykra co CTOpoHbI 1SO.

3) Joktop HOmxm Xauwwmma, OTAeneHne MeAVUMHCKUX W3Aennii, HauuoHaslbHbIA WMHCTUTYT 34paBOOXPaHeHus,
1-18-1 Kawmwuiiora, Cetaras-ky, Tokuo, 158-8501, HAnonus, haishima@hihs.go.jp. MpuBeneHHas nHdopmauns SBAseTcs
NpMMepoM KOMMePYECKM AOCTYMHOIo NoAxoAsLero npogykra. JaHHaa vHgopmaumsa npreefeHa a1 ynobcrsa nonb3o-
BaTesieli JaHHOro AOKYMEHTA W He SIB/ISIETCA PeK1aMoil 4aHHOro npoAykra co CTOpoHb! 1SO.
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MapKepHOro UMTOKUHA, Takoro kak IL-1p, oTpaxatlliee KO/IM4ecTBO NMporeHa B COOTBETCTBYyWOLWeEM obpasle,
n3mepsetca nocpencrsom ELISA.

B cnyyae AnMHMM MMENOMOHOUMTApPHbIX KMIETOK YenoBeka KNeTkn MHKyoupytTca B cpege RPMI 1640,
copepxalein TepMOMHAKTUBMPOBAHHY heTasibHY OblUbl0 CbIBOPOTKY U COOTBETCTBYHLME f06aBKU, Takme
Kak 2-mepkantostaHon, HEPES, rniotaMnH, HEOCHOBHbIE aMWUHOKMC/IOTbI, NMPYBAT HATPUS, ObIYNA UHCYIUH 1
aHTMOuoTukn. Knetkn ctumynupytTtca opbonmumpuctatayetatoMm mam kanbumtpuonom (la, 25-gurngpokcum-
ButamuH D3). Mocne uHkybaumm Ha 72 4 CO CTUMY/IMPYHOLLMUM peareHToM K/eTKM NoMelialT B 24-/IyHOYHbI
nnaHwet npu 1 x 1 06 kNeTok/MN/NYHOK C YacTbio UCCNeayemMoro u3gennsa npu npsaMom mMeTtofe uUnm noaxoas-
LWMM KOJIMYEeCTBOM MCC/IeyemMOoro pacteopa, 3KCTparupoBaHHOro U3 n3genusa, npy KOCBeHHoMm metoge. locne
uHkyb6aumn ot 8 go 24 4 npu Temnepatype 37 °C B aTtMocdepe, nogxogsuieii ANa BbIGPaHHON KynbTypanbHOWA
cpefpbl cornacHo TpeboBaHnAM MeToAa UccrefoBaHns, MapKepHbIl LMTOKUH, BblAE/TEHHbIA N3 KNEeTOK B Ky/lb-
TypasibHYH cpeay, onpegensieTcd MeToaoM MMMYHODepPMeHTHOro aHanmsa (ELISA).

ELISA sBnaeTca cTaH4apTHbIM YYBCTBUTENbHbIM U cneunuyHbiM UMMYHHbIM MEeTOAO0M. MapKepHblit
LMTOKUH, Takol kak IL-1 @3B nccnegyemom obpasue, pacnosaraetca Mexzay MOHOK/IOHa/IbHbIM NOKPbIBAKLLLUM
aHTUTENIOM U MOMEYEHHbIM MOJIMK/IOHAIbHLIM AETEeKTOPHbIM aHTUTes/IOM. HecBsi3aHHble MaTepuasbl yaansoT-
cs B rpouecce OTMbIBKM. MIMMO6GU/IN30BaHHOE aHTUTENOo-AeTEeKTOp NPSAMO WUAX KOCBEHHO CBS3blBaeTcs C dhep-
MEHTOM MepoKcuaasbl XpeHa, KOTopblid, B3aummogeictByss ¢ cybctpatom TMB (TeTpameTunb6eH3nguH), Bbl-
3blBaeT CMEeHy LBeTa OT 6eCLUBEeTHOro K cuHemy. Peakuunio octaHaBnuBalT fobaB/ieHMeM B pacTBOP KUCNOTHI,
KOoTOopas Bbi3blBaeT U3MEHEHMEe LBeTa OT CUHEro K>XeNnToMy, YTo perncTpupyetcs otoMeTpnuyeckum mMeTonoM
npu 450 HM C ONOPHOI AJSINHON BOMHbLI B 690 HM.

B kaxgom aHannse nony4vyarT KPpMBYK 3aBMCMMOCTU A03a—3dphekT A8 KOAMYecTBa Npoayuupyemoro
MapKepHOro UMTOKMHA U aHAoToKcuHa u3 E. coli 0111 :B4 nnmn gpyroro noaxogsulero craHgapra, Takoro Kak
3HAOTOKCUH E. coli UKT-B, oTkannmbpoBaHHbIi N0 MeXAyHapogHOMY 3TasioHHOMY cTaHgapty BO3 u3 E. coli
0113:H 10 [64]. LaHHas KpuBasa 3aBMCMMOCTU A03a— 3 eKT 4o/DKHA coAepXaTb KOHUeHTpayuto B 0,5 EU/MA,
cooTBeTCTBYyKLWY 50 nr/mn MexayHapoAHOro aTa/loHHOro o6pasua BO3. MokasaTenb cuntaeTcss NOPOroBoi
KOHUEeHTpaumnen sHAOTOKCMHA, Bbi3blBAKOLWEN MMXOPaAKY Y Kpoauka. JaHHbli nopor 6bi1 NOATBEPXAEH Mccre-
AoBaHMeM, npoBegeHHbIM B 2005 r., BkatoyaBwum 171 kponuka [40].

MeTogom HOPT mapKepHbIi UMTOKMH U3MepsieTcsl Kak obliee KOMMYecTBO, BbICBOOGOXAaemMoe K3 UM-
MYHHbIX KNeTOK, OTpaxalliee cofepxaHne BCEX NMPOreHOB, NMPUCYTCTBYOLWNX B nccnegyemom obpasue.

Tem He MeHee pesynbTaT, NonydeHHbIn mMeTogom HCPT, oueHuBaeTcsi KOHBEPTUPOBAHMEM KosMyecTBa
NOSTYYEHHOrO MapKepPHOro LUTOKMHA B KOJIMYECTBO 3HAOTOKCMHA, TaK Kak 3HAOTOKCUH SBMSAETCA HaUCUbHel-
WMM NUPOrEHOM W KPUTUYECKOE KOMMYEeCTBO aroHMcToB TLR, uHAayumpyowmx gebpunbHylo peakuuio, no-
MMMO 3HAOTOKCUHA NoKa He yTBepXAeHo. TakuMm o6pa3oM, Noaxon K 06HapyXeHW NUpPOreHHoOCTU uccnegy-
emMoro o6pasuya UAEHTUYEH UCMLITAHUID Ha 6akTepuasibHble 3HAOTOKCUMHbLI. MeTog HCPT uMeeT cnocobHOCTb
ob6HapyxunBaTb NMUPOreHbl N0 BbICBOOOXAEHNIO KOHKPETHbIX (LUeneBbiX) LUTOKMHOB, YTO HEBO3MOXHO MpuU MUC-
cnefoBaHMM MeToAOM Ha GakTepuasibHble 3HAOTOKCUHDI.

C nomouwbio metoga HCPT o6HapyXuBalT NUPOreHbl MO BbICBOOOXAEHWIO LEEBbIX LUTOKMHOB, YTO
HEBO3MOXHO cAenatb MeToAoM Ha 6akTepuanbHbll 3HAOTOKCUH.

MeTtog HCPT He mMoXeT ObiTb MCNOAb30BaH BMECTO meToga bGakTtepuanbHoro aHgoTokcuHa (LAL) ans
06bIYHOTO KOHTPO/ISA KayecTBa NapTUl KPYMHbIX TOTOBbLIX U3AeNuii/ycTPOiCTB Ha NpegMeT Halmuus KoHTaMu-
Hauun GakTepuanbHbIM 3HAOTOKCMHOM NpW OTCYTCTBMWM Banugauunm € MCNosib30BaHuem akcTpakta u3 MW.
O6blYHO MeToabl HCPT in vitro TpebyloT nomelleHnss He6obLWOro NJ0CKOro o6pasua mMartepuana B MasieHb-
Kyl0 €MKOCTb ANA NPSAMOro MCNbITaHUA C UesibHOl KpoBbk 4vesioBeka. Metogamn HCPT wmccnefytoT TOMbKO
O4YeHb HEOONbLUY ONpefeneHHy naowagb mMatepuana, 2 cm2, ecnm B 24-1yHOYHOM nnaHweTe [35], nan B
NoaMNPONUAEHOBbLIX Npo6upkax o6bemom 1,5 mMa Ansa ncnbiTaHUSA Ha NUPOreHHocTb [53]. Takke CyLW,ecTBYHT
MeTO/bl, OCHOBaHHble Ha 3KCTpakuuu. KoHTamMuHauusa 6akTepuasibHbiM 3HAOTOKCUHOM MOXET NpPOMCX0AuTb
BO MHOIUX U34€e/IMAX, eCIN OHN coAepXaT UHIpeaNeHTbI/KOMNOHEHTbI 6MONOTMYECKOTo NPOUCXOXAEHUS, BOAY
(kpome BOAbI ANA MHBEKLUW MW UHFaNALMin), UCNONb3YyIT BOAY ANA Npou3BOACTBA u3gennsa (Hanpumep, BoA-
HOe BbllienaynBaHme Wam 3amadmBaHue, 3KCTPyAUpoOBaHne) M obpabaTbiBalOTCS C MCNOb30BaHNMEM BOZbI
(Hanpumep, napoBoe aBTOK/IaBUpOBaHne, NpombIBaHue). ANA perynsapHoro KOHTpoNnsa Kayectsa 60nbLnX nap-
TWIA TOTOBbIX CTEPU/bHBIX U3AENNA PEKOMEeHAyeTCA NPOBECTU MUCCMefoBaHWe 3KCTPaKTOB M3 HuX. Heobxoam-
MO ybeauTbCs, YTO BCE MOTEHUMasibHble UCTOYHUKN GakTepuasibHOro 3HAO0TOKCMHA MOJIHOCTbI0 MCCNef0BaHbl
MeToLOoM Ha GakTepuasbHble 3HAOTOKCUMHbLI. CamMo roToBoe U3genne MoxeT 6blITb 0YeHb 6ObWIMM N 3aHUMa-
IoWUM 60bLWY NAowWaib NOBEPXHOCTU, YTO MOXET Bbl3BaTb NMPOreHHOCTb B OpraHu3Me nauueHTa, onocpe-
[OBaHHY mMaTepuasnoMm (Hanpumep, NpUMecsamu).
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MpoayKThbl KPOBM 4YenioBeKa NpefcTaBfsAT 0COOYy ONacHOCTb, MO3TOMY BECb TEXHUYECKMIA MepcoHas
LOJ/DKEH NPONTM COOTBETCTBYHLYIO NMOATOTOBKY N0 HEO6XOAMMbIM Mepam NpefoCTOPOXHOCTH.

6.4.6 Xapaktepuctuka metoga HCPT

MeTtog HCPT umeeT cregywouiMe npenmylLecTsa no CPaBHEHUH C UCCMEA0BaHMEM MUPOreHHOCTU Ha
KponMkKax u ucnbiTaHMem Ha 6akTepuanbHble 3HAOTOKCUHBI:

- He UCNONb3yeT XUBOTHbIX. KneTkn nonydyeHbl U3 TKaHel yesioBeka, U, Takum o6pa3om, HeT Heobxoau-
MOCTU B MEXBUAOBOW 3KCTpanonayuu;

- MeeT 6osiee LWMPOKNIA CNEKTP BbIABMEHWUSA NMPOreHa no CPaBHEHWI0 C UCMbITaHMEeM Ha G6akTtepuasnb-
Hble 3HAOTOKCUHBI [75];

- [OCTYNEeH A1 UccriefoBaHNsA NMUPOTEHHbIX KOHTAMUHAHTOB B OMpefesieHHbIX NPoAyKTax, He 06Hapy-
XNBAEMbIX UCNbITAHUAMY Ha KPOSIMKaxX UAW Ha 6akTepuanbHble 3HAOTOKCUHbI (Hanpumep, MHIIMGUTOPbLI U CTU-
MYATOpbl peakunn LAL-TecT, mMeamkaMeHTbl, CTUMY/IATOPbl LEeHTPasbHbIX UM Nnepudpeprnyeckux MexaHus-
MOB perynsuuu Temnepartypbl Tefna, Bbi3biBalOLWME UMMYHHbIE OTBETbI Y KPOJIMKOB);

- NO3BOMSAET UCNbITbIBATh TBEPAblE MaTtepuasbl HENOCPEACTBEHHO Kak uccnegyemblii obpasel, 6e3 ka-
KON-nnbo 3aKCTpakuuu, Tak Kak MMMYHHbl€ K€TKM pacno3HalT MUPOreHbl, Kak 3NlnpoBaHHbie 13 uccnepye-
MOro o6pasua B Ky/NbTypasibHYH cpefy, Tak 1 CBA3aHHble C NOBEPXHOCTbH [75]. MuporeHsbl ahPeKkTUBHO 06Ha-
pyXnBaKwTCa 6€3 Kakoii-nmbo npegBapuTenbHON 06paboTkKM MaTepuasnos, aACcopoMpYOLNX SHAOTOKCUH [75].

MeTtog HCPT nmeet cnegytolwme HedoCTaTKu:

- MAPOTeHbl, ONoCpef0BaHHble MaTepuanoMm, SBASKTCA XMMUYECKUMU BeLLECTBaMM, KOTOPble O6bIYHO
npu cBoeM AEWCTBUM HE B3aUMOAEWCTBYKT C LUTOKMHOBOW CETbH ANA MHAYUMPOBaHUA hebpunbHOn peak-
uun, 1 ManoBepPOATHO, YTO OHM OBHapyXaTcsa 3TUM MeTOLOM;

- NekapcTBa, B3aMMOAENCTBYLUIME C MOHOLMTAMU UAU Makpodaramu (Hanpumep, aHTaroHWUCTbl LUTO-
KMHOBbIX pPeELEenTopoB, HEU3NOIOTMYECKNE PaCTBOPbI, LUTOTOKCUYHbIE areHTbl, peKOMOUHaHTHble 6esnikun c
LUMTOKMHOBOW aKTUMBHOCTbIO), WM CUCTEMbI AeTekuun (Hanpumep, peBMatougHblie dhakTopbl) MOryT 6biTb He
o6HapyxeHbl meTogom HCPT;

- MOXeT OblTb HE MPUMEHUMbIM K TKAHEWHXEHEPHbIM NPOAYKTaM, COAepXalluM XWBble KNeTKU, Bblae-
nawwmne LNTOKUHbI 1 XEMOKMNHbI;

- Npyn ncnonb3oBaHun metoga HCPT peakuvsi Ha NUMPOreH MOXET 3aBWCETb OT AOHOpa obpasua KpoBwu
NN COCTOSHMUA KNeToK. B yacTHOCTU, Ha XapakTepucTUKN LLeNIbHOW KPOBW BIUAKOT BO3PACT M NON AOHOPOB, WX
reHotun (Hanpumep, reHeTuyeckme NONMMOPIU3MbI B KOAUPOBaHUU reHOB ansa Toll-nogo6HbIX peuenTopos,
LUMTOKMHOBBIX PELeNTOPOB), BO3MOXHOCTb MH(ULMPOBAHUS, CYTOYHbIX UBMEHEHWI, BAUAHUSA OUETHI U APYTUX
hakTopoB, KOTOpPble MOTYT NOBAUATbL HA YYBCTBUTENBHOCTb U CNEUUUYHOCTb LEefIbHOW KpOBM B UcCCrefoBa-
HUSAX in vitro;

- TPYQHOCTN C TPAHCMOPTMPOBKOW LEeNbHOW KPOBY;

- npumeHeHne meTtoga HCPT ana uccnepoBaHus TBepablXx 06pas3LoB HAa NMUPOreHHOCTb MOXET ObiTb
npo6aeMaTnyHbIM MpU PYTUHHOM KOHTPOJie KayecTBa NapTuil KPYNHbIX rOTOBbIX CTEPUAbHbIX U3AENWIA;

- metog HCPT Ha NMHMAX MWESIOMOHOLMTAPHbIX K/IETOK YesioBeKa WUMEET HeAO0CTaTKu, CBA3aHHble C
€ro ANINTEeNbHOCTbI0, CTOMMOCTbI Y TEXHUYECKUMMN C/IOXHOCTAMU NMpU NpeaBapuTesbHOM Ky/NbTUBUPOBAHUN 1
npanmumpoBaHun (06paboTka areHTOM) KIeTok.

6.4.7 Banupauna HCPT

Bannpgauns HCPT no3BonseT yCTaHOBUTb, MOXET /IM 3TOT METOZ 06HapyXUTb ApYyrMe nuporeHbl, NHAY-
umpytowme ebpunbHyo peakuuio MexaHu3mMoM, OT/MYyalLWuMcs OT CUrHanbHoro nytm TLR v charoymtosa,
BK/IlOYAS NUPOreHbl, ONOCPEeA0BaHHbIe MaTepuanom.

7 3aknyeHue

B HekoTopbix cnyyasx meton HCPT MOXET sIBASITbCS XOpOLel anbTepHaTMBON TPagULUOHHBIM MEeTOo-
[aM nccnefoBaHns NUPOTreHHOCTU (Ha kponukax u LAL-TecT). OfHAKo UCMbITAHUS HA KPOSIMKax HeEO6XOAUMBI
LNs 0GHapY>XeHUs1 NMPOreHoB, He BbisiBNsieMblX MeTogoM HCPT, Bk/touas NUPOreHbl, oNocpefoBaHHble mMare-
prianom. Takum o6pa3oM, BaXHO, UToGbl MeTOA OLEHKU NUPOTeHHOCTU MW/MaTepnasnoB Gbil BbIGPAH MCXOAS
U3 Lenn mccrnenoBaHus.

10



[1]

(2

3]
[4]

(5]
(6]
[7]
(8]
[9]
(10]
(11]
(12]
(13]

(14]

(5]
[16]
(17]

(18]
(19]

[20]
[21]
[22]
[23]
[24]

(25]

(26]

(27]
(28]

FOCT ISO/TR 21582—2024

Bubnnorpadus
ISO 10993-11 Biological evaluation of medical devices — Part 11: Tests for systemic toxicity (OueHka 6mo-
nornyeckoro gerictens. Yactb 11. ViccnegoBaHus 06LETOKCUYECKOro AECTBIS)
ISO 10993-12 Biological evaluation of medical devices — Part 12: Sample preparation and reference

materials (OueHka 6uosornyeckoro aeiicteus. Yacts 12. MpurotoBneHne npob v KOHTPOsb-

Hble o6pasLpbl)
ANSI/AAMI ST72 Bacterial endotoxins — Test methods, routine monitoring, and alternatives to batch testing
United States Pharmacopeial Convention, available at: https://www.usp.org/
Japanese Pharmacopoeia, available at: https://www.pmda.go.jp/ english/ pharmacopoeia/index.html
European Pharmacopeia, available at: http://www.edgm.eu
Algan S. M., Purdon M., Horowitz S. M., Role of tumor necrosis factor alpha in particulateinduced bone resorption,
J Orthop Res, 14, pp. 30—35, 1996
Atkins E., Huang W. C., Studies on the pathogenesis of fever with influenzal viruses. I. The appearance of an
endogenous pyrogen in the blood following intravenous injection of virus, J Exp Med, 107, pp. 383—401, 1958
Atkins E., Morse S. |, Studies in staphylococcal fever. VI. Responses induced by cell walls and various fractions
of staphylococci and their products, Yale J Biol Med, 39, pp. 297—311, 1967
Beeson P. B., Temperature-elevating effect of a substance obtained from polymorphonuclear leucocytes (abstract),
J Clin Invest, 27, p. 524, 1948
Bellon J. M., N, G. H,, Jurado E, Carranza A. and Bujan J., In vitro interaction of bacteria with polypropylene/
ePTFE prostheses, Biomaterials, 22, pp. 2021—2024, 2001
Bencsics A., Elenkov I. J,, Vizi E. S., alpha 2-, alpha 2A-, alpha 2B/2C-Adrenoceptor subtype antagonists prevent
lipopolysaccharide-induced fever response in rabbits, Brain Res, 705, pp. 302—306, 1995
BernatchezS. F,, Parks P. J., Gibbons D. F, Interaction of macrophages with fibrous materials in vitro. Biomaterials,
17, pp. 2077—2086, 1996
BiY., Seabold J. M., KaarS. G., RagabA. A., Goldberg V. M., Anderson J. M., Greenfield E. M., Adherent endotoxin
on orthopedic wear particles stimulates cytokine production and osteoclast differentiation, J Bone Miner Res, 16,
pp. 2082—2091, 2001
Bodel P. T, Atkins E., Studies in staphylococcal fever. V. Staphlococcal filtrate pyrogen, Yale J Biol Med, 38,
pp. 282—298, 1965
Brandenburg K., Howe J., Gutsman T., Garidel P., The expression of endotoxic activity in the Limulus test as
compared to cytokine production in immune cells, Curr Med Chem., 16(21), pp. 2653—2660, 2009
Brito H. O. et al., Evidence of substance P autocrine circuitry that involves TNF-a, IL-6, and PGE2 in endogenous
pyrogen-induced fever, Journal of Neuroimmunology, 293, pp. 1—7, 2016
Braude A. |., Me C. J., Douglas H., Fever from pathogenic fungi, J Clin Invest, 39, pp. 1266—1276, 1960
Brunson K. W., Watson D. W., Pyrogenic specificity of streptococcal exotoxins, staphylococcal enterotoxin, and
gram-negative endotoxin, Infect Immun, 10, pp. 347—351, 1974
Bryans et al., Bacterial endotoxin testing: A report on the methods, background, data, and regulatory history of
extraction recovery efficiency, Biomedical Instrumentation and Technology, 37, pp. 73—78, 2004
Cardona M. A., Simmons R. L., Kaplan S. S., TNF and IL-1 generation by human monocytes in response to
biomaterials, J Biomed Mater Res, 26, pp. 851—859, 1992
Cho D. R, Shanbhag A. S., Hong C. Y., Baran G. R, Goldring S. R., The role of adsorbed endotoxin in particle-
induced stimulation of cytokine release, J Orthop Res, 20, pp. 704—713, 2002
Daniels A. U., Barnes F H., Charlebois S. J., Smith R A., Macrophage cytokine response to particles and
lipopolysaccharide in vitro, J Biomed Mater Res, 49, pp. 469—478, 2000
Deininger S., Traub S., Aichele D., Rupp T, Hartung T, von Aulock S., Presentation of lipoteichoic acid potentiates
its inflammatory activity, Immunobiology, 213, pp. 519—529, 2008
Dennison D. K., Huerzeler M. B., Quinones C., Caffesse R. G., Contaminated implant surfaces: an in vitro
comparison of implant surface coating and treatment modalities for decontamination, J Periodontol, 65, pp. 942—
948, 1994
Dinarello C. A., Shparber M., Kent E. F, WolffS. M., Production of leucocytic pyrogen from phagocytes of neonates,
J Infect Dis, 144, pp. 337—343, 1981
Dinarello C. A., Interleukin-1, Rev Infect Dis, 6, pp. 51—95, 1984
Dinarello C. A., Cannon J. G., Wolff S. M., Bernheim H. A., Beutler B., Cerami A., Figari I. S., Palladino M. A.Jr,
O’Connor J. V, Tumor necrosis factor (cachectin) is an endogenous pyrogen and induces production of interleu-
kin 1, J Exp Med, 163, pp. 1433—1450, 1986


https://meganorm.ru/mega_doc/fire/postanovlenie/21/postanovlenie_shestogo_arbitrazhnogo_apellyatsionnogo_suda_629.html
https://meganorm.ru/Index1/55/55262.htm
https://meganorm.ru/mega_doc/dop_fire_update_01052025/postanovlenie_semnadtsatogo_arbitrazhnogo_apellyatsionnogo/0/postanovlenie_semnadtsatogo_arbitrazhnogo_apellyatsionnogo.html

FOCT ISO/TR 21582—2024

[29]

[30]
[31]
[32]
[33]
[34]
[35]
(36]
[37]

(38]

139
[40]
[41]
[42]
[43]
[44)
[45]
[46]
[47]
(48]
[49]
[50]
[51]
152
153
(54
[55]
[56]

12

Dinarello C. A., Cannon J. G., Mancilla J., Bishai I., Lees J., Coceani F., Interleukin-6 as an endogenous pyrogen:
induction of prostaglandin E2 in brain but not in peripheral blood mononuclear cells, Brain Res, 562, pp. 199—206,
1991

Dinarello C. A., Infection, fever, and exogenous and endogenous pyrogens: some concepts have changed,
J Endotoxin Res, 10, pp. 201—222, 2004

Fennrich S., Fischer M., Hartung T, Lexa R, Montag-Lessing T, Sonntag H. G., Weigandt M., Wendel A., Detection
of endotoxins and other pyrogens using human whole blood, Dev Biol Stand, 101, pp. 131—139, 1999
Freudenberg M. A., Galanos C., Bacterial lipopolysaccharides: structure, metabolism and mechanisms of action,
Int Rev Immunol, 6, pp. 207—221, 1990

Girardin S. E., Philpott D. J., Mini-review: the role of peptidoglycan recognition in innate immunity, Eur J Immunol,
34, pp. 1777—1782, 2004

Haishima Y., Murai T, Nakagawa Y., Hirata M., Yagami T, Nakamura A., Chemical and biological evaluation of
endotoxin contamination on natural rubber latex products, J Biomed Mater Res, 55, pp. 424—432, 2001

Hasiwa M., Kullman K., von Aulock S., Klein C. L., Hartung T, An in vitro pyrogen safety test for immune-stimulating
components on surfaces, Biomaterials, 28, pp. 1367—75, 2007

Hasiwa N. et al., Evidence for the detection of non-endotoxin pyrogens by the whole blood monocyte activation
test, ALTEX, 30(2), pp. 169—208, 2013

Hasiwa M., Kylian O., Hartung T, Rossi F, Removal of immune-stimulatory components from surfaces by plasma
discharges, Innate Immunity, 14, pp. 89—97, 2008

Heinz B. C., von Mallek D., [Survey of incidents associated with hip and knee replacement devices Auswertung
des Medizinprodukte-Beobachtungs- und -Meldesystems fur die Jahre 2000 bis 2002]. Orthopade, 34, pp. 47—
54,2005

Henderson B., Poole S., Wilson M., Microbial/host interactions in health and disease, who controls the cytokine
network? Immunopharmacology, 35, pp. 1—21, 1996

Hoffmann S., Liideritz-Puchel U., Montag-Lessing T, Hartung T., Optimization of pyrogen testing in parenterals
according to different pharmacopoeias by probabilistic modelling, J Endotoxin Res, 11, pp. 25—31, 2005
Hoffmann S., Peterbauer A., Schindler S., Fennrich S., Poole S., Mistry Y., Montag-Lessing M. et al., International
validation of novel pyrogen tests based on human monocytoid cells, J Immunol Methods, 298, pp. 191—173, 2005
Horowitz S. M., Gonzales J. B., Effects of polyethylene on macrophages, J Orthop Res, 15, pp. 50—56, 1997
Jahnke M, Weigand, Sonntag H-G. Comparative testing for pyrogens in parenteral drugs using the human whole
blood pyrogen test, the rabbit in vivo pyrogen test and the LALtest, European Journal of Parenteral Science, 5(2),
pp. 39—44, 2000

Kanoh S, Mochida K, Ogawa Y., Studies on heat-inactivation of pyrogen from Escherichia coli., Biken J., 13, pp
233—239, 1970

Kobayashi G. S., Friedman L., Characterization of the Pyrogenicity of Candida albicans, Saccharomyces
cerevisiae, and Cryptococcus neoformans, J Bacteriol, 88, pp. 660—666, 1964

Kure R., Grendahl H., Paulssen J., Pyrogens from surgeons’ sterile latex gloves, Acta Pathol Microbiol Immunol
Scand [B], 90, pp. 85—88, 1982

Li S, Ballou L. R, Morham S. G., Blatteis C. M., Cyclooxygenase-2 mediates the febrile response of mice to
interleukin-1 beta, Brain Res, 910, pp. 163—173, 2001

Li S., Goorha S., Ballou L. R, Blatteis C. M., Intracerebroventricular interleukin-6, macrophage inflammatory
protein-1 beta and IL-18, pyrogenic and PGE (2)-mediated? Brain Res, 992, pp. 76—84, 2003

Li S., Wang Y., Matsumura K., Ballou L. R, Morham S. G., Blatteis C. M., The febrile response to lipopolysaccharide
is blocked in cyclooxygenase-2(-/-), but not in cyclooxygenase-1 (-/-) mice, Brain Res, 825, pp. 86—94, 1999
Loverock B., Baines A., Burgenson A., Simon B., A Recombinant Factor C Procedure for the Detection of Gram-
negative Bacterial Endotoxin, Pharmacopeial Forum, 36 (1), 2010

Magalhaes PO. et al., Methods of endotoxin removal from biological preparations: a review, J Pharm Pharm Sci.,
10(3), pp. 3887104, 2007

Martis L. et al., Aseptic peritonitis due to peptidoglycan contamination of pharmacopoeia standard dialysis solution,
Lancet, 365, pp. 588—594, 2005

Mazzotti F., Beutter J., Zeller R., Fink U., Schindler S., Wendel A., Hartung T, von Aulock S., In vitro Pyrogen
Test — a new test method for solid medical devices, J Biomed Mater Res, 80, pp. 276—=82, 2007

Miyamoto T, Okano S., Kasai N., Inactivation of Escherichia coli endotoxin by soft hydrothermal processing, Appl
Environ Microbiol., 75, pp. 5058—5063, 2009

McClosky W. T, Price C. W., van Winkle W., Welch H., Calvery H. O., Results of the first USP collaborative study
of pyrogens, J Am Pharm Assoc, 32, pp. 69—73, 1943

Test Monocyte Activation, Pharmeuropa, Vol 20, 3, pp. 505—511, 2008



[57]

(58]

(59]

[60]

(61]
(62]

(63]

[64]
[65]
[66]
[67]
[68]
[69]
[70]
[71]
2]
73]
[74]

[79]

[76]

[77]

(78]
[79]

(80]

(81]

FOCT ISO/TR 21582—2024

Morath S., Geyer A., Hartung T, Structure-function relationship of cytokine induction by lipoteichoic acid from
Staphylococcus aureus, J Exp Med, 193, pp. 393—397, 2001

Nakagawa Y., Maeda H., Murai T, Evaluation of the in vitro pyrogen test system based on proinflammatory
cytokine release from human monocytes: Comparison with a human whole blood culture test system and with the
rabbit pyrogen test, Clinical and Diagnostic Laboratory Immunology, Vol. 9, 3, pp. 588—597, 2002

Nakagawa Y., Murai T., Hasegawa C., Hirata M., Tsuchiya T, Yagami T., Haishima Y., Endotoxin contamination
in wound dressings made of natural biomaterials, J Biomed Mater Res B Appl Biomater, 66, pp. 347—355, 2003
Niki Y., Matsumoto H., Suda Y., Otani T, Fujikawa K., Toyama YMHisamori N.. Nozue A., Metal ions induce
bone-resorbing cytokine production through the redox pathway in synoviocytes and bone marrow macrophages,
Biomaterials, 24, pp. 1447—1457, 2003

Oberdorster G., Oberdorster E., Oberdorster J., Nanotoxicology: an emerging discipline evolving from studies of
ultrafine particles, Environ Health Perspect, 113, pp. 823—839, 2005

Ogawa Y., Murai T, Kawasaki H., Endotoxin test for medical devices-The correlation of the LAL test with the
pyrogen test, J. Antibact. Antifung. Agents, 19, pp. 561—566, 1991

Petri E., Ploeg A.d., Habermaier B., Fennrich S. Improved detection of pyrogenic substances on polymer surfaces
with an ex vivo human whole-blood assay in comparison to the Limulus amoebocyte lysate test, 2000, Progress
in the reduction, refinement and replacement of animal experimentation. Proceedings of the 3rd World Congress
on Alternatives and Animal Use in the Life Sciences, Bologna, IT. 29 Aug. to 2 Sept. 1999

Poole S., Dawson P, Gaines Das R. E., Second international standard for endotoxin, calibration in an international
collaborative study, J Endotoxin Research, 4, pp. 221—231, 1997

Rietschel E. T, Kirikae T, Schade F U., Ulmer A. J., Holst O., Brade H., Schmidt G., Mamat U., Grimmecke H.
D., Kusumoto S. et al., The chemical structure of bacterial endotoxin in relation to bioactivity, Immunobiology, 187,
pp. 169—190, 1993

Ronco C, Endotoxin Removal: History of a Mission. Blood Purif, 37(suppl 1), pp. 5—8, 2014

Rotta J., Endotoxin-like properties of the peptidoglycan, Z Immunitatsforsch Exp Klin Immunol, 149, pp. 230—244,
1975

Schachtrupp A., Klinge U., Junge K., Rosch R., Bhardwaj R. S., Schumpelick V., Individual inflammatory response
of human blood monocytes to mesh biomaterials, Br J Surg, 90, pp. 114—120, 2003

Schindler S., Asmus S., von Aulock S., Wendel A., Hartung T, Fennrich S., Cryopreservation of human whole
blood for pyrogenicity testing, J Immunol Methods, 294, pp. 89—100, 2004

Schleifer K. H., Chemical structure of the peptidoglycan, its modifiability and relation to the biological activity,
Z Immunitatsforsch Exp Klin Immunol, 149, pp. 104—117, 1975

Siraganian R. P, Baer H., Hochstein H. D., May J. C., Allergenic and biologic activity of commercial preparations
of house dust extract, J Allergy Clin Immunol, 64, pp. 526—533, 1979

Solati S., Aarden L., Zeerleder S., Wouters D. An improved monocyte activation test using cryopreserved pooled
human mononuclear cells, Innate immunity, 21, pp. 677—684, 2015

Shmunes E., Darby T, Contact dermatitis due to endotoxin in irradiated latex gloves, Contact Dermatitis, 10,
pp. 240—244, 1984

Spreitzer |, Fischer M, Hartzsch K, Luderitz-Puschel U, Montag T, Comparative Study of Rabbit Pyrogen Test and
Human whole Blood Assay on Human Serum Albumin, ALTEX, 19 (Suppl. 1), pp. 73—75, 2002

Stang K, Fenrich S, Krajewski S, Stoppelkamp S, Burgener I, Wendel HP, Post M, Highly sensitive pyrogen
detection on medical devices by the monocyte activation test, Journal of Materials Science: Materials in Medicine,
Volume 25, Issue 4, pp. 1065— 1075, 2014

Toure F et al., Icodextrin-induced peritonitis: Study of five cases and comparison with bacterial peritonitis, Kidney
international, 65(2), pp. 654—660, 2004

Traub S., Kubasch N., Morath S., Kresse M., Hartung T, Schmidt R. R., Hermann C., Structural requirements of
synthetic muropeptides to synergize with lipopolysaccharide in cytokine induction, J Biol Chem, 279, pp. 8694—
8700,2004

U.S. Pharmacopeial Convention, Inc., Biological tests and assays, Bacterial endotoxins test (LAL) <85>, In: United
States Pharmacopeia, Rev. 32, 2009, Rockville, Maryland, U.S.A.

U.S. Pharmacopeial Convention, Inc., Pyrogen Test (USP Rabbit Test) <151>. In: United States Pharmacopeia,
Rev. 32, 2009, Rockville, Maryland, U.S.A.

Wang J. E., Dahle M. K., McDonald M., Foster S. J., Aasen A. O., Thiemermann C., Peptidoglycan and lipoteichoic
acid in Gram-positive bacterial sepsis: receptors, signal transduction, biological effects, and synergism, Shock,
20, pp. 402—414, 2003

Watson D. W. Host-parasite factors in group A staphylococcal infections. Pyrogenic and other effects of
immunologic distinct exotoxins related to scarlet fever toxins, J Exp Med, 111, pp. 255—284, 1960

13



FOCT ISO/TR 21582—2024

[82] Welch H., Calvery H. O., McClosky W. T, Price C. W., Method of the preparation and test for bacterial pyrogen, J
Am Pharm Assoc, 32, pp. 65—69, 1943

[83] Williams D., Endotoxins and medical devices: the significance of dead bacteria, Med Device Technol, 14, pp. 8—11,
2003

[84] Zou W., Bar-Shavit Z., Dual modulation of osteoclast differentiation by lipopolysaccharide, J Bone Miner Res, 17,
pp. 1211—1218, 2002

[85] GHTF/SG1/N071:2012, available at: http://www.imdrf.org/docs/ghtf/final/sgl/technical-docs/ghtf-sg1-n071-2012-
definition-of-terms-120516.pdf

YAK 615.46:002:006.354 MKC 11.020 IDT

KnioyeBble cnoBa: MeguLUHCKNE W3Lenns, NUPOreH, NMPOreHHOCTb, hebpuibHas peakuus, OKUCAMTeNbHoe
gocthopunmpoBaHme

PepakTop J1.B. KopeTHukoBa
TexHnuecknin pegaktop W.E. Uepenkosa
Koppektop J1. C. JIbIcCEHKO
KomnbloTepHasi BepcTtka M.B. Maneesoii

CpaHo B Habop 11.09.2024. TMMognucaHo B nevaTtb 13.09.2024. dopmat 60x84%. [apHuTypa Apuan.
Yen. ney. n. 2,32. Yu.-usg. n. 2,10.

MoOArOTOB/IEHO HA OCHOBE 3/1EKTPOHHOI Bepcuu, NpeaocTaBeHHo pa3paboTynkoM cTaHaapTa

Co3gaHo B eANHNYHOM UCMONHEHUN B ®TBY «MHCTUTYT cTaHfapTu3aunm»
ONA KoMmnaekToBaHus ®egepasibHOro MHoOpPMaLMOHHOTo hoHA4a CTaHAapToB,
117418 MockBa, HaxumoBckuii np-T, g. 31, k. 2.
www.gostinfo.ru info@gostinfo.ru


https://meganorm.ru/mega_doc/norm/metodicheskie-ukazaniya/3/muk_4_1_830-99_4_1_metody_kontrolya_khimicheskie_faktory.html
https://meganorm.ru/Index/1/1476.htm
https://meganorm.ru/mega_doc/fire/polozhenie_polozheniya/0/reshenie_soveta_deputatov_selskogo_poseleniya_chismenskoe.html
https://meganorm.ru/mega_doc/dop_fire_update_01022025/apellyatsionnoe_opredelenie_verkhovnogo_suda_respubliki_888/0/kodeks_rossiyskoy_federatsii_ob_administrativnykh.html
https://meganorm.ru/Index/64/64136.htm

