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Aa6opoB M.Jl., noktop TeXHHWYECKMX HaykK, npodeccop, 3aBeayronuii kadeapoil SKOJIOTHH H
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SATPASZHEHUE IOYBEHHOI'O I'OPU30OHTA B 30HE AEATEJIBHOCTH
OITACHBIX OBBEKTOB I'OPHO-METAJIJIYPITHYECKOI'O KOMIIVIEKCA
HEHTPAJIBHOI'O KABKA3A: ITPOBJIEMbBI 1 PEHHIEHUA

AHHOTanus. B craTtbe NpuBENEHBI 3KOJOTUYECKUE HCCIIEIOBAaHUS, BBIIIOJHEHHBIE aBTOPAMU B 30HE
JesITeIbHOCTH TOPHO-METAJUTypruyeckoro KoMmiuiekca Ha repputopun Pecryonunku CesepHas Ocerus —
Ananus. OmnpezaeneHbl (akToppl M YCTaHOBJIEHBI (OPMBI U KOJIMYECTBEHHBIE MapaMeTphl MX
MIPOSIBJIEHUSI B KOHKPETHBIX MPUPOJHO-aHTPONOreHHBIX ycioBusax. [loguepkuBaercs, 4TO e€lie HET
HAy4YHO-TIPAKTUYECKUX PEKOMEHAALNN, MO3BOJISIOMINUX MPEJIOKUT METOJUKH TapaHTUPOBAHHBIX
IIPOTHO30B HEXKEJATEIbHBIX COOBITUH, IIO3TOMY CO3JAHME HOBBIX IOJXOJOB K aHaIM3y U
MIPOTHO3UPOBAHMIO TIEPCIIEKTHB YCTOWYMBOTO Pa3BUTHSI B HOBBIX YCIOBHUSAX TPEOYET CBOETO PEIICHHUS.
[Toka3aHO, YTO B BBINOJHIEMBIX HCCIEIOBAHUAX Oporpadus MECTHOCTU CYIIECTBEHHO BIIMSET Ha
¢dbopMHpOBaHHE KOHTPOJIMPYEMBIX IapaMeTpoOB KadecTBa aTrMoc(epHOro BO3AyXa, pa3BUTHE
MTOBEPXHOCTHBIX MTPOILIECCOB UTO, O€3 ydeTa pa3BUTHsI COBPEMEHHBIX KIIMMATO(OPMHUPYIOLIUX (PaKTOPOB
TOPHBIX JKOCHUCTEM C OJIM3KHM pAcIOJIO)KEHHEM 30H MPOSBICHUS SIMU30JAUYECKHX TMPUPOIHBIX
TEIUIOBIQ)KHOCTHBIX ~ JlepopMalluii  MOTYT HPUBOAWTH K  KaracTpopuyeckKMM  ciy4yasM ¢
HEMNpPeJICKa3yeMbIMH MOCIIEICTBUSMH, BKJIIOYAsl Pa3BUTUE , PaHEE HE TUATHOCTHPYEMBIX 3a00JIeBaHUI
npoxuBaroniero HaceneHus. [Ipeanmaraercs BBECTM MaT€pUAIbHYIO OTBETCTBEHHOCTh ONACHBIM
MIPOU3BOJICTBEHHBIM OOBEKTaM 3a MOBBILICHHBIH PUCK pa3BUTHS 3a00JIEBaHMM Yy MPOXKUBAIOILIETO B
OIIaCHOI 30He HaceJeHUs], B KaueCTBE KOMIIEHCAIMH JJIs [TO/IJIEP’KaHuUs UX 3[J0POBbS, B CIIy4ae CO3AaHUs
HeOJIaronpusATHBIX YCIOBUH.

KiroueBbie ci1oBa. DKOJIOTMYECKash ONACHOCTb, dKOJOTMYECKHM PHUCK, OLIEHKAa ONACHOCTH, TOpHas
JKOCHUCTEMa, reorpadusi MPUPOTHO-aHTPOIIOTEHHOI'O pPHCKA, IMOYBEHHBIH TOPH30HT, TOKCHYECKHE
KOMITIOHEHTBI, TOPaTOr€HHbIE CBOMCTBA, KaTacTpoduyeckoe 3arpsisHeHHE.

POLLUTION OF THE SOIL HORIZON IN THE ZONE OF ACTIVITY OF HAZARDOUS
FACILITIES OF THE MINING AND METALLURGICAL COMPLEX OF THE CENTRAL
CAUCASUS: PROBLEMS AND SOLUTIONS

Alborov I.D., Tedeeva F.G., Urdzieva O.G., Karkusov G.V. Aliyev O.A.

Abstract. The article presents the environmental studies carried out by the authors in the area of activity
of the mining and metallurgical complex on the territory of the Republic of North Ossetia—Alania. The
factors are determined and the forms and quantitative parameters of their manifestation in specific
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natural and anthropogenic conditions are established. It is emphasized that there are still no scientific
and practical recommendations that allow us to propose methods for guaranteed forecasts of undesirable
events, therefore, the creation of new approaches to the analysis and forecasting of prospects for
sustainable development in new conditions requires a solution. It is shown that in the studies performed,
the orography of the area significantly affects the formation of controlled parameters of atmospheric air
quality, the development of surface processes, which, without taking into account the development of
modern climate-forming factors of mountain ecosystems with a close location of zones of manifestation
of episodic natural thermal and moisture deformations, can lead to catastrophic cases with unpredictable
consequences, including the development of previously undiagnosed diseases of the living population.
It is proposed to introduce financial liability to hazardous production facilities for an increased risk of
developing diseases in the population living in the danger zone, as compensation for maintaining their
health, in case of unfavorable conditions.

Keywords. Environmental hazard, environmental risk, hazard assessment, mountain ecosystem,
geography of natural and anthropogenic risk, soil horizon, toxic components, thoratogenic properties,
catastrophic pollution.

Beengenne. Dxonoruyeckas ONacHOCTb TEXHOTEHHOW JIEATENBHOCTBIO B TOPHBIX 3KOCHCTEMAX
JUIs HAacEJIEHMsI U OKPY’KaIOLIEH cpebl HECMOTPS Ha craj MPOU3BOJICTBA IO J100bIUE U IepepadboTke
MUHEPAJILHOTO ChIpbsS OCTAETCSl TPEBOXKHOH. B CBSI3U € 3THM, U3y4€HUE COLMAIbHO-IKOJIOIMUECKUX
nocseacTBuil UC B CIIOKUBILNXCS YCIOBUSAX CTAHOBUTCS aKTyaJbHbIM U BBIJIBUTAeT HA EPEIHUN Kpail
TaKoe KOMILJICKCHOE HampaBlIeHUE, KaK JaHamadt u reorpaduio MpUpOIHO-aHTPOIIOTEHHOTO PHCKA.
Oco6enno 310 BaxkHo 111t CeBepHoit Ocetun, 62,3% Tepputopuii KOTOPOIl MPUXOIUTCS HA TPEXMEPHYIO
30HY - Han0oJiee OMACHYIO ¢ TOUYKHU 3PEHUs MPOSBICHUS IOBEPXHOCTHBIX I'€OJIOIMUECKUX MPOILIECCOB,
YCUJIMBAIOIMX I10KA3aTeb YPOBHSI PUCKA.

COBOKYNIHOCTh IIPUYMHHO-CJIEICTBEHHBIX CBSI3€l B aHalnM3€ JCUCTBYIOUIEH JIMHAMHUKE
MIPUPOIHO-TEXHOTEHHBIX KaTacTpo( B CYIIECTBYIOLIEH MUPOBOM MPAKTUKE ITOKA OTCYTCTBYET, €IIE HET
HayYHO-TIPAKTUYECKUX PEKOMEHJAIUN TO3BOJSIONUX MPEATIOKUTh METOAUKU TapaHTHUPOBAHHBIX
MIPOTHO30B HEXKENATeIbHBIX COOBITUH, IIO3TOMY CO3JaHME HOBBIX MOJXOJOB K aHalIu3y U
MIPOTrHO3UPOBAHUIO MEPCIEKTUB YCTOMYMBOTO PA3BUTHUS B HOBBIX YCIIOBHSX TPEOYET CBOErO pEIICHHUS.
B crienmanbHOM uTEepaType NPEAIOKEHbl OPUTHHAIBHBIE METO (bl MHTEIPAJIbHON OLIEHKH TEPPUTOPUIA
Ha TpPEOMET OLCHKM PHUCKA YPE3BBIYAMHBIX CUTyallUd HPUPOJHOTO M IPHUPOJHO-TEXHOTEHHOIO
xapakTepa Ha 0a3e (DakTOpoB, MOJUIEKAIIUX KOHTPOIIO C YYETOM COBPEMEHHOH JabopaTOpHO
KOHTPOJIbHON TEXHUKH.

HauOonpryro 3¢ hekTuBHOCTD MOKa3aau Tak HazbiBaeMble | IC-TeXHOIOTM, TO3BOJISIOIIUE HEe
TOJIBKO OCYIIECTBIIAITh HWHTEIPANIbHYIO OILIEHKY TEPPUTOPUN IO COBOKYIMHOCTH TNPUOPUTETHBIX
MapaMeTpoB IPUPOJIHOTO U TEXHOTEHHOIO XapaKTepa, HO U MPOUTPhIBATh Ha 3TONH OCHOBE pa3lInyHbIE
BapHaHTbhl M CIEHAPUH PHUCKOBBIX COOBITUH MNPUPOJHOTO M MPHUPOAHO-TEXHOTEHHOTO XapakTepa.
DKoJoru4ecKasi OracHOCTh JI00Or0 TEXHOTEHHOIO 00BEKTa CKIIAJBIBAETCS KaK OT MPSIMOTO TaK M OT
KOCBEHHOT'O BO3/IEHCTBUS BEIOPOCOB, COPOCOB M (PU3UKO-XUMHUUECKUX TpaHC(HOpMaIuil , o1 BIUSTHUEM
TEXHOJIOTUYECKUX MPOIIECCOB MPOMU3BOJICTBA, KAaUeCTBA KOMIIOHEHTOB ITPUPOTHON cpelibl(IToYBa, 3eMIId,
BO3/lyX), OT TEIUIOBIAKHOCTHBIX IapaMETPOB MPOTEKAIOLINX B CHUCTEME «BO31YyX, IOYBA, BOJA», OT
TF€OMEXaHUYECKUX M TE€0JMHAMUYECKUX IPOLIECCOB , NMPOUCXOMALINX B IPUIIOBEPXHOCTHOMW cpene
reocgep, a TaKkKe OT AMU30JUUYECKHUX MPOSBICHUNH METEOPOJOTHYECKHX IMOoKa3zaTeleld OKpyKarolen
MIPUPOJTHOM CpEIbI.
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Oporpadust MECTHOCTH CYLIECTBEHHO BIMAET Ha (POPMUPOBAHIE KOHTPOJIUPYEMBIX TAPAMETPOB
KayecTBa aTMOC(HEPHOT0 BO3/yXa, Pa3BUTHE MOBEPXHOCTHBIX IPOIIECCOB YTO, 0€3 ydyeTa pa3BUTHUS
COBPEMEHHBIX KIMMaTO()OPMUPYIOMNX (HAKTOPOB TOPHBIX IKOCUCTEM C OJIM3KHM PACIIOIOKEHHUEM 30H
IPOSIBJICHUS SMU30AMYECKUX MPUPOAHBIX TEMJIOBIAKHOCTHBIX JedopMalluii MOTYT NPUBOJIUTH K
KaracTpoUUecKUM CilydasiM C HeNpeACKa3yeMbIMH IIOCIEACTBUSAMH, BKIIOYas, paHee He
IMarHOCTHpyeMble 3a0oJieBaHMs HaceneHus. [103ToMy, CyIIECTBEHHO Ba)XXHO HMETh Ha/JIEKalllyro
nHpOpMaLMIO KaK O Ipolieccax MPOU3BOJICTBEHHON0 O0BEKTa, TaK U O BCEX (PAKTOPOB pa3BUTHUSA
NPUPOJHBIX TPOIECCOB (IIOKTyallM B HauOojee HeOIarompHsTHBIX YCIOBHSX HMX IPOSBICHHUS.
Bonpoc kacaeTcst TEXHOTEHHBIX M MPHUPOJHBIX (DAKTOPOB, COBOKYITHOE BIIMSHUE KOTOPBIX MOXKET
MIPUBECTH K PE3KOMY POCTY KadeCTBEHHBIX MapaMeTpOB aTMOC(EpHOro BO3AyXa, MOYBBI M BOJHOM
CpEIbl.

YuuteiBasg, 4TO MoYBa SBIETCS HauOosee MH(POPMAaTHUBHOW cocTaBismomell Ouocdepsl, B
IIPOBOJIUMBIX ~ aBTOpPAaMHU  HCCJIEIOBAaHUAX IPUOPUTETHOE BHHUMAHHE YIENAETCS 3arpsA3HEHUI0
IIOYBEHHOT'O CJI0S B 30HE JIESTEIbHOCTH OIACHBIX POU3BOJCTBEHHBIX 00BEKTOB, B cocTaBe CaJloHCKOTro
TOPHO-METAJITyPrU4eCcKOro KOMILIEKCa.

O0beKTOM HCCIeJOBAHUM SIBISETCS I[MOYBEHHBIM TOPU30HT B 30HE BIMAHUSA YHAJIBCKOTO
xBoctoxpaHmuia 1 OAO «DNEeKTPOLUHKY.

Henbio wuccieg0oBaHMM SABISIETCS OLIGHKA TI'€03KOJOTMYECKOrO0 COCTOSIHUS ITOYBEHHOTO
TOPHU30HTA HA PaCCMAaTPUBAEMBIX 30HAX BO BPEMEHH U B IIPOCTPAHCTBE.

3agauM umccie0BaHMIi HANpPaBICHb Ha TEOXUMHUYECKYIO OIEHKY COCTOSHHS IOYBEHHOTO
TOPU30HTA B MPOCTPAHCTBE M yCTAHOBJIEHUE (DAKTOPOB, BIMSIOIIUX HA pacnpeaeeHue KOMIIOHEHTOB,
CBSI3aHHBIX C JIEATEIIBHOCTBIO PAaCCMATPUBAEMBIX OINACHBIX IPOM3BOJCTBEHHBIX OOBEKTOB TOPHO-
METAJULYprHUECKOro KOMIUIEKCA.

OcHoBHOE CoaepKaHHuEC BHIMOJTHCHHBIX HCCIeI0BAHUH

JloObiua u mepepaboTka pyad LBETHBIX METANIOB OTHOCITCS K OTpaciu IPOU3BOJICTBA,
COIIPOBOKAAIOMIAs OOJBIIMM KOJIWYECTBOM OTXOZOB B BHUJAE TBEPAbIX, KUAKHUX M Ta3000pa3zHBIX
KOMIIOHEHTOB, BBICBOOOKIACHHEM OOJIBIIOr0 00beMa SHEPruy TEeIUla U U3Iy4eHUIl B BUAE SMaHALUN
panusi, TOpUs, aKTUHHUS U JIp. B COYETAHUM C NMPHUCYIIUMHU AJs Treorpaguu 3ToW 30HBI PeryIspHbIMU
SMHU30JUYECKUM IMPOSBICHUAMHU KIMMaTHUECKUX (PaKTOPOB, OKA3bIBAIOIINX CYLIECTBEHHOE BIUSHUE HA
neGopMaIuio COCTABIAIOMUX OMOC(hEepbl MECTHOCTH , U3MEHSIOT KAUECTBEHHO COCTaB U COJEP KAHUE
OCHOBHBIX H3HEHHO-HEOOXOJIUMBIX COCTaBJISIOUIMX SKOCHUCTEMbl JJIsi PACTEHUN, OPIraHU3MOB,
BKJIIOYasl HAaceJICHHE, IIPOKUBAIOIIEE Ha TON TEPPUTOPHUH.

Otxonpl mepepadOTKH J100bIBAEMOM MOJ3EMHBIM CHOCOOOM MOJMMETAIIINYECKOH PYIIbI
TUAPOTPAHCHIOPTOM OT Musypckoit oboratutenbHo GaOpuKu MepeKaurBarOTCs Ha MOJIUTOH AJIS UX
COJIepKaHus B JECBITH KMJIOMETpax oT Hee. OObeM HAKOIUIEHHBIX XBOCTOB oOoramieHus focturaer 4,5
MJIH. T, TUIOIA/Ib XBOCTOBOT'O XO34HCTBa OKoJio 21 ra, yameoOpa3Hoil (opMbl, ITyOMHA pa3MeIieHus
nepepabOTaHHBIX MHHEpAJIOB MecTaMM JoxoauT g0 11 m. [lnomanes BoAasHOro 3epkana
XBOCTOXPaHWINIIA COCTABIISIET 0KOJIO 10 60% TeppUTOpPHUH MTOJIUTOHA.

Kpome Toro, Bcs TeppacHasi 4acTh JIOJIMHBI peKU APJIOH OTChIIIaHA BHIBO3UMBIMU KOPEHHBIMU
TOPHBIMU TIOPOJIaMU Pa3BEIOYHBIX M BCKPBIBAIOIIMX PYJIHBIE Teja IITOJIEH. DTOT TEXHOTEHHBIN
naHaAmwadT TOABEPTrHYT MOCTOSHHOMY BO3JEHCTBUIO TEIUIOBIAKHOCTHBIX (DaKTOpPOB KIMMaTa,
KoJIe0aHUAM 0apOMETPUUYECKOr0 JABJIEHHUS OKPYXKAIOIIEH Cpebl, a3pallbHO 3arps3Hss aTMOC(epHbIN
BO3JyX M TNpUPOAHYI cpeny. MccnenoBarensiMu HMCCIENOBAaHUSAMH, BKJIIOYas aBTOPOB HACTOSILEN
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CTaTbM OTMEYAIOTCS JIU30JUYECKHE BCIUIECKM YPOBHU 3allbUICHHOCTH BO31yXa, JOCTUIas
KaTacTpo(huyecKrX KOHLEHTPAIMHA B BO3LyXE.

YuureiBas 01130CTh pacosiokeHust TpaHCKaBKa3CKOM aBTOMAarucTpaiy, B 3TH MEPUOAbI U3-32
IJIOXOW BUAMMOCTH IBW)KCHHE TPAHCIOPTHBIX CPEICTB NpuocraHasinuBaercs. Ha puc. 1 npuseneno
pa3BUTHE 3allbBUICHHOCTH B 30HE BIMSHHMA OJTHUX OYaroB 3albUICHMs, TaKhe KakK : YHalIbCKOE
XBOCTOXPAaHWIUIIE; TEXHOI'€HHBIN TanamadT, chOPMUPOBAHHBIN [1OCIIE OTCHINKH BHIBO3UMBIX U3 ILIAXT
IOpOJI, BKJIIOYash OyHKEpPHOE XO3fAHCTBO Ha 3CTaKaJax IJaBHBIX INTOJEH C Pa3rpy3Kod pyabl B
AaBTOCAMOCBAJIbl; OTKpPBITAasi TPAHCIOPTUPOBKA B aBTOCAMOCBalax pPYyAHOM Macchl Ha MH3YpCKYIO
oborarurtenbHyo padpuky.

“.;'|€
»

e et 3

Pucynok 1. Pa3BuTHe 3aNbUIGHHOCTH B IPU3EMHOM CJIO€ BO3/1yXa B 30HE TEXHOCHEPHOTO
nanamadTa B nepuoj KatacTpouueckoro mnojabemMa BeTpa.

HccnenoBanmsiMu  ObUIM  M3y4eHBI U OLIGHEHBl XMMHUYECKHH COCTaB HCTOYHHKOB
MBUICBBIICTICHUS. U TEPPUTOPHS TTPUMBIKAOMAs K HUK. JIJIT TpOBECHUS aHAM3a JCTIOHUPOBAHHBIX
XBOCTOB Ha COJIeP)KaHNE XUMUYECKHX AJICMEHTOB B ITOJICBBIX YCIOBHSIX OBLT MCIIOJIb30BaH MOPTATUBHBIH
peHTreHoduryopecieHTHbIN aHaim3arop Olympus, BKIFOUEHHBIH B PEeCTp M3MEPUTEIBHBIX CPEICTB
MIEPBOTO KJlacca W 00SCIICUNBAIONINEN OBICTPBIN M BRICOKOTOYHBIN TTO3JIEMEHTHBIN aHaM3. Pe3ynbTaTel
AKCIIEPUMEHTOB TIOKA3aJIA BHICOKOE COJIEpKaHUE BPEIHBIX U TOKCHUHBIX 3JIEMEHTOB B %% aTFOMHHHIA
— 2,2-5,4; xpemuuit — 8,3-20,0; cepa — 1,5-7,2; xxene3o — 2,5-12,6; ceunen — 1,1-2,6; xanpumit — 1,1
5,2; mueK — 1,-12,8; kanmuit — 1,1-2,0; mens — 1,1-1,3. Bmecte ¢ nanasimu GPS, pe3ynbTaTsl aHanmsa
MOXKHO TiepenaBarh 1Mo OecnpoBoaHoil cet B cucteMy [MIC mist kapTHpOBaHUS TEPPUTOPUU U
KOHIIEHTPAllM{ 3arps3HAIONIMX BEIIECTB. 3ambUIeHHEe aTMochepHOro Bo3ayxa B paauyce 50 M
xonebnercs or 5 1o 18 mr/m®. B 3amblieHun paifoHa ydacTBYIOT TaKKe ¥ PBHIXIBIH 0GIOMOYHBIH
reoMaTepuaig B HU30BbSIX CKJIOHOB YIIENbS U MPU FOPHO-JIOJIMHHBIX BETpax a’dporesib CTaHOBUTCS
YCTOWYMBBIM HCTOYHUKOM 3aIlbIEHUSI aTMOC(hEpHI.

Crenenb  3arpsi3HEHUS  TOYBBI  TSDKEJIBIMH ~ METalllaMH B 30HE  JICSTEIbHOCTH
OAOQO "DnekTpouuHK" ompeAensuid J1a0opaTOpHbIM aHAJIW30M C Y4eToM (DOHOBOTO COJEpKaHUS
BemiecTBa B mouBe Ci.¢ 1 HopMoit [1JIKy (Mr/kr). Pe3ynbTaTsl OlleHKH IPUBEIEHBI HUXKE B TaOIHIIE.

OnHUM U3 IPUOPUTETHHIX (HAKTOPOB 3arpsi3HEHUS MOYBEHHOTO CJI0s BO BiiankaBkase siBisieTcs
nestenbHOCTh OAO «DIEKTPOIMHK» ¢ TepeelaMd ¥ UCTOYHUKAMHU, CPEAN KOTOPBIX: MbLIEra30BbIe
BBIOPOCHI; TIOBEPXHOCTh KJIMHKEPA HAa TEPPHTOPHM TPEANPHATHSA, IUIOMAnp0 okono 17500 Mm% n
KJIMHKEP Ha OTBAJBHOM TMOJie, IUIOmaap0 okono 16000 M?; J0CTaBKa KOHIICGHTpaTa B CTaKaHax
KOJIECHBIM TPAHCIIOPTOM OT MU3ypCKoil o0oratutensHoi GhadpuKy U ap.
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Tabnuua 1. [Tnomane 3arps3HeHs U COJEPKAHNUE PYIHBIX 3JIEMEHTOB (MI/KT)
B MouBax paroHa c¢. Hwknuii YHa.

Xumnu- Ino-mans Cp.**

yec-KHit Cn.¢* Ky 3a[‘pﬂ3l][{1eﬁ]/lﬂ HA nnl())-ma)m Oﬁ;olg" Crmgx*++* OE}‘EE“T

3JIEMEeHT % 3anfl3l—[eHPlfl n n
Pb 47,5 200 45 460 2,3 1500 7,5
Zn 100 400 50 1200 3,0 2000 50
Cu 27 100 TOYCY-HOE 100 1,0 100 1,0
Ag 0,05 5 TOYCY-HOE 2 1,0 2 1,0

* — (poHOBOE ConepKaHNE BEIIECTBA B TIOUBE (MI/KT);
** — MakCHMaJbHOE COJICpKAHNE BEIIECTBA B TIOYBE (MI/KT);
*** _ collepKaHKUE PYIHBIX 3JICMEHTOB B MOYBE (MI/KT).

Xpanenue kiarHKepa (orxoas! 1V Kiacca omacHOCTH) Ha 000MX IMOJTUTOHAX BEJIETCS HA OTKPBITON
Iomaake, uro spisiercs Hapymenuem @3 ot 29.12.2014 1. Ne 458-D3 «O06 oTx01aX IPOU3BOACTBA U
notpediieHus». B BbIOpocax 3aBoja uepe3 COCPEIOTOYCHHBIE WCTOYHHKH W B BBIJACICHUSX C
MOBEPXHOCTU KJIMHKEpa MPEBAIMPYIOT XUMHUYECKHE BEIIECTBA MEPBOTO KJacca OMACHOCTH (IMHK,
CBUHEII, MBIIIBSK, KaJIMUNA, PTYTh ), 00J1a1al0IIHE TOKCUYECKUMHU U TEPATOT€HHBIMU CBOMCTBaMHU. B 3T0i
CBSI3M BONPOC O BBIBOJIC ATHUX 3arpsS3HEHUN U3 OpraHu3Ma JIIOJICH SIBISETCS OJHUM M3 aKTyaJlbHBIX
Hay4HO-TIPaKTUYECKHX 3a]1ay.

Oco0eHHO OCTpPO ATOT BONPOC KacaeTcsi OEPEeMEHHBIX KEHIIWH U AeTel, mostomy YI'MK-
XonguHroMm Obla pa3paboTaHa MporpaMma IO BBIBOAY TSKEIBIX M TOKCHUYECKHUX AJIEMEHTOB U3
OpraHv3Ma yKa3aHHbIX KaTErOpUid HACEJIEHHUS IOCPEACTBOM CO3AaHUs CIEUAIBHOTO PAlMOHA ITUTAHUS.
[IpenaBaputenbHbie pe3ysbTaThl, CYAS MO MPEICTABICHHBIM YKCIIEPUMEHTAIbHBIM JIaHHBIM TOKa3aJIn
BBICOKYI0 (P (EKTHUBHOCTh pa3pabOTaHHOW METOJHMKH Ha MPAKTUKE. DKCIEPHUMEHT HAXOJWUTCS Ha
paboueil cTaauu, HO CHELUATUCTHI YBEPEHbI, YTO MPEJIOKEHHBI METO/ MO BBIBOJY TOKCHYECKHX
AJIEMEHTOB W3 OpraHu3Ma JeTed U OepeMeHHBIX KEeHIIUH d(D(PEeKTHUBEH, 1 MOKET ObITh UCIIOIB30BaH B
AQHAJIOTUYHBIX YCIOBUSX.

YuuThiBas BRICOKYIO JIOJIFO YYACTHsI XpaHEHUs KIMHKEpa B OOIIEM 3arpsi3HEHUN OKPYKaroIieH
cpelsl MECTHOCTH (IO JAaHHBIM HCCIeNOBaHUM aBTOpoB Oosiee 55%) BOMPOC CHUXKEHHS YPOBHS
3arpsi3HEHUs OT H3TOrO IUJIOIIAJHOIO HCTOYHHMKA SIBJIIETCS AaKTyalbHOM 3aJadyeil y4YeHbIX U
uccienonareneil. BenecTBeHHbIN cOCTaB KIIMHKEpa BKIIIOYAET CIAEAYIOUINE KOMIOHEHTHI, B %% U I/KT
COOTBETCTBEHHO: IMHK obmui — 5,04; ceunen oomui — 1,07; meimbax — 0,267; amomuauii — 1,41.
Kammuii — 18,0; pryts — 15,0; cenen — 80,0; repmanmii — 20,3; pennii — 3,0.

[TponomKUTENBbHBIN PO AKKYMYJISIIIUA TSKENIBIX W TOKCHYHBIX METaUIOB B TTOYBEHHOM
ropu3oHte (PucyHok 2) mpuBEn K pasHOMY YPOBHIO OMACHOTO 3arps3HEHHUs MOYBBI BO BCEH 30HE. OT
CpeaHEN. YMEPEHHO ONIACHOU J10 OYE€HB BBICOKOM, UPE3BBIYANHO OIAaCHOM.
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Yposens sarpsinenist reppuropin
TSERCILIMIE MET AL 1AM

[ | Cpeannii, ymepenno onacusiii

1
2 Boicokuii, onacusii
3

OucHb BHICOKHIL YpeIBBIMAIiHO OnacHbIit

Hoporit, sarpsiHEHHbIC THHETBIMI
/ METALTAMI

- TexHOreHHbII NOTOK pacccaHHA

/-\./ Kouryp sarpasscnns

Pucynok 2. 3arpssHenue nous r. BiagukaBkasza TsSOKEIBIMU METaJJIaMU.

[To ypoBHIO 3arpsi3HEHUSI MOYBEHHOTO TOPU30HTA HAMH BBIICICHBI TPU 30HBI: YPE3BBIYANHO
omacHas — (600-800), Cy (rme Cy — GhOHOBaAs KOHIIEHTPALIUS XUMHUYECKOTO 3JICMEHTA B ITOYBE, MI/KT),
Boicoko omacHas— (400-600) Cy u ymepenno omachas — (200—400) Cy. I'eometpust hopmbl apeana

3arps3HEHUs XapakTepusyeT PEIKUM BETpa B JaHHOM MECTE.
BriBoabI

VY CTaHOBJIEHO, YTO HKOJOIMYECKas HANpsHKEHHOCTh PACCMATPUBAEMOI0 OOBEKTa TOPHOM
UHAYCTpUU (GOPMUPYETCS MPSAMBIM U KOCBEHHBIM BO3JIEHCTBHEM JKHUIKOHM, ra3000pa3HON U TBEpIOH
¢a3pl BHIOPOCOB M COPOCOB, W 3aBUCUT OT (PU3UKO-XUMHUYECKUX TpaHchHOpMAaIMil , MoJ BIUSHUEM
TEeMIEepaTypHO- BJI@XHOCTHOIO peXuUMa HNPUPOAHON  cpedpl(mouBa, 3emis, BO3AyX), OT
IeOMEXaHMUECKUX M TE0JMHAMMYECKMX IPOLECCOB , MPOUCXOMSIMX B reocdepe, a Takxke OT
AMU30AUUYECKUX MPOSIBICHUH METEOPOJIOTUYECKMX aHOMAJIMHI B OKPY’KarOILEl IPUPOTHON cperie.

B uccnenyemoli skocucTeMe OTMEUAKOTCS SMU30JAUYECKHE BCIUIECKM YPOBHH 3aIbUIEHHOCTH
BO3/lyXa, CBS3aHHbBIE C aHOMAJIbHBIMU CKOPOCTSM MPU3EMHBIX BO3AYIIHBIX IOTOKOB, IO3TOMY CJIEIYET
B JIEKJIapallii 0€30MaCHOCTH ONACHOTO IMPOM3BOJACTBEHHOIO O00OBEKTa IMpPEAyCcMaTpUBaTh aJCKBaTHBIE
Mepbl 10 BOCCTAHOBJICHUIO IIPUPOTHOTO PAaBHOBECHS B 3TOM 30HE.

OneHka YpOBHSI TOBBIIIEHHOTO 3arps3HeHHss Ouochepbl OOBEKTOM TeXHOC(eEphbl IJOHKHA
COJIEp’KaTh KOMIICHCALlMOHHBIE BBIIIJIATHl BKJIKOYAIOIIME IIOTEPH, CBSA3aHHBIE C pPa3pyLICHHUEM
XO35IICTBEHHBIX ITIOCTPOEK U BOCCTAHOBIJIEHUE 3/J0POBbS HACEJIECHUS.
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YK 502.7/504 (571.6)

AromkoB A.M., 1OKTOp TEXHMYECKMX HayK, Ipodeccop, JlemapraMeHT NpUPOJHO-TEXHUUECKUX
cucteM u TexHocepHoil OezomacHocTH, [lomutexnuueckuit mHcTHUTYT JABOY 1. BrnaauBocTok;
Kypoukun II.A., kaHaugaT TexHUYeCKMX  Hayk, akagemuk MAHOB, r  Mocksa;
TropukoBa O.A., acCUCTEHT JAenapTaMeHTa MPHUPOJHO-TEXHUUECKUX CHUCTEM U TeXHochepHOM
6e3onacuocty, [lomurexanyeckoro nacruryra IBOY.

OCOBO OXPAHAEMBIE IPUPOJHBIE TEPPUTOPUU U TPOBJIEMbI
COXPAHEHMUSA KUBOTHOI'O U PACTUTEJIBHOI'O MUPA
B ITPUMOPCKOM KPAE

AnHoTauus. B cratee paccmaTpuBaeTcs cucteMa 0co00 0XpaHsSeMBIX IPUPOAHBIX TeppuTopuii Poccnn
u IIpumopckoro kpasi ¢eaepanbHOro, periOHaIBHOIO U MECTHOTO 3HAYEHMS, & TAK)XKE UX KaTerOpUu:
roCyadapCTBEHHBIC TPUPOAHBIC 3allIOBCAHWKH, BKJIIOYasd 6I/IOC(1)€pHI)Ie; HallMOHAJIBHBIC TTApKH;
NPUPOJHBIE  TApKH;  TOCYNApCTBEHHbIE  NPUPOAHBIE  3aKa3HMKHM;  MaMATHUKH  MPHPOJIBI;
JEHPOJIOTUYECKHUE MTapKH U OOTaHUYECKHE CaJIbl; JIEUeOHO-03/I0POBUTENbHBIE MECTHOCTH U KYPOPTHI.
IIpoBouTCs aHanu3 MX IUIOLIA/EH, cTaTyca M peXnMa OxpaHbl. JaeTcst KpaTkas XapaKTepUCTHKA,
COCTaB W KOJHMYECTBO YHHKAJIBbHOW (UIOphl M (ayHbl, pEIKMX M HMCYE3AIOLIMX BHUJIOB U IOJBUIOB
KUBOTHOTO U pacTUTenbHOro mupa IIpumopss. [IpuBoasTcs OCHOBHBIE U XO3SHCTBYIOIINE OOBEKTHI
[Ipumopckoro kpast ¥ pakTopsl, BAUSIONIME HA IKoJornyeckyto 6e3onacHocts OOIIT, Ha coxpaHeHue,
BOCCTAHOBJICHHE W U3yYECHUE IKOCHUCTEM Kpasl.

KiaroueBbie cjioBa: 0co00 oxpaHseMble TPUPOIHBIE TeppuTopun [IpuMopss, X craTyc, 3HAUYCHHE U
KaTeropuu, IUIONIaid, >KUBOTHBIA U PaCTUTENIbHBIN MUP, XapaKTEPUCTHUKA XO3SIMCTBYIOIINX O0BEKTOB,
pOoOIEMBI 3KOJIOTHYECKON 0€30acHOCTH.

SPECIALLY PROTECTED NATURAL TERRITORIES AND PROBLEMS OF
CONSERVATION OF FLORA AND FAUNA IN THE PRIMORSKY TERRITOR

Agoshkov A.l., Kurochkin P.A., Tyurikova O.A.

Abstract The article examines the system of specially protected natural territories of Russia and
Primorsky Krai of federal, regional and local significance, as well as their categories: state nature

11



Bectuuxk MAHDbB Tom 29, Ne4, 2024 VestniklIAELPS

reserves, including biosphere reserves; national parks; natural parks; state nature reserves; natural
monuments; arboretum parks and botanical gardens; therapeutic areas and resorts. An analysis of their
areas, status and protection regime is being carried out. A brief description, composition and quantity of
the unique flora and fauna, rare and endangered species and subspecies of the animal and plant world of
Primorye are given. The main and economic objects of the Primorsky Territory and factors affecting the
environmental safety of protected areas, the conservation, restoration and study of ecosystems of the
region are presented.

Keywords: specially protected natural territories of Primorye, their status, significance and categories,
areas, fauna and flora, characteristics of economic facilities, problems of environmental safety.

B nHacrosmee BpeMsi OCHOBBI 9KOJI0rnyeckor nonmmtuku Poccun 3akperuiensl B Konctutynuu
Poccuiickoit @enepaunu (cratbs 42), PenepanbHbix 3akoHax «O0 oxpaHe okpysxarouiei cpeasn», «O0
9KOJIOTHYECKOM skcmeptuse», «O0 0co00 OXpaHAEMBIX MPUPOAHBIX TEPPUTOPHUIX», B YKaze
[Ipesunenta Poccuiickoit ®enepaunun «O KoHuenuuu mnepexoja Poccuiickoit dPenepanuu K
YCTOMYMBOMY Pa3BUTHIO», JKoJOrmdeckod nokrpuHe Poccuiickoit denepanuu, rocynapcTBEHHBIX
IIPOrpaMMax 110 OXPaHe OKPYXkKarolleH Cpeibl.

CrpaTerndyeckoil 11eb0 MOJIUTUKU B 00JIACTH SKOJIOTUH, IPOBO3IJIAIIEHHON B DKOJIOrHYECKOM
noktpuHe Poccuiickoit Penepannu, sBISETCS COXPAHEHUE IMPUPOIHBIX CHUCTEM, IOAJEPKAHUE HX
LIEJIOCTHOCTH U JKM3HE00eCTIeunBaIOINX (PYHKIMN 1)1 yCTOMYMBOIO Pa3BUTHUS OOIIECTBA, IOBBIIICHUS
KauecTBa >KU3HM, YJIYYLLEHUS 3[0pOBbSl HAacEJNeHUs U JeMorpapuueckoi CUTyaluu, oOecreueHus
9KOJIOTUYECKOM 0O€30MacCHOCTH CTpaHbl, pPAa3BUTHE SKOJOTMYECKOIO BOCIMTAHUS, OOYy4YEeHHS,
IIPOCBELIEHUS U JIp.

VYcnemnoe pasButue PoccuM 3aBHCUT OT INPOBENEHUS TOCYAAPCTBEHHOM 3KOJIOTMYECKOU
MOJUTUKHM MO COXPAaHEHHIO OMOJIOTMYECKOro pazHooOpasusi, O0pbObI ¢ 3arps3HEHHEM OKpYXKarolei
Cpelibl, 00ECIIEUEeHNI0 FKOJIOTMYECKO 6€30aCHOCTH YHUKAJIbHOTO )KUBOTHOTO U PACTUTEIBHOIO MUPA,
PEAKUX U MCUE3AIOIIMX BHUJIOB U MOABUAOB Ha 0c000 OXpaHseMbIX TeppUTOpusX. [loaToMy, rinaBHyro
POJIb B COXPAHEHUU U pa3BUTHUN OMOpa3HOoOpa3us UrparoT 0co00 oXpaHseMble IPUPOAHBIE TEPPUTOPUHI
(OOIIT).

Oco0o0 oxpansiembie npupoansie Teppuropun (cormacao @3 Ne33 ot 14.03.1995 «O6 ocobo
OXpaHsSIEMbIX IIPUPOIHBIX TEPPUTOPUSIX» [1] —3TO y4acTKu U TEPPUTOPHUH 3€MIIH, BOJIHOM TOBEPXHOCTU
U BO3AYIIHOTO MPOCTPAHCTBA HAJ HUMM, IJI€ PAcHojararoTcsi MPUPOJHbIE KOMIUIEKCHl U OOBEKTHI,
KOTOpbIE UMEIOT 0c000€ MPUPOJOOXPAHHOE, HAYYHOE, KYJIbTYpHOE, 3CTETUYECKOE, PEKPEAMOHHOE U
037I0POBUTEIBHOE 3HAUYEHUE, TIOJHOCTBIO WJIM YACTUYHO U3BATHIE U3 XO34HCTBEHHOTO UCIIOJIb30BaHUS,
JUTSl KOTOPBIX YCTaHOBJIEH pexkuM ocobor oxpanbl. OOIIT obecrnieunBarOT CylIeCTBEHHBIM BKJIAJ B
COXpaHEHHE, BOCCTAaHOBJIEHME W H3Y4YEHHE DOKOCHUCTEM, OHOJIOTMYECKOT0 U JIaHJMa(THOTrO
pa3zHooOpa3usi, BO30OHOBISIEMBIX MPUPOTHBIX PECYPCOB, 3OPOBOM CpeAbl Ul JKU3HHU HACTOSIIETO U
Oyaymiero TOKOJEHWW JIIOJeH, CTaOMIM3alui JKOJOTHYECKOM OOCTaHOBKH, JKOJOTHYECKOE
IIPOCBELICHUE HACEIECHMSI, MCCIENOBAHUE NPUPOIHBIX IPOLECCOB, BBIIOJHEHUE MEKIYHAPOIHBIX
obs3atenbeTB Poceniickoit @enepanuu B chepe oxpansl mpuposl. B Poccuiickoii deneparn umeercs
6onee 15 toicsta OOIIT pa3znuyHbIX KaTeropuii, cTaTyca U pexXMMOB OXpaHbl, 00111asi M0/ (b KOTOPBIX
12% Tepputopuu crpansl. IIpu sTom koaruectBo u mowmans OOIIT nocTossHHO BO3pacTaer.

B cootBerctBun ¢ ®3 [1], OOIIT B Poccum moapasnenstoTcsi Ha ceMb KaTEropuil U MMEIOT
COOTBETCTBYIOIIUE TUIOIIA IH:

1) rocynapcTBeHHbIE IPUPOIHBIE 3aIOBEAHUKH, BKIIOYast OMoc(epHBIE;
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2) HallMOHAJIbHBIC MMAPKH;

3) npupoOIHBIEC MAPKH;

4) rocyapcTBEHHbIE IPUPOIHBIE 3aKA3HUKH;

5) naMATHUKYU TPUPOIBL;

6) neHapooruYecKre Mapku U O0OTAHUYECKUE CAJIbl;

7) neuyeOHO-0310pPOBUTENbHBIE MECTHOCTH U KYPOPTHI.

Poccutickue OOIIT umerot deaepanbHOe, periOHAIbHOE MM MECTHOE 3HAYCHHE. 3alIOBEIHUKH
Y HaIlMOHAJIBbHBIEC MAPKHU ABISAIOTCS UcKIounTensbHo Genepanbabivu OOIIT (POOIIT), a mpupoaHbie
MapKH HaXOJATCS B BeACHUU CcyOBbekToB dDenepanuu, TO €CTh MPEACTaBISIOT COOOW pernoHalbHbIC
OOIIT. OcranpHble KaTEropuu 0COO0 OXPaHAEMBIX MPUPOAHBIX TEPPUTOPUN (3aKa3HUKH, MAMSATHHUK
MIPUPOJIBI U JIP.) MOTYT UMETh KaK (heJiepaabHbIid, TAK ¥ PErHOHATBHBIN CTATYC.

Cucrema OOIIT denepanpHoro 3Hadenus Poccwm HacumThiBaa 254 0co00 OXpaHSIEMBIX
MIPUPOJHBIX TEPPUTOPHIA 00IIel miomaaso 56,14 muH. ra. [Tnomane cymm @OOIIT ¢ BHyTpeHHUMHU
MIPECHOBOJHBIMU Bojgoemamu — 46,35 muH. ra, uro cocraBiseT 2,9% teppuropuu Poccuiickoit
denepanun, IIOMAAL 0c000 oXxpaHseMod MOpckoil akBaropuu — 10,4 muH. ra. [1]. B uwmcmo
denepanbabix OOIIT BXOAAT:

1) 101 rocynapCTBEHHBIN MPUPOIHBIN 3aMOBEIHUK OOIIEH MIOIMAABI0 0KOJI0 33,8 MIH. Ta, U3
HUX IUIOUIa/lb CYIIH (C BHYTPEHHUMHU BojoeMaMu) — 27,3 MIH. ra, 4yTo cocraBiseT 1.6% teppuropuu
Poccuu, mopckas akBatopus — 6,47 MIIH. Ta;

2) 40 HAIMOHAIBHBIX TAPKOB 00IIeH Tomaapio 7,74 miH. ra (0,45% tepputopun Poccun);,

3) 69 rocymapCTBEHHBIX MPUPOAHBIX 3aKa3HUKOB 00IIeH iomaapo 12,54 MiH. Ta;

4) 28 maMATHUKOB IIPUPOIBI 00IIEH miomiaaso 34,3 ThIC. Ta.

[To nasnauenuto (kareropusiMm) u ¢opmam ympaienus OOIIT kmaccubunupyrorcs Ha
Cleyrolue KaTeropuu [2].:

la — ynpagssiemble B HAyYHBIX LEJSAX U IJIs1 OXpaHbl HEHAPYIICHHBIX («IUKHUX)) TEPPUTOPHUIA;

Ib — ympaBiisiembie 17151 COXpaHEHUsT HEHAPYIICHHBIX («TUKUX») TEPPUTOPHUIL;

Il — ynpaBisiemMble B LIENX OXPaHbl 3KOCUCTEM U JUIsS PEKPEAllMOHHOTO UCII0JIb30BAHMUS;

11 — ynpaBisiemble AJ11 COXpaHEHUsI ONIPEIEICHHBIX TPUPOIHBIX OOBEKTOB;

IV — ympaBnseMble B HENSIX COXpaHEHUS HEKOTOPBIX BUAOB M UX Cpelabl OOMTaHUS, 4acTo C
MTOMOIIBIO PA3NUYHBIX PETYISIIIMOHHBIX, OMOTEXHUYECKUX U IPYTUX MEPOIPUATHH;

V — ynpaBinsieMble sl COXpaHeHUs JIaHIIa(TOB U B peKpEaIllMOHHBIX IENSX;

V1 — ynpaBnsemble 17151 00ecrieueHus] yCTOMUYNBOTO UCTIOIB30BaHUS IPUPOTHBIX PECYPCOB.

B cootBercTBum ¢ ¢popmoit ynpasnenust OOIIT nonpasznenstores Ha:

A — ympaBnseMmble MPAaBUTEITHCTBEHHBIMH OpPTaHAMH HAI[MOHAJIBHOTO WM PErHMOHAIBLHOTO
YPOBHS;

B — ympaBnsiembie coBMeCTHO OBYyMsl U OoJsiee TOCYJapCTBEHHBIMH U (WJIM) OOIIECTBEHHBIMU
OpraHU3aIHSIMU;

C — ympasisiemble COOCTBEHHUKAMU 3€MJIH HIIH PECYPCOB;

D — ynpaBnsieMble MECTHBIMH OOIIMHAMU (KOPEHHBIE HApPOJBI, [UTUTEIHLHO MPOKUBAIOIINE B
JTAHHOM PETHUOHE U T.1I.).

CoBpemenHoe 3akoHogarenbHoe pasneneHue OOIIT Ha ceMp KaTeropuii OCHOBaHO Ha
O0COOCHHOCTSIX MX PEXHMMa, LIEISIX OPraHu3allii U YPOBHAX yrpaBieHus. O4eBUIHO, UTO B HACTOSILIEE
BpeMs HekoTopbeie OOIIT He B MOTHOM MEpe COOTBETCTBYIOT CBoeMy (popManmbHOMY cTtarycy. CBsizaHO
9TO ¢ TeM, uTo moaxonasl K BeiaeneHuio OOIIT HeomHokpatHO MeHsUHCH 3a mouTd 100-1eTHION0
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UCTOpHIO UX co3nanus B Poccuu. Hekotopele 3amoBeHuKN, 0COOCHHO B Haudane-cepeanne XX Beka,
CO3JIaBAINCh MCKIIOYMTENBHO JUI OXpaHbl OTAEIBHBIX BUAOB JKUBOTHBIX, YTO CEroAHs Ooisee
CBOWCTBEHHO 3aKa3HMKaM. HaOiromanuch M MPOTHBOIIONOXKHBIE CHUTYallMM: H3-3a OoJyiee JIerKou
MpoLEeayphl OPraHU3aluK 3aKa3HUKOB OHM CO3/IaBajJIMCh HA TEPPUTOPHUAX, TPEOYIOIIUX 3aOBEIHOIO
pexxuma oxpasbl. Jlonroe BpeMss B POCCUHWCKOM 3aKOHOJATENbCTBE OTCYTCTBOBaja KaTeropus
«HalMOHAJIbHBIE MApKW», OITOMY B 33[1la4ll MHOTHX 3all0BEJHUKOB BKJIIOYAJIIOCH PA3BUTHE PEKpealiuu
u Typusma. CienyeT OTMETUTh, UTO U ceyac He CYIIECTBYET YETKON CUCTEMbI KpUTEPUEB pa3iesieHus
OOIIT Ha ypoBHU 3HAYEHUSI U KATETOPHH.

Cucrema 3anoBeHUKOB Poccun, ¢opmupoBaBmascst Ha MPOTSHKEHUU JITUTEILHOTO BPEMEHH,
COCTOUT M3 BEChbMa PAa3HOPOJHBIX MO CBOMM XapaKTepUCTUKaM Tepputopuil. Crienuduka yrnpaBieHUs
KOHKPETHBIM 3aII0BEIHUKOM 3aBUCHUT OT €T0 IPUPOA0O0XPAHHON LIEHHOCTH, IO3TOMY JIJIsl ONITUMU3ALIUN
yIIpaBJICHUS 3alIOBETHON CHCTEMOW CTpaHbl He0OXOoAMMa Kiaccu(uKauus 3armoBeTHUKOB. /i 3TOrO
ObL1a MPOBeIeHa UX OIICHKA IO CJIEAYIOIUM KpuTepusM [2]:

® [UIOIIA[b;

® CTeleHb HApYILIEHHOCTU TEPPUTOPUH;

®  XapakTep OKPYKECHHUS;

® [IOJHOTA MPUPOTHBIX KOMILUIEKCOB, MPEACTABICHHBIX HA TEPPUTOPUH;

® HamU4Me PEAKUX M YHUKAIBHBIX MPUPOAHBIX OOBEKTOB (BKIIOYAS MOMYJISLUUA PEAKUX
BUJIOB PACTEHUH U KUBOTHBIX).

JleTanbHble KpUTEPUN OLIEHOK M3JI0KEHBI B Tabiuie 1. B ux yucio HaMepeHHO He BKJIFOUEHBI
MOKa3aTeay BUAOBOTO, JAHAMIA()THOTrO M JAPYrHX TUIOB pa3HOOOpasus, MOCKOJIBKY OHH SIBISIFOTCS
pEIIAoNIMMU JIJISl ONpEeesieHns CelM(PUKN YIpaBICHHUs 3alOBeTHUKAMU. TakKe HE YUUTHIBAIOTCS:
pOJIb TEPPUTOPUHU B BOCIPOM3BOACTBE NPUPOIHBIX PECYpPCOB, €€ PEKPEAlMOHHAs U TYypUCTHYECKAs
MPUBJIEKATEIbHOCTD, TaK KaK 3TO 0cOOeHHOCTH Apyrux kateropuii OOIIT.

Ha Tteppurtopun Ilpumopckoro kpas pacmosiokeHo 232 0co00 oOxpaHsieMble HpPUPOIHbIE
TEPPUTOPUH BCEX KaTEropui, KOTOpbIe 3aHUMAIOT 16,96 % oT 001el miommanm Kpas.

[pumopckuii kpaii (TTK) 3aanmaet momans 164673xm? (0,95 mnomaau Poccun) u pacmonoxes
Ha roro-Boctoke Poccuiickoro JlaneHero Bocroka, oOpaiieH k Mopro U npumbikaeT k Kopelickomy
noyoctpoBy. C 3amana on rpannuut ¢ KHP, na rore ¢ KH/IP, nHa BocToke ombiBaeTcsi SnmoHCKUM
MopeM. ['ocynapcTBeHHas rpaHuia cocranisieT okosio 780 kM. IIpoTskeHHOCTh moOepexbs (MOPCKOi
rpanuiel) — okosno 1300 kM. Uucnennocts Hacenenus 1K cocrasnser 1806393 uenoBeka (M3 HUX
80.01% - ropoxckoe Hacenenue). Huskas miuoTHocTh HaceneHus (okono 11,0 wen/km? mo kparo) BO
MHOI'OM ONpEJeNsieT COXPAHHOCTh IMPHPOJHBIX 3KocucTeM U 00bekToB. Tepputopus IIK umeer
CJIOXKHBIN pelibed) MOBEPXHOCTH U OTPOMHBIN crieKTp JanamadToB. OO0mas miomaas JecoB — Oomee
13370.0 ThIc. ra (okomi0 82% miomiaau 3eMens Kpast). Jleca yHUKaJIbHBI, TOJIBKO COCYAMCTBIX PacTeHUN
okoJo 2600 BunoB (6omee 23% ot cocraBa ¢opsl Bceit Poccun). Ha aToit Tepputopun nposBistoTcs
rJ100anbHble M3MEHEHUs KJIMMAara, IPOJIEraloT MUTPAIMOHHBIE MYTH MHOTUX HBOTHBIX, 3/€Ch
pacrpocTpaHeHbl OopeasibHbIE (X0JIOIHOMOOMUBEIE), CyOOOpeabHble U CyOTpoNnYeckue BUIbI. 3/1eCh
SHAEMUUHBIE, PEIKME U UCUE3AIOLINE BUIBI, BKItOUeHHbIE B KpacHble KHUTH MexayHapoaHOTO COr3a
oxpansl npupoasl (MCOII), Poccuiickoii deneparuun. B Ilpumopse 3apeructpupoBaHo 478 BUIOB
NITHIL, U3BECTHO OoJiee 22,6 ThIC. HACEKOMBIX, BOJIBI 03€p, peK, 3ainBoB SnoHckoro mops [1K Hacenstor
6omee 2130 BUIOB KUBOTHBIX U MOJUTFOCKOB, MHOTHE U3 KOTOPBIX 3aHECEHBI B BBINIEIIEPEUUCICHHBIE
Kpacusbie kauru[1,3,4].
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Tabmuua 1. Kpurepun o1ieHKH 3a0BEAHUKOB /ISl ONPEACTICHUS UX MTPUPOJOOXPAHHON POIH U
crieln(UKH yIpaBICHUs

. | Ilnomann

2 | Ilnomans 3amoBeHUKA JOCTATOYHA JUIS CYIICCTBOBAHUS ITOJHOWICHHBIX CaMOPETyIMPYIOIUXCS IMPHUPOTHBIX
KOMIIJIEKCOB, XapaKTepHBIX JUIi JAaHHOTO MPHPOAHOro pernmoHa. Ee pasmep obecreunBaeT ycTOYHBOE
CYIIECTBOBAHHE MONYJISIMI a00PUTrCHHBIX KOIBITHBIX U KPYIHBIX XHITHUKOB

1 | IMnomans 3amoBenHHKa 00ECTIEUMBACT TOCTOSHHOE OOMTAaHME KPYIHBIX BHIOB JKHBOTHBIX, HO CYIIECTBOBAaHHE MX
YCTOHUUBBIX M CAMOPETYJIUPYIOLIUXCS NONMYJISIUI HEBO3MOXKHO 6€3 00MeHa ¢ CONpeIeNbHBIMU TEPPUTOPUAMH UIIU
UCKYCCTBEHHOI'O PETYJIUPOBAHUS

0 | IInomans 3aOBEIHIKA HE 00ECIIEUHBACT IIOCTOSIHHOE OOUTAaHHE KPYITHBIX BHOB KUBOTHBIX

Il | HapyumeHHOCTH

2 | Tepputopus He TOJBEepranach 3HAYHTEIBHBIM IIPAMBIM AaHTPONOTEHHBIM BO3AEHCTBHSAM M, B OCHOBHOM,
[Ipe/ICTaBIE€Ha HEHAPYHIEHHBIMU IIPUPOIHBIMU KOMIIJIEKCAMU

1 | Teppuropuss moxaBepragach CyIIECTBEHHBIM HPSIMBIM AHTPOIIOTCHHBIM BO3ACHCTBUSIM U, IMPEHMYIIECTBEHHO,
HAaXOAUTCS B CTaIMU BOCCTAHOBJIEHUS IPUPOJHBIX KOMILIEKCOB

0 | Teppuropus 3Ha4UTEILHO IPeoOpa3oBaHa U HAXOJUTCSI MO IPOJOKAIOIIUMCS aHTPOIOT€HHBIM BO3IEHCTBUEM

111 | Oxpyxenue

2 | Tepputopus cocTapiseT eAUHOE LIEJI0e CO CBOUM IOYTH HETPaHC(HOPMUPOBAHHBIM OKPY)KEHUEM

1 | Teppuropuss HaXxOOUTCS B OKPYKEGHHM KaK aHTPOIOTEHHBIX, TAK M €CTECTBEHHBIX CIa00 TpaHC(HOPMHPOBAHHBIX
JaHAMA(TOB, C KOTOPHIMU CBsI3aHA YKOJOTHUECKUMU KOPUJIOPAMHU

0 | Teppuropust mpencTaBiIsieT coOOH M30IMPOBAHHBIA «OCTPOB» B OKPYKCHHHM AaHTPOIOTEHHBIX H CHIBHO
TpaHc(OpMUPOBAHHBIX JAHAIIA(TOB

1V | IHos1HOTa NPUPOAHBIX KOMILIEKCOB

2 | OcHOBHBIC HPHPOTHBIE KOMIUIEKCH BKIIIOUAlOT BCE CBOMCTBEHHBIC MM KOMIIOHEHTHI, BKIIOYas MONHEIH Habop
XapaKTEePHBIX UL JAaHHOTO IIPUPOJHOIO pailoHa KPYIHBIX MICKOIUTAIOMHUX (KOMIBITHBIC, XUITHUKH) U MITHIL

1 | B npupoaHBIX KOMIIIEKCAaX OTCYTCTBYIOT HEKOTOPbIE KOMIOHEHTHI (KpYyITHbIE MICKOITHTAOMINE, IITHITH H T.J.), 9TO
HE OKa3bIBaeT CYIIIECTBEHHOIO BIIMSHUS Ha UX OCHOBHBIE UEPThI U HE NPEIITCTBYET COXPAHEHUIO UX €CTECTBEHHOTO
obmmKa

0 | B npupoaHbIX KOMIUIEKCAX OTCYTCTBYIOT KOMIIOHEHTHI, UTPAIOINUe KIIOUEBYIO POIb B IOANEPKAHUY PABHOBECHUS U
COXpaHEHHMS UX eCTECTBEHHOTO OONHKA, B Pe3yNbTaTe Yero TpeOyIOTCs HCKYCCTBEHHBIE MEpPBI PETYITHPOBAHHS

V | Hanwane peKuX M YHUKAIbHBIX IPHPOAHBIX 00BEKTOB (BKIIOYAS HOIYIAINN PEAKAX BHIOB PACTCHUH M JKHBOTHBIX )

2 | Ha rtepputopum IpeACTaBIEHb NPUPOAHbIE OOBEKTH! (IOMYJSIMU PEIKUX BHIOB, SHICMUKH, COOOIIECTBA U
HKOCHCTEMBI, a0HOTHYECKHE 00BEKTHI), PeIKHE M YHUKAIbHBIC (B T.4. HCUE3AIONIHE) B MEPOBOM MacItabe

1 | Ha Teppuropuu npeincTaBiCHbl NPUPOIHbIE OOBEKTH (MOMYNALUM PEIKUX BHIOB, SHAEMHKH, COOOLIECTBAa U
SKOCHCTEMBI, a0HOTHUYECKHe OOBEKTH), PeIKHe W YHHKalTbHbIE (B T.4. HcYe3aromue) mns Poccum, mmm ke
cyuTaroIuecs rodajJbHO PEIKHMH, HO IpeAcTaBiIeHHble Ha MHOruX apyrux OOIIT Poccun

0 | Penkue n yHHKaNbHBIE IPHPOIHBIE OOBEKTH OTCYTCTBYIOT (OTACIBHBIC TIPUIICTHI, 3aX0/ABI U CITy4al Pa3MHOKECHHS
PEIKUX BUIOB HE YUUTHIBAIOTCS)

Ha pucynke 1 npencrasiena kxapra [Ipumopckoro kpas, Ha KOTOPOW NpEACTABIEHBI MeCTa
pacroyio’keHUst 0co00 OXpaHAEMBIX MPHUPOJIHBIX TEPPUTOPUH, a TakkKe HX KOJIMYECTBO: 6
TOCY/IapCTBEHHBIX TMPUPOIHBIX 3aMOBEIHUKOB (efAepatbHOr0 3HAYEHUS, 4 HAIMOHAIBHBIX IapKa
denepanpHoro 3HaueHus (1 MpPUPOAHBIA TapK pPErHOHAIBHOTO 3HAueHUs — «XacaHckwity). 206
NaMATHUKOB ITPUPO/Ibl pETHOHAIBHOIO 3HaUeHus1, | 6oTannveckuit cax u 1 nenapapuil ¢penepaabHOro
3HaueHus, | 30Ha MOKOSI MECTHOIO 3HAYEHHS, OXpaHHBbIE 30HBI 3allOBEJHUKOB, MecTa OOWTaHUS
Amypckoro turpa u [lansHeBoctouHoro jieonapaa [3,6].

Oco0o0 oxpaHsiemble NpUpOAHbIE Tepputopuu IIpuMopckoro kpas OTHOCATCS K OOBEKTaM
00IIIeHaIMOHATIFHOTO TIOCTOSIHUSI M UMEIOT (peiepaibHOe, PETHOHATBFHOE UM MECTHOE 3HadeHue [3,5,
6]:

T'ocyoapcmeennsie npupoonsie 3an08e0HUKU PedepanbHozo 3HaYeHUs:

- CuxoT>-ANMHCKUN TOCyIapCTBEHHBINH MpHUpPOIHBIA OuochepHbiii 3amoBeqHuk uMeHn K.I'.
Abpamona (momans (S) =401,6 Teic. ra);

Oco0o0 oxpaHsiemble NpUpOAHbIE Tepputopuu IIpuMopckoro kpas OTHOCATCS K OOBEKTaM
OOIIEHAIIMOHAIBHOT'O JOCTOSIHUS U UMEIOT (eiepabHOE, pErHOHAIbHOE WIM MECTHOE 3HAUEHUE.

1. T'ocyoapcmeennvie npupooHbvie 3an06e0HUKU hedepatbHo20 3HAYEeHUA:
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- CuxoT3-ANMHCKUI roCyAapCTBEHHBIN IIPUPOIHBII

umenu K.I'. A6pamona (riomans (S) = 401,6 TeIC. Ta);

o6uochepHbIit

Vestnik|AELPS

3aIlIOBCIHHUK

- l'ocynapcTBeHHbIi pupogHbIH OnochepHslii 3anoBenHuk «Xankaickuit» (S = 39,3 Thic. ra);

- I'ocynmapcTBeHHBIN TIpUpOaHBIN OnochepHbiii 3anoBennuk «Keaposas nmaas» (S = 18,1 ThIC.

ra);
- JlampHEBOCTOUHBIN MOPCKOM OMOC(hepHBIi 3aITOBEIHUK;
- Yccypuiickuii MIPUPOIHBIN

(S=40,4 ToIC. T);

roCyJ1apCTBEHHBIN

3al0BEIHUK

HUM.

B.JI. Komapona

- JlazoBckuii rocynapctBennbiit 3anoBenauk uM. JI.I'. Kammanosa (S = 120,9 Thic. Ta).

2. Hayuonanvuvie napku pedepanvhnozo 3nauenusn:
- HalMOHANBHBIN napk «bukun» (S = 1160,5 ThIC. T);

- HallMOHAJIbHBIN Napk «Y aareiickas gerenaa» (S = 103,7 Teic. ra);

- HallMOHAJIBHBIN Napk «3emiis Jeomnapaay; (S = 261,9 Teic. ra);

- HallMOHAJIbHBIN napk «30B TUrpay. (S = 83,5 ThIC. ra);
3. Ipupoomnwvtii napk pezuonanbHO20 3HAYEHUA:
- MPUPOIHBIN Napk «XacaHckuit» (S = 9,5 TeiC. ra).
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Pucynoxk 1. Oco6o0 oxpaHsieMble MpupoaHbIe TeppUTopuu [Ipumopckoro kpas

4. 3akazHuxu Kpaeeozo 3Hauenun:

- TOCYJApCTBEHHBI TPUPOJHBIA OHONOTHMUYECKUN (300JIOTUYECKUI) 3aKa3HUK KpaeBOTO

sraueHus « opanuit» (S = 4,8 ThIC. ra cymm, 2,8 ThIC. Ta MOPCKOW aKBaTOPUH);
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- TOCYTApCTBEHHBI TPHUPOJHBIN OHONOTHYECKHUN (300JIOTUYECKUI) 3aKa3HUK KPacBOTO
sraueHus «Jlocunsiit» (S = 26 ThIC. Ta);

- TOCYIApCTBEHHBI TPHUPOIHBIA OUONOTHYECKUN (300JIOTUYECKUI) 3aKa3HUK KpaeBOTO
3HaueHus «bepe3oBbiiiy (S = 60 ThIC. ra);

- TOCYJApCTBEHHBI NPUPOIHBIM OHUONOrHMYeCKUi (300JI0TUYECKUI) 3aKa3HUK KpaeBOTO
3HaueHus «BacunbpkoBckui» (S = 28,7 ThIC. ra);

- TOCYJApCTBEHHBI NPUPOJIHBIM OUONOrHMYECKUN (300JIOTUYECKUI) 3aKa3HUK KpaeBOTO
sraueHus «llonraBckuit» (S = 120 ThIC. T);

- TOCYNApCTBEHHBI TPHUPOIHBIA OHONOTHYECKUN (300JIOTUYECKUI) 3aKa3HUK KpPaeBOTO
sraueHus «TaexHbiin» (S =29 ThIC. Ta);

- TOCYIapCTBEHHBIA MPUPOJIHBIN OUOJOTUYECKUM (300JI0THYECKU) 3aKa3HUK KpPaeBOIo
sraueHus «Yepusie Ckanb» (S = 2,9 ThIC. Ta);

- TOCYJIapCTBEHHBIN PUPOAHBIA KOMIUIEKCHBIM MOPCKOM 3aKa3HUK KPaeBOro 3HaYEHUs «3aIuB
Bocrok» 3anuBa Ilerpa Bemukoro Snonckoro mops (S = 1,8 ThIC. 1a);

- TOCYJApCTBEHHBI NPUPOIHBIM OHUONOrHMYeCKUN (300JI0TUYECKUI) 3aKa3HUK KpaeBOTO
3HaueHus «Tuxui» (S =23 ThIC. Ta);

- TOCYIApCTBEHHBI TPHUPOJHBIA OHOJOTHYECKUN (300JIOTUYCCKUI) 3aKa3HUK KpaeBOTO
3HavyeHus «Cpenneyccypuiickuii» (S = 16 TbIC. Ta);

- TOCYAApCTBECHHBIM  NPUPOJHBIA  KOMIUIEKCHBIA  3aKa3HUK  KpPAaeBOTO  3HAYEHUSA
«Komuccaposckuii» (S = 60 ThIC. Ta).

5. Hamamuuxku npupoost pecuoHanIbHo20 3navenus (206 wm.);

6. bomanuueckuii cao u 1 oendpapuit pedepanvnozo 3nauenus:

- O0oTaHmueckuii caa-uHCTUTYT JlalbHEBOCTOUHOrO oTneneHus Poccuiickoi akageMuu Hayk
(§=169,7 ra);

- IeHapapwuii ropHo-TaekHoi cranmuu uM. B.JI. Komaposa JIBO PAH (S = 4747 ra).

7. 3ona noxoa «Cpeonasn Kpwiinoska» mecmmnozo 3nauenus.

8. Iamamuuk npupoosvt MecmHo20 3HaA4EHUA.

CocrosiHue ceTu 0co00 OXpaHSIeMBbIX NPUPOAHBIX TeppuTopuid B I[IpumMopckom Kkpae
npenacrasieHo B Tabmuie 2 [3,4].

Tabmuua 2. CocrosiHuE ceTH 0c000 OXpaHSIEMBIX IPUPOIHBIX TeppuTopuii B [IpumopckoMm kpae.

Benomcraennan Kareropus KoanuecrBo Ilnomaap, ra
MPUHA/JIEKHOCTD
OOIIT ¢enepanbHOTO 3HAYCHHS 3aI0BETHUKHN 6 685522,66
HAIIMOHAJHHBIC MMAPKH 4 1601356,02
OOTaHMYECKHH caj 1 169,7
JleHApapuii 1 4747
OOIIT pernoHanIbHOrO 3HaAUEHUS MIPUPOJHBII mapk 1 9984,9
3aKa3HUKH 11 457406,7
MaMSITHUKU TPUPOJIBI 206 54892,6
OOIIT MeCTHOTO 3HAYEHHS 30HA TTOKOS 1 3857
MaMSTHUK TIPUPO/IBI 1 58,18
30HA TTOKOS 1 3857
Bceero: 232 2813297,76

Oco0o0 oxpansiemble HpHUPOAHBIE TeppuTopuHu IIpuMopckoro kpasi SBISIOTCS HACTOSIIUM
6orarcTBoM He TOibKO [IpumMopks, HO u Poccun. [loaTomy nMer0T 0co00 BBICOKYIO 3HAUMMOCTh JJIst
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COXPAHEHHUs YHUKAIILHOTO OMopa3HooOpa3usi Kpas, COXpaHEHUS PEIKUX U MCUE3AIOLIUX BUIOB. 3]1€Ch
OOHUTAIOT PEJCTABUTENIN MAaHDKYPCKOH, OXOTCKO-KaM4aTcKoi (OEpUHTHIICKOM ), BOCTOYHO-CHOUPCKOMA
(aHTapCcKoii), 1aypo-MOHTOJICKOI M BBICOKOTOPHOM (1opbl U payHbl. DTa 0COOEHHOCTH MPUBOAUT K
(hOpMUPOBAHHIO YHUKAIIBHBIX, HEPEJIKO KpalHe CIOKHBIX U XPYIKUX MPUPOJIHBIX KOMILJIEKCOB, HUTIE
0oJjiee B MUpE HE BCTPEUAOLIUXCSL.

B Kpacnoii Kuure Ilpumopckoro kpas mnpuBeneHbl cBeneHus Oosiee dem 280 penkux u
HAXOJSIIMXCS TOJ Yrpo30il MCUE3HOBEHUS BUIOB XUBOTHBIX (aMYpPCKUN THUTpP, JAIbHEBOCTOYHBIN
Jeonap/], aMypcKuii ropaii, kabapra, aMepuKaHCKasi HOpKa U BbIIpa, MaHBWKYpPCKas Oenka, KpacHas u
KpacHO-cepas M0JIEBKa, NaypCKUNA XOMSK U Jp.)

B IlpumopckoM kpae 3apeructpupoBaso 478 BuaoB nrtuil. M3 122 Bu10B NTHLL, BKIIOYEHHBIX B
Kpacnyto kaury P®, B Ilpumopne obutaer 72. B mpecHbIX BojoemMax BcTpedaroTes okosno 130 BumoB
ppl0 — TpeTb BCEro CIHCKAa NPecHOBOAHBIX pbl0 Poccum. Pexku kpas yHUKalbHbIE MecCTa
BOCITPOM3BOJICTBA TUXOOKEAaHCKUX Jiococei. B IIpumopre uzBectHrl 22600 BUAOB HACEKOMBIX. JTO B
nBa pa3a Ooublie, yem B XabapoBckoM Kpae, B 3 pasa Oosbiie, ueM Ha CaxanuHe, U B 6 pa3 Oonblie,
yeM Ha Kamuatke. M3 Hux okosio 3000 Bua0B BcTpeyaroTcst ToyibKo B [Ipumopckom kpae. 13 93 BumoB,
BKIIIOUeHHBIX B Kpacuyto kaury P®, Tpets oOuTaeT uckimountenbHo B [Ipumopse [3].

Mopckue OHOJIOrHYecKHe pecypchl, OOWTAIOMME B POCCHICKHX BOJax SMOHCKOro Mops u
3anuBa [lerpa Benukoro yHukanbHbl: 30 BUIOB MOPCKHX MJIEKONUTAIOMIMX (TIOJEHH, JIAPTH, ECTPOH
HEpITbl, YepHas KacaTka, Nenb(uHbl); 322 BUAAa MOJUTIOCKOB (rpedemok, muaus ['pesi, HenTyHes,
YCTpHIIBI, aHajapa, CIH3ylia, KOPOUKYIBI, 300Tepa, KajdbMapbl, OCBMHUHOTU M 1p.); 618 BHuIOB
pakooOpa3HbIX (BOJIOCATHIN U MOXHATOPYKUN KpaObl, KPEBETKHU U JIp.); 74 BHUIA UTIIOKOKUX (TPETIaHT,
ATMOHCKAasA KyKyMapus, MOPCKHE €XH U 1p.); 677 BUIOB MIIOCKUX KPYTJIBIX YEPBEH U Jp.

Cpenu BU10B pbIO IpuMepHO 1/3 coCcTaBIAIOT I0KHBIE MUTPAHTHI (MeU-pbl0a, prida MyHa, Gyry,
akynsl (12 BHIOB), a Takke HPOMBICIOBBIE PbIOBI — MHUHTal, Tpecka, HaBara, cellblb, Kamoaa,
JATbHEBOCTOYHBIE JIOCOCH (KeTa, cuMa, ToJIell, Topoymia u np.). B 3anuBax onucanst 6onee 640 BuIoB
Boziopociel (aH(enblys, JaMUHapus U Ap.).

Hamu mpuBenena kpatkas XapaKTepUCTUKa BHAOBOTO pa3zHooOpasusi hayHbl U QJIopsl 0c000
OXpaHseMbIX TPUPOIHBIX TeppuTopuid [Ipumopckoro kpasi. OOIIT oOecrieunBarOT OrPOMHBIN BKJIAl B
COXpaHEHHME, BOCCTAHOBJICHME W H3YYE€HHE DKOCHUCTEM [UId JKU3HU YeJOBeKa, CTaOMIM3aluu
HKOJIOTUYECKOI 00CTaHOBKH, SKOJIOTMUYECKOTO POCBEILICHHSI HACEICHHUS.

BwMmecre ¢ Tem, xkuBoTHbIN U pactutenbHblii Mup OOIIT IIpumopss ucnbITEIBaET BO3AEHCTBHE
YeJI0BEKa, T03TOMY MHOT'HE SKOCHCTEMBI OKa3bIBAIOTCS HA TPaHU HcUe3HOBeHMsl. PaccMoTpuM Hanbosee
xapakTepHsble skoaoruueckue npoodiemsr OOIIT.

1. KanmaTrnueckne ocodennoctu Ilpumopsns. Spko BbIpakeHHBIH MyCCOHHBIN XapakTep
MIPUHOCUT XOJIOJIHBIE U CyXH€ BO3yILIHbIe Macchl U3 Mouronun u Cubupu 3uMoi, OOUIbHBIE T0XKIN
npu TaiiyHaX, TyMaHbl — JieToM. OOHUIIBHBIE CHEeTa 3UMOM (CHEXXHBIH MOKPOB 110 1,5 — 2,0 M.) 1 MOTIIHEIE
HaBOJHEHUS JIETOM MPUBOJIAT K THOEH )KUBOTHOTO U pactuTesbHOro mupa B OOIIT.

2. Tpancnopr. OH NpencTaBIeH BCEMU BUAAMU: aBTOMOOWIIBHBIN, KEJIe3HOJOPOKHBIH,
MOPCKOM, pe4HOi, BO3AYIIHBINA U TpyOoonpoBoaHblil. Teppuropun muorux OOIIT uzpesans! foporamu,
M0 KOTOPBIM JBHXKETCSI TPAHCIOPT, BHIOPACHIBAEMBI B OKPYXAIOIIYIO Cpely B3BELICHHYIO IbUIb,
JTMOKCHUIBI a30Ta U CEPbl, OKCUIBI YIIIepo/ia, (hopManbIeru/sl, caxa, TsSKellble MeTaluIbl (CBUHEL], ME/Ib,
Kele30, XpoM U 1p.). Pa3znuBel HeTEnpoOAYKTOB OT MOPCKHUX CYJIOB IPU UX 3alpaBKax, OYHKEpOBKa
TaHKEpOB B MOPTAX U HA peiizie, COPOCHI JIbsIBHBIX BOJ U JIp.
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3. CTponTeJbecTBO OOBEKTOB JKWIMIIHOTO M IMPOMBIIUICHHOTO HasHaueHHs. OcoObIX
HKOJIOTUYECKUX TPOOJIEM CO CTPOUTEIBCTBOM JIOMOB JUIS HACEJICHUS HET, KPOME KaKk B OOJBIIMX
ropogax Ilpumopsst (BrmagmBocrok, Haxomka, Yccypuiick), Korma uAET BbIpyOKa IIEHHBIX H
YHUKaJIbHBIX TOPOA Jieca, KycTapHUKOB. CTpPOUTENbCTBO, PEKOHCTPYKIMs, a B JajbHEeHIIeM u
9KCIUTyaTalysl yroJbHBIX TepMUHANIOB (1opT «Bepay, «Cyxonomn», nopt «llocker», B moc. CrnaBsiHKa,
Bpanrens u gp.), a Takke mpoOaeMbl pa3sMEUIeHHs KOMIAHMH He(PTEeXUMHUYECKOro U
raszonepepadaThIBAIONIECI0 KOMIUIEKca B akBaTopusx 3anuBa [lerpa Benukoro (BHKX — 3anuB Bocroxk,
I'aznpom — Bocrok CIII' TOH, H3MYV, mycopocxkurarenbsbiii cnenzaBosa Nel r. BinaausocTtoka u zp.)
TpeOYIOT MPOU3BOACTBA THOYTIIYOUTENBHBIX paboT, CTPOUTENHCTBO JOPOT AJISi TPAHCIOPTa BOJIU3U OT
OOIIT 3anosennuka «Kenpoas najap», HalMOHAILHOTO Napka «3emis Jleonapaay, pacioyioKEHHbIX B
XacaHCKOM paifoHe. DTO MPHUBEIET K Pa30PEHUI0 CAMBIX BBICOKONPOIYKTUBHBIX PHIOOMPOMBICIOBBIX
YUYacCTKOB, a TAK)KE€ K YHUUYTOKEHUIO JIECHBIX MAaCCUBOB, THOEIN MJIEKOIUTAIOIINX, ITULl, HACEKOMBIX U
Ipyroit OUOTHLI.

4. ArponpoMbIlIlIeHHbIH KoMIuIeke [IpuMopbsi, OCHOBHOW LENIbI0 KOTOPOTO SIBIISETCS
obecrieyeHrne IMpOJOBOJILCTBEHHONM 0€30MacHOCTM M HAChILEHHWE pbIHKA Kpas KaueCTBEHHBIM
IIPOZOBOJILCTBUEM, JOCTYIIHBIM JUIsl HACEJICHHUs, CO3/1aHNe YCTOMUMBOM ChIPbEBOI OTpacieil muieBon
U riepepadaThIBaIOIICH TPOMBIIIIICHHOCTH, COXPaHEHHE CeJIbCKUX MTOCETICHNH. BripamuBaHme 3epHOBOM
U KOPMOBOM NpOAYKIMHM, €€ IepepadoTka U XpaHEHHWE, CTPOUTENbCTBO M AKCILTyaTalus
KHUBOTHOBOYECKMX KOMILJICKCOB JJIsi KOPOB, CBUHEH M MTHUIIBI, pa3BUTHE KPECTHSIHCKHX ((pepmMepcKux)
XO3SIACTB U T.11., IPUBEIYT K 3arPA3HEHUI0 aTMOC(HEPHOTO BO3/1yXa, YBEITHMUEHHUIO COpOCca 3arpsI3HEHHBIX
CTOYHBIX BOJ B PEKH, 03epa U NpHUOpEKHbIE 30HBI SMOHCKOrOo MOps, Ie OOUTaeT yHHKaJlbHas
skocucrema [Ipumopss B OOIIT.

S. Pb160x03s1iicTBEeHHBII KOMILIEKC IIPEANPHUITHS KOMIUIEKCA €KEr0JHO BEUIABIMBAIOT OT
700 tbIC. T. 10 1200 THIC. T. BOogHBIX OHOpeEcypcoB, a 00beM MTPOU3BOACTBA NTepepabOTaHHbIN U PHIOHBIX
KoHcepBoB cocTaBisieT oT 580 Teic. T. 10 920 ThIC. T., 4TO cocTaBisgeT okojo 20% obiepoccuiickoro
BbUIOBA. OOBEKTHI aKBaKyJIbTYpHI (TpENaHr, rpedeioK, MUK, JJaMUHAPHS U Ap.) BbIpacTuian B 2022 1.
okoJio 8,35 Teic. T. ToBapHOl mpoaykuuy Ha 176 ppIOOBOAHBIX yyacTKax oOIiel miomaabio 6oaee 40
ThIC. Ta [4,7,8] OCHOBHOM YJIOB OCYIIECTBISETCS KOILIEIBKOBBIMU M CTaBHBIMH HEBOAaMHU. Bbu1oB
IIPOMBICIIOBBIX O€CIIO3BOHOYHBIX (MOJUIIOCKOB) — aHa/apa, CIu3yia, 300CTEPhl U Jp. OCYIIECTBISIETCS
caykaMH M BOJI0JIa3aMHU, a TAK)Ke BapBAPCKUM CIIOCOOOM — JiparamMu, KOTOpbIe HAHOCAT HETONPaBUMBbII
yiiep6 MOpcKoii skocucteme B OeperoBoii uepre. [para, kak rpabiiu, Morpyascb B MOPCKOE JHO 10
0,5 M, B3pBIXJSET BCKHO JKOCUCTEMY JIHA, BBIPHIBAET BOJOPOCIH, B3MY4YMBaeT BOAY. JTa MYThb
MIEPEHOCUTCST Ha OOJNbIIME paccTOsIHUA, yOuBas Bce KUBOE. BBUIOBIIEHHBIE MOJUIIOCKHM MPOJAIOTCS B
»uBoM Bujie B Kuraii, Kopero. AAnonuto u apyrue crpansl 3a gosiapsi|3]..

6. OTx0abl MPOU3BOACTBA U TMOTPEOJICHUS] pa3NUYHBIX KiaccoB omacHocTH (I-V) ot
CEJIbCKOT'0 X0341CTBa, TOOBIUN MOJE3HBIX UCKOMAEMbIX, JJIEKTPOIHEPTETUKU U COLIMATIBHBIX YCIYT: OT
65 10 120 MJIH. TOHH OTXO0/I0B B IoJ1 B Kpae, u3 Hux 5 — 10% nepepaboTka u 00e3BpeKuBaHue, OCTaIbHOE
3axopoHenne. Ha obOpamenue ¢ orxonamu B [Ipumopckom kpae npexycmorpeno 1702,34 muH. pyo.,
ucnonHeHo mo uroram 2023 roma — 1544,93 maH. py0. D10 HeOoMbIIas cymMMa MO OOECTIEUEHUIO
po0OieMbl 3konoruu(6,7].

7. JlecHble mokapbl 110 IPUYUHAM CEIbCKOXO035HCTBEHHBIX NAJIOB, JIECO3arOTOBUTEIBHBIX
MaJIOB, IO BUHE HACEJICHUS, OpraHu3aluidi U TPo30BbIX pa3psanoB. KomnuecTBo ecHbIX moxapos ¢ 200
o 2022 rox xonebmrotest ot 699 ciydaes (2003 r.) mo 137 (2005 r.). Jlecnas momans, mpoiaeHHAs
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noxapamu B niepuop 2000-2022 roast — ot 355775 ra. (2003r.) mo 4018 ra. (2007 r.). Cropeino
(moBpexneno) 20,9 teic. M3 neca, ymep6 — 13,8 muH. pyoueii [7].

8. BpakoHbepcTBO B COOTHOLIEHUH PEAKUX U UCUYE3AOIINX BUAOB )KUBOTHBIX M PACTEHUH.
W3 rona B rog 060CTpseTCs CUTYaLMs ¢ OTCTPESIOM, HEJerallbHbIM BBUIIOBOM M BBIBO30M B cTpaHsl FOro-
BocTounoil A3uM MyHIIHUHBL, HIKYp TUTPBI U APYTUX 3BEpel, MyCKYCHOMH kene3bl Kabapru, MeBEXbUX
Jan Y KeJYM, MaHTbl, KOCTU U JAPYrHe 4acTU TUIPa, HAa SHTOMO(payHy, KOPEHb JKEHbILIEHb, MOPCKHE
BOJIOPOCIIM, MOPCKHME MOJIIKOCKH, PakooOpa3Hble M MIVIOKOXKME (Tpebemiok, KOpOHMKysa, TpelaHr,
KpaObl, exu U Ap.). Hanocsarcs ymepo 6onee yem 160 Bumam nukoit dayasr u ¢uopsl [3], koTopas
HCIOJIb3YETCS B TPAIULIMOHHON KUTAUCKOM, SITOHCKOW U KOPEMUCKOW MEAULIMHE.

9. Maccosbie 3nm300otun 4 3nudurorun Ha OQOIIT. Ha onpenenenHoil teppuropun
MPOUCXOJIAT OCNCTBUS, CBSI3aHHBIE TJIABHBIM OOpa3oM C MAacCOBBIMH HH(EKIMOHHBIMH OOJIE3HIMHU
KUBOTHBIX (SMU300THM) W pPACTEHHH (ANU(PHUTOTHH), T.e. NPUPOAHBIC UYPE3BBIYAWHBIC CUTyaLUU
Ouosiornyeckoro xapakrepa. OHU MOTYT OBITh JIOKAJIbHBIMU T.€. HE BBIXOJAT 3a MpeJieNibl TEPPUTOPUHU
00BEKTa WM PErHOHATIBHBIMU, MEKPErHOHAIBHOTO XapakTepa. B IIpumopbe Kk 00s1€3HAM KUBOTHBIX
OTHOCUTCS: adpUKaHCKas 4yyMma JUMKHX CBUHEW, cHOMpcKas s3Ba, sulyp, Opyuense3, OeLIeHCTBO,
TyOepKyne3, NTHYUN TpHUII, JIETOCHMPO3, CANpPOJIETHHO3 Yy pbIO (MOpa)keHHe KOXKH, KabepHOro
ammapara, JIaBHUKOB, HKPHI), apasuTudeckue uepBu. K 0one3Hsm pacteHuit oTHocaTcs: GUToPTopos,
Iy3blpyaTas p>kaBuMHa XBOMHBIX, MyYHUCTAas poca, KOpHEBas r'yoka u 1p. YacTo Ha TEPPUTOPHUIO JIECOB
U TIOJIEM COBEpPIIAIOTCS MAacCOBbIE HAIIECTBMs  IIENKONpsa (IyOOBbIH, SITOHCKUMN, KJIEIEBUHHBIH,
KUTaWCKUM U JIp.), a TAKKE capaH4yM, Ky3HEUMKOBBIX U Jp. MOeAaroIIye Oobline MIOMaau pacTeHun
[3.7]

AHanu3upysi BBIIIECKA3aHHOE CJEIyeT OTMETUTb, YTO COXpaHEHHE OHOJIOTHYECKOro
pasHoOOpa3usi, Oopb0a ¢ 3arpsi3HEHHEM OKpyKarollel cpenapl, oOecrneyeHue Oe30IacHOCTH
YHUKaJIBHOTO )HBOTHOT'O U PACTUTEJILHOTO MHUpPA, PEAKHX U MCYE3AIOLIUX BUJIOB M MOABHIOB B 0COO0
OXpaHsIeMbIX HPUPOJHBIX TEPPUTOPUAX 3aBUCUT HE TOJBKO OT YINpaBieHUs, (UHAHCHUPOBAHUS U
roCy/1IapCTBEHHOI'O PETYJINPOBAHUSI OXPaHbl OKPYKAIOIIEH Cpelbl U MPUPOIONOIB30BaHUS, HAJI30PHO —
KOHTPOJIbHOM JESITeIbHOCTY MUHUCTEPCTB, BEJOMCTB, YUpPEXKICHUHN, IPOBEACHHBIX UMH IPOBEPOUHBIX
MEpPOIPUATUA U BBISBICHHBIX HapyIIEHUH, BBIJAHHBIX NpPEINUCAaHUM 00 YCTpaHEHUU HapyIIEHUN
3aKOHOJIATENbCTBA B cepe MpUPOAONOIb30BAHNS U OXPaHbl OKPYXKaroIlled cpesibl, MPUBICUYEHHBIM K
pa3NUYHBIM  BUAAM  OTBETCTBEHHOCTM M CyMMbl HaJlOKEHHbIX ITpadoB 3a HapylIeHHE
3aKOHOJATeIbCTBA, HO TJIAaBHBIM 00pPa30M 3aBUCUT OT CaMOI0 YEJIOBEKA U €ro:

- DKOJIOTMYECKOTO BOCIUTAHMUSA T.e. JESATEIbHOCTH, HAalpaBIeHHOW Ha (OpPMHpPOBAHUE
HKOJIOTUYECKOT0 CO3HAHUS JIMYHOCTHU U 3MOIIMOHATIbHO-HPABCTBEHHOT 0, TYMaHHOT'O ¥ OEpEXXHOTO
OTHOIIEHUS 4YeJloBeKa K MPHUPOJAE, CO3JaHHE YCIOBHHM Uil (OPMUPOBAaHUS MOTHBOB U
MOTPEOHOCTEN HKOIOTHIYECKH 11€7IECO00PA3HOTO TTOBEACHUS U ICSITEIHBHOCTH;

- DKOJIOTMYECKOTO 00pa3oBaHHUs, T.e. Mpollecca BOCHUTAHUS W OOy4YeHHUs, HAlpaBICHHBIX Ha
(hopMHpOBaHNE LIEHHOCTHBIX OPHUEHTALMH, MOPATbHO-3TUYECKUX HOPM IOBEJIEHUS, MOJyueHUE
CIEeLMANbHBIX 3HAaHUM W TpuoOpeTeHHe ombiTa B cdepe OXpaHbl OKpYXawolel cpemsl,
HKOJIOTUYECKOM 0€30MacHOCTH U UCIIOIb30BaHUs IPUPOTHBIX PECYPCOB;

- DKOJIOTMYECKOW KYJIBTYpPBI, T.€. COBEPIICHCTBOBAHHE MPO()ECCHOHAIBHBIX HABBIKOB M 3HAHUH B
cdepe oKpyKaromien cpebl U IKOJOTHUECKOW 6€30MMacHOCTH U caMoe INIaBHOE — (POpMUPOBaHHE
OepeXHOr0 OTHOUIEHHMsS] K MPUPOJE M BOCIUTAHUE D3KOJOTHYECKOW KYJIbTYphl HaceJleHUs
[Ipumopckoro kpasi.

20



Bectuuxk MAHDbB Tom 29, Ne4, 2024 VestniklIAELPS

bubéanorpadus

1. ®3 Ne33 ot 14.03.1995 «O06 0c0o00 oXpaHSIEMbIX TPUPOAHBIX TEPPUTOPHIT», C UBMEHECHUAMHU U
nonoHeHusMu Ha 23.02.2024r.

2. Oco0o oxpaHsieMble TeppUTOpHH Poccuu: coBpeMEHHOE COCTOSIHUE U MEPCIEeKTUBBI Pa3BUTHS. /
aBTopbl-coctaButenu B.I' Kpesep, M.C. CtuxoB, U.A. Onydpenss, WWF Poccun. M, U3n-Bo
«Opb6wuc I[ukrycey, 2019. — 456¢

3.  Hanpuuii Boctok Poccum: mnpupomHble yCIOBHS, PECypchl, SKOJIOTHYECKHE MpoOiIeMbl. /
Xpucrodoposa H.K. — M: Maructp, 2018. — 832 c.

4.  bepceneB F0.U., XpucropopoBa H.K. Ocobo oxpansiembie Tepputopuu IIpumMopckoro kpas.
BnamuBoctok: M3narensckuii nom BaaguBocToks, 2016. — 68 c.

5. TocynapcrBeHHsle nokmansl «O COCTOSHUM U 00 OXpaHe OKpykaromew cpeabl Poccuiickoit
®enepanuu B 2015, 2020, 2023 r. r». MunucrepctBo npupoast PO, M., 2023,2020,2015 . .

6. Hoknan «O06 skonoruueckoit cutyanuu B IIpumopckom kpae B 2023, 2020, 2015 romax».
[IpaButensctBO I[Iprmopckoro kpast — Bnanguoctok, 2015, 2020, 2023 r. r. — 264 c.

7.  Ilpupoanble pecypcbl U oxpaHa okpyxarwied cpenbl B IIpumopckom kpae. OdunuanabHOe
u3nanue. M3n-so Poccrar o Ilpumopckomy kpato. — Banusoctok, 2008, 2010, 2015, 2020, 2023
rozbel. — 60 c.

ECOLOGICAL STATUS OF AZERBAIJAN'S RIVERS IN POST-
OCCUPATION TERRITORIES

Kamila A.Majidli Azerbaijan University of Architecture and Construction, Baku, Azerbaijan,
kamila.jafarli@azmiu.edu.az,

Abstract. Restoring and improving the natural beauty of the Karabakh and Eastern Zangezur region,
which suffered from over three decades of occupation and severe ecological harm, is a pressing concern
today. Recommended initiatives include implementing environmental monitoring of local rivers,
constructing small water reservoirs, and establishing small-scale hydroelectric power plants. Since 2021,
a variety of studies have been undertaken, along with regular analyses of river water quality. Acts of
sabotage have significantly harmed the region's agriculture, environment, and irrigation systems.
Therefore, it is vital to implement effective purification methods and prevent such violations. Although
most river parameters are within acceptable limits, the presence of elevated nickel and copper levels is
concerning. While many metals remain below the WHO's safety thresholds, the variability in
concentrations—particularly for manganese, aluminum, and iron—emphasizes the importance of regular
monitoring to ensure water quality and identify potential sources of pollution. To guarantee the long-
term safety and quality of the water supply, continuous monitoring and potential mitigation strategies
are necessary. Thorough treatment is required to remove heavy metals before the water can be considered
safe for consumption. Furthermore, additional studies should be conducted to evaluate the impact of this
water on specific crops, and blending it with cleaner water sources should be explored whenever feasible.
Keywords: Analysis of Heavy Metals, Water Quality Monitoring, Pollution Levels Of Rivers, The
Quiality Indicators, Radioactivity Analysis, Microbiological Structure
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3KOJOI'MUYECKOE COCTOSIHUE PEK ABEPBAHI)KAHA HA
HOCTOKKYINAIIMOHHBIX TEPPUTOPUAX

Kamuna A.Magxuaian

AnHoTanus. BoccTaHoBieHue 1 yimydlieHUe MpupoHoit kpacoTel Kapabaxa u Boctounoro 3anresypa,
KOTOpBIE MOCTpajaid OT Oojiee YyeM TpexX ACCATUIICTHH OKKYIMaluh U CEPbE3HOT0 3KOJIOTUYECKOTO
yiep0Oa, ceroaHs fABIsSETCS HacylmIHOW 3ajgadeid. PexkomeHayemble WHUIMATHBBI BKIIIOYAIOT
OCYIIECTBJICHUE SKOJOTUYECKOT0 MOHHMTOPHUHTA MECTHBIX pEK, CTPOUTEIbCTBO HEOOJBLINX
BOJIOXPaHWJIMIIL ¥ MaJloMacIITaOHbIX ruaposiekTpoctaniuii. C 2021 roja ObUTH MPOBEAEHBI pa3IMUHbIE
HCCIIEOBaHMS, a TaKKe PEeryJsipHble aHadu3bl KauyecTBa PEYHOM BOJAbL. AKTHI caboTa)ka HaHECIH
3HAYUTENBHBIN YIIepO CEIbCKOMY XO3SIMCTBY, OKPY)KAIOIICH Cpele W HPPHUTAIMOHHBIM CHCTEMaM
peruona. [loaromy kpaitHe BaxHO BHEAPATh (PPEKTUBHBIC METOJBI OYUCTKH M TPEIOTBPAIIAThH
moo0HbIe HapylIeHHUs. XOTs OOJBIIMHCTBO MapaMeTPOB PEKH HAXOASTCA B JOMYCTUMBIX Mpezenax,
HaJIM4YMe TOBBIIICHHOTO COACPKaHU HUKENS U MEIU BbI3bIBACT OECIIOKONCTBO. XOTSI MHOTHE METaJLIBI
ocTaroTcs HUXKe ycTaHoBIeHHBIX BO3 moporoBsix 3HaUeHU 6€30MaCHOCTH, KOJIeOaH!sI KOHIIEHTpalui
— 0COOCHHO Maprasiia, aTFOMUHUS 1 Keje3a — MOAYEPKUBAIOT BAXKHOCTh PErYJISIPHOIO MOHUTOPUHTA
JUIsE 00eCIIeYeHHsI Ka4eCcTBa BOJBI M BBISABICHUS TOTCHIIMAIBHBIX MCTOYHUKOB 3arpsi3HeHUs. UTOOBI
rapaHTHPOBAThH JIOJITOCPOUYHYIO O€30MaCHOCTh U Ka4e€CTBO BOJIOCHAOXKEHHS, HEOOXOAMM TOCTOSIHHBIN
MOHUTOPHUHT M BO3MOXHBIE CTPATETUU CMSTUEHUS MOCIEACTBUM. [ yoaneHus: TsSKEIbIX METAJJIOB
TpeOyeTcsl TIIaTeNIbHAs OYHMCTKA, MPEXKIE YeM BOAY MOXKHO OyAeT cuyuTarh Oe30macHOW JyIs
notpebnenus. Kpome TOro, creayer NpOBECTH JOMOJHUTENbHBIE WCCIEIOBAHUS [UJIsl OLEHKU
BO3JICHCTBUS 3TOM BOJIbI HA KOHKPETHBIE CEIbCKOX03SUCTBEHHBIE KYIbTYPHI, & TAK)KE, 10 BO3MOKHOCTH,
pPaccMOTpeTh BO3MOXKHOCTh €€ CMEUIUBAHUS C 00Jiee YUCTHIMU HCTOUHUKAMHU BOJIBI.

KitoueBrsie cnoBa: Ananu3 Tspxensix Meranno, Mouutopunr Kauectsa Bonbl, YpoBHM 3arps3HeHus
Pexk, Ilokazarenu KauectBa, Ananus PagnoaktuBHocTi, Mukpobuonorudeckuii Cocran

1. Introduction

The southeastern part of the Lesser Caucasus between the Tartarchay Araz River and the rivers
of the volcanic plateau make up the rivers of the Karabakh region. Among these rivers, Tartarchay,
Gargarchay, Khachinchay, Karacachay are the right tributaries of the Kur, and Kondelanchay,
Bazarchay, Hekarichay, Okchuchay and Basitchay are the left tributaries of the Araz. Tartarchay and
Hekarichay (Bazarchayla) are the big rivers of the region, and the rest are medium and small rivers [4].
In addition to them, there are dozens of medium and small rivers that dry up in the region.
(Cakhmagchay). Tartarchay and Hekarichay, Bargushad river, Bisitchay and Okchuchay rivers of the
Karabakh region are important in terms of irrigation and energy resources. Rivers can be important for
the biodiversity (fish) that live there, as well as for drinking water. Revitalizing and enhancing the beauty
of the Karabakh and Eastern Zangezur region, which endured over 30 years of occupation and significant
ecological damage, is a key issue today [3]. Proposals such as conducting environmental monitoring of
local rivers, creating small-scale water reservoirs, and setting up small hydroelectric power stations are
highly recommended. However, the priority is to first assess the region’s current condition through
detailed monitoring. Since 2021, numerous studies have been conducted in this area, and regular
analyses of river waters have been carried out.

Based on research carried out in recent years, the possibilities of using graphene-based materials
in the preparation of membranes, which are important for the purification of water bodies, are being
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widely investigated. The study of their various properties is of great importance in terms of the reliability
of the layers to be prepared [18-23].

Table 1. Sample Water Quality Indicators: [4].

River pH Conductivity (TDS) Salinity | DO DO T Resistance
pS/cm mg/L % mg/L | % °C us/h
Oxchu River 7.87 508 254 0.03 8.89 | 96.2 | 19.2 0.047
Zangilan, 3rd Aghali 8.04 320 160.7 0.02 9.59 | 103.6 | 19.1 0.043
Hekari River 7.93 506 253 0.03 8.44 | 91.3 | 17.2 0.047
Zangilan, entrance bridge, | 7.96 228 114.1 0.01 9.46 | 101.9 | 18.9 0.043
Oxchu River

Table 2. Analysis Results of Water Samples Taken from the Oxchuchay River on June 2, 2022 [9].

Indicator | Unit of Measure Burunlu upstream Taghli middle stream Jahangirbeyli downstream
Fe pg/l 362,7 752 125
Mn pg/l 82,4 99,9 18,8

2. Matenials And Methods

In recent years, water samples have been periodically taken from the Tartar River (up until
August 2020). These samples underwent on-site rapid analyses and radiometric measurements, as well
as organoleptic, physicochemical, and microbiological analyses conducted in the laboratory of the
Azerbaijan National Academy of Sciences (ANAS). The results of the comprehensive analyses revealed
that the quality indicators of the Tartar River water do not meet the relevant regulatory requirements [3].
In 2023, the “Ministry of Ecology and Natural Resources” Caspian Complex Environmental Monitoring
Department conducted regular monitoring of water bodies in the liberated Eastern Zangezur and
Karabakh economic regions, specifically targeting the Oxchuchay river in Zangilan district to assess and
control pollution levels [8]. These monitoring efforts were carried out every ten days throughout the
year, with periodic reports prepared based on the analysis results and submitted to relevant authorities.
During the 2023 monitoring, 108 water samples were collected from various points along the upper,
middle, and lower reaches of the Oxchuchay. In total, 1,728 physical-chemical analyses were performed
on these samples. To assess pollution levels, 39 sediment samples were taken over the course of the year,
and 398 physical-chemical and 3 ecotoxicological tests were conducted to determine the presence of
heavy metals. The results revealed that zinc, iron, manganese, and copper concentrations were higher
compared to other metals. In the first eight months of 2024 (January-August), six water samples were
collected: three from the Kalbacar district and three from the Vang village. A total of 101 corresponding
physicochemical analyses were conducted by "AzelLab" LLC. Additionally, four monitoring sessions
were conducted in the Balasoltanli area of the Hekari River in the Qubadli region, resulting in the
collection of four water samples. "Azelab™ LLC performed 70 relevant physicochemical analyses on
these samples. During the first 8 months of the year (January to August), regular monitoring of the
Bargushad River was conducted every ten days. In total, 72 water samples were collected, and 1,170
physical-chemical analyses were performed. To determine and monitor pollution levels in the river, 24
sediment samples were taken over this period, and 240 physical-chemical analyses for heavy metals
were carried out by "Azelab™ LLC. The results indicated that concentrations of zinc, iron, manganese,
and copper were higher compared to other metals [8].
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At the same time on April 13, 2024, a sample was taken from the area known as Lachin
Boulevard and submitted for analysis at Azecolab's laboratory (number 21032-01) on April 15, 2024.
Several techniques were used for analysis, including IC, ICP-MS, spectrophotometric methods, and
respirometric methods.

Table 3. Methods of analysis

PP Code Test Parameter Test Unit Ref Method Technique LOD MU, %
1380A04 Nitrate (NO3) mg/L ASTM_D4327 IC 0.016 9
1380A05 Sulphate (SO4) mg/L ASTM_D4327 IC 0.02 8
2005A18 Nickel (Ni) pg/L EPA_6020B ICP-MS 0.02 2
2005A19 Copper (Cu) pg/L EPA_6020B ICP-MS 0.11 2
2005A30 Lead (Pb) pg/L EPA_6020B ICP-MS 0.01 2
3022A01 COoD mg/L ASTM_D1252B Spectrophotometric 4 11
3030A01 BOD5 mg/L SM_5210D Respirometric 1 14

The Limit of Detection (LOD) standards, along with the Measurement Uncertainty (MU), were
determined.

3. Results and discussions

3.1. Current situation of rivers Flowing in the Kharabakh and Eastern Zangazur Regions

The water resources in the Karabakh region, calculated using the CWBM method, were estimated
to be 2.127 km? in 1998 and 1.804 km? in 2021. Over this time, there was a 15.2% reduction in total
water resources with the Complex Water Balance Method indicating a decrease of 9.87%). By 2021, the
long-term flow coefficient of Karabakh rivers was 0.2431, signifying that 75.7% of precipitation did not
contribute to the total river flow and was utilized by other sources. During this period, surface runoff’s
share in river replenishment fell to 47.9%, while underground runoff rose to 52.1%.

The rise in underground runoff is attributed to an increase in soil moisture levels, both maximum
and actual, while the drop in surface runoff is linked to a higher rate of evaporation. It was found that
4.9% of the decrease in water resources from 1998 to 2021 was caused by climate-related factors, while
the remaining 10.3% was due to other influences [1].

Analysis of Water Quality Monitoring Results (2021-2024)

During the monitoring of Zabuxchay, Khachinchay, and Kondelenchay throughout the year,
water samples were analyzed, and the quality indicators were found to be within permissible limits.
Notable findings include:

e Inthe Tartar River, the concentration of iron (Fe) was 1.2 times higher.

¢ In the section of the Hekari River passing through the Zangilan region, cadmium (Cd)
levels were 1.3 times higher.

e In Tutqunchay, cadmium (Cd) levels reached 2.9 times higher than permissible limits.

¢ Inthe section of Quruchay passing through Fuzuli, iron (Fe) levels were 1.5 times higher,
while in the section near Shukurbeyli village, cadmium (Cd) levels were 4.0 times higher
than allowable limits.

Throughout 2022, monitoring of Hekari, Zabuxchay, Tartar, Tutqunchay, Quruchay, and
Kondelenchay resulted in water sample analyses that indicated quality indicators remained within
permissible limits. In 2023, monitoring was conducted quarterly on Zabux, Quruchay, Khachinchay,
Tartar, Hekari, and Kondelenchay. Analysis of samples from Zabuxchay and Quruchay confirmed that
the quality indicators were within allowable limits. Irrigation and energy purposes have led to the
construction of the Sarsang and Sugovushan reservoirs on the Tartar River. Currently, several small
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hydroelectric power stations (SHPS) have been built and commissioned along different sections of the
river. During the first eight months of this year (January-August), a total of 6 water samples were
collected from two locations on the Tartar River—3 samples from the Kelbajar district site and 3 from
the Vang village site. These samples were subjected to 101 relevant physical-chemical analyses by
“AzelLab” LLC. Based on the analysis results, it was found that only the concentration of iron (Fe),
among the heavy metals, exceeded the permissible concentration limit by 1.1 times during the second
quarter of this year, and only at the Kelbajar district site [8].

1000 858,0
800
600
400 300 300 300 300
200 5€V ° S 535
0 =0
February May June October

Figure 1. Change dynamics of iron (Fe) in Hekarichay's water environment for 2023.

Consentration limit is 300 mg/I.

Table 4. Parametrs of some analysis taken from Lachin boulevard region on April 13, 2024

. WHO
Test Parameter Unit = Result Guideline EPA Standard Notes
. High levels can cause methemoglobinemia (blue baby syndrome)
Nitrate (NO3) mg/L 1.7 <50 mg/L <10 mg/L and other health issues.
Sulphate (SO4) mg/L 143 <250 mg/L <250 mg/L Excessive sulphate can cause gastrointestinal issues and affect
water taste.
Nickel (Ni) ng/L 3.8 <0.07 mg/L <0.1 mg/L Nickel in drinking water should be kept low to avoid health risks.
High copper levels can cause gastrointestinal problems and
Copper (Cu) ng/k 3.32 =2.0mg/L =13mg/L discoloration of water.
Lead (Pb) T, <001 <0.01 mg/L <0.015 mg/L Lead is highly toxic, and evaig L%\ﬁc:?;/ﬁls can be harmful, especially
Not directly COD is generally more relevant for surface water; low levels are
cob mg/L 6.01 = 25-50 mg/L regulated preferred for water quality.
BODS mg/L 4,00 < 5-10 mg/L Not directly BODS is more relevant fo_r su_rface water; Iqw levels are preferable
regulated for drinking water quality.

During the first eight months of 2024 (January-August), monitoring of the Hakari River was
conducted once per quarter. A total of 3 water samples were collected and subjected to 49 relevant
physical-chemical analyses.

Nickel (Ni): The nickel concentration of 3.8 pug/L exceeds the WHO guideline of < 0.07 mg/L
and is close to the EPA standard of < 0.1 mg/L. It is crucial to address this level, as prolonged exposure
could pose health risks. Copper (Cu): The measured level of 3.32 pg/L also surpasses both the WHO
guideline (< 2.0 mg/L) and EPA standard (< 1.3 mg/L). High copper levels may lead to gastrointestinal
problems and affect water quality, necessitating further investigation and potential remediation.
Lead (Pb): The lead concentration is <0.01 ug/L, which meets the stringent guidelines set by both WHO
and EPA. This is a positive result, as lead is highly toxic, especially for children. While most parameters
are within safe limits, attention should be directed towards the elevated levels of nickel and copper.
Continuous monitoring and potential mitigation strategies are recommended to ensure the long-term
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safety and quality of the water supply. Based on the analysis of the water samples taken from the Hakari
River, the quality indicators in all samples were found to be within the permissible concentration limits.

Based on the analysis results of water samples taken from the Oxchu River in 2023, the dynamics
of pollutant variations by ten-day periods in the water environment are as follows:

Table 5. Summary of Water Quality Parameters (Shayifli Region)

Hardness NH4 Mn Mo Fe SO4
PCL=7 PCL =05 PCL =100 PCL =250 PCL =300 PCL =500
[ IRl ERIERi I 1] i | in |1l I i | i [ 1|1
January 16.4 | 165 00| 13 144 | 574 164 | 308 392 | 908 372 | 586

February 171 | 140|100 | 13 [ 1.2 | 24 | 438 | 642 | 674 | 233 | 247 | 674 | 638 | 808 | 811 | 498 | 476 | 277

March 106 | 108 | 99 | 15| 16 | 16 | 427 386 625 | 234 | 170 | 233 | 875 | 104 | 183 | 372 | 381 | 247

April 11.8 8.4 76 | 00|00 | 00 | 163 175 153 | 954 | 202 | 219 | 223 | 886 | 664 | 205 | 104 | 200
May 8.8 8.4 6.0 | 0.0 | 0.0 | 0.0 | 414 | 319 158 | 234 | 204 | 122 | 203 | 111 | 946 | 212 | 294 | 171
June 3.1 389 | 42 | 00| 00| 00 | 212 170 143 | 385 | 444 | 65 154 | 705 | 444 | 93 | 133 | 141
July 4.86 6.0 69 | 00| 00| 00 | 325 102 238 | 135 | 143 | 245 | 181 | 511 | 101 | 129 | 205 | 217

August 7.3 776 | 83 | 00 | 02| 00 | 125 | 198 | 348 | 221 | 248 | 237 | 564 | 341 | 589 | 213 | 225 | 253

September 8.2 8.1 80 [ 01|00 | 00 | 112 | 108 75 | 263 | 141 | 949 | 405 | 77.1 | 445 | 251 | 257 | 372

October 969 | 833 | 101 | 00 | 00| 0.0 | 358 | 1427 | 20.5 | 153 | 126 | 170 | 53.1 | 51 | 37.7 | 359 | 390 | 403

November | 10.45 | 125 | 124 | 0.0 | 0.0 | 1.1 | 81 276 140 | 735 | 273 | 114 | 81 | 162 | 76.6 | 348 | 476 | 498

December 114 (923 | 11 | 0.0 | 0.4 | 0.0 | 200 35 458 | 295 | 237 | 277 | 161 | 87.7 | 75.1 | 400 | 272 | 365

Observations:

e Hardness levels vary, with the highest in February.

e NHg4 levels are consistently low, mostly at 0.0, except for February and March.
e Mn shows significant variation, peaking in March.

e Mo remains mostly low, with peaks in March and May.

o Fe levels fluctuate significantly, especially high in March and August.

e SO levels also vary, with notable peaks in March and October.

During the monitoring conducted over the first eight months of 2024 (January-August), a total
of 91 water samples were collected from observation points covering the upper, middle, and lower
reaches of the Oxchuchay River, with 1,474 corresponding physicochemical analyses performed. To
determine the level of pollution, sediment samples were collected during the current year, and 240
relevant physicochemical analyses for heavy metals were conducted. Based on the results, it was
determined that the amounts of zinc, iron, manganese, and copper were higher compared to other metals.

In 2024, A total of 24 water samples were collected from the Shayifli point of the Oxchu River,
with 390 corresponding physicochemical analyses conducted. Based on the analysis of the water sample
results, the pollution levels in the area were found to exceed the allowable concentration limits by 1.4 to
2.0 times, with the highest pollution recorded in the second ten-day period of March. The concentration
of ammonium ions (NH4) varied from 1.8 to 4.4 times above the permissible limits, with the highest
levels occurring in the second ten-day period of January and the first ten-day period of February. Among
heavy metals, the concentration of manganese (Mn) was found to be 1.1 to 4.0 times higher, peaking in
January, while molybdenum (Mo) levels in January were 1.1 to 1.2 times above the limit. Iron (Fe) levels
were above the permissible limits by 1.2 times in the third ten-day period of March. It is worth noting
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that in February of the current year, due to observed changes in the water environment of the Oxchu

River (such as

the foul odor spreading from the river to surrounding areas and the presence of large and

small household and industrial waste flowing from upstream), intensive monitoring has begun to assess
the pollution levels in the water environment.
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Figure 2. The dynamics of the change of Mn in Oxchu river Shayifli region by ten days of 2023 year
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Figure 3. Dynamics of Fe change of Oxchu river Sayifli region by ten days of 2023 year

Based on the analysis results of water samples taken from the Khachinchay in the second

quarter, the fol

lowing findings were observed:

In the second quarter, the concentration of iron (Fe), an indicator of heavy metals, was
1.2 times higher.

Monitoring results from the section of the Tartar River passing through the Kalbajar
region indicated that the amount of iron (Fe) was 2.5 times higher in the second quarter.
In the section of the Tartar River that runs through Vang village in Kalbajar, monitoring
in the first quarter revealed that ammonium ion (NH4) levels were 9.4 times higher, while
in the second quarter, iron (Fe) levels were 2.4 times higher, and in the third quarter, iron
(Fe) levels were 1.6 times higher.

For the Tutqun River, monitoring results from the Comard village area in Kalbajar
showed that in the third quarter, the concentration of iron (Fe) was 1.8 times higher.

In the Kondelen River, monitoring from the Red Bazaar settlement in the Fuzuli region
indicated that the concentration of COD (Chemical Oxygen Demand) exceeded the
allowable limits by 1.1 times.
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According to the results of various sediment analyses conducted at three different points of the
Besitchay River during the first eight months of 2024, the findings from the Rezdere point are presented
in the table below

Table 6. Heavy Metal Dynamics in the bottom depressions of Basitchay river in Rezdere region

January | February | March April May June July August Per[?:s?ible

Mn 504 487 456 505 500 456 536 476 100
Co 7.01 4.88 2.56 6.16 7.05 6.77 7.12 8.96 100
Pb 9.0 6.77 4.56 9.76 7.8 5.08 4.89 4.88 30

Ni 28.77 235 2.56 26.1 20.8 29.6 34.5 18.4 100
Cr 27.05 30.9 22.1 34.9 30.4 34.3 30.44 33.3 350
Mo 16.55 10.04 0 0 0 0 0 0 250
Cd 0 0 0 0 0 0 0 0 100
Fe 28710 24560 24560 22,00 26,89 24630 26300 22400 300
Zn 66.7 50.4 41.56 35.1 40.2 35.6 47.5 48.7 1000
Cu 48.77 37.4 42.3 171 15.7 19.6 6.19 11.9 1000

Observations:
Mn consistently exceeds the permissible limit.
Co, Ni, and Pb levels vary throughout the months, but Pb is notably high in January and April.

Mo and Cd levels remain at zero across all months.
Fe levels are significantly higher than the permissible limit, particularly in January.

Zn and Cu levels fluctuate but remain below their respective limits.
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Figure 4. Heavy Metal (Zn and Cu) Dynamics in the bottom depressions of Basitchay river in
Rezdere region
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Based on the analysis of the results, the concentration of iron (Fe), among the heavy metals,

exceeded the permissible concentration limits in several instances along the Bargushad River.

Specifically, in the Gubadli area during the third decade of June, the iron concentration was 1.3 times
above the limit. In the Gilijan and Aliguluugagi areas during the first decade of July, it exceeded the
limit by 1.6 times, while in the Gubadli area, it was 1.4 times over the limit. The dynamics of iron (Fe)
concentration across different locations, based on the water samples collected from the Bargushad River

over an eight-month period, reflect these fluctuations.

Table 7. Dynamics of change of heavy metals in the bottom depressions
in the Bargusad River (Gubadli Region)

January February March April May June July August
Mn 788 788 644 691 573 545 536 612
Co 6.5 4.22 2.04 12.04 8.05 5.96 6.96 6.29
Pb 2.44 3.25 4.12 18.3 14.7 11.04 0.88 12.66
Ni 9.77 6.44 5.11 2.07 5.06 3.83 8.99 4.56
Cr 7.01 4.55 3.44 26.9 31 25.4 20.4 27.4
Mo 4.55 0 0 0 0 0 0
Cd 0 0 0 0 0 0 0
Fe 24630 29360 25320 23,5 24,68 28760 21890 24780
Zn 44.4 31.7 36.05 63.6 59.8 47.8 53.6 39.5
Cu 40.55 29.7 20.04 45.6 40.3 47.6 53.4 35.6

address these concerns and protect the river ecosystem.

29

The Bargusad River exhibits concerning levels of manganese and iron, both of which consistently
exceed permissible limits, indicating potential ecological risks. Lead concentrations spike in April,
warranting further investigation into possible contamination sources. Other metals remain within safe
limits, suggesting localized issues rather than widespread pollution. Regular monitoring is essential to
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3.2. The purification process using graphene oxide-based membranes.

The selection of graphene oxide-based membranes in the purification process is associated with
several advantages:

1. Graphene oxide-based membranes have a large surface area, allowing adsorption (absorption)
of heavy metal ions in water. Functional groups of membranes (hydroxyl, carboxyl groups) allow to
create chemical bonds with these metal ions and remove them from water.

2. Graphene oxide-based membranes have a selectivity that can filter certain molecules and ions
based on the size of the ion. Heavy metal ions can be absorbed more easily than other substances in
water, which allows metals to separate from water.

3. Graphene oxide-based membranes are chemically stable and can work in different conditions
(pH, temperature, chemical contaminants). This makes them effective in treating industrial wastewater
and hard-to-treat water sources.

4. The structure of graphene oxide can react with metal ions and ensure their adhesion to the
surface of the membrane based on them. It helps to effectively remove heavy metals from water. In
particular, graphene oxide membranes have high efficiency indicators for removing metals such as Pb*,
Cd** and Hg** from water.
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5. The process of water purification by means of graphene oxide-based membranes occurs faster,
which means that they have less energy consumption than by means of traditional water purification
technologies.

When heavy metals released from industrial processes contaminate water sources, graphene
oxide-based membranes can effectively remove these metals. They also hold significant potential for
treating wastewater from the mining industry, where heavy metal concentrations are often high. By
utilizing graphene oxide membranes, water contaminated with heavy metals can be transformed into
potable water, which is particularly crucial in regions experiencing significant heavy metal pollution.

4. Conclusion

The rivers flowing from Karabakh and Sarki Zengezur regions are famous for their unique
biodiversity. However, due to this ecological terror, the living beings here have been suffering for years
and have had difficulties in developing 17 pecies of Carps (approximately 75% of all species), River
goldfish, naked angora, naked Kura, Caucasian loach, golden loach, Caucasian catfish

¢ Kondelenchay: Contains 14 different fish species

e Qargarchay: 8 species of fish found here

e Terterchay: Hosts 14 species of fish

e Besitchay, Oxchuchay, and Hekerichay: 22 species of fish
e Hekerichay: 10 species of fish

e Terterchay: 6 species of fish

Species Listed in the "Red Book™ of the Republic of Azerbaijan:

e River Goldfish: Found in Zoangilan, Lachin, and Qubadl1 districts, as well as in Kelbecer
e Zerdeper: Found in Zangilan, Lachin, and Qubadl districts, and in Xocali and Fiizuli
Microbiological Contamination: Until August 2020, the microbiological contamination of
Tartar River was characterized by serious issues. Analyses indicated that the river contained:
e The number of E. coli was 3-4 times higher than acceptable levels.
e Non-permissible cocci (Staphylococcus aureus), microscopic fungi (Candida,
Aspergillus), and pathogenic bacteria (Salmonella) were detected in drinking water.

These results showed that Tartar River water was unsuitable for direct drinking. The
microbiological contamination was linked to the discharge of organic waste from the Sugovushan
reservoir, located near the Armenian armed forces.

Purification Stages: The contamination of Tartar River with organic waste required the
application of both mechanical and biological purification stages. Implementing a multi-stage complete
purification cycle could help make this water safer.

Post-War Changes: After the victory of the Azerbaijani Army in the 44-day Patriotic War,
positive changes were observed in the microbiological indicators of Tartar River water: The number of
pathogenic microorganisms significantly decreased [2].

In 2023, hydrobiological monitoring was conducted in the spring, summer, and autumn
seasons—specifically in April, June, and October—to study the hydrofauna of the Okhchuchay River.
During the monitoring, a total of 4 macrozoobenthos samples were collected from the upper, middle,
and lower reaches of the river, and species identification analyses were carried out by "Azelab" LLC.

[8].
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According to the analysis results:

e In the samples taken in April, a total of 13 species of macroinvertebrates belonging to the
Insecta and Annelida classes were identified. Among these species:

- 4 species of meso-saprob organisms were considered adapted to live in moderately to
slightly polluted waters.9 species of poly-saprob organisms were identified as organisms
adapted to live in polluted waters.

e In the samples collected in June, a total of 243 macroinvertebrate species belonging to
the Insecta and Annelida classes were identified. Based on the analysis of these species:

- 3 species of oligo-saprob macroinvertebrates were found to be adapted to live in slightly
polluted waters, with a total of 45 organisms. 4 species of meso-saprob
macroinvertebrates were identified as living in moderately polluted waters, with a total
of 195 organisms. 1 species of poly-saprob macroinvertebrate, belonging to the Annelida
class and adapted to live in polluted waters, was found, with a total of 3 organisms.

¢ Inthe samples collected in October, a total of 57 species of macroinvertebrates belonging
to the Insecta class were identified. Among these species:

- 5 species of oligo-saprob and oligo-meso-saprob organisms, living in clean and slightly
polluted waters, with a total of 23 organisms. 2 species of meso-saprob organisms, living
in moderately polluted waters, with a total of 26 organisms. 1 species of poly-saprob
organism, living in polluted waters, with a total of 8 organisms.

These analyses highlight the diversity of macroinvertebrates that are adapted to different
pollution levels in the river environment. Each of these organisms has been identified as living in
polluted waters. Research indicates that some organisms, such as those from the Hydropsychidae family
of the Trichoptera order, which typically live in clean waters, can adapt to live in moderately polluted
or polluted waters if a clean water environment is not available. This adaptive ability is a broad biological
characteristic that allows organisms to adjust to changing environmental conditions.

Research studies related to the use of biomass obtained during the treatment of polluted rivers
for various energy production purposes, as well as in thermochemical processes [13], for the production
of biomethane through an anaerobic process [14], and cleaning from microalgae [15-17] have been
conducted. As a result of these studies, the application possibilities of the purification process in green
energy systems have been explained in detail, and it is planned to continue research on their future
prospects.

Graphene oxide-based membranes have a process for removing heavy metals from polluted water
sources. Heavy metals from polluted water bodies, pollutants of water sources, serious damage to the
environment and human health are the basis of various studies. These metals are elements such as lead
(Pb), mercury (Hg), arsenic (As) and cadmium (Cd), which pose a great threat to human health.
Graphene oxide-based membranes help to effectively separate these metals from water and produce
clean water.

At the same time, these membrans are one of the revolutionary innovations in water treatment
technologies. By effectively removing heavy metal ions from water, they can find a wide range of
applications in both industrial wastewater treatment and drinking water supply. These membranes are
considered as an environmentally efficient and high-performance water treatment technology.

General Observations: Factors affecting the microbiological structure include human activities,
industrial waste, agricultural influences, and natural conditions. Microbiological analyses of Oxcuchay
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are essential for ensuring that the water meets sanitary standards for drinking. These analyses should be
conducted regularly to monitor water quality.
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3KCHEPUMEHTAJIBHOE UCCJEJOBAHUE BO3JIENCTBUA
BUOJIOTUYECKHU AKTUBHOI'O CPEACTBA JIs1 IEHEHUA
3ABOJIEBAHUI OITOPHO-JIBUTATEJIBHOM CUCTEMBI «PELAMIN ®»
HA MUKPOLUPKYJIALUIO.

Nuwomkuna E.M., xangugar OWOIOTHYECKUX HayK, JoneHT, CaMapCKkuii HalMOHAIBHBIN
HcclieloBaTeNibCkuil  yHuBepcuTteTr uMeHu akagemuka C.II. Koposesa, Camapa, Poccus,
E-mail: inyushkina@mail.ru; Bopooses I.B., mpodeccop, nokTop MeaunuHckux Hayk, OO0 «lleHTp
MEIUIIMHCKUX HHHOBalu noktopa Bopobsera J1.B.», Camapa, Poccust; Cepénkuna A.B., maructpasr;
NuomkuH  A.A., npodeccop, MOKTOp Ouosormueckux. Hayk, Camapckuii HalIMOHATbHBIN
uccnenoBareinbckuii  yHuBepcuteT uMeHd akaaemuka C.JUII. Koponesa, Camapa, Poccus;
Poguenko M.A., Bpau-uetipoxupypr, ¢pusuorepanesT ' BY3 CO TonbsarTrHCKas ropoackast 00JbHHUIIA
Neo 5, TonbsTTu, Camapa

AunHoTauus. B pabore n3ydanach 3PeKTHBHOCTh BO3ACHCTBUS OMOIIOTUYECKN aKTHBHOTO CPE/ICTBA
JUIs JedeHus 3a0oaeBaHuil onopHo-asuratenbHoil cuctembl «PELAMIN ®» Ha cocyabl yxa KpOJIUKOB.
DKCrepuMEHTHl NIPOBOAMIMCH Ha KpOJMKaX OJHOIO Beca W Bo3pacrta. B kauectBe oOBEKTa
HCCIIEIOBAaHMsI UCIIOJIb30BAIM YIIM KPOJIMUKOB, T.K. OHU TOHKHE U MOKPBITHI HEOOJIBIINM KOJIHMYECTBOM
LIEPCTH, COCYbl yXa BU3YAJIM3UPYIOTCS YeTko. B paboTe ObL1 McclieoBaH TUaMeTp YIIHOW apTepuu
KpOJIIMKOB TpHU  BO3JeicTBUM  Ouonornuecku aktuBHoro cpeactBa «PELAMIN  ®» Ha
napaBepTeOpabHyI0  00J1acTh HKCHEPUMEHTANbHBIX JKUBOTHBIX. B pe3ynabTare MNpOBEAEHHBIX
UCCIIEIOBaHUM HaMM OBLJIO BBISBICHO, 4YTO AaNIUIMKAlUM OWOJOTMYECKH AaKTHUBHOTO CpE/ICTBa
«PELAMIN ®» oxa3bIBaeT Ba30UIaTaTOPHOE ACHCTBUE HA YIIHYIO apTE€PHUIO KPOJIMKOB B HUKHEH,
CpelHeH U BepxXHEH ee 4acTu ¢ 00pa30BaHUEM HOBBIX KOJUIaTepasei.

KuaroueBble cioBa: yxo Kpojuka, Ouonoruuecku axktuBHoe cpelnctBo «PELAMIN®y», nuamerp
COCYJIOB, TapaBepTeOpabHas 00J1aCTh, MUKPOLUPKYIISLIUS.

AN EXPERIMENTAL STUDY OF THE EFFECT OF A BIOLOGICALLY ACTIVE AGENT
FOR THE TREATMENT OF DISEASES OF THE MUSCULOSKELETAL SYSTEM
"PELAMIN®" ON MICROCIRCULATION.

E.M. Inyushkina, D.V. Vorob'ev, A.V. Seredkina, A.A. Inyushkin, M.A. Rodchenko

Abstract. The work studied the effectiveness of the effect of a biologically active agent for the treatment
of diseases of the musculoskeletal system "PELAMIN®" on the vessels of the ear of rabbits. The
experiments were conducted on rabbits of the same weight and age. Rabbit ears were used as the object
of the study, because they are thin and covered with a small amount of wool, the vessels of the ear are
clearly visualized. The diameter of the ear artery of rabbits was studied when exposed to the biologically
active agent "PELAMIN®" on the paravertebral region of experimental animals. As a result of our
research, we found that the application of the biologically active agent "PELAMIN®" has a vasodilatory
effect on the ear artery of rabbits in its lower, middle and upper parts with the formation of new
collaterals.
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Keywords: rabbit ear, biologically active agent "PELAMIN®", vascular diameter, paravertebral region,
microcirculation

Beenenne

OxazaHue KaueCTBEHHOM IIOMOIIM NalMeHTaM ¢ 3a00JIeBaHUSMH M TpPaBMaMH OIOPHO-
JBUTATEIbHOW  CHCTEMBbl  SIBJIIETCSI  AaKTyaJbHBIM  BOIIPOCOM  obOecredyeHus:  0e30MacHOCTH
KHU3HenesTeNbHOCTH. OcTaeTcsi BHICOKUM YPOBEHB 3a00J1€BA€MOCTH, CBA3AHHBIN ¢ OBITOM U YCIIOBUAMU
Tpyaa. B ocHoBe peabminTtanuu mnocie NepeHECEHHbIX 3a001€BaHNN WM MTPOU3BOICTBEHHBIX TPABM
JISKUT UENbld KOMIUIEKC MEpOIPHUATHH, HANpaBIEHHBIX Ha YCTpAaHEHHE BOCHAJCHHS, OOJEBOTO
CHHIpOMAa M YJiydlieHus kpoBocHaOxkenus [1,2,7]. C aroil nenbto 3(QGEKTHBHO HCIONIB3YIOTCS
OMOJIOTHYECKH aKTUBHBIE CPE/ICTBA, M3TOTOBJICHHBIE U3 KOMIIOHEHTOB MPUPOJIHOTO MPOUCXOKICHHUS —
Je4eOHOM Ipsi3H, TIIMHBI, JEKAPCTBEHHBIX pacTeHui, onmodura u ap. [3,5].

Onnum u3 Takux cpeacts siBisgercss «KPELAMIN ®»— Guosiorndecku akTUHBHOE CPEJICTBO, IS
JeueHust 3a00JIeBaHUM ONOpPHO-IBUIaTeNbHOM cuctembl.  Ero jeueOHoe aeilicTBHE 0ObBSCHSAETCS
COJIepKaHUEM TPUPOAHBIX  OPraHMYECKMX W HEOPraHWYECKUX BEILECTB, CIIOCOOHBIX YIy4llaTh
MUKPOLUPKYJIALHUIO U OKa3blBaTh IMPOTHBOBOCHAIMTENBHOE JIeHCTBHE, YTO OJaroTBOPHO BIIMSET Ha
BOCCTAHOBIICHHE HOPMAIIbHBIX (PU3HUOIOTHYECKUX TPOLIECCOB B opranusme [7, 9].

Heas ucciaenoBanusi: M3ydyenue >PQPeKTUBHOCTH BO3ACHCTBHS OHMOJOTUYECKH AKTHBHOTO
CpeacTBa s jJeueHus 3a0oseBanuil onopHo-aBurarenbHoi cucremsl «PELAMIN ®)» Ha cocynbl yxa
KPOJIMKOB.

Marepuajibl 4 MeTObI HCCIeI0BaHusA. B dsKkciepuMeHTax y4acTBOBaJIM 6 KPOJIMKOB OJHOTO
noMera Bo3zpactoM 3 Mecsua. Kpoiauku Hamu ObUTH BEIOpaHbI IOTOMY, YTO pa3Mep UX ylueil onTumMalieH
Ui MccaenoBaHus. TKaHb yxa TOHKas U MOKPbITAa MAJIbIM KOJIMYECTBOM LIEPCTH, M IMO3TOMY COCYbI
yXa BU3YAJIM3UPYIOTCS TOCTATOYHO yeTko. CHauana 6 KpOoJMKOB ObUTH KOHTPOJIBHOW TPYIIOH, 3aTeM
OHU € — ONBITHOM Tpynmoil. DTo ObUI0O HEOOXOOUMO H3-3a HAJIMYUS WHAWBUAYAJBHOTO PUCYHKa
COCYJZIOB yXa Yy KPOJHKOB. B mccieoBannu OBUIO MCIIOJIB30BaHO OMOJOTHMYECKH aKTHBHOE CPEICTBO
«PELAMIN®». T.K. MUKpOCOCYJbl B yX€ KpOJHMKa IPEICTaBICHbl OOLIMPHON CEThI0O HaMM ObUIN
WCTOJNB30BaHbl  CpefcTBa BH3yanu3anud. OOCUYMTHIBANACh BEPXHSSA, CPEAHSAS W HIKHAS YacThb
[CHTPAJIBHOW YIIHOW apTepHH, COTIIACHO aHATOMHYECKOI 0COOEHHOCTH yXxa Kpousnka [9].

DKCIepUMEHTHI TPOBOJIMIN C COOIIOZCHNEM BCeX OMOATUYECKUX HOPM U MpaBUil. Pe3ynbTarhl
oOpabatbiBaiu B mporpamMe lmage J, mosBossiromied u3MepsaTh auameTp cocyaoB. ['papudeckyro
00pabOTKy IKCIEPUMEHTAIBHBIX JaHHBIX OCYLIECTBISUTH C MOMOIIBIO porpammel Sigma Plot 12.0.

Wzmenenus, npoucxopasmue a0 anmmkanuiit BAC «kPELAMIN ®y, na 1,3, 5, 10 u 15 munyTax
BO3/€HCTBUI, OBLTH TPOAHATU3UPOBAHBI C TOMOIIBIO OTHOCTOPOHHUX IMOBTOPHBIX U3MepeHnit ANOVA.
JIJ1st OIIEHKH pa3Inyuid MeX Ty 3HAUYCHHUSIMH JI0 SKCIIEPUMEHTA | TI0CIIe, UCTIONIb30BaIM TTapHbIH t-TecT.
Pesynbpratel npencraBiieHsl B Buie cpeaHero. Paznuums cunranuck 3HaunMbIMu Tpu p <0,05.

Pesynbrarhl ncciaenoBaHuss U UX oOcyxjaeHue. UYUToObl BBIICHUTH OyaeT JM MPOUCXOAUTH
W3MEHEHUEe JTuaMeTpa COCYIOB NpH amniuUIMKallid Ha MapaBepTeOpaibHylo oOmacth Kpoimka BAC
«PELAMIN ®», Hamu Obl1a IpOBECHA CEPUsl IKCIIEPUMEHTOB.

B pesynbTare mpoBeIEHHOTO HCCIIEAOBAaHHS HaMU ObUIO BBISBICHO, YTO BEPXHAS 4YacTh
LEHTPAJILHON YIIHOM apTepuy CTATUCTUYECKH 3HAUUMO PACIIMpPsUIach Ha 1—if MUHYTE y 5 KPOJIHMKOB, HA
3-i1 u 5-if MuHyTe y 3 KpOJIMKOB, 3aTe€M 3aKOHOMEpHO Hauaia cyxkaTbcs. [lo rpaduky BUAHO
(pucyHok 1), 4To TMaMeTp BepXHEW 4acTH apTepuu Ha 1—ii MUHyTe yBenuunBaercs Ha 12%, Ha 3—ii -
13% u mMakcumanbHO Ha 5— i MuHyTe Ha 22%, 3aTeM Mbl BUAUM, 4TO Ha 10— MUHYTE POUCXOAUT
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yMEHbIIEHUE Tuamerpa aprepuu Ha 16%, a Ha 15— munyre Ha 12% (1O CpaBHEHUIO C MCXOIHBIM
3HAYCHUEM).

B pesynbrare mpoBEeNEHHOTO HCCIICOBaHHMS HAaMH OBUIO BBISIBJICHO, YTO CpPEIHSS 4YacTh
LEHTPAJIBHON YITHON apTepUU CTATUCTUYECKH 3HAYMMO pacIIupsiiach Ha 1—if MUHYyTE Y BCeX KPOJIHMKOB,
Ha 3,5,10-11 mMuHYTEe y 3 KpOJHMKOB, 3aTE€M 3aKOHOMEpPHO Hadaia cyxatbcsa. [lo rpaduky BumHO
(pucyHOK 2.), 4TO AMaMETp CpeIHel YacTH apTepuu Ha 1—ii MuHyTe yBenuunBaercs Ha 9,5%, Ha 3—ii -
13% wn mMakcumanbHO Ha 5—i1 muHyte Ha 20%, 3areM Mbl BUAUM, 4TO Ha 10— MHHYTE€ MPOUCXOIUT
yMEHbIIEHUE AuameTpa aprepuu Ha 16 %, a Ha 15— munyte Ha 11 % (10 CpaBHEHUIO C UCXOJHBIM
3HAYCHUEM).
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Pucynok 1. M3meHeHne nuamerpa BEpXHeEH Pucynok 2. I3meHeHue quamerpa cpeaHeit
YacTU LEHTPAJIbHON YITHOM apTepuu KpoJruKa YacTU HEHTPAJIbHON YITHOM apTepuu KpoJuKa
npu anmukanuit BAC «PELAMIN ®» nHa npu anmukanuiit BAC «PELAMIN ®» na
napaBepTeOpanbHy0 0071acTh napaBepTeOpanbHy0 0071acTh

Hamu Taxoke Ob110 BBISIBJIEHO, UTO HUKHSS YaCTh LIEHTPAJIbHOM YIIIHOM apTepuu CTaTUCTUYECKH
3HAQYMMO pacCIIMpsIIach Ha 1—i1 MHUHYTE y BCEX KPOJIUKOB, MMeJa TEHACHIIMIO K PACIIUPEHUIO Ha 3—i
MHUHYTE Y 3 KpOJHUKOB, Ha 5—if MUHYTE y 4 KPOJMKOB CTaTHCTUYECKH 3HAYMMO PaCIIUpPSIIAch, 3aT€M
3aKOHOMEpPHO Hauaina cyatbcs. [1o rpaduky BUaHO (pUCYHOK 3.), UTO AMaMETp HUXKHEH 4acTH apTepun
Ha 1-i1 MunyTe yBenuuuBaetcs Ha 9%, Ha 3—ii -13% n makcumanbHO Ha 5—i MuHyTe Ha 21%, 3aT€M MBI
BHUJUM, 4TO Ha 10— MUHYTE IPOUCXOAUT YMEHbILIEHUE TUaMeTpa apTepuu Ha 12 %, a Ha 15—i1 MuHyTE
Ha 10,5 % (10 CpaBHEHUIO C UCXOJHBIM 3HAYCHUEM).

CrnenyromuM 53TaroM Hallero HCCIIEOoBaHMs ObUIO HM3MEPEHHE AMaMeTpa COCYIOB IpHU
BozaeiictBuu bAC «PELAMIN®» nHa mapaBepTeOpasibHyt0 001aCTh KpOJIMKa

B pesynbrare mpoBeEHHOTO HCCIEI0BAHUS MBI BBIICHUJIM, YTO BEPXHSS 4acTh LEHTPaJIbHOU
YIIHOM apTepUM CTaTUCTUYECKH 3HAYMMO PACIIMPAIach Ha |- MUHYyTE y 5 KPOJIMKOB, Ha 3—i1 MUHYTE
y BCEX KPOJIMKOB, Ha 5— MUHYyTe Y 4 KpoJuKkoB, Ha 10— u 15— munyTax y 5 xponukos. Ilo rpapuxy
BUJHO (pPUCYHOK 4.), UTO JUaMETp BEPXHEW 4acTu apTepuu Ha 1-ii MuHyTe yBenuuuBaercs Ha 13,6%,
Ha 3—i1 — 18%, nHa 5—i1 munyre Ha 25,7%, na 10—t munyte Ha 32,2%, a Ha 15—i1 MUHyTe MaKCUMAaJIbHO
Ha 33,8 % (10 CpaBHEHUIO C UCXOJHBIM 3HAYCHUEM).

CpenHsAs 4acTh LIEHTPAJbHOM YIIHOW apTepUH MMeNa TEeHJACHLHWIO K paclIMpeHHuro Ha 1—it
MHHYTE y 4 KPOJIMKOB, CTATUCTUYECKH 3HAYMMO paCUIMPsUIach Ha 3—if MUHYTE y BCEX KPOJIMKOB, Ha 5—
it MuHyTe y 4 KpoiaukoB, Ha 10—if munyTe y 3 KpoiauKkoB, Ha 15—i1 munyte y 5 kponukos. [1o rpaduxy
BUJHO (PUCYHOK 5.), UTO TUaMETp CpeAHEN YacTu apTepuu Ha 1—ii MuHyTe yBenuuuBaercs Ha 8%, Ha
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3-# — 19,5%, na 5—i1 munyre Ha 28%, Ha 10—ii munyte Ha 23,3%, a Ha 15— MUHyTEe MaKCUMaJIbHO Ha
28,2% (1o cpaBHEHHIO C UCXOIHBIM 3HAYECHUEM ).
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npu anmunkanuii BAC «PELAMIN ®» Ha anmiukanmii BAC «PELAMIN ®» na
napaBepTeOpanbHy0 00J1acTh napaBepTeOpabHyI0 001aCTh
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Pucynok 5. 3menenne nuamerpa cpeaHen Pucynox 6. MI3MeHeHne muaMeTpa HUKHEN 4acTH
YacTH IIEHTPAJIbHON YIIIHOM apTepuu KpOJIUKa LEHTPaJIbHOW YIIIHOW apTepUu KpOJIUKa MPU
npu anmuinkanuii BAC «PELAMIN ®» Ha amumukanmii BAC «PELAMIN ®» Ha
napaBepTeOpalibHy0 0071acTh napaBepTeOpabHyI0 00J1acTh

B pesynbrare npoBenEHHOrO HCCIENOBAaHUS HaMU OBLJIO BBISBIEHO, YTO HWXKHSS 4YacTb
LEHTPAJIbHOW YIIHOW apTepuy HMMeJIa TeHJECHLMIO K PaCUIMPEHHMIO Ha |— ¥ MUHYyTE y 3 KpOJIHMKOB,
CTaTHUCTUYECKHU 3HAYMMO pacIliupsulach Ha 3—i MUHYTE Y 5 KPOJIMKOB, Ha 5—1 MUHYTE y BCEX KPOJIMKOB,
Ha 10—t MmunyTe y 3 KposmkoB, Ha 15— it munyte y 5. Ilo rpaduky BuIHO (pHCYHOK 6.), 9TO AUAMETD
HIDKHEHN YacTu apTepuu Ha 1-i1 MmuHyTe yBenuuuaercs Ha 9,5%, Ha 3—i — 17,8%, Ha 5—i mMuHYyTE
MakcumanbHO Ha 34,5%, Ha 10—i1 munyre Ha 34%, a Ha 15-i munyte Ha 32,8% (MO0 CpaBHEHUIO C
UCXOIHBIM 3HaueHueM). llpuyem pacumpeHue cocyqoB yxa MPOXOJIWIO € 00pa3oBaHHMEM HOBBIX
KoJarepanei (pucynku 7,8).
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Pucynoxk 7. CpaBHEHUE COCYIOB yXa KpOJIMKa 10 Bo3AeicTBuA U Ha 3, 5, 10 u 15 munyTtax nocne
anmmukanuiit BAC «PELAMIN ®»

Pucynok 8. OTKpbITHE MEIKUX COCYJ0B, OTXOASIINX OT LIEHTPAJIbHOMN YITHOW apTepUH
anmmkauuii BAC «PELAMIN ®»

B coctaB BAC «PELAMIN®», wucnoap30BaHHOM HaMH B OKCIEPUMEHTAX, BXOJIAT
OpraHWYecKWe W MHUHEpPAIbHBIE BENIECTBA, KOTOpBIE OOJNAJAf0T MPOTHBOBOCHATUTEIBHBIM,
OaKTePUIMIHBIM, PEreHEPUPYIOMINM, TPOPUUECKUM, AHTHOKCHIAHTHBIM W aHAJIbI€3UPYIOIIUM
nevictBusmu [6]. Anmumkanuu BAC «PELAMIN®»» Bo3/eiicTBYs Ha PEICTITOPHBIN ammapaTt KOXH,
peQIIeKTOPHO BIHSAIOT HA HEPBHO — YHJIOKPUHHBIE, HEPBHO — COCYTUCTHIE MEXaHU3MBL. DTO IPUBOIUT K
(GYHKIMOHATBHBIM, MUKPOLIUPKYJISITOPHBIM U META0OJIMUECKUM CIIBUTAM B TKaHSX, OpraHax, CHCTEMax
U TIPOSIBIISICTCSI B BUJIE PACLIMPEHHSI TUaMETPa COCYI0B.

3axmouenue. Anmunkanus BAC «PELAMIN ®» nHa napaBepTeOpaiibHy0 00JaCTh KPOJIUKOB
BBI3BIBAET CTATUCTHYECKU 3HAYMMOE PACHIMPEHHE COCY/IOB yXa KPOJIMKOB Ha BCEX IKCIIEPUMEHTAIBHBIX
TOYKaxX TMPOXOXJAEHUs apTepuu. Hamu OBUIO BBISBICHO, YTO HIDKHAS YacTh YIIHOM apTepuu
pacmmpsuiack MakcumaiabHo Ha 10,5%, cpemmsisi Ha 11,5%,, a BepxHsas Ha 12% MakcUMabHO.
buonornueckn aktuBHOE cpeactBo «PELAMIN ®» oka3piBaeT Ba3oAMIaTaTOPHOE JCHCTBUE,
MaKCHMaJIbHO pacllupsisi HWKHIOIO YacTh LIEHTPAJbHOM YIIHON apTepuio HKHeH uyacTu Ha 32,8%,
cpenHIor yacTh Ha 28,2% U BepXxHIOI0 4acTh Ha 33,8% c oOpa3oBaHMEM HOBBIX KOJJIaTepaiei.

Anmmukanus BAC «PELAMIN ®» na napaBepTeOpaibHy0 00JacTh 3aKOHOMEPHO MPUBOIUT
K Ba3oJMJaTallid, OKa3bIBas Ooyiee BBIPAKEHHOE BO3ACHCTBHE HA MUKPOLUPKYIATOPHOE PYCIO
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KpOJIMKA, BU3yaTM3UPOBAHHOTO B YITHOW apTepuu. M3 4ero Mbl MOKEM 3aKJIIOYHTb, YTO UCCIEAYeMOe
OMOJIOTUYECKH aKTUBHOE CPEJICTBO MOXKET NPUMEHSTbCS B (PU3HOTEpanuu 3a00JIeBaHUI OMOPHO-
JIBUTATEILHOW CUCTEMBI JIJIS YIIYUIICHHUS WIIM BOCCTAHOBJICHUS MUKPOILIMPKYIISIIH.

Pabota mojiepKaHa I'panTom PH® 23-28-00720 «[IpaBoBoe obecrieueHue
MIEPCOHATM3UPOBAHHOM MEIUIIUHBI, OCHOBAHHOM Ha TCHETHYECKUX u WHBIX
WH/IMBUyATbHBIX 0COOCHHOCTSIX MAIIMEHTAY.
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YK 613.6

NCCIEAOBAHUE DOPPEKTUBHOCTU ITIEPYATOK GAMMEX PF WITH
AMT B DKOIMMPO®UJTAKTUKE TEMOKOHTAKTHBIX UH®EKIIUI U
KOHTAKTHOI'O JEPMATHUTA Y XUPYPT'OB U ACCUCTEHTOB

Bopoobes /1.B., npodeccop, JIOKTOP MEIHUIIUHCKUX HayK, JIUPEKTOP
OO0  «llenTp MeaMIIMHCKMX  WHHOBauuii  jgoktopa  Bopobsea JI.B. 1. Cawmapa;
Mapuenko A.M., KaHIAaaT MEIUILIMHCKHUX HayK, MEIUIIMHCKUHI COBETHHK

MH(POPMALIMOHHOTO pecypca «MearnaMeHTep», CIISUATUCT 0 MH()EKIMOHHOMY KOHTPOJIIO U BOJIOHTEP
6marotBopurenbHoro ponaa «Oneparus yiabioka». r. Mocksa

AnHoTtanus. IlpencraBieHbl pe3ynbTaThl HCCIEJOBaHMS IOTEHIMAJa AaHTUMUKPOOHOTO areHTa
nepyatok GAMMEX PF with AMT B nonaBineHun HeOIaronpusTHOM MUKPOMIOPHI PyK (TPYHIIBI
cTaUIOKOKKA M TPYIIBl KHIICYHOW MAJTOYKH) MPHU BBIMOJIHEHUH MEIUIMHCKUX MaHMITYJISIIH,
3asBIICHHOTO TPOW3BOAMUTEISMH, a TAaKKe YCTOWYMBOCTH WX AaHTUMHUKPOOHOW AaKTHBHOCTH TIpH
JUIMTEJIBHOM HCIIOJIb30BAaHUU B YCJIOBHUSAX AKTUBHOM MaHUNYJSLUMM PYyK. [laHa cpaBHUTENbHAs OLIEHKA
sddextuBHocTH padoTel mepuatok GAMMEX PF with AMT u nepuarok GAMMEX PF (6e3
AHTUMHKPOOHOTO areHTa) M KOMIUIEKCHBIE MOoKa3zaTenu KoM¢opTa MO CPaBHEHUIO C TepyaTKaMu
Gammex PF wu mnepuarkamu BioAncore (Poccus). JlokazaHo, 4To 3KOmpouUIaKTHKa
npodeccnoHanbHOTr0 HHMOUIMPOBAHUS MEAUIIMHCKUX PAOOTHUKOB MPU MIOMOIII COBPEMEHHBIX CPEJICTB
3alIUTHI CIIOCOOCTBYET ONTHUMU3AIMH METOJI0B MPEIOTBPAIICHHS MPO(HECCHOHATEHO-00YCIOBICHHBIX
TeMOKOHTAKTHBIX HH()EKIUH Y METUIIMHCKUX PAaOOTHHUKOB.

KuroueBble cioBa: npodeccuoHaabHOE MHQUIMPOBAHHE MEIULTHCKUX PAaOOTHUKOB, IMEPYATKU C
AHTUMHUKPOOHBIM NOKPBITHEM, SKOIPO(UITAKTHKA.

INVESTIGATION OF THE EFFECTIVENESS OF GAMMEX PF WITH AMT GLOVES IN
THE ECOPROPHYLAXIS OF HEMOCONTACT INFECTIONS AND CONTACT
DERMATITIS IN SURGEONS AND ASSISTANTS

Vorob'ev D.V., Marchenko A.M.

Abstract. The results of a study of the potential of the antimicrobial agent of GAMMEX PF with AMT
gloves in suppressing unfavorable hand microflora (staphylococcus group and E. coli group) during
medical manipulations declared by manufacturers, as well as the stability of their antimicrobial activity
during prolonged use in conditions of active hand manipulation are presented. A comparative assessment
of the performance of GAMMEX PF with AMT gloves and GAMMEX PF gloves (without antimicrobial
agent) and comprehensive comfort indicators compared with Gammex PF gloves and BioAncore gloves
(Russia) is given. It is proved that the ecoprophylaxis of occupational infection of medical workers with
the help of modern protective equipment contributes to the optimization of methods for preventing
professionally caused hemocontact infections in medical workers.

Keywords: occupational infection of medical workers, gloves with antimicrobial coating,
ecoprophylaxis.
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BBenenune

[TpodeccuonanpHas nesSTEIBHOCTh MEAUIIMHCKUX PAOOTHUKOB MPOUCXOIUT MPU €KETHEBHOM
KOHTAaKTe C pa3InYHbIMU (paKkTOpaMu MHPEKIUOHHON U HEMH(PEKIIMOHHON MPUPOAbI HEOIAronpUsTHO
BIUSIIOIIUMH Ha WX 3700poBbe. Bo3pacranue pucka mnpodeccuoHaNbHBIX 3a00JIeBaHUN cpenu
pabOTHUKOB 37JpaBOOXPAHEHUsI, CHIKAIOT KAYE€CTBO MEIUIIMHCKON TTOMOIIM U CTaOMIBHOCTD CUCTEMBI
3npaBooxpaneHus [1]. Xupypru u omnepanroHHbBIE CECTPbI, COCTAaBIISAIOT CIEHU(PUUECKYIO TPYIIy B
CHCTEME 3/IpaBOOXPaHEHHs, HYKIAIOUIYIOCS B CEPbE3HOM 3alUTE B 00JACTH OXPaHbI TPY/a, TOCKOJIBKY
9acTo paboTalOT C ypPreHTHhIMU manueHtamMu. OCHOBHBIMH PHUCKaMU MEIULIMHCKUX PabOTHHUKOB
JAHHOW KaTErOpUU SIBJISIFOTCSL aBapUMHbBIE CUTYallUH C PUCKOM IapEHTEPaIbHOTO 3apa’keHUs;
HapylIEHUE CAHUTAPHOIO PEXUMA; ajuIeprusi, KOHTAKTHBIM J€PMAaTUT U HEJOCTATOK KaYECTBEHHBIX
cpenctB uHauBHayanbHOU 3anmuThl (CU3). B cTpykType mx npodeccuoHalIbHONW MATOJOTUH YacTO
MIPOUCXOJAT BHYTPUOONBHUYHBIE 3apa)KCeHHs T€MOKOHTAKTHbIMU HUHGekuusmu. [Ipu mnpoBenenuun
AHOHMMHOT'O AaHKETHPOBAHUS METUIIUHCKUX PaObOTHUKOB 65,0-75,5 % U3 HUX yKa3bIBalOT HA HAJIMYKE B
nporecce padorer ADK [2, 3]. DT0 00yCIIOBICHO OOJBIINM YHCIOM IOTEHIIMAIBHBIX HCTOYHUKOB
oT0OHBIX MH(EKINKA Cpel MaMEeHTOB. Y UUTHIBasE OMACHOCThH MPO(ECCHOHATLHOTO HH(UITUPOBAHUS
MEIUIUHCKUX paOOTHUKOB, OTCYTCTBUE criel(puyecKoi Mpo(UIaKTUKH MPOTUB 3HAYUTEILHOTO YUCIIA
TeMOKOHTAKTHBIX MH(EKIUH, ONpeieseHHass poJib MPUHAIICKUT MEPONPUATHAM Hecnenuduaeckoi
3amuThl [4,5] . ONTUMU3UPOBATH IPEBEHTUBHBIE MOAXO0/IbI K JAaHHOW MpoOIeMe MOXKHO MPHU MTOMOIIU
sxkonpoduiraktiuku (BI1) - komIuIekca 0310pOBUTENBHBIX MEPOMPUITHI, HAMPABICHHBIX HAa CO3JaHUE
0e30MmacHOil  rocnuTajibHOW  Cpelbl, MAaKCUMAJIbHO  COOTBETCTBYIOLIEH  (PU3HUOIIOTUYECKUM
BO3MOXXHOCTSIM uenoBeka. Ol mpenctaBiser coOoif HOBYIO HAyYHO-MPAKTUYECKYHO KOHIICTIIHIO,
BKJIIOYAIOIIYIO 3 OCHOBHBIX HAIIPaBJIEHUs — SKOJIOIMUECKOE, MEJUKO-TEXHUUECKOE U 00pa30BaTEIIbHOE.
Mertoast DI, HanrpaBIeHBI HA OXPaHy OKPYXKAIOIIEH Cpeibl; pa3paboTKy HHHOBAIIMOHHBIX TEXHOJIOTUH;
rpamoTHOE npumeHenne CU3; o0yueHne MeAMIIMHCKUX paOOTHUKOB MPaBUIIBHOMY HCIIOJIb30BaHUIO U
yrunuzauun CHU3, moBblIeHHI0 3HAHUN B 00J1acTH O€30MacHOCTH KU3HEACSTEIBHOCTU C IIEJbIO
UACHTUGUKAIMM M TPeAOTBpalleHuss NpodecCHoHabHBIX 3aboneBaHuil [6,7]. DTo cnocoOCTByeT
ONTUMM3AIMA  METOMO0B MPOMUIAKTUKH HPOPEeCcCCHOHATBHO-00YCIOBICHHBIX T€MOKOHTAKTHBIX
MHOPEKIUN Y MEIUIMHCKUX paOOTHUKOB, KOTOPbIE B HACTOALIEE BpeMsl HEIOCTaTOYHO 3((EKTUBHBI.
OnHUM U3 OCHOBHBIX IyTel Nepeaaur UH(EKINH SBISI0TCA PYKH MEIMIIMHCKOro NepcoHaia. Yactora
oOHapyKeHHsI yCIOBHO-NTATOT€HHBIX U ATOT€HHBIX MUKPOOPTaHU3MOB Ha KOXKE PYK MOXET ObITh OUEHb
BbICOKOW. COBpeMEHHbIE CpEICTBa J€3MH(EKIUN B 3HAUUTEIBHOM MEpe COKpAIIaloT KOJIUYECTBO
MHUKpPOOPTaHW3MOB Ha IOBEPXHOCTH KOXH PYK, HO TaKKe JIOCTOBEPHO HM3BECTHO, UTO OakTepuu
COXpaHsIETCA B TIOTOBBIX U CAJIbHBIX XKeJle3aX, Pa3MHOXKAETCsI, U CO BpEMEHEM UX KOJIMUYECTBO JOCTUTaET
3HAYUTENBHOTO ypoBHA. [IpuMmeHeHHe mepyaTok SBISETCS BEAYLUIUM KOMIIOHEHTOM CHCTEMBI
YHUBEPCaJIbHBIX Mep HH(MEKIIMOHHOH Oe3omacHocTH [8,9]. OnHako ucnonp30BaHNe OOBIYHBIX TIEPUATOK
IPU UX MEXAHHMYECKOM MOBPEXJICHUM HE MOKET MPelOTBPaTUTh MHPUIMPOBAHUS XUPYpPra, T.K. B UX
CTPYKTYpE HE COJEpKHUTCS aHTUMHUKPOOHOro arenta. K ToMmy e mepyarku, MpeaHa3HaYeHHBIE IS
npoUIAKTUKY HH(DEKIIMOHHOTO 3apaskeHUs], YaCTO SABJISAIOTCSA MPUYMHON BO3SHUKHOBEHUS 3a00I€BaHUN
Yy MEIULUMHCKUX pPAOOTHHUKOB, 4YTO MPOTHUBOPEUYHUT TMpaBuwiaM dKonpodunaktuku. Hanpumep,
OIly/IpEHHBIE TEPUYaTKH, COJAEp)KAIMEe KpaxMaj BBI3BIBAIOT KOHTAKTHBIA JEpPMaTUT, 3HAUYUTEIHHO
YCIOXKHSIOMIMN TEPBUYHYI0 00pab0OTKY pyK Xupypra u3-3a 6omu u auckomdpopta. [Ipu HageBanuu u
CHSTHM TMEpuYaToK IyApa IMONaJaeT BO BHEUIHIOIO Cpelqy IOMENICHHs, OKasbIBas paslpakaroliee
JIeicTBUE Ha CIM3KUCTYIO I71a3 U BEPXHUX JbIXaTenbHbIX myTeil. [lynapa agcopOupyer Ha ce0st 4acTHIIbI
JATEKCa M Pa3HOCUT UX IO BO3QYyXY NOMEIIEHUS, KOCBEHHO CTUMYJIHUPYs Pa3BUTHE Y MEAULIMHCKOIO
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nepcoHana amieprudeckux 3adoneBanuil [10]. IlepcriekTHBHBIM pelIEHHMEM YKa3aHHBIX MpPoOJeEM,
no3unuid DI, mMoxer crath npumenenue nepuatrok Gammex PF with AMT (Ansell Healthcare),
KOTOpPBIE UMEIOT BHYTPEHHEE MOKPHITHE HA OCHOBE XJIOPreKCHIMHA TIIFOKOHATA M OEH30TOHUH XJIOpUAa,
CIIEP’KUBAIOIIETO PA3MHOXKEHUE PE3UJEHTHOW MHUKPO(DIIOpHI, a TakkKe CpeACTBa IMPENATCTBYIOLIUE
BO3HUKHOBEHUIO KOHTAKTHOTO iepMaTuTa. Takum o0pa3om, 3asiBI€HHas IPOU3BOIUTEIIMH TEXHOIOT U]
MOJKET CII0COOCTBOBATh CO3JAHUIO SKOJIOTMYHOM BHYTPHUOOJBHUYHON cpeibl UIsl  ONTHMAaJIbHOIO
IPEeJOTBpallleHUss 0003HaueHHBIX BbIEe MpoOneM. IlonoXKHUTENbHBIM 3BEHOM 3KONPOGUIAKTUKU
sBisieTcs To, 4ro mepuatku Gammex PF with AMT (Ansell Healthcare) He comepskar myapel, HO
3asBJICHHbIC AHTHUMUKPOOHBIH M NIPOTHBOAUIEPTUYECCKHI TMOTEHIMAIBl HE OBUIM JTOCTATOYHO
uccnenoBanbl B Poccun u TpeOyroT JanbHeero n3y4eHusl.

ean uccaenoBanusi

OHTI/IMI/IBaI_II/IH Ioaxoa0B K HpO(bI/IJ'IaKTI/IKe HpO(i)eCCI/IOHaJ'IBHO'06YCJ'IOBJ'I€HHBIX
T'CMOKOHTAaKTHBIX I/IH(I)CKI_II/Iﬁ N KOHTAKTHOI'O ACpMaTUTA Y XUPYPIrOB U ACCUCTCHTOB.

3agauu uccaeI0BaHusd

1). UccaemoBarh moTeHIMal aHTHMHUKpOOHOro arenta nepuatok GAMMEX PF with AMT B
MIOJIABJICHUU HEOJIAronpusATHOH MHUKPO(IOPH pyK (Tpynmbl CcTaQUIOKOKKA M TPYNIBl KUIICYHON
MAJIOYKH ) TIPU BBITOJIHEHUU MEAUIIMHCKUX MaHUIYJISLUH, 3asBICHHBIH IPOU3BOAUTEISIMH.

2).MccnenoBath yCTOWYMBOCTh AaHTUMHUKPOOHOHN akTuBHOCTH mepuyarok GAMMEX PF with
AMT npu ATUTETHHOM HCIIOJIB30BAaHUH B YCIOBUSX aKTUBHOW MaHMITYJISIIUH PYK.

3) [IpoBect cpaBHUTEIBHYIO OLICHKY 3 dexkTuBHOCTH padoTsl nepuatok GAMMEX PF with
AMT u nepuaroxk GAMMEX PF (6e3 aHTUMUKPOOHOTO areHTa).

4) CpaBHHUTH KOMIUIEKCHBIE TIOKa3aTenn komdopra u s3pdexTuBHOCTH nepyatok Gammex PF
with AMT c nepuarkamu Gammex PF u nepuatkamu BioAncore (Poccus).

O0beKT, MaTepuaJ U METObI HCCJIEI0BAHNS

UccnenoBanust 6bmn mpoBenensl Ha 0a3ze ['AY3 MKBI PecnyOnuku Tarapcran. JlanHoe
YUpEKACHUE IIOJIHOCTHIO COOTBETCTBYET EBpPONEHCKHM CTaHAApTaM M HMMEET B CBOEM COCTaBe
JTUIIEH3UPOBaHHYIO Oak-aboparopuio (3aBenyroinas, Bpad Beiciieil kareropun [lapadpyraunosa B.1.)
Ha Oasze KkoTopoil mnpomsBogwiuch mnoceBsl. Ha 6aze I'AY3 MKBIL[ pa3paboraHa u axkTHBHO
WCIONIb30Bajiach MpOrpaMMa BHYTPEHHETO KOHTPOJS KadecTBa MBIThbS M JE3UHQEKIUU pPYK U
AKONPOGUIAKUTKY - KOMILIEKCAa JTUArHOCTHUECKUX U MPEBEHTUBHBIX MEp, HAIIPABJICHHBIX HA CO3/IaHUE
6e30macHoOl roCTIUTaIbHON Cpeibl U MUHMMHU3ALUU PUCKOB MH(PUIIMPOBAHUS MMALMEHTOB U IIEPCOHAIA.
(exxeHeneNnbHOE B3ATHE KOHTPOJBHBIX CMBIBOB C PYK XHUPYPIOB, IPOBEIEHUE MacTep-KJIacCoB,
YTHAIU3AIHS UCTIOJIh30BAHHBIX MEUIIMHCKUX MEPYATOK).

Jns mpoBenmeHHsl wWccieoBaHUS Oblia pa3paboTaHa METOJOJOTHS, KOTOpas BKIIIOYala
CJIETYIOIIME ITAIIbI:

1. Ilepgviti cmbig Aenamy C KOKH PYK CICIHAIMCTOB Cpa3y IMOCJIE MBIThS PYK C MBUIOM (JI0
00pabOTKM HX KOXXHBIM aHTHCENTHKOM). Pe3ynabTaT 3TOro CcMbIBa IOKa3blBajl KOJIWYECTBO
MHUKPOOPIaHU3MOB T10CIIE MEXaHUYECKOH J1e3UH(EeKInH.

2. Bmopoii cmblé Nenaiu ¢ KOXH PYK CIEHATUCTOB MOCJE IMPOBEICHUS XHPYPrUUYECKOM
00pabOTKM PYK KOXXKHBIM aHTHCENTHUKOM. Pe3ynbTaT 3TOro cMbiBa MOKa3bIBaj KayeCTBO MPOBEICHUS
XUPYPTUYECKOil 00pabOTKM pyK Iepel HadaloM XUPYPrHYeCKOro BMEMIATENLCTBA, 10 HaleBaHUS
CTEPHIILHBIX ITEPUYATOK.
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CpaBHHBas pe3ynbTaTbl nep8oc0 U 6MOPO20 CMblEO8, OLEHUBAIN KAYeCTBO XUPYPTHUECKOM
00pabOTKH PYK B COOTBETCTBHH C TPEOOBAHUSIMUA CAHUTAPHBIX MPABHUIL

Janee, Bpauum HageBaJId CTEPWIbHBIE TIEPYATKM U TNPUCTYNATH K XUPYPTrHUECKUM
BMeEIIATEIbCTBAM.

3. Tpemuti cmvlé Nenaid C KOXH PYK CHEIHAIUCTOB IIOCIIE OKOHYaHUS XUPYPrUYECKUX
BMEIIATENbCTB (B MHTEpBaliax BpeMeHu: 1 yac, 2 vaca, 3 ydaca). Pe3ynbTaT 3TOro cMbiBa MoKa3bIBall
3¢ GEeKTUBHOCTH PabOTHI aHTUMHKPOOHOTO areHTa, cojepxkainerocss B nepuatke GAMMEX PF with
AMT, mOpensTCTBYIOMIET0 Pa3MHOKCHHUIO OCTATOYHOW PE3UJCHTHOH MHUKpO(IOphl KOXH pyK. B
MHTEpBAJIaX BPEMEHHU OT OJJHOTO JIO JIBYX YaCOB H3ydasd d3PPEeKTHBHOCTH areHTa B PEKOMEHI0BaHHBIE
CpokH paboTel. B nHTepBan B Tpu yaca nzydanu 3hHeKTuBHOCTH pabOThl aHTUMUKPOOHOTO TTOKPBITUS
BO BpeMsl JUIUTENBHBIX orepanus 63 BO3MOKHOCTH 3aMEHBI ITePYaToK.

Psn cnemmanuctoB (n=10), mpoBomumm cBoro pabotry B mepuatke GAMMEX PF (6e3
AaHTHMHUKPOOHOIO arenTa) v B nepyarkax BioAncore ¢ mokpeiteM Aloe vera (n=10) s cpaBHEHUS
pe3ysbTaToB U OlleHKH 3 dexkTuBHOCTH padboThl nepuatok GAMMEX PF with AMT.

4. Yemeepmulii cmbig NENaeTCs C TMOBEPXHOCTH MEPUYATKH MOCIEC OKOHYAHUS MaHUMYJISAIUI (B
MHTEepBasiax BpeMeHu: 1 yac, 2 yaca, 3 yaca). B rpynmne u3 15 cotpyanukoB, paboTaromumx B nepyaTkax
B MHTepBase BpeMeHu | yac u 2 yaca, no 10 mepuaTok oOcieoBaIM Ha Ka4YeCTBEHHOE BBISABICHHUE U 5
MepyaToK Ha KOJUYECTBEHHOE BBIABICHHE W  KOJIMYECTBEHHOE  OIpEICIICHUE  HaJHYUs
MHUKPOOPTIaHNU3MOB B IIEPYATOYHOM COKE, COJIEPIKAIIEMCSI BHYTPH TIEPUATKH.

baxkmepuonozuueckuit Konmpons Ighghexkmugnocmu 06padbomKu pyKk nepconana, npoeoounu
cnedyruum oopazom:

1. AKKYpaTHO CHUMAJIH N1€pUYaTKy C UCCIETyEMON PYKH.

2. CMBIB ¢ pyKH TPOU3BOAMIN CTEPHJIbHBIMU MapiieBbIMM cal(eTKamu, CMOYEHHBIMU B
HEUTpaIU3aTope.

3. MapneBoil  candeTkoil  TIIATENbHO HPOTUPAIM  JIAZJOHHU, OKOJIOHOITEBBIE U
MEXKIIaJIbIIEBbIE TPOCTPAHCTBA 00EHUX PYK.

4. [Tocne orbopa mpoO MapieByro calipeTky MmoMenain B KOJIObI ¢ (PU3HMOIIOTHYECKUM
pPacTBOPOM U CTEKIITHHBIMU OycaMu, BCTPSIXUBAIOT B TedeHne 10 MuH.

S. XKunakocTs 3aceBany riTyOMHHBIM CIIOCOOOM Ha yallku [leTpu ¢ MICONENTOHHBIM arapom
(mo 0,5 mu1) u B ipoOupkw ¢ 0,5%-HbIM caxapHbIM Oyab0HOM (110 1 MuI).

6. IToceBbl nHKYyOUpOBanu npu Temmneparype 36,9 °C B reueHue 48 4. B TepMocTaTe.

Anzopumm eedenua npomorona GAKmMepuoI02UYecKo20 KORMpPOA CMbl606:

1) Jara ; 2) Homep yuactHuka; 3) HomkHocTh yuacTHuka; 4) MO yyactHuka 5) Bpems
¢onoBoro cmbiBa ; 4) Pesynbrar nocesa; 5) O0paboTka a/cenTUKOM- CMbIB (Bpems); 6) Pesynbrar
noceBa; 7) Onen nepuatku (Bpemsi); 8) CHsul nmepuyaTku- cMbIB (Bpemsi); 9) Pesynbrar mocesa; 10)
CymMmapnoe Bpemsi; 11) O0bemMbI MPOBEAECHHBIX UCCIEIOBAHUH.

baktepuonornyeckoe uccieoBaHUE AJisi OOHApYKEHUs CTAPHIOKOKKOB M OakTepuUil TpYIIIbI
KUIICYHOW TMAJOYKU NpH HccienoBanuu nepyatku Gammex PF with AMT ocymiectisieTcs nByms
METOAAMHU:

1. KayecTBeHHBIE METOJ IOMOTaeT ONpeNeNuTh Hajduuyue / OTCYTCTBHE pOCTa
CTa(hpUIOKOKKOB M OaKTEpUil IPyMIbl KUIIEYHOM MATOYKH.

2. KonndyecTBeHHBIE METOZ TOMOTAeT TOHSATh HACKOJIBKO KPHUTUYHO KOJIUYECTBO
MaTOT€HOB, IIPH YCIIOBUH, YTO POCT OOHAPYKEH.
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Hccneoosanue na oonapyscenue cma@uiokoKKo8 npoxoouo 6 HeCKObKo IMmanog:

[TepBoiii nenb: aenaercs BoiceB 0,2-0,3 MJI CMBIBHOHM KHUIKOCTH B mpobdupky ¢ 5,0 ma 6,5%
coneBoro OynboHa. [Ipobupku ¢ moceBamu HHKYOUPYIOT B TepMocTare + 37° C B Teuenue 24 +/-2 yaca.

Bropoii nenb: nenanu nepeces mnetiieil co mpoobupok ¢ 6,5% coneBbiM OYJILOHOM Ha YalllKH C
MaHHHT-COJICBBIM arapom, IoceBbl HHKyOupoBaiu B Tepmoctate + 37° C 48+/- 2 yaca.

YeTBepThli IEHB: BBIPOCIINE KOJOHUU HAa MaHHHUT-COJIEBOM arape MOJBEpraiu AajbHEHIIeMy
W3YYCHHUIO JJIi YCTAHOBJEHHUS WX BO3MOXKHOM NPUHAUIEKHOCTH K CTa(PUIOKOKKAM. IOCEBBI
nHKyOupoBaiu B repmoctare + 37° C 18- 24 yaca.

IIaTbli eHb: TPOBOJWIM IIPOBEPKY YHMCTOTHI KyJIbTYypbl B Ma3ke 1o I'pamy, moceB Ha
OMOXMMHUYCCKHIA PSIL.

[lecToii 1eHb: TPOBOANIM YUET PE3YJIbTATOB OMOXMMUYECKUX TECTOB, Bbllaya pe3yybTara.

Hccneoosanue no oounapyscenuro Oaxkmepuii 2pynnvl KUUWEYHOU NAIOYKU NPOXOOUNO 6
HeCKOJ1bKo IManog:

[lepBoiii nenn: nenanu BoiceB 0,2-0,3 MII. CMBIBHOW KUIKOCTH B MPOOUPKY ¢ 5,0 M. cpemsl
Keccnepa. [Ipobupku ¢ moceBamu nHKyOHpoBaiu B Tepmoctare + 37° C B Teuenue 24 +/-2 yaca.

Bropoii nens: nenanu nepeceB TaMIIOHOM co cpeibl Kecciepa Ha yaliku ¢ arapom DHJI0, ITOCEBBI
nHKyOupoBanu B repmoctare + 37° C 18- 24 gaca.

Tperuil 1eHb: BHIPOCIINE KOJOHUM HA cpefax DHJI0 MOABEpraiu JaJIbHEUIIEMY U3YUEHUIO JUIS
YCTQHOBJICHHUSI MX BO3MOXKHOW MPHHAIICKHOCTH K HHTEPOOAKTEPHUSAM: IPOBEPSUTH MOPQOIOTHIO,
TUHKTOpHUAJIbHBIE CBOWCTBa (OKpacka mo I['paMy), OKCHJIa3HYI0 AaKTUBHOCTb, BBIIEISUIM UYHCTYIO
KYJIbTYPY Ha MUTATENILHOM arape u cpeae ONbKEHUIIKOT0, TOCEeBB HMHKYOHUpoBaiu B Tepmocrate + 37°
C 18- 24 yaca.

YeTBepHBIN J€Hb: MPOBOJWIM MPOBEPKY YUCTOTHI KYIbTYphl B Maszke mo I'pamy, moceB Ha
OMOXMMHYECKHUN PSi.

[1ATHIi 1EeHB: MPOBOANIM YUET PEe3yJbTaTOB OMOXMMUYECKUX TECTOB, Bbllaya pe3yybTara.

Bce nanHble, nosy4eHHbIE 110 pe3yibTaTaM UCCIIeI0BaHuUs, 3aHOCHIIN B IIPOTOKOJI, HA OCHOBaHUH
KOTOpOTO MOABOJMIM MOJICYET PE3yJIbTaTOB paboThl. B mccienoBaHny y4acTBOBAIM TOJBKO XUPYPIH
(n=21) u xupypru — accucteHTsl (N=9) oTACNCHNI KapAUOXUPYPTHH, CEPICIHO-COCYUCTON XUPYPTUU
o0mIel XUpypruu U HEHPOXUPYPTHUH, T.€. CHEIHATUCTHI C MOBBIIIEHHBIM KOJIMYECTBOM MaHUIYISLIUN
pyk. Bo Bpewms uccnenoBaHus MMU ObUIM NPOBEACHBI OIEpallMy, BKJIIOYAIOIIME 0COO0 TOYHBIE
MaHUMYJSIMUM U TNPOJOJDKUTENIbHBIE IO BPEMEHHM: KapOTHUIHAs SHAAPTEPIKTOMUS; SBEPCHOHHAS
JanapoCKOMHYecKas XOIeUCTIKTOMHUS; CTepeoTakcudeckas ouorncus; Tupeonndkromus; MKII+AKIII
KDAD. rpepkeceuenue; nanap. pe3eKUusi KUCThI JIEBOIO HAANOYE€YHUKA. [[0CTOBEpHOCTh pa3nuuuii
paccuuTeiBaii 1o t-kputeputo CrbrogeHTa. Pazmuums cumramu gocroBepHbiMu  mpu  P<0,05
Martemaruueckass 00pabOTKa MOJTYYEHHBIX JIaHHBIX IMPOBEJIEHA C MOMOINBIO MPUKIAIHOTO IaKeTa
nporpamm «STATISTICA» (Bepcus 6.0, StatSoft Inc, 2001); rpaduueckas 06paboTKka MaTeprasoB - ¢
ucronbp3oBaHueM mnporpammbl Microsoft Power Point 2003; moarotoBka K medyaTd - C IOMOIIBIO
TEKCTOBOTro penakropa Microsoft Word 2000.

NHHOBaNMOHHBIC NPUHIUNIBI IKONPOGHIAKTHKH, 3a/105keHHbIe B AMT Texnoornu.

B crpykrypy mnep4atok ¢ aHTUMHUKpPOOHBIM mokpeiTheM GAMMEX PF with AMT
MPOU3BOJUTENAMHA 3aJI0)KEHbl ~ MHHOBALIMOHHBIE TEXHOJIOTUM TO3BOJISAIOLIME ONTUMHU3UPOBATH
npo(UIaKTUKY T€MOKOHTAKTHBIX MH(EKINN 3a cUeT ClielualbHbIX MOKPBITHH (pucyHOK 1). B cocraB
MOKPBITUH BXOAAT HE TOJBKO KOMIIOHEHTHI NMPEMSITCTBYIOIIUE PA3BUTHI0 MHUKPOQIIOpPHI, HO TaKkKe
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HKOJIOTUYECKH O€30MacHbIe BEIIECTBA MMPEMATCTBYIONIHNE Pa3IPaXCHUI0O M BOCHAICHUIO KOXHBIX
MOKPOBOB (Tabnwuma 1).

KOKA
MEMLIMHCKOrO
PABOTHMKA

CPEAA
OMEPALIMOHHOV

RUBBER PU ANTIMICROBIAL  BIOPOLYMER
FILM COATING COATING OVERCOAT
NATEKCHAA  MOMMYPETA- AHTUMMKPOB- BMOMONMMEPHOE
MNEHKA HOBOE HOE BHEWHEE
MOKPHTUE  NOKPHITUE MNOKPHTUE

Pucynok 1 Ctpykrypa nepuarok GAMMEX PF with AMT

VIHHOBallMOHHBIE TEXHOJIOTUH, 3aJI0KEHHbIE B CTPYKTYpe IEepYaTOK IMO3BOJSIOT COOII0NATh
IPUHLUIBI SKONPOPUIAKTUKA U TEM CaMbIM ONTHUMH3UPOBATh NPEIOTBPALICHHE T€MOKOHTAKTHBIX
MHQEKIUN 1 KOHTAKTHBIX JIepMaTUTOB. KOMIOHEHTHI, BXOAd1IME B cTpYKTypy nepuarok GAMMEX PF
with AMT npencrasnenst B Tabnuie 1

Ta6muna 1 KommoneHts Bxozsume B crpykrypy nepuarok GAMMEX PF with AMT
Ha3sHayeHue

OCHOBHOW aHTUMMWKPOOHLI areHT LUMPOKOro cnekTpa AencTBus
rMIOKOHAaT (er) MPOTMB rpamMoTpULaTeNbHLIX U rPaMMnoNoXUTENbHLIX BakTepui

- BTOpMYHLIA aHTUMUKPOOHLIN areHT; adyhekTMBEH NPOTUB
BEeH3eTOHUM XJIOPUL  rpamronoXuTernbHbIX GakTepuii; yeunmeaeT aHTUMUKPOGHOE
gencteue XIT

"LIMHKa rnokKoHaT MomoraeT nNpegoTBpalLaTh pasapaxeHue KoxXu o)
MomoraeT nNpenoTBpaLLaTh pasgpaxeHue KOXu; yeunveaeT
LinHka nakrar OencTBUe UMHKa rMoKoHaTa

lNomoraet npenoTepalliath pasgpaxeHne KoXu; ycunueaer

u“HKa s OeNCTBME UMHKA IMoKoHaTa

[lomoraeT NpeaoTspallaTth pasgpa)XeHue KX U YCUnmsaeT
D-naHTeHon [OefCcTBME LUMHKOBLIX KOMINOHEHTOB

) s ')

bnaronmapsi anTuMUKpOOHOMY BHYyTpeHHeMy mokpbeiTHio nepyatku GAMMEX PF with AMT

MIOMOTAIOT CHU3UTh PUCKU 3apa)KCHHs] MEAMIIMHCKUX PaOOTHUKOB, KOTOpbIE OOBIYHO BO3HHMKAIOT B
pe3yiabTaTe NPOKOJOB U pa3pblBOB NEPUATOK, a TaKKe CHU3UTh PUCK BO3HUKHOBEHUS
MTOCIICOTIEPAITMOHHBIX OCTIOKHEHUH B pe3yIbTaTe KOHTAMUHAIINH CTAPUIOKOKKA U KUIIIEYHOM MATIOYKH.
Xnoprekcuaunna riatokoHaT (XI'T), kak oguH U3 akTUBHBIX UHTpeaAreHToB nepuatok GAMMEX PF with
AMT, sBrseTcss MUPOKO MPU3HAHHBIM AaHTUMHUKPOOHBIM areHTOM MECTHOTO JEUCTBUS, C JOKa3aHHOM
0e3omacHOCThI0O M A(DPEKTUBHOCTHIO. BeH3eTOHMIT XJIOopuJ - BTOPUYHBIM AHTUMHKPOOHBIN areHT;
3¢ PeKTUBEH MPOTHB TPAMIOJIOKHUTEIHHBIX OAKTEPHi; YCHIMBAET aHTUMUKpoOHOoe neiictBue XIT.
[{uHka ritoKoHaT, IIMHKA JIAKTaT, IMHKA aleTaT, /[-maHTeHoN - MpeAoTBpallalT pa3ApakeHe KOxXKH.
[TonnyperaHoBO€ MOKPBHITHE JATEKCHOM IUIEHKH, CIYKUT OaphepoM MEXIy KOXKel MeIMIIMHCKOIrO
paboTHUKAa U JATEKCOM, YTO HCKIIIOYAeT BO3HUKHOBEHUS ameprudeckux peakuuid | u IV Ttuma.
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bruononuMepHoe MOKpeITHE OOecrednBaeT OBICTPOE BBICBOOOXKICHHE XJIOPTEKCHIWMHA B CUTYaIHSX
MOBBIIIEHHOTO PUCKA, YTO OYEHD BAYKHO B CIy4YasiX SKCTPEHHOT'O XUPYPTrUUIEeCKOTO BMEIIATEIbCTBA

Pe3yJ’IBTaTbI HCCJICI0BaAaHUA

B xone npoBeneHHOro uccinenoBanus Ha 3 (HeKTUBHOCTh MEXaHUUECKOH 00pabOTKH pyK (MbIThE
PYK C MBIJIOM) IOJIY4€HBI cieayronme pe3yapTarsl - npu 100% o6ceMeHEeHHOCTH PYK MEAMIIMHCKUX
paOOTHHUKOB TPaH3UTOPHOW M PE3UICHTHOW MHKpPOQIIOPOH KOXKH PyK NPU MEXaAaHHMYECKOW OYHCTKE
(mocnie MBITBSL PYK ¢ MBUIOM) ynaisercs: He Oonee 42% MUKpOOHBIX areHTOB. T.e. 58 % moceBbl Ha
cTaUIOKOKK AaBaiy poct. [lomydeHHbIe pe3yabTaThl TOBOPST O TOM, YTO Ja)Ke MPH CO3aHUH YCIOBUI
BBICOKOTO YPOBHSI Ka4e€CTBA MBIThS, 1€3UMH(EKINN PYK M BBICOKON CTENEHHU JEKOHTAMUHAIIMHA KOXH,
pPa3sMHOXEHHE OCTaTOYHOW MHUKpPO(IOphl BHYTPH MEpyYaTKHM BO3MOXKHO, MU HMHQUIUPOBAHHBIN
«I1€pYaTOYHBIN COK» MPH Pa3pblBE MEPUATKH, U JaXe IPU MUKPOIOBPEKICHUAX MOXKET M0NagaTh B
paHy U CO3/1aBaTh PUCK JJIs 310pPOBbS MMALMEHTA.

Hanee wuccnepoBanu >PPEKTUBHOCTb OOpPaOOTKM pPYK KOXKHBIM aHTUCENTUKOM. Jlis
oOecrieyeHnsT KAueCTBEHHOH XHMMHYECKOH OOpa0OTKM pyK WCIOJIB30BAIA AHTHUCENTUK MapKu
«Creppunuym» npouspogutens «bOIAE Xemu I'MOX u Ko», I'epmanus). Ilocne oOpabotku mpu
uccnenoBannu nepyarkun Gammex PF B 11% cirydaeB Obu1 00HapYXeH POCT MUKPOOPTaHU3MOB, YTO
CBUJETEIBCTBYET O PAa3MHOKEHMM OCTATOYHOM pe3ueHTHOW MHKpodiopsl. «llepuaTouHblii COK»
OKa3aJICsl HEeCTEpUWIIbHBIM, CO3/aBasi MOTEHIMAIbHbIN PUCK JJI1 KOHTAMHUHALIMK PaHbl IIPU HApYIIEHUN
LIEJIOCTHOCTH Tepyatok. IIpu ananornynom ucciaenoBanuu nepyatok GAMMEX PF with AMT pocra
MHUKPOOPIaHU3MOB OOHapyKeHO He Obuto. Pe3ynabTaTel NpPOBEJEHHBIX HAMHU HMCCIEIOBAHUMN
CTaTUCTHYECKH JIOCTOBEPHBI U Mpe/ICTaBlIeHbl B Tabnuuax 2 u 3

Tabmuua 2 Tabnuia pe3yapTaToB CMBIBOB Ha TPYIITY CTa(pUIOKOKKA

An S e ll TaOmnuiia pe3yabTaToOB CMBIBOB Ha Ipynny cTa@HIOKKOKa
1 4yac AMT TS5 8 15 (0] 15 0] 15 (0]
2 4aca AMT 15 13 15 5 & 15 o) 15 o)
3 4aca AMT 10 4 10 (6] 10 6] 10 6]
UTtoro: 40 23 1 o o
% 58% 4% 0% 0%
1 4yac PF 5 4 5 : [ 5 1 5 o)
2 4yaca PF 5 5 5 0o 5 o 5 (o}
UTtoro: 10 9 1 1 o
% 90% 11% 11% 0%
«¥I3 HEX +» - CMBIBBI B KOTOPBIX IPHCYTCTEYIOT
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Tabnuua 3 Tabnuna pe3yabTaToB CMBIBOB Ha IPYIITY KUIIEYHON NAIOUYKU

An Se I-I- Tabnuma pe3yIbTaTOB CMBIBOB Ha I'PYHITY KHINIEYHOI ITaTO9YKH

lyac AMT
2 yaca AMT
3 yaca AMT
MToro:

%

1 4ac PF
2 yaca PF
HUToro:

%

15
15
10
40

10

0 15 0
0 15 0
0 10 0
0 0
0% 0%
0 0
5 0
0
0% 0%

15 0
15 0
10 0
0
0%
0
5
0%

OG6cy:kaeHne pe3yJbTaToOB

15 0
15 0
10 0
0
0%
0
5
0%

Ha ocHOBaHMHU MOJIyUYEHHBIX PE3yJIbTaTe MCCIICIOBAHUS, MOKHO C YBEPEHHOCTBIO CKa3aTh, YTO
nepuatkun Gammex PF with AMT, nelicTBUTENRHO, CHIKAIOT PHCK Pa3MHOKEHHS MUKPOOPTaHH3MOB,

au00 MOJHOCTBIO MOJABISIET MX POCT Onarojaps JEHCTBHIO aHTMMHKPOOHOIO areHra B COCTaBe
BHYTPEHHETO CJIOS TlepyaTok. Bo Bcex cMbIBax mociie 3-X YacoB pabOTBl MHKPOOPTaHU3MBI
orcyTcTBoBaiH. OJHA U3 ONEpaIii MPOXOANIIA B TEUCHHE 5 YacOB, BMECTO 3aIJIAHNPOBAHHBIX 3 YacoB;
B CMBIBaX MHKPOOPTaHM3MBI TakXe OTCyTCTBOBaimH. ClenoBareinbHO, BHYTPEHHEE aHTHMHUKpPOOHOE
nokpbiTe B mepuarkax Gammex PF with AMT o6nagaer BbicOKHM
(aHTUMHKPOOHOM aKTMBHOCTH), KOTOPBIA MOXXET ObITh HE3aMEHUM B SKCTPEHHBIX ciydasx. [locne
MIPOBEIEHHOTO CpaBHeHUs KOMNJIEKCHbIX nokazameneli Komgopma u 3¢gekmusnocmu nepuamox
Gammex PF with AMT ¢ nepuamxamu Gammex PF u nepuamxamu BioAncore (Poccus) mytem
AHKETHPOBAHUS XUPYPrOB U ACCUCTEHTOB MOJIYYWJIA PE3YJbTAThl, IPEICTaBICHHBIC B TAOIUIIE 4.

«3aracoM MNpPOIHOCTH»

Tabnuia 4 Pe3ynbraTel cpaBHEHHS MoKa3aTenel 3 PEeKTUBHOCTH NEPUYATOK

XapakTepHucTuka GammexPF withAMT GammexPF BioAncore
UyBCTBUTEIHHOCTD MAJIBIEB 2,8 (xop) 2,9 (xop) 2,9 (xop)
KomdopT Bo Bpems paboTh 3 (xop) 2,8 (xop) 3 (xop)
3axBaT HHCTPYMEHTa 3 (xop) 3 (xop) 3 (xop)
JlerkocTs HaneBaHUsA 3,1 (xop) 3 (xop) 3,1 (xop)
KosxHast peakims OTCYTCTBYET OTCYTCTBYET OTCYTCTBYET
Hrorosas onenka 11,9 11,7 12,0

CornacHO JaHHBIM TaONMIBI, YPOBEHb KoMQopTa Hpu padboTe y TeX U APYrux MepyaTok
MIPUMEPHO OJIMHAKOBBIH (110 JaHHBIM 10 aHKET y4acTHUKOB 10 4-0aJIbHOI cucTeme, r1ie 2 — HOpMaJlbHO,
3 — xopomo, 4 - omm4HO). [IpUHIMNHATPHO BaKHBIM MOMEHTOM SIBIISIETCS OTCYTCTBHE KOXHOMH
peakuuy Ha KOMIIOHEHThI aHTUMUKPOOHOTO areHTa nepuyatkok Gammex PF with AMT.
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HpaKTuquKne PECKOMEHIANH

1. JIns cHMXKEHUS pUCKa BHYTPUOOJIBHUYHOTO 3apaKCHHUS T'€MOKOHTAKTHBIMU HHQEKIUSIMU
pabOTHHUKOB XHPYPrUYECKHX OTACIICHUI PEKOMEHIYETCS HCII0NIb30BaTh epyatku ¢ GAMMEX PF with
AMT ¢ aHTUMHUKPOOHBIM ITOKPHITHEM.

2. JIns oNTUMHU3AlMKA KAuyecTBAa KOHTPOJSI MBIThS WU JE3MH(EKIUU PYK U B3ATHS CMBIBOB
PEKOMEHIYeM HCII0JIb30BaTh Pa3pabOTaHHYI0 HAMHU METOJOJIOTHIO B3ATHS M OAKTEPHOJIOTHMYECKOTO
KOHTPOJISI CMBIBOB

3. Jlns mMnopro3amerieHust ucnoib3oBath B JIIIY mnepuarku BioAncore oredecTBEHHOrO
MIPOM3BOJICTBA, T.K. 110 KoM(popTy U 3pdekTuBHOCTH OHU He yeTynaT nepuyatkam GAMMEX PF with
AMT u GAMMEX PF .

3akjarouyeHue

1. Tlorennuan aHTUMUKpPOOHOTO areHta mepuarok GAMMEX PF with AMT B monpasieHuun
HeOIaronpusaTHONH MHKpPOQIOpHl (CTAQUIOKOKK M KHINEYHAsh MaJ0YKa) PYK MpPH BBIIOJIHEHUU
MEIUIMHCKUX MAaHUITYJISIUNA COOTBETCTBYET 3asiBICHHOMY B macmopre ( + mpo0 Ha rpymnmy
cTaUIIOKOKKA M IPYIIY KuieuyHoi nanouku - 0%),

2. Ilpu nUTENbHOM MCHOJB30BAaHUU B YCIOBMSAX aKTHUBHOM MaHMITYJSALUM PYyK HaMu ObLIa
BBISIBJICHA BBICOKAs YCTOWYMBOCTh aHTUMUKPOOHO# akTHBHOCTH TiepuaTok GAMMEX PF with AMT (
+ mpo0 Ha rpymniy cTadUIOKOKKA U TPy KUIIeYHoU manouku - 0%),

3. Ilpu cpaBHUTENBHOI onieHKe 3D dexTrBHOCTH padoThl nepuatok GAMMEX PF with AMT u
nepyatok GAMMEX PF (6e3 aHTUMUKPOOHOTO areHTa) JIy4Iime moka3aTesd CMBIBOB C pyK XHpypra Ha
cTaMIIOKOKK OBUIH TIOJTy4YeHBI IpH Ucnoib3oBanun nepyatrok GAMMEX PF with AMT (+ npo6 0%),
a ipu ucnonp3zoBannu GAMMEX PF (+ mpo6 11 %).

4. TTo KOMIUIEKCHBIM MOKa3atensiM kompoprta u dddexkruBHoctr nepuarku Gammex PF with.
AMT ne oTnryanuck ot nepuyatok Gammex PF u nepuarok BioAncore (Poccust), mokasatenu KOTOpbIX
B CpeJIHEM COOTBETCTBOBAIIU 3 OaysioM (XOPOIIHE)

Pa3zpaGoTanHast METOAOIOTUS HCCIEIOBAHUSA MUKPO(IOPH! PyK Y MEIUILUHCKOTO MepCcoHaa,
BKJIIOUAKOLasi B ce0sl METOJIMKY OaKTepHOJOTHYECKOro KOHTPOJs 3(P(PEKTUBHOCTH 00pabOTKU pyK
MepCOHala, aJrOPUTMBI BEJIEHHS TPOTOKOJIA OAaKTEPHUOJIOTHUECKOTO KOHTPOJISI CMBIBOB M CPaBHEHUS
OKCILUTYaTAlMOHHBIX ~XapaKTEPUCTUK TIEPUYATOK SBIISETCS BAXXHBIM 3BEHOM OSKONPOQPHIAKTHKU
réMOKOHTAKTHBIX MHPEKUNH U HIMPOKOM BHEIPpEHUH JaHHOU MeTonosoruu B JITY.
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Boabs¢pcon U.P., kanauaar reosioro-MUHEpaIOrnYeCKUX HAyK, YYEHBIM CEKpeTapb, BULIC-TIPE3UIECHT
POCTEO, Akanemuxk MAHDB, e-mail: rosgeo@yandex.ru;

®appaxos E.I'., mnepsbnii Bune-npesugeHr POCI'EO, kaHaupar TEXHUYECKUX HAyK, YJIEH-
koppecnionieHT PAEH, Poccuiickoe reonorndueckoe o0LiecTBo.

MEJUKO-3KOJOTMYECKASI BE3OITACHOCTSD ITPEJNPUSATHAN T'OPHO-
TEOJIOTUYECKOM ¥ CMEJKHBIX OTPACJIENM KAK HAITPABJIEHUE
JEATEJBbHOCTU MPO®ECCUOHAJIBHON OBIIECTBEHHOM
OPTAHUM3AIIMU I'EOJIOT'OB POCCHUHN

Annoranus OOmiecTBeHHas opranuzanus «Poccuiickoe reonoruueckoe obmectBo» (POCT'EO) —
OJTHO W3 KpyMHEHImHX mNpodhecCHoHaNbHBIX coobmecTB Poccun. Meauko-reonornyeckasi CEKIus
POCI'EO (MI'C POCTEO), 6suta co3gana B Mapte 2005 r. MI'C POCI'EO BxoguT B cocTaB
MexayHapoaHo Menuko-reosiorudecko acconmanm (MMI'A) — KOOpIWHAIIMOHHOTO OpraHa,
coznanHoro pemenneM X XXII ceccun MexayHapoJIHOTO T€OJOTMYECKOr0 KOHIpecca, MpOXOAUBIIETO
B aBrycte 2004 r. 8o ®nopennnu (Urtammst). MI'C POCI'EO — 310 106poBOIbHOE 00BETMHEHNE YISHBIX
— TEO0JIOTOB, TEOXMMHKOB, Bpauei, MOYBOBEJOB U JPYrHX, M3YYAIOMIMX BIHUSHHUE TEOJIOTHUYECKUX
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MIPOIIECCOB, OOBEKTOB U MATEPUAIOB (MHUHEPAJIOB, PY/I, POTYKTOB BYJIKAHUYECKOH JIEATEIIBHOCTH, BOJI,
0aLHEOIOTUYECKUX PECYPCOB U T.11.), @ TAKXKE YCIIOBUH, MPU KOTOPHIX TAKOE BO3/ICHCTBUE CTAHOBUTCS
BO3MO>KHBIM.

KuroueBble cinoBa: Poccuiickoe reojoruyeckoe 001ecTBO, METUIIMHCKAsl T€OJIOTHUsI, T€OJIOTHUECKHe
MPOLIECChl,  TEOJIOTUYECKHE  OOBEKThI,  JKOJOTUs  TOPHONPOMBILIUICHHBIX  TEPPUTOPUH,
SKONPOUITAKTHKA.

RUSSIAN GEOLOGICAL SOCIETY (ROSGEO)’ CONTRIBUTION IN SECURING OF
MEDICAL AND ENVIRONMENTAL SAFETY OF MINING AREAS OF RUSSIA AND NIS

Volfson I.F., Farrakhov E.G.

Abstract. Russian Geological Society (ROSGEOQ) is one of the biggest professional societies in Russia.
The ROSGEO Medical geology division (MGD) was created on March 2005. MGD is incorporated in
International Medical-Geology Association (IMGA), a coordinating organ which was founded on
decision XXXII session of the International Geological Congress at August 2004 in Florence (ltaly).
MGD is a voluntary association of the scientists — geologists, geochemists, physicians, soil scientists
and others who study the affects of geological processes, objects and materials (minerals, ores, volcano
emissions, water and etc.) as well as terms under which such affect becomes possible.

Keywords: Russian Geological Society, medical geology, geological processes, geological objects,
ecology of mining areas, environmental prophylaxis.

BBenenne

OO6miecTBenHass opranm3anus Poccuiickoe reonorudeckoe obmiectBo (mamee, POCI'EO,
O6mectB0o) 00beauHseT 0kos0 1000 MHAUBHUIYaNbHBIX WIEHOB U 0oJee 50 perHoHaIbHBIX OTJCICHUN
B cyOnekTax Poccuiickoit @enepanuu. ['maBnoit nensto POCT'EO sBnsieTcs KoHCOMUAAMs YCHUIUN
T€O0JIOTOB MO TMPUYMHOXKEHHI0 MHHEPAIbHO-CHIPHEBBIX PECYPCOB CTpPAHBI, COACHCTBUE Pa3BUTHIO
OTEUECTBEHHOW HAyKH, 3allUTa MHTEPECOB M MpaB CHEIUATUCTOB, PabOTAIOIMIUX B TE€OJIOTHYECKOM
OTpacJiu.

POCT'EO ywacTByeT B oOpraHu3allii W TPOBEICHUM MEXIYHAPOJHBIX W HAIMOHAIBHBIX
BBICTABOK U (HOPYMOB, TOCBSIIEHHBIX MpoOjIeMaM MHHEPAIbHO-CHIPHEBOTO KOMIIJIEKCA CTpPaHbI,
pa3paboTKke U BHEAPEHHIO WHHOBAIIMOHHBIX TEXHOJOTHH TOWCKOB M Pa3BEIKH MECTOPOXKICHHIA
MOJIE3HBIX MCKOITa€MBIX.

OgHuMH M3 cambIX 3HAYUMMBIX HANpaBJICHUN HAy4YHO-UCCIEAOBATEIbCKON JeATEIbHOCTH
MpPeJICTaBUTENEH TEOJIOTMYECKOTO U MEIUIMHCKOTO COOOIIEeCTB, OOBEIUHUBIINX YCUIIUS B PaMKax
nporpamm POCI'EO, siBnsiroTcst « MeAMIIMHCKASI TE0JIO0TUs», @ TAKIKE « DKOJIOTUSI TOPHOIIPOMBIIUICHHBIX
TEPPUTOPUIN U COIMAIIBHO 3HAYMMbIC O0JI€3HU HACEIICHUS», KOTOPBIE TECHO CBS3aHBI M B HAYYHOM U B
WJICOJIOTHYECKOM TUIAaHE C HaOWpAIOmMM CUJy W TOMYJSAPHOCTh aKTyaJlbHBIM HAmpaBJICHHEM
€CTECTBEHHBIX HayK «JKONMPOPHIAKTUKON.

Cozmannas npu POCI'EO Menuko-reomornueckas CEKus OOBEAUHSET TMPEACTaBUTEICH
reOJIOTUUECKUX M MEAMIIMHCKUX HAy4HO-UCCIEN0BATENbCKUX opranu3auuid u psana BY3os Poccun.
[lenpto NEATENHHOCTH CEKIIMM SIBISETCS MPHUBJICYCHUE WHTEpeca OOIIECTBEHHOCTH K aKTyalbHOMY
Hay4HOMY HalpaBJICHUIO — MEAUIIMHCKON T'€0JIOTUN U BHEJIPEHUE €TI0 JOCTUKEHUN B MPAKTHUKY.
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Menuko-reosgornyeckasa cekuusga POCI'EO

CoumanpHas 3alldTa TEOJOTOB M WIEHOB HX CEMEHN SBIISIETCS KpAaeyrojJbHOM 3ajadeu
O6mecTBeHHOM TTpodeccuoHabHON opranu3aiuu Poccuiickoe reonornyeckoe oomectso (POCI'EO).
OnHa 3anucaHa B ee YcCTaBe M HEYKOCHUTEIBHO BBINOJIHAETCS. MeauKo-reojiorndyeckas CeKkuus,
co3maHHas B cTpykType OOmectBa okono 20 jer ToMmy Hazaa, OObEAMHSET Oojiee MATHACCATU
IIPEICTABUTENEH TEOJOTMYECKUX M MEIULMHCKUX HAay4YHO-UCCIIEOBATEIbCKUX OpraHM3aluil U
kpynHeimmx BY3oB Poccun, wusyuarommx pasivuHble acleKTbl BO3JEHUCTBUSA T'€0JOTMYECKHX
MAaTEpHAJIOB U MPOLIECCOB HA 3J0POBbE JIIOJEH U )KMBOTHBIX, COCTOSHUE pacTeHUu. B TO Bpems kak
KOMIUIEKCHAsl W pa3BETBIICHHAs cHCTeMa MPOQWIAKTUKH, JICUCHHs U peaduauTanud pabOTHHUKOB
reoJIOTUUECKOM oTpaciu, co3maanHas B ObiBiieM CCCP, B CyIIECTBEHHOH CTEINEHH, yTpauyeHa,
Oylaromapst akTUBHOM padboTte meauko-reonornyeckoi cekuuu POCI'EO, conmanbHble aclieKThl Tpyaa U
KU3HU TE€OJIOTOB B HACTOSAIIEE BPEMsSl pacCMaTPHUBAIOTCS Yepe3 MpU3My 310pOBbs MPOGECCHOHATIOB U
HACEJICHUS U IPUOOPETAIOT KOHKPETHOE IKOJIOTHYECKOE 3BYUaHHUE.

Menuko-reonoruueckas cexiusa POCI'EO (MI'C POCI'EQO) 6»bina co3mpana BecHoi 2005 r. Bo
ucnonHenue peurenuss XXXII Ceccun MexnyHapoaHoro reosnorudeckoro konrpecca 2004 r. Bo
@nopeHnmn 00  ydpexAeHMH — MEXAYHapOTHOW  MEIUKO-TEOJOTHYECKOW  acCOIMaluu
(www.medicalgeology.org). Cpenu riaBabix 3amad MI'C POCI'EO npuBiieueHe K COBMECTHOM paboTe
CHELMATUCTOB-T€0JIOr0B U MEANKOB, CO3JaHUE Kypca JIEKINI 110 MEIUIIMHCKOMN Ie0JIOrUH JJI BbICHIEH
IIKOJIBI, pa3paboTKa pEerHOHANBHBIX MPOrpaMM B OOJACTH TeOJIOTUHM W 3JI0POBBS, pa3paboTka
METOJIMYECKUX  PEKOMEHJAIUMi 10  MEIUIUHCKOH TreolloTMM M JSKOmpoduIakTUKe A
HEAPONOIb30BaTeNel, COACUCTBUE PACIPOCTPAHEHUIO JOCTH)KEHUH OTEUECTBEHHBIX U 3apYyOEKHBIX
YUEHBIX 4Yepe3 CHUCTeMY BHYTPH POCCHHMCKHX W MEXIYHApOIAHBIX CEMHUHApOB, KOH(epeHuuid u
CUMIIO3UYMOB, IMYOJMKAlMsl pe3yJlbTaTOB Hay4dHBIX pabOT B 00JacCTM MEIUIMHBI U 3J0pOBbS B
CHELMAaIU3UpPOBAaHHbIX HaydHbIX u3maHusx PAH, Munnpupoast Poccum, Pochenpa, a Takxke B
BEJIOMCTBEHHBIX W PETHMOHAJIBHBIX TEOJIOTHYECKUX W3JIaHUAX, BXoasmux B mnepeueHb BAK, B
METOAMYECKUX PYKOBOJICTBAX 10 3KOJIOTHHU U 3/10pPOBbIO MPO(ECCHOHANOB M HACETICHMS.

Haumnas ¢ wurons 2006 r., Poccusa coBmectHo ¢ Kaszaxcranom, YkpauHoil, benapycsto,
Tamxukucranom, a ¢ 2007 r. ¢ ApMmeHueld B COOTBETCTBUM C YCTaBOM U TpeOOBaHUAMU
MexnyHaponHoit  Menuko-reonorudeckor accormamuun  (MMI'A)  Boma B PermonamsHoOe
noapaszaenenue «Poccus - CHI'» atoit aunamuyHo pasBuBatomieiics oprannzauuu (PII). OdpunnansHas
nata yupexaenus PII - 26 utons 2006 r. (www.medicalgeology.org).

B nacrosmee Bpems uienamu MI'C POCI'EO u PII ocymiectBieH psia myOiauKkanuil B xKypHaiax
BAK Poccun: Pa3seaxa u oxpana nenp, AHPU, Knunnueckas reponronorus u ap. [2, 3]. B 2006 r. npu
ux yyactu B r. Cankt-IlerepOypre n3nana kojuieKTUBHas MOHOTrpadus «bHOKOCHBIE B3aUMOIEHCTBHUSA:
KHU3Hb U KaMeHb» [ 1], B KOTOpOii 60JBIIO0N pa3ien MOCBAIIEeH MpodieMaM MEAULIMHCKON T'€0JIOTHH.

B 2008 r. B MexayHapoJHOM HE3aBUCUMOM DKOJIOTO-TIOTUTHYECKOM yHUBepcuTeTe (T. MockBa)
HayaTo YTEHME JICKIUH 110 npeameTaM «MeauIuHCKas TeoJ0Tus» U « IKOHOMHUKA, SKOJIOTHSI U 3/I0POBbE
HaceJIeHUs.

B asrycre 2008 r. mpencraButenu PII ycnmemHo BBICTYNWIM € JOKJIAaJaMH MO MEAUKO-
reosornueckoir Ttematuke Ha XXXIII Ceccunm MexayHapoaHOTO TEOJOTHUECKOTO0 KOHTpecca,
npoxoxausiieit B T. Ocno (Hopserus).

B 2010 r. B CHIA B uznarensctBe Nova Science Publishers B cepun Earth Sciences in the 21st
Century ocymectieHo uznanue kHura Man and the Geosphere, B KOTOpol HIMPOKO MPEICTABICHBI
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pe3yabTaThl MCCIEIOBAHUN B OOJIACTH MEIUIMHBI M T€O0JIOTUM POCCHMCKUX YYEHBIX M MX KOJUJIET U3
Vkpaunsl, CILIA u Kanansi [4 ].

B 2010 r. B u3narenscTBe Springer yBuaena ceet kaura Medical Geology. A Regional Synthesis,
rae uMeercst OoJblasi rjaBa, MOCBSIIEHHAs MpoOieMaM MeTUuIUHCKOM reonoruu B cTpanax CHI,
MOATOTOBJICHHAS K IMyOJuKauu yueHbIMu Poccuun, Apmenun, Kazaxcrana u benopyccuu [5].

B 2010 r. POCI'EO u3nano kaury MenuimHcKasi T€0JIOTHs: COCTOSIHUE M MEePCIEeKTUBHI [6]. B
HEl HAIlIM CBOE OTpPa)XCHHE pPe3yJbTaThl HCCIENOBAaHUI IO AaKTyaJlbHOMY HaIpaBJICHUIO
IIPEUMYIIECTBEHHO POCCUIICKUX YUEHBIX.

Torpa xe B 2010 r. B YKkpauHe B M34aTenbCTBE «AKaaeMIlpecc» BbllIa KHUra Beryn no
MEIWYHOI Te0JIOT1i, TIe U3JI0KEHO BUIeHUE yueHbIMH PecryOniku Y kpanHbl GyHIaMEHTAIBHBIX OCHOB
MEIULUHCKON T€0JIOTHH M OIyOJIMKOBAaHBI Pe3yJbTaThl UCCIICAOBAHUH, MPOBEIEHHBIX MEIUITUHCKIMHU
reoJioraMu B rpaHuniax PecryOiauku B mocneanue necsarunetus [7 ].

B 2011 r. MI'C POCI'EO navatbl pabOoTHI 110 0000IICHHUIO ITEPEOBOTO OMbITa MEIUIIMHCKUX U
reoJOoru4eckux opranuzanuii Poccun u 3apyOeXHBIX CTpaH C LETbI0 CO3JaHHUS METOJUYECKHX
pEeKOMEHalUN IO ONTUMHU3ALMUU  BO3JACHCTBUS HEOIArONMPUSITHBIX MPUPOAHBIX M TEXHOTECHHBIX
reoJoruieckux (akTopoB Ha 3A0pPOBbE MPO(ecCHOHANIOB U HACEICHHS MPU MPOBEACHUN MOUCKOBBIX,
reoJ0ropa3BeJOUHbIX U JOOBIYHBIX PA0OT Ha TBEpJbI€ IOJE3HbIE MCKOMAEMbIE U YITIEBOJOPOIHOE
CBIpbE B ycioBusax paiioHoB Cubupwu, Jlansuero Bocroka u L{lupkyMmnonsipHOTro peruoHa.

B aBrycre 2012 r. mpeacraBurenu PII ycnemHo BeICTynMiau C JOKJIaJaMH 110 MEJIUKO-
reosornueckoir Ttematuke Ha XXXIV Ceccun MexayHapoIHOTO T'€OJIOTHYECKOr0 KOHTpecca,
npoxoauBIeit B r. bpucoen (ABcTpanms).

Poccuiickue ydeHble U CIeUaIUuCThl MPUHUMAIOT Y4acTHE B MEXKAYHAPOIHBIX KOH(epeHIHIX
nof srugor MMI'A - Menl'eo, Haunnas ¢ 2013 1.

B 2017 r. B . MockBe npomuta yxe 7-1 mo cuety MexayHapoaHas koHdepenius Meal'eO-
2017, opranuzoBaHHas PoccuiiCKUM TeoJorHuyeckuM o0IecTBOM U MexayHapoAHOH MeTuKo-
reoJoru4eckoi acconuanuei, koropas coOpana okono 200 ywyactHukoB u3 30 cTrpaH Mupa Bcex
KOHTHUHEHTOB [8&].

MeauuuHCKAasl reoJiorusi - AKTYAJIIbHOE€ HAYYHOC HAIIpaBJICHUE

MenunuHckas TeoJIorusi, M3ydarollas BONPOCHl B3aWMOOTHOIIEHUH 4YeloBeKa U OOBEKTOB
reocepsl, SBISETCS OJHUM M3 HamOojee NEepClEeKTUBHBIX HANpaBieHUH B 00JacTH HAYYHOIO
IIOrpaHnYbs. /[aHHOE HallpaBIEHUE €CTECTBEHHBIX HAYK OIMPAECTCS HA OIBIT U 3HAHUS I€0JIOTHYECKUX
(TEKTOHUKM  TUIUT, TEOJUHAMHUKH, BYJIKAHOJOTMHM, T€OXUMHH, MHUHEPAJIOTUH, JIUTOJIOTUH,
TUIPOTeOJIOTUH, THJIPOTEOXUMHUH U Jp.) U MEAUKO-OMOJIOTMYECKUX AUCHUUIUIMH (SMUIEMHOIOTHH,
SHJOKPUHOJIOTUH, CAHUTAPUM W TUTHEHbI, SKOJOTMH, MEIUIMHCKOW reorpaduu, 3J€MEHTOJIOTHH,
HKONPO(PUIAKTUKH, MUKPOOUOJIOTUHU T10YB, OMOJIOTUH, BeTepuHApUu U Ap.). OAHON M3 aKTyaJIbHBIX
3aJa4 MEJUIIMHCKOMN I'e0JIOruH SIBISETCS 00beIMHEHHE PA3TUYHBIX BETBEH MEIMKO-OMOJIOTMYECKUX U
IEOJIOTHYECKUX HAYK B €IUHYIO CUCTEMY 3HAaHUU O 3I0POBbE KUBBIX OPraHU3MOB.

MenuuuHcKass TeoJOorus HU3y4daeT BO3JCHCTBHE T'€OJOrMUECKHMX OOBEKTOB €CTECTBEHHOTO
(OpOBL, pyIbl, MUHEPAIBI, TPOIYKTHI 3PO3HH, BYJTKaHUYECKOU 1€ATEeIbHOCTH, TOI3€MHbBIE BOBI U JIP.)
U TEXHOTEHHOTO MPOUCXOXKIEHHUS (MPOIYKTHl NEepepaboTKH PYAHOIO M HEPYAHOI0 MHUHEpPaIbHOIO
CBIPBSl U T.[.), T€OJIOTUYECKUX MPOLECCOB U SBJIEHUN Ha 370POBbE JIIOJEH U )KMBOTHBIX, COCTOSIHUE
pactenuii. M3yyaer oHa 0OCTaHOBKH, MPU KOTOPHIX TaKOe BO3AECHCTBHE CTAaHOBUTCS BO3MOXHBIM. B
00JIaCTH MHTEPECOB MEIUIIMHCKOM IeoJIOTMH — CO3[JaHue MOJIENIeH U ClieHapueB BO3HUKHOBEHUS TEX
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WJIM MHBIX 00CTaHOBOK B3aMMOJICHCTBHS YEIIOBEKA, MTPEICTABUTENCH OUOTHI C TEOIOTUYECKON CPEIOi.
JlaHHOE Hay4YHOE HalpaBJICHUE SIBISETCS, 10 CYTH, OTBETOM Ha OJWH U3 HanboJiee OCTPHIX BHI30BOB
BPEMEHHU - CYIIECTBOBaHHE YEJIOBEKA KaK OMOJOTMYECKOTO BUA.

MenuuuHCKass TeoNoruss - CTPaTerMYecKd 3HauMMas COLMAIbHO OPHEHTHPOBAHHAA
aucuuiuirHa. Mizydyenue o6cTaHOBOK, (PAaKTOPOB U MEXaHU3MOB BO3/JIEMCTBUS I€OJOTMUECKUX O0BEKTOB
U IIPOLIECCOB HA 3/10pOBBE JIFOJEH U COCTOSIHHE OMOTHI, IT03BOJISET pa3padaThiBaTh NPOPHUIAKTHUECKUE
Mepbl, HEOOXOAUMBbIE /ISl YCHEIIHOTO PEIleHUs TeKYUIMX W IUIAaHUPOBAHMs MEPCIEKTUBHBIX 3ajay
9KOHOMMKH XO035HCTBOBaHUS U BOILJIOLIEHUS B )KU3Hb PA3JIMYHbIX COLIMAIbHBIX IIPOEKTOB.

JlanHoe HampaBlieHHE, KaK HHM OIHO JAPYroe, CTHpAaeT TIPaHUIbl TOCYJapCTB U IPOOIeMbI
MEXHAIlMOHAIbHBIX OTHOIIEHUH, OTCTaWBas MHTEPECHl M IPaBa BCEX CJIOEB HACEJIEHUS, B IEPBYIO
oyepelb «IIpaBa Ha HKOJIOTMYECKH O€30MacHylo cpeay OOWUTaHHMS» W «IIpaBa Ha IOIYy4EeHHUE
CBOEBPEMEHHOM MEIMLIMHCKON TOMOLIN», He ToJbKo cTpaH ConpyxectBa HezaBucumeix ['ocynapcrs,
HO M Bcero Mwupa, a B KOHTEKCTE HbIHEIIHEH BHEIIHENOJIMTUYECKOH OOCTAaHOBKM B OCOOEHHOCTH
HacesieHus ctpad bPYMKC, B KOTOpBIX MEIULIMHCKAs T€0JI0TUS TIOJIb3YETCS 3aCIIy’>KEHHBIM BHUMAHHUEM.

Jna yuenbix Poccum u crpan CHIT menuumHCKass reosiorus OTKPBIBAeT IIMpOYAMIINE
BO3MO’KHOCTH B JI€JI€ Pa3BUTUSI U COBMECTHOI'O IPUMEHEHHsI Ha IIPAKTHUKE JOCTUKEHUN B 00JaCTH HAayK
0 3emJyie ¥ MEHMIMHBI U OMOJIOTUH, COXPAHEHUS ¥ TIPUYMHOXKEHHSI HAYYHOTO U TBOPUYECKOTO HACIETUS
OTEUYECTBEHHbBIX HAYUHBIX LIKOJI, PA3BUTHS MEKIYHAPOHBIX CBSI3EH.

COBpeMeHllOQ COCTOSIHME MEeTUIIUHCKOM reoJ10run

B nocnennue rofpl HEYKIOHHO YXY/IIAETCS COCTOSHUE OKPYXKAIOIIEeH cpefibl, KaueCTBO KU3HH
u 3710poBhe Hacesnenus [InaneTsl. BecoM Bkitag B 3TOT mpoiiecc MPUPOIHBIX T€OJIOTHUECKUX (PaKTOPOB.
C maBHHX BPEMEH B pa3lIMIHBIX perHOHaX Mupa H3BECTHBI TEPPUTOPHH, TJIe PACTIPOCTPAHEHBI OOJIC3HU
HaceJIeHUsI — TMPUPOJHBIE DHAEMHH, CBS3aHHBIE KaK C JCPUIMTOM, TaK M H30BITKOM Pa3IUYHBIX
XUMUYECKUX DJIEMEHTOB M COEJMHEHUN B KOMIIOHEHTaX MPUPOIHON cpeabl U, COOTBETCTBEHHO, B
MoYBax, MUTHEBOM BOJIC U, /1ajiee, B MUILIEBHIX LETsIX. B kauecTBe mpuMepoB 3TUX 00JIe3HEH yale BCero
YIIOMUHAIOTCSL DHJIEMUYECKHI 300, KOTOPBIA BO3HUKAET MpH AedUIUTe Hola B MPUPOAHBIX Cpenax,
YpPOBCKasi M KellaHCKasi 0OJIe3HH, BOSHUKHOBEHHE KOTOPBIX CBS3aHO C Ne(UIIMTOM CelieHa B BOJIE U
nmouBe, 3yOHOH U CKeNeTHbIN (Iroopo3 mpu M30BITOUYHBIX KOHIIEHTpaIMsIX (Topa B MUTHEBOU BOJE,
OanmkaHcKasl SHIAeMHYecKas HedpomaThs W3-3a PacCTBOPEHHBIX B IMOA3EMHBIX BOJAX OPTraHUYECKHX
MUKJINYECKUX coequHeHnsIX - [TAY u T.1.

B gucne apyrux u3BeCTHBIX MPOOJIeM, KOTOPBIE U3y4YaeT MEIUIIMHCKAs T€0JIOTHs, - TOKCHUYECKOe
BO3JICUCTBUE Ha OMOTY M 4YeJIOBeKa aTMOC(HEPHOM MBUIH, TPOIYKTOB BYJIKAHUYECKON NEATEIHHOCTH U
nerazainuu Heap. [IbutbHBIE OypH BBI3BIBAIOT 3arpsA3HEHNE aTMOC(EPHI, KOTOPOE JOCTUTAET TUTaHTCKUX
MacmtaboB. KocMuueckne CHUMKH 3e€MITH, TMOJTYyYEHHBIE U3 KOCMOCA, CBUICTEIHCTBYIOT O TOM, YTO
BETPOBBIM MEepeHOCOoM TbLTh U3 Caxapbl U ['00M U IpYrux MyCcTHIHB MOKPBIBAET TEPPUTOPUIO, PABHYIO
M0 IUJIOIIAAM IIOJOBHHE €€ IMOBEPXHOCTU IUIaHEThl. Bo3nelicTBUME MbUIM BBI3BIBAET CEPIACYHO-
COCYIMCThIE, pECTUPATOPHBIE 3a00IeBaHusl, MH()EKIIMOHHBIC U TJa3Hble 00JIE3HU HACETICHHS], KOTOPhIE
YCYTYOJISIOTCSI IPUCYTCTBUEM B HE CIIOp Pa3IMYHbBIX TPUOKOBBIX (POPM M IPYTHX MUKPOOPTaHU3MOB-
BO30OyAHTENEH pa3TUYHBIX 3a00IeBaHUH.

[lemmen u napyrue OPOIYKTHI BYJIKAHMUYECKOW JESITEIBHOCTH arpecCMBHO BO3CHCTBYIOT Ha
omoty, 3arps3Hsas arMocdepy, Boay ¥ mouBy. OmacHOCTh /I YEIOBEKa COCTOUT B MOPGOJIOTHH
XUMHUYECKOM COCTaB€ 4YaCTHI[ MHHEPAJIBHOTO BEIECTBA, CTENEHU KOHIEHTPAIIMM U COCTaBE
BYJIKAHUYECKUX ra30B u T.1. [9].
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Ha ocHOBaHWMM pe3ynbTaTOB HCCICIOBAHUN TOCICIHUX JIET, MPOBEACHHBIX POCCHUCKIMHU
yueHbIMH U WX KojuteramMu u3 CHI', BBISBIECHBI MPUYMHBI, OMPEACIICHbl MEXaHU3Mbl U OOCTAaHOBKHU
KOHIIEHTpUpoBaHus B reochepe, ruapochepe U atmochepe IEMEHTOB U COSAMHEHUI-TOKCUKAHTOB.
Y cTaHOBNIEHBI MTOCIEACTBHS UX BO3JCHCTBUS HA KUBbIE CUCTEMBI.

Pazpaboransl ¢ npumenHeHueM [MC-TexHOIOTHMH Teojornyeckue Mopaeau (OPMHUPOBAHHS
Pa3IMYHBIX MEAMKO-PKOJIOTMYECKUX OOCTAaHOBOK, IPOBOJIUTCS SKOJOTHYECKHM MOHUTOPHHI Ha
TEPPUTOPHUSAX MOBBIIIEHHOTO I€03KOJIOTHYECKOT0 PUCKA.

Co3znlanbl HAy9YHBIE OCHOBBI KypOPTOJIOTUU U 0OecIiedeHa Haie)kHast 6a3a 0aIbHEOI0THIeCKOro
CBIPBSI.

[TomydeHbl cepbe3HBIE Pe3yIbTaThl B WCCIICIOBAHUU JICYCOHOTO MPHPOJIHOTO MUHEPATHLHOTO
CBIPBS — TJIUH, TPsI3eH, IIYHTUTOBBIX MTOPO, MyMHE, KPEMHEH, IICOTUTOB U IICOTUTOIUTOB. PacimmpeHsr
00acT X MPUMEHEHHS B METUITUHCKON U SKOJIOTUYECKON MPAKTHKE.

[Tponomxkaercs uzydeHue Mop(OoJIOTUH, BEIIECTBEHHOTO U 3JIEMEHTHOTO COCTaBa MAaTOT€HHBIX
MUHEpaIbHBIX (OpM — OMOMHHEPAIOB OpraHU3Ma YeIOBeKa.

Pa3paboTanbl Hay4YHO-METOAMYECKHE OCHOBBI OIIEHKU PaJMOIKOJIOTUYECKOW Oe30MacHOCTH
MO/I3EMHBIX BOJ M TEPPUTOPUHN TPAXKIAHCKOTO U MPOMBIIITIEHHOTO CTPOUTEIHCTBA.

MeaunuHcKasi reoJIorusi B PCUHICHUH HapOHHOXO3HﬁCTBeHHbIX 3agavd

Bce caenanHoe He TOJIBKO HE TepsET CBOEH aKTyallbHOCTH CEroJHs, HO M IpUOOpeTaeT HOBBIM
cMbIcil. O4eBUIHO, YTO UMEIOIIMECS pe3yiIbTaThl OyAyT BOCTpeOOBaHbl yxkKe B Ounxkaiilem OyayieM.
MuHnepalibHO-ChIpbeBas 06a3a sIBJIIETCS BXXKHEHIIUM (PAaKTOPOM IepeBoia SKOHOMUKU Poccrn Ha HOBBIH
KOHKYPEHTOCIIOCOOHBIN TeXHOJIOTHYeCKUi ykiaa. IIpoBoaMTbCs OH JOJDKEH 3a CU€T BHEIPEHUs
WHHOBAIIMOHHBIX CIIOCOOOB MOWCKOB, Pa3BEIKH, JOOBIYH H MEepepabOoTKH MUHEPAIBHOTO ChIpbs. [lpn
3TOM HEOOXOJUMO YUUTHIBaTh BECh CHEKTP MCTOUYHHUKOB U OOBEKTOB BO3JIEHCTBUS, OINpPENESIOIINX
MEIUKO-3KOJIO0IMYECKYI0 0€30IaCHOCTh TEPPUTOPUI TPOU3BOACTBA paboT. Takum 00pa3oM, elie OAHUM
BAXHBIM HANpaBJIC€HUEM MEAUIMHCKOW TEOJIOTMH SBJSETCS 3/10pOBbE PAOOTHUKOB TOpPHO-
ICOJIOTUYECKOW OTpaciad U  HACeIEHWs B CBA3M C  INPOU3BOJACTBEHHOW  JACATEIBHOCTHIO
re0JIOrOpa3BeJOYHbIX, JOOBIYHBIX M IepepadaThiBaloLIMX Mpennpustuil. Hampumep, cunmkos,
ac0OecTo3, aHTpako3 — 3a00JieBaHMsl, BbI3bIBa€MbIe KBApIIEBOM, acOECTOBOM M yroiabHOM mblibio. Crona
e MOXHO OTHECTH U MpPOOJeMy eCTEeCTBEHHOW paJiMOAKTHBHOCTU M PaJOHOOE30MAaCHOCTH, KOTOpast
TaKKe MPEJCTABISAETCA BECbMa aKTyaJIbHOW B IAHHOM KOHTEKCTE.

TOKCMYHOCTh MPOAYKTOB T€0JIOrOPA3BEAOYHOIO MPOU3BOJACTBA 3aBUCUT OT UX (UIUYECKOTO
COCTOSIHMSI M XMMHYECKOro cocraBa. [JoHMMaHne MEXaHM3MOB BO3ACHCTBUS XUMUYECKHUX JIEMEHTOB U
COCIUHEHUI Ha OKPYXKAWOIIYI0 Cpely M 3J0pOBbE HACEIEHHUS MO3BOJAECT ONTHMHU3UPOBATh
MEAUIIMHCKUE TOCIEACTBUSI M OCYIIECTBISATh SKOJIOIMUECKU NMPUEMIIEMYIO J00BIYY U NepepaboTKy
MUHEPAJILHOTO U YTJIIEBOIOPOAHOIO ChIphs [10].

Ceronns, xorga pemenuem IIpaBurenscta Poccun npuHAT psa JOKYMEHTOB, HAllEJIEHHBIX HA
OCBOEHHE U pa3BUTHE MHUHEPAILHO-CHIPbEBOI Oa3bl yaneHHbIX paiioHoB Cubupu u JlansHero BocToka,
BKJIIOYast KpymHeHmmii QenepanbHblii nmpoekT «['eonorus: BO3POXKACHUE JIETEHIbI», MEIHKO-
9KOJIOTUYECKUE UCCIIEOBAHUS B T€OJIOTHH U HEPOIOJIb30BaHUU NPHOOpeTaroT ocodoe 3HaueHue. I1o
MHEHUIO CIEeNMaTUCTOB Menuko-reonorudeckoi cekuuu POCI'EO, mpu oOcykaeHUH U pealn3alnuu
MIPOrpaMM pa3BUTHSI TOPHO-TEOJIOTMYECKOI OTpaciy, a Takxke Apyrux ¢efepanbHbIX U PErHOHAIbHBIX
IIPOrpaMM 3KOHOMHUYECKOTO POCTa, CAMOE IIPUCTAIbHOE BHUMAHUE JOJDKHO YIEIATHCA PEIIECHUIO 3a1a4
COLIMAJILHOTO OOECTeYeHUs, 3APaBOOXPAHEHUSI M IKOJOrMH. VIMEHHO OHHM, CBS3aHHbIE BOEIUHO, B
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KOHEYHOM CYETe, OINpPENeNII0T 3KOHOMUYECKHH 3(P(GEKT U NEepCHeKTHBBl MPOrpaMM Ppa3BUTHS
MUHEPAIbHO-ChIPbEBOI0 ¥ TOIUIMBHO-PHEpreTHUecKoro kommiekea [11, 12 13].

YOenuTenbHbIM  MPUMEPOM  3TOTO  YTBEPIKIEHHUS  SBISETCS OJWH M3  M3BECTHBIX
rOpHO00bIBatOIINX pernoHoB BocTounoii Culupu. B ero rpaHuiibl BXOJSAT MECTOPOXKAECHUS YPAHOBBIX
pyd, ¢aroopura, cBMHLIA M LMHKA. Ilo HEMy MMEIOTCS MOJIHbIE JaHHbIE IO TE€OJIOTMYECKHM U
MHUHEpAJIOro-reOXMMUYECKUM OCOOEHHOCTSIM MECTOPOXKJICHUH MHHEPAIbHOIO ChIPbs, TEXHOJIOTUSAM
OoTpabOTKM pYAHBIX 3alieXed, C OJHOM CTOPOHBI, MU 30POBbI0 HACEJIEHUS, COLUAIBHBIM U
HKOHOMHYECKUM TOCJIECTBUSM T'€0JIOTOPa3BEIOYHOI0 M TOPHOI00BIBAIOIIETO TPOU3BOCTB, C IPYTOi
CTOPOHBI.

Henoonenka 0COOEHHOCTEH TEOJIOTMYECKOTO CTPOCHHST OJHOTO U3 MECTOPOXKIACHUN
PaZMOaKTUBHBIX PY[, a TAKXKE DKOJIOTMYECKUX M MEIUKO-COLMAIBHBIX MOCIEACTBUN €ro pa3BeiKH U
OCBOEHUS IIPUBENA B UTOTE K BBIHY)KJIEHHOMY IlepeceneHuto B KoHie 1990-x — navane 2000-x nenoro
nocenka reojoroB — 6osiee 1000 cemeli, BO3BEI€HHOTO HaJl KPYIHBIM ypaHOBOPYIHBIM OOBEKTOM, B
CIELMAIbHO IIOCTPOCHHbIE MHOTOKBAapTUPHBIE JOMa M BO BTOPUYHOE JKWIbe Ha Oe30MacHOi
TEPPUTOPHUHU.

VYpaH xumMuyeckd TOKcudeH. [1o Tpouueckum LensiM OH NMPOHMKAET B OPraHU3M 4YellOBeKa.
buonoruueckue nepropl MONyBbIBEACHUS ypaHa [IPU HHTAJIALIMOHHOM MOCTYIIJIEHUH (C MBUIBIO) OKOJIO
150 cytok u3 nerkux u 450 cyrok u3 ckenera. OH BeI3bIBaeT 0oJie3Hu nmouek. [IpoaykTom ero pacnaaa
SBJIAETCS PAaJUOAKTUBHBIA Ta3 paJioH — OJWH M3 OCHOBHBIX (PAKTOPOB paka JIETKUX, pa3pyLICHHs
MMMYHHOU CHCTEMBI, HEBPOJIOTHUECKUX M CEPACYHO-COCYTUCTHIX 3aboseBanwmii [14]. Takum oOpazom,
OCHOBHOH NPUYMHON IIepeceIeHNs JII0/IeH CTajI0 PEe3KOe MOBbIIIEHNE KOHIIEHTPALUHU pajioHa U 00IIero
panuanuoHHOro (oHa B KWIMIIAX PAOOTHUKOB mpeanpustua. OHO 00OLUIOCH TOCYAapCTBY U
HE/IPOII0JIb30BATENSIM B CyMMY, IpeBbIIatontyto 1 Miap. pyO. (30 MiIH. 10JU1apoB B LIEHAX «HYJIEBBIX»).

Cepbe3Hoe (TEXHOT€HHOE) paJuOaKTUBHOE 3arps3HeHHe MOIy4ui elle OAMH 3a0alKaabCKUil
PYIHHUYHBIHN MTOCEJIOK B pe3yibTaTe paboT 1o pazpadorke B 1950-X roax mponuioro CTOAETHS POCCHITIECH
TOPUMN COJIEPKALEr0 MOHALUTOBOTO MECKA.

OrneHka BIMSIHUSI TOPHOPYAHON MPOMBIIUIEHHOCTH Ha OKPYXKAIOIIYIO CPEey U, COOTBETCTBEHHO,
TpoduYECKUE 1IETH U OPraHU3M YeJIoBeKa, Obuta BhimoiHeHa crienranuctamu PIT MMI'A CHI Ha psane
NoJIMMeTaNInYeckux MectopoxaeHnii CeBepHoro KaBkaza. DKonoro-reoxMMu4eckUMu paboTamu B
paitone CeBepokaBKa3CKOro pyaHuka TeIpHbIay3 B AETIOHUPYIOLUINX cpeax (IOYBEHHBIN CIIOH, TOHHbBIE
OTJIOXKEHHUS, PACTUTENBHOCTh) 3a(MKCUPOBAHO 3HAYMTEIBHOE TEXHOTEHHOE 3arpsi3HEHHE, CBSI3aHHOE C
MHorojetHed (¢ 1940 r.) nAeATeNbHOCTBIO BOJB(PAM-MOJUOJEHOBOTO T'OPHO-000raTUTENILHOTO
KoMOuMHaTa. B mporecce 9KOIOro-reOXMMHYECKOH ChEMKM OBUIM  OKOHTYPEHBI — apeabl
pacnpocTpaHEHUs!  BBICOKMX  KOHILEHTPAalMWA OCHOBHBIX (MBIIIBAK, MOJUOAEH, BoOJb(pam)
3arpsI3HAIOIIUX U BTOPOCTENIEHHBIX 3JIEMEHTOB. B TOHHBIX OTJIOXKEHUSIX BOJJOTOKOB BBISBIIEHBI YUaCTKU
BBICOKHMX COJIEpKaHUI OCHOBHBIX 3arps3HSIIONIMX 3JIEMEHTOB, CBSI3aHHBIE C aBApUITHBIMU pa3pblBaMu
MyJIBIONIPOBOAA. B Boax peku bakcaH — 0CHOBHOM BOJTHOM apTEpHH pailoOHa UCCIIEIOBAHUN - OTMEYEHO
npesbiienue [1JIK mo nutuio, B mUTHEBOM BOAE — MO JIMTUIO M OOpY — DIIEMEHTaM, SBISIOLUIMMCS
XapaKTepHBIMU Il TOPO000Pa3yIOLINX KOMIUIEKCOB pailoHa MecTopoxkaeHus ToipHblay3. Hecmotps
Ha TO, YTO OIICHKAa BO3MOXXHOT'O PHCKAa pa3BUTHUsS BpeAHBIX 3(p(eKToB B 310poBbe HacedeHHs ObLia
MIPOU3BEZCHAa HE 10 OCHOBHBIM areHTaM pHCKa, a MO TUMOMOP(HBIM 3JIeMEHTaM-HeKaHIepOreHaM,
MHJIEKC OMaCHOCTH, PACCUMTAHHBIN [0 METOJUKE, pa3paboTaHHONW ATEHTCTBOM OXPaHbl OKpY)Karolen
cpensl CIIIA, oka3zancs npessliiieH Oosiee ueM Ha nopsok (HI=57,6). 3To cBuaeTensCTBYET O TOM, YTO
PUCKOM pa3BUTUS TOKCUYHBIX 3((eKToB yxke Henb3ss npeHebperats. [lonTBepikaeHueM TaHHOTO

56



Bectuuxk MAHDbB Tom 29, Ne4, 2024 VestniklIAELPS

BBIBOJIa CTAJI0 BO3pAacTaHME IOKAa3aTessl NEepUHATaIbHOW CMEPTHOCTH, BbI3BaHHOE B 50% ciyuaes
pa3BUTHEM Y IUJIOJIa BPOXKJIECHHBIX aHOMaiui pa3Butusd. 3a 2 roga (1997-1999 r.r.) nepunaranbHas
CMEPTHOCTH B ThIpHBIay3€ BbIpOCA B IATh pa3. [I[puunHaMy nepuHaTagIbHOM CMEPTHOCTHU 110 JaHHBIM
MEIUIIMHCKOW CTaTUCTHKU B 4-X ClydasiX SIBUWIHCH BPOXKJIEHHBIC MOPOKU PA3BUTHUS, B 3-X CIydasx
BHYTPUYTPOOHAsI aCPUKCHS TUI0JIA, B 2-X CIIyYasX CHHAPOM JbIXaTEIbHBIX paccTpOrcTB [15].

Pe3ynpTaThl M3ydeHHs NMOYB TOPHOPYAHBIX PallOHOB APMEHHUM BBIBIIIM WX 3arps3HEHUE
TsoKenbIMU  MeTauiaMu. Crnenuduieckod 0COOCHHOCTBbIO TeppuTopuu PecmyOnuku sBiseTcs ee
MeTaJuloreHnuecKkas creruanu3anus Ha Mo, Cu, Pb u psn npyrux merannoB, npeaonpeaeauBIIas ux
BBICOKMH MpUPOJHBIN (HOH, yacTo mpeBblmarommii ycranoBieHHyto IIJIK nanHoro smementa. 9To
00CTOSITENLCTBO O0YCIOBIMBAET HEOOXOJMMOCTh Yy4eTa IPU OLEHKE TEXHOT€HHOTO 3arps3HEHUs
YPOBHSl KOHLIEHTpALlM XHMHUYECKUX D3JIEMEHTOB B €CTECTBEHHBIX (IIPUPOJHBIX) TIEOXUMHYECKHX
aHOMAJIUAX, KOTOPhIE OTIIMYAIOTCS BHICOKUMH 3HAUEHUSIMHU COJIEPKAHMS dJIEMEHTOB. Takum o0paszom,
OLICHUBAETCA CyMMapHasi KOHLEHTpalus XUMUYECKUX OJJIEMEHTOB B OKpYXarolled cpene,
chopMUpOBaHHAs KaK pe3yNbTaT CJIOXKEHUS [JBYX COCTABISIONIUX - MOBBIIICHHOW MEPBUYHOU
(TpUpOAHOM, UJIM TEOTCHHOM) U TEXHOTEHHOM [16].

JlaHHBII1 BBIBOJ MPEICTABISAECTCA UCKIIOUUTEIBHO BaXKHBIM B aCIIEKTE€ MPOECKTUPOBAHUS HOBBIX
00BEKTOB TOPHOIOOBIBAIONIEH MPOMBIIUICHHOCTH, TaK KaK M3HAYAIBHO MPEIIOoIaraeT MHOTOKPAaTHOE
yYBEJIMUEHUE HArpy3Ku Ha OMOTY B pe3ysbTaTe BBOJAA B AKCILUIyaTallMI0 IMPOMBIIIJIEHHBIX ChIPbEBbBIX
00bekTOB. HamOonpmryto 03a0049€HHOCTh BBI3BIBAIOT B JTOH CBS3M TEPPUTOPUU  BBICOKOH
re0JIOTHYECKOW aKTMBHOCTH 3€MHOHM KOpBI, Kak HarnpuMmep, KamMyaTckuii peruoH, rjae CBOW BKJIAJ B
3arpsi3HeHue aTMoc(hepsl, TOYBBI U BOJIbI HA 00BEKTaX T'€0JIOTOPa3BEAOYHBIX U JOOBIYHBIX PAOOT BHOCST
TOKCHUYHBIE MPOIYKTHl BYJIKAHUYECKOU NEATEIBHOCTH, MHOTOKpAaTHO ycuiuBas 3¢ (heKkT Bo3AecTBUs
HEeraTuBHbBIX (PAaKTOPOB HA OMOTY U YenoBeka [17].

O4eBUIHO, YTO HMMEIOUIUICS OMNBIT MEIMKO-IKOJIOTMUECKUX U COLMAIBHBIX IOCIEACTBUU
re0J0ropa3BeJOUHbIX padoT U AESITEIbHOCTH TOPHOAOOBIBAIOIINX MPEANPUATUH JTOIKEH ObITh YUYTEH
IIpU MPOEKTUPOBAHUM U OCBOCHMM TEPPUTOPHI MUHEPATbHO-CHIPHEBBIX LIEHTPOB IKOHOMUYECKOTO
pocTa B paMKax UMEIOIUXCS U IIIaHUPYEMbIX (eZiepalbHbIX U PETHOHANIBHBIX ITporpaMM. B 3Toii cBsi3y,
HEOOXOJIMMO TPEINPUHATh BCE YCWIHSA IO KapAWHAJIbHOMY YIYULIIEHUIO COLUAIbHON chepbl
UMEIOIINXCS U IUTAHUPYEMBIX K CO3JIaHHIO T€0JIOTOPa3BEeI0UHBIX U TOPHOA00BIBAIOLINX MPEAIPUATHH.
Ocy1iecTBIATh IUIAHUPOBAHHUE TEOJOTHUYECKUX pPabdOT, NMPOEKTUPOBAHHE U CTPOUTEIHCTBO HOBBIX
00BEKTOB Ha MPOrpaMMHO-1IEJIEBOM OCHOBE C aKIEHTOM Ha MOJEIMPOBaHME U HM3YYEHUE MEIUKO-
HKOJIOTUYECKUX 0OCTAaHOBOK, CBSI3aHHBIX C BO3JEHCTBUEM MTPUPOTHO-KIMMATHUYECKUX U T€OJOTMUECKUX
(akTOpOB Ha 3/10pOBbE MPOPECCHOHATOB-TEOJIOTOB, pAOOTHUKOB MPEIIPUATHI OTPACIH U HACEIEHUS.
PerynspHo ocyiiecTBIsATh AMCIAHCEPU3AlMIO paOOTAIOUINX W HACEJIeHUs ISl paHHEH IMarHOCTHUKU
0oje3Hell, MPOBOLMPYEMBIX  MPUPOAHO-KIMMATHUYECKUMHU U TEOJIOTUYECKUMH  (aKTopaMu
€CTECTBEHHOI'O M TEXHOTEHHOTO MTPOUCX OKICHHUS.

AKTyalbHBIM TPEACTABISAETCS PElIeHNne YacTH MEAMKO-COIMANIbHBIX 33/Ja4 3a CUET Pa3BUTHUS
LIEHTPOB pPEKpealMu M SKONPO(PUIAKTUKH, OOECIIEUEHHBIX HAJEKHOW CHIPbEBOM 0a30i MECTHBIX
7e4eOHO-KYPOPTHBIX PECYpCOB, a TaKKe 3alpeT Ha BBIBOA M3 KAaTErOpUHM OCO00 OXpaHsIeMbIX
TEPPUTOPUI KypOPTHBIX 3eMensb [19].

Jliis 0OOBbEKTUBHOM OLIEHKH T'€0JIOTHYECKUX (PAaKTOPOB, OTPHUIIATENIBHO BIUSIOMIUX Ha 370POBHE
HacelleHHs, U BbIOOpa 0€30macHOM, ¢ TOYKH 3pPEHHS SKOJOTMH, TEPPUTOPUU JUIsl CTPOUTENHCTBA
O0OBEKTOB TPaXAAHCKOTO M  TPOU3BOJCTBEHHOIO HAa3HAu€HUs HEOOXOAMMO  HCIIOJIb30BATh
MHHOBAIIMOHHBIE MOAXO0/bI U METOABl YK€ Ha paHHEW cTaauu pa3paboTKu MpoeKkToB. OAHUM U3 HHUX
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ABISICTCA ~ TENUN-TUAPOTCOXMMHYECKas CbeMKa. JIaHHBI METOJ OCHOBaH Ha  OTKPBITHH
OTEYECTBECHHBIMH YYEHBIMU OCOOCHHOCTEH moBeaeHus renust B autocdepe. OH MO3BOISET BBIABIATH
30HBI AKTUBHBIX Pa3JIOMOB - CTPYKTYp C HanOoJiee BEICOKOW MHTEHCUBHOCTHIO BOJI00OMEHA U CTETICHBIO
3arpsi3HEHUS] MOJ3EMHBIX BOJ| XUMHUYECKHMH DJIEMEHTaMH - (TOpPOM, OOpPOM, CTPOHLIUEM, JIHTHEM,
dochopoM U ap., razaMm — pAJOHOM, METAHOM H [p., MOJUIHUKINYECKHMHU apOMATHUYECKHUMHU
YTIJIEBOJIOPOAAMH, a TAK)KE TEPPUTOPUH, 00JIafatomue 6aIbHEOIOrHYECKUME pecypcamu. Pe3ynbTarsl
NPUMEHEHHS  TeIMHA-THAPOreOXUMHYECKOH CHEMKHM MOTYT  CIY)KHTh  HAJISKHOH  OCHOBOH
MOHHUTOPHHI'OBBIX UCCIIETOBAHHUI COCTOSIHUSI OKPYXKAIOIEH CPE/IbI.

B xomrutekc paboT 1OKHBI OBITH BKJIIOUEHBI 00pa00TKa MaTepHAIOB IUCTAHIIMOHHBIX CHEMOK
C TMpUMEHEHHEM HOBEHIIMX alrOPUTMOB HX 0O0pabOTKH, a TakXke TpPaJUIMOHHBIE METOMIbI
WCCIICIOBAHMM, TaKue, KaK a’poramMma-CHeKTPOMETPHs JUIS BBISBICHUS TEPPUTOPUIN MOBBIIIEHHOTO
panuanuoHHoro (oHa, PTyTHO-ra3zoBas cheMKa M japyrue. OUeBHAHO, YTO IMPOBEPEHHBIC TOJAMHU
METOIbl W pe3yJibTaThl MCCICAOBAHUN COCTOSHUSI T'COJIOTMYECKOW Cpelbl, OILEHKH (haKTOpOB
9KOJIOTMYECKUX PHCKOB JIOJDKHBI CTaTh HAYYHO-METOANYECKOW OCHOBOI COBPEMEHHBIX ITOJIXO/IOB HE
TOJIBKO ISl IPOTHO3UPOBAHUS M BBISBICHUS PECYPCOB HEP, HO M JUIA O€30IacHOTO M MPOAYKTHBHOTO
TpyZa ¥ KOM(MOPTHOTO C BEICOKMM KayeCTBOM XH3HHM MTPOKUBAHUS CIEIUAIICTOB U YWICHOB UX CeMel

[18].
IlepcnexTuBbl MeaUIUHCKOM reosioruu B Poccun u CHI

HNuTepec K MEOUIIMHCKOW T€OJOTHMH OOIIECTBEHHON MNpoQecCHOHANIBHON OpraHu3aliu
POCCHUHCKHX TeoJIoroB He ciaydaeH. ColualibHas 3al[uTa I'eoJOrOB U YJICHOB HX CeMeH SBIseTcs
kpaeyroabHoi 3anaueit POCI'EQO, koTopas 3anucaHa B €€ Y CTaBe U HEYKOCHUTEIbHO BBINOJHsAETCA. B
MOCJIEIHUE TOJbI, Oyiarogaps akTuBHOM pabore Menuko-reonorudyeckoit cekiuu POCTEO,
COLIMAJIbHBIE aCMEeKThl TPyJa W YKU3HU I'eOJIOTOB CTAJIM PacCMAaTpPUBATBHCS 4epe3 NMPU3MY 310pPOBbBA,
MOJIYYMJIN 3KOJIOTUYECKOE 3BY4aHHUE.

K coxanenuto, B TeyeHUE JOITUX JIET MEIUIMHCKUE U 3KOJOTMYECKHE MPOOJIEMBI CTOSIU Y
IIpeJCTaBUTENIEeN reoJornueckoi npodeccuu Ha BTopoM Mecte. Ha mepBom e Bcerja ObLIIM MOMCKH,
pa3Be/iKa, HapallMBaHUE M BOCIPOU3BOJCTBO MMHEPAILHO-CHIPhEBOI 0a3bl cTpaHbl. HeyausurensHo,
YTO y TE€OJIOTOB CTapIIETO MOKOJIEHUs TaK BBICOK CYMMApHBIM MTOKAa3aTelb BO3JIEHCTBUS HAa OpraHU3M
HEeOJaronpusATHBIX TE0JIOTUYECKUX (PAKTOPOB MPUPOAHOTO U TEXHOTCHHOTO IPOUCXOXKICHMS,
BBIpXKAIOIHUIICS B paHHEH IoTepe 37J0pOBbs U, KaK CIIEACTBHUE, YXY/IICHUN KaueCTBa )KU3HU. Y YUTHIBas
KPU3UCHOE COCTOSIHIE POCCUUCKOM T€0JIOTUYECKON OTPaciii, MEIMKO-COLIMATIbHBIE U IeMOTpapuiecKre
npoOyieMbl, MpUCyLIUe €i, 3ajaya OXpaHbl 3/I0pOBbS IE€OJOrOB, YWIEHOB WX CEMEH, HaceleHWs,
BOBJIEUEHHOT'O B IIPOLIECC TOMCKOB, MPOBEICHUS F€0JI0rOpa3BeI0UYHbIX padboT, JOOBIYN U NIepepaboTKu
MUHEPAJILHOTO CHIPbsI, CTAHOBUTCS CTPATETMUECKOM.

[IpuxoauTcs KOHCTaTUPOBATh, OJJHAKO, YTO B HACTOSIIIIEE BPEMsI KOMIUIEKCHAsl U Pa3BETBIICHHAS
crcreMa Mpo(UIAKTUKH, JICYSHUS U peadMInTallui paOOTHUKOB I'€0JIOTMYECKOM OTpaciy, CO3/JaHHas B
obBiieM CCCP, B cylIecTBEHHOH CTemneHu, yTpaueHa, Ha NPEANPHUATHIX HE XBaTaeT Bpadei-
Mpo(maTosioroB U TUTHEHUCTOB. AJBTEPHATUBON B CIOXKUBIIECHCS CHTYaIllMd MOXKET CTaTh aKTHBHAS
Mo3uIUsl OOIIECTBEHHOM MpodeccroHaNIbHON OpraHu3allii, KOTOpas CTOUT Ha 3allluTe MHTEPECOB
yenoBeka Tpyaa. He oOnmamasi COOTBETCTBYIOIICH MaTepHalbHO-TexHU4eckoil 6a3oii, POCTEO,
0€3yCJIOBHO, OrpaHMYEHO B TMPOBEJECHUU TMOJHOTO IHMKJIa MEAMKO-3KOJOTHYEeCKHX paboT Ha
MPEeNNpUATHIX OTpaciy, BKIIOYAIOUIEro cOop M 00pabOTKy JaHHBIX Pa3HOOOpPA3HBIX IMOJEBBIX U
KIIMHUYECKUX MCCIIEIOBAHUMN, COMYTCTBYIOMINX UM aHATUTUYECKUX UCTIBITAHUI 00pa3I[0B MPUPOIHBIX
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Cpell — BOJIbI, TTOYBBI, BO3/yXa, a TAK)Ke OMOJIOTUYCCKUX JKUIKOCTEeH U TKaHEH 4elloBeKka u Jip. B To xe
BpeMs, COAPYKECTBO YYEHBIX M IPAKTHKOB - T'EOJOrOB M MEAMKOB - B CTpyKType OOmiectsa,
o0lajafoIMX 3HAHUSAMU M ONBITOM B 00JacTH HKOJOTHM M TEOIKOJOTHH, SIHIEMHOJIOTHH,
TOKCHKOJIOTHH, F€POHTOJIOIMH, TPOPECCHOHATLHON MEIULUHBI U OXPaHbl TPYAa, SKONPO(UIAKTHKY,
OObEIUHEHHBIX OJHOW Lenbl0 — oOecreuyeHHe O€30MACHBIX  YCIOBUM  OCYILECTBIICHUS
poeCCHOHATILHOM AEATEIbHOCTUH M KOM(OPTHBIX YCIOBUHA IPOKUBAHUSA PAOOTHUKOB I'€0JI0IMYECKON
OTpacJIi ¥ HACEJICHHUs], BOBJICYCHHOI'O B IPOM3BOACTBEHHBIE ITPOLIECCHI, MOXKET JOCTHYb 3HAYUTEIIBHBIX
pe3yabTaTOB 3a CYET TJACHOTO OOCYXIEHUS MEIMKO-IKOJOTHYECKMX TPpoOIeM OTpacid ¢
OOIIECTBEHHOCTHIO M JIUI[AMHU, OTBETCTBEHHBIMH 32 IPUHSTHE PELICHUH B chepe pa3padOTKU U CO31aHUS
HAyYHO-METOJIMYECKUX OCHOB NMPO(MUIAKTUKH ¥ MOHUTOPHHTA YHAEMHUYECKUX U IKOJIOTO3aBHCUMBIX
3a0oseBanuii [13].

Pe3ynbraThl COOCTBEHHBIX HCCIICOBAHHM, a TakXe IeJeHaIlpaBlIeHHbI cOop mHpopmanuy,
aHaJM3 JIaHHBIX OITYOJMKOBAHHBIX M (DOHJOBBIX MAaTE€pHUaOB, PA3IMYHBIX (POPM aHKETHPOBAHUS
HAaCeJICHUs. TOPHOI0OBIBAIOIUX TEPPUTOPUI IMO3BOJSIOT MEIMIMHCKUM TreosoraMm paspabaThiBaTh
HOPMAaTHBHO-TIPaBOBYIO 0a3y M BbIpaOaThIBaTh HAa €€ OCHOBE PEKOMEHJALMHU 10 MPOPHUIAKTHKE U
JeUeHHIo 3a00JeBaHUM, BBI3BAHHBIX BO3JCHCTBUEM TI€0JIOTMYECKUX OOBEKTOB MPHPOJHOTO U
TEXHOT€HHOT'O IMPOUCXOKIACHUS.

Heorpanunuenupivu siBisitorcst Bo3MokHocT POCI'EO B opranusanuu 1 npoBeeHUH Hay4HO-
MIPaKTUYECKUX KOH(PEPEHUUN U CEMHHAPOB MO MEIUKO-3KOJOTHYECKOW TEMATUKE CaMOro0 BBICOKOIO
ypoBHs. VIX UTOTrOBbIE TOKYMEHTBI CTAHOBSITCS OCHOBOM HOPMATHUBHBIX JOKYMEHTOB U CYILIECTBEHHOM
4acThIO POrpaMM Pa3BUTHs F€OJIOTUUYECKON OTPACIIU CTPAHBI.

Pemenue nepeuncieHHbIX W OyAaymux 3ajad MeAMLMHCKOW reojoruu B Poccum u Ha
npoctpanctBe CHI' HeBO3MOKHO 6€3 peleHHs KaapoBOH MpoOsieMbl. AKTyaJlbHOW NpeACTaBIIAETCs
pa3paboTKa HOBBIX MOAX0/I0B B MOATOTOBKE CIIELUATUCTOB BCEX 3BEHBEB YIPaBIECHUS U IPOU3BOJICTBA,
CIOCOOHBIX NMPUHUMATh ONTUMAJIbHBIE PELUICHUS B AKCTPEMAIbHBIX KIMMATHUECKUX, SKOJIOTUYECKHX,
reoJOrM4eCKMX U TOPHOTEXHHYECKMX OOCTAaHOBKaX, OOYCIIOBJIEHHBIX KaK I€pMaHEHTHBIMU
IJ100aJTbHBIMU F€0JIOTHYECKUMHU MPOLIECCAMU, TaK U PETHOHAIBHBIMU MPOLIECCAMU-OTKJIMKAMH Ha HUX.

VY4eOHnbiii nporecc B BY3ax reojormyeckoro M MEIUIMHCKOTO HPOoQMIs yXKe B caMoe
Omkaiiliee Bpems JODKEH ObITh CKOPPEKTHPOBAH B CTOPOHY YINIYOJEHHOTO H3YYEHHs
€CTECTBEHHOHAYYHBIX JUCLUUIUINH, OOJBIIMHCTBO U3 KOTOPBIX XapaKTEpU3YIOTCS KaK «IIOTPaHUYHBIEY,
uMeroIye ooyt G yHIaMeHTaIbHYIO OCHOBY U HCHOJIb3YIOLIUE OJIM3KHE METOA0IOTMYECKHE TTOIX0IbI
B PEIICHUH NMPHUKIAIHBIX 331a4; HH(OpMAMOHHBIX TexHodoruid u ['MC nmpuMeHUTEIbHO K peIeHuIo
3a/1a4 OXpaHbl IPUPOABI U 310POBbs YEIIOBEKA.

HeoOxonuMbiM B y4eOHOM mpolecce TOJKHO CTaTh MOHMMAaHUE YyYalllUMHCS COJAEp KaHUS
Oyayuieil mpogeccuoHaNbHON AESITENTbHOCTU C MO3UIMI I€03TUKU, KOTOpasi, HapsAAy ¢ MEAUIIMHCKON
reoJorueil, Bo riaBy yrjia CTaBUT PAllMOHAIM3ALUIO PECYpCOOOECeueHus, pecypconoib30BaHus, U
pecypcornoTpediieHns ¢ 6€3yCIOBHBIM aHAJIN30M COLIMAJIbHOW OTBETCTBEHHOCTH BEAYILHX YUEHBIX U
OpraHu3aTopoB (HYHKIIMOHMPOBAHUS MHHEPAIHHO-CHIPHEBOI0 KOMILJIEKCA 3a MOJATOTOBKY M NMPHHSITHE
YIpaBJIEHYECKUX pELIeHWH Ha BCEX JTamax BOCIPOU3BOJACTBA MHUHEPaATbHO-CHIPhEBONW 0a3bl H
pean3anyy MoJy4eHHON NPOAYKLINN — IIOUCKAX U Pa3BEIKE MECTOPOXKIECHNUMN MOJIE3HBIX UCKOMAEMBIX,
J00BIYE CHIPHSI U €ro nepepadoTke, MOTYyYeHUH MUHEPATIbHON MPOIYKIIMU U €€ pealn3alliu.
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PROTECTIVE EFFECTOF GOSSYPETIN-3’ - O - GLUCOSIDE ON THE
NONALCOHOLIC FATTY LIVER INDUCEDBY HIGH-FAT DIETIN RATS

LIU Qingchuan, postgraduate, associate research fellow, associate director of Beijing WeijianJiye
Institute of Biotechnology, Email: 1qc516@163.com; HUANG Ziqging, Postgraduate, School of Life
Science and Bio-pharmaceutical, Shenyang Pharmaceutical University,Email:
hzq771299478@163.com; CAO Wenbin, bachelor's degree, senior experimentalist, director of
biochemistry  laboratory at Beijing WeijianJiye Institute of Biotechnology, Email:
caowenbin0@sina.com; HUANG Zhengming, postgraduate, professor, associate research fellow,
director of Beijing WeijianJiye Institute of Biotechnology, Email: Huang_zhengming@sohu.com.

Abstract. Objective: To observe the therapeutic effect of Gossypetin-3’-O-glucoside onrats with non-
alcoholic fatty liver(NAFL)induced by high glucose and fatty diet.Methods:Rat modelof NAFL was
constructed by administration with high glucose and fatty diet for30days. After the models were
established,the rats were then fed with normal diet,and they were randomly divided into F-6
groups,Kezhi capsules group and model group, respectively.8weeks later,the biochemical indicators in
blood serum and hepatictissue were detected. Results: The content of TG and the activity of ALT in
bloodserum declined after F6 treatments (P<0.05) ,so did the content of TG, TC and MDA in hepatic
tissue.The activity of SOD in hepatic tissue increased inrats with NAFLafter being treated with F-6 for
four weeks(P<0.05). The degree of hepato-cyte fatty degeneration and hepatocyte necrosiswas obviously
improved.Conclusion:F-6 canreduce the content of TG in blood serumand hepatic tissue in rats with
NAFL induced by highglucose and high-fat diet,and is effective for treating non-alcoholic fatty liver.
The mechanism ofactionmay be associated with F6 antioxidation,lessened liver damage induced
bylipidperoxi-dation and reduced fatty deposition in the liver.

Keywords: Non-alcoholic fatty liver; Gossypetin-3’-O-glucoside; Experimentalstudy
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SAIIMTHOE JEMCTBUE T'OCCHUIIETHH-3’ - O-TJIFOKO3UJIA HA HEAJIKOI'OJIBHYIO
ZKHUPOBYIO JUCTPO®UIO ITEYEHU, BBI3BAHHYIO JTUETOU C BBICOKHUM
COJAEPKAHUEM KUPOB Y KPbIC

JIIO Hunuyanb, XYAH L3biusn, HAO Bausounb, XYAH YxdHMuH

AnHortauus. MccnenoBancs tepaneBruueckuil 3pdexT roccunernHa-3’-O-Taroko3uaa Ha Kpbicax ¢
HEAJIKOr0JIbHOM upoBoil neueHsto (NAFL), BbI3BaHHOM JUETOMN C BBICOKUM COAEPKaHUEM IIIHOKO3bI U
xupoB. [lokazano, uto conepxkanue TI' u aktuBHOCTH AJIT B CHIBOPOTKE KPOBH CHU3MIIHUCH I10OCIIE
nedyenus F6 (P < 0,05), Taxke kak u coaepxkanue TI', TC u MIA B nmedyeHOUYHOH TKaHU. AKTUBHOCTh
CO/l B neueHouHo TkaHu yBenuumiach y kpeic ¢ HA®DJI nocne neuenns F-6 B TeueHHe yeTbipex
Henenb (P < 0,05). CreneHb )XUPOBOH JIeTeHEpAIMK TENATOIIMTOB U HEKPO3a renaTOIMTOB ObliIa SIBHO
yayumieHa. MexaHu3M JeMcTBHSL MOXET OBbITh CBSI3aH C AHTHOKCHJIAHTHBIM JeiicTBUeM FO,
YMEHBUICHUEM TIOBPEXKICHUS II€UYEHU, BBI3BAHHOIO IIEPEKUCHBIM OKHCJICHUEM JIUIHIOB, U
YMEHBIIIEHUEM KUPOBBIX OTJIOKEHUHN B TICUCHHU.

KaroueBble ciaoBa: HeamkoronpHas xupoBas guctpodus medeHu; [ occunernH-3’-O-TIIOKO3UT,
DKcriepuMEHTaJIbHOE HCCIIEI0BaHNE

1.Introduction

Fatty liver is a lipid metabolism disorder characterized by the accumulation of hepatic fat,
typically in the form of triglycerides. Based on the presence or absence of alcohol consumption, fatty
liver is classified into alcoholic fatty liver (AFL) andnon-alcoholic fatty liver (NAFL).

Non-alcoholic fatty liver disease (NAFLD) is a metabolic stress-related liver injury associated
with insulin resistance and genetic susceptibility. It is one of the most common chronic liver diseases
globally, with an estimated prevalence of approximately 30%. The etiology of NAFLD remains unclear,
and its pathogenesis is complex. Studies have indicated thati!lipid metabolism is one of the key functions
of the liver, and its disruption can lead to excessive fat accumulation in the body. This not only plays a
crucial role in the development of NAFLD but also accelerates its progression, resulting in complications
such as hepatitis, cirrhosis, and hepatocellular carcinoma. Additionally, it increases the risk of
cardiovascular diseases, including atherosclerosis and diabetes, significantly affecting patients' quality
of lifel?, particularly in those with chronic hepatitis B (CHB), which is becoming a major characteristic
and trend in the field of liver disease researchll.

Currently, pharmacological treatments for non-alcoholic fatty liver are commonly used in clinical
practice. Drugs such as vitamin E, pioglitazone, and polyunsaturated phosphatidylcholine have played
important roles in the treatment of NAFLD. Meanwhile, with the rise of traditional Chinese medicine
(TCM), various TCM therapies have also shown significant progress and efficacy®l. The dried flowers
of Abelmoschus manihot (L.) Medic, a plant belonging to the Malvaceae family, have recently been
studied for their wide pharmacological activities, including the treatment of diabetic nephropathy!®! and
atherosclerosist™. In particular, they have shown remarkable therapeutic effects in the treatment of
hepatitis. However, there are no reports on their potential effects on fatty liver. Gossypetin-3'-O-
glucoside!®l(F-6) is a flavonoid extracted from the flowers of Abelmoschus manihot (L.) Medic. This
study aims to explore the therapeutic effects of F-6 on non-alcoholic fatty liver in an NAFLD model.
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2.Materials and Methods

2.1 Animals

SD rats, weighing170-200g, half male and half female, SPF (Beijing) Biotechnology Co., Ltd,
with license numberSCXK(Beijing)2019-0010, single cage feeded of the Fifth Medical Center of the
General Hospital of the People's Liberation Army (PLA).

2.2 Drugs and reagents

Total cholesterol (TC) kit, Triglycerides (TG) kit, Malondialdehyde (MDA) Kit, Superoxide
dismutase (SOD) kit, Tissue protein kit, Free fatty acids (FFA) kit, et al, NanJingJianCheng
Bioengineering  Institute;  Kezhicapsules (Inner  Mongolia Free Han & Mongolia
Pharamaceuticalco.,Itd.); F-6 (Beijing WeijianJiye Institute of Biotechnology).

2.3 Instruments

BS-120Fully automatic biochemical analyzer (Shenzhen Mindray Bio-Medical Electronics Co.,
Ltd.); DY89-II Electric glass homogenizer (Ningbo Scuentz Biotechnology co.); TGL-16G Centrifuge
(Shanghai Anting Scientific Instrument Co., Ltd); L5SUV visible spectrophotometer (INESA Analytical
Instrument Co., Ltd); Microscope (Olympus BX-41); Electronic balance (G&GJJ224BC).

2.4 NAFL Model animal feed

Highglucose and high-fat feed, feed ingredient: 10% lard, 2%cholesterol, 5% egg yolk powder,
0.2% propylthiouracil, 10% sucrose, 72.8% basic feed; highglucose and high-fat feed is formulated by
Beijing HFK Bioscience Co.,Ltd.

2.5 Animal feeding

Standard enclosed cleaning grade (the second level animal room), raised by qualified personnel.
Animals are free to feed and drink during the experiment.

3.Methods

3.1 Model

60 SD rats adapted to the animal room for 3 days, then randomly divided into normal control
group (14 rats) and fatty liver model group (46 rats), half male and half female. After 30 days of
continuous feeding, six rats from both the normal control group and the fatty liver model group were
euthanized, and blood and liver samples were collected to measure serum lipid levels and liver fat
content. Additionally, liver tissue was taken for histopathological examination. The results indicated
that, after 30 days of feeding a high-sugar, high-fat diet, the livers of the model rats appeared milky
white, while the livers of the normal rats were dark red. Compared to the normal rats, the model rats
showed significantly increased levels of serum TG (triglycerides), TC (total cholesterol), and elevated
activities of ALT (alanine aminotransferase) and AST (aspartate aminotransferase) (P<0.005) (Table 1).
Furthermore, the liver tissue of the model rats showed significantly elevated levels of TG, TC, MDA
(malondialdehyde), and FFA (free fatty acids), with a decrease in SOD (superoxide dismutase) activity
(P<0.005) (Table 2). Histological examination of the liver tissue revealed severe fatty degeneration in
the model rats, predominantly large-vacuole type fatty change, with focal necrosis of hepatocytes and
mild hepatic fibrosis (Figure 1: M), confirming the successful establishment of the non-alcoholic fatty
liver model.

3.2 Grouping

After successful modeling, the remaining 40 rats were randomly divided into model control
group, positive control group (Kezhi capsules,337.5mg/kg) and F-6 groups (300mg/kg. 150mg/kg.
75mg/kQ), 8 per group, half male and half female. All rats were feded with standard rat feed.

3.3 Administration method
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Normal control group and model control group were orally administered distilled water. The drug
treatment groups were given corresponding doses of drugs by gavageonce a day, and stop administration
after 4 weeks.

3.4 Sample Collection

After the completion of the treatment period, the experimental rats were fasted for 24 hours and
weighed. Anesthesia was induced via intraperitoneal injection of 20% uratan (1 g/kg body weight). A
surgical incision was made to open the abdominal cavity, and the abdominal aorta was isolated. Blood
was drawn from the abdominal aorta using a syringe, and serum was separated for the measurement of
serum TG (triglycerides), TC (total cholesterol), and the activities of ALT (alanine aminotransferase)
and AST (aspartate aminotransferase). The rats were then euthanized, and the liver was removed. A
small tissue sample was taken from the left middle lobe of the liver and fixed in 10% formalin for
histopathological examination.

Two additional liver tissue samples were collected. One sample was washed with ice-cold saline
to remove blood, blotted dry with filter paper, and weighed to 0.2 g. This sample was placed in a glass
homogenizer tube, and 2 mL of ice-cold saline was added. The tissue was homogenized using a
homogenizer to prepare a 10% tissue homogenate, which was used to measure liver MDA
(malondialdehyde), SOD (superoxide dismutase), and FFA (free fatty acid) levels. The second tissue
sample was also placed in a glass homogenizer tube, and 2 mL of an organic solvent
(chloroform/methanol: 1/1) was added. The tissue was homogenized to prepare a 10% tissue homogenate
for the measurement of liver TG and TC contents.

3.5 Detection of Serum biochemical

Use fully automated biochemical analyzer to detect the levels of TG and TC, as well as the
activities of AST and ALT in serum.

3.6 Detection of biochemical indicators in liver tissue

Using reagent kits to detect the levels of TG, TC, MDA, and FFA in liver tissue homogenate and
SOD activity, refer to the requirements of the reagent kit for the experimental operation method

3.7 Calculation of the Change Rate of Biochemical Markers in Serum and Liver

Change rate of biochemical indicators = (model group average value - durg group average
value)/model group average value * 100%.

3.8 Histological Examination of Liver Tissue

Liver tissues fixed in 10% formalin were sent to the Pathology Department of the Fifth Medical
Center of the General Hospital of the People's Liberation Army for tissue sectioning. The sections were
then observed under a microscope and photographed.

The pathological diagnosis criteria for fatty liver were as follows: under low magnification, when
fatty degeneration of hepatocytes occupies 1/3 to 1/2 of the liver lobule, it is diagnosed as mild fatty
liver; when it occupies 1/2 to 3/4 of the liver lobule, it is diagnosed as moderate fatty liver; and when
fatty degeneration of hepatocytes exceeds 3/4 of the liver lobule, or when hepatocytes show diffuse fatty
degeneration with a reticular pattern, it is diagnosed as severe fatty liver.

3.9 Data Analysis

The experimental data is expressed as X S, and was subjected to one-way multilevel analysis
of variance using SPSS13.0 software.
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4.Results

4.1 General morphological observation

During the experiment, the rats had normal food and water intake, and their body weight were
increased. At the beginning of the experiment, the liver of the normal control group rats is dark red in
color. At the end of the experiment, the color of the liver in the model group of rats is not significantly
different from that at 30 days of modeling. Four weeks of continuous infusion later, the liver color of
rats in Kezhicapsules group and F-6 (300mg/kg) group were close to normal liver, the liver color of F-6
(150mg/kg) group was yellowish white, but there is not difference in liver color between the F-6
(75mg/kg) group and the model group.

4.2 Biochemical Indicators in Rat Serum

At the end of the experiment, the serum levels of TG, TC, and the activities of ALT and AST in
the model control group were significantly higher compared to the normal control group (P < 0.005).
However, no statistically significant differences were observed when compared to the values at 30 days
post-model induction (P > 0.05). Compared to the model control group, the positive drug treatment group
and the F-6 (high and medium doses) treatment groups showed significant reductions in serum TG levels
(P < 0.005). Moreover, the serum activities of ALT and AST were significantly decreased in the F-6
high and medium dose treatment groups (P < 0.005, P < 0.05). Additionally, the serum TC levels in the
F-6 high, medium, and low dose groups were significantly reduced (P < 0.005, P < 0.05), as shown in
Table 3.

Table 1. Comparison of Serum Biochemical Indicators between Normal Group and Model Group Rats
at 30 Days Post-Model Induction (x£sd, n=6)

Groups TG(mmol/l) TC(mmol/l) ALT(U/) AST(U/)
Normal 0.94+0.21 1.80+0.63 52.6£3.7 157.8+34.9
Fatty Liver 1.63+0.21° 2.97+0.64° 112.3+7.9° 268.4+32.1°

Note: Compared with the Normal Control Group, °P<0.005

Table 2. Comparison of Liver Biochemical Indicators between Normal Group and Fatty Liver Model
Group Rats at 30 Days Post-Model Induction (x+sd, n=6)

Grouns TG TC SOD MDA FFA
P (mmol/l) (mmol/l) (U/mgprot) (nmol/mgprot) (umol/gprot)
Normal 15.03+4.71 4.17+0.84 253.0+£37.9 3.15+0.51 76.81+2.80
Fatty Liver 25.05+5.83° 12.07+3.08° 156.81£17.23° 6.19+0.47° 160.28+15.91b

Note: Compared with the Normal Control Group, °P<0.005

Table 3. Effect of Drug Treatment on Serum Biochemical Indicators in Rats (x+sd, n=8)

Groups Dose (mg/kg) TG(mmol/l) TC(mmol/l) ALT(UN) AST(U/N)
Normal --- 0.96+0.15 1.75+0.74 54.7+6.0 154.6£52.9
Model --- 1.38+0.18b 2.63+0.32b 72.4£10.5b 234.5+24.7b
Positive Drug 3375 0.94+0.14c¢ 2.384+0.41 52.9+8.7¢ 200.6+30.7
F-6 H 300 0.58+0.16¢ 1.67+0.15¢ 50.7+£6.3¢ 180.5+16.5d
F-6 M 150 0.63+0.07¢ 1.77+0.31c 61.6+£6.8¢c 191.5+25.2d
F-6 L 75 1.02+0.33 2.00+0.46d 66.2+6.2d 200.3+£20.0

Note: Compared with the Normal Control GroupbP<0.005; compared with the Model Control
GroupcP<0.005, dP<0.05.
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Table 3. Effect of Drug Treatment on Serum Biochemical Indicators in Rats (Continued from Above)

Groups  [TG decrease rate (%) |[TC decrease rate (%) |ALT decrease rate (%) |AST decrease rate (%)
Positive Drug 31.97 9.36 26.9 14.45
F-6 H 58.26 36.45 29.97 23.25
F-6 M 54.47 32.75 14.9 18.34
F-6 L 26.36 23.81 8.51 13.44

4.3 Biochemical Indicators in Rat Liver Tissue

Compared with the normal group, the liver tissue of rats in the model group showed significant
increases in TG, TC, MDA, and FFA levels, while the SOD activity was decreased (P < 0.005). No
statistically significant differences were observed in the TG, TC, MDA, FFA levels, and SOD activity
in the model control group when compared to the values at 30 days post-model induction (P > 0.05).
Compared to the model control group, all treatment groups showed a reduction in liver TG, TC, MDA,
and FFA levels, along with an increase in SOD activity in non-alcoholic fatty liver rats. The positive
drug treatment group and the F-6 (high and medium doses) treatment groups exhibited significant
reductions in liver TG, TC, MDA, and FFA levels, and marked increases in SOD activity (P < 0.005, P
< 0.05). In contrast, the F-6 low-dose treatment group showed no significant differences in liver TG,
TC, MDA levels, or SOD activity compared to the model group, although a decreasing trend was
observed, as shown in Table 4.

Table 4. Effect of Drug Treatment on Liver Biochemical Indicators in Rats (x+sd, n=8)

Grouns Dose TG TC SOD MDA FFA

P (mg/kg) (mg/g) (mg/q) (U/mgprot) (nmol/mgprot) (nmol/gprot)

Normal --- 15.50+£3.24 4.26+0.91 250.48+21.92 3.35+0.52 74.54+14.03
Model --- 24.90+£6.11b 10.39+2.97b 161.18+20.95b 5.71£0.69b 15701+21.42b
Positive Drug 337.5 21.71£3.72d 5.09+1.09¢ 10.80+19.11¢ 3.60+1.80c 124.31+12.33¢
F-6 H 300 18.31+4.07¢ 5.32+0.99¢ 234.85+18.37¢ 3.71+0.58¢ 104.43+18.34c¢
F-6 M 150 21.45+£3.20d 7.18+1.71c 217.13+16.24d 4.20+0.53d 105.19+28.85¢
F-6 L 75 24.60+£2.75 7.79+0.94 162.64+27.35 5.17+1.53 130.29+19.79d

Note: Compared with the Normal Control GroupbP<0.005; compared with the Model Control
GroupcP<0.005, dP<0.05.

Table 5. Effect of Drug Treatment on Liver Biochemical Indicators in Rats (Continued from Above)

Grouns TG decrease rate | TC decrease rate [SOD Increase Rate|MDA decrease rate| FFA decrease rate
P (%) (%) (%) (%) (%)
Positive Drug 15.74 53.37 30.78 46.27 20.83
F-6 H 26.47 48.84 45.71 35.11 33.49
F-6 M 13.85 30.93 34.71 26.49 33.01
F-6 L 1.2 25.02 0.9 9.49 17.02
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4.4 Histological Observations

The liver tissue of normal rats exhibited normal structure, with evenly distributed central veins,
uniform hepatocyte size, and radiating arrangement of hepatocyte cords around the central vein. No fat-
degenerated hepatocytes or necrotic cells were observed (Figure 1: G). In the model control group, the
degree of hepatocyte fatty degeneration was severe, ranging from moderate to severe fatty liver,
accompanied by varying degrees of hepatocyte necrosis (Figure 1: H). In the positive drug treatment
group and the F-6 high-dose treatment group, the extent of hepatocyte fatty degeneration was
significantly reduced, with almost no lipid droplet deposition in hepatocytes, and mild hepatocyte
necrosis (Figure 1: 1, J). In the F-6 medium-dose treatment group, hepatocyte fatty degeneration was
alleviated, with a reduction in fat-degenerated hepatocytes and mild hepatocyte necrosis (Figure 1: K).
In the F-6 low-dose treatment group, the degree of hepatocyte fatty degeneration and necrosis was more
pronounced (Figure 1: L).
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Figure 1 Comparison of liver histology in rats
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5.Discussion

Our experiment established a non-alcoholic fatty liver model by feeding rats with highglucose&
high-fat feed for 30 days.After stopping modeling for 4 weeks, there was no statistically significant
difference in biochemical indicators between the model control group rats and 30 days of modeling.
There was no significant reduction in the degree of hepatic steatosis and no significant recovery of liver
damage, indicating that the non-alcoholic fatty liver model remained stable within 4 weeks after stopping
modeling. Non alcoholic fatty liver rats were treated with F-6 (300mg/kg, 150mg/kg, 75 mg/kg) for 4
weeks. The TG content in serum and liver was significantly reduced, the decrease rates of TG in serum
were 58.26% and 54.47%, and the decrease rates of TG in liver were 26.47% and 13.85%, respectively.
The levels of TC in serum and liver were significantly reduced in the F-6 groups (300mg/kg, 150mg/kg,
75 mg/kg) , the decrease rates of TC in serum were 36.45%, 32.75%, and 23.81%, while the decrease
rates of TC in liver were 48.84%, 30.93%, and 25.02%, respectively. The F-6 (300mg/kg) group showed
the most significant reduction in hepatic steatosis and hepatocyte necrosis, the appearance of the liver
was similar to that of normal liver, indicating that F-6 (300mg/kg) has a significant therapeutic effect on
non-alcoholic fatty liver disease.

We also found that F-6 (300mg/kg) significantly reduced the activity of ALT and AST in rat
serum, as well as the content of MDA and FFA in the liver, the decrease rates were 29.97%, 23.25%,
35.11%, 33.49%, respectively. F-6 (300mg/kg) can also increase SOD activity in liver tissue, the
increase rate was 45.71%.

The increase in FFA and MDA content in the liver is an important factor in the occurrence and
development of non-alcoholic fatty liver disease. The increase in FFA content can induce or exacerbate
oxygen stress, and also can damage liver cell mitochondria, cause fatty acid beta oxidation disorders,
and induce fatty liver disease. MDA is a lipid peroxidation product that plays an important role in liver
cell necrosis and apoptosis, and is associated with the aggravation of non-alcoholic fatty liver disease.F-
6effectively reduces the content of FFA and MDA in the liver, increases SOD activity, alleviates the
damage of FFA and MDA to the liver, maintains normal fatty acid metabolism, and reduces lipid
deposition in the liver, which is its mechanism of action in treating non-alcoholic fatty liver disease.
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Solid-state fermentation of Antrodiacinnamomea exerts a protective effect against Concanavalin A-
induced immune liver injury in mice through the IL-6/JAK2/STAT3 signaling pathway
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SOLID-STATE FERMENTATION OF ANTRODIACINNAMOMEA EXERTS A
PROTECTIVE EFFECT AGAINST CONCANAVALIN
A-INDUCED IMMUNE LIVER INJURY IN MICE THROUGH
THE IL-6/JAK2/STAT3 SIGNALING PATHWAY

HUANG Ziqging, Postgraduate,School of Life Science and Bio-pharmaceutical,Shenyang
Pharmaceutical University,Email: hzq771299478@163.com; L1U Qingchuan, postgraduate, associate
research fellow, associate director of Beijing WeijianJiye Institute of Biotechnology,
Email: 1gc516@163.com; HUANG Zhengming, postgraduate, professor, associate research fellow,
director of Beijing WeijianJiye Institute of Biotechnology, Email: Huang_zhengming@sohu.com.

Abstract. This study aims to investigate the potential benefits of Solid-state fermentation of
Antrodiacinnamomea (SSFAC) in the treatment of immune-induced liver injury in mice caused by
concanavalin A (Con A, 20 mg/kg). Interestingly, SSFAC administration significantly reduced the organ
index and levels of serum alanine aminotransferase (ALT), aspartate aminotransferase (AST), and
cytokines in Con A-induced mice. Hematoxylin and eosin (H&E) staining revealed that SSFAC
effectively alleviated liver cell structural damage caused by Con A, with a dose-dependent effect. Flow
cytometry analysis showed that SSFAC effectively restored the reduction of CD4+ T cells and the
abnormal increase of CD8+ T cells induced by Con A, helping to rebalance T cell subsets. Furthermore,
RNA sequencing and Western blot (WB) analysis indicated that SSFAC contributed to the reduction of
hepatic IL-6, JAK2, and STAT3 protein levels. Our findings suggest that SSFAC effectively attenuates
Con A-induced immunotoxicity in liver tissue through a potential mechanism associated with the
inhibition of the IL-6/JAK2/STAT3 signaling pathway, thereby reducing cytotoxicity in hepatocytes.
Keywords: Immune-induced liver injury, Solid-state fermentation of Antrodiacinnamomea, Cytokines,
Concanavalin A.

TBEPJO®A3ZHAA ®PEPMEHTALIUA AHTPOJANALIMHHAMOMEUN OKA3BIBAET
SAIIMTHOE JEVCTBUE IMPOTUB BHI3BBAHHOI'O KOHKAHABAJIMHOM A
UMMYHHOI'O NOBPEXJIEHUA NEYEHU Y MBIIIEW TOCPEACTBOM
CUT'HAJIBHOT'O ITYTH IL-6/JAK2/STAT3

69



Bectuuxk MAHDbB Tom 29, Ne4, 2024 VestniklIAELPS

XYAH II3biunn, JIFO Hunuyans, XYAH YikaHaMun

AHHoTanusi. llenpi0 HaHHOTO HcCCIeNOBaHUS SIBISIETCd U3YYE€HHE MOTEHIUAIbHBIX MPEUMYILECTB
TtBepaodaszHoi pepmentanuu Antrodiacinnamomea (SSFAC) npu ieueHnr UMMYHOUHAYITUPOBAHHOTO
MOPaKECHMsSI TICYCHH Y MBIIICH, BbI3BaHHOTO KoHKaHaBaauHOM A (Con A, 20 mr/kr). MaTEpecHo, 4TO
BBejeHue SSFAC  3HauuTeNnbHO CHU3WIO MHAEKC OpraHa M YPOBHH  CHIBOPOTOYHOM
anannHamuHoTpanchepassl (AJIT), acmapraramunorpanchepassl (ACT) M LIUTOKMHOB y MBIIIEH,
uaaynupoBanHeix Con A. AHanmu3 mpoToyHoil nuToMeTpuu mnokasan, uto SSFAC sddextuBHO
BoccTaHaBiuBaeT cHmxkeHne CD4+ T-knerok u anomanbHoe yBenudenrue CD8+ T-kieTok, BbI3BaHHOE
Con A, momorast BOCCTaHOBUTH OasiaHc cyononyisiuii T-kietok. Hamm pe3ynbraTsl CBUAETEIBCTBYIOT
o ToM, uT0 SSFAC s(pdexTuBHO 0cnabdiseT UIMMYHOTOKCHYHOCTD, BhI3BaHHYIO Con A, B TKaHU MTEYCHU
yepe3 TMOTEHIUAIbHBI MEXaHW3M, CBS3aHHBIH C MHTUOMpOBaHHEM CHUTHajdbHOoro myrtu IL-
6/JAK2/STAT3, TeM caMbIM CHM)Kas [IUTOTOKCUYHOCTE B T'€IATOLIUTAX.

KiioueBble ciioBa: VMIMMyHOMHAYIMPOBAHHOE MOpaKeHUE MeyeHH, TBepaodazHas depMmeHTanus
Antrodiacinnamomea, I{utoxkunsl, KonkanaBaiaua A.

1.Introduction

Immune-induced liver injury is a major liver disease, primarily caused by viral infections such
as Hepatitis A and B viruses (HAV and HBV). In addition, immune liver injury can also result from
other factors such as microorganisms, drugs, toxins, or endogenous metabolic productstl. This type of
liver injury may evolve into systemic multi-organ failure due to intense inflammatory responses. The
pathogenesis of immune liver injury can be broadly divided into two main parts: First, pathogens or
harmful substances directly damage hepatic organelles or activate intracellular signaling pathways,
disrupting the internal balance of cells; second, the immune system's response to exogenous harmful
substances aims to eliminate them, but if the stimulation is too strong, it can lead to inflammatory
responses and more severe consequences, such as multi-organ failure -3, Common types of immune-
induced liver injury include viral hepatitis and autoimmune hepatitis (AIH). Although current treatments
can control and alleviate acute liver injury to some extent, there are still many challenges. For example,
the success rate of treating severe liver injury leading to liver failure remains low. Therefore, it is crucial
to investigate more effective therapeutic strategies and new drugs.

The IL-6/JAK/STAT signaling pathway is a critical intracellular signaling mechanism that is
widely present in various cell types and plays a vital role in numerous biological processes, including
cell proliferation, differentiation, apoptosis, and immune regulation®®. Among them, IL-6, as a
prominent inflammatory mediator, plays a key role in the development of hepatitis by promoting the
activation of immune cells in the liver. This mechanism has been extensively validated in studies across
different liver disease conditions, highlighting the importance of IL-6 in the inflammatory pathways of
liver diseases™. IL-6 initiates its biological effects through interaction with its specific receptors, which
activates JAK2. The activation of JAK2 further influences multiple signaling molecules, particularly by
promoting the phosphorylation of STAT3!! which exerts significant effects. STAT3, as a cytoplasmic
signal transducer and transcription factor, plays a decisive role in regulating liver injury and widespread
inflammatory responsest’l.

Antrodiacinnamomea (AC) is a fungus with significant medicinal value, often referred to as the
“ruby of Taiwan."[®l, Due to the scarcity of wild AC resources, artificial cultivation has become an
important method for researching and utilizing this rare resource. Currently, there are three main
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techniques for cultivating AC: log-based cultivation, solid-state fermentation, and liquid fermentation.
Among these, solid-state fermentation (SSF) is cost-effective, has a shorter production cycle, and is more
suitable for large-scale commercial production. Additionally, SSFAC has been shown to possess various
pharmacological activities, such as liver protection and immune enhancement, similar to wild AC.
Therefore, this study aims to investigate whether SSFAC offers protective effects against Concanavalin
A-induced immune liver injury in mice and explore its potential mechanisms of action.

2. Materials and Methods

2.1. Materials

SSFAC was provided by Fujian Chisheng Biotechnology Co., Ltd.; biphenyl ester drops were
purchased from Beijing Xiehe Pharmaceutical Factory; and Concanavalin A was purchased from Beijing
Baierji Biotechnology Co., Ltd.

2.2. Animals and Grouping

Kunming mice, male, aged 7-8 weeks, weighing 19-21 g, were obtained from Spbf (Beijing)
Biotechnology Co., Ltd., with license number SCXK (Beijing) 2019-0010. The mice were housed in the
animal facility of the Fifth Medical Center of the General Hospital of the People's Liberation Army
(PLA), with free access to water and food. The ambient temperature was maintained at 22+5°C, and a
12-hour light/dark cycle was used. All experimental procedures were approved by the Animal Ethics
Committee of the Fifth Medical Center of the PLA General Hospital. Subsequently, the male Kunming
mice were randomly divided into six groups: Normal saline group (NC), Concanavalin A group (Con
A), SSFAC low-dose group (SSFAC-L), SSFAC medium-dose group (SSFAC-M), SSFAC high-dose
group (SSFAC-H), and positive drug group (PS). The NC and Con A groups were gavaged with normal
saline for 7 days. The SSFAC groups received respective doses of SSFAC solution by gavage for 7 days.
The PS group was gavaged with biphenyl ester solution for 7 days.

2.3. Tissue Samples

One hour after the last dose, Concanavalin A (Con A) was injected via the tail vein into the
experimental groups to induce the model, while the NC group mice received an equivalent volume of
normal saline in the same manner. After modeling, the mice were fasted but allowed free access to water.
Eight hours post-modeling, the mice were euthanized. At this time, blood was collected through eyeball
enucleation, followed by euthanasia via cervical dislocation. The skin was disinfected with iodine, and
the abdomen was opened along the midline. The liver was immediately removed, weighed, and rinsed
with normal saline, then blotted dry using lint-free tissue. A small portion of liver tissue (approximately
the size of a soybean) was placed in a cryovial, rapidly frozen in liquid nitrogen, and stored at -80°C.
Another portion of liver tissue (approximately the size of a soybean) was placed in 4% paraformaldehyde
for histological analysis. The remaining liver tissue was divided into three parts and stored at -80°C. The
spleen was also excised, weighed, rinsed with normal saline, and stored in PBS at 4°C.

2.4. Organ Index Calculation

Liver index = liver weight / body weight

Spleen index = spleen weight / body weight

2.5. Measurement of Transaminases

Serum levels of alanine aminotransferase (ALT) and aspartate aminotransferase (AST) were
measured using commercial assay kits (Jiancheng Bioengineering Institute, Nanjing, China).

2.6. Histopathological Examination
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Liver samples were cut into approximately 5-mm thick slices. Before observing and evaluating
the histological changes in the tissue, liver samples were routinely stained with hematoxylin and eosin
(H&E) (CX41, Olympus, Tokyo, Japan).

2.7. Detection of SOD, MDA, GSH-PX, IL-2, IL-6, and TNF-a Levels in Serum

Serum levels of superoxide dismutase (SOD), malondialdehyde (MDA), glutathione peroxidase
(GSH-PX), interleukin-2 (IL-2), interleukin-6 (IL-6), and tumor necrosis factor-alpha (TNF-o) were
measured using commercial assay kits (Yilirete Biotech Co., Ltd., Wuhan, China).

2.8. Flow Cytometry

The spleen was placed on a 250-mesh sieve, which was placed in a sterile, single-use 35 mm
culture dish. The spleen was then homogenized in 2 mL of PBS containing 2% serum. The resulting
spleen cell suspension was transferred to a 5 mL centrifuge tube and centrifuged at 2500 rpm for 5
minutes. After removing the supernatant, 2 mL of red blood cell lysis buffer was added to resuspend the
cells. After 4 minutes, 10 mL of PBS was added to stop the lysis reaction. The cells were then centrifuged
again at 3500 rpm at 4°C for 5 minutes, and the supernatant was discarded. The lysis procedure was
repeated 2-5 times if necessary. Finally, the cells were resuspended in 2 mL of staining buffer. Each tube
received 0.5 uL of CD4-APC, CD8-PE, and CD3-FITC flow cytometry antibodies. After gently
vortexing for 3 seconds, the tubes were incubated at 4°C in the dark for 30 minutes. The cells were
centrifuged again at 2000 rpm at 4°C for 5 minutes, and the supernatant was discarded. Then, 200 uL of
pre-chilled PBS was added, and the cells were gently resuspended before a final centrifugation to remove
the supernatant. Finally, the cells were resuspended in 200 uL of PBS and analyzed using a flow
cytometer.

2.9. Transcriptome Sequencing

Liver tissue from the NC group, Con A group, and SSFAC high-dose group was collected 8 hours
after modeling, placed in cryovials, and rapidly frozen in liquid nitrogen for storage. Transcriptomic
analysis was conducted by Shanghai Ouyi Biomedical Technology Co., Ltd. The sample concentration,
28S/18S or 23S/16S ratios, and RNA integrity number (RIN/RQN) were assessed using a Fragment
Analyzer. Based on the company's sequencing sample quality standards, a comprehensive evaluation
was made, and only samples that passed the quality check were used for the next step in gene expression
analysis. Differentially expressed genes (DEGs) between different groups were statistically analyzed.
The DESeq2 package was used to analyze the DEGs, and FPKM (Fragments Per Kilobase of transcript
per Million mapped reads) was applied for quantifying gene expression.

2.10. Western Blot Analysis of I1L-6, JAK2, and STAT3

Liver samples (100 mg) were homogenized in 1 mL of cytoplasmic extraction buffer, and the
supernatant was collected for analysis. Proteins (45 mg) were separated by electrophoresis using Tris-
glycine buffer (10 mM Tris, 160 mM glycine, and 0.2% SDS, pH 7.4). The proteins were then transferred
to a nitrocellulose membrane. The membrane was blocked with PBS containing 5% BSA and 0.05%
Tween-20, and incubated overnight at 4°C with primary monoclonal antibodies against TNF-a, TNF-R,
IKKb, p-1kBa, p50, and NF-xB (1:1000, Santa Cruz, USA). After washing the membrane three times
with TBST, it was incubated with HRP-conjugated anti-rabbit IgG (1:2000, Santa Cruz, USA) at 37°C
for 1 hour. To visualize the antibody-antigen complex, the membrane was incubated with
diaminobenzidine (DAB) substrate solution (Santa Cruz, USA). The signal intensity was measured using
a gel imaging system (UVP). All values were normalized to the internal control (B-actin) and presented
as arbitrary units relative to the corresponding control group.

2.11. Data Analysis
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Statistical analysis was performed using SPSS 13.0 software (SPSS Inc., USA). One-way
analysis of variance (ANOVA) followed by Tukey’s post hoc test was used to assess differences between
groups. Data are presented as mean + SE. A p-value of < 0.05 was considered statistically significant.

3. Results

3.1. SSFAC Administration Reduced Liver and Spleen Indices in Mice

The experimental results are shown in Figures 3-1A and 3-1B. Compared to the NC group, the
liver and spleen indices were significantly higher in the Con A group (P<0.01). In contrast, the liver and
spleen indices were significantly lower in the PS group and the SSFAC (L, M, H) groups compared to
the Con A group (P<0.01). These results suggest that SSFAC administration may have a protective effect
against Con A-induced immune liver injury and organ enlargement.
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Fig.3-1 (A,B) Liver coefficient and spleen coefficient in mice. Data are means + SEM, n = 8
mice/group. “P<<0.01 vs Con A group, #P<0.01 vs NC group.

3.2. SSFAC Administration Reduced Serum AST and ALT Levels in Mice

The experimental results are shown in Figures 3-2A and 3-2B. Compared to the NC group, the
serum activities of AST and ALT were significantly elevated in the Con A group (P<0.01), indicating
the successful establishment of the Con A-induced liver injury model. In comparison to the Con A group,
the serum activities of AST and ALT were significantly reduced in the PS group and the SSFAC (L, M,
H) groups (P<0.01). Notably, the therapeutic effect of SSFAC was dose-dependent. These findings
suggest that SSFAC can protect the liver by lowering the activities of liver enzymes.
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Fig.3-2 (A, B) Serum AST and ALT levels in mice. Data are means = SEM, n = 8 mice/group. P <<
0.01 vs Con A group, #P<0.01 vs NC group.
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3.3. SSFAC Administration Alleviated Histopathological Liver Injury in Mice

Hematoxylin and eosin (H&E) staining was used to assess the pathological changes in liver
tissue, as shown in Figures 3-3A. In the NC group, liver tissue exhibited normal structure, with clear
portal areas and radially arranged hepatocytes. In the Con A group, severe pathological damage was
observed, including inflammatory cell infiltration, cytoplasmic vacuolization, disorganized liver lobule
structure, pronounced sinusoidal dilation in some areas, focal venous congestion, prominent hydropic
degeneration of hepatocytes, and eosinophilic changes in some cells. In the SSFAC (L, M, H) groups,
the extent of hepatocyte damage and neutrophil infiltration were significantly reduced. The SSFAC high-
dose group showed the best therapeutic effect, with clearer and more organized hepatocytes, minimal
mild degeneration, and only a small amount of lymphocyte infiltration. These results indicate that
SSFAC effectively alleviates Con A-induced hepatocellular structural damage in a dose-dependent
manner.

A

Fig.3-3 (A) HE staining of liver sections.

3.4. SSFAC Administration Reversed Abnormal Changes in Serum SOD, MDA, and GSH-
PX Levels in Mice

The experimental results are shown in Figures 3-4A, B, and C. Compared to the NC group, the
serum SOD activity was significantly reduced, while MDA and GSH-PX activities were significantly
increased in the Con A group (P<0.01), indicating that Con A induced oxidative stress and activated the
antioxidant defense mechanisms in the mice. In contrast, the serum SOD activity was significantly
increased, and MDA and GSH-PX activities were significantly decreased in the PS group and the SSFAC
(L, M, H) groups compared to the Con A group (P<0.01). The therapeutic effect of SSFAC was dose-
dependent. These findings suggest that SSFAC effectively enhanced the antioxidant defense capacity of
the mice, reduced lipid peroxidation, alleviated oxidative stress, and protected the liver from further
damage.
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Fig.3-4 (A, B, C) Serum SOD, MDA, GSH-PX levels in mice. Data are means + SEM, n = 8
mice/group. *P<<0.05,**P<0.01 vs Con A group, #P<<0.01 vs NC group.

3.5. Effect of SSFAC on Cytokine Expression Levels in Serum of Mice

The experimental results are shown in Figures 3-5A, B, and C. Compared to the NC group, the
serum levels of IL-2, IL-6, and TNF-a were significantly elevated in the Con A group (P<0.01),
indicating that Con A induced substantial immune-mediated liver damage and triggered a strong
inflammatory response. In contrast, the serum levels of IL-2, IL-6, and TNF-o were significantly reduced
in the PS group and the SSFAC (L, M, H) groups compared to the Con A group (P<0.01). The therapeutic
effect of SSFAC was dose-dependent. These findings suggest that SSFAC has potential effects in
regulating immune responses and inhibiting inflammatory pathways.
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Fig.3-5 (A, B, C) Serum IL-2, IL-6, TNF-a levels in mice. Data are means + SEM, n = 8 mice/group.
*P<C0.05,**P<<0.01 vs Con A group, #P<<0.01 vs NC group.

3.6. Effect of SSFAC on CD4+ T and CD8+ T Cell Counts in Spleen Tissue of Mice

The results from flow cytometry are shown in Figures 3-6A, B, C, and D. In the Con A group,
the number of CD4+ T lymphocytes in the spleen tissue was significantly lower than that in the NC
group (P<0.01), indicating that Con A induced immune system damage in the mice. Compared to the
Con A group, the number of CD4+ T lymphocytes in the PS group and SSFAC (M, H) groups was
significantly increased (P<0.01), while no significant difference was observed in the SSFAC-L group
(P>0.05). These results suggest that SSFAC in medium and high doses can effectively restore the
reduction of CD4+ T cells induced by Con A.Regarding CD8+ T lymphocytes, the count in the Con A
group was significantly higher than in the NC group (P<0.01), indicating that Con A promoted the
proliferation or accumulation of CD8+ T cells, which may be related to the intensification of the immune
response. Compared to the Con A group, the PS group and SSFAC (L, M, H) groups showed
significantly reduced CD8+ T cell counts (P<0.01), suggesting that SSFAC can inhibit the abnormal
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increase of CD8+ T cells.The ratio of CD4+ to CD8+ T lymphocytes in the spleen of the Con A group
was significantly lower than that in the NC group (P<0.01), reflecting an imbalance in the immune
system. However, in comparison to the Con A group, the PS group and SSFAC (L, M, H) groups showed
significantly increased CD4+/CD8+ T cell ratios (P<0.01), suggesting that SSFAC helps restore the
balance between T cell subpopulations.
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Fig.3-6 (A) flow cytometry scatter plot. (B, C, D) CD4*. CD8and CD4" /CD8" lymphocytes were
analyzed and enumerated using flow cytometry. Data are means = SEM, n = 8 mice/group,**P<<0.01
vs Con A group, #P<<0.01 vs NC group.

3.7. Transcriptomic Analysis

To reveal the potential biological mechanisms underlying SSFAC treatment of AIH, RNA
sequencing was performed on liver samples from NC, Con A, and SSFAC (250 mg/kg) groups of mice.
The sequencing results showed that, between the NC and Con A groups, a total of 3,729 genes were
upregulated and 2,839 genes were downregulated (Figure 3-11A). After SSFAC treatment, compared to
the Con A group, 627 genes were upregulated and 777 genes were downregulated (Figure 3-7B).
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Fig.3-7 RNA-seq analyses of the liver tissue in the mouse, Con A and SSFAC 250 mg/kg groups. (A,
B) The numbers of up-regulated and down-regulated DEGs between the NC group vs. Con A group
and SSFAC 250 mg/kg group vs. Con A group. All date values of |Log2FC| > 0.585, P< 0.05. (C)
Venn diagram of DEGs. (D, E) PPI Network map of top247 key target genes. The larger the circle, the
more significant the genetic change.
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From the differentially expressed genes (DEGs), 247 common DEGs were selected between the
Con A/NC and SSFAC/Con A groups (Figure 3-7C). These 247 DEGs were analyzed using the STRING
database to identify key genes commonly involved in both SSFAC and Con A-induced disease models
(Figure 3-7D). A protein-protein interaction (PPI) network was constructed using Cytoscape 3.7.2
software (Figure 3-7E). Based on the connectivity degree of the nodes, the top 30 target genes were
selected for functional and pathway enrichment analysis. Among these target genes, the change in IL-6
was particularly notable.

IL-6 was significantly elevated after Con A treatment, which is consistent with its central role in
the inflammatory response of AIH. In the SSFAC treatment group, the significant suppression of IL-6
expression suggests that SSFAC alleviates immune-mediated liver damage by modulating key cytokines
involved in the inflammatory response.

3.8. Enrichment Analysis

To further explore the mechanism by which SSFAC alleviates AlH, this study performed
functional analysis on 30 relevant target molecules and identified key signaling pathways with |Log2FC]|
> 0.585 and P < 0.05. The top 20 significantly related KEGG signaling pathways were displayed by
sorting the P-values from lowest to highest (Figure 3-8A). The results revealed that, in the Con A-
induced liver injury model, SSFAC pre-treatment significantly inhibited the JAK/STAT signaling
pathway. Within the suppressed JAK/STAT pathway, the expression levels of 1L-6, JAK2, and STAT3
were significantly reduced. This suggests that SSFAC may exert its protective effect on AIH by

modulating the IL-6/JAK2/STAT3 signaling pathway.
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Fig 3-8 (A) KEGG pathway enrichment histogram. We displayed the top 20 enrichment pathways of
the Q-value in ascending order. All date values of |Log2FC| > 0.585, P< 0.05. (B) GO enrichment of
those common selected DEGs including the biological process, cellular component, and molecular
function. We displayed the top 30 enrichment pathways of the Q-value in ascending order. All date
values of |Log2FC| > 0.585, P< 0.05. Analysis of key targets. (C) JAK-STAT signaling pathway.

Figure 3-8B presents the results of the GO enrichment analysis for the 30 target molecules. In
the biological process (BP) category, the results showed significant enrichment in processes such as
interleukin IL-1B signaling, P450 signaling pathway, and activation of innate immune response. In the
cellular component (CC) category, significant enrichment was observed in the endoplasmic reticulum,
neuroplasm, and cytoplasm. In the molecular function (MF) category, the analysis highlighted the
involvement of oxidoreductase activity and steroid hydroxylase activity. These findings suggest that
SSFAC may protect the liver by promoting immune response activation, regulating interleukin levels,
and participating in redox processes.

3.9 Effect of SSFAC on the Expression of 1L-6/JAK2/STAT3 Signaling Pathway-Related
Proteins

Based on the transcriptome sequencing results mentioned above, to verify whether SSFAC
alleviates autoimmune hepatitis (AIH) by downregulating IL-6 secretion and inhibiting the activation of
the JAK2/STAT3 signaling pathway, Western blot analysis was performed. The experimental results,
shown in Figures 3-9 A, B, C, and D, indicate that, compared to the NC group, the protein expression
levels of IL-6, p-JAK2, and p-STAT3 in the Con A group were significantly increased, reflecting the
inflammation and activation of the signaling pathways induced by Con A.

However, in the SSFAC (L, M, H) treatment groups, the expression levels of IL-6, p-JAK2, and
p-STAT3 were significantly lower than those in the Con A group, indicating that SSFAC effectively
inhibits the activation of inflammation-related signaling pathways induced by Con A.
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In summary, SSFAC can exert a hepatoprotective effect by regulating IL-6 expression and
inhibiting the JAK2/STAT3 signaling pathway.
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Fig.3-9 (A-D) Effects of SSFAC on JAK-STAT signaling pathway. Date were expressed as mean
+SEM, n = 3 mice/group. **P<<0.01 vs Con A group, *P<<0.01 vs NC group.

4.Discussion

As a critical organ for detoxification and antiviral defense in the body, the health of the liver is
vital for overall well-being, making liver-related diseases an urgent health concern. Hepatitis is often the
initial lesion that leads to cirrhosis and liver cancer, marking the early stages of liver disease.
Autoimmune hepatitis (AIH), as a chronic form of hepatitis, although its exact etiology is not yet fully
understood, is characterized by elevated autoantibodies and immunoglobulins, hepatocellular infection,
and liver dysfunction.[®l, As the disease progressively worsens, some patients may develop liver failure,
and the number of cases is on the rise, posing a significant burden on society and severely threatening
human life. Given the current lack of effective treatment options, research into potential therapeutic
drugs is of critical importance. SSFAC is a product derived through artificial cultivation techniques,
exhibiting similar chemical components to wild-type AC. This study aims to explore the protective
effects of SSFAC on Con A-induced immune liver injury, paving the way for new approaches in the
treatment and prevention of liver diseases.

The Con A-induced model is considered an ideal choice for studying AIH (autoimmune hepatitis)
due to its rapid model establishment and simple operational procedure. After Con A injection, it
specifically accumulates in the liver, leading to the aggregation and activation of T cells, NKT cells, and
macrophages, which subsequently induce the production of a large number of cytokines. Research has
shown that these inflammation-related cytokines, such as TNF-a, IFN-y, and IL-12, are closely
associated with the development of AlH, triggering extensive hepatocyte apoptosis, necrosis, and an
increase in serum transaminase levels.[**1!, Hepatocyte death, leading to the release of ALT and AST,
has become an important indicator [*21, for liver injury detection and is widely used in clinical practice.
In this study, by measuring the serum transaminase levels of mice after Con A injection, it was found
that serum transaminase levels were generally elevated in the Con A model group. However, pre-
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treatment with SSFAC significantly reduced the levels of ALT and AST, indicating that SSFAC has a
mitigating effect on Con A-induced immune liver damage. Additionally, the organ index of the SSFAC
+ Con A group was significantly lower, and HE staining results showed that SSFAC significantly
alleviated liver damage in mice 8 hours after Con A injection, further confirming the protective effect
of SSFAC against Con A-induced immune liver injury.

Immune-mediated liver damage is closely associated with the production of a series of
inflammatory factors. The injection of Con A stimulates macrophages in the liver to produce pro-
inflammatory cytokines, promoting cell apoptosis and exacerbating inflammation. Among the key
inflammatory factors involved in the development of AIH, IL-2, IL-6, and TNF-o have been clearly
implicated. Particularly in the early stages of inflammation, TNF-a serves as a crucial mediator in Con
A-induced liver injury. Therefore, inhibiting the excessive release of inflammatory cytokines is
considered an effective strategy for treating the severe inflammatory responses seen in AIH.[=IThis study
reveals that Con A treatment significantly elevated the levels of inflammatory cytokines in the body,
while pre-treatment with SSFAC effectively reversed this increase, preventing the occurrence of AIH
by reducing the release of pro-inflammatory factors.

To further investigate the effects of SSFAC on T lymphocyte subpopulations in the spleen of
Con A-treated mice, this study performed staining analysis for CD4+ T cells and CD8+ T cells in splenic
cells. Compared to the Con A group, mice in the SSFAC group showed significant improvements in the
abnormal changes in the numbers of CD4+ T and CD8+ T cells in the spleen induced by Con A, further
demonstrating the potential role of SSFAC in regulating immune responses and protecting the liver.

Western blot analysis confirmed these findings. The results showed that IL-6 expression was
significantly elevated in the Con A group. In contrast, IL-6 expression was markedly reduced in the
SSFAC group, leading to downregulation of P-JAK2 and P-STAT3 levels. This indicates that SSFAC
modulates IL-6 secretion and inhibits the activation of the JAK2/STATS3 signaling pathway. This action
reduces the expression of inflammatory genes, decreases the activation of immune cells, and alleviates
inflammation, thus mitigating Con A-induced liver damage and promoting the regulation of
inflammatory responses and liver repair.

Based on these experimental results, it is concluded that SSFAC exerts protective effects on Con
A-induced immune-mediated liver injury by modulating the IL-6/JAK2/STAT3 signaling pathway and
influencing the regulation of inflammatory mediators. Additionally, SSFAC shows restorative effects
on the immune system damage in mice.

Conclusions

Overall, our findings suggest that SSFAC has the potential to be a candidate drug for treating
immune-mediated liver injury by modulating the IL-6/JAK2/STATS3 signaling pathway. These results
also provide promising insights into the scientific understanding of the cross-talk between immune
dysregulation and inflammation, indicating that SSFAC-mediated inactivation of the IL-6/JAK2/STAT3
signaling pathway plays a key role in alleviating Con A-induced liver damage.
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Abstract. The study reveals the current situations faced by the medical equipment field, including rapid
technological iteration and diversified demands. It elaborates on models such as multidisciplinary
integration, technology integration, and integrated innovation based on clinical needs. It analyzes key
transformation stages and processes including clinical trial management, registration approval, and
market promotion. The importance of supporting factors such as policy and regulation support, talent
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UHTETPALIMSAA MHHOBAIIUIA U CUCTEMHAS TPAHC®OPMAILIUS
MEJIUIUHCKOI'O OBOPY1IOBAHUSA

Cwii bo, Cyns Jlunun, JIuns 13unb

AHHoTanus. VccnenoBaHue packpblBaeT TEKYLIME CUTYallUM, C KOTOPBIMU CTaJKUBaeTcs cdepa
MEIUIIMHCKOTO 00O0pYJOBaHMsI, BKJIIOYas OBICTPYIO TEXHOJOTMYECKYI0 UTEpalMio U Pa3HOOOpas3HbIe
TpeOoBanus. B HeM mnoapoOHO paccMaTpuBAaIOTCS TaKUE€ MOJENU, KaK MEXIUCUUIUITMHApHAS
MHTETpalus, WHTErpalusi TEXHOJOTMM M HHTErPUPOBAHHBIE MHHOBAIIMM HA OCHOBE KIMHUYECKUX
notpebHocTell. B HeM aHanM3HpYyIOTCS KIIIOYEBBIE STambl W MPOIECCHl TpaHCHOpPMAIMH, BKIIOYAs
yIpaBieHHe KIMHUYECKUMHU HCIBITAHUAMHU, OJOOpEHUE PErUCTpallid U TPOABUKEHHE Ha DPBIHKE.
[TomuepkuBaeTCsl BaKHOCTh MOAJIEPKUBAIOIINX (PAKTOPOB, TAaKUX KaK TMOJACPKKA TMOJUTHKH H
peryiupoBaHusi, pa3BUTHE U HA0Op TaJIaHTOB, KAIMTAJIOBIIOXKEHUS U PACIIPE/IETICHUE PUCKOB.
KiaroueBble cjioBa: MeIUIIMHCKOE 00OpYyJAOBaHME, KOMIUIEKCHbIE HWHHOBAllUM, CHCTEMHas
TpaHcpopMarus, MEAUIMHCKUE YUPEKICHHUS, YHUBEPCUTEThI, HAYYHO-UCCIIEJOBATEIbCKUE HHCTUTYTHI,
MPEANPUSITHS, TIPOJABUKEHHUE.

I. Introduction

Medical equipment plays an extremely crucial role in the modern healthcare system, and its
development level directly impacts disease diagnosis, treatment effectiveness, and the overall quality of
medical services. With the rapid advancement of technology and the increasingly diverse demands for
health, the traditional innovation model for medical equipment has become difficult to meet the
requirements of the times. Integrated innovation and system transformation have emerged as important
pathways for achieving breakthroughs and sustainable development in the field of medical equipment.
By integrating knowledge and technology from different disciplines as well as various innovation
resources, and by constructing a comprehensive system transformation framework, the process of
medical equipment from research and development to clinical application can be accelerated. This, in
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turn, enhances the performance, reliability, and popularity of medical equipment, thereby laying a solid
foundation for improving global healthcare standards.

I1. Current Situation and Challenges in the Field of Medical Equipment
(1) Rapid Technological Iteration and Diversified Demands

In today's era, technological advancements in various fields such as life sciences, materials
science, and information technology are evolving rapidly. In the field of medical equipment, new
technologies such as artificial intelligence (Al), nanotechnology, and gene sequencing technology are
constantly emerging and being rapidly applied. For instance, Al-assisted diagnostic systems can quickly
analyze medical images, improving the accuracy of disease diagnosis. The application of nanomaterials
in drug delivery systems and biosensors has provided new means for precision medicine and brought
unprecedented opportunities to fields such as biomedicine and materials science Ommoxal Herousmii centicn ne
naiinen. - \eanwhile, with the enhancement of people's health awareness and changes in the disease
spectrum, the demand for medical equipment has become increasingly diversified. From the need for
convenient and low-cost basic diagnostic equipment in primary healthcare settings to the demand for
high-end, precise, and intelligent treatment and monitoring equipment in large hospitals, medical
equipment must continuously innovate to adapt to the requirements of different scenarios and patient
groups. However, the rapid iteration of technology and diversified demands pose significant challenges
to the research and development of medical equipment. Enterprises and research institutions need to
make choices among numerous technological pathways, ensuring that their research and development
directions are closely aligned with market demands to avoid resource waste and technological lag.

(2) Fragmentation of Innovation Entities and Insufficient Collaboration

Innovation in medical equipment involves multiple entities, including universities, scientific
research institutions, enterprises, and medical institutions. Universities and scientific research
institutions typically have advantages in basic research and exploration of frontier technologies, but often
lack the capacity and resources to convert research findings into practical products. Enterprises, on the
other hand, are more focused on market demands and product commercialization, but may be relatively
weak in basic research and technological reserves. Medical institutions, as the end-users of medical
equipment, have a deep understanding of clinical needs, but their participation and initiative in the
innovation and research and development process need to be enhanced. Currently, there is a lack of
effective collaboration mechanisms among these innovation entities, leading to poor information
exchange and difficulties in resource sharing. This results in low innovation efficiency and extended
research and development cycles. For example, research achievements from universities may be difficult
to convert into practical products due to a lack of financial support and marketing channels from
enterprises. During the research and development process, enterprises may face a disconnect between
their products and actual demands due to insufficient clinical feedback.

(3) High Research and Development Costs and Significant Risks

The research and development (R&D) of medical equipment is characterized by large
investments, long cycles, and high risks. From basic research to product launch, it passes through
multiple stages, including conceptual design, laboratory R&D, clinical trials, registration approval, and
so forth, each requiring substantial funding and manpower. Under the combined influence of various
factors, the profit margins of medical device companies are further squeezed Ommdxa! Heroummic centu ne
naitnen. Eor instance, a new medical device may take several years or even more than a decade from R&D
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to market launch, with R&D costs reaching hundreds of millions or even billions of yuan. Additionally,
the R&D of medical equipment faces multiple risks, including technical risks, clinical risks, and market
risks. Technical risks encompass unresolved technical challenges and incorrect technological pathways
during the R&D process. Clinical risks involve failures in clinical trials and inability to verify product
safety and effectiveness. Market risks pertain to inaccurate product market positioning, intense
competition, and lack of support from medical insurance policies. These high R&D costs and significant
risks have discouraged many enterprises and R&D institutions from innovating in medical equipment,
thereby hindering the development speed of the industry.

I11. The Connotation and Modes of Integrated Innovation in Medical Equipment
(1) Multidisciplinary Fusion Driving Innovation

The integrated innovation of medical equipment is first embodied in the fusion of multiple
disciplines. The intersection of knowledge from medicine, biology, physics, chemistry, engineering,
computer science, and other disciplines provides a rich source for the innovation of medical equipment.
For example, in the research and development of medical imaging equipment, physics principles are
needed to achieve signal acquisition and imaging, computer science and technology are used for image
processing and analysis, and medical expertise is applied to determine the clinical application needs and
diagnostic criteria of the equipment. The formation of multidisciplinary teams can integrate different
ways of thinking and professional skills from various disciplines, examine problems from different
angles, and thus generate innovative solutions. Take smart wearable medical devices as an example;
they integrate biosensor technology, wireless communication technology, data analysis algorithms, and
medical and health knowledge to monitor human physiological parameters in real-time, transmit data to

the cloud for analysis and processing, and provide users with personalized health management
SuggestionSOmuﬁka! HcTOoYHNK CCHLTKH He Haii,ueﬂ._

(2) Mode of Technological Integration Innovation

Technological integration is one of the important modes of integrated innovation in medical
equipment. It organically combines different technological modules to form a medical equipment system
with new functions and high performance. For instance, surgical robots are typical representatives of
technological integration, integrating mechanical engineering technology, electronic control technology,
computer vision technology, image processing technology, and minimally invasive surgical techniques.
Through the integration of these technologies, surgical robots can achieve high-precision surgical
operations, reduce surgical trauma, and improve surgical outcomes. In the process of technological
integration, issues such as compatibility and synergy between different technologies need to be
addressed to ensure seamless integration of various technological modules and the realization of overall
advantages. Meanwhile, technological integration must also consider cost-effectiveness factors to avoid
excessively pursuing technological advancement, leading to excessively high costs and affecting product
market promotion and popularization.

(3) Integrated Innovation Based on Clinical Needs

The ultimate goal of innovation in medical equipment is to meet clinical needs and improve the
quality of medical services. Therefore, integrated innovation based on clinical needs is crucial. As the
end-users of medical equipment, medical institutions have a deep understanding of patients’' needs,
disease characteristics, and pain points and difficulties in the clinical treatment process. Through close
cooperation with universities, scientific research institutions, and enterprises, clinical needs can be
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translated into specific innovation projects and technical indicators Ommoxka! Herounmi ccetn we maiinen. - For
example, a series of medical equipment such as heart stents and pacemakers have been developed to
meet the treatment needs of patients with cardiovascular diseases; to fulfill the precision treatment needs
of tumor patients, radiotherapy equipment and tumor-targeted drug delivery systems have been
developed. Integrated innovation based on clinical needs can ensure the practicality and effectiveness of
medical equipment, improving its acceptance and application value in clinical practice.

IV. Processes and Key Links in the Systematic Transformation of Medical Equipment
(1) Clinical Trial Management and Optimization

Clinical trials are one of the key links in the systematic transformation of medical equipment.
They are an important means to verify the safety and effectiveness of medical equipment. During clinical
trials, strict ethical norms and scientific standards must be followed Ommoka! Herounuk cerutkn ne maiinen.
Firstly, a reasonable clinical trial protocol needs to be formulated, clarifying the trial objectives, subjects,
methods, observation indicators, and other content. Secondly, the recruitment and management of
subjects must be well handled to ensure their rights and interests are fully protected while ensuring the
authenticity and reliability of trial data. For example, when recruiting subjects, they must be fully
informed about the purpose, process, risks, and benefits of the trial to obtain their informed consent.
Additionally, supervision and management of the clinical trial process should be strengthened, and a
comprehensive quality control system should be established to promptly identify and resolve issues
arising during the trial. In recent years, with the development of digital technology, the informatization
of clinical trials has become a trend. Tools such as Electronic Data Capture (EDC) systems and Clinical
Trial Management Systems (CTMS) can improve the efficiency and quality of clinical trials, enabling
real-time data collection, transmission, storage, and analysis.

(2) Reform of Registration and Approval Systems and Processes

Registration and approval are essential steps for medical equipment to enter the market. Different
countries and regions have their own registration and approval systems and processes, which play an
important role in ensuring the quality and safety of medical equipment but may also become bottlenecks
in the systematic transformation of medical equipment. Traditional registration and approval processes
are often cumbersome, with issues such as long approval times and inconsistent standards being
prominent. For example, some innovative medical equipment may face difficulties in obtaining timely
approval due to unclear approval standards, leading to delayed product launches and missed market
opportunities. To promote the systematic transformation of medical equipment, many countries and
regions are reforming their registration and approval systems. Measures such as simplifying approval
processes, establishing priority approval channels, and clarifying approval standards for innovative
products are gradually being adopted. Meanwhile, strengthening international cooperation and
coordination in registration and approval, and promoting the internationalization of medical equipment,
are also current trends. For example, the CE certification of the European Union has high international
recognition, and some countries have reduced duplicate approvals for medical equipment by mutually
recognizing CE certifications with the EU, improving market access efficiency.

(3) Market Promotion and Application Strategies

After medical equipment has been successfully developed and obtained registration approval,
market promotion and application become crucial. In terms of market promotion, it is necessary to
develop scientific and reasonable marketing strategies, precisely targeting different customer groups and
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market demands. For high-end medical equipment, it is mainly targeted at large hospitals and specialist
hospitals, emphasizing technological advancement, functional complexity, and clinical effects; for
grassroots medical equipment, emphasis is placed on ease of operation, cost-effectiveness, and
applicability. At the same time, brand building should be strengthened to improve product awareness
and reputation. For example, by participating in international and domestic medical exhibitions,
academic conferences, and other events, the advantages and features of the products can be showcased,
and face-to-face exchanges and communication with customers can be conducted. In terms of application
strategies, emphasis should be placed on cooperation with medical institutions to provide comprehensive
pre-sales, in-sales, and after-sales services, including equipment installation and debugging, operational
training, maintenance and repair, and technological upgrades. Additionally, actively promoting the
inclusion of medical equipment in medical insurance reimbursement directories, reducing patients' usage
costs, and improving products' market competitiveness and popularity are also essential.

V. Safeguarding Factors for Integrated Innovation and Systematic Transformation of
Medical Equipment

(1) Policy and Regulation Support System

Policies and regulations play a guiding and regulatory role in the integrated innovation and
systematic transformation of medical equipment. The government encourages enterprises and scientific
research institutions to increase investment in medical equipment innovation by formulating industrial
policies such as tax incentives, financial subsidies, and research and development funding. For example,
tax reductions and exemptions are granted to enterprises engaged in medical equipment research and
development, and special research and development funding support is provided for innovative medical
equipment projects. Meanwhile, China's regulatory system needs to be improved Ommoxal Herounuk ccpiakn
nemaiinen. The government also ensures the quality and safety of medical equipment by formulating strict
regulatory regulations such as medical device registration management methods and production quality
management standards. Additionally, in terms of intellectual property protection, comprehensive patent
laws, trademark laws, and other laws and regulations can protect the legitimate rights and interests of
innovators and stimulate their enthusiasm for innovation. The stability and continuity of policies and
regulations are crucial for the long-term development of the medical equipment industry, enabling
enterprises and research institutions to reasonably plan research and development and market strategies
based on the guidance of policies and regulations.

(2) Talent Cultivation and Introduction Mechanism

Integrated innovation and systematic transformation of medical equipment require a large
number of high-quality composite talents. Development is the top priority, talent is the first resource,
and innovation is the first driving force Ommoxa! Heroummk cenimicn ne maiinen. These talents must not only possess
professional knowledge in medicine, biology, engineering, etc., but also be familiar with market
operations, laws and regulations, and other knowledge. Therefore, establishing a comprehensive talent
cultivation and introduction mechanism is key to safeguarding the development of medical equipment
innovation. In terms of talent cultivation, universities and vocational colleges should strengthen the
construction of related disciplines, offer interdisciplinary courses, and cultivate students' comprehensive
literacy and innovation capabilities. For example, biomedical engineering programs can offer courses
such as medical instrument design, medical device regulations, and medical market analysis. Meanwhile,
continuing education and training for incumbent personnel should be strengthened, improving
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practitioners' professional skills and innovation awareness through academic lectures, professional
training courses, and other forms. In terms of talent introduction, preferential policies should be
formulated to attract high-level overseas talents and excellent talents from other regions in China to join
the field of medical equipment. For example, policies such as housing subsidies, research start-up funds,
and educational benefits for children can be provided to attract talents, creating a favorable environment
for talent development.

(3) Funding Investment and Risk Sharing Mechanism

Adequate funding is an important safeguard for the integrated innovation and systematic
transformation of medical equipment. Various stages such as research and development, clinical trials,
registration approval, and market promotion of medical equipment all require substantial financial
support. Funding sources mainly include government financial input, corporate self-funded capital, and
social capital. Government financial input is mainly used for basic research, key technology research,
and the construction of public service platforms; corporate self-funded capital is an important foundation
for medical equipment innovation, driving the development of innovative projects through corporate
profit accumulation and strategic investments; social capital such as venture capital and private equity
investment provides diversified financing channels for medical equipment innovation. Meanwhile,
establishing a risk-sharing mechanism is also essentialOmwoxa! Herounuk cevuain e maiizen. e to the high
risks of medical equipment innovation, it is difficult for a single entity to bear all the risks. By
establishing risk investment funds, science and technology

V1. Future Development Trends in Integrated Innovation and Systemic Transformation of
Medical Equipment

(1) Trends towards Intelligence and Personalization

With the continuous development of technologies such as artificial intelligence, big data, and the
Internet of Things, medical equipment is evolving towards intelligence and personalization©mmoxa!
Ueroummic cevtnien ne maiinen. |nte]ligent medical equipment can automatically collect, analyze, and process
data, providing doctors with auxiliary diagnostic and treatment decision support. For instance, intelligent
diagnostic systems can swiftly and accurately diagnose diseases based on patients' symptoms, medical
histories, examination results, and other data, and recommend personalized treatment plans.
Personalized medical equipment tailors medical devices and treatment methods to the individual
differences of different patients, such as genetic characteristics, physiological parameters, and lifestyle
habits. For example, personalized prosthetics can be customized according to factors such as the shape
of the patient's residual limb and muscle strength, enhancing wearing comfort and effectiveness.
Intelligent and personalized medical equipment will greatly improve the precision and effectiveness of
medical services, meeting patients' increasing demands for personalized health needs.

(2) Requirements for Green, Environmental Protection, and Sustainable Development

In the context of globally increasing environmental awareness, green, environmentally friendly,
and sustainable development of medical equipment has also become an important trend. In terms of
material selection, there will be a greater emphasis on biodegradable, non-toxic, and environmentally
friendly materials to reduce environmental pollution. For example, biodegradable biomaterials used in
implantable medical devices can naturally degrade in the body after completing their therapeutic
mission, avoiding the risks of secondary surgery for removal and environmental harm. In terms of energy
utilization, the research and development of low-energy, high-efficiency medical equipment, the
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adoption of energy-saving technologies and renewable energy, will reduce energy consumption and
carbon emissions. For example, some portable medical devices use solar charging technology, which is
convenient for use in wild or remote areas while reducing dependence on traditional energy sources.
Additionally, in the design and production processes of medical equipment, attention will be paid to the
recycling of resources and minimization of waste, enhancing the sustainable development capabilities
of the entire industry chain.

(3) Strengthened Global Cooperation and Resource Integration

The innovation and transformation of medical equipment is a global issue, and future global
cooperation and resource integration will be further strengthened. Resource integration has become an
important issue for medical device manufacturing enterprises Ommuéxa! Heroumuk cerunen we maiien. - Dyifferent
countries and regions have their own advantages in the field of medical equipment, and through
international cooperation, they can complement each other's advantages and jointly promote the
development of medical equipment. For example, developed countries have strong capabilities in high-
end technology research and innovation, while developing countries have potential in market demand,
cost advantages, and clinical trial resources. The forms of international cooperation will become more
diversified, including joint research and development between multinational corporations, academic
exchanges and cooperation projects between scientific research institutions, and government-to-
government science and technology cooperation agreements. Meanwhile, with the continuous
improvement of the global industrial chain, the research and development, production, and sales of
medical equipment will undergo more reasonable resource integration globally, improving resource
utilization efficiency, reducing production costs, and promoting the global popularization and
application of medical equipment.
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SYSTEMATIC REVIEW OF HISTORIC URBAN LANDSCAPE APPROACH
TO CULTURAL HERITAGE ADAPTIVE REUSE

Yin Sinan, Ph.D., The School of Architecture and Urban Planning, Faculty of Landscape Architecture,
Tongji University, Shanghai, China; Yin Sinan, Project Leader of 1SO 37173, International
Organization  for  Standardization (ISO)  Sub-Committee on  Assembled  Buildings;
Yin Siyi, Medical Management Service Guidance Center, National Health and Wellness Commission,
Beijing, 100000, China.

Abstract. Adaptive reuse of cultural heritage drives and enables sustainable urban development. In
2011, UNESCO launched the Recommendation on the Historic Urban Landscape (HUL), urging the
adoption of a landscape approach to ensure the integration of cultural heritage policies and management
issues into urban sustainable development. However, existing research on adaptive reuse in the field of
cultural heritage typically focuses on limited perspectives, and the implementation strategies of adaptive
reuse face challenges at multiple levels.

This paper reviews the literature on adaptive reuse of cultural heritage within the framework of the
Historic Urban Landscape (HUL) approach, conducting a systematic review of over 410 publications
from 2010 to early 2024, particularly regarding the understanding and implementation methods of the
HUL concept. The aim is to explore how existing academic discussions related to HUL can assist in the
adaptive reuse of cultural heritage, as well as to investigate the smooth implementation of the six
recommended steps of the HUL approach in the process of adaptive reuse of cultural heritage.

The results indicate that current theoretical research is very rich, but the discussion mainly focuses on
the reuse of cultural heritage value, and there is still a lack of operability based on value quantification
methods. Additionally, there is a problem of not being fully linked to local heritage discourse and the
dynamics of heritage governance. The results also show that the current application of the HUL method
mainly focuses on concept interpretation, value recognition, and empirical analysis of stratification,
neglecting the assessment of urban heritage vulnerability and the comprehensive consideration of HUL
focus points in empirical research.

Keywords: historic urban landscape, cultural heritage, landscape approach, sustainable development,
adaptive reuse
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CACTEMATHUYECKHA OB30P MOAXOJA HCTOPHYECKOI'O TOPOICKOI'O
JAHAIMA®PTA K AJAIITUBHOMY IOBTOPHOMY HUCITIOJIb30BAHHIO
KYJbTYPHOT'O HACJIEAUA

HNun Cunan, Uas Cunan, Uap Coin

AnHoTtanusa. llenp wuccnenoBaHWs COCTOUT B TOM, YTOOBI WM3YYHTh, KaK CYIIECTBYIOIIHE
aKaJeMuyeckue auckyccuu, cBsizanHble ¢ HUL, Moryr mnomMoys B aJanTHBHOM MOBTOPHOM
HCIMOJIb30BAHUM KYJIBTYPHOTO HACJIENMs, a TaKXe MCCIEeNA0BaTh IUIABHYIO pEAU3alUI0 IIECTH
pekomenayeMbix ImaroB noaxoga HUL B mpomecce amanTUBHOTO IOBTOPHOI'O MCIOJIb30BAHUS
KyJIbTypHOTO Hacieaus. Vcrnoiap30BaHre METO0B OMOIMOMETPUUYECKOTO aHAIM3a JJI CO3/IaHus KapT
COBMECTHOTO IIOSIBJICHUSI KJIFOYEBBIX CJIOB M aHAJIM3a BPEMEHHOM IIKajbl, BU3YaJbHOIO aHaIM3a
HCCIIEIOBATEIILCKOW JINTEPATYPHI B COYETAHUM C JJOKYMEHTAMU U CONOCTABJICHUS TEKYIIUX TEHACHIINI
B TEOPETUYECKHX HUCCIEJAOBAHMUAX W TEMATUYECKUX MCCIECIOBAHUAX MO AJalTUBHOMY I[OBTOPHOMY
WCIOJIb30BAHUIO KYJIBTYPHOTO HACHEAHS B KOHTEKCTE TOPOJCKHX HCTOPUYCCKUX JIAHIIIAPTOB
MO3BOJIMJIO MOJYYUTh CIEAYIOIIUE pe3yibTaThl.llokazaHo, 4TO TEKYIIME TEOPETUUECKUE UCCIEA0BAHMS
O4YeHb OoraThl, HO 00CYXJACHHUE B OCHOBHOM COCPEIOTOUYECHO Ha MOBTOPHOM HMCIOJIb30BaHUU IIEHHOCTH
KyJbTYPHOI'O HAcCJIelMsi, U BCE €II€ OTCYTCTBYET ONEPAlMOHAIBbHOCTb, OCHOBaHHas Ha METOAAX
KOJMUYECTBEHHOU OIIeHKH IIeHHOCTH. KpoMme Toro, cymiecTByeT mpodiieMa He MOJTHOU CBSA3H C MECTHBIM
JUCKYPCOM HAaclequsi U AMHAMUKOW yIpaBJIeHHs HacienueM. Pe3ynbTarbl Takke MOKa3bIBalOT, YTO
Tekymee npumeHeHue metona HUL B OCHOBHOM COCpeOTOYEHO Ha HMHTEpIpPETAluy KOHUEMIUMH,
MIPU3HAHKUY [ICHHOCTEH W SMIIMPUYECKOM aHaIM3€e cTpaTU(UKAIIIHU, IpeHeOperast OlEHKOW YSI3BUMOCTH
TOpPOJICKOTO HAacjenus U BCECTOPOHHUM paccMoTpeHueM ¢okycHbix Touek HUL B smmupuueckux
HCCIICIOBAHUSIX.

KiloueBble ciioBa: HCTOPUYECKHMN TOpPOACKOM sanamadT, KyJabTypHOE Haceaue,
JTaHIIIaQTHBIN MOJX0/I, YCTOMYHBOE pa3BUTHE, aJAalITUBHOE TTOBTOPHOE MCIIOIB30BaHUE.

0. Introduction

With the rapid development of cities at an unprecedented speed, urbanization and globalization
are accompanied by a series of new problems such as homogenization and uniformity of urban
landscape. In this context,in order to overcome thesechallenges,historic landscape can act as a driver and
enabler of sustainabledevelopmentOmmo6ka! Hcrounmk ccbliikH He HaiineH.. enhancingurban
livabilityOmmo6ka! MWcrounnk ccbuikn He HaiineH.Ommoka! MCTOYHMK CCBUIKH  He
Haiinen.,fostering human well-being, andmaintaining urban identity Ommo6ka! McToYHUK CCHLIKH He
Haiilen.Omuoka! McToyHuK ccblIKH He HaiaeH.Ommoka! MCTOYHHK CCBUIKM  He
Haligen.Oumoka! Merounnk cebliIkKM He HaligeH.. Therefore, the conservation of historic urban
landscape splays a role insustainable urban development Omméka! HcToYyHMK CCHLIIKH He
HaligeH.Omuoka! McToOYHNK CCHLIJIKH He HAHIEeH..

Cultural heritage is an important means to promote and achieve sustainable urban
developmentOmmoka! Mcrounuk ccpliiku He HaiineH.,the definition of cultural heritage protection
has been evolving over time. Cultural heritage protection organizations such as the United Nations
Educational, Scientific and Cultural Organization (UNESCO) and the International Council on
Monuments and Sites (ICOMOS) have established a series of charters, treaties, and recommendations
on cultural heritage protection. These documents have played a key role in guiding urban heritage
protection practices worldwide, making urban heritage protection a crucial component of the field of
cultural heritage protection and garnering significant development and widespread attention. Over the

91



Bectuuxk MAHDbB Tom 29, Ne4, 2024 VestniklIAELPS

past century, the concept of heritage protection has undergone a series of transformations in terms of
protection objects, elements, and philosophies: from individual buildings to expanding to building
complexes, historical areas, and then to a broader historical context; the elements of protection have
expanded the value connotations of heritage from tangible material to include intangible aspects; the
philosophy of protection has shifted from a confrontation between protection and development to a
synergy, and from static protection to dynamic protection. These shifts reflect an approach to historical
cities with a developmental perspective and spirit (Table 1). Adaptive reuse is one of the important
strategies to protect cultural heritageOmmoéka! Ucrouynuk ccblUIKM He HaigeH., Which promotes
sustainable urban development by tapping the potential of heritage for recyclingOmmuéoxa! Ucrounuk
cchlIKM He HaliaeH.Ommoka! UcTouHuK cchbliku He HaliaeH.. To enhance the integration of heritage
management and urban development, in 2011, UNESCO adopted the Recommendation on the Historic
Urban Landscape (HUL approach), which is based on a landscape approach aimed at fostering the
integration of heritage management with urban development.

Tablel. Development of protection scope of historic heritage

Time File Name Launch Agency Scope of Protected Objects

Emphasize the protection and use

1933 Athens Charter ICOMOS g - "
of "historical monuments

1965 Venice Charter ICOMOS Protect the authenticity .?f historical
monuments

Convention Concerning the The protection scope is extended to

1972 Protection of the World Cultural and UNESCO "arouns of buildings”
Natural Heritag group 9
1976 Nairobi RECOMMENDATION UNESCO Put forward the concept of
historical areas
1979 Burra Charter World Hemgge in Repbéce ‘cultural rehcs”and sites
Australia with the concept of "place’
Extend the concept to historical
1987 The Washington Charter ICOMOS cities and urban zones on the basis
of historical areas
1992 The World Heritage Convention UNESCO Expand the scope of cultural

heritage

Convention for the Safeguarding of UNESCO Expand the scope of cultural

EH the Intangible Cultural Heritage heritage

The core of the Historic Urban Landscape (HUL) concept can be summarized as: stratification,
value correlation, and multi-participation (Figure 2). The HUL concept pays attention to the dynamic
hierarchy of cultural heritage, emphasizing that "the historical environment should encompass its
history, evolution, and characteristics Ommoka! McTounnk cchbIKM He HaiiaeH., representing a
dynamic and continuous process that reflects a shift in perception from traditional static fragments to
dynamic historical stratificationOmmoka! McTounuk ccbuiku He HaiiaeH.. At the same time, the HUL
concept, starting from the perspective of value, points out that the material form, spatial layout, natural
characteristics, and the interrelated "value correlation™ of environmental and socio-cultural, economic
values should be considered, emphasizing the consideration of multi-party "participatory planning and
stakeholder consultation methods".

The HUL concept proposes a theoretical framework and implementation methods for heritage
protection, utilization, and management from the perspectives of dynamic historic laying, value
correlation, and multi-party participation, expanding the concept of heritage protection and elements,
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and emphasizing a holistic view of historical landscape protection. Its inclusive definition helps the wide
coverage of the HUL approach, but it cannot be denied that due to the inclusiveness of HUL, there is
still room for improvement in the protection scope, protection methods, and operational management.
Therefore, early literature focuses on basic theoretical research, discussing the understanding of HUL
concepts and theoretical frameworks, and how to apply these theories to actual urban protection and
development planning.

At the same time, the inclusiveness of HUL does not fully cover the uniqueness in a specific
regional context, resulting in a certain gap between the universal applicability of the concept and in-
depth analysis of specific situations. With the clarification of HUL theory, more and more research
applies the HUL method to local cultural heritage protection, exploring the possibility of implementing
its four toolkits. In case studies, it is possible to fully correspond to the four toolkits, or adjust the
implementation order of the four toolkits or add or reduce steps according to needs Ommo6ka! UcTouHuk
CChLJIKHM He HaiigeH., on the one hand, it is difficult to directly apply the HUL method to different
regional policy frameworks, on the other hand, it indicates that there is a lack of guidance at the next
level between the application of HUL method from theory to implementation tools. Therefore, in
addition to actively responding to the six steps of the HUL method, some cities have also derived a
heritage protection framework suitable for local conditions based on the HUL landscape method to solve
the problem of poor implementation from concept to practice, such as the PD-PhiM framework in Seville
emphasizes the integration of 11 independent local heritage departments into cultural heritage
management Ommo6ka! Mcrounnk cchbIKH He HailigeH., and the protection practice of Suzhou Ancient
City proposes a digital twin structure to help protect measures through digital means to establish a map
of cultural elementsOmuoka! Mcrounuk cchliiku He HaiineH., Nadia et al. attempt to use the Penta
Helix model in Amsterdam to classify and identify stakeholders in the protection process, clarifying the
roles and contributions of different stakeholdersOmmoka! UcTrounuk cchbliiku He HaiigeH.. These
methods demonstrate different work focuses in adapting this new tool to local conditions and promoting
its implementation in different cultural and geographical backgrounds.

The HUL method views the urban landscape as a dynamic complex environment, and current
protection methods still need to be deepened in dealing with the dynamics of cultural heritage. As the
HUL method continues to be implemented globally, it is necessary to determine the acceptable range of
boundaries for cultural heritage in change, thus discussing how to apply the six tools of HUL to the
adaptive reuse of cultural heritage is crucial.

1. Key Aspects of the HUL Approach

The Historic Urban Landscape (HUL) approach is a comprehensive framework advocated by
UNESCO for urban heritage management, which integrates cultural and natural values into the urban
planning process. This method transcends the traditional focus on individual monuments and considers
a broader urban context and its geographical environmentOmméka! MCcTOYHHK CCHUIKH He
Haiiien.Omuoka! UcTouHuk cchlIKH He HaligeH.. This broader context encompasses both tangible
and intangible attributes and values of urban places, treating the city as a wholeOum6ka! Uctoununk
CChJIKM He HaiimeH.. The recommendation emphasizes and calls for the adoption of a landscape
approach to incorporate cultural heritage policies and management issues into sustainable urban
development. It also provides six key steps and four tools (Figure 1), emphasizing the HUL approach as
a tool for sustainable development that highlights the identification of cultural heritage (steps 1, 2),
conservation strategies and valorization (steps 3, 4), and stakeholder engagement (steps 5, 6). The HUL
approach also emphasizes the need to connect the city's future with its historical landscape to protect
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cultural identityOmmo6xka! McTounuk cchblIKH He HaligeH.. Furthermore, there is a growing interest in
exploring the potential of the HUL approach in interdisciplinary field collaboration research, such as
disaster risk reductionOmmuoka! HMcrounnk cchblUIKM He HaiimeH., constructing landscape spatial
perceptionOmmoka! McTouyHHK ccblikum He Haiimen., applying digital technologyOmmoka!
Hcrounuk cchUIKH He HaiigeH., and participatory community governanceOmiuoka! McTouHuK
CChIJIKM He HaiijgeH., among others. In 2016, five years after the introduction of the HUL concept,
UNESCO published a new reportOmmoéxa! Mcrounnk cchliiku He Haiigen.reflecting the diversity of
HUL application worldwide. Currently, a large number of practices in historical urban landscapes have
generally established interdisciplinary research teams, including experts and scholars from architecture,
planning, history, economy, society, geography, and other disciplines, working with local residents to
carry out heritage conservation work, clarify the value of historical towns, and promote sustainable
development.

TOOLKIT FOR (CITY)

O 0 © ©

KNOWLEDGE & COMMUNITY REGULATORY FINANCIAL
PLANNING TOOLS ENGAGEMENT SYSTEMS TOOLS
TOOLS

Planning Publicity Laws and Economics
regulations
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Figurel. HUL Tool Kit

Multi-Scale Perspective: The HUL approach adopts a multi-scale perspective, addressing
challenges and solutions at various levels of urban planning and heritage management. This is evident
in case studies from cities like Salerno, Italy, and Rijeka, Croatia, where stakeholder engagement
workshops identified numerous themes related to adaptive reuse, such as participation, regulatory
systems, and knowledge management Omuoka! UcTouHHK cchliIKkN He HaiineH.Ommoka! Ucrounuk
CCBHLJIKH He Hai/1eH..

Stakeholder Engagement: Effective adaptive reuse under the HUL approach involves engaging
a diverse range of stakeholders, including public, private, civic, and knowledge sectors. This inclusive
process helps address conflicts and ensures that the adaptive reuse projects are sustainable and beneficial
for all involved partiesOmmoka! Mcrounuk cepliiku He HaiigeH. Omuoka! McTOYHMK CCHLIKH He
HaHuJICH..
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Sustainability and Circular Economy: The HUL approach aligns with circular economy
principles by promoting the reuse and repurposing of heritage assets, thereby extending their lifespan
and preserving their cultural values. This approach not only conserves resources but also creates shared
values and enhances urban livability Ommo6ka! McToOYHHK CCHIJIKH He HaiiIeH..

2. Cultural heritage adaptive reuse

The theoretical foundation of adaptive reuse of cultural heritage is rooted in the integration of
architectural conservation and the concept of sustainable development. From the perspective of
conceptual definition, adaptive reuse emphasizes the retention of the historical value of buildings while
endowing them with new functions Ommoéka! UcTounnk cchliiku He HaiigeH.. This theory has evolved
through the architectural conservation trends of the 19th and 20th centuries, gradually forming a
theoretical system centered on value assessmentOmmoka! UcTouHUK cChUIKH He HailigeH.. In the
contemporary context, the theory of adaptive reuse pays more attention to the cultural memory and
genius loci of buildings, guiding the practice of transformation through an in-depth understanding of the
original value of buildings Omméka! Mcrounuk cchliiku He HaiiaeH.. This theoretical framework not
only focuses on the protection of the physical form but also emphasizes the connectivity of buildings
with the urban context Ommo6ka! Ucrounuk cchlJIKH He HaiixeH., providing theoretical support for the
sustainable development of architectural heritage. The evolution of conservation principles and
methodologies reflects the keeping pace with the times of the concept of cultural heritage protection.

The multi-party participation mechanism and circular economy strategies constitute the practical
framework for the adaptive reuse of cultural heritage. The Public-Private Community Partnership
(PPCP) model provides a new governance approach for heritage conservation Ommoéka! McTouHuk
ceoliikn He Haiigen., effectively integrating various resources and enhancing the feasibility and
sustainability of projects. In the urban context, the establishment of an element value assessment system
helps to determine the priority of reuse Ommoéka! McTounuk ccbUIku He HaiigeH., While also
strengthening the economic viability of reuse projects. Additionally, the application of digital
technologies, such as augmented reality, offers new possibilities for the display and utilization of
architectural heritage Ommoka! Ucrounuk cchliiku He HaiineH.. Interdisciplinary integration has
become a significant characteristic of research on the adaptive reuse of cultural heritage. This integration
is reflected in the cross-disciplinary studies among architecture, urban planning, sociology, and other
fieldsOmmoka! Mcrounuk cchbliikd He HaiiaeH.. By integrating theories and methods from different
disciplines, a more comprehensive understanding of the value connotations of architectural heritage can
be achieved, providing multidimensional solutions for its reuse. This interdisciplinary research paradigm
not only enriches the theoretical system of heritage conservation but also promotes the innovative
development of conservation practices, enabling cultural heritage to better adapt to the needs of
contemporary society.

3. Methodology

The search for the appropriate literature was an internet-based inquiry that looked for
publications using Scopus. Science Direction and Web of Science. By searching for "historical urban
landscape™ in the title, abstract, and keywords, and applying the inclusion/exclusion criteria (Table 2),
approximately 234 articles were identified. The review considered articles published between 1 January
2011 and 10ctober2024. Accordingly, it covered 165publications composed of books, book chapters,
peer-reviewed articles, conference papers, theses, and reviews. Among them, 410 articles were obtained
in Scopus, of which 33 were identified; There are 155 articles in ScienceDirect, with 20 remaining after
deletion and selection; There are 206 articles in WoS, and after removing those with weak correlation,

95



Bectuuxk MAHDbB Tom 29, Ne4, 2024 VestniklIAELPS

there are still 189 articles left. When applying the inclusion/exclusion criteria below, 234 articles
remained due to 8 duplication in Science direction and Scopus (Figure 2) .In addition, there are more
than one publications on the same case study, such as Cuenca in Ecuador; Ballarat, Australia; Compared
to the Dresden Valley in Germany, overall, this review of 234 publications reveals 80 cities that can
serve as case studies.

Table2 Determining inclusion and exclusion criteria

Database Wos Scopus Science Direct
TS= historic urban e
TP=historic urban landscape landscape -(I;Fr’_h'Stor'C urban landscape
Or Or

Title,abstract,keywords=

Title,abstract,keywords= (historic urban Abstract= (historic urban landscape

landscape AND (cultural heritage) AND Or

Criteria - S AND (cultural heritage)
(adaptive reuse)) Title=historicurban AND (adaptive reuse))
AND landscape AND
PY=2011-2024 AND PY=2011-2024
Languages: English PY=2011-2024 Languages: English

Languages: English guages- =ng
Avrticles 189 articles 33 articles 20 articles
number

The publications were saved in txt format and then loaded intoVOSviewer1.6.18 software to run
the statistical analysis. The statistical analysis of the corpus of documents combined an inductive
categorization method with a deductive data mining method.

Figure 2. Duplicate articles

4. Results

Import the data into VOSviewer 1.6.18 software for keyword co-occurrence analysis (Figure 3).
The high-frequency keywords include landscape, urban, conservation, urbanization, management,
vegetation, climate change, ecosystems, heritage, sustainable development, biodiversity, cultural
heritage, and historic urban landscape. By examining the map and the high-frequency keywords, it is
evident that the academic fields studying HUL are relatively clear, mainly encompassing environmental
science, urban studies, and heritage conservation. This also reflects the close relationship between HUL
and the protection of cultural heritage, urban construction and sustainable development, and landscape
protection and management.

Import the retrieved data into CiteSpace 6.1.R6 software for co-citation analysis, and select the
top 10 HUL-related documents with clear DOI information (Table 2), among which there is 1
monograph, and the rest are journal articles (including 2 review papers and 6 research papers, with 1
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case study). The themes of the documents focus on the origin of the concept of urban historical
landscape, the connotation analysis of urban historical landscape, and discussions on the relationship
between urban sustainable development and the protection of urban historical landscape. From the
representative foreign literature, it can be seen that HUL-related research is mainly divided into two
types: practices in global pilot cities and writings by experts and scholars.

Firstly, since 2011, the World Heritage Centre has selected cultural heritage pilot projects
globally to practice and summarize the HUL approach, covering sites such as Mozambique Island in
Africa, Stone Town in Zanzibar, Lamu Old Town in Kenya, Amsterdam in the Netherlands, Naples in
Italy, Ballarat in Australia, Cuenca in Ecuador, Rawalpindi in Pakistan, and Shanghai and Suzhou in
China.Secondly, academic research on the application of HUL theory in the adaptive reuse of cultural
heritage has primarily focused on discussions about the current state and existing problems of the HUL
method, as well as interpreting the relationship between urban conservation knowledge and the HUL
concept, and proposing innovative reform paths for the HUL implementation process and
tools.Currently, based on the aforementioned practices and research, a clear set of 6 HUL
implementation steps (survey and mapping, identification of values and value-laden characteristics,
vulnerability assessment, delimitation of sensitive areas, conservation planning, and formulation of
management frameworks) and 4 HUL implementation tools (public participation, knowledge and
planning, regulatory systems, and finance) have been established.In addition to pilot cultural heritage
sites, some historical towns and city centers in various countries or regions have also conducted research
on the protection and management practices of urban historical landscapes. Typical studies include the
use of a strategic planning framework for the protection and development of the urban historical
landscape of the historical center of Novi Pazar in Serbia, and the development of appropriate and
effective strategic models and management tools for the implementation of conservation planning.
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5. Discussion

Vestnik|AELPS

2021.0 2021.5

The findings of the literature study show that the academic discussion has mainly focused on the
application of an integrated approach that takes into account heritage conservation and management,
urban planning, urban design and architecture Ommoéka! McTounnk cchbliiku He HaiigeH.. Academic
discussions have focused on the conceptual framework of HUL, while the path to implementing the plan
is still at an early stage in terms of providing an innovative approach to capturing the diversity of cultural
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heritage value typologies, developing a consensus on the content of conservation, assessing vulnerability
to change and prioritizing actions .

The historic cityscape approach has greatly influenced adaptive reuse strategies by emphasizing
the importance of “cultural identity Ommoéka! HMcToyHMK CCHUIKM He HalaeH.”, ‘“‘community
participation Ommoka! McTouHuK cChbLIKM He HaiiaeH.” and “sustainability Ommoka! McTouHHK
CCHLIKM He HaiieH.”. reuse strategies. These themes emphasize the need to preserve cultural heritage
while adapting them for contemporary use, ensuring that the value and significance of these buildings
are preserved for future generations.

The Historic Urban Landscape (HUL) approach provides a new theoretical framework and
practical path for the protection of cultural heritage. This method emphasizes the integrity and dynamism
of urban heritage, viewing cultural heritage as an integral part of urban development (Pintossi, 2021)
(Rodwell, 2018)Omuoka! McTouHHK cChbLIKHM He HalieH.Omuoka! McTOYHMK CCHIJIKH He HAl/IeH. .
In practice, the HUL approach focuses on combining heritage conservation with urban renewal, ensuring
the continuity of heritage values and the updating of urban functions through systematic assessment and
multi-level analysis (Grazulevi¢iuté-Vileniske, 2021) (El-Bastawissi, 2022)Omuéka! HMcrouynuk
ccbuIKU He Haiinen.Ommoka! UcTounnk cchliiku He HaiigeH.. This method not only pays attention
to the physical form of individual buildings but also emphasizes their interactive relationship with the
surrounding environment and their role in urban development.

Cultural heritage adaptive reuse presents new trends under the framework of the historic urban
landscape. Traditional architectural conservation has shifted from a focus on the protection of the
physical entity to a more comprehensive approach that includes functional updates and environmental
coordination (Pérez, 2022) (Foster, 2021)Ommobka! Hcrounuk ccbliku He HaiigeH.Qumuobka!
Hcrounnk ccoliku He Haigen.. Adaptive reuse strategies emphasize preserving the historical
characteristics of a building while endowing it with new social functions, achieving the joint inheritance
of tangible and intangible heritage. This strategy includes not only the protection and transformation of
architectural forms but also functional replacement and spatial reorganization at multiple levels to meet
the needs of contemporary urban life (Spina, 2023)Ommuéka! McToUHHK CCHIIKH He Haii/IeH..

In terms of spatial integration, cultural heritage adaptive reuse needs to maintain harmony with
the urban fabric and historical context. Research indicates that successful adaptive reuse projects often
manage to integrate organically with modern urban functions while preserving local characteristics (Li,
2024) (Jiang, 2023)Omuoka! McTouHuk ccbliku He HaiaeH.Oumoéka! MCTOYHMK CCHUIKH He
Haiizen.. This integration is not only reflected in the physical space but also includes the inheritance and
development of historical and cultural values. By conducting in-depth analysis of urban landscape
features, a better understanding of the relationship between heritage buildings and their surroundings
can be achieved, leading to more targeted reuse strategies (Yin, 2022)Omm6ka! McTOYHHK CCHLIKH He
HaleH..

Case studies show that there are innovative practices in cultural heritage adaptive reuse in
different regions. From Amsterdam'’s circular city plan to the protection of historic districts in Suzhou,
these practices demonstrate a variety of adaptive reuse models (Pintossi, 2021) (Jiang, 2023)Ommoka!
Hcrounnk ccbuiku He HalineH.Ommoka! UcTounnk cecpliikn He HaiiaeH.. Especially in the protection
of Silk Road cultural heritage, by combining cultural ecosystem theory with tourism development, the
sustainable use of heritage has been achieved (Yu, 2023)Omméka! MCTOYHHK CCHUIKH He Hali/IeH..
These cases emphasize the importance of innovating in protection and developing in utilization.
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Cultural heritage adaptive reuse has multiple positive impacts on urban sustainable development.
From an environmental perspective, it helps reduce construction waste and improve resource efficiency;
from a social perspective, it promotes cultural heritage and community identity; from an economic
perspective, it creates new opportunities for development and value growth (Foster, 2021) (Tu,
2024)Omnoka! UcTouyHMK cchbIKH He HaliaeH.Ommoka! UCTOYHHK cChUIKH He HaiigeH.. Guided
by the historic urban landscape approach, this reuse model can better balance the relationship between
protection and development, providing new momentum for urban sustainable development.

References

1.  United Nations General Assembly Transforming Our World: The 2030 Agenda for Sustainable
Development.Availableonline:https://sustainabledevelopment.un.org/content/documents/212520
30AgendaforSustainableDevelopmentweb.pdf (accessed on21 January 2020).

2. Ost, C. Revisiting Heritage Conservation in its Social and Economic Background. In Proceedings
of the LDE Heritage Conference on Heritage and the Sustainable Development Goals, Delft, The
Netherlands, 26-28 November 2019; Pottgiesser, U., Fatori’c, S., Hein, C., de Maaker, E., Pereira
Roders, A., Eds.; TU Delft Open: Delft, The Netheralnds, 2021; pp. 280-289.

3. Ji X, Shao L, Du Y. Collaborating with local communities to identify improvement priorities for
historic urban landscape based on residents’ satisfaction: An application of asymmetric impact-
performance analysis in Dandong, China[J]. Sustainability, 2020, 12(4): 1463.

4. CHCfE Consortium Cultural Heritage Counts for Europe. Available
online:www.encatc.org/culturalheritagecountsforeurope(accessed on 5 September 2018).

5.  Winter, T. Climate change and our heritage of low carbon comfort. Int. J. Herit. Stud. 2016, 22,
382-39

6. Burnham, B. Towards a New Heritage Financing Tool for Sustainable Development. In
Proceedings of the Transdisciplinary Multispectral Modeling and Cooperation for the Preservation
of Cultural Heritage, Athens, Greece, 10-13 October 2018; Moropoulou,A., Korres, M.,
Georgopoulos, A., Spyrakos, C., Mouzakis, C., Eds.; Springer: Cham, Switzerland, 20

7. Mora, L.; Bolici, R. How to Become a Smart City: Learning from Amsterdam. In Proceedings of
the Smart and Sustainable Planning for Cities and Regions. SSPCR 2015, Bolzano, Italy, 19—20
November 2015; Bisello, A., Vettorato, D., Stephens, R., Elisei,P., Eds.; Green Energy and
Technology. Springer: Cham, Switzerland, 2017; pp. 251-266, ISBN 978-3-319-44898-5.

8.  Tweed, C.; Sutherland, M. Built cultural heritage and sustainable urban development. Landsc.
Urban Plan. 2007, 83, 62—69.

9. Labadi, S.; Giliberto, F.; Rosetti, I.; Shetabi, L.; Yildirim, E. Heritage and the Sustainable
Development Goals: Policy Guidance for Heritage and Development Actors. Available online:
https://www.icomos.org/images/DOCUMENTS/Secretariat/2021/SDG/ICOMOS_SDGs_Policy
_Guidance_2021.pdf (accessed on 10 May 2021).

10. Fusco Girard, L. The circular economy in transforming a died heritage site into a living ecosystem,
to be managed as a complex adaptive organism. Aestimum 2020.

11. ICOMOS International Charter for the Conservation and Restoration of Monuments and Sites (The
Venice Charter 1964). Available online: https://www.icomos.org/charters/venice_e.pdf (accessed
on 3 November 2020).

12. Heath, T. Adaptive re-use of offices for residential use: The experiences of London and Toronto.
Cities 2001, 18, 173-184.

100



Bectuuxk MAHDbB Tom 29, Ne4, 2024 VestniklIAELPS

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Fusco Girard, L. The circular economy in transforming a died heritage site into a living ecosystem,
to be managed as a complex adaptive organism. Aestimum 2020.

Turner M. UNESCO Recommendation on the Historic Urban Landscape'[J]. Understanding
heritage: Perspectives in heritage studies, 2013, 1: 77.

Hoda Zeayter; Ashraf Mansour Habib Mansour. Heritage conservation ideologies analysis —
Historic urban Landscape approach for a Mediterranean historic city case study[J]. HBRC Journal,
2017: S168740481730007x.

Rey-Pérez J, Avellan D V. Towards the implementation of the historic urban landscape approach
in the Guayaquil waterfront (Ecuador): a sco** case study[J]. The Historic Environment: Policy
& Practice, 2018, 9(3-4): 349-375.

Hidalgo-Sanchez F M, Carrascal-Pérez M F, Rey-Pérez J, et al. Cultural heritage, sustainability,
conservation, and social welfare. A management plan for the historic municipal buildings of
Seville (Andalusia, Spain)[J]. The Historic Environment: Policy & Practice, 2022, 13(4): 426-458.
e F 8 5, 5 NS SE SR R IF SiE I 2R A 75 A ] AR =T
,2024,(01):82-90.D0I:10.16361/j.upf.202401010.

Pintossi N, Ikiz Kaya D, Pereira Roders A. Identifying challenges and solutions in cultural heritage
adaptive reuse through the historic urban landscape approach in Amsterdam[J]. Sustainability,
2021, 13(10): 5547.

Amoruso G. The image of historic urban landscapes: Representation codes[M]//Geospatial
research: Concepts, methodologies, tools, and applications. IGI Global, 2016: 344-372.
Huybrechts E. The historic urban landscape and the Metropolis[J]. Built Heritage, 2018, 2(4): 20-
30.

Sykes, O., and C. Ludwig. 2015. “Defining And Managing The Historic Urban Landscape:
Reflections On The English Experience And Some Stories From Liverpool.” European Spatial
Research and Policy 22 (2): 9-35. doi:10.1515/esrp-2015-0023.

Francesco Bandarin; Ron van Oers; "Reconnecting The City : The Historic Urban Landscape
Approach and The Future of Urban Heritage"”, 2014. (IF: 4)

Gabriel Victor Aves Caballero; "The Role of Natural Resources in The Historic Urban Landscape
Approach”, JOURNAL OF CULTURAL HERITAGE MANAGEMENT AND SUSTAINABLE
.., 2016. (IF: 3)

FEIE PN XV AT #0 RIS RO SRt i R =S B RN S R ARG A 5[] 3
,2022,(01):10-15.

Zhao X, Marnane K, Greenop K. The role of digital technologies in recording values of human
settlements: testing a practical Historic Urban Landscape approach in China and India[J]. Digital
Creativity, 2021, 32(4): 253-274.

Engelhardt R A, Khor N. Community-focused urban regeneration: Preserving and activating the
Historic Urban Landscape in Malaysian cities]M]//The Routledge Handbook on Historic Urban
Landscapes in the Asia-Pacific. Routledge, 2019: 427-444.

UNESCO (2016), “Culture urban future. Global report on culture for sustainable urban
development”,available at: http://unesdoc.unesco.org/images/0024/002459/245999¢.pdf.

Pintossi N, Ikiz Kaya D, Pereira Roders A. Assessing cultural heritage adaptive reuse practices:
Multi-scale challenges and solutions in Rijeka[J]. Sustainability, 2021, 13(7): 3603.

101



Bectuuxk MAHDbB Tom 29, Ne4, 2024 VestniklIAELPS

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Pintossi N, Kaya D I, Roders A P. Cultural heritage adaptive reuse in Salerno: Challenges and
solutions[J]. City, Culture and Society, 2023, 33: 100505.

Pintossi N, Ikiz Kaya D, Pereira Roders A. Identifying challenges and solutions in cultural heritage
adaptive reuse through the historic urban landscape approach in Amsterdam[J]. Sustainability,
2021, 13(10): 5547.

Pérez A J Y, Verbakel E. The role of adaptive reuse in historic urban landscapes towards cities of
inclusion. The case of acre[J]. Journal of cultural heritage management and sustainable
development, 2022 (ahead-of-print).

Bullen P A, Love P.Adaptive reuse of heritage buildings[J]. Structural Survey, 2011, 29: 411—
421.Mehr SY.

Mehr S Y.Analysis of 19th and 20th Century Conservation Key Theories in Relation to
Contemporary Adaptive Reuse of Heritage Buildings[J]. The Heritage, 2019.

Malathouni C. UnDoing Buildings: Adaptive Reuse and Cultural Memory, by Sally Stone.
Routledge, New York, 2019. 266pp. ISBN 9781138226616[J]. Built heritage, 2022.

Rodriguez M D, Lopez D L, Bardon C C.The role of cultural heritage in urban
reuse[C]//Proceedings HERITAGE 2022 - International Conference on Vernacular Heritage:
Culture, People and Sustainability. , 2022.

Aiello S H. Exploring Public-Private-Community Partnerships in Governing Cultural Heritage
Adaptive Reuse Projects[J]. Social Science Research Network, 2024.

Ebejer J, Staniewska A, Srodulska-Wielgus J, Wielgus K. Values as a base for the viable adaptive
reuse of fortified heritage in urban contexts[J]. Muzeoldgia a Kultirne Dedicstvo, 2023.

Baratta A F L, Finucci F, Magaro A.Regenerating Regeneration: augmented reality and new
models of minor architectural heritage reuse[J]. Vitruvio: International Journal of Architectural
Technology and Sustainability, 2018.

Sharifi A.Most appropriate time for the adaptive reuse of historic buildings using ARP model[J].
Property Management, 2019, 38: 109-123.

Ginzarly M, Houbart C, Teller J. The Historic Urban Landscape approach to urban management:
a systematic review[J]. International Journal of Heritage Studies, 2019, 25(10): 999-1019.
Misirhisoy D, Giinge K. Adaptive reuse strategies for heritage buildings: A holistic approach[J].
Sustainable cities and society, 2016, 26: 91-98.

De Gregorio S, De Vita M, De Berardinis P, et al. Designing the Sustainable Adaptive Reuse of
Industrial Heritage to Enhance the Local Context. Sustainability 2020, 12, 9059[EB/OL].(2020)
ArfaF H, Zijlstra H, Lubelli B, et al. Adaptive reuse of heritage buildings: From a literature review
to a model of practice[J]. The Historic Environment: Policy & Practice, 2022, 13(2): 148-170.
Rodwell D.The Historic Urban Landscape and the Geography of Urban Heritage[J]. The Historic
Environment: Policy & Practice, 2018, 9: 180-206.

Pintossi N, Kaya D I, Roders A P.ldentifying Challenges and Solutions in Cultural Heritage
Adaptive Reuse through the Historic Urban Landscape Approach in Amsterdam[J]. Sustainability,
2021, 13: 5547.

building, historic urban landscape and sustainable development: systematic approach[J].
Landscape architecture and art, 2021.

El-Bastawissi I Y, Raslan R, Mohsen H, ZeayterH.Conservation of Beirut’s Urban Heritage
Values Through the Historic Urban Landscape Approach[J]. Urban Planning, 2022.

102



Bectuuxk MAHDbB Tom 29, Ne4, 2024 VestniklIAELPS

49,

50.

51,

52.

53.

54,

55.

56.

Pérez A J 'Y, VerbakelE.The role of adaptive reuse in historic urban landscapes towards cities of
inclusion. The case of acre[J]. Journal of Cultural Heritage Management and Sustainable
Development, 2022.

Foster G, Saleh R.The Adaptive Reuse of Cultural Heritage in European Circular City Plans: A
Systematic Review[J]. Sustainability, 2021.

Spina L D.A Prefeasibility Study for the Adaptive Reuse of Cultural Historical Landscapes as
Drivers and Enablers of Sustainable Development[J]. Sustainability, 2023.

Li X, Zhou X, Weng F, Ding F, Wu Y, Yi Z.Evolution of cultural landscape heritage layers and
value assessment in urban countryside historic districts: the case of Jiufeng Sheshan, Shanghai,
China[J]. Heritage Science, 2024, 12: 1-109.

Jiang J, Zang T, Xing J, IkebeK.Spatial Distribution of Urban Heritage and Landscape Approach
to Urban Contextual Continuity: The Case of Suzhou[J]. Land, 2023.

Yin S, Guo X, Jiang J.Extracting the Urban Landscape Features of the Historic District from Street
View Images Based on Deep Learning: A Case Study in the Beijing Core Area[J]. ISPRS Int. J.
Geo Inf., 2022, 11: 326.

Yu J, Safarov B, Yi L, Buzrukova M, JanzakovB.The Adaptive Evolution of Cultural Ecosystems
along the Silk Road and Cultural Tourism Heritage: A Case Study of 22 Cultural Sites on the
Chinese Section of the Silk Road World Heritage[J]. Sustainability, 2023.

Tu L.Optimization of Heritage Management Mechanisms through the Prism of Historic Urban
Landscape: A Case Study of the Xidi and Hongcun World Heritage Sites[J]. Sustainability, 2024.

103



Bectuuxk MAHDbB Tom 29, Ne4, 2024 VestniklIAELPS

VY JIK 616.89-02-082.6

ANALYSIS AND RESEARCH ON INFORMATION SYSTEM BASED ON
HOSPITAL SECURITY CONSTRUCTION SECURITY CONSTRUCTION OF
NATIONAL THIRD-LEVEL PUBLIC HOSPITALS

Yin Siyi, Medical Management Service Guidance Center, National Health and Wellness Commission,
Beijing, 100000, China; Yin Sinan, Ph.D., The School of Architecture and Urban Planning, Faculty of
Landscape Architecture, Tongji University, Shanghai, China; Yin Boyue, Project Leader of ISO
37173,International Organization for Standardization (ISO) Sub-Committee on Assembled Buildings
Wang Kexin, Beijing Yao Medical Hospital, Beijing, 100000, China; YU Hongze, Tsinghua
University, postdoctor, Beijing, 100084; Zhang Zhaotianyi, School of Energy and Power Engineering,
Xi'an JIAOTONG University, Xi'an, 710049

Abstract. Purpose: To analyze the impact of policies related to the introduction of safe hospitals in
tertiary public hospitals across the country on the security of medical institutions nationwide. Methods:
using interrupted time series analysis method, based on the national hospital security construction
information system to collect data and analyze the changes in the national hospital security construction
from 202 to the present. RESULTS: Safe hospital-related policies have a significant impact on hospital
security construction, and further promotion of the construction of safe hospitals in the normal state is
facing challenges. It is recommended to gradually establish a safe hospital hospital security system at
the national level.
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AHAJIN3 U UCCJEJOBAHUE HH®OPMAIIMOHHOM CUCTEMBI HA OCHOBE
CO3JAHMSA BE3OITACHOCTHU BOJIBHHUIIBI. OBECIIEYEHUE BE3OITACHOCTH
I'OCYIJAPCTBEHHBIX BOJIBHUIl TPETBEI'O YPOBHSA

HNub Coin, Uub Cunan, Uub borws, Ban Kacunb, 10it Xynuse, Ykan UxaoTuanon

AHHoTtauus. llens paGoTbl - HpoaHAIU3UPOBATH BIUSHUE MOJUTHKH, CBSI3aHHON C CO3JaHHEM
0€30MMacHOCTH B FOCY/IapCTBEHHBIX OOJBHUIIAX TPETUUHOTO YPOBHS IO BCEH CTpaHe, Ha 0€30IacHOCTh
MEIUIMHCKUX YUPEXKIEHUH Mo Bceil cTpaHe. MeTobl: NCIOJIb30BaHNWE METO/1a aHAIN3a MPEPBIBUCTHIX
BPEMEHHBIX PSJIOB HA OCHOBE HAI[MOHAJIbHOW WH(POPMALIMOHHOM crCcTeMbI 0€30MaCHOCTH OOJIBHMIL JIs
cOopa JaHHBIX M aHAJIN3a U3MEHEHUH B CTPOUTENBCTBE 0€30MaCHOCTH HAIIMOHAIBHBIX 00JbHHMIL ¢ 2022
roga mo Hacrosimee Bpems. [lonmuTuka, cBsizaHHass C O€30MAaCHBIMM OOJIBHUIIAMM, OKa3bIBAET
3HAYUTENbHOE BIUSHHE Ha CTPOMTEIHCTBO O€30MAacCHOCTU OOJIBHUI], W AajbHEMIIee MpOABHKEHHE
CTpOUTENbCTBA 0O€30MacHBIX OOJIBHUII B HOPMAJbHOM COCTOSIHUM CTaJIKMBAETCS C TPYAHOCTSMHU.
Pexomenayercs TmOCTENEHHO CO3/1aBaTh CHCTEMY O€30MacHOCTH Oe30macHBIX OOJBHUIL Ha
HAIlMOHAJILHOM YPOBHE.
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Ora pabora nogaep:xusaerca rpanToM Muctutyra [N'ouss, Yausepecurera Hunxya (Ne 2021GQG0001).
[TognepxuBaercas MHCTUTYTOM TOpPOJACKOIO YIIPABJICHUS M YCTOMYMBOIO pa3BUTHUSA, YHUBEpPCUTETA
[unxya (Ne A-20230217).

KuroueBbie ciioBa: be3onacHast 6onbpHMLA; YTIpaBiieHUe 0€30MacHOCThIO; be3onacHocTh O0JIbHUIIBI

1. Introduction

Hospitals belong to special open public places, usually with a large footprint, dense buildings,
dense and complex background and other characteristics, especially large hospitals with many
laboratories, the use of hazardous chemicals, the risk of production safety accidents is high. Hospitals as
a place where social conflicts are more concentrated, the occurrence of any emergencies are enough to
cause a high degree of concern. For public hospitals, safety issues involve various situations including
natural disasters, accidents and calamities, public health incidents and social security incidents, etc.,
while the unique medical violence and medical incidents have increased the complexity of security risks
in hospitals.

2. Peaceful hospital construction situation and requirements

The Party Central Committee and the State Council have always attached great importance to the
maintenance of normal medical order and the construction of a harmonious doctor-patient relationship
work. General Secretary Xi Jinping has repeatedly made important instructions and approvals, requiring
care and concern for medical workers, and cracking down on illegal and criminal behaviors related to
medicine in accordance with the law. In recent years, the NHSC, together with the Central Political and
Law Commission, the Supreme Court, the Supreme Prosecutor's Office, the Ministry of Public Security,
the Ministry of Justice and other departments, relying on the platform of the National Working Group
on Safe Hospitals Construction, has thoroughly implemented the important instructions of the central
leading comrades, and, with the people as the center, has focused on the “construction of the two
systems” (perfecting the mechanism and strengthening the rule of law), and insisted on the “two-handed
approach”. “two hands” (one hand to crack down on illegal and criminal activities related to medical
care, the other hand to grasp the long-term mechanism for the prevention and handling of medical
disputes), and has achieved significant results, medical personnel practice environment and patient order
has been effectively improved.

At present, the situation of hospital security work is still serious. In order to conscientiously
implement the spirit of General Secretary Xi Jinping's important instructions, further safeguard normal
medical order, protect the personal safety of medical personnel, and create a good treatment environment
for both doctors and patients, the 2021 National Health and Health Commission, in conjunction with the
Central Political and Law Commission, the Central Office of Internet Information Office, the Supreme
Court, the Supreme Prosecutor's Office, the Ministry of Public Security, the Ministry of Justice, the State
Administration of Traditional Chinese Medicine and other departments, issued the “Guidance Opinions
on Promoting the Security and Order in Hospitals Guiding Opinions on Promoting Hospital Safety and
Order Management (the Opinions). In the working principles of the opinion, it is clearly stated that
“prevention and disposal are combined, traditional methods and modern science and technology are
combined, the construction of security systems is combined with comprehensive social management,
security checks are combined with convenience for the public, the level and emergency are connected,
the police and medical personnel are linked, synergy and cooperation are promoted systematically, and
categorized policies are applied and focused.” To further maintain medical order, create a favorable
diagnosis and treatment environment, and protect the life safety of medical personnel.
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This study selected the national tertiary public hospitals as the research object, the use of
interrupted time series analysis method, through the national security construction information system
to integrate data, analyze the security construction changes in hospitals before and after the release of
the policy of safe hospitals, and quantitatively assess the impact of the health policy on hospital security,
for the continuation of the introduction of the health management policy to improve the level of
management of the hospital security and order and the health care institutions to enhance the hospital's
security and prevention capabilities, to Doing a good job of strengthening the hospital security early
warning mechanism, protecting the safety of medical staff and patients, and providing a safer
environment for medical staff and patients for diagnosis and treatment, as well as the long-term
development of hospitals and the harmony of doctor-patient relationship provides a strong guarantee?.

3. Information and Methods

3.1. Data sources

The data come from the medical data statistical analysis report of the national hospital security
information system platform from 2021 to 2024. The system is oriented to the national third-level public
hospitals to collect data related to the security construction situation of medical institutions on a monthly
basis, which is highly representative of the security construction of medical institutions.

3.2.  Selection of Indicators

According to the requirements of the Guiding Opinions on Strengthening the Construction of
Security Systems in Hospitals (No. 28 of Medical Development of the State Health Office [2013],
hereinafter referred to as the Guiding Opinions), after consulting with the Ministry of Public Security,
and in order to alleviate the burden of hospitals to fill in the report, seven indicators are selected among
the many indicators of security system construction, which are: “Whether or not to set up a full-time
defense department” “Whether the number of security guards meets the standard” ‘Whether there is a
police station in the hospital’ ‘Whether to install a key alarm device’ "Whether a key alarm device is
connected to the whether the key alarm device is connected to the public security organs”, ‘whether the
main entrances and exits are fully covered by security check’, and ‘whether the overall security system
of the hospital meets the standard’. The relevant data of the seven indicators were extracted from the
hospital security information system and analyzed.

3.3.  Statistical method

Microsoft Excel2016 was used to filter the data and establish data sets and data graphics.

4. Results

As shown in Table 1 Figure 1, the hospital security information system since 2021, the indicators
of the data gradually improved, medical institutions with full-time security department institutions from
3309 to 3498; security personnel to meet the standards of institutions have from 77.21% to 98.11%; set
up a police room institutions from 85.05% to 98.37%; the number of institutions installing one-key alarm
device from 2851 to 3491; and a key alarm device access to public security organs from 1545 to 3316;
the main entrance and exit security check full coverage of the number of institutions from Yuan 1405 to
3211, security system to meet the standard institutions from 2937 political 3438.

One of the key alarm device access to public security rose the most, from the original 45.74%
growth to 94.74%, or 53.4%. In addition, the 7 indicators only security system to meet the standard rate
in 2021 there is a landing, and then gradually increased, the current security system to meet the standard
of medical institutions to reach 98.23%. At present, the medical institutions that can realize the
requirements of the 7 indicators have reached more than 90%, and the construction of hospital security
system has made some progress in general. Compared with other indicators, the medical institutions that
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can realize the full coverage of security check at the main entrances and exits of the hospital are fewer,
and only 91.74% of the medical institutions can realize it.

Table 1 Extracted data from the National Hospital Security Construction Information System

date 2021.1 | 2021.12 | 20225 | 2022.9 2023.1 2024.6

1.1 Number of institutions with a full-time security

L : 3309 3349 3354 3363 3369 3498
service (in number):

2.1 Number of organizations that meet the standard for

the number of security guards (number): 2608 3050 3090 3153 3208 3434

3.1 Number of establishments with a police station in

the hospital (number); 2873 3135 3147 3185 3233 3443

4.1 Number of organizations that have installed one-

button alarm devices in key critical areas such as 2851 3176 3202 3230 3217 3491

5.1 Number of organizations with one-button alarm

devices connected to public security organs (number): 1545 2236 2296 2382 2526 3316

6.1 Number of institutions with full security coverage

at major hospital entrances and exits () 1405 2305 2431 2697 2921 8211

7.1 Number of institutions with security systems that

meet the standards (number): 2973 2914 2968 3044 3125 3438

3550 3500 3434
3408 3400
3500 3300
3200
3450
3100
3000
3400
2500
3350 2800
2700
3300 2600
2021,1 2021,12 20225 2022,9 20231 20246 2021,1 2021,12 20225 20229 20231 20246
il 1.1 Mumber of institutions with a full-time security e 7.1 Mumber of organizations that meet the standard
service (in number): for the number of security guards (number):
3500 3443 3600 3491
2400 3500
3400
3300
3300
3200
3200
3100
3100
3000
3000
2500
2900
2800 2800
2021,1 202112 20225 20229 20231 20246 2021,1 2021,12 20225 20229 20231 20246
e 4.1 Mumber of organizations that have installed one-
=g 3,1 Number of establishments with a police station button alarm devices in key critical areas such as
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5. Discussion

5.1  Hospital security construction results

After the completion of the hospital security system, the coordination and supervision of the
construction of security in the nation's tertiary public hospitals, from the statistics of recent years, the
tertiary public hospitals have made some progress in security construction. First of all, the construction
of the hospital police room has been strengthened and equipped with the necessary police force.
Secondly, hospital security checks have been carried out in an orderly manner, with large hospitals
implementing security checks at major entrances and exits and equipping them with appropriate security
equipment, such as metal detector gates and X-ray security checking equipment, in order to prevent
dangerous items from entering the hospital. In addition, an information-sharing and early-warning
mechanism for high-risk attendees has been established, and intelligent and precise warnings have been
realized through the hospital safety and security information platform to maximize the prevention of
early-warning risk factors. These developments show that the hospital security system is gradually
improving, and the consultation environment is gradually improving, which indirectly improves the
quality of medical services, protects the lives and properties of medical staff and the medical public, and
maintains the safety and stability of the health and health system.
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5.2  Challenges facing hospital security construction

From the current data, we can see that fewer medical institutions can be realized in the main
entrance and exit of the hospital to cover the security check, exposing the current challenges of hospital
security and the future direction of improvement. The reasons for the difficulty of achieving full
coverage of the main entrance and exit security checkpoints in public hospitals across the country mainly
include the following:

First of all, personnel mobility management is difficult. Public hospitals, especially large
hospitals, the environment of open space, large flow of people, frequent entry and exit of personnel,
complex identity of personnel. It is difficult to rely only on manual management, and there are security
risks. Secondly, the entrance and exit settings are unreasonable. Most hospital entrances and exits are
set up to varying degrees of irrationality, and some hospitals still have mixed pedestrian and vehicular
traffic, increasing the level of risk and potential danger. Finally, insufficient capital investment. There
are problems with the management of funds in public hospitals, a lack of precision in the forecasting of
the use of funds, and unscientific budgeting, which leads to a possible lack of sufficient funds to support
the full coverage of security checkpoints in the actual implementation.

These factors combine to make full coverage of security checkpoints at major entrances and exits
in public hospitals nationwide difficult to achieve. Solving these problems requires multifaceted efforts,
including improving the setup of entrances and exits, increasing financial investment, improving security
equipment and means, strengthening personnel training and management, establishing effective disposal
processes, and strengthening social co-governance and rule of law publicity and education.

5.3  Development direction of security construction in medical institutions

From the national level but also continue to coordinate the strengthening of hospital security
system construction, strengthen the hospital security construction of multi-dimensional quantitative
assessment, a comprehensive understanding of the effectiveness of the hospital security construction,
and for the further development of the improvement of hospital security construction related policies to
provide a basis. Implementation of classification and step-by-step promotion: according to the size, type
and level of hospitals, classification and promotion of hospital security work, and refinement of the
implementation rules and standards for the construction of hospital security systems. Relying on the
hospital security information system platform, improve the multi-departmental linkage and coordination
work mechanism, summarize and promote the good experience of various places in a timely manner,
and solidify it in the form of a system to form a long-term mechanism?.

At the same time, medical institutions should strengthen the construction of hospital police
offices, equipped with the necessary police force, carry out security checks in an orderly manner,
establish a security check system, set up an information-sharing and early warning mechanism for high-
risk patients, and maximize the prevention of early warning of dangerous factors, as well as indirectly
through the optimization of the process, improvement of the quality of service, and enhancement of
emergency response capabilities, which are closely linked to the overall operational efficiency of the
hospital and patient satisfaction.
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Abstract: Purpose: To summarize the different types and application scenarios of hemolytic
anticoagulant drugs currently used in clinical practice and systematically explain their pharmacological
effects. Results: Thrombolytic therapy, also known as clot-dissolving drugs, is a breakthrough treatment
method that has saved countless lives. It has been used in the clinical field to treat complaints of venous
and arterial thromboembolism, which is the leading cause of death. Currently, there are different types
of thrombolytic drugs on the market: alteplase, anti-istreplacase, urokinase, streptokinase, tenecteplase,
and so on. Conclusion: Alteplase will still be the only thrombolytic drug for ischemic stroke. The
development and use of direct oral drugs have changed the model of anticoagulant therapy and
completely changed the methods of preventing and treating thromboembolism.

Keywords: Acute ischemic stroke, Drugs, Thrombolysis, Anti-thrombolic, Pharmacological action

JOCTUXEHUSA B OBJIACTU PAPMAKOJIOI'MYECKUX DOPDPEKTOB
AHTUTPOMBOJIMTUYECKUX ITPEITAPATOB

Xyniasia JIsan, Kyns JIn, Yanmaii Yikoy

AHHoTauus: L{enb paGoThl - 00001IUTE pa3aMyYHbIE TUIBI U CLIECHAPUU TPUMEHEHUS TeMOJINTUYECKUX
AHTHUKOATYJITHTHBIX IPErnapaToB, MCIOJIb3YEMbIX B HACTOsAIIEEe BpeMsl B KIMHUYECKOM HpPaKTUKE, U
cucTeMaTHyecku oOBACHUTH uX (papmakonornueckue 3¢ ¢extrl. [lokazaHo, 4To TpomMOOIUTHUECKAS
Tepamnus, TaK)Ke U3BECTHAs KaK MpenapaThl, pacTBOPAIOLINE TPOMOBI, SIBJISETCS IPOPHIBHBIM METOJOM
JIe4eHHsl, KOTOPbI crac OecuucClIeHHOE KOJUYecTBO kM3HeW. OH HCHONb30BaJICS B KIMHUYECKOU
oOjacTu JUIsl JIeyeHHs kajlo0 Ha BEHO3HYIO M apTepUabHYI0 TPOMOO03MOOIINIO, KOTOpas SBIISETCS
OCHOBHOI MNpHYMHON cMepTH. B HacTosiee BpeMsi Ha phIHKE MPEACTaBICHBl PA3JIMYHbIE THIIBI
TPOMOOJIUTUYECKHUX MPEenapaToB: ajlbTeIlla3a, aHTH-UCTPEIUIa3a, YpOKMHAa3a, CTPENTOKUHA3a,
TEHEeKTeIIa3a U T. . BrIBoj: anmpTeruiaza mo-mpexHeMy OyAeT €AMHCTBEHHBIM TPOMOOJIUTHYECKUM
IpernapaToM MpH HIIEMUYECKOM HHCyNbTe. Pa3paboTka M MCIONIB30BaHHE NPSAMBIX HEPOPATBHBIX
IpernapaToB M3MEHWIM MOJeNb AHTUKOAryJASHTHOM Tepanud M MOJHOCTHIO M3MEHWIM METOMbI
NpOoUIAKTUKY U JICUEHHUS] TPOMO0IMOO0IINH.

KiaroueBble ciaoBa: OcTpblil umeMuyeckuii MHCYnbT, JlekapcTBeHHbIE cpencTBa, TpomMOoIu3HC,
AnTuTpoMOOIMTHYECKUi, Dapmakosoruueckoe 1eHcTBUE
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1. Intruduction

Cerebral infarction accounts for about 75% of cerebrovascular diseases. It refers to the edema
and necrosis of nerve cells due to local ischemia and hypoxia of brain tissue, and then clinical
neurological deficit symptoms appearf!l. On the basis of atherosclerosis (AS), the blood coagulability is
increased. At the same time, due to metabolic disorders and cardiovascular dysfunction, hemodynamic
changes occur, and thrombosis is easy to form. Thus, two pathogenesis of cerebral infarction, thrombus-
embolism and hemodynamic peripheral hypoperfusion, are produced. Preventing the progression of
thrombosis mainly includes two therapies: hemolysis and anticoagulation. These two treatment methods
have been widely used in the clinical field to treat venous and arterial thromboembolism. This article
reviews the pharmacological effects of hemolytic and anticoagulant drugs.

2. Thrombolytic therapy

Thrombolytic therapy is a treatment carried out to eliminate problems caused by blood clots or
thrombi and restore the function of the affected areal?. Thrombolytic agents, also known as blood
clotting agents, provide long-term benefits for survivors, and their mortality rate within one year is only
5%[31. Thrombolytic agents are commonly used in (1) venous thrombosis, (2) pulmonary embolism, (3)
myocardial infarction, (4) arterial thromboembolism, and (5) acute ischemic stroke. Thrombolytic drugs
rapidly dissolve blood clots by catalyzing the formation of serine protease plasmin.

2.1 Thrombolytic activators

Plasminogen activators are related to the fibrinolytic system. There are two types of endogenous
plasminogen activators, tissue-type and urokinase-type. Both of these plasminogen activators can cleave
plasminogen to form active plasmin. Then, plasmin, as a serine protease, decomposes fibrin into fibrin
degradation products and finally dissolves blood clots.

2.1.1 First-generation thrombolytic drugs

First-generation fibrinolytic agents such as streptokinase (SK) and urokinase are not fibrin-
specific. They induce fibrinolysis by cleaving plasminogen to form active plasmin, which in turn
decomposes fibrin. These thrombolytic drugs can also reduce the levels of fibrinogen, coagulation
factors, and von Willebrand factor in the blood™®l. Although these two drugs have been tested in
intravenous thrombolysis and intraluminal thrombolysis trials, they have been withdrawn from the
market.

2.1.1.1 Streptokinase

Streptokinase is an enzyme isolated and purified from various streptococci. Its molar mass is 47
kDa and it is composed of 414 amino acid residues. This protein shows maximum activity at a pH of
about 7.5 and its isoelectric point pH is 4.7[1. It can induce fibrinolysis by activating plasminogent!.
This protein is a single-chain polypeptide that binds to plasminogen. This enzyme complex promotes
the transformation of inactive plasminogen into active plasmin, thus exhibiting fibrinolytic activity.
Streptokinase is non-fibrin-specific and has a very narrow therapeutic window. Its half-life is 16-90
minutes and it is degraded by enzymes in the circulation.

Streptokinase is significantly associated with the incidence of intracerebral hemorrhage (ICH)
and systemic bleeding!”l. Therefore, it is no longer used for intravenous or intra-arterial perfusion stroke
treatmentt®’l. Another complication is that SK triggers an immune response and antibody production in
patients, rendering it inactivel®l, so its application in clinical practice is limited.

2.1.1.2 Urokinase

Urokinase is a serine protease isolated from urine or embryonic kidney cells. It has low fibrin
specificity and can directly convert plasminogen into active plasminl®!. Urokinase has a molecular weight
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as high as 5400 Da. It consists of three domains: serine protease domain, kringle domain, and growth
factor domain of a protein containing 411 residues®!Y, Its plasma half-life is 14 minutes and it is
excreted through urine. Urokinase induces anticoagulant effects due to the production of high levels of
fibrin degradation products**?l. An early report showed the safety and efficacy of studying carotid artery
infusion of urokinase in treating 22 patients with cerebral infarction developed due to acute thrombotic
embolic middle cerebral artery (MCA) occlusion. Immediately after urokinase treatment, 10 patients
(45%) had recanalization. Thrombolytic recanalization was associated with a significant reduction in
infarct volume, a reduction in neurological deficit, and an improvement in functional prognosis. Four
patients had hemorrhagic transformation, and three patients had controllable extracranial bleeding(*®l,
Hackke et al. were the first to report a series of patients who successfully achieved basilar artery
recanalization by injecting urokinase into the occluded basilar artery. Among them, 44% of the patients
had recanalization, 50% of the patients recovered well, and the patients without recanalization died™4.
Urokinase was then used for intravenous thrombolysis and arterial thrombolysis, but there was no
significant improvement in clinical results®®*1. The Middle Cerebral Artery Embolism Local
Fibrinolytic Intervention Trial (MELT), which aimed to determine the safety and clinical efficacy of
intra-arterial infusion of urokinase within 6 hours after the onset of stroke, was prematurely terminated,
and the primary endpoint did not reach statistical significance. However, secondary analysis showed that
intra-arterial fibrinolysis may increase the possibility of improving functional outcomest*”],

2.1.2 Second-generation thrombolytic drugs

Compared with first-generation thrombolytic drugs, second-generation drugs have stronger fibrin
specificity and no immune side effects. Examples of second-generation fibrinolytic drugs include
alteplase and prourokinase.

2.1.2.1 Alteplase

Alteplaseis a serine protease with a short plasma half-life (4-6 minutes). It has similar
characteristics to natural plasminogen activators and acts by converting plasminogen proenzyme into
plasmin activity. It has a high affinity and specificity for fibrin and is metabolized during the first passage
through the liver™™?l, Intravenous alteplase thrombolysis is the only approved thrombolytic treatment for
acute ischemic stroke (AIS)"*land is approved in most countries. When alteplase reaches the brain
parenchyma, it seems to have some neurotoxic properties. The neurotoxic effects have been consistently
confirmed in animal models of strokel’®?°l. Many mechanisms for producing alteplase-induced
neurotoxicity have been proposed, including activating matrix metalloproteinases?l, which in turn
regulates blood-brain barrier permeability, leading to an increased risk of ICH and cerebral edemal??l.

2.1.2.2 Prourokinase

Prourokinase is the proenzyme precursor of urokinase. It has high fibrin specificity, a plasma
half-life of 7 minutes, and is metabolized in the liver. Heparin can enhance its thrombolytic effect?],
The benefits of 1A prorokinase in the treatment of AIS have been demonstrated in clinical trials including
the Prolysse in Acute Cerebral Thromboembolism (PROACT) I and Il trials?®?4l, PROACT-1 is a phase
| trial evaluating the safety and recanalization efficacy of intra-arterial administration of recombinant
prorokinase combined with heparin versus heparin alone in AlS. It recruited 40 patients with proximal
MCA occlusion confirmed by angiography within 6 hours after symptom onset!23,

2.1.3 Third-generation thrombolytic drugs

Third-generation thrombolytic drugs, such as reteplase and tenecteplase, are structurally
modified forms of alteplase and have thrombolytic potency and a longer half-life than alteplase!®!.

2.1.3.1 Reteplase
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Reteplase is a recombinant peptide that contains only the Kringle 2 and protease domains of
tissue plasminogen activator (t-PA)!?l. Reteplase has a longer half-life (15-19 minutes) than alteplase
and can therefore be administered as a single injection[?®l. Reteplase does not contain the fibrin-affinity
fibronectin-like finger domain in t-PAl which enables reteplase to penetrate thrombi and activate
plasminogen from within the thrombus, resulting in more rapid and complete recanalization of occluded
vessels?8l,

2.1.3.2 Tenecteplase

Tenecteplase (TNK) is another modified form of alteplase. In which t-PA undergoes multiple
point mutations to produce a glycosylated protein with a longer half-life (17-18 minutes), higher fibrin
specificity, and stronger resistance to plasminogen activator inhibitor-1 than alteplase®®. TNK has been
approved for myocardial infarction and has fewer systemic bleeding complications compared to
alteplaset®. An experimental dose-escalation safety study in patients with AIS showed that no
symptomatic intracerebral hemorrhage was observed in the safety and tolerability of TNK in 75 patients
treated with doses from 0.1 mg/kg to 0.4 mg/kg within 3 hours after symptom onset[4l.

2.1.4 New generation of thrombolytic drugs

New generation of plasminogen activator fibrinolytics are currently being studied for clinical
application in AlS.

2.1.4.1 Desmoteplase

Desmoteplase is a recombinant rotavirus hard tick salivary plasminogen activator extracted from
the saliva of vampire bats. As a protease, desmoteplase has 72% homology with human t-PAE?,
Compared with alteplase, desmoteplase is not activated by fibrinogen or B-amyloid®*34 and these
factors may exacerbate the risk of cerebral hemorrhage. Desmoteplase is considered to be more fibrin-
specific than Recombinant tPA (rt-PA) and can have an extended time window of up to 9 hours after
symptom onset®3]. Unlike alteplase, desmoteplase does not produce NMDA-dependent neurotoxicity®¢],
making desmoteplase a promising thrombolytic drug. Desmoteplase is also more effective and selective
for fibrin-bound plasminogen than other known plasminogen activators. Desmoteplase showed
encouraging results in two phase |1 trials, Desmoteplase in Acute Ischemic Stroke (DIAS) and Dose
Escalation of Desmoteplase in Acute Ischemic Stroke (DEDAS)E7 381,

2.2 Other thrombolytic agents

Traditional plasminogen activator thrombolytic drugs require plasminogen to produce plasmin
so that the fibrin network of blood clots can be decomposed. While new components that circumvent
plasminogen activation compounds and therefore do not depend on the availability of plasminogen are
currently being evaluated for the treatment of AIS.

Fibrinolytic protein and microfibrinolytic protein are direct-acting thrombolytic drugs, and their
mode of action is significantly different from that of plasminogen activators®®. Plasminogen activator
drugs rely on the local availability of plasminogen to produce active fibrin-digesting plasmin, while
direct-acting thrombolytic drugs such as microfibrinolytic protein and plasmin act directly on degrading
fibrin. Plasmin is not suitable as an intravenous therapeutic drug but is suitable as a therapeutic drug for
local intra-arterial application because human plasmin is rapidly inactivated by circulating
antifibrinolysin[“°l. Preclinical studies have shown that catheter-delivered plasmin achieves thrombolytic
effects without causing bleedingtl. Plasminogen activators have a risk of bleeding at any effective
thrombolytic dose. In contrast, plasminogen can be tolerated without bleeding even at several times
higher doses than those required for thrombolysis“Y. A current trial shows that plasmin is safe for
patients with peripheral artery or graft occlusiont?. Currently, efforts are being made to use plasmin to
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treat stroke caused by cerebral artery occlusion. Compared with plasmin, microfibrinolytic protein is
suitable for use as an intravenous drug because it retains the protease domain of plasminogen and is
rapidly inactivated by antifibrinolysin™. In a rabbit stroke model, intravenous infusion of
microfibrinolytic protein led to a high clot dissolution rate without increasing the rate of cerebral
hemorrhage and significantly improved behavioral scores, suggesting a neuroprotective effect*4,

Alfimeprase (ALF) is a directly acting recombinant fibrinolytic zinc metalloprotease isolated
from the venom of the southern copperhead snake. ALF has direct proteolytic activity on the fibrin a
chain and does not depend on the formation of fibrinolysin. It can be rapidly inactivated by o2-
macroglobulin (a common mammalian protease inhibitor) as it leaves the delivery site and enters the
bloodstream[*546],

V10153 is a recombinant variant of human plasminogen that can be activated by thrombin rather
than natural plasminogen activators into plasmin after genetic modification. The half-life of V10153 is
3-4 hours, which enables it to persist in circulation as an inactive prodrug. It can be selectively activated
by thrombin in newly formed blood clots where thrombin is located, which may help prevent early
vascular reocclusion.

Ancrod (an anticoagulant drug) is purified from the venom of the Malayan pit viper. It indirectly
promotes anticoagulation by directly cleaving and inactivating fibrinogen”. The reduction of
fibrinogen levels in the blood also leads to a reduction in blood viscosity, which may improve blood
flow in the affected area of the brain. In addition, ancrod promotes the indirect activation of the
plasminogen-plasmin pathway.

3. Anticoagulant therapy

Low molecular weight heparins (LMWH) and fondaparinux have replaced UFH. Their efficacy
is at least equivalent to that of VKA and they have higher safety and convenience. DOAC is replacing
VKA for more indications.

3.1 Heparin anticoagulant drugs

After the enzyme and AT-heparin form a complex, heparin is immediately released like a catalyst
and then can bind to another AT molecule. However, this mechanism depends on the presence of a
specific pentasaccharide in the heparin molecule that binds to AT. Therefore, only about 30% to 50% of
the molecules in heparin preparations, the so-called "high-affinity substances”, have this effect*8l. The
heparin-AT complex can inactivate multiple coagulation factors, including thrombin, FXa, 1Xa, Xla,
and Xlla. Heparin also exerts antithrombotic effects through several mechanisms that do not depend on
AT binding sites, such as thrombin inhibition catalyzed by heparin cofactor 111“Jand mobilization of
endogenous tissue factor pathway inhibitor from the endothelium!. In addition, heparin also has many
other biological activities: fibrinolysis, anti-complement effects, anti-atherosclerosis, anti-proliferation,
anti-metastasis, anti-adhesion, and in addition, anti-inflammatory and antiviral effects[“l.

In addition, different preparation methods lead to diversification of chemical structures(®3.
Therefore, each LMWH represents a unique set of biochemical and pharmacological characteristics, and
clinically different LMWHs cannot be simply used interchangeably. The chemical composition of
fondaparinux is a completely synthetic pentasaccharide that specifically binds AT with high affinity and
selectively inhibits FXa in this way!®?l.

3.2 Vitamin K antagonists

VKA, such as warfarin, is the most commonly used oral anticoagulant. By antagonizing vitamin
K, warfarin disrupts the formation of vitamin K-dependent coagulation proteins (including factors II,
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VII, 1X, and X, as well as protein C and protein S). The inactivation and metabolism of this drug occur
through enzymes including CYP2C9, CYP1A2, and CYP3A4P3,

3.3 Direct oral anticoagulant drugs

This is followed by a rapid distribution/elimination phase. The estimated half-lives after single
and multiple doses are 8-10 hours and 14-17 hours, respectively®®l. Food does not affect the
bioavailability of dabigatran but delays the time to reach peak plasma concentration by 2 hours.
Dabigatran is mainly excreted by the kidneyst®!. Therefore, the plasma peak concentration and
elimination half-life of patients with impaired renal function will increase significantly. The
pharmacokinetic characteristics of dabigatran are not affected by factors such as gender, weight,
ethnicity, or moderate liver damage.

Rivaroxaban must be taken with food to increase its absorption, while other DOACS can be taken
without food. Approximately 95% of the drug is bound to proteins, making dialysis ineffective in
reversing the drug's effects. In patients with normal renal function, the elimination half-life of this drug
is 5-13 hours®l. One-third of the active drug is excreted through the renal system. For patients with
moderate renal insufficiency, a reduced dose is recommended.

Apixaban is an effective, reversible, direct, and highly selective active site inhibitor of FXa. It
takes effect rapidly 3 hours after administration, and about 87% of it is bound to plasma proteins. Its
plasma elimination half-life is 12 hours, so it must be administered twice a day. Its elimination
characteristics are similar to those of rivaroxaban (70% liver and 30% kidney)®). As an FXa inhibitor,
apixaban may prolong prothrombin time, international normalized ratio, and activated partial
thromboplastin time. However, for patients taking apixaban, these test results are usually within the
normal range.

Edoxaban is a highly selective, direct, and reversible direct FXa inhibitor. Edoxaban is rapidly
absorbed (1-3 hours) and has a half-life of approximately 10-14 hourst®®. 35% of the administered dose
is cleared by the kidneys, and the remainder is metabolized and excreted by the bile/intestine. The
absolute bioavailability is about 62%. It depends only minimally on the metabolism of CYP3A4, so it
has different drug metabolism from other FXa inhibitors of the same kind.

4. Conclusion

AIS seriously threatens human life and health. Although the number of available thrombolytic
therapies has increased significantly in recent years, alteplase remains the only thrombolytic therapy
approved for AIS. Evidence from late-stage thrombolytic drugs suggests that they have better efficacy,
longer half-lives, can be administered intravenously, and have a lower risk of bleeding complications,
but they are still not routinely used in ischemic stroke. Until multicenter phase Il clinical trials of new
generation thrombolytic drugs are completed and show improved functional prognosis compared to
alteplase, alteplase will remain the only thrombolytic treatment for ischemic stroke. In fact, the most
promising drugs may be direct fibrinolytic agents such as fibrinolytic protein, which acts by
decomposing fibrin without depending on the activation of plasminogen. Thrombolysis will still be the
main strategy for treating acute stroke because restoring blood flow will always be the best
neuroprotective agent, but alteplase will continue to be used until we establish evidence for using
alternative thrombolytic agents with better efficacy and safety.

In the past 20 years, anticoagulant therapy has seen revolutionary progress. LMWH and
fondaparinux are used for the prevention and treatment of thrombosis in outpatient settings, bivalirudin
is used for PCI, and direct oral anticoagulants (DOACS) replace vitamin K antagonists (VKA). The
current direction of work is to ensure that the doses of DOACSs are correct and more widely used to
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reduce the risk of stroke in patients with atrial fibrillation. The future lies in identifying new indications
for DOACs such as rivaroxaban, apixaban, and edoxaban, and exploring FXI and FXII as targets for
anticoagulants, which may even be safer than currently available products. The development and use of
direct oral drugs have changed the paradigm of anticoagulant therapy and revolutionized the methods of
preventing and treating thromboembolism. The main advantages of these drugs include rapid onset and
rapid clearance, stable and predictable pharmacokinetics, fixed-dose administration, and no need for
routine monitoring. However, perioperative management of direct oral drugs remains a challenge.
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Abstract: The in vitro transdermal pattern of stachydrine hydrochloride in ointment and gel were both
conformed to the first-order kinetic equation. The cumulative permeability per unit area and cumulative
permeability of stachydrine hydrochloride in the gel were higher than those of the ointment. According
to UPLC-MS/MS chemical components analysis, stachydrine, rutin and other chemical components can
be detected in skin penetrating receptor solution of ointment and gel. Conclusions Using stachydrine
hydrochloride as an index, the transdermal properties in vitro for fruits of Capparis Spinosa L. gel is
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better than ointment. The chemical components such as stachydrine, rutin, etc. in two transdermal drug
delivery preparations may play an anti-inflammatory role through the skin.

Funding: Major Science and Technology Project for the Creation of Major New Drugs (20192X09731-
002-009) of Weijun Yang

Keywords: Capparis Spinosa L., Transdermal drug delivery system, In vitro permeation test, UPLC-
MS/MS, anti-inflammatory

CPABHEHME TPAHCJIEPMAJIBHBIX CBOVICTB IN VITRO ILI1OIOB
CAPPARIS SPINOSA L. MA31 U T'EJIA

BaubBynb Uxkoy, L3san X3, FOiiuunb Jlo, Uubuzu u, [[3un Ma, Briiuzions Su

Annortauus. [TokazaHo, 4To TpaHCcAepMaIbHas KapTUHA in Vitro cTarupuHa THAPOXIIOPHIA B Ma3H U
rejie COOTBETCTBOBAJIA KWHETHYECKOMY YPAaBHEHHIO MEPBOT0 Mopsaka. KyMynsTuBHAs TPOHUIIAEMOCTh
Ha eIMHULLY [UIOIAIN U KyMYJIATUBHAs IPOHULAEMOCTb CTarkipuHa FMIPOXJIOpH/Ia B relie ObLIM BBILLIE,
yeM y Ma3u. CornacHo aHanu3y xumudeckux komnoHeHToB UPLC-MS/MS, craruapus, pyTuH u apyrue
XMMHUYECKHE KOMIIOHEHTBHI MOTYT OBITh OOHApy)KE€Hbl B PAacTBOPE PELENTOPOB KOXKU Ma3u U Tens.
BeiBoasl Mcnonb3ys cTraxuapuHa rUIpOXJIOPH B KaUeCTBE MHJEKCA, TPaHCAEpMalbHble CBOMCTBA in
vitro s tuiompoB Capparis Spinosa L. rens srydire, yeM Ma3b. XMMHUYECKHE KOMITIOHCHTHI, TAKHE KaK
CTaxWJIPHHA, PYTHH H T. JI. B IBYX IIperaparax Jjis TpaHCIEPMaIbHOMN JOCTaBKH JIEKAPCTB, MOTYT UTPATh
MIPOTHBOBOCIIAJUTEIBHYIO POJIb Yepe3 KOXKY.

®unaHcupoBanue: KpynHbI HaydHO-TEXHUYECKUU MPOEKT 10 CO3JaHUI0 KPYIHBIX HOBBIX JIEKApCTB
(20192X09731-002-009) Boiiiztons Sura

KuroueBbie caoBa: Capparis Spinosa L., TpaHcaepmaipHas cucTeMa JOCTaBKH JIEKapCTB, TECT Ha
npoHukHoBeHue in vitro, UPLC-MS/MS, npoTuBOBOCTIaIUTENBHOE.

1. Introduction

Rheumatoid arthritis (RA) is a chronic, systemic autoimmune disease with a global prevalence
of up to 1% [1]. RA is characterized by progressive joint destruction, bone erosion and synovial
hyperplasia, accompanied by severe joint pain. It is associated with mild and severe disability, it
seriously affects the quality of life of patients [2], and may eventually lead to disability and even death.
RA is prevalent worldwide, and the incidence of women is 2 to 3 times that of men [3]. The incidence
of RA in China is about 0.34%-0.36%, the 3-year disability rate is up to 70%, the survival time is
generally shortened by 3-18 years, and the overall risk of death increases by 1.3-2 times every 10 years
[4]. Therefore, it is urgent to find safe and effective treatment strategies for RA. NSAIDs, disease-
modifying antirheumatic drugs (DMARDSs) and glucocorticoids can effectively relieve the pain of RA
patients and inhibit the inflammatory response in the body, but their severe liver and kidney toxicity,
cardiovascular disease and other side effects limit the clinical application and marketing. In recent years,
drug targeted therapy has played a crucial role in RA, which has promoted the development of
interleukin-13 (IL-1B) inhibitors, tumor necrosis factor-o (TNF-a) inhibitors, interleukin-6 (I1L-6)
inhibitors and other biological drugs. However, it still cannot get rid of the toxic side effects (making
the human body vulnerable to serious infection and excessive activation of immune effects in vivo) and
the disadvantages of high price, so that the use of RA is limited [5].

Capparis Spinosa L. is a plant of Capparis L. in the capparidaceae family. Its fruit is also known
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as “wild watermelon”, “mouse melon”, and “polic fruit” in Uygur language. In China, it is mainly
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distributed in Xinjiang, Gansu, Tibet and other places. It is mainly distributed in the Mediterranean
region and surrounding countries abroad, and is mostly used as food ingredients [6]. At present, the
earliest medicinal evidence for fruits of Capparis Spinosa L. found in China can be traced back to the
Yanghai people in Turpan 2800 years ago. The earliest burial object of medicinal fruits of Capparis
Spinosa L. in the world was unearthed there [7]. According to the Annals of Medicinal Plants in Xinjiang,
the leaves, fruits and root bark of Capparis Spinosa L. can be used as medicine, mainly with the functions
of eliminating wind and dampness, relieving pain and swelling, and external application can treat
rheumatoid arthritis and ulcers. It is commonly used in the treatment of arthritis and scapulohumeral
periarthritis in China [8]. Researchers established rat models of RA by orally administrating the powder,
decoction and alcohol extract of Capparis Spinosa L.. The results showed that a single administration
of Capparis Spinosa L. extract could significantly relieve the pain of RA in rats [9].

Today, more and more arthritis patients are gradually receiving traditional Chinese medicine for
the treatment of arthritis. In our research, we found that the people in Xinjiang mostly padded the fruit
or root peel of Capparis Spinosa L. to treat acute and chronic arthritis, periarthritis of shoulder and
rheum atica [10], which gave us a great inspiration. It has been reported that rheumatoid arthritis can be
treated by external application of Capparis Spinosa L. [11]. The total effective rate of fresh fruits of
Capparis Spinosa L. in the treatment of gout is 90%, and that of rheumatoid arthritis is 60%. In addition,
the treatment of rheumatoid arthritis by external application of fresh urticaria and fruits of Capparis
Spinosa L. was effective in more than 20 cases [12]. In fact, the fruit of Capparis Spinosa L. has a large
number of clinical application history in Xinjiang hospitals, and it is mainly used for the treatment of
rheumatism, arthritis and other diseases.

With the emergence of more and more drug-loaded biomaterials, some nanobiological materials
such as gels, liposomes and chitosan polymers have been used as carriers for the treatment of RA drugs,
which have the advantages of reducing adverse drug reactions and enhancing drug effects [13]. Among
them, gel materials have good application prospects in drug delivery systems for the treatment of RA
due to their excellent drug loading capacity and good biocompatibility [14]. Aqueous gel is a rapidly
developing and widely used dosage form, and it has good extensibility and comfort, high bioavailability,
and does not contaminate clothing. Gels are three-dimensional networks of hydrophilic polymers
capable of absorbing large amounts of biological fluids or water [15,16]. In recent years, many scholars
at home and abroad have studied gels for the treatment of arthritis, such as gel microspheres [17,18] and
injectable gels [19,20].

In summary, fruit of Capparis Spinosa L. is widely used in the treatment of arthritis,
scapulohumeral periarthritis, gout rheumatica and other diseases in folk and clinical practice, and its
curative effect is exact. Previous research by our research group has also proved its unique value in
rheumatoid arthritis [21]. In recent years, the treatment of arthritis at home and abroad has been
transferred from oral to percutaneous approach, or oral combined with topical treatment. Transdermal
drug delivery systems (TDDS) can not only improve drug penetration, but also improve patient
compliance and overall treatment effect [22]. TDDS exhibit many advantages over the oral route, such
as bypassing the first-pass effect and efflux transporters, improving patient compliance, avoiding the
harsh gastrointestinal environment, ease of self-administration, reduced frequency of administration,
more uniform peak plasma levels of drugs, prolonged duration of action, and low system cost [23]. In
this study, two kinds of transdermal drug delivery preparations for fruits of Capparis Spinosa L. were
prepared, fruits of Capparis Spinosa L. ointment and fruits of Capparis Spinosa L. gel, which are made
from a single drug for fruits of Capparis Spinosa L.. and the main active ingredients are alkaloids and
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flavonoids, among which stachydrine hydrochloride has significant anti-inflammatory activity [24].
stachydrine hydrochloride was used as the index component for content determination in the quality
standard for fruits of Capparis Spinosa L. established earlier by our research group. In order to explore
the in vitro transdermal mechanism of two kinds of transdermal drug delivery preparations in the
treatment of arthritis, this study used stachydrine hydrochloride as the indicator component, and used
UPLC-MS/MS technology combined with in vitro permeation test to study and compare the chemical
components of the two preparations before and after transdermal delivery, and to reveal the in vitro
transdermal performance of the two transdermal drug delivery preparations for fruits of Capparis
Spinosa L.. This study provides a theoretical basis for further elucidation of the pharmacodynamic
material basis and mechanism for fruits of Capparis Spinosa L. in anti-arthritis.

2. Materials and methods

2.1 Materials

1260 Infinity HPLC instrument (Agilent, USA); Vanquish Ultra high performance liquid
chromatospectrometer (Thermo Fisher Scientific, China); Orbitrap Exploris 120 High resolution mass
Spectrometer (Thermo Fisher Scientific, China); Q Exactive Focus High resolution mass spectrometer
(Thermo Fisher Scientific, China).

fruits of Capparis Spinosa L.; Sprague Dawley rats, half male and half female, weighing
(250+10g), were provided by Beijing Hufukang Biotechnology Co., LTD., China. License number:
SCXK (Beijing) 2019-0008.

2.2 Preparation for ointment

Add propylene glycol and fruits of Capparis Spinosa L. concentrated solution in a dry beaker,
stir until the concentrated solution is completely dissolved, then add RH40 (60 °C) to it, and set aside.
White vanselin, stearic acid, glycerin monostearate, and liquid paraffin were placed in the same drying
beaker and heated to 80 °C to melt as the oil phase. Triethanolamine, sodium dodecyl sulfate, sodium
nipogold methyl ester, lauroazem, and water were added to the other drying beaker and heated to 80 °C
as the water phase. After the oil phase and water phase were melted completely, the oil phase was slowly
added to the water phase while stirring. After the blank matrix is formed, the oil phase is slowly added
to the water phase, and then the advanced dissolved extract is slowly added, and the edge is stirred, and
the heating is stopped after the emulsification is completely stirred at 80 °C, and the extraction is taken
out, and the cooling is continuously stirred to room temperature.

2.3 Preparation for gel

Carbomer 980NF was weighed in a beaker, and 70% of the total amount of gel was added to the
purified water overnight to make it fully swollen. Triethanolamine was added to stir and mix to make it
a transparent gel matrix. Take the concentrated solution for fruits of Capparis Spinosa L., add propylene
glycol and laurazone, stir to completely dissolve it, add it to the prepared gel matrix, stir while adding,
finally add the purified water to the full amount of 200 g, and finally adjust the pH with triethanolamine,
so that the gel pH is 6.0~7.0.

2.4 In vitro permeation test

2.4.1 Establishment of the method for determination of drug content in transdermal
receptor solution

2.4.1.1 Chromatographic conditions: X Bridge® BEH Amide (250x4.6mm, 5 um), mobile phase:
acetonitrile-water (87:13), flow rate 1.0 mL/min, column temperature: 25 °C, detection wavelength: 202
nm, injection volume: 5 pL.
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2.4.1.2 Preparation of test solution Each transdermal receptor solution sampled at regular time
was filtered through 0.45 um filter membrane, and the filtrate was refilled.

2.4.1.3 Specific test Study whether the receptor solution interferes with the determination of the
sample in the HPLC chromatogram of a negative solution.1

2.4.1.4 Linear relationship inspection Precisely Weigh 7.3 mg of stachydrine hydrochloride
reference substance, place it in a 10 mL volumetric flask, dilute it with methanol to the scale, and shake
well to make reserve solution. 0.5, 1.0, 2.0, 4.0 mL of the above storage solution were precisely sucked
into a 5 mL volumetric flask, diluted to the scale with methanol, and shaken well to prepare a series of
solutions with mass concentration of 73, 146, 292, 584 pg/mL, respectively. An appropriate amount of
the series solution and the reserve solution were injected into the samples for analysis according to the
chromatographic conditions described above.

2.4.1.5 Precision test The above stachydrine hydrochloride reserve solution was continuously
injected for 6 times, and the chromatographic peak area of stachydrine hydrochloride was recorded.

2.4.1.6 Stability test Take the receptor solution samples of transdermal diffusion for 24 h, inject
and analyze according to chromatographic conditions at 0, 4, 8, 12, 16, 20, and 24 h after sampling.

2.4.1.7 Repeatability test The same transdermal receptor solution was used for 6 parallel
injection analyses according to chromatographic conditions.

2.4.1.8 Sample recovery test Take the receptor solution sample of transdermal diffusion for 24
h, and determine the content of stacholine hydrochloride in the known test solution. 0.5 mL of the test
solution was added to a 5 mL volumetric flask, and 1.50 mL of the reference solution of 146 pg/mL of
stachydrine hydrochloride was added to the test solution according to the ratio of the content of
stachydrine hydrochloride about 1:1, mixed well, and methanol was added to a constant volume of 5
mL.

2.4.2 In vitro permeation test for ointment and gel

2.4.2.1 Preparation of in vitro skin The rats were taken and anesthetized intraperitoneally. After
10 to 15 minutes, the abdominal villi of the rats were shaved with a hair shaving device, and then an
appropriate amount of depilating cream was applied to the shaving area. After 5 minutes, the removed
villi were wiped with gauze (attention should not be taken too long, otherwise the skin would be
damaged), and the abdominal skin was quickly stripped by tissue scissors. The removed skin was rinsed
with normal saline, and the fat and mucosal tissue were cut off with ophthalmic scissors. After washing
with normal saline several times, the skin was wrapped in plastic wrap and sealed in a ziplock bag, which
was stored in the refrigerator at -20 °C until later. The skin was thawed before use to check the integrity
of the skin.

2.4.2.2 In vitro permeation test method The diffusion cell volume of the transdermal diffuser
was 12.5 mL, and the effective diffusion area was 1.766 cm?. The abdominal skin of rats was fixed on
the receiving cell of Franz diffusion cell, and the cuticle was oriented towards the supply cell. After
adding a magnetic rotor to the receiving cell, the receptor solution was added to the scale, and the bubbles
were drained away, so that the liquid was close to the skin. The parameters were set as follows: the
temperature of the water bath was (32 £ 0.2) °C and the speed was (300.0 £ 1.0) rpm. After 30 minutes
of equilibration, 0.5 g of the preparation was placed in the supply cell. The interval sampling time was
setatl, 2, 4,6, 8, 12, and 24 h, respectively. Each time 1.0 mL of transdermal receptor solution was
sucked from the receiving cell, and 1.0 mL of the same receptor solution at the same temperature was
added to the receiving cell [25]. The absorbed receptor solution was filtered by 0.45 um microporous
filter membrane, and then injected for detection according to the chromatographic conditions under
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“2.4.1”. The cumulative permeability per unit area (Qn) and cumulative permeability (Q) of stachydrine
hydrochloride were calculated according to the following formula.

cv-3Cv.
A
In the formula, Cy is the mass concentration of the index component in the receptor solution
measured at the nth sampling point (ug/mL), V is the volume of the diffusion cell receiving cell (12.5
mL), Ci is the mass concentration of the index component in the receptor solution measured at the n-1
sampling point (ng/mL), Vi is the sampling volume (1 mL), A is the effective penetration area (1.766
cm?) [26].

Q=QnxA/Wx100%

In the formula, Qn is the cumulative permeability per unit area, and W is the content of the index
component in the drug administered.

The cumulative permeability per unit area Qn was regressed on the penetration time t to obtain
the regression equation, and the slope of the equation is the transdermal rate (J).

2.4.2.3 Comparison of in vitro transdermal properties for ointment and gel Compare Qn, J and
Q for ointment and gel, draw in vitro permeation curve for ointment and gel, and fit the curve with
kinetic equation.

2.4.2.4 Determination of stachydrine hydrochloride residue rate and intradermal retention rate in
ointment and gel

(1) Experimental methods for determination of stachydrine hydrochloride content in
preparations: Take 1.0 g of preparation, weigh precisely, put it in a conical bottle with stopper, add 25
mL of methanol precisely, weigh, ultrasonic 30 min, remove, let cool, weigh again, make up the weight
loss with methanol, filter, take the filtrate (0.45 um) to obtain, according to the above chromatographic
conditions injection detection.

(2) Determination of the residual rate of the preparation: After the transdermal test in vitro (24
hours), the preparation left on the rat skin was gently scraped off, placed in a centrifuge tube containing
2 mL methanol, sonicated for 30 minutes, filtered, took the refill filtrate, filtered with 0.45 um filter
membrane, took the refill filtrate, and then injected and tested according to the above chromatographic
conditions. The formula was as follows: residue rate = content of stachydrine hydrochloride in the
preparation remaining on the skin of mice/content of stachydrine hydrochloride in the preparation
x100%

(3) Determination of intradermal retention rate: At the end of the in vitro permeation test (24 h),
the skin was removed from the diffusion pool, and the rat skin of the transdermal area was cut off. The
surface of the rat skin was wiped three times with a cotton ball soaked in normal saline to remove the
residual drug on the surface. After centrifugation at 12000 r/min for 10 min, the supernatant was taken,
filtered through a 0.45 um filter membrane, and the filtrate was refilled. The sample was injected and
tested according to the above chromatographic conditions. The formula was as follows: intradermal
retention = amount of stachydrine hydrochloride in the skin sample/amount of stachydrine hydrochloride
in the preparation x100%

(4) Calculation formula of loss rate: calculation formula of loss rate: loss rate = 100%-
(cumulative permeability + residual rate of preparation + intradermal retention rate)
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2.5 UPLC-MS/MS chemical components analysis

2.5.1 Chemical components for fruits of Capparis Spinosa L. concentrated solution

2.5.1.1 Preparation of test solution Weigh 100 mg sample, add 500 uL extract (methanol: water
=4:1, internal standard concentration of 10 ug/mL), vortex for 30 s, homogenize for 4 min at 45 Hz,
ultrasound for 1 h in ice water bath, rest for 1 h at -40 °C, then place the sample at 4 °C, After
centrifugation at 12000 rpm for 15 min, the supernatant was filtered through a 0.22 um microporous
filter membrane, and 60 pL of each sample was mixed into QC samples, which were injected into 2 mL
injection bottles for detection [27,28].

2.5.1.2 UPLC-MS/MS analysis conditions

(1) Chromatographic conditions: Waters UPLC BEH Cig chromatographic column (2.1x100
mm, 1.7 um), the mobile phase parameters are shown in Table 1. 0.1% formic acid was added to both
phases A and B. The flow rate was 0.4 mL/min, injection volume: 5 uL.

Table 1. Liquid chromatography mobile phase conditionl

Time /min A% -water B% -acetonitrile
0 95 5
3.5 85 15
6 70 30
6.5 70 30
12 30 70
12.5 30 70
18 0 100
22 0 100
25 0 100
26 95 5
30 95 5

A(water) and B(acetonitrile) are both liquid chromatography mobile phase

(2) Mass spectrometry conditions: Orbitrap Exploris 120 mass spectrometer combined with
Xcalibur software was used to collect primary and secondary mass spectrometry data based on
information dependent acquisition (IDA) function. In each data acquisition cycle, molecular ions with
the highest intensity and greater than 100 and less than 1500 were screened for secondary mass
spectrometry data corresponding to acquisition, and positive and negative ions were scanned.
Electrospray ion source, gas flow rate: 30 Arb, auxiliary gas flow rate: 10 Arb, ion transfer tube
temperature: 350 °C, evaporator temperature: 350 °C, collision energy: 16, 38, 42 in standardized
collision energy mode, source injection voltage -4000/5500 V [29,30].

2.5.1.3 Chemical components in the concentrated solution for fruits of Capparis Spinosa L.

The determination of chemical components in the preparations before the in vitro permeation test
was the determination of chemical components in the concentrated solution for fruits of Capparis
Spinosa L.. The samples were analyzed by UPLC-MS/MS as described above. The retention time of the
quasimolecular ion peak, the relative analytical mass of the parent ion and the fragment ion were
compared with the compound database [31], and the chemical components with relevant anti-
inflammatory pharmacological effects reported in the literature were combined to screen the chemical
components with anti-inflammatory activity in the concentrated solution for fruits of Capparis Spinosa
L..
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22.5.2 Chemical components in the transdermal receptor solution of two transdermal
delivery preparations

2.5.2.1 Preparation of test solution The receptor solution sample was vortexed for 30 s, and 1500
uL sample was freeze-dried and then ground (40 Hz, 30 s). Add 100 uL 80% methanol (internal standard
concentration of 10 ug/mL) and redissolve. The mixture was vortexed for 30 s and sonicated in an ice
water bath for 15 min. Centrifugation at 12000 rpm (centrifugal force 13800 (xg), radius 8.6 cm) for 5
min at 4

° C, 65 uL of supernatant was taken into the injection bottle for machine detection.

2.5.2.2 UPLC-MS/MS analysis conditions

(1) Chromatographic conditions: Waters UPLC BEH Cig chromatographic column (2.1x100
mm, 1.7 um), the mobile phase parameters are shown in Table 2. 0.1% formic acid was added to both
phases A and B. The flow rate is 0.5 mL/min, injection volume: 5 pL.

Table 2. Liquid chromatography mobile phase condition2

Time /min A% -water B% -acetonitrile
0 85 15
11 25 75
12 2 98
14 2 98
14.1 85 15
15 85 15
16 85 15

A(water) and B(acetonitrile) are both liquid chromatography mobile phase

(2) Mass spectrometry conditions: The Q Exactive Focus mass spectrometer was able to collect
primary and secondary mass spectrometry data based on the full scan function under the control of
software (Xcalibur software). Electrospray ion source, gas flow rate: 45 Arb, auxiliary gas flow rate: 15
Arb, ion transfer tube temperature: 400 °C, evaporator temperature: 350 °C, collision energy: 15, 30, 45
in normalized collision energy (NCE) mode, source injection voltage -4000/4000 V.

2.5.2.3 Chemical components in the transdermal receptor solution of ointment and gel The sample solution
was analyzed by UPLC-MS/MS according to the above methods.

2.5.3 Chemical components in rat skin after in vitro permeation test of two transdermal
delivery preparations

2.5.3.1 Preparation of test solution The rat skin samples were cut into pieces and then 2 mL
methanol was added. The cells were vortexed for 30 s, homogenized for 4 min (multiple
homogenization) at 35 Hz, and sonicated in an ice water bath for 15 min. The samples were centrifuged
at 12000 rpm (centrifugal force 13800 (xg), radius 8.6 cm) for 15 min at 4 °C. The supernatant in 1500
uL nitrogen was taken and dried by blow. Add 100 uL 80% methanol (internal standard concentration
of 10 ug/mL) and redissolve. The mixture was vortexed for 30 s and sonicated in an ice water bath for
15 min. Centrifugation at 12000 rpm (centrifugal force 13800 (xg), radius 8.6 cm) for 5 min at 4 °C, a
total of 75 pL of the supernatant was taken into the injection bottle for detection.

2.5.3.2 UPLC-MS/MS analysis conditions are the same as those under “2.5.2.2”.

2.5.3.3 Chemical components retained in the skin of two transdermal drug delivery preparations

The sample solution was analyzed by UPLC-MS/MS according to the above methods.

3. Results

3.1 Preparation for ointment

The ointment had uniform and delicate appearance, easy to coat, good stability.
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3.2 Preparation for gel

The surface of the prepared gel was smooth and shiny, easy to coat, delicate and with moderate
viscosity.

3.3 In vitro permeation test

3.3.1 Establishment of the method for determination of drug content in transdermal
receptor solution

3.3.1.1 Specific test In the HPLC chromatogram of the negative solution, there was no
chromatographic peak at the peak position of the control substance, indicating that the receptor solution
had no interference with the determination of stachydrine hydrochloride. Theoretical plate number >
5000, separation > 1.5, this method has good specificity, HPLC chromatogram is shown in Figure 1.

T T T T T 1 r T T
5 10 15 20 25 30 © s 10

15 20 25

C

r T T T T T d
o 5 10 is 20 25 30

t/min

Figure 1. HPLC chromatogram exposed to (A) Stachydrine hydrochloride control; (B) test solution;
(C) Negative control solution (receptor solution)

3.3.1.2 Linear relationship inspection The linear regression equation Y = 2.0322X + 0.8217
(r=0.9997) was obtained by using the mass concentration of stachydrine hydrochloride as the abscission
(X) and the peak area as the ordinate (Y). The results showed that the mass concentration of stachydrine
hydrochloride had a good linear relationship in the range of 73 to 730 pg/mL.

3.3.1.3 Precision test The RSD of the peak area was 0.50%, indicating that the precision of the
method was good.

3.3.1.4 Stability test Record the peak area integral value of stachydrine hydrochloride to
calculate the RSD value of 2.65%, indicating that the test solution is stable within 24 h at room
temperature.

3.3.1.5 Repeatability test RSD value was 0.80% calculated by the peak area integral value of
stachydrine hydrochloride, which indicated that the method had good repeatability.

3.3.1.6 Sample recovery test According to the chromatographic conditions, the recovery rate of
stachydrine hydrochloride was 97.83%, and the RSD value was 3.85%.

3.3.2 In vitro permeation test for fruits of Capparis Spinosa L. ointment and gel

3.3.2.1 Comparison of in vitro transdermal properties for ointment and gel The in vitro
penetration curves for fruits of Capparis Spinosa L. ointment and gel are shown in Figure 2.
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In vitro permeation test results showed that the Q24, J, and Q of stachydrine hydrochloride were
2934.1192 pg/cm?, 0.2516 pg/cm?/h, and 79.0425% in ointment, 3308.4727 pg/cm?, 0.1746 pg/cm?/h
and 90.1289% in gel, respectively. The Q24 and Q of stachromatine hydrochloride in the gel were larger
than those of the ointment, and J was smaller than that of the ointment, indicating that the gel had better
sustained release effect than that of the ointment. In order to study the permeation mechanism of
stachroine hydrochloride in gels and ointment, Origin 9.1 software was used to fit the in vitro permeation
curves for ointment and gel. The results are shown in Table 3, and the in vitro permeation curves of the
two preparations were in accordance with the first-order kinetic equation. The results show that the mass
concentration of stachydrine hydrochloride in the preparation plays a key role in the transdermal rate
and is the driving force in the process of transdermal diffusion. With the increase of penetration time,
the cumulative penetration of stachydrine hydrochloride in the receptor solution increases rapidly at first
and then slowly [32]. SPSS 25.0 software was used to analyze the variance of the Q, and Q of stachydrine
hydrochloride in the two preparations, as shown in Table 4. The results showed that the Q12 and Q24 of
stachydrine hydrochloride in the gel and the Q at 12 h and 24 h were significantly higher than those in
the ointment.
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*P < 0.05, showed significant

Figure 2. Permeation curves of stachydrine hydrochloride in two transdermal drug delivery
preparations for fruits of Capparis Spinosa L.3

Table 3. In vitro permeability curve equation fitting of stachydrine hydrochloride in two transdermal
drug delivery preparations for fruits of Capparis Spinosa L.3

Preparations Kinetic equation model Fitting equations r2
ointment Zero-order Qn =107.1223 t + 1034.7456 0.5642
First-order In(1-Qn) = -0.2516t + 2954.1674 0.9868
Higuchi Qn = 655.9632 ty + 317.5477 0.8575
gel Zero-order Qn=128.31931t+ 871.4124 0.6705
First-order In(1-Qn) = -0.1746t + 3361.0506 0.9350
Higuchi Qn = 743.4168 t1, + 107.8692 0.8834

128



Bectauuk MAHDb

Towm 29, Ned,2024

VestniklAELPS

Table 4. 4Qn and Q results of stachydrine hydrochloride in two transdermal drug delivery preparations
for fruits of Capparis Spinosa L. (x £s, n=3)

Qn/(ng/cm?) Q/%
t/h - -
ointment gel ointment gel

1 770.8261 + 75.4886 685.6565 +126.7392 20.7654 + 2.0336 18.6786 = 3.4526
2 1206.5676 + 76.1231 946.6687 +332.2703 32.5038 +2.0507 25.7890 + 9.0517
4 1747.1990 + 54.4423 1648.2010 + 405.9576 47.0680 + 1.4666 44,9000 + 11.0590
6 2189.6742 +£221.6979 2585.3800 + 669.6670 58.9878 +£5.9723 70.4305 + 18.2430
8 2771.4760 + 132.9666 1958.4554 + 352.8268 74.6611 + 3.5820 53.3520+£9.6117
12 2764.0743 + 90.8276 3152.6669 + 108.6460* 74.4617 + 2.4468 85.8845 +2.9597*
24 2934.1192 +£179.6801 3308.4727 £ 124.7249* 79.0425 + 4.8404 90.1289 + 3.3977*

*P < 0.05, showed significant
3.3.2.2 Determination of stachydrine hydrochloride residue rate and intradermal retention rate in

ointment and gel The calculated rates of residual, intradermal retention, and loss of the preparations are
shown in Table 5. The results showed that most of stacholine hydrochloride in the two preparations
could enter the receptor solution through the skin of the rat, and there was a small amount of preparation
residue and intradermal retention. The formulation residue rate, intradermal retention rate, and loss rate
of the gel were lower than those of the ointment, and among them, the formulation residue rate of the
gel was significantly lower than that of the ointment.

Table 5. Preparation residual rate of stachydrine hydrochloride in two transdermal delivery
preparations for fruits of Capparis Spinosa L. (5x+ s, n=3)

parameters
Preparations Q/% Residual .rate of the Intradermal retention rate Rate of loss /%
preparation /% /%
ointment 79.0425 + 4.8404 4.4696 + 0.1828* 0.2653 + 0.0301 16.2727 £4.9193
gel 90.1289 + 3.3977* 0.5483 +£0.1076 0.2380 + 0.0824 9.0847 + 3.5280

*P < 0.05, showed significant
3.4 UPLC-MS/MS chemical components analysis
3.4.1 Chemical components for fruits of Capparis Spinosa L. concentrated solution

The results showed that there were 99 chemical components with anti-inflammatory activity in

the concentrated solution for fruits of Capparis Spinosa L., including 26 flavonoids, 12 alkaloids, 25
terpenoids, 15 phenylpropanoids, 8 phenols and 13 other compounds. The summary of chemical
components information is shown in Table 6, which lists the chemical components with anti-

inflammatory activity in the concentrated solution.

Table 6. Results of UPLC-MS/MS chemical components analysisé

ointment gel
No English name Classification m/z receptor Intradler- receptor Intrao:er-
solution ma’ solution ma’
retention retention

1 Farrerol Flavonoids 301.1071 N N N N
2 Corylin Flavonoids 321.1115
3  kaempferol-3-O- Flavonoids 505.1667

rutinoside
4 Rutin Flavonoids 611.1595 \ \ \ \
5  Hyperoside Flavonoids 465.1032 \ \ \ \
6 Quercitrin Flavonoids 449.1088
7 Kaempferol Flavonoids 287.0551 \
g  Kaempferol-3-O- Flavonoids 449.1088

glucoside
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ointment gel
No. English name Classification m/z receptor Intradler— receptor Intradler—
solution mal solution mal
retention retention
9 Wogonin Flavonoids 285.0760
10  Liquiritigenin Flavonoids 257.0808
11  Baicalin Flavonoids 445.0802
12 Sec-O-Glucosylhamaudol Flavonoids 437.1439
13 Neobavaisoflavone Flavonoids 321.1091
14  Epigallocatechin-3- Flavonoids 457.0812
gallate
15  Dihydrokaempferol Flavonoids 287.0557 Y \ \ Y
16  Phloretin-2'-O-glucoside  Flavonoids 435.1292
17 Quercetin Flavonoids 301.0349 \/ v N v
18  Hesperetin Flavonoids 301.0711 \ \ \
19 Naringenin Flavonoids 271.0611 \ \ \ \
20 Fisetin Flavonoids 285.0401
21 Diosmetin Flavonoids 299.0558
22 Isorhamnetin Flavonoids 315.0507 \ \ \ V
Isosakuranetin-7-O- .
23 neohesperidoside Flavonoids 593.1885
24 Pectolinarigenin Flavonoids 313.0715 \ \
25  Tectorigenin Flavonoids 299.0557 \ \ \ \
26 Isoxanthohumol Flavonoids 353.1424 \
27  cordycepin Alkaloids 290.0632
28  Nicotinic acid Alkaloids 124.0392 v V l V
29  Arecoline Alkaloids 156.1020
30  Tetramethylpyrazine Alkaloids 137.1074 N N
31  (+)-Magnoflorine Alkaloids 342.1700
32 Palmatine Alkaloids 352.1542 V v
33  Dihydrocapsaicin Alkaloids 308.2222 \ V
34  Berberine Alkaloids 336.1227 \
35  Stachydrine Alkaloids 144.1021 \ \ \ \
36 Betaine Alkaloids 118.0863 l V l V
37  Deoxyadenosine Alkaloids 250.0927
38  Panax notoginseng Alkaloids 174.9560
39  Paeoniflorin Terpenes 498.1956
40  Poricoic acid A Terpenes 499.3382
41  Glycyrrhetinic Acid Terpenes 471.3436 \ \ \
42 Glycocholic acid Terpenes 466.3146
43 Andrographolide Terpenes 351.2137
44 Atractylenolide | Terpenes 231.1381
45  dehydroandrographolide  Terpenes 333.2037
46  Deoxyandrographolide Terpenes 335.2200
47  Glycyrrhetic acid Terpenes 485.3579
48  Periplogenin Terpenes 391.2450
49  poricoic acid B Terpenes 485.3581
50  Atractylenolide Il Terpenes 233.1539
51  lsosteviol Terpenes 319.2272 \ \ \ \
52  Cyclopamine Terpenes 412.3042 \ Y \ \
53  Lindenenol Terpenes 231.1381
54 Curcumenol Terpenes 235.1691 \
55  Celastrol Terpenes 473.2668
56  Steviol Terpenes 319.2271
57  Ursolic acid Terpenes 439.3575
58  Pristimerin Terpenes 487.2790
59  sweroside Terpenes 357.1188
60  Cucurbitacin B Terpenes 603.3222
61  Dihydroartemisinin Terpenes 283.1546
62  Ginsenoside F1 Terpenes 637.4325
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ointment gel
No. English name Classification m/z receptor Intradler— receptor Intradler—
solution mal solution mal
retention retention

63  Corosolic acid Terpenes 517.3536 N N
64  Coniferyl aldehyde Phenylpropanoids ~ 179.0702 \ \
65  Sinapic acid Phenylpropanoids ~ 225.0760 \ \ \ \
66  Rosmarinic acid Phenylpropanoids  361.0896

67  Eugenol Phenylpropanoids  165.0910

68  Paclitaxel Phenylpropanoids  243.1010

69  Dimethoxycoumarin Phenylpropanoids ~ 207.0653 N N N N
70  Osthole Phenylpropanoids ~ 245.1172 \ \ \
71  Scopoletin Phenylpropanoids ~ 193.0495 Y \ \ Y
72 Coniferin Phenylpropanoids  387.1323

73 Ferulic acid Phenylpropanoids  193.0508

74  Eleutheroside E Phenylpropanoids  787.2659

75  Caffeic acid Phenylpropanoids ~ 181.0495 \ V
76 Isoferulic acid Phenylpropanoids ~ 193.0507 \ \ \ V
77  Cinnamic acid Phenylpropanoids ~ 193.0507 \ \ \ V
78  Syringaresinol Phenylpropanoids ~ 417.1582

79  Salicylic acid Phenols 139.0355 \ \ \ V
80  rhodioloside Phenols 301.1264

81  Shikimic acid phenols 173.0455 \ \ \ \
82  Syringic acid phenols 197.0492 \ \ \ \
83  Protocatechualdehyde Phenols 137.0243

84  Propyl gallate Phenols 211.0609

85  Ethyl gallate Phenols 197.0453 \ \ \ \
86  6-Gingerol Phenols 293.1786 \ \ \ V
87  Aconitic acid Organic acids 157.0132 \ \ \ V
88  Vanillic acid Organic acids 167.0348 \ \ \ V
89  v-Linolenic acid Organic acids 277.2175

90  Potassium sorbate Other categories 113.0597

91  Senkyunolide A Other categories 193.1223

92  o-Linolenic acid Fatty acids 279.2316 \ \ \ \
93  Linoleic acid Fatty acids 281.2475 \ \ \ \
94  glucosamine Organic oxygen 180.0868

compound
. Amino acid

95  Arginine derivatives 175.1187 v V l V
96  Paederoside Iridoid glycosides ~ 447.0961

97  Coumarin CO[.Jma.rm and its 147.0440

derivatives
98  Ligustilide Dihydrofurans 191.1067
99 Thioctic acid Thiocticacid and 55 35

its derivatives

In table, the chemical components under the “V” in the column refers to the chemical components were detected,

and the chemical components without “V”” means that the chemical components weren’t detected.

3.4.2 Chemical components in the transdermal receptor solution of two transdermal delivery
preparations

There were 32 chemical components with anti-inflammatory activity in the transdermal receptor
solution for ointment, including 10 flavonoids, 4 alkaloids, 2 terpenoids, 6 phenylpropanoids, 5 phenols
and 5 other compounds.

There were 35 chemical components with anti-inflammatory activity in the transdermal receptor
solution for gel, including 8 flavonoids, 6 alkaloids, 4 terpenoids, 7 phenylpropanoids, 5 phenols and 5
other compounds.
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3.4.3 Chemical components in rat skin after in vitro permeation test of two transdermal delivery
preparations

There were 34 chemical compounds with anti-inflammatory activity in the intrdermally retained
for ointments, including 10 flavonoids, 4 alkaloids, 4 terpenoids, 6 phenylpropanoids, 5 phenols and 5
other compounds.

There were 38 chemical components with anti-inflammatory activity in the intrdermally retained
chemical components for gel, including 11 flavonoids, 5 alkaloids, 4 terpenoids, 8 phenylpropanoids, 5
phenols and 5 other compounds.

4. Conclusion

The basic principle of in vitro permeation test is to use in vitro skin (animal, human or artificial
skin), combined with specific analytical methods, to dynamically measure the amount and penetration
rate of drug through the skin for a certain period of time, and to investigate the skin penetration behavior
of drug. Vertical Franz diffusion cell method is the mainstream method at present, and the transdermal
rate-time curve of drugs can be obtained by using this method [33,34]. In the previous study, the optimal
receptor solution for ointment was PBS (pH 7.2-7.4) and the dosage of azone was 2% by in vitro
permeation test. The optimal receptor solution for gel was 30% ethanol-PBS (pH 7.2-7.4), and the
amount of azone was 3%.

In the preparation for fruits of Capparis Spinosa L. ointment, laurazepine was added as an
osmotic agent, which can promote the penetration of the drug. In the process of the experiment, it was
found that the ointment group without the osmotic agent also had a certain permeability, which may be
related to the addition of propylene glycol and RH40 in the prescription, both of which also have a
certain osmosis effect [35,36]. In addition, the fruits of Capparis Spinosa L. contains a variety of volatile
oil components. May play a certain role in promoting osmosis [37,38]. The residual rate and intradermal
retention rate of the preparation after the transdermal test were investigated. The loss rate of the
preparation was calculated by the conservation of material. Drug loss due to volatilization of the receptor
solution during the experiment. In addition, it was found that the higher the cumulative permeability of
the formulation, the lower the residual rate and intradermal retention rate of the formulation. Conversely,
the higher the residual rate and intradermal retention rate of the formulation.

A total of 99 chemical components with anti-inflammatory activity in the concentrated solution
for fruits of Capparis Spinosa L. were detected. A total of 32 chemical components, such as stachydrine,
rutin and quercetin, were detected in the ointment transdermal receptor solution, 34 chemical
components were retained in the mouse skin, and 67 chemical components were not detected in the
receptor solution. A total of 35 chemical components, including stachydrine, rutin and quercetin, were
detected in the receptor solution of the gel, 38 chemical components were retained in the skin, and 64
chemical components were not detected in the receptor solution. The possible reasons for the presence
of chemical components in the concentrated solution for fruits of Capparis Spinosa L. that were not
detected in the transdermal receptor solution include: (1) the molecular weight of these chemicals is too
large to penetrate the stratum corneum of the rat skin, e.g.; Cucurbitacin B, ginsenoside F1, corosolic
acid and other macromolecular compounds. Secondly, the chemical components were transformed into
other metabolites through metabolic pathways. For example, kaempferol-3-O-rutinoside was not
detected in the receptor solution, which might be transformed into quercetin or quercettin. Thirdly, it is
lost in the process of chemical components data analysis. In addition, some chemicals detected in the
ointment transdermal receiver solution but not in the gel receiver solution may be due to their lipophilic
properties, such as thexin, which are more likely to be released from the ointment and enter the receiver
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solution through the skin. Similarly, the chemical components detected in the gel transdermal receiver
solution but not in the ointment receiver solution may be due to the fact that these chemical components,
such as lutein, are more likely to be released from the gel and enter the receiver solution through the skin
due to their hydrophilic nature. Therefore, the inconsistent chemical components in the transdermal
receptor solution of the two transdermal drug delivery preparations for fruits of Capparis Spinosa L. may
be the result of the different physicochemical properties of the preparation matrix. In addition, the results
showed that almost all the chemical components detected in the receptor solution were retained in the
skin, and some chemical components were retained in the skin but not detected in the receptor solution,
such as caffeic acid and corosolic acid. It also confirmed that the stratum corneum is the main barrier of
the skin. For drug molecules, crossing the stratum corneum is the most difficult and the limiting step of
drug absorption, which will form drug retention [39].

In conclusion, the transdermal properties for fruits of Capparis Spinosa L. gel are better than
those ointment, and the chemical components such as stachydrine hydrochloride, rutin and quercetin in
the two preparations may penetrate through the skin to play an anti-inflammatory role.

The authors report no conflict of interest.
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