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OT PEJAKIIUHA ’)KYPHAJIA

Yeaorcaemvre yvumamenu!

Acconmanusi pOCCUUCKUX O030HOTEPANEBTOB IPUCTYIIAECT K PEaTU3alUU MIPOEKTA —
m3nanuto xypHana «bMMOPAJIMKAJIbI 1 AHTUOKCUIAHTBI». K uaee co3nanus
noI0OHOTO HAYyYHOTO H3JaHUS HAC TMOJTOJKHYJIHU pEe3yNbTaThl HCCIEAOBAHUN IIO
acneKkTaM MPUKIAJHOIO HCIOJIb30BAHHUS O30HA B MEIUILHMHE, KOTOpbIE MOJIPOOHO
oOcyxaanuch yxe 0osee IByX JE€CATKOB JIET IpH MpoBeAeHnH Beepoccuiicknx Hay4dHO-
IPAKTUYECKUX KOHPEPEHLNI ¢ MEKIYHAPOAHBIM y4aCTUEM, MMOCBSIIEHHBIX MPOOIEMaM
O30HOTEpAllMd U AaKTUBHBIX (OpM KucCIopoja. 3a 3TO BpeMs CTajJO COBEPIICHHO
OUEBHUJHO, 4YTO  pa3pabOTKW  MEAMIMHCKMX  TEXHOJIOTUH  NPUMEHEHUs C
CaHOTECHETHMYECKUMHU LEeIsIMU J1I000M akTuBHOM (opmbl Kuciopona (ADPK) nomxHb
OMUpaThCs, IPEXkKIE BCEro, Ha (pyHAaAMEHTaIbHOE 0OOCHOBAaHHE MEXAHU3MOB JIEYEOHOTO
nerictBusi ADK.

Kpome n3yudeHns: TOKCUKOJIOTHUECKOTO U matoduinonorudeckoro aeiicteus ADK,
HEO0OXOIMMO YUYUTHIBATh BECh CIEKTP UX (PU3UOJIOTMUECKON POJIU B KU3HEAESITEIIBHOCTH
OpraHu3Ma W aJIeKBaTHO HCIIOJIb30BAaTh ATH BO3MOYKHOCTH B Jie4eOHOM Ipouecce. B
JUTEPATYPE HAKOIUIEHBI JIOCTOBEPHBIE JAHHBIE O TOM, 4YTO B OCHOBE MHOTHX
3a00JIeBaHUM, MPOLECCOB OMOJOTHYECKOIO CTApEHMs JIEKUT Ype3MepHas IeHepaus
A®K u comyTcTByIOIIEE €l CBOOOAHO-PAIUKAIBLHOE OKHCIIEHHE OMOMaKpOMOJIEKYI, B
TOM YHCJI€ BXOJAIIUX B COCTaB OMOJIOTHUECKUX MeMOpaH. B 3Toil cBs3u 04e€BUIHBI POJIb
U 3HAaUeHHE HEOOXOJUMOCTUM H3YYEHHsS AHTHOKCHIAHTHOIO CTaTyca oOpraHu3sMa H
NPUMEHEHHUs] aHTUOKCUJAHTOB — BEILECTB, CIOCOOHBIX CHUXXATh aKTUBHOCTH CBOOOHO-
PaAUKaIbHOTO OKHMCIEHUS M CIYKUTh MeMOpaHornpoTrekTopaMu. OyHAaMeHTaIbHBIMU
VCCIIEOBAHUSIMU, TMOCBSIIEHHBIMU MEIMIIMHCKOMY MCIOJIb30BAaHHUIO O30HA, MOKA3aHO,
YTO MCMOJB30BaHME HU3KHX (Manbix) A03 APK crnocoOHO, MOAYyIHpys MPOLECCHI
CBOOOJTHOPA/IMKAIIBHOTO ~ OKHUCJICHMS, 3HAYUTEIbHO YCWUJIMBATh AHTHOKCHIAHTHBIN
NOTEHIMAJ,  KyoupoBaThb  SBJICHHUS  OKCHJATHUBHOTO  CTpecca,  HacTpauBaTh
KOMIIEHCATOPHBIE ~MEXaHM3Mbl OpraHuM3Ma Ha TMPOLECCHl peajanTaiuu. ITO
00yCJIOBIIGHO OJHOW W3 TJIABHBIX OcCOOeHHOcTel peakiuit ¢ ydactuem ADK — ux
Ype3BbIYAITHO BBICOKOMY HSHEPreTHUYECKOMY BBIXOAY, OOECHEUMBAIOIIEMY T'€HEpaIlio
AIIEKTPOHHO-BO30YKIEHHBIX COCTOSTHUIA.

brnaronapss 3Toli OCOOEHHOCTM OHM MOTYT Y4YacTBOBaTh B (POpMUpOBaHUU
HPHEPreTUYECKUX IMOTOKOB, HEOOXOAMMBIX [JIsl 3amycka M MOAJEPKAHUS Pa3TUUYHBIX
OMOXUMHUYECKUX W (PU3MOJIOTMUECKUX MPOLECCOB, OOYCIABIMBAas CAaHOTC€HETHUECKYIO
HarnpaBJieHHOCTh BozfelcTBuil ADK. Omgnako, 000CHOBBIBASS MEXaHHM3MbI JIEYEOHOTO
nevictBus ADK, HU B KOeM ciy4yae Heb3s 3a0bBaTh W WTHOPUPOBATH UX POJb B
NaTOJIOTHYECKUX MpoIeccax, SIBJICHUAX arorTo3a, MPEeXIeBPEMEHHON THOeNIH KIIETOK,
CTapeHuH opranu3Ma. I[lo3ToMy 4Ype3BbIYAHO Ba)XXKHBIMH OCTAKOTCS  BOIIPOCHI
oOecrnieueHus He TobKO dpdexTuBHOCTH npuMeHsieMbix ADK, HO u ux 6e30macHOCTH,
BOIIPOCHl  CONPOBOXKAECHHMS ~ MX  KIMHUYECKOTO  HCIIOJIB30BAaHUSA  METOJAMU
(YHKIIMOHATBHO-Ta00paTOPHOTO ~ MOHUTOPUHTA, TMPUMEHEHHS B  HEOOXOJUMBIX
CUTyallMsIX 3K30T€HHBIX AaHTHOKCHJIAHTOB. Bce 3Tu acmekTel TpeOyIoT JalbHEUIIEero
yrayOnéHHoro GpyHAaMeHTaIbHOT0 0OOCHOBAHMS MX MPUKIIAAHOTO 3HAUCHHUSI.
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Ha coBpeMeHHOM 3Tare MEAMIIMHCKON Hayku Bce OOJblliee BHUMAHHE yIENseTcs
HEMEIMKAMEHTO3HbIM MeToJaM Tepanuu, pa3zpaboTke " BHEJIPEHUIO
BBICOKOI((EKTUBHBIX MEAMIIMHCKUAX TEXHOJOTHM, MO3BOJSIONUIUX IEJICHAIPABICHHO
BO3J/ICIICTBOBATh HAa OCHOBHBIE 3BEHbS MHOTMX NATOJIOTMYECKHX IpoueccoB. B 3Tom
IUJAHE YPE3BbIYANHO TMEPCIEKTUBHOM  SIBIISIETCS  BO3MOXHOCTh  MPAKTUYECKOTO
npumeHeHus: ADPK kak ecTeCTBEHHBIX OMOPETYISITOPOB, CIIOCOOHBIX UTPaTh KIIOYEBYIO
pOJIb B OpTaHM3allMU CTPYKTYPHO-(PYHKIIMOHAIBHBIX U METa0OJIMYECKUX IMPOIIECCOB B
BOCCTAHOBUTEIHHON MEIUIIMHE.

HenaBuue Bcepoccuiickue Hay4YHO-TIPAKTUYECKUE KoH(pepeHuu c
MEXKYHAPOJAHBIM y4acThueM, mpoBeaéHHbie B Poccum [«O30H, akTHBHBIC (DOPMBI
KHCIIOPOJa, OKCHUJ] a30Ta U BHICOKOMHTEHCUBHBIC (u3nueckue (HakTopbl B OMOJOTHH U
menuimHe» (H.Hosropoa, 2013), «Reactive oxygen species, nitric oxide, antioxidants
and human health» (Cmomenck, 2014), «['a3omenuaropsl, (U3HOIOTUS |
narodusuonorusi» (Kazaup, 2014) u ap.], MHOTOYMCIICHHBIC MyOJUKAIIMK TI0 STHM
BOIIpOCAM B  OTEYECTBEHHOM H  3apyOeKHOW TeyaTh CBUAETEIBCTBYIOT O
Heocaa0eBawIIeM HMHTEpece K ATUM IpobjieMaM HE TOJIBKO CIEIHUAJIUCTOB, HO HU
HIMPOKOTO Kpyra MPaKkTUKYIOIIUX BpayeH.

MHorojeTHIEe HCCIENOBAaHUs KJIMHUYECKOW A(PPEKTUBHOCTH 030HOTEpAIUU
yOenuTensHO TOBOPAT O TOM, uTo ¢ mnomompbio ADK wmoxHO 3ddexkTuBHO
BOCCTAHABJIMBATh HAPYUIEHHBIA NIPO- W AHTUOKCUAAHTHBINA MOTEHIMAJ OpraHu3Ma,
CrOCOOCTBOBAaTh  AKTHUBAIIMM  DHEPreTUYECKOro  MeTabojM3Ma,  penapaTUuBHBIX
IIPOLIECCOB, a TAKXKE CTUMYJIMPOBATh PEAOUIUTALIMIO MALIMEHTOB Pa3IMYHOTO MPOPUIIS.

HaxkoruieHHpIil 0T€4eCTBEHHBI U MUPOBOW ONBIT MPAKTUYECKOrO NMPUMEHECHUS B
MEJIUIIMHE OJIHOM W3 AaKTUBHBIX (OpPM KHCIOpOoJa — O030Ha OJIHO3HAYHO
CBHJIETEJILCTBYET O €r0 MO3UTHUBHOM BIIMSIHUM HA OPTaHU3M YEJIOBEKA.

B Poccuu o3oHO0Tepanus 6osee 30 JieT yCHENIHO pa3BUBACTCS YCUIIUAMH YYCHBIX-
MEJIMKOB W3 Hay4dHbIX LEHTpoB - MockBbl, Huxuero Hosropoaa, Kuposa, Caposa,
NBanoso, Bomrorpama, Tomcka, HoBocubupcka, Bemukoro Hosropoma, Capancka,
Kazanu, Camapel, ExarepunOypra, BiaguBocToka M MHOrMX JpYrMX TOpOJIOB.
HemasioBakHyt0 poOJIb B YCHEHUIHOM CTAHOBJICHUM OTEUYECTBEHHOW O30HOTEpAUu
ceirpana AccolMainusi pOCCUHUCKHX 030HOTEpAaIeBTOB, KOoTopas Oblna co3fgaHa B 1995
roay B r. H.-HoBropozae. Bo MHOrom no €€ noOyauTensHON MHUIIMATUBE 3a MPOIICAIICe
BpeMsl B pe3ysibTaTe YIIIyOJIEHHBIX SKCIEPUMEHTABHBIX U KIMHUYECKUX HCCIIeIOBAaHUMN
pa3HBIMU HAY4YHBIMH IIKOJAMU HU3yYE€HBl OCHOBHBIC MEXAHHM3MBbI JIEYEOHOTO JCHCTBHS
030Ha, pa3paboTaHbl U BHEJIPEHBI OTCUCCTBCHHBIC MEAMIIMHCKAE TEXHOJIOTUU
030HOTEpaNuU, HAKOIUIEH OMNBIT MNPAKTUYECKOTO HCIOJIb30BaHUS O30HA B Pa3HBIX
MEJIUIIMHCKUX CIEeIHAIBHOCTSIX.

Jlnst anmapaTHOro oOecrieueHus: pa3padaThIBAEMBbIX MEIUIIMHCKUX TEXHOJOTHH B
paMkax oTpacieBoil neneBoil IIporpammbl «Co3manue U opraHu3alys MPOU3BOJICTBA
COBPEMEHHOW MENWMLMHCKOW TEXHUKW», BBEACHHOW B neuctBue Ilpukazom MunHucrpa
Poccutickoit @eneparuu o aromuou 3ueprun Ne 380 ot 06.10.92 r., 6611 pa3paboTan
pan  MeaunuHCKUX o3oHaTopoB. JIBa w3 Hux AOT-H-01Ap3 (Ap3amacckuii
PpUOOPOCTPOUTENBHBIN 3aB0jI, TOpropas Mapka «Meno3oncy) u AOT-HCK-01-«C (A—
16)» (P®ALI-BHUND®, TtoproBas mapka «Teo30H») MpOILIM BCe HEOOXOIUMBIC
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KIMHAYECKNEe ¥ TEXHUYECKHE WCIBITAHUS, CEPTU(DUIMPOBAHBI, BHECEHHI B
['ocynapcTBeHHBI peecTp MEAMIMHCKUX HW3JeNUMH W 3amylleHbl B CEepUiiHOe
npous3BoAcTBO. Kpome HHUX B JMHEHKE O30HATOPHOTO OOOPYIOBAaHMS YCHEIIHO
KOHKYPUPYIOT Ha pBIHKE MEAMIMHCKUNA u3Jenuil anmapatbl «MeaunuHcKas
o3oHoTepaneBTuueckass ycraHoBka YOTA» («MEJO30H» Mocksa), «Cunte3arop
o3oHa» (3aBona JIETICE, r. Kupos)

HoBu3Ha, npuopuTeT U HayyHas 3HAYMMOCTh OT€YECTBEHHON MEIUIIMHCKOW HAYKH
B 3TOM HAmMpaBJICHUU OBUIM MOATBEPKICHBI 3apETHUCTPUPOBAHHBIMU HiKeropoackumu
Y4IEHBIMA HAYYHBIMUA OTKPBITUSIMH: «3aKOHOMEPHOCTHh (POPMHUPOBAHUS adanTaI[MOHHBIX
MEXaHU3MOB OPraHU3MOB MIJICKOMHUTAIOMIUX MPH CUCTEMHOM BO3JICUCTBUU HUBKUMHU
no3zamu o30Ha» (Ne 309 3a 2006 r), «3aKOHOMEPHOCTh W3MEHEHUSI CHIBOPOTOYHOTO
ypoBHS  pacTBopéHHOro FAS-antmrena wu  koiawdecTBa FAS-TIOMOXHTETBHBIX
MOHOHYKJICAPHBIX KJIETOK NepU(pEeprUUEeCKON KPOBH OPraHU3Ma YeJI0OBEKa MO/ IEUCTBUEM
HU3KUX TeparneBThuueckux 103 o30Ha» (Ne 330 3a 2007r), «SIBneHUE CHUKEHUS
METAJUIOACTIPECCUBHOTO JEHCTBUSl MPOTHUBOOIIYXOJIEBBIX INPENapaToB Ha OpPraHU3M
YEJIOBEKA U KUBOTHBIX IMOJ] IEHCTBUEM HU3KUX TEPANEBTUYECKUX 103 030HUPOBAHHOTO
dbusnonornyeckoro pactsopa» (Ne 420 ot 17.06.2011); 6onee uem 220 BBINMOJIHEHHBIMH
POCCUHCKUMH YYEHBIMU JAUCCEPTAMOHHBIMU (KAaHAMJATCKUMH M JOKTOPCKUMHU)
pabotamu, mosiydeHHbIMU OoJiee yeM 150 marentamu, 9-10 BeepoccuiickuMu HaydHO-
MPAKTUYECKUMU C MEKTYHAPOIHBIM y4acTHEM KOH(PEPEHIIUSIMHU, OPTaHU30BaHHBIMU B T
H.Hogropoae (1992 - 2013 rr). MenuuuHCKuE TEXHOJIOTUN 030HOTEPANHUH O(PUIIMATIBHO
paspelieHsl U 3apeructpupoBaHbl DenepanbHON Clyk00i 1O Ham3opy B cdepe
3IPABOOXPAHEHUS] HOBBIX MEAUUMHCKHX TexHonoruit M3 PO: «IIpumenenue
KHCIIOPOJHO-030HOBOM CcMecH B JepMmarojorud u kocmetojorum» Ne 2004/84,
«IIpruMeHeHre METUIIMHCKOTO 030HA B aKyIIEPCTBE, THHEKOJIOTMU U HEOHATOIOTUM» No
®C-2007/014-y ot 15.02.2007, «llpuMeHEHHE KHCIOPOJHO-O30HOBOM CMECH B
tpaBmarojiorum»y Ne ®C-2007/029-y ot 28.02.2007, «TemI0BU3HOHHBIH CIIOCOO OIEHKU
3¢ (HEKTUBHOCTH 030HOTEPANUU B KOPPEKIIMU UIIEMHUYECKUX HAPYIICHUHN B JIOCKYTax Ha
nuTaroer Hoxke», ®C Ne 2009/407 ot 21.12.2009.

OCHOBHBIE MEXaHU3MBI JICUEOHOTO JEUCTBUS 030HOTEPANUU JOCTATOYHO TIIyOOKO
W3YYCHBI U TTOATBEPKIECHBI B OTCUECTBEHHBIX U 3apYOCKHBIX UCCIICIOBAHUSX

OpU MeCmHOM HNpUMeHeHUuu O30H OKa3blBaeT OaKTEepULUIHOE, BUPUIUAHOE U
(GyHrUIUAHOE 1eHCTBUE;

IIPU CUCTMEMHOM 8030elicmauy 030Ha BbIpaxeHbl d(PPEKThl: oNTUMU3AIUS TPO- U
AHTUOKCUJAHTHOTO OajlaHca OpraHu3Ma; pPEeaKTUBALMS KHUCJIOPOJHOTO TOMEOCTAa3a;
Ba30/IMJIaTalUsl, BOCCTAHOBJIICHHE MUKPOLUMPKYISIMU; Ky[NUPOBAaHUE BOCHAJICHUS,
MOBBIIIIEHNWE  (DAronUTapHOH AKTHUBHOCTH; HWMMYHOMOJIYJISIIUS CO  CTUMYJISALMEH
BBIPAOOTKHU CBIBOPOTOYHBIX MMMYHOTJI00YJIMHOB, LUTOKHUHOB; YCHUJICHHE
HPHEPreTUYecKoro  obmMeHa B KIETKAaX;  KOPPEKLUMs  CHUCTEMbl  IeMOCTa3a;
JNETHApATalMOHHBIA  3(QdeKT;  JACTOKCHUKAMOHHBIM  3hdEeKT ¢  akTUBanuen
MHUKPOCOMAJIBHOT'O OKHUCIIEHUS U €r0 MOJAEIIMPOBAHUEM B COCYIUCTOM PYyCIIE.

O3zoHoTepanusi (MPUMEHEHWE O30HA C JICYCOHBIMH IICJISIMH) OTIMYACTCS
MIPOCTOTOM  BBIMIOJIHEHUS, XOPOLIEH IEPEHOCUMOCTBHIO IMAILMEHTAMU, W BBICOKOU
MEAMIIMHCKON U 3KOHOMUYECKOU 3((HEeKTUBHOCTHIO. BO3MOXXHOCTh aKTUBHO BIUSATH Ha
KHCJIOPOJHBIM T'OMEOCTa3 OpraHu3Ma, CTUMYJUPOBATh peNapaTUBHBIE IPOLIECCHI
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MO3BOJIIET UCIIOIb30BaTh €€ B KOMIUIEKCE CTaHAAPTHBIX TEPANEBTUYECKUX CXEM, a B
HEKOTOPBIX CIIydasX MPUMEHSTh B KAU€CTBE MOHOTEPAITHH.

[IpeporaTtuBoil 0OTEUECTBEHHONW O30HOTEpAIIUU SIBISIETCS pa3paboTKa TEXHOJIOTHH
CHUCTEMHOTO TMPUMEHEHUs O30HUPOBAHHOTO (U3HOJOTUYECKOTO PACTBOPA, OCHOB
UCIIOJIb30BAaHUSI O30HAa TIPU HWHTEHCHUBHOM Tepamuu, COYETaHUs €ro ¢ METOoJaMu
abdepeHTHON Tepanuu, MPOBEACHUE IKCTPAKOPHOPATbHOU 00pabOTKH 030HOM KPOBU
NAlMEHTOB  (MCKYCCTBEHHOE O30HHMPOBAaHHOE KpOBOOOpalleHUE, HHU3KOMOTOYHAs
obpabotka Oompmmx O0BEMOB KpoBH). JIIsI CHCTEMHOTO U KOMIUIEKCHOTO
OKHCJIUTEIBHOTO BO3ACMCTBHS HA OpraHu3M NalleHTa pa3paboTaHbl METObI
OMOXEMUITIOMUHUCIIEHTHOTO KOHTPOJISI 3(PPEKTUBHOCTH U OE30MMACHOCTH 030HOTEPAITHH.
K HacrosmeMy BpeMeHH HaKOTIHIIOCh MHOTO JaHHBIX TI0 HOBBIM cepaM MCIOJIb30BaHUS
MEJIUIIMHCKOTO 030HA: MOSIBUWIKCH JOKA3aTEIbCTBA U MEPCIEKTUBLI MPUMEHEHUS €ro B
OHKOJIOTMH, TIeINaTPUH, AHECTE3UOJIOTMH U PEAHUMATOJIOTHH, 3 PepeHTOoI0rnn.

B mHacrosimee BpeMs METOIMKM O30HOTepanuu BHeApeHsl B 80 cyObekTax
Poccuiickoii @eaepanuu. IT0 MHTEHCUBHO Pa3BUBAIOIIEECS HAMPABICHUE OXBATHIBAET
BCE HOBBIE MEIUIIMHCKHUE CIIEHUMAIIBHOCTH, OCHOBBIBASICh HA HAYYHBIX JI0KA3aTEJIbCTBAX.

Heo0xonumMo oTMETUTH, YTO, HAPAIY C MOJOKUTEIBLHO 3apEKOMEH/I0OBABIICH cels
030HOTEpanuei, HanboJiee UHHOBALMOHHBIMH CTAHOBATCS pa3padOTKU C IPUMEHEHUEM
CUHIJIETHOTO Kuciopoja u okcuaa azora (IIpuBomkckuil penepanbHblii MEAUIIMHCKUAN
uccnenoBarenbckuit neHTp, H.Hosropoxa). B apcenane MeauiMHCKOTO OCHAILCHUS IS
ATOTO HANPABJICHHS TOSIBUIUCH TEXHUYECKUE CPEICTBA, PEATM30BAHHBIC B TPHUOOPHBIX
pemenusix (MBTY wum. baymana, Poccuiickuii denepanbHbld SACPHBIN IIEHTP) U
nexapctBeHHble coenuHenus (Muctutyr xumuueckod ¢usuku uMm. H.H. Cemenona),
MO3BOJIAIONIME KaK MPOBOAUTH IKCIEPUMEHTAIIbHBIE UCCIEAOBAHUS C UCMHOJb30BAHUEM
A®K u okcuza a30Ta, Tak U IPUMEHATh UX HA MPaKTUKE. BIJIOTHYIO MOAXOAST K Tamy
NPUKIIAJHOTO M3Y4YEHUS UCCIENOBAHMS €ll€ OJHOTO OHOpEryysropa - CepoBOJOPOJA,
MHOTOYHUCJICHHbIC TO3UTHUBHBIE (u3nonornueckue 3PQPexTl KOTOPOro B HACTOAIIECE
BpeMsI aKTUBHO OIIEHHMBAIOTCS. B CBsI3U C ATUM, BO3HHUKAET BO3MOXHOCTb HE TOJIBKO
OJIM3KO TOJOWTH K TOHUMAHHUIO TUIYOMHHBIX MEXaHU3MOB UX OHOPEryJsSTOPHBIX
3(peKkToB, HO U OKa3bIBaTh C IMOMOINILIO ITUX SHIOTCHHBIX COCAUHEHUN aKTHUBHOE
BIIMSIHUE Ha TPOIIECCHI peajanTallii, CO37aBaTh HA OCHOBAHWU IOJYYCHHBIX 3HAHUM
HOBBIE aJITOPUTMBI JICUCHUS.

[IpurnamaeM BceX 3aMHTEPECOBAHHBIX CIICIUAIMCTOB K COTPYIHHUYECTBY B HOBOM
xypHaine «bMOPAJIMKAJIbBI U AHTUOKCUJAHTDBI».

I naenwlii peoakmop srcyprana «buopaouxkanst u aHMUOKCUOAHMBLY,
IIpe3uoenm Accoyuayuu Poccutickux o30Homepaneemos,
PYKOB0OUmenb omoeieHusi IKCNePUMEeHMAalbHOU MeOUYUHbl

DI'RY «llpusondicckuil hedepanbrbiii MEOUYUHCKUL
uccnedosamenvckull yeumpy Munzopaea Poccuu
O0KMOp MeOUYUHCKUX HAVK, npogheccop A

/Lelﬂg”;/o 2 '”f”/- C.I1. Ilepemscun
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LETTER TO READERS

Dear Colleagues!

Association of Russian Ozone Therapeutists is pleased to present You a new
scientific journal «Bioradicals and Antioxidants». The idea of its creation was based on
the results of experimental and clinical investigations of last 30-years and summaries of
many All-Russian and International scientific conferences for ozone therapy and
reactive oxygen species (ROS) regularly conducted in Nizhny Novgorod and Smolensk
(Russia). These reasons shown that any technologies are including ROS use must be
justified strongly with identification of its sanogenic mechanisms.

For this task solution we must study not only pathophysiological and toxicological
aspects of ROS action, but all spectrum of its physiological role in organism functioning.
The understanding of these findings allows treating with ozone more correctly.

Now many scientists associate a problem of aging and different human and animals
pathology with prolonged accumulation of ROS and lipid peroxidation hyperactivation,
are not controlled with own antioxidant system. In this connection use of antioxidants
and other membrane protectors is obvious.

It was shown by numerous experimental and clinical studies that ROS low doses
modulate free radical processes in vivo and stimulate antioxidant potential for correction
of oxidative stress and activation of readaptation. These effects are connected with very
high energy of ROS, which caused generation of electron-excited states.

At other side, elevated level of ROS may provoke a formation of pathological
changes in life systems, including apoptosis, free radical damage of lipids and oxidative
modification of proteins and nucleic acids. That is why problems of safety and
individual selection of optimal ROS type and its dose with informative laboratory and
functional methods of estimation of ozone therapy effectiveness are particularly
relevant. Indicated tasks should be solved in subsequent studies.

It is crucial to underline that ROS is universal natural bioregulator is playing a key
role in different functional and metabolic processes, important for restorative and
regenerative medicine.

Last International congresses in Russia («Ozone, reactive oxygen species, nitric
oxide and high-energy physical factors in biology and medicine» [Nizhny Novgorod,
2013]; «Reactive oxygen species, nitric oxide, antioxidants and human health»
[Smolensk, 2014]; «Gasotransmitters: physiology and pathophysiology [Kazan, 2014]),
numerous special papers in russian and world journals indicates continuing interest of
researchers and practitioners to bioradicals.

Prolonged investigations of ozone therapy clinical efficiency is confirmed ROS
action, associated with restoration of pro- and antioxidant balance, stimulation of energy
metabolism, reparative processes and optimization of rehabilitation of patients with
different pathology. Present world experience of ozone use in medicine indicates on its
multiply positive effect on healthy people and patients.

Now main mechanisms of sanogenic action of ozone are well-studied. It includes:

- atlocal use — bactericide, viricide and fungicide effects;
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- at systemic use — optimization of oxidative metabolism, vasodilatation, oxygen
homeostasis reactivation, microcirculation stimulation, anti-inflammatory effect,
immunomodulation, oxidative detoxication etc.

In Russia ozone therapy is developed by some scientists from Moscow, Nizhny
Novgorod, Kirov, Sarov, Ivanovo, Saransk, Volgograd, Tomsk, Kazan, Samara and
others. Principal role in this process belong to Association of Russian Ozone
Therapeutists, is founded in Nizhny Novgorod in 1995. It collected all data about
mechanisms of ozone sanogenic effects and clinical experience of its use at different
pathology.

In our country apparatuses for ozone therapy and NO-therapy were constructed and
produced by some industry companies from Moscow, Sarov, Arzamas, Kirov etc.

Novelty, priority, and scientific importance of this medical technologies were
confirmed as official scientific discoveries («The regularity of the formation of adaptive
mechanisms of mammals in systemic exposure to low doses of ozone», 2006; «The
regularity of change in serum levels of dissolved FAS-antigen and the number of FAS-
positive mononuclear cells in the peripheral blood of the human body under the action of
low therapeutic doses of ozone», 2007). Fundamental basis and practical appliance of
ozone is supported by more than 220 dissertations and 150 patents in Russian
Federation. Technologies of ozone therapy were approved by Federal Service of Health
Care Control. Now these methods are used in 80 regions of Russia.

The prerogative of Russian ozone therapy is the development of a technology
system application of ozonized saline, use of ozone in intensive care, including its
combination with other efferent methods, extracorporal blood ozonation etc. For
efficiency control and individualization of ozone therapy biochemiluminescense analysis
was proposed and justified.

It is important that not only ozone can be successfully used in clinical medicine and
veterinary. In last years wide possibilities of new bioregulators, such as singlet oxygen,
nitric oxide, hydrogen sulfate and others, are shown. These data is disclosing the
molecular effects of indicated bioregulators allow to expand the spectrum of medical
technologies, based on ROS, NO and other bioradicals.

Welcome to all specialists to collaboration on the field of ROS, NO and bioradicals
biomedicine within the framework of new scientific journal «Bioradicals and
Antioxidants»!

Editor-in-Chief

Vice-President of ISCO3,

President of Association of Russian Ozone Therapeutists,
Head of Experimental Medicine Department of

Volga Federal Medical Research Center,

Doct of Sci. (Med.), Prof. /ﬂ«%ﬂw,oﬂ ﬁ’/- S.P. Peretyagin
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OZONE THERAPY AND ITS SCIENTIFIC FOUNDATIONS
A. Schwartz, G. Matinez Sanchez

International Scientific Committee of Ozonetherapy (ISCO3)

3a mocnmeAHWE TOABI  O30HOTEpamusl  yTBepAWiach Kak  d()(PEeKTUBHBIN
Pa3BUBAIOIIUICS METO/]| JCUCHUsI IUPOKOTo Kpyra 3aboneBanuil. B Poccun u Ha KyOe
IpUMEHEHUE O30HOTEpanuu paspenieHo oduIManbHOo, Kak U Ha 76% TeppuTopuu
Wcnanuu u B yethipex pernoHax Hramuu. OCOOEHHOCTSIMU 030HOTEPANEBTUYECKOTO
JICUCHHS CIIyXaT TPOCTOTa B NPUMEHEHUH, BbICOKas A(P(HEKTUBHOCTH, XOpollas
NEePEHOCUMOCTh M TMPAKTUYECKH TMOJIHOE OTCYTCTBHE MOOOUYHBIX 3¢ dekToB. JlaHHas
0030pHas cTaThsi, 0a3UPYIOIIAsACcs Ha MOCIECIHUX TEMAaTUYECKUX HAYYHBIX ITyOJIMKAIUIX
U MoHorpadusx, OOBEAUHSIET COBPEMEHHBIC TMPEACTABICHUS, OOOCHOBBIBAIOIIUE
MEJIMIIMHCKOE MPUMEHEeHHE 030Ha. Ha mpoTsKeHun MHOTHX JIET MPUMEHEHUE O30Ha B
MEJIUIIMHCKON MPAKTUKE OBLIO CYIIECTBEHHO 3aTPYHEHO B CBSI3U C PAaCHPOCTPAHEHHBIM
MHEHHMEM O TOKCHMYECKMX J(d@eKkTaX BBICOKMX KOHIIEHTpAlMd COEIUHECHUS,
UCIOJB3YEMbIX B TPOMBINUICHHOCTH. Kak ¥ B OTHOIIEHUH JAPYrUX JI€UEOHBIX
TEXHOJOTUH, 3()PEKThl 030HOTEpAIIMU 3aBUCIT OT MCIOJIb3yeMOM 103kl BemlecTBa. [lpu
ATOM Ba)XHO MOHUMATh, YTO KOHILIEHTPALIMK 030HA, MPUMEHSEMbIEC C JICYECOHOU 1ETbIO,
3HAUYUTENFHO HUXKE TEX, KOTOPbIE BBI3BIBAIOT Pa3BUTHE TOKcHUeCcKuX 3¢ dekToB. B aTom
ClIy4ae O30H, BBICTyNas Kak (apMaKOJIOTHYECKUH areHT, CHocoOeH OKa3bIBaTh
MMMYHOMOIYJIUPYIOLINH, IIPOTUBOBOCITAJIUTENBHBIM, OaKTEPUITUIHBIH,
MPOTUBOBUPYCHBIN, (YHTUIMIHBIN, aHATBICTUYECKUNH U JPYrHe CAHOTCHETHYECKUE
s dexTsi. OHM MOATBEPKICHBI KITMHUYECKUM ONIBITOM Y HAYYHBIMU UCCIIEAOBAHUSIMU, B
TOM 4YHCJE BBINOJHEHHBIMH B (opmaTe MeTa-aHanu3a. B Hacrosiee Bpems
IPOJI0JKACTCS MPOIecC OUITMATBLHOTO YTBEPXKICHUS 030HOTEPAUH KaK MOJTHOIIEHHON
MEIMIMHCKOW TEXHOJOTUU B MUPOBOW MEAUIIMHE.

KuaroueBble ciaoBa: o30HOTepanus, ucTopus, 3PPeKTsl, >OPEKTUBHOCTB,
MOKa3aHUsl, MPOTUBOMOKA3aHUS

Abstract

In recent years, ozone therapy as an effective therapeutic method has become more
developed and well known. Russia and Cuba have recognized it in their legislation; it is
regulated in more than 76% of the Autonomous Regions of Spain; and in Italy four
Regions have specified the criteria for practicing it, in addition to two favorable court
decisions. Ozone therapy is characterized by the simplicity of its application, its great
effectiveness, good tolerance, and by the virtual absence of side effects. This document,
based on the latest books and scientific articles on the subject, updates the recent
findings that justify, from the scientific point of view, the medical use of ozone. For
many years the application of ozone in medical practice was not well accepted due to
unfounded ideas about its toxicity in relation to the high concentrations used in industry.
As with any healing technique, ozone therapy is dependent on the dosage. It is important
to understand that in clinical practice the concentrations of ozone are lower than the




buopamuxanel 1 Antnokcuaantsl 2014 Tom 1, Nel

toxic levels by several orders of magnitude. In this concentration range, the ozone acts
as a therapeutic substance and presents immunomodulating, anti-inflammatory,
bactericide, antiviral, fungicide, analgesic properties and others. There are an increasing
number of scientific societies and clinical papers, including meta-analysis studies. At the
same time efforts are being reinforced to regularize this medical practice.

Key words: ozone therapy, history, effects, efficiency, indications,
contraindications

Introduction. Historic background

Ozone therapy has been used for therapeutic purposes from the end of the 19"
century, in different ways and with unexpected therapeutic results for some pathologies.
Nevertheless there is still great prejudice in the general medical community to the use of
this therapy. The objective of this paper is to analyze the background and principal
findings that support the medical use of ozone from the scientific viewpoint.

The search for and locating of information included a review of books and scientific
articles in the MEDLINE database (PubMed) and in the ISCO3 database (Zotero),
between the years 2000 and 2012, for which the following descriptors were essentially
used: ozone, ozone therapy, ozonetherapy, oxygen-ozone therapy and treatment with
ozone. The sources of primary information (original articles) were located. The
bibliographic search included scientific articles of reviews and of experimental results.

In the scientific literature, the first mention of ozone was made by the Dutch
physicist Martin van Marum in 1785. During experiments with a powerful electrification
installation he discovered that by passing an electric spark through the air a gaseous
substance with a characteristic odor appeared, that has strong oxidizing properties. In
1840 the professor of the University of Basel, Christian Friedrich Schonbein, linked the
information on the changes of the properties of oxygen with the formation of a particular
gas that he called ozone (from the Greek word ozein, "to smell™). Schénbein detected for
the first time the capacity of the ozone to bind with biological substrates in the double-
bond positions [1].The German chemist Christian Friedrich Schénbein is also known for
the discovery of nitrocellulose.

In 1857 with the help of the "modern magnetic induction pipe" created by Werner
von Siemens, the first technicalozonization device was constructed, which was used in a
plant for the purification of drinking water. Since then, ozonization has allowed for the
industrial production of hygienically pure drinking water suitable for human
consumption. One hundred years later, Dr. Joachim Hansler constructed the first ozone
generator that made possible the precise dosing of the ozone-oxygen mixture [1].In
Russia, the first studies on the biological effects of ozone (Ph.D. dissertation) have been
implemented in the second half of the 19" century by Dr. Chemezov V.V. In 1876 he
has published scientific work "On the action of ozone on animals". In 19" century Dr.
Razenberg has used in Crimea ozone as chemical element in allergy treatment especially
in respiratory diseases. He took out the patients in the open sea immediately after the
storm, and they were breathing air full of ozone.

In 1885 the Florida Medical Association (United States of America) published the
book Ozone, written by Dr. Charles J. Kenworth, where details were given on the use of
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ozone for therapeutic purposes. In October 1893, the first ozone water treatment system
was installed in the Netherlands (Ousbaden), and there are currently more than 3,000
ozone water treatment plants. In September 1896 an O3 generating system was patented
by Nikola Tesla. In 1900 the Tesla Ozone Company was formed which began to sell
0zone generating machines and ozonated olive oil for medical use.

In 1898 the Institute for Oxygen Therapy Healing was founded in Berlin by
Thauerkauf and Luth. From that year, they began to experiment administering ozone
through injections. In 1902 A Dictionary of Practical Materia Medica, compiled by J. H.
Clarke, describes the successful use of ozonated water called Oxygenium in the
treatment of anemia, cancer, diabetes, influenza, morphine poisoning, aphthas and
whooping cough. That same year an article by Dr. Charles Linder appeared in a local
Washington newspaper that described the use of Osinjections in his usual practice.

In 1904 the book The Medical Uses of Hydrozone (ozonated water) and Glycozone
(ozonated olive oil) by Charles March was published. March was a chemist from New
York. On the book, that is preserved in the Library of Congress of the USA, a seal can
be seen from the General Surgeons Association of that country, giving its approval. In
1911 A Working Manual of High Frequency Current sby Dr. Noble Eberhart of the
Department of Physiology and Therapy of Loyola University in Chicago was published.
In its Chapter 9, the use of ozone in the treatment of tuberculosis, anemia, chlorosis,
whooping cough, tetanus, asthma, bronchitis, high fever, insomnia, pneumonia, diabetes,
gout and syphilis was detailed. In 1913 the first German association of ozone therapy
was created under the leadership of Dr. Eugene Blass and it was called Eastern
Association for Oxygen Therapy [2].

During the First World War (1914 —1918), Dr. Albert Wolff of Berlin fostered the
use of ozone for the treatment of wounds, trench foot (also known as immersion foot),
gangrene and to mitigate the effects of poison gas. Ozone was also used for colon
cancer, cervical cancer and pressure ulcers. At that time the use of rubber bags made the
success of the treatment difficult.

In 1926, Dr. Otto Warburg of the Kaiser Institute of Berlin published that the cause
of cancer is the lack of oxygen at the cellular level. This researcher received the Nobel
Prize for Medicine in 1931. The directors of the most important hospitals in the U.S.A.
published the book Ozone and Its Therapeutic Actionin 1929, which lists 114 diseases
and their treatment through the application of ozone [3].

The Swiss dentist E. A. Fish (1899-1966) was the first to sense the enormous
advantages of O3 in local treatment. He started working with ozone and ozonated water
before 1932 when he successfully treated gangrenous pulpitis with an injection of the
gas. The patient he treated was Dr. Edwin Payr (1871-1946), who immediately
understood the usefulness of ozone and was enthusiastic about its application in general
surgery. In 1935 he published a 290-page article titled Ozone Treatment in Surgery,
presenting it to the 59" Congress of the German Surgical Association. Between 1934
and 1938 Drs. Aubourg and Lacoste in France used ozone by rectal insufflation to treat
problems of fistulas. In 1938 Paul Aubourg published an article on the successes
achieved in the hospital of Beaujon (Cliché, lle de France).

In 1933 the American Medical Association (AMA), run at that time by Dr.
Simmons, urged the United States Government to prohibit all therapies that were not
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medically authorized and duly registered, which caused the use of ozone to drop in that
country. In this way, an exclusive benefit was granted to the monopoly of
pharmaceutical companies. The decision by Simmons produced unfavorable reactions in
the heart of the AMA. Dr. Emanuel Josephson of New York wrote: The methods which
Simmons and his crew used in their battle for a monopoly of medical publications and of
advertisements to the profession were often crude and illegitimate (....) The AMA has
openly threatened firms advertising in media other than their own journals with the
withdrawal of ‘acceptance’ of their products. Dr. Josephson also described the behavior
of Dr. Simmons inside the AMA as a conspiracy in restraint of trade, and extortion,
adding that "almost every branch of the Federal Government active in the field of
medicine was completely dominated by the Association [2].

In 1951, Dr. William Turska wrote "Oxidation" which is a recommended reading
even today. He was a pioneer in the injection of ozone in the portal vein to better reach
the liver. His results were excellent. In 1950 Dr. W. Zable used it for the treatment of
cancer and Drs. P. G. Seeger, A. Varro and H. Werkmeister followed his example. In
1952, the National Cancer Institute verified the findings of Dr. Otto Warburg with
respect to which the cause of cancer could originate in the lack of tissue-level oxygen.

In 1953, Dr. Hans Wolff (1924-1980) created the first ozone therapy school,
training many physicians; and in 1961 he introduced the techniques of major and minor
autohemotherapy. In 1972 along with Dr. Joachim Haensler he created the German
Ozonotherapy Association. In 1979 he published his book Das Medizinische Ozon
[Ozone in Medicine] (Heidelberg, VFM Publications, 1979).

In 1957, Dr. Joachim Haensler (1908-1981) patented his ozone generator that has
been the basis for the expansion of ozone therapy in Germany. Today more than 11 000
German healthcare professionals use ozone in their daily work. In Addition in 1957 at
the IV Congress of Physiotherapists Dr. I.A. Vetohin (Member of the Academy of
Medical Sciences of Belarus) has demonstrated an experience of successful use of
inhaled ozone therapy in otolaryngology, acute and chronic bronchitis, hypertension and
allergic diseases.

In 1977, Dr. Renate Viebahn provided a technical description of the action of ozone
in the body. Ten years later, in 1987, along with Dr. Siegfried Rilling, they published
"The Use of Ozone in Medicine™, which hasbecome one of the leading books.

In 1979, Dr. George Freibott began to treat his first AIDS patient with ozone with
hopeful results, followed by Dr. Horst Kieff who in 1980 reported on their results. The
journal Science published the article: Selective Inhibition of the Growth of Human
Cancer Cells by Ozone [4].

At the end of 1978 scientific research conducted by S.P. Peretyagin,
G.A. Boyarinov, A.N. Monachov from Russia, at experimental and clinical level was
focus to validate the use of ozone therapy. This research was developed at the CSRL
(Central Medical Research Laboratory) of Nizhny Novgorod State Medical Academy.
Exploratory development demonstrated the benefits of myocardial protection using
ozonized cardioplegic solutions. In April 1979 was assayed by first the ozonized
cardioplegic solution into the coronary patient during surgery of congenital heart
disease. In November of 1986, the first trial using ozonized extracorporeal circulation in
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patients during mitral valve replacement was conducted. Since then, CSRL became a
world leader in this kind of ozone application.

The first Ozone Research Center in the world was founded in Cuba. In 1990 the
successes in the treatment of Retinosis Pigmentaria, Glaucoma, Retinopathies and
Conjunctivitis were published there by a group of researchers led by Dr. Silvia
Menéndez, Dr. Frank Hernandez, Dr. Orfilio Peldez and others [5]. In 1992, a group of
Russian researchers reported their experiences treating large burns with baths of
physiological saline at saturation limit first treated with bubbling ozone. Their results
were amazing.

The first uses of ozone were based on its bactericide properties6-8. In 1993
Carpendale and Freeberg found important applications of Oz in patients with HIV/AIDS,
a study following the observations made in 1991 on dose-dependent viral inactivation
(HIV-1 virus) [9]. In 2002, the book “Oxygen-Ozone Therapy. A Critical Evaluation”
appeared written by the professor from the University of Siena (Italy), Velio Bocci. The
same author in 2005 published the book "Ozone, a New Medical Drug”, which is a
reference book for the practice of ozone therapyl0, followed by several others by the
same author. The year 2008 was rich in publications of books of ozone therapy, among
which are found that of the Russian Oleg Maslennikov et al. "Ozone Therapy in
Practice: Health Manual. Ministry of Health Service of the Russian Federation™, that of
the Cuban Silvia Menéndez et al. "Ozono Aspectos Basicos y Aplicaciones Clinicas"
[Ozone, Basic Aspects and Clinical Applications]; and that of the German Z. Fahmy,
"The Application of Ozone Therapy in Pain Management, Rheumatic and Orthopaedic
Diseases. "The most complete work written in Spanish was published in 2011, the book
"Guia para el uso médico del ozono: fundamento sterapéuticos and indicaciones”
[Guide for the medical use of ozone: therapeutic basics and instructions] by Adriana
Schwartz et al. published by the Asociacion Espafiola de Profesionales Medicos en
Ozonoterapia, AEPROMO [Spanish Association of Medical Professionals in Ozone
Therapy [3].

Current situation of ozone therapy in the medical field

At present there are more than 40 national and international associations that bring
together the professionals that practice this therapy, indexed specialized journals,
continuing training courses and congresses on the subject. However, the generalized
application of ozone therapy and its regularization by the authorities is a critical subject
at present. Ozone therapy faces its introduction being blocked by the powerful
pharmaceutical industry that would see the sale of its drugs diminished. In addition,
accidents in its application could be generated by the sale of generator machines and
devices for the therapy through the marketing of the products among health care
professionals without complying with the established standards and/or without
possessing adequate theoretical and practical preparation, which would damage the
image of this therapy. Furthermore, their use by professionals not duly trained could lead
to medical malpractice problems.

One of the most successful and recent attempts to unify the criteria regarding
methods and standard procedures to follow was presented in the Madrid Declaration on
Ozone Therapy, 11signed in Madrid, Spain (June 4, 2010) during the International
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Meeting of Schools of Ozone Therapy, organized by AEPROMO - the Spanish
Association of Medical Professionals in Ozone Therapy, in the Royal National Academy
of Medicine. The Declaration has been signed by 26 national and international ozone
therapy organizations and has been translated into ten languages. At present, the
Declaration is the only truly global document existing on ozone therapy and its
recommendations are broadly applied in different parts of the world. However, ozone
therapy continues to face difficulties in obtaining wide acceptance in the medical world
and its formal incorporation in the regulations of countries. Medical professionals and
researchers continue in the battle for the application of this therapeutic method, seeking
the benefit of the patients in the simplest and safest way.

It must be clear that for the practice of ozone therapy to be safe, one must: 1) Use
an accurate generator. Within the European Union the generator must have the CE
marking. 2) Handle precise and well defined doses, volumes and concentrations. The
total dosage is calculated by multiplying the concentration by the volume. When the
optimal dosage is known, a therapeutic effect is achieved without any toxicity. 3) Ensure
that the doctor has good training in the therapy by recognized and competent entities. 4)
Have from the health authorities the regulations that permit both the patient and the
therapist to receive and work under safety rules. 5) Funds must be available for
continued research [3].
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Figure 1. Number of scientific papers referring to ozone studies. Data from the PubMed
2009 database [12].

An analysis of the scientific works generated around the subject of the impact of
ozone on human health showed how many of them are focused basically on the
description of its toxic effects and its environmental impact (Fig. 1). To explain these
effects, studies in great depth on its action mechanisms on the biological level have also
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increased. A rapid growth in the number of studies, whether basic or applied, related to
the medical use of ozone can also be observed. Studies that include the explanation of
the biochemical and pharmacological mechanisms by means of which the ozone
exercises its effects [2].

The main trouble for the wide-scale acceptance of ozone therapy is associated to a
great extent with the obstacles that the large drug industry imposes, running media
campaigns against its acceptance, to the point of reaching pure scientific ignorance.
Unjustly and without scientific basis, it has been stated that ozone is toxic regardless of
its use, forgetting that the effects of medical ozone, as for nearly all substances, depends
on the dose; and that despite these false statements, ozone is considered one of the best
disinfectants of drinking water, capable of avoiding infection outbreaks. Used in
appropriate concentrations, ozone can activate antioxidant mechanisms that protect the
organism from the effect of the free radicals, involved in aging and in a large number of
pathologies.

Despite theem piricism that preceded the practice of ozone therapy and the scarcity
of funds available for research in this field, in recent years a growing number of books
has been appearing (Annex 1) and research papers (Annex Il) that constitute scientific
support for this therapeutic procedure. According to the Web of Science database
reviewed in 2009, the number of papers on the use of ozone in the medical field has
increased notably. While in the 1974-1979 period only two articles appeared, between
2005 and 2008 this number had increased to 140 (Figure 2) [12].

140 +
120
100

80
60
40
0
0
x\:: _\\\‘Q ¥ ,‘5“*\ _Q\W\ _\*"\h\ ¥ & "«:‘\\\\
\‘:‘" > \S, ‘ \:;l \S\ ' '5\‘\ » 3

Figure 2.Number of papers on the use of ozone in medicine (Web of Science) [2].

Physico-chemical properties and action mechanism of the ozone
Ozone is the most important gas of the stratosphere, reaching its maximum
concentration (above 1000 mcg/m3) at an altitude of 20-30 km. It is a gas of an unstable
nature, sky blue in color, perceptible at concentrations between 98.16 mcg/m3-19.63
mcg/m3. It is composed of three oxygen atoms (it is an allotropic form of oxygen). It has
a high speed of decomposition that varies on the order of 105-106mol/s. Ozone is 1.6
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times denser and 10 times more soluble in water (49.0 mL in 100 mL of water at 0°C)
than oxygen and, although ozone is not a radical molecule, it is the third strongest
oxidant following fluoride and persulfate. Ozone is produced from three basic sources of
energy: Chemical electrolysis, electrical discharges and UV light radiation. Ozone is an
unstable gas that cannot be packaged or stored; hence it must be used immediately since
it has a half-life of 40 min at 20°C [3].

Action mechanisms. General aspects

The research conducted in the 19™ century on ozone properties showed that it is
capable of reacting with the majority of organic and inorganic substances up to its full
oxidation, that is, until the formation of water, carbon oxides and higher oxides. In
relation to its reactivity towards biological substances, the selective influence of ozone
was established which has double and triple bonds. Among these are listed proteins,
amino acids and unsaturated fatty acids, which form part of the composition of the
lipoprotein complexes of plasma and of the double layers of the cellular membranes.

The reactions with these compounds are based on the biological effects of ozone
therapy and they have significance in the pathogenesis of different diseases. Its action
mechanisms are closely linked to the production of four fundamental species, by
reacting with the membrane phospholipids: ozonides, aldehydes, peroxides, and
hydrogen peroxide (H,O,). Their interaction will mostly be with substances with double
bonds present in cells, fluids or tissues. They also interact with DNA molecules and
cysteine residues of proteins. In adequate and controlled quantities, these derivatives of
the reaction of the O3 with the cellular double bonds carry out different biological and
therapeutic functions; acting as second messengers, they activate enzymes, such as
chemical and immune-response mediators, among others (Fig. 3) [3].
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Figure 3.Biological and therapeutic effects of ozone.

When the ozone enters in contact with the biological fluids (blood, plasma, lymph,
physiological saline serum, urine, etc.) it dissolves in the water present in these fluids
and reacts in seconds. The hydrophilic and lipophilic antioxidants present in those
organic liquids exhausts a considerable quantity of the ozone dose, but if the
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concentration applied is correct, it permits the formation of appropriate amounts of
reactive oxygen species (ROS) and product of the lipoperoxidation (LPO). The
formation of ROS in the plasma is extremely rapid (less than one minute) and is
accompanied by a small transitory decrease, depending on the ozone, of the antioxidant
capacity (which goes from 5% to 25%). This antioxidant capacity recovers its normal
level at 15-20 min. But the hydrogen peroxide and other mediators have diffused it to
the interior of the cells, activating different metabolic routes in erythrocytes, leucocytes
and platelets, leading to numerous biological effects [13]. The hydrogen peroxide then
acts as a signaling molecule in the intracellular medium, 14 a messenger that the
therapeutic dose of ozone has been discharged.
Effect of ozone on the metabolism of oxygen

The effects of ozone on the metabolism of oxygen can be explained from its
promoting action of: 1) Changes in the rheological properties of the blood. 2) Increase in
the speed of glycolysis of the erythrocyte [3, 10].

The rheological changes can be explained by its effects on a) the reversal of the
erythrocytic aggregation of occlusive arterial diseases (it improves the transmembrane
electrical charges and the values of tissue ATP). b) It increments the erythrocytic
flexibility and plasticity. c) It favors tissue oxygen transport and delivery.

The effects on the deformation of the erythrocytes and on the metabolism of the
erythrocyte are relevant in the actions of the ozone on the circulatory system. As a result
it produces a net increase in the improvement of the transport of oxygen to the tissues.
The most probable is that this effect takes place after one treatment cycle and acts
through a mechanism not mediated by receptors. The net effect is similar to that which is
achieved with physical training for which reason it is not appropriate to consider it as a
doping practice.

The increase in the speed of the glycolysis of the erythrocyte is evidenced after one
cycle of ozone therapy, by noting an increase in the Partial Oxygen Pressure (PO,) in
arterial blood and at the same time a decrease in the PO, in the venous blood. This
occurs due to a slight decrease of the intracellular pH (Bohr effect) or an increase of the
concentrations of 2.3-diphosphoglycerate.

The LPO during this period act as stress factors on the bone marrow, and these
frequent stimulations produce adaptation of erythrogenesis to the ozone stress, with
upwards regulation of antioxidant enzymes. The newly generated erythrocytes possess a
G-6PD activity greater than that of the old ones, for which reason they have been
referred to as super-gifted erythrocytes [10].Consequently, a patient with chronic
ischemia in a limb that is subjected to ozone therapy can improve thanks to the
formation of cohorts of erythrocytes increasingly more capable of carrying oxygen to the
ischemic tissues.

In the same way, 2.3 diphosphoglycerol (2.3 DPG), derived from the increase of the
glycolytic process, is a direct inhibitor of the hemoglobin affinity for oxygen, facilitating
the detachment of oxyhemoglobin from the latter:

HbO,+ 2.3 DPG — Hb + O,

The repairing action of ozone has demonstrated being capable of recovering the
internal wall of the small blood vessels, and evidence of this reality is the excellent
results of a randomized clinical trial, published in the European Journal of
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Pharmacology (2005), where the recoveries of ulcers in diabetic patients are highly
significant [15]. The beneficial effect of this gas on another element, nitric oxide, has
also been shown; this element is crucial in maintaining optimal levels of vasodilation,
and therefore, the blood flow throughout the entire body [16].

Today we can ensure that with this therapy, of very low risk, the cellular damage
due to the lack of oxygenation decreases substantially, regardless of the underlying
disease. In addition, the products of the ozone decomposition behave like biological
activators, which improve the level of energy and the capacity of our defense system, in
benefit of diseases of allergic-autoimmune types such as psoriasis, asthma and
rheumatoid arthritis [17, 18].

It has been scientifically demonstrated that the controlled applications of medical
ozone improve the cellular antioxidant machinery by having measured in the interior of
the cells higher quantities of antioxidant agents, such as reduced glutathione or the
superoxide dismutase [19]. As a direct consequence, the ozone acts as a real cellular
trash collector, cleaning up the free radicals. In keeping with this concept, ozone therapy
would have an anti-ageing effect on the cells. Aware that a greater quantity of
publications and research is necessary, papers of excellent rigor and quality can
currently be consulted in journals as prestigious as Nature, Transplant International,
Shock, Free Radicals, Mediators of Inflammation, International Journal of
Pharmacological Research, Liver International, and the Revista Espafiola del Dolor
[Spanish Journal of Pain], among others (See Annex | and Il), which scientifically
endorse this therapy sufficiently.

Ozone as a modulator agent of the immune response

We know how complex the human immune system is, characterized by cellular or
humoral responses, depending on what is required and on the pathology in question. All
of them can be regulated by ozone. The questions would be: in what way?

Different research studies have demonstrated that ozone therapy has an immune-
modulating action, through the synthesis or release of immune-stimulating or immune-
suppressing cytokines. All of them are self-regulated with each other, for which reason
the production of cytokines will not surpass values beyond what is necessary, once the
counter-regulating elements are activated. Satisfactory results have been reported from
applying ozone therapy to patients with conditions characterized by an exaggerated
immunological response (the case of auto-immune diseases), as well as others with
deficiency in their immunological functions.

The immunological actions of ozone on the blood is directed, fundamentally, to the
monocytes and to the T lymphocytes, which once induced, release small quantities of
practically all the cytokines, thus the release will occur in an endogenous and controlled
manner. This regulation is given because the ozone acts as an enhancer of the
immunological system by activating the neutrophils and stimulating the synthesis of
some cytokines [20, 21].

Certain transcription factors intervene in the regulation (i.e., NFK-B) which, as their
name indicates, favor the transcription and transducing processes at the DNA level,
acting as a promoter of this site (or series of nitrogenous bases) where the transcription
of DNA to RNA occurs directly, in order to lead to the increase or suppression in the
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synthesis of a particular cytokine, either pro-inflammatory or anti-inflammatory (Fig. 4)
[22].
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Figure 4. Action mechanism of the ozone as regulator of the cytokine synthesis

Ozone acts through different action mechanisms. The optimization of the oxidant
and antioxidant systems of the organism is one of the basic biological effects of the
systemic interaction of ozone therapy, which is realized through the influence of the
cellular membranes and consists of the normalization of the balance of the product levels
of the peroxidation of the lipids and the antioxidant defense system. The hypothesis that
an oxidant agent such as ozone can induce an antioxidant effect constitutes a great
challenge for the researchers on the subject. In 1998 the first experimental papers
appeared that elucidated the so-called oxidative pre-conditioning [23].

The following year the effects of O; on neuromodulation were evaluated, finding
that this gas is capable of inhibiting the release of neuromediators by an effect probably
related to the modulation of the cytosolic calcium concentrations at the pre-synaptic
level [24]. The clinical use of ozone was extended to different pathologies as its action
mechanisms were elucidated, in particular their possibilities of activating endogenous
antioxidant defense mechanisms. Its use in different pathologies linked to oxidative
stress, of inflammatory and degenerative origin (autoimmune syndromes, rheumatoid
arthritis, trauma, neuronal apoptosis, ageing, among others) became increasingly
generalized. This pre-conditioning effect that ozone exercises is similar to that taking
place with ischemic pre-conditioning.

The fact that ozone at controlled doses can have antioxidant effects represents a
therapeutic resource of great value in the treatment of multiple diseases that are
manifested with a weakening of the endogenous antioxidant system. As a response to the
introduction of the ozone in tissues and organs the compensatory increase occurs
especially of the activity of the antioxidant enzymes such as: superoxide dismutase
(SOD), catalase and glutathione peroxidase, which are broadly represented in the cardiac
muscle, liver, erythrocytes and other tissues.
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Bactericide effect of ozone

According to microbiological research data, the ozone is capable of killing all the
known types of gram-positive and gram-negative bacteria, including the Pseudomonas
aeruginosa and Escherichia coli, both bacteria are tremendously resistant to antibiotics.

The local disinfectant, antiviral and antibacterial effects of ozone, therefore, are due
to its germicide capacity, basically to its high oxidant capacity on the bacterial walls.
This fact makes it a general broad spectrum germicide on which the classic mechanisms
of microbial resistance do not act. Although at first it was thought that physiologically
the generation of H,0O, was responsible for eliminating the microorganisms, new
hypotheses have been presented based on which the concentrations of H,O, are very low
for achieving this effect. Such hypotheses indicate that H,O, is only an intermediary in
the formation of agents with greater oxidant power such as Os.

The bactericide effect of ozone in the gram-positive flora of festering wounds and
of trophic ulcers is made more effective when a high resistance of the microbes to the
usual antibiotics is increasingly evident. This makes it a treatment of choice in these
pathologies.

It is interesting to highlight that in 2003 it was discovered that ozone can be
generated in vivo in activated neutrophils [26]. This discovery has a striking impact
since it shows that this substance has a physiological role, not only as a bactericide agent
but rather one that could form part of the physiological amplifying mechanisms of the
inflammation and the activation of associated genes. Ozone in vivo is formed from
singlet oxygen (*O,*), a reaction that is probably catalyzed by antibodies. The possibility
is not ruled out of the existence of an endogenous enzyme (ozonase) that is capable of
detoxifying the ozone. These subjects are at this moment being studied, the short half-
life of ozone and the absorption of UV light at 260 nm (near to where they absorb
proteins, nucleic acids and other oxidants such as H,O,and HOCI) make this type of
research difficult (Fig. 5).

Membrane
Cytoplasm Phagosome or extracellular fluid
Fe’ . .
NADP* 0 A HO"-HO
T, Fe'
NADPH,, Chloramines
NADPH P~

0" —s HzDz—rHDﬂ—h HO"

LI: b
™ HaOs, GQLID

> - h*

Figure 5. Schematic representation of the processes that lead in vivo to the formation of
O; by activated neutrophils. O,*-, superoxide anion radical; *O,*, singlet oxygen; MPO,
myeloperoxidase; HOCL, hypochlorous acid; HO*, hydroxyl radical; NADPHox,
NADPH oxidase; 19gG, immunoglobulin G; H,O,, hydrogen peroxide; H,Os, dihydrogen
trioxide [2].
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General actions

The general effects of ozone are: 1) disinfectant and direct trophic effects, when it
is applied locally. 2) Antibacterial and systemic antiviral effect due to a discrete
formation of peroxides. 3) It increases the deformity of the red blood cells with relative
improvement of blood circulation. 4) It improves the delivery of oxygen to the tissues.
5) It improves the red blood cell metabolism, making the metabolism of glucose more
efficient. 6) It improves the metabolism of the fatty acids for the activation of
antioxidant enzymes in charge of eliminating peroxides and free radicals.

Effects of ozone on metabolism

The principal metabolic effects attributed to ozone are: 1) Increment of the use of
glucose at the cellular level. 2) It improves the protein metabolism. 3) Direct effects on
the unsaturated lipids, it oxidizes them and induces at the same time the repair
mechanisms.

Action mechanism of ozone therapy on pain

Different data coming from the scientific research recognizes that ozone has a dual
action mechanism: analgesic and anti-inflammatory. These effects seem to be due to its
way of acting on diverse targets: 1) Decrease the production of mediators of the
inflammation. 2) The oxidation (inactivation) of metabolic mediators of pain. 3) It
clearly improves local blood microcirculation, with an improvement in the oxygen
delivery to the tissues, essential for the regeneration of anatomic structures; the
elimination of toxins and in general to the resolution of the physiological disturbance
that generated the pain.

Figure 6. Photo of a patient with sub-scapular pain 1 min. after the injection (injection
points marked with an X) with O,/O3;8 pg/mL, 2-3 mL. Note that in the area in which
pain is reported (central and right of the photo) there is a rosy coloring (erythema) while
in the area where there is no pain (left of the photo) the erythema does not appear
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Figure 6 shows an interesting clinical observation: the application of ozone in an
area where pain is experienced turns it red. The ozone has a revealing effect of the
painful area. The possible explanation of this phenomenon could be the oxidation of
specific mediators of the pain that the ozone could cause, but it is a subject that needs to
be studied in greater depth. The anti-inflammatory effect of ozone is based on its
capacity to oxidize compounds that contain double bonds, among them the arachidonic
acid, and derived prostaglandins that participate in large concentrations in the
development and in the maintenance of the inflammatory process [28].

There is an additional mechanism with which the analgesic effects of ozone have
been attempted to be explained. It is the reflex mechanism, already invoked for other
techniques such as acupuncture. It is a mechanism by which a stimulus (in this case the
puncture with the gas or the products formed by the ozone-pain mediator interaction)
could activate endogenous analgesic mechanisms with the consequent increase in the
concentration of endogenous endorphins (structures similar to morphine produced by
our body) that has an analgesic effect. The treatment with ozone produces a short-and
long-term effect (Fig. 7).

12

10 1
a T H
5 T
T mmpmmBackache n=528

a === Cervical pain n=30
2
o T T T

Start 2 weeks 1 [ 1year 2 years

meonth months

Figure 7.Evolution of patients with back pain and cervical pain treated with ozone with
the intramuscular paravertebral technique in time. The scale of 1-10 indicates the
perception of pain by the patient (O means intense pain, 8-10 minimum pain) [12].

Disc herniation. The pulposus nucleus of the herniated disc contains very high
values of phospholipase A, which can initiate the inflammatory cascade and other
inflammatory mediators such as prostaglandins, leukotrienes, bradykinin and histamine.
When an annular crack is produced in the disk, which is the first phase of disc
degeneration, these substances are released by the nucleus and may cause radiculitis,
although there is no radicular compression.

The use of ozone therapy in the treatment of pain that disc herniation generates has
been shown for more than 30 years of research on the subject. Thus, for example in
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some regions of Italy, such as Lombardy and Sicily the treatment has been included in
the group of medical procedures that is covered by the Health Service.

Why does ozone work in disc herniation? A water-resistant effect is produced in
herniated discs. The nucleus pulposus of the hernias contain a large part of water and
mucopolysaccharides. The O3 causes lysis or dispersion of the water and oxidation of the
mucopolysaccharides that make up the nucleus, and upon being released, entails a
desiccation of the disc, eliminating the pressure on the root, and therefore, the pain. In
addition it promotes the healing of this nucleus since it does not have edematous (water
retention) characteristics. With this, the hernia decreases in size and can even disappear.
In addition, ozone therapy acts in this case eliminating the inflammatory factor because
it fosters the elimination of the mediator substances of the pain and in particular several
mediators that in this specific case amplify the painful sensation. In the case of
intradiscal injection, there is reliable proof that the ozone reacts with complex
macromolecular components, such as the proteoglycans and the glycosaminoglycans
[29, 30].

The reaction entails the oxidation of these substrates and the degradation of intra-
and intermolecular chains, which leads to the disintegration of the tridimensional
structure. The collapse releases the trapped water, which, after being reabsorbed, permits
reducing the intradiscal pressure and the consequent disappearance of the pain, by
decreasing the compression on the nerve root. Since the ozone is also released along the
route of the injection (intraforaminal), the final therapeutic effect is due to the
combination of vascular and biochemical effects (improved oxygenation, correction of
the local acidosis, and the disappearance of the venous and lymphatic stasis).

Thus, the application of intradiscal and paravertebral ozone works on different
levels:

a. Inhibition of prostaglandin E, and phospholipase A, (similar to steroids) and
other cytokines pro-inflamamtories (IL 1, 2, 8. 12, 15, interferon o).

b. Increase in the release of immunosuppressive cytokines (IL10, factor B1l):
analgesic and anti-inflammatory.

c. Increase of local microcirculation, reduces venous stasis: analgesic effect,
because the nerve root is very sensitive to hypoxia.

d. Presentation of a direct effect on the mucopolysaccharides and proteoglycans
from the pulposus nucleus, which is called ozonolysis, producing a chemical discolysis
with water loss and dehydration.

e. Subsequently, there is a matrix degeneration, which is replaced by collagen fibers
in approximately five weeks, and by the formation of new blood cells: reducing the
volume of the disc.

In summary, there is a dual ozone action mechanism in the Radicular Compression
Syndrome: on the one hand, the dehydration of the material disc that would reduce the
compressive mechanical factors on the root and the other, interrupting the inflammatory
process with immediate installation of an analgesic effect.

Two recent meta-analysis about ozone treatments for herniated lumbar discs have
been published in journals with high impact factors. They have demonstrated that ozone
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therapy is more efficient than control group with low index of adverse events and also
enormous advantages in regards to cost [31, 32].

For paravertebral ozone therapy level of evidence was Il-1 and the grading of
recommendation was I-B. For intradiscal ozone therapy level of evidence was I1-3 and
the grading of recommendation was 1-C32.

We may conclude that the paravertebral infiltration or percutaneous discolysis with
ozone has been demonstrated effective and safe in the treatment of lumbar pain. Pain
and function outcomes are similar to the outcomes for lumbar discs treated with surgical
discectomy [31], but with a much lower index of adverse events.

Clinical indications of ozone and adverse reactions
The principal clinical indications of ozone are shown in Table 1. A broader
explanation of the dosage and the general procedures is found in the Madrid Declaration
on Ozone Therapy.

Table 1. Principal therapeutic indications of ozone by specialization

Specialization Pathology

Dermatology Herpes Zoster and simplex, acne, eczema,
lipodystrophy (cellulite), mycosis, psoriasis, atopic
dermatitis, burns degrees with different areas, infective
and prolonged wounds, post traumatic, postoperative,
firearms osteomyelitis.

Internal Medicine Hepatitis, diabetes, atherosclerosis, arterial
hypertension, osteoarthritis, asthma, chronic bronchitis,
gastritis, gastric ulcer, Crohn's disease, chronic
constipation, hypothyroidism.

Nephrology / Dialysis Adjuvant in the treatment of ischemic-metabolic
pathologies.
Neurology Migraines, depression, vasomotor cephalea, neuro-
vascular disorders.

Dentistry Treatment of cavities, disinfection of cavities during

surgery and post-operatory period. Periodontitis,

aphthas.
Orthopedic Rheumatology Disc-radicular conflicts, disc herniation, articular

rheumatism, lumbago, osteoarthritis, arthropathy,
periarthritis, rheumatoid arthritis.

Angiology Venous insufficiency, diabetic ulcer, arthropathy,
coronaropathy, gangrene, postphlebitic ulcer, peripheral
vasculopathy.

Gynecology Bacterial infections by protozoa or mycosis, Bartholin's
cyst, vaginitis, menopause, chronic pelvic
inflammation, infertility.

Immunology Immuno-modulator, autoimmune disorders, adjuvant in
treatments with radiation and in immunodeficiency.
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Adverse reactions

Ozone therapy, if it is applied respecting simple rules, does not have side effects
(e.g. lung toxicity) and has very few contraindications. Numerous clinical experiments
indicate that the adverse reactions to the treatments with the ozone/oxygen mixture are
rare and in the majority of the cases they are related to errors in the administering
technique. In Germany in 1988 more than a million autohemotransfusions with ozone
were performed without the Department of Control of Adverse Effects Caused by Drugs
registering a single adverse event. In this analysis it is necessary to distinguish between
the effects that can originate from the application of an incorrect technique and those
that can be caused by ozone per se.

Adverse effects produced by ozone therapy: Ozone is not a drug and as such it does
not cause side effects, does not cause allergic reactions and in general no interactions
with other drugs have been described. The administering of the ozone in general is well
tolerated by the patients; only when excessive doses are used may the patient feel a
sensation of heaviness. This discomfort occurs in few patients; it is of short duration and
is resolved spontaneously. Only in exceptional cases the painful stimulus induced by the
needle puncture or the perception by the patient of his own blood can induce in the
patient a vagal crisis (bradycardia, low pressure and sweating) which in general is
transitory and does not need pharmacological treatment. Despite this, in every clinic
where ozone therapy is practiced there must be a first aid kit and every provision made
to act in these cases, although they are of rare occurrence.

The use of plastic bags that are not resistant to ozone can also lead to discomfort
such as headaches. If the proper material is not used, the ozone reacts with the plastic
material and introduces toxic compounds in the blood that are responsible for the
adverse effects described [33].In summary, the side effects are related to high doses of
ozone, inappropriate use of materials, incorrect insertion of the needle, or to subjective
factors of each patient. All can be minimized by the therapist if he knows the origin of
these secondary effects.

It is important to clarify that ozone as well as oxygen do not cause embolism, due to
the fact that the blood is thirsty for them and dissolves them very quickly. The few cases
of embolism and death during the practice of ozone therapy have been due to various
factors. The direct inoculation of the gas in the blood stream by a physical effect; the
coagulation mechanisms are activated by introducing a great volume of gas. In other
cases, embolism has been produced when equipment is used that generates medical
ozone from the atmospheric air or when the ozone was injected in cavities or within the
bone marrow. In all cases, the accidents were produced by iatrogenesis, that is, caused
by the irresponsibility of the healthcare personnel that used inappropriate methods or
low-quality ozone for the therapy.

When the application of ozone requires using large volume of gas, for example in
lipodystrophy, it is important to make sure by different techniques, such as
echocardiography, of the absence of aneurisms in the interatrial septum that are
frequently associated with PFO (Patent foramen ovale) which, in turn, is the cause of
embolism.

Complications related to the technique: are basically due to the trauma that is
caused by the introduction of the needle into the anatomical structures during the
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penetration. The complications can be: hematomas (due to puncture of a blood vessel or
extravasation of blood), pain or paresthesias with radicular distribution to the lower arch
(due to contact of the needle with the nerve root) and discitis (inflammation of the inter-
vertebral disk) in the case of the intradiscal technique.

In all the cases, the complications can be minimized and their origin is in the use of
an incorrect technique. Therefore, an expert ozone therapist has less probabilities of
incurring in this type of error. Isolated cases of expulsion of the disc from the vertebral
canal have been described in the scientific literature, when the CT-guided intra-discal
ozone therapy technique has been performed. Even in these cases an excessive dose of
ozone must have been used and the clinical protocols that are in effect for this method
must not have been respected.

It is worthwhile to compare the safety of ozone therapy with that which is
originated by other factors. For example, by comparing the data from the Center of
Disease Control of Atlanta, Georgia (USA) and the reports of adverse reactions
described for ozone therapy of Germany, where it is estimated that around 10 million
treatments have been performed in the last 40 years, we can appreciate how low the risk
of the use of ozone is.

The studies that best show the complications of ozone therapy are found in the
thesis by Jacobs (1986): Typical Complications in Ozone-Oxygen Therapy. The reasons
for the research were the demands being brought by the community of German ozone
therapists coming from the physicians that received data from the non-professional press
on cases of complications with this new therapeutic method. Starting with this situation,
the community of ozone therapists conducted in 1980 (at its own initiative) the analysis
of the frequency and the qualitative composition of the complications, in comparison
with the results of ozone therapy [3].

In German-speaking territories 2,819 surveys were distributed to all the ozone
therapists, of which 644 responses were received. In them, 159 physicians documented
336 cases of complications in 384,775 patients that received this treatment, to which
5,578,238 sessions of ozone therapy were applied. Considering all the cases of
complications, they were produced in 6 out of every 100,000 sessions, which meant one
complication for each 16,667 cases of ozone application. The cases were analyzed to
determine in which the cause of the complication had been the ozone itself; as well as
the cases related to its incorrect usage, when the supposed interrelation between the
complication and the influence of the ozone had been completely excluded. It was
observed that, of the 336 cases of complications, in only 40 of them (16%) the presumed
cause had been the ozone, dealing with allergic reactions, phenomena of hypoglycemia
and skin conditions in the area of administration. In the remaining 84% of the cases, the
complications were not related to the actions of the ozone, but rather they were the result
of incorrect anticoagulant treatments; or of other types of improper treatment, such as
the use of medication, wrong techniques of administering the ozone and non-sterile
handling.

Starting with the 40 cases mentioned above, the calculation of the so-called pure
complications coefficient was 0.7 cases in 100,000 sessions of ozone therapy. The
author concluded that in comparison with the secondary effects of other types of
treatments, this is an insignificant quantity. He cited the data of the representative of the
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company Sandoz, which shows that of the total number of patients hospitalized in the
entire world, intolerance to the medicinal preparations varies between 6.4% and 25%.

If we make a comparative analysis regarding the safety of this therapeutic method,
we must necessarily refer to the world plan coordinated by the World Health
Organization (WHOQO) to take on the possible and different causes that may generate the
deficiency existing on the subject of hospital safety. This plan indicates that in the
industrialized countries, the nosocomial infections complicate between 5% and 10% of
the admissions in intensive care of the hospitals. In the developed countries, the
intrahospital operations produce greater complications, disability and prolonged
hospitalization in 3% to 16%. Each year at least seven million incapacitating
complications are produced, which include a million deaths [34]. Furthermore, the WHO
indicates that out of every ten patients, approximately one is injured while receiving
hospital care [34].

In Spain, of 5,624 hospitalized patients analyzed in the National Adverse Effects
Study, adverse effects were detected in 1,063 (18.9%). The health care was responsible
in 9.3% of the cases, while the hospital care was responsible in 8.4%. Medication was
the cause of adverse effects in 37.4% of the cases, nosocomial infections of any type in
25.3% and 25.0% were related to technical problems during a procedure [35].
Approximately 15% of the patients on whom a central venous catheterization was
performed suffered complications, which put in danger the safety of the patient and
increases the stays and the costs linked to the hospitalization, indicates a study fostered
by the Spanish Society of Intensive Medicine. Critical and Coronary Units
(SEMICYUC) [36, 37].

Despite the efforts that the hospitals are making to reinforce hospital safety, the
figures continue being important. The health care infection rate, which was 6.5% in the
years 2003 and 2004 in Spain, increased in 2007 to 7.0% [38]. The French newspaper Le
Monde indicated that on average "900 medical accidents occur each day in the French
hospitals and clinics, of which 400 would be avoidable”, citing a study of the French
Health Ministry [39]. The most delicate issue is rooted in the fact that the study
recognizes that the comparative results of 2009 with respect to the previous survey of
2004 were similar and, therefore, the improvements were minimal [40].

In the Spanish intensive care units, the most frequent adverse effects produced
directly or that are associated with greater morbidity and mortality among the critical
patients are: 1) pneumonia related to mechanical ventilation (N-VM), 2) urinary
infections related to urethral catheterization (IU-SU), 3) primary bacteremias and those
related with vascular catheters (BP-C), 4) secondary bacteremias (BS) [36].

The described situation entails a serious economic hemorrhage. Hospital errors —
indicates the WHO-have cost some countries between 6 billion to 29 billion U.S. dollars
for additional hospital costs, infections acquired in the hospitals, economic loss to the
patients, and court processes. The WHO warns that the safety of the patient is today a
global problem that affects all the countries, regardless of their economic development
[34]. The terrifying level of the cited figures which are devastating in themselves in
terms of diseases and human lives, along with the economic drain that it involves, has
led the WHO to say that up to 50% of the complications and the deaths could be avoided
if the basic required care is observed [34].
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It is worthwhile to add what was stated by the Nobel Laureate in Medicine, Richard
J. Roberts, when he affirmed that the drug companies often are not as interested in
healing you as in getting your money, so that investigation, suddenly, is diverted to the
discovery of drugs that do not heal completely, but chronify the disease and make you
experience an improvement that disappears when you stop taking the drug (...) It is
usual that pharmaceutical companies are interested in research that doesn’t cure but
only make illnesses chronic with more profitable drugs that the ones that would
completely cure once and forever [41].

The above is confirmed when in Spain the adverse effects could have been avoided
in 42.8% of the cases [35]. The promotion of the campaign of the practice of clean
hands in the hospital centers as a hygienic measure to prevent nosocomial infections,
something that, although of common sense, only is complied with in 50% of the centres
[42]. In view of the situation of the safety of the medical treatments that we have
indicated, we can conclude that the use of intra-hospital ozone would effectively help to
reduce the nosocomial infections, thanks to their potent bactericide properties.

On the other hand, around 55 thousand people in the United States and an
undetermined number of Europeans may have died for taking VIOXX, one of the
selective inhibitors of COX-2 [42]. On the contrary, how many deaths from ozone have
been recorded? None and the accidents recorded were exclusively of malpractice, and
not for the effects of the ozone itself. We ask: Why require from ozone therapy safety
measures over and above the existing ones described previously? Provided its dosage is
correct, the ozone can produce a multitude of useful biological reactions, and possibly
invert the chronic oxidative stress of age, chronic infections, diabetes, atherosclerosis,
ischemic, degenerative and inflammatory processes. The therapeutic ozone act is
interpreted as a non-toxic but real shock therapy, capable of restoring homeostasis [44,
45]. Therefore, provided its dosage is correct, ozone will be beneficial.

It is clear to the international medical ozone community that ozone must be used in
a controlled manner, like any other medication, and there must be good academic
training in the application of the therapy. During recent decades, great efforts have been
made and continue to be made to examine ozone therapy in a more scientific manner.
We have at our disposal textbooks and the Revista Espafiola de Ozonoterapia, ISSN
2174-3215, indexed in Lantidex and Dialnet. This journal is governed under the
international publication standards. Each year international congresses are organized and
in the case of Spain, AEPROMO has achieved that all its congresses have been
recognized as events of health interest.

F. Contraindications for the use of ozone therapy

The contraindications for the use of ozone are basically those due to ethical or
specific deontological situations: 1) Patients that suffer a significant deficit of glucose-6-
phosphate dehydrogenase (favism). These persons should not receive this treatment,
since an oxidation of the red blood cells could occur, causing hemolysis, due to their not
having the protective systems against oxidation. 2) In some abnormal situations
(imbalance) in patients with hyperthyroidism and thrombocytopenia. 3) Severe
cardiovascular instability (recent myocardial infarction). 4) Convulsive states. 5)
Hemorrhagic conditions (external or internal bleedings), significant hypo-coagulation
syndrome, blood diseases, haemophylia, thrombocytopenia, hemorrhagic vasculitis,
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acute myocardium infarctus, hemorrhagic insult, 6) pancreatitis, 7) thyreotoxicosis, 8)
individual ozone intolerance, 9) acute alcohol intoxication, 10) Convulsions in
anamnesis.

Ozone therapy is not a panacea; it has precise indications in which great therapeutic
success is attained, others in which its success is medium and others in which it is not
useful.

G. Who can perform ozone therapy?

Ozone therapy must be performed by a physician or by a dentist; or by a
veterinarian in the case of animals. The basic reason is that this type of treatment, if used
improperly, exposes the patient to serious risks. For example, if the injections are
performed at an improper site or with improper technic (e.g. directly in the veins), with
non-sterile needles, at an excessive dosage, among others, they can lead to serious
adverse effects such as the risk of infections or collapse due to excessive vasodilatation.
Directly application of Oz in the veins was performed in the 1970 but is currently banned
by the most ozone-therapist associations. The effect of the mayor authohemotherapy is
more effective with practically no side effects. In contrast, direct application of Oj in
veins can induce emboli, tachycardia, anxiety and sweating that can persist up to 48 h. In
fact, today application of O3 can be considered a mala praxis.

Due to the scarcity of controls on this therapy and the non-existence of clear rules
in this regard in the majority of the countries where it is practiced, upon occasion ozone
therapy has been practiced by personnel that do not know with precision the correct
protocols to follow and therefore they have exceeded the dose, the number of injections,
and the frequency with which the treatment is repeated. They have used machines not
suitable for generating quality medical ozone, failed to obtain satisfactory results or even
worse, they have caused damage to the patients. This is the reason why the international
medical ozone community is acting to advocate for the establishment of controls and
regulation of the therapy through the corresponding health institutions, duly advised by
the existing scientific associations of ozone therapy or even better, by the International
Scientific Committee of Ozone Therapy (ISCO3) directly. The ISCO3 is a committee
formed by 21 prominent worldwide experts in ozone therapy, who in this position do not
represent any association or any commercial company.

Conclusions

There is much scientific evidence on the clinical use of ozone. The physiological
formation of a mediator similar to ozone during inflammation is an indicator of its
potential as a new biomolecule. This discovery implies additional efforts to clarify the
hypotheses about its action mechanism and to advance towards the execution of more in-
depth randomized and standardized clinical studies. Furthermore, the action mechanisms
for the ozone on the biomolecules of the blood, with the consequent generation of
various messengers responsible for its biological effects, have been clear since 2002.
Official medicine does not take into account the effectiveness of ozone therapy,
principally because:

1) It is excessively centered on the molecular mechanisms of drug-receptor
interaction and ignores the capacity of ozone as a pro-drug.
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2) Most clinics are not aware that ozone can dramatically change the course of
several diseases by means of the activation of multiple pathways.

3) The pharmaceutical industry has a good reason for ignoring ozone, since it costs
almost nothing, is not patentable and does not produce wealth.

The lack of sponsors is also a constant obstacle since it makes it impossible to find
grants for controlled, multi-center and randomized studies comparable to those that the
pharmaceutical companies finance. The clinical trials, the number of books and articles
on basic and applied subject relating to ozone therapy grow daily. The professionals who
practice ozone therapy must know all the steps to carry out the clinical trials to make this
discipline stronger and more credible and to support it with scientific rigor from the
clinical point of view. The battle for the regularization of this medical practice in the
different countries where it is being practiced must also continue.
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N3YYEHUE BUOJIOI'MYECKHUX YOPEKTOB BBICOKHUX 103
I'A3OOBPA3HOI'O OKCHUJA A3OTA IN VITRO

A.K. MapryceBu4, A.I'. CosioBbeBa, C.II. Ilepersirun, A./l. Iliiexanosa

@I'BY «Ilpusondicckutl hedepanvHblil MEOUYUHCKUU UCCAE008AMENbCKULL YEHMP»
Mumnszopasa Poccuu

@I'bOY BIIO «Huoicecopoockas eocydapcmeenHas cenbCKOX03aUCMBEHHAs AKAeMUsD»

Abstract

The aim of this work is complex estimation of nitric oxide action on whole blood of
healthy people. We tested reaction of whole human blood (n=14) on processing with
NO-contained cold plasma. We executed of direct sparging of blood samples by gaseous
flow with NO in special plant. NO-contained cold plasma generated by apparatus
«Plazon» (Russia). We modeled typical conditions of gaseous flow action with NO
concentration 800 mcg/l. Middle power of gas flow was used. Blood sparging time was
2 min., exposition time - 3 min. Every blood sample volume was 5 ml. We tested lactate
dehydrogenase activity in direct and reverse reactions, aldehyde dehydrogenase and
superoxide dismutase activity, total protein and lactate level, acid-base balance and
blood gases partial pressure. For integral assessment of energy metabolism changes
number of derivative parameters (coefficients of energy reaction balance and substrate
provision) were used. Two series of experiments are executed for estimation of reactive
oxygen species (ROS) presence in gas phase (from «Plazon») and in 0,9% sodium
chloride solution, processed by this gas products. It was stated, that there are 350-600
mcg/l of ROS in gas flow, generating by «Plazon». At this gas salvation in sodium
chloride solution ROS level was over 10 mg/l, saving during 10 minits. Our experiments
shown, that whole human blood processing with gas flow NO-contained (NO
concentration — 800 mcg/l) causes strong changes of its physical and chemical
parameters. This exposure leads to inhibition of erythrocytes energy metabolism,
decreasing of plasma antioxidant reserves, moderate ionic disorders and of acid-base
misbalance in blood samples in vitro.

Key words: nitric oxide, blood, energy metabolism, acid-base balance, lactate
dehydrogenase

W3yyena peakius meIbHONH KPOBU 3J0POBBIX JOHOPOB (N=14) Ha e€ 00pabOTKy
NO-coneprkaiieil XonoaHO! MIa3MOi, MOIy4eHHO!N ¢ moMmoulbio anmnapara «Ilnason». B
o0Opasiax KpoBU OIEHUWBAIM aKTHBHOCTH JIAKTATACTUIPOTEHA3bI B MPSIMON U 00paTHOM
peaKkiusX, albICTUICTUIPOTEHA3bl U CYNEPOKCHIIUCMYTa3bl, YPOBEHB 00IIIero Oemnka,
KOHLIEHTPAIMIO JIAKTaTa, OKa3aTeld KUCIOTHO-ILEJIOYHOTO PABHOBECUS U NApIMAIbHOE
naBieHue ra3oB KpoBU. C 1ENbI0 MHTETPAIBHOM OIEHKU CIABUIOB IHEPTETUYECKOTO
MeTaboIM3Ma MCMOJIb30BAIN Psii MIPOU3BOJHBIX MapamMeTpoB (koddduimeHT OaiaHca
DHEPreTUYECKUX peakiui, KodpduiumeHT cyocTparHoro obecrnedyeHus). Takxe
MIPOBENICHO 2 CEepUU IKCIIEPUMEHTOB, HAMPABIECHHBIX HA YTOUHEHUE HAIMYUS aKTUBHBIX
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dopMm kucimopona B ra3oBoil (aze, reHepupyemoil ammapatoMm «llmazon», u B
dbusznosornyeckom pactBope mnpu ero 6apoorake NO-comepxkalieit X010/ IHON MJIa3MOM.
VYcTaHOBIEHO, YTO B Ta30BOM IOTOKE, reHepupyeMoM meaunuHckuM amnmnapatom NO-
tepanuu  «llma3on», omnpenenseTcss HaIWMYMe AaKTUBHBIX (QOpM  KHUCIOpoJa B
koHueHntpauu 350-600 mkr/n. Ilpu pactBopenun razosoro notoka B 0,9% pactBope
XJIOpHJIa HaTpusi B HEM OOHapyKUBaeTcsi M coxpansercs Oonee uyeM 10 MuHyT
koHueHTpanuss ADK Ha mopsiiok Bblllle perucTpupyeMoil B razoBoit ¢asze. [lokaszano,
yTo o0O0paboTka 1enpbHOM KpoBu uenmoBeka NO-comepiKamM Ta30BBIX TOTOKOM
(xoHTeHTpamms okcuaa azora — 800 ppm, paccrostHue oT coruta ammapata — 10 cm.)
MPUBOJUT K CYIIECTBEHHBIM HM3MEHEHUSM (PU3UKO-XUMUYECKUX TOKa3aTelield KpPOBH.
HaGmromaercss ~ mHTHOMpoOBaHWME  DHEPreTHUECKOTO  MeTa0oyiM3Ma,  CHIDKEHUE
AHTUOKCUIAHTHBIX PE3EPBOB IUIA3Mbl, Pa3BUTHE HWOHHOTO aucOagaHca M HApYIICHUS
KHCJIOTHO-IIIEIIOYHOTO paBHOBECHS B 00pasiiax Kposw in Vitro.

KiaroueBble cjoBa: OKCHJ a30Ta, KpOBb, DSHEPreTHUECKUN MeTabom3M,
napamMeTpbl KUCIOTHO-IIIEJIOYHOTO PAaBHOBECHS], JITAKTATIETHAPOTeHA3a

NO - TOKCHYHBIN Ta3, CIOCOOHBIM BBICTYNATh B OMOCHUCTEMax KaK CBOOOIHBIN
paavKan, UMEIOIN KOPOTKUM MEPHOJT MOTYKU3HU (4 C.) U JIETKO MOJBEPraroIuiics
pa3sIMYHBIM XUMHYCCKUM TpaHchopmanusiM. OH HENpPEephIBHO MPOAYIUPYETCS B
OpraHu3Me 4YeJIOBEKa U JKUBOTHBIX (PEPMEHTHBIM U HE(PEPMEHTHBIM IyTSMHU, OKA3bIBAs
KJIFOUEBOE BO3JICUCTBHUE HA IEJBIN DSl MPUHIMITHAIIBHO PA3TUYHBIX (HU3UOTIOTUUECKHUX
¥ TIATOJIOTUYECKHUX MPOIIECCOB.

PackpbiTe MHOTOUMCIIEHHBIX OMosornueckux 3¢ dekToB MoHOOKcHaa azoTa (NO)
MOCITYKHJIO UMITYJILCOM JUTISI «OMOJIOTUYECKON PEBOTIOIIMNY, CBA3AHHOM C OTKPHITHEM U
HM3yYE€HHEM €ro MHOTI'OTpaHHOM poJM B OHMOJIOTMYECKUX Mporeccax [2, 5, 7, 18, 19].
CreacTBHEM 3TOTO CTaj0 MpU3HaHUE )ypHamoM «Science» B 1992 r. NO «mosekynoit
roga» u monydenue ydeneiMu u3 CIIIA R.F. Furchgott, L.J.Ignarro u F. Murad
HobGeneBckoit npemun B o0s1acT (U3HOJIOTMU U MEIUIIMHBI 32 BBISICHEHHUE POJIM OKCHJIA
a30oTa B (PYHKIMOHMPOBAHUM >XUBOro opranusma [5]. Cregyer OTMETHTh, 4YTO B
MOCTIEIHEE IECATUIICTHE YHUCIIO padOT B JAaHHOW OTpaciiv HayKW pacTeT JaBHHOOOpa3HO
[4,5,9,13,19-21].

CoBpeMeHHBIN ypPOBEHb 3HAHMM O OHOMOAYJISTOPHOM AKTUBHOCTH JaHHOTO
COCIMHEHMSI TIO3BOJISIET pa3palaThiBaTh MEAUIIMHCKUE TEXHOJOTHUH, OCHOBAaHHBIC Ha
npuMeHeHuu 3Kk30reHHOT0 NO min cTUMYJISIMU SHAOTEHHOTO CHHTE3a MOoCeaHero [9,
12, 13, 20]. Tak, neuebHast 3pPexkTuBHOCTH dk30reHHOr0 NO, TPUMEHSIEMOTO HAPYKHO,
3aKJTIOYAETCS B HOPMAJW3allMM  MHUKPOLUPKYJSIMU 32 CYET Ba30AWJIATAIINH,
AHTUATPETaHTHOTO W AHTUKOATYJSHTHOTO JCHCTBUS OKCHIA a30Ta; COOCTBEHHOM U
OTIOCPEOBAaHHOM TEPOKCHHUTPUTOM (00pa3yromuMcs B TKAHIX MPH B3aUMOICHCTBUU
NO c¢ cynepokcua-aHHOHOM) OaKTepUIIMIHOM JCHCTBUU; WHAYKIUU (Harommurosa
OakTepuil HeWlTpoduiaamMu U Makpodaramu; aKTHUBAIMM AHTHOKCUIAHTHOW 3alllMThI;
yIIy4IIEeHUH HEPBHOU IPOBOJUMOCTH (HeMpOTpaHCMUCCHUN); peryisuuu
cnenu@uueckoro U HecneuuPuueckoro  HMMYHHUTETa;  NPSAMOM  UHIAYKIUHU
nposmdeparnun pudpoOIacTOB, PocTa COCYI0B, CUHTE3a KoJilareHa, oOpa3oBaHUs U
CO3pEeBaHUs TPaHYJIAIMOHHON TKaHU, Mpojudepalnuu dMUTENus; perysaluy anonTo3a u
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MPENOTBPAIICHUN TaToJioThudeckoro pyomeBanust [2, 22]. CormacHoO JaHHBIM
MHOTOYHCIIEHHBIX JKCIIEPUMEHTAJIBHBIX U KIMHUYECKUX UCCIEHOBAHUM, 3TU U JPYTHE
b ekt MOTYT OBITh JOCTUTHYTHI C IOMOIINBI0 HWHHOBAIIMOHHOTO MEIUIIMHCKOTO
anmnapara «llma3zon», reHepupyromero Ijaa3My, HAaCBIIIEHHYIO MOHOOKCHJIOM a30Ta B
dbukcupoBaHHON KOHIIEHTparwuu [9, 12, 13, 20].

PaccmatpuBas sddexkter NO-Tepanuu, HTpoBOAUMON C IOMOIIBIO armapara
«Ilma3zon», ciaegyer BBIAEIUTH JBAa OCHOBHBIX AKTUBHBIX KOMIIOHEHTOB ILJIa3MEHHOTO
MOTOKA, TEHEPUPYEMOTO ITUM aIllapaToM - MOHOOKCH]] a30Ta, 00JIaJarouii pa3TuaHON
OMOJIOTMYECKOM AaKTUBHOCTBIO, M CaMy XOJOJHYIO TIutazMy. CorjiacHO JaHHBIM
NOCJIEIHUX JECATUIETHH, MOCIHEAHSAS HE HHEPTHA B OTHOLUEHWHM  OMOJOTMYECKUX
00bekToB [8-12]. B 4acTHOCTH, YCTaHOBJIEHO, YTO OHa CIOCOOHA TPHUBOAWUTH K
YHUYTOKEHUIO MUKPOOPTaHU3MOB HA Pa3IMYHbIX MOBEPXHOCTAX [8-10], Xupypruueckux
uHcTpyMeHTax [l1] m pgaxe Ha OymaxHbiX KoHBepTax [12]. C apyroil CTOpOHBI,
MPUMEHEHUE XOJIOIHOM TIIa3Mbl MOKET OBITh JOMOTHUTEIBHBIM METOJOM ONTUMU3ALIUN
TeueHus paneBoro npouecca [10, 13, 14].

B cBsizu ¢ 9TUM LeNbI0 JAaHHOW paOOThl CIYKUIU OIEHKA JEUCTBHSI Ta30BOTO
notoka MoHookcuaa a3zota (NO) Ha 1eNnbHYI0 KpPOBBH 3JI0POBBIX JOHOPOB YTOYHEHHUE
Hannuus B, renepupyeMoM NO-cuHTe3aTOpOoM, aKTUBHBIX (DOPM KHCTIOpOa.

MarepuaJ 1 MeTOAbI HCCIACAOBAHUS

JIist mony4yeHus XOJIOAHOW IIa3Mbl, OOOTAIEHHOM OKCHJIOM a30Ta, MPUMEHSUIN
anmnapat «[lnazon» (MI'TY um. H.O. baymana, Poccus). [Ipu ucnons3oBanuu anmnapara
«Ilnazon» neyeOHOE BO3ACHCTBUE OCYILECTBIAETCS MYyTEM MOABOJA K OMOJIOTMYECKUM
TKaHSIM Ta30BbIX MOTOKOB pa3inuuHod Temneparypsl (oT 4000°C no temmeparypbl
OKpY’KaroIllel Cpe/bl), HO ¢ HEM3MCHHBIM COJIep)KaHueM B mMoToke okcupia aszota ().
Jocturaercs 3T0 NyTeM MNPHUHYIUTENBHOTO MPOKAYMBAHUS aTMOCHEPHOro BO3oyXa
yepe3 pabouuit oprad ammapata — MaHUMyJasaTop. C TEXHUYECKOW TOUKH 3PEHHSI BCE
MaHUOYyJATOpHl anmnapata «[lma3on» SBISIOTCS TeHepaTOpaMH IIa3Mbl MMOCTOSIHHOTO
TOKAQ, BBIIIOJHEHHBIMU IO JIMHEWHOW TPEX3NEKTPOAHOU cxeMe [22]. 'aMMy LENHBIX U
Pa3BETBJICHHBIX, OOpPATUMBIX  IJIA3MOXUMHUYECKUX  PEAKIUH, MTPUBOAAIIUX K
ob6pazoBannio NO, MOKHO BBIPa3UTh OJTHON XUMHUYECKON POPMYIION:

N, + O, <> 2NO - 180,9 x/Ix

[IpoBeneHo 2 cepur HKCIEPUMEHTOB, HAMPABICHHBIX HA YTOUYHEHUE HAIUYUS
aKTUBHBIX (pOpM KHCIOpOaa B Ta30BoM (paze, renepupyemoii anmapatom «Ilnazon», u B
dbusunonornyeckom pactrope (0,9% pactBope xsopuaa HaTpust) ipu ero 6apooraxe NO-
COJIepKalIeH XOJIOJTHOM TIIIa3MOM.

B nmepBoil cepuM O3KCHEPUMEHTOB C UEIbI0 HCCIEIOBAaHUS MPOAYKTOB,
coJiepKaluxcs B ra30Boi (ase, UCMOIB30BAIM aIapart JIJjsl U3MEPEHHs] KOHLIEHTPaluu
ozona MKO-50 (KupoB, Poccust) mpu piauHe BOJIHBI 254 HM., HEMOCPEICTBEHHO
npucoequHsas HakoHeuHUK «lDlmazona» k Tpacce o30HOMeTpa. WM3ywamu cocras
MIPOJYKTOB Ta30BOM (Da3pl, TEHEPUPYEMOU ammapaToM Ha MHHHUMAJIBHOW, CpeIHEHd U
MaKCUMaJIbHOW MOLIHOCTH, MPOJAYBas €€ 4epe3 MU3MEpPUTENb KOHUEHTpauuu o30HaA. C
y4eTOM TOTO, YTO B BBIOPAHHBIX YCIOBUSX OKCIEpUMEHTa ((HDUKCUPOBAHHOE HAMU
paccTosiHME OT COIUIa anmnapara) KOHLEHTpauus OKCHIa a30Ta B Ta30BOM IIOTOKE
coctapisieT 800 MKI/JI, MPOBOJUIN COTIOCTaBICHHUE PE3YJIbTATOB U3MEPEHHUS C JAHHBIMH,
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NOJIYYEHHBIMH JUIsl O30HO-KHCIOPOAHOW cMecH (IpUMEHSIM 030HaTtop «Meno3oHc-
BM», Poccust) ¢ koHIIeHTpaluei o30Ha Ha BbIxojie u3 anmnapara 600 MKr/i.

Bo BTOpOIi cepun rcciieqoBaHUN OCYIIECTBISLIN MpsiMoit 6apOoTax 0,9% pacTBopa
xsopuna Hatpusi NO-conepxanieit X0JI0qHOM M1a3MOi B T€YEHUE 3 MUHYT, MOJTy4aeMOn
IpU TpPEeX YKa3aHHBIX pEKUMax MOIIHOCTH ammapara. HemocpeAaCTBEHHO 1O
3aBepIIeHnH 0apOoTaxa U3MEPSIIU ONTHYECKYIO TUIOTHOCTh PacTBOpa MPH JITTUHE BOJIHBI
254 um. na ammapare MKOX-5 (Kupos, Poccus), npegHazHau€HHOM ISl OLIEHKHU
KOHIICGHTpAaIlMd 030Ha B pacTBopax. B tutazme, Kotopoir OGapOboTupupoBaiu
duznoNnornuecKkuid pacTBOp, € TOMOIIBIO TOJMMEPHOTO TEPEXOAHHKA CO3/aBajIH
JCHCTBYIOIIYIO KOHIEHTpaluio okcujga azota 800 MKr/a (paccTosHue OT coIuia
anmnaparta 10 cm.). Pe3ynbrarsl U3MEpEHUN COIMOCTABIISUIA C JAHHBIMHU, MOJTYYEHHBIMU
JUTSL TPEXMUHYTHOTO 0apboTaka aHanoruyHoro oosema 0,9% pactBopa xiopuaa HaTpus
030HO-KHUCIIOPOJIHOM CMEChIO (KOHIIEHTpAIMs 030HA Ha BhIXOJE U3 annapara 600 MKr/i).

Btopass cepus SKCHEpUMEHTOB [IONMOJHUTENIBHO BKJIOYAJa HCCIEIOBAHUE
nuHaMuKku KoHUeHTpannun ADK B ¢Gu3HoIOrHYecKOM pacTBOpe Ha mpoTsikeHun 10
MUHYT C MOMEHTa 3aBepiieHust 6apootaxka. Perucrparuio yposas ADPK npousBoaunu
€>KEMUHYTHO B TEYEHHUE BCErO YKA3aHHOI'O MEPUOAA.

Kaxnayro u3 3THX cepuil 3KCIEPUMEHTOB, BKJIIOYABIIYIO MO 5 HCCIEIOBAHUM,
BOCIIPOU3BOAMIIN 110 3 pasa.

B tpetweit (OuMonOTMYECKOM) CepUU IKCIIEPUMEHTOB H3Y4Y€H XapakTep peaKiuu
IEJTbHOM KOHCEpBUPOBaHHOW KpoBU (N=14) Ha BO3ACHCTBHE XOJIOJHON TIA3MBlI,
HACBIIIIEHHON OKcuAOM a3zoTa. OOpasibl KPOBU MOJYYEHBI OT 30POBBIX TOHOPOB. JlJis
ATOr0 TMPOU3BOJWIIM HEMOCPEACTBEHHBIM OapOoTaxk 00pa3lioB KpoBu (5 M)
razoo0Opa3HbIM areHToM B TEYEeHHEe 2 MHHYT. ['‘€Hepanuio XOJOJHOW IUIa3MBbl,
HACBIIIEHHOM OKCHJOM a30Ta (KOHLIEHTpauus B Ta30BOM IIOTOKE B BBIOPAHHBIX
ycnoBusix — 800 ppm) ocymecTBisuin ¢ momoiieto anmapara «Ilmazon» (Poccus). Ha
OCHOBaHHMHM 3TOT0 B KpoBHU co3faBainu KoHieHTpamuio NO, paBayto 107 MKMOIB/II.
OKCIO3UIMSL TOCT€ BO3ACHCTBUS cocTaBisiia 3 MuUHYThl. KOHTposiem BbICTyHanl
oOpasell, Ha KOTOPBI HE OKa3bIBAaJM HUKAKUX BO3JCHCTBUNA. DKCHEPUMEHT MOBTOPSIIU
JNECATUKPATHO.

B noHOpCKO#l KOHCEpBHPOBAHHOW KPOBH CIEKTPOGHOTOMETPUYECKUM METOJI0M
OTIpeIeIsUTH aKTUBHOCTD JakTataeruaporerassl (JIJII') B mpsiMoit 1 0OpaTHOM peakimsx
no merony I.A. KoueroBa (1980), anpnermaneruaporenassl (AnJll') — mo metony
b.M. Kepmienronsia, E.B. Cepkunoit (1981). AKTUBHOCTH CYHEPOKCHAIMCMYTa3bl
(COM) omenuBamu mo T.B. Cupore (1999). Conepkanue Oenka yTOUHSUIM IO
MoauduIpoBaHHOMY MeToay Jloypu.

YpoBeHb akTaTa B IUIa3M€ KPOBU U HIPUTPOLUTAX OMNPEACNSId C THOMOUIBIO
ananuzatopa SuperGL Ambulance. IlokazaTenu KUCIOTHO-IETOYHOTO PABHOBECHUS U
napiuaibHOe JaBJICHUE Ta30B KPOBH YCTAaHABIMBAIU C MOMOIIbIO aBTOMATHYECKOTO
ananuzatopa ABL-77.

C nenbio HHTETPATBHOM OIIEHKH CIIBUTOB SHEPTreTUYECKOro MeTaboInu3Ma
UCIOJIb30BAJIM Psijl MPOU3BOIHBIX MAapaMeTpoB (KOAPGUIMEeHT OanaHca SJHEPTreTHUECKUX
peakuuii [KbOP], koaddurment cydcrparHoro odecneuenus [KCO]) [29].
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[MonydenHbie qaHHbIe ObLTH 00pabOTaHbI B MporpaMMHOM makete Statistica 6.0. C
y4eTOM XapakTepa paclpesielieHus TpU3HaKa JijIsl OIEHKH CTaTUCTUYECKON 3HAaUMMOCTH
paznuuuii npumensuiu U-kputepuit ManHa-YuTHu.

Pe3yabTaThl JKCIIEPUMEHTA

B mnepBoil cepun 3KCNEPUMEHTOB MPOMEKYTOUHOU IENBIO SBJSIIOCH M3MEpPEHUE
YPOBHSI aKTHBHBIX (OpM KHUCIOpOJa B COCTaBe Tra3000pa3HbIX MPOAYKTOB,
cuHTe3upyembix anmaparoM «llmazom». C ywerom Toro, urto (QurcupoBaHHas
paspabotunkamu KoHmeHtpaius NO B Ta3oBoOM MOTOKE [TaHHOTO mpubopa (BHE
3aBUCUMOCTH OT TIPUMEHSIEMOIN MOITHOCTHU anmapara) coctasisier 800 MKr/i, pe3yabTart
W3MEPEHUS COMOCTABIISUIN C TAaHHBIMU, 3aPETUCTPUPOBAHHBIMU HA BBIXOJIE U3 030HATOPA
IIPU 3aJIaHHOM KOHIIEHTpauuu o30Ha 600 MK/

YcTaHOBJICHO, YTO MPHU BCEX TPEX pekuMax padoThl ammapaTa «I1ma3on» B ra3oBoM
MOTOKE onpeaensuiocs npucyrcrsue A@K, peructpupyemsix MpHu JJIMHE BOJHBI 254 HM,
K KOTOPBIM TIpexJie Bcero oTHOcUTCs 030H. KonueHntparus ganHsix AD®K B razoBom
notoke cocraBisuia 350-600 MKr/m B 3aBUCUMOCTH OT MPUMEHSIEMOW MOIIHOCTH
npubopa (puc. 1), B CBSI3M C 4YeM B KadyeCTBE KOHTPOJS HCIOIH30BAIM O30HO-
KHCJIOPOJHYIO CMECh, UCXOJIHO cojeprkamryro 600 mkr/m o3oHa. Hanbosnee Onu3kum k
KOHTPOJILHOMY YPOBHIO OH OKa3aJicsi MPU MUHUMAaIbHONU MOIHOCTH anmapata (p>0,05),
TOTJIa KaK MPHU HCIOJIB30BAHUM CpPEIHEH U MaKCHUMaJIbHOW MOIIHOCTU ypoBeHb ADK
ObLJT 3HAYMMO HIKE KOHTPOJBHOTO (MOJIYYEHHOTO ISl O30HO-KHUCIOPOJHOW CMECH;
p<0,05), HO TaKke PETUCTPUPOBAJICSA HA TOCTATOYHO BhICOKUX mudpax (300-400 MKr/im).
Ha »ToM ocCHOBaHMM MOXXHO TPEANOJOXKUTh, YTO B COCTAaBe Ta30BOM CMecH,
reHepupyemoit «Ilma3oHoM», MPUCYTCTBYIOT aKTUBHBIE (DOPMBI KUCTIOPOJA, K KOTOPHIM,
B YACTHOCTU, OTHOCUTCS U O30H.
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Puc. 1. YpoBeHb akTUBHBIX ()OpM KHCIOpPO/Ia B Ta30BOM (haze MpH UCIIOJIb30BAHUN
o30HaTopa (00o3HaYeHNE — «030H») U TeHepaTropa NO-coaepkareit X0a0IHOM TIa3MBbl
(NO-XTI) mpu MEHUMAIBHOM («MINy), cpeaHei («NOrMy») U MaKCUMAaIbHOMR («Max»)
MOIITHOCTSIX paOOThI IprbOpa
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Bropas cepust sxcriepuMeHTOB ObUla HampaBlieHa Ha peructpanuio ypoas ADK
IIPU paCTBOPEHUM ra3000pa3HbIX MPOAYKTOB, CHHTE3UpYEMbIX amnmapatom «llmazon», B
0,9% pactBope xnopuna Harpus. KoHTposiem, KaKk W B MEPBOM CEPUU IKCIIEPUMEHTOB,
CIIYXHUJIO PACTBOPEHUE O30HO-KUCIOPOAHOW CMecH (KOHIIGHTpallus Ha BBIXOJE W3
o3oHaTopa 600 Mkr/m). OOHapY>KEHO, YTO MPU PACTBOPEHUH MIPOTYKTOB, TEHEPUPYEMBIX
yctaHoBKO# «I1nazon», ypoeHp ADK B pacTBOpe OKa3bIBAETCS HA MOPSAIOK BBIIIE, YEM
B Ta30BoM (asze, mpakTudecku aocturas 9 mr/a (puc. 2). Ciaeayer oTMETUTh, YTO B
JQHHOM CJIy4ae MOIIHOCTBH aImapara HE3HA4YMTeNIbHO BiusAeT Ha ypoBeHb ADK, xord
oOHapyXeHHasl B Ta30BOU (pa3e oOpaTHas 3aBUCUMOCTh MEXKAY 3THMH IapaMeTpamu
npocMaTpuBaeTcs Ha ypoBHe TeHiaeHiuu (P<0,1 ni1s MUHUMaNIbHOM M MaKCHUMalbHOM
MOIITHOCTH TIprOOpa).

’ i
8 1 I T
, 1
6
5
B
s
4
3
2
1
O 1 1 1 =
NO-XIT min NO-XIT norm NO-XIT max 030H

Puc. 2. Yposenb aktuBHBIX (hopM kuciopoaa B 0,9% pactBope xjiopujia HaTpus Npu
MCTIONIb30BaHUU 030HaTOpa (0003HaueHNE — «030H») U reHeparopa NO-coaepkarieit
xosoauo# mnazmel (NO-XIT) mpu MUHUMATBEHOH («MIiNY), cpemuei («NOrmy») u
MaKCUMalIbHOM («Max») MOLIHOCTSIX paboThl mpudopa

B 1O Xe Bpems pacTBOpeHHE O030HO-KHCIOPOIHON CMECH MPOTEKAeT COTJIACHO
M3BECTHBIM 3akoHoMmepHocTssm [1, 8, 10, 12, 14]: ompenensemas B pacTBOpe
koHnentparuss ADK mocne 6apbotaka 030HOM coctaBisieT mpumepro 0,2-0,25 ot
U3MEpEeHHON B Ta30Boil (ase. B Hamem »skcmepumente konimeHtpaius ADK B
(U3MOIOTHYECKOM pacTBOpe Tociie 6apOOTHPOBAHUS 030HOM OIPENEIsach Ha YPOBHE
120-140 mxr/n. Takum 06pa3om, pacCTBOPEHUE UCCIEAYEMbBIX MTPOIYKTOB ra30BoM (a3kbl,
cuHTe3upyemMoit yctaHoBkoW «[lma3on», oOecrieunBaeT TeHEpaIilo HOBBIX (IO
OTHOIIIEHUIO K UMEIOIIMMCS B Ta3oBoi ¢ase) ADK B pacTBope, perucTpupyeMbIX MPU
UCIIOJIb3yEeMOM JIYTMHE BOJIHBI.

O6paboTka wuzonupoBaHHOW KpoBH MMoTokoM NO, reHepupyeMbIM ammapaTom
«I1nazon», CyIIeCTBEHHO U3MEHSJIA TapaMeTPhl OOJIBIIMHCTBA U3YYEHHBIX (PEPMEHTHBIX
cucteM KkpoBu (puc. 3). B wactHocTH, HaOMI0AIOCh CTATUCTUYECKH 3HAUYUMOE
cHwkenune aktuBHocTr JI/II' B ipsimoit peakiuu (Ha 39 u 15% cootBercTBenHo; pP<0,05)
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Ha (hOHE TMOBBIICHHUS AaKTUBHOCTH TOCIEAHETO YH3UMa B 00paTHOU peakiuu (Ha 86%;
p<0,05), KOCBEHHO CBHUJCTEIICTBYIOIIEE O CHIKEHUM DSHEPreTHUYECKUX PECYpPCOB
sputrporuToB. K agantuBHbiM NO-MHIYIIUPOBAaHHBIM HU3MEHEHHSIM CIEAYET TaKkKe
OTHECTH BBIPAKEHHOE CHUXEHUE AKTHUBHOCTH OJIHOIO K3 OCHOBHBIX KOMITOHEHTOB
(dbepMEeHTHOr0 3BeHa AHTHUOKCHUAAHTHOW CHUCTEMbl KpPOBU — CYHEPOKCHIIMCMYTa3bl
(CON) (Ha 39% oTHOCHUTENBHO KOHTpOJbHOTO YpoBHs; P<0,05). C yyeTtom Toro, 4tro
NneicTBUe Ha Ouosormueckyro cpefy xojonHod mnasmbel 1 NO  compsbkeHO c
TUTIEPIPOAYKITEH B HEM CBOOOMHBIX pamukanoB [5, 10, 22-24], cHIKeHHEe aKTHBHOCTH
COJl MoxeT mpuUBOAUTHL KO MHOTUM HETAaTUBHBIM TIOCIICJCTBUSM, OOYCIOBICHHBIX
JEHCTBUEM Ha KPOBb ATUX PAIUKAJIOB.
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Puc. 3. Bnusiaue razo000pa3Horo okcua a3ota Ha aKTUBHOCTh (DEPMEHTHBIX CUCTEM
kpoBu (JIAI'np u JIAT'006p — npsimasi 1 oOpaTHasi peakiMK JIAKTaTAETUAPOTreHA3hI
cootBeTcTBeHHO, An/[I" — anpneruaneruaporenaza, COJl - cynepokcuiiucMyTasa)

HNuTepecHo, 4yTo 00pabOTKa KpPOBHM MOHOOKCHUIOM a30Ta NPAKTUYECKH HE
OKa3bIBajia BIUSHUS HA aKTUBHOCTb aJIbJICTUACTHUIPOT€HA3HI.

NO-3aBrucuMBIE META0OJIMYECKHE TIEPECTPONKH, B YACTHOCTH TMPUBOIAIINE K
HapylieHuto  gusnonorudeckoro ¢ynkuuonupoBanuss JIJIIT B spurporurax co
CMEIICHHWEM B  CTOPOHY  aKTHBAlMM  OOpaTHOM  peakuuud  OOYCJIaBIMBAIOT
pa3HOHANPABIECHHYIO JUHAMUKY KOHIIEHTPAIMU JIaKTaTa B IJIa3ME U IPUTpoLUTAX. TaK,
B TMEpBOM OMOOOBEKTE (IJIa3Me€ KPOBH) PETUCTPUPOBAIN MHUHUMAIBHOE CHUKEHUE
coJIep)KaHUsl uccieayemMoro Merabonura (Ha 6%), Torma Kak BO BTOPOM — YETKYIO
TeHJIeHIINIO K Hapactanuto (Ha 11%; p<0,05). C Hammx mo3uiuii, BeISIBICHHbBIE CABUTH
aktuBHOCTH JIJII" 1 nakTara »pUTPOLIMTOB MOTYT PacCMaTpUBATHCA KaK MPEANOCHUIKU
THITIOKCUYECKOTO COCTOSIHUS, CMOJICIIMPOBAHHOTO IN VItr0 mpu IeiCTBUM BBICOKHX 103
OKCHJIa a30Ta Ha 1eJIbHYIO0 KPOBb 3/I0POBBIX JIFOACH.
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Puc. 4. Bnustnue 06pab0oTKH KpOBHU OKCHUIOM a30Ta Ha MPOU3BOJHBIE MMOKA3ATEIH
HHEPreTUYECKOro Meradoin3ma

JInsi KOMIUIEKCHOM OLIEHKM YHEPreTUYECKOro MeTaboJIu3Ma SPUTPOLUTOB MBI
NPUMEHSUTM  JBa  MPOU3BOAHBIX  K0d(h(UIIMEHTa,  BKJIIOYAIOIIUE  AKTUBHOCTh
JaKTaTAErUIPOTreHas3bl B IPSIMOM M 0OpaTHOW peaKIMi U yPOBEHb JIAKTaTa B U3y4aeMbIX
KJIETKaX KpPOBHU. YCTAHOBJICHO, 4YTO OOpabOTKa OMOJOTMYECKON >KUJIKOCTH OKCHIOM
a30Ta MPUBOJIUT K CHIDKEHHIO o0omx kKoddduimento (puc. 4). Tak, xodddurment
Oamanca sHepretnueckux peakumii (Kb2OP) chmxkancs B 3,5 paza OTHOCHTEIBHO
KOHTpoJibHOTO oOpasia (P<0,05), a koaddumnment cydbcrpatnoro obecnedenus: (KCO)
OB HUKE KOHTPOJBHBIX 3HaYeHUi B 1,6 paza (P<0,05). OTu caBuru JeMOHCTPUPYIOT
HAJIMYKE BBIPAXKEHHOTO YHEProaepuIuTa, GOpMHUPYIONIETOCs B KPOBHU IO/ BIUSHUEM €€
6ap6oTtaxa NO-conepx amum ra3oBbiM MOTOKOM. C y4eTOM TOTrO, YTO YPOBEHb JIAKTaTa
B DOPUTPOIMTAX CHUXAETCA YMEPEHHO, MOXHO TNPEANOJ0XKUTh, YTO OCHOBHBIM
MEXaHU3MOM  HAOJIOJAIOIIUXCSA  TCEBAOTUIIOKCUYECKUX  SIBJICHHM  BBICTYNAIOT
HapyleHus: QyHKIMOHUPOBAHUS JAKTATAETHAPOTreHas3bl (CMenieHue OanaHca Mexay ee
aKTUBHOCTBIO B TMpAMOA M OOpaTHOW peakusix. OTa THUIOTe3a MOJHOCTHIO
noATBepkAacTCs 0osiee BhIpakeHHBIM HapacTanrueM KBOP 1o cpaBHeHUIO ¢ TMHAMUKOM
KCO non BnusiHueM 00pabOTKH KPOBU OKCHUJIOM a30Ta.

[IpeacTaBisitoT Takke HMHTEpPEC JIaHHbIE, Kacaloluuecs NMHAMHKU HaplUaibHOTO
JaBJICHUS YIJIEKHCIIOTO Ta3a M KHUCIOpoJa B KPOBU MpPU €€ 00paboTKe TIa30BbIM
MOTOKOM, reHepupyeMbiM anmapatom «llmazon» (puc. 5). BbisiBaeHHbIE H3MEHEHUE
aktuBHocTH JIII' B mpsiMoii m oOpaTHOM peaklusX W HapacTaHUE YPOBHS JaKTaTa B
SPUTPOLIUTAX, YKa3bIBAIOIINE HA (POPMUPOBAHUE SHEProAepUIINTa, MPEATOIOKUTENIHHO
JIOJKHBI OBLTH COYETAThCS C MaJeHUEM MaplHalbHOTO JABJICHUS KUCIOPOAa B KPOBH,
OJIHAKO HAaMHU 3aperucTpUpOBAaHA NPOTUBONOJIOKHAS TEHAEHUUS — YBEJIMYEHUE
3HaueHust AaHHoro mokaszatens Ha 107%. IlomoOHas kapThHA, O HAIIeMy MHEHHUIO,
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CBsI3aHA HE C CAMHM OKCHJIOM a30Ta, a C OCOOCHHOCTSIMU «HOCHUTENS» ra30BoM (pa3bl —
XOJIOHOM  TUTa3Mbl, KOTOpas COAEPKUT B ceOe 3HAYUTEIbHOE KOJIMYECTBO
MOJIEKYJIIPHOTO KHUCIIOpOJa B METAaCTa0MJIBHOM COCTOSTHUM M aTOMAapHOIO KHCJIOpOJa
[30-32]. PactBOpeHMe mociaemHUX M 00eCredrBajo HaOMIOAAeMbIi B 3KCIICPUMEHTE
b (DEKT TUNepOKCUreHalud, COYETAIOUICHCs CO CHUKEHUEM MapluaIbHOTO JaBICHUS
YTIEKHUCIIOTO ra3a.
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Puc. 5. [TapunanbHoe JaBlIeHHE KUCIOPO/Ia U YTJIEKUCIIOTO Ta3a B KPOBU IIPH €€
00pabOTKE OKCUIIOM a30Ta

YcranoBneHo, uro o0OpaboTka kpoBu ra3zoo0pasHsiM NO mpuBoguino k
MUHUMAJIBLHOMY 3akuciienuto cpenbl (ApH=-0,08), cHIKeHUIO0 YpOBHS OMOKapOOHATOB
mwia3Mbl (Ha 44% OTHOCHUTENBHO UCXOAHOTO ypoBHs; P<0,05) W MOBBINICHUIO YPOBHS
kamus B Helt (AK'=0,43 Mmonb/m). BaxkHo mogdepkHyTh, 4TO IIPHU 00paboTKe 00pa3IoB
[EJTLHOM KPOBM MOHOOKCHJIOM a30Ta BU3yaJbHO HaOmonaeTcs 3h(PEeKT «IOTEMHEHUS,
KOTOPBIN MOKET OBITh 00YCJIOBJIIEH METTEMOTTIOOMHOOOpa30BaHUEM.

O0cyxaeHue pe3yjbTaToB

Pa3paborunkamu annapara «[lnazon» mocrynupyercs npeuMyecTBEHHbIN CUHTE3
B Ta30BOM IIOTOKE CMECH OKCHJIOB a30Ta, MPEXKJIE BCErO COJEPKALINX a30T B CTEMEHSIX
okucienuss Il u IV. Dro cBsfizaHO ¢ Tem, 4TO MoOJIeKyJa OKCHIa a30Ta oOiamaer
AKTUBHBIM OKHCIIUTEIHHBIM MOTCHIINAIIOM U B BO3YIIHON CPE/Ie BCTYMAET B PEAKIIUIO C
MOJICKYJIIPHBIM KHCJIOPOJOM C 00pa30BaHHEM XMMHYECKH YCTOWYMBOTO COCIUHEHUS —
nByokucu azora (NO,), KoTopasi BCIEACTBUE dTOTO 00JIUTaTHO OYJET MPUCYTCTBOBATH B
NO-conepkaiieM ra3oBoM MOTOKe. VMIMEHHO HanmWyue JABYOKHMCH a30Ta B Ta30BOM
noTtoke «lIlnazoHa» BbI3bIBaE€T 3aMETHOE MOJKUCIECHUE BOJHBIX PACTBOPOB, B KOTOPHIE
MOCTYIAET TOT MOTOK. JTO MOJKHUCIEHHUE 00yciaoBieHo ruaposn3oM NO; mo peakuuu
2NO; + H,O — HNO, + HNO;, npuBoasimM K HaKOIUICHHIO B CPElI€ yKa3aHHBIX
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kucnot. [ns mpenorBpamienus 3Toro 3ddexra peKOMEHIyeTcs MPOIYCKaTh Ta30BbIi
noTok u3 «Ilma3zoHay» yepes pacTBOp KpenKoOW MEIOUH.

[lonyyeHHBIE HaMHM 3KCIEPUMEHTAIBHBIE JIaHHBIE MIO3BOJISIIOT MPEANOIOKUTH
Hanuune B NO-copepxamiemM Tra3oBOM TOTOKe, TeHepupyemoM «llmazoHomy,
JOTIOJTHUTENBHBIX KOMIIOHEHTOB — AaKTUBHBIX (OpPM KHUCIOpOAa, Cpead KOTOPBIX
HamOoJiee TPEACTaBlIeH O030H. B COOTBETCTBUM C pe3yJbTaTaMHU MPOBEIACHHBIX
HKCIIEPUMEHTOB, MOKHO C(HOPMYIUPOBATH CIAEAYIONINE 3aKOHOMEPHOCTH:

1. B razoBom moToke, reHepupyemMoM MeaunuHckuMm amnmapatom NO-tepamuu
«Ilmazony», onpenenseTcss HaTM4Yhue aKTUBHBIX (POpM KHCIOpoJa B KOHIeHTparuu 350-
600 MKr/m, 4TO COMOCTAaBUMO C YPOBHEM, PETHMCTPUPYEMBIM I 030HO-KHCIOPOIHOM
cMecu ¢ coxaepxkanueM o3oHa 600 wmkr/m. Ilpm sTOM Habmromaercs oOpaTHas
3aBUCUMOCTbh MEX]ly MPUMEHSIEMOW MOIIHOCTBbIO MpUOOpa U COIEpPKAHUEM AKTHUBHBIX
(GbopM KUCIOpOJia B ra30BOM IOTOKE.

2. IIpu pacTBOpeHMH JAaHHOTO razosoro noroka B 0,9% pactBope xinopuaa HaTpus
oOHapyxuBaemasi B HeM KoHuUeHTpauuss APK Ha mopsiok BbllI€ pEerucTpUpyeMoil B
ra3oBoi (asze. IT0 CBUAECTENBCTBYET 00 UHIYLIUPOBAHHOM 0apOoTakeM 00pa30BaHUU B
(U3HOIOrMYECKOM PacTBOPE 3HAUUTENBbHOTO KomyecTBa ADK.

3. Ilocne GapbotupoBaHus (U3HOIOTMUYECKOTO PacTBOpa HU3y4aeMbIM TIa30BbIM
noTOKOM cozepxanue ADK, oleHHMBaeMoe NPy JJIMHE BOJIHBI 254 HM, COXpaHSETCs Ha
IIOCTOSIHHOM YPOBHE Ha ITPOTSKEHUH HEe MeHee 10 MUHYT.

[Tony4yeHHble AaHHBIE MO3BOJISIIOT MPEANOJIOKUTh, YTO OHOJOornyeckue 3HQPeKTsl,
Habmomaembie Tipu npoBeAeHun NO-Tepanuu XOJOAHOW TIIa3MOHM, TeHepUpyeMoil
annaparoM «lIlna3zoH», 4YaCTUYHO MOTYT OBITH CBSI3aHBI C MPUCYTCTBHEM B Ta30BOM
MOTOKE Pa3IMYHBIX aKTUBHBIX (pOopM Kuciaopoaa. Ha ocHOBaHMM CBeIEHUI JTUTEPATypPbI
MO>XHO TPEINOJIOKHUTb, YTO K HUX YHUCIY OTHOCSTCS MEPEKUCh BOJOPOJ]A, HEKOTOPHIE
KOJIMYECTBA CHUHIJIETHOrO Kuciuoponaa u ap. [1, 8, 11, 14, 16]. C yderom Toro, 4ro, mno
nanueiM B.B. Jlyauna ¢ coaBt. (1998), a taxke HO.B. ®dununmosa ¢ coat. (1992),
reHepanusi 030Ha MOXKET OBbITh OCYIIECTBICHAa B IUIA3MOXHMHUYECKOM pEaKTope,
KOHCTPYKTHUBHO CXOJIHOM C PEaJIM30BAHHBIM B MaHUITyJsiTope annapata «llmazon» [14,
17], pe3yapTaThl HAIIUX HKCIIEPUMEHTOB HMEIOT JIOCTaTOYHOE TEOPETHUKO-
HKCIIEPUMEHTaIbHOE 00OCHOBAHUE.

B.JI. 3unuenko ¢ coaBT. (2005) cuuTalT, YTO NOpHU O30HUPOBAHUHU
(U3HONIOTMYECKOTO pacTBOpa 00pa3yroTcs JOCTATOYHO YCTONYMBBIE COSAMHEHUS 030HA
U XJIOpUJA HATpUsl, UMEIOIIME MAKCUMYM IOTJIOIEHHS IPU JUIMHE BOJHBI 212 HM. [8].
[To muenuto B.A. Kyapsisuesa c¢ coast. (2005, 2007), cnekTp JaHHBIX «BTOPUYHBIX
OKHCJIUTENEC» MPEACTaBJIEH MEPEKUCHIO0 BOAOPOIa U runoxjopuroM Hatpus [10, 11], a,
¢ no3unuii I'.A. bosspunoBa u A.C. I'opaerosa (2000), — ¥ TUAPOKCUIIBHBIM PAIUKATIOM
[1]. Takum oOpa3oM, Ta30BbIN MOTOK, TeHEPUPYEMbIi amnmapaToM «Il1a3oHy, BKIIOYAET,
NOMUMO OKCHJAa a30Ta KakK OCHOBHOTO IPOJYKTa IJIa3MOXUMHUYECKOM peakluu,
IMIMPOKUH CIEKTP Pa3HOPOAHBIX aKTUBHBIX (POPM KHCIOpOJa, MPEBATUPYIOIMIUM CPEIH
KOTOPBIX B Ta30BOW (pasze sBiseTcs O030H. PacTBOpeHHE TaHHOTO Ta30BOTrO IMOTOKa
NPUBOJUT K MHIYKUHH JononHUTENbHBIX ADK B pacTBOpe, MpUYEM HEKOTOPBIE UX HUX
OTHOCHUTEIBHO CTAaOWJIbHBI. OTH JaHHbIE MOTEHUUAJIbHO CBUJETEIBCTBYIOT O
NOJINKOMIIOHEHTHOCTH cocTtaBa A®K razoBoro moroka, reHEpHUpPYEMOro amnmnaparom
«Ilma3on», T. K. COIJIACHO YCTAaHOBJICHHBIM paHee, B yacTHOCTH [.A. BospuHOBBIM U
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A.C. Topneuossim (2000), B.A. KynpsasueBsiMm ¢ coaBT. (2007), 3aKOHOMEPHOCTSIM
MIPOLIECCOB, MPOTEKAOIIUM B BOAHBIX PAaCTBOpPAx, KOHILIEHTPALMS O30HA B IMOCIEIHUX
SKCHOHEeHIMaapHo mnagaetr [1, 11]. JlaHHOe O0OCTOSTENBCTBO JAEMOHCTPUPYET
MIPUCYTCTBUE B U3y4a€MOM ra30BOM MOTOKE KaK 030HA, Tak U HEO30HHBIX ADK.

Oco0oe BHUMaHUE CeAyeT YJEIUTh MOSIBICHUIO B PACTBOPE MEPEKUCH BOAOPOA,
00yCJIOBIIEHHOMY CITOCOOHOCTHIO «II11a3oHa» MpoayupoBaTh HE TOJIBKO OKCHUJIBI a30Ta,
HO 1 030H. [lepeknch Bogopoaa, pearupysi ¢ MOHOOKCHUIIOM a30Ta, NAET NEPEKCUHUTPUT,
YpE3BbIYANHO TOKCHYECKOE COEJUHEHUE, KOTOPOE€ MOXKET OBITh IOJIE3HBIM Kak
AHTUCENTUYECKOE CPEACTBO, HO YPE3BBIYAIHO HEXKENATEIbHO MpPU HUCIOJIb30BAaHUHU
MOHOOKCHJA a30Ta B Tra3oBoM moToke «llma3oHa» Kak perynsitopa pazHOOOpa3HBIX
¢uznonornyeckux mpoueccoB. Kpome Toro, BzamMonaencTBHe MEPEeKHCH BOAOPOIA C
IPUMECHIO JIByXBaJEHTHOI'O eje3a B BOJAHOW Cpele MOXKET 3aMETHO WHUIIMHPOBATH
NOSIBJIEHUE aKTUBHOTO MOHA TMAPOKCHIIA, KaK MPaBUIIO, OKa3bIBAIOIIETO OTPHUIIATEIEHOE
JeICTBUE Ha pa3IUnyHble META00IMYECKUE TIPOLECCHI.

B umenom, MBI cuuTaeM, 4YTO JaHHAs JOMNOJHUTENbHas Xapakrtepuctuka NO-
Tepanuu XOJOJHOM IJIa3MOM CIIOCOOHA SBUTHCS TPUITEPOM HEKOTOPBIX KIMHHUYECKUX
ah(dexToB, a ee ydeT BaKeH B ILIaHE PACIIM(PPOBKU CAHOTEHETHUUYECKOTO JEUCTBUS
nocienued. Tak, yacth JIOKanbHBIX 3(PPeKToB, co3zgaBaeMbix ammapatoMm «llmazon» B
OMOJIOTHYECKHUX TKaHSAX IN VIVO, MOXET OBbITh CBSI3aHA C HAJIMYMEM B Ta30BOM IOTOKE
030Ha. OTO OOOCHOBBIBAET LIEJIECOOOPa3HOCTh 0OoJiee MOAPOOHOTO PACCMOTPEHMS
00HApYKEHHBIX 3aKOHOMEPHOCTEN Ha Pa3IM4HbIX OMOJIOTHYECKUX MOJIETISX.

O6paboTka 1eIbHON KPOBU 30POBBIX JIOHOPOB XOJOJHOW IJIa3MOM, cofiepxKaliei
BBICOKME KOHLIEHTpAlMu OKCHJA a30Ta, NPUBOJAMUT K W3MEHEHMIO psia MoKazarenel
SHEPreTUYeCKOro MeTadoJiM3mMa, HIOHHOTO COCTaBa U KUCIOTHO-UIEIOYHOTO PABHOBECHS
B OmosormueckoMm cyocTtpare. Kpome Toro, oOpaboTka kpoBum razoodpasabiv NO B
UCIIOJIb30BAHHOM DPEXHMME, OKa3bIBas IPEUMYIIECTBEHHOE BJIUSHUE HAa COCTOSHUE
SPUTPOLIUTOB, JEMOHCTPUPYET MPU3HAKU METreMoriioonHooOpa3oBanus. [IpuBeneHHble
pe3yJbTaThl JAAl0T OCHOBAaHUE MPEANOJIOAKUTh, YTO yKa3aHHAs KOHIICHTPALMS OKCHIA
a30Ta SIBJSIETCS CIIMIIKOM BBICOKOM [UIsi HM3ydyaeMOW OHOCHCTeMBbl. OTH JIaHHBIE
MO3BOJISIIOT ~ MPENONOXKUTh, YTO Juisi onTuMmanbHoro BozaedcTtBus NO  Ha
OuoNoruueckue  KMJIKOCTH  Oojiee  MPEANOYTHTENBHBIM 1O  CPaBHEHHIO  C
HETMOCPEICTBEHHBIM 0apO0TaXXeM KpOBU ITUM areHToM mpejactasisercs BBenenne NO B
JIENOHUPOBAHHOW opMe (Hampumep, B BUAC TUHUTPO3WIHHBIX KOMIUIEKCOB JKefe3a [3,
4]) unu 3HAaYUTETLHOE CHU)KEHHE KOHIICGHTPALIMKM OKCHIA a30Ta B Ta30BOM TTOTOKE.

JIeNCTBUTENBHO, KaK IMOKA3aJM OIBITHI C BO3JCUCTBHEM JOTHUX KOMIUIEKCOB HA
KOXKHbIe paHbl y kuBOTHbIX, JHKXK c rayratTmoHOM WM UUCTEMHOM TIpU MX
OJIHOKPAaTHOM BBEJICHUU B paHy B J103€ 5 MKM B IIE€PBBIC JIBA JTHA MOCJE HAHECEHUS PaHbl
yBEJIMYUBAIA 00BEM IPaHyJIOIUTOB B paHe Ha 4-biii JieHb B 3-4 pa3a 6oiiee 3PpheKTUBHO,
YeM 3TO IPOUCXOJUIIO €CTECTBEHHBIM NYTEM Yy KOHTPOJIBHBIX >KMBOTHBIX [34]. He
UCKJIIOYEHO, YTO 3TO MOBbIIIeHHE obecneunBaioch cnocodHocthio JJIHKXK BricTymaTs B
KayecTBE MEPEeXBATUYMKOB MOHOB cymnepokcuaa [35], uro yBenuuuBano ypoBenb NO B
TKaHu, Kak nocrynaroniero u3 JIHKOK, tak m mpomynupyemoro B TKaHSIX paHbI
paznuuasiMu NO-cuHaTazamu.

Kak mokazamu pesynbrarsl ucnbitanuii JJTHKXK Ha 310poBBIX H00poBosbLax [4],
ATU KOMIUIEKCHI MIPU UX BHYTPUBEHHOM BBEJICHUM HE BBI3bIBAJIM 3aMETHOT'O U3MEHEHUS
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Pa3IMYHBIX MMOKAa3aTeJIed KPOBU y 3THX IMAIMEHTOB. B HacTosiiee BpeMst TpoOu3BOAUTCA
YTOYHEHHs XapaKTepa HMX BIUSHHUSA HAa KPOBHM YelIOBeKa IN VILro, 4To sABISETCS LEIbIO
NaNbHENUIINX U3bICKAaHUH.
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OKCKPEIUS HATPUSA U XJIOPA Y KPBIC IIPU U3BMEHEHHUUA
AKTUBHOCTU CUCTEMBbI OKCHUJIA A3OTA

N.H. buaagos, P.I'. Kapumosa

@I'bOY BIIO «Kazanckas 2ocyoapcmeeHHas akademusi 6emepuHapHou Meouyutbol

umenu H.O. baymana»

Abstract

The aim of our investigations is scrutiny of sodium and chlorine excretion in rats
under action of NO donors and NO-synthases inhibitor. Experiments was executed on 80
Wistar rats, divided into 8 groups (four groups of males and four groups of females).
First and fifth groups were control. Animals of second and sixth groups were treated
with L-arginine (200 mg/kg), in third and seventh one — with NO-synthases inhibitor L-
NAME. Rats of fourth and eighth groups got a intragastral injections of
chlorfuroxanobenzofurazan (2 mg/kg). Chlorides and sodium were estimated in blood
serum and urine. We also studied daily urine volume, glomerular filtration rate and the
level of tubular reabsorption. It was stated that L-arginine causes increasing of urine
volume and elevation of sodium and chlorides excretion. L-NAME initiated decreased
daily urine volume and chlorides excretion in male rats. Effect of
chlorfuroxanobenzofurazan included the decreasing of sodium and chlorides excreation.
We also fixed marked sex specify of effects of substances, modulating NO system state.

Key words: nitric oxide, kidney, rat, sodium, chlorides

[lenapro McclieNOBaHUN SBUJIOCH M3yYEHHE MWHTEHCHUBHOCTH IKCKPELHMH HATpUA U
xyopa y kpbic ipu BBegeHUH JoHOPOoB NO u marmomropa NO-cuHTa3. DKCIIEPUMEHTHI
npoBeneHbl Ha 80 OenbIX HEIMHEHHBIX KpbICcax, pa3AeieHHbX Ha 8 rpynn (no N=10), u3
KOTOPBbIX 4 TpyMIbl KPbIC, COCTOSBILIME M3 TOJOBO3PENbIX CaMOK W 4 Tpynmbel — U3
M0JIOBO3pENBIX caMUOB. IlepBas v nATas rpymnna coCTOSUIM U3 UHTAKTHBIX KPbIC, KpbICaM
BTOpOW W mectoi rpynn BBoawin L-aprunun B goze 200 Mr/kr, kpbicaM TpeThbed U
ceapMOil Tpynn — MHruOuTop cuHrta3 okcuaa azora (L-NAME) BrytpubOprommusaHo,
KpbICAM 4YETBEPTOM W BOCBMOW TPYyIIl — 3K30T€HHBIM JOHOP OKCHAA a30oTa
(xmopdypokcanobeH3odypasan B 103€ 2 MI/KT BHYTPHKEITYJ0UHO). B CBIBOPOTKE KPOBU
U MOYE XMBOTHBIX OIpPEACNSIM ypPOBEHb XJIOPUAOB M Harpus. OueHuBaiu oObeM
CyTOYHOM MOYH, CKOPOCTh KIyOOUKOBOW (MIBTpAllMd W YPOBEHb KaHAJIBIIEBON
peaOcopOuy. YCTaHOBJEHO, YTO Harpy3ka L-aprUHMHOM BBI3BIBAET YBEIMUCHUE
o0beMa BBIJENIAEMON MOYH, a TaK)KE MOBBIMICHHE SKCKPELMU HOHOB HATPHs U XJIOpa, a
omokama cuHTa3 okcuga azora L-NAME cHmwkaer o0beM CyTOYHOTO AMype3a u
HKCKpELMIO XJIOpUJoB y camioB. [lpu BBemenuu xiopdypokcanobeH3zodypazaHa
CHIIKAETCSl JKCKpELMs HaTpUsl M XJOPHUIOB € MO4YOW. Takke BBISIBICHA II0JIOBAS
crietnpuIHOCTh (hU3noIorndeckoro 3¢gdexra JOHOPOB U MHTMOUTOpA OKCHUJIa a30Ta Ha
DKCKPELMIO HATPUS U XJIOpA y KPBIC.

KuroueBble cj10Ba: OKCUJ a30Ta, MTOYKH, KPBICHI, HATPUH, XJIOPHUIBIL.
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Pone okcupa aszora (NO) B BOgHOM M HOHHOM OOMEHE JOKa3aHa MHOTHMH
OTEUECTBEHHBIMU M 3apyOEKHBIMU YYEHBIMH. Y CTAaHOBJIEHO, YTO YBEJIMYEHHUE
obpazoBanusi NO mpuBOAUT K MOBBIIIEHUIO HHTEHCUBHOCTU JIMype3a, dkckpenuu Na u
BOJIbI, a MHTHOUpOBaHKEe K 00paTHOMY 3 dekTy [5, 6].

B mnoukax B3aMMOCBSI3b MEXIy IIpolieccaMH KIyOO4uKOBOM (uiabTpanuu u
KaHAJIbLIEBOU peabcopOiu oOecrieunBaeTcs JESTETbHOCTBIO KOMILJIEKCa
TyoynoriomepyispHoit obpatHoii cBsizu (TOC), oOycioBiIeHHON KOHIIEHTpalMUeh
rroko3bl 1 NaCl. Ecim mx KOHIEHTpamus CHIKEHAa — 3TO CHUTHAJ JUIsl TTOBBIIMICHUS
CKOPOCTH KITyOOYKOBOW (DMIIBTpAIMK, €CJIM MOBBINICHA — CUTHAN Jisi cHrbkeHus [10].
Henoctatok mnoctyruieHuss HaTpusl XJopuaa B IUIOTHOE msSTHO (Makyina JleHca)
YBEIMYHUBAET CKOPOCTh KIIyOOoukoBoi (wibrpanuu [9]. BaxHyo posib B peryisnuu
cucTeMbl TyOynmorinomepysipHoi oopatHoi cBsi3u urpaet NO [11]. VcraHoBieHO, 4TO
HATPUHYyPETUIECKOE U MOUYETOHHOE JIEHCTBHE OKCHA a30Ta HE BCET/Ia COMPOBOXKIACTCS
U3MCHCHHUSMHU B CKOPOCTH KJIYOOYKOBOW (DHIBTpAIMKM WM MOYEYHOrO KpOBOTOKa [7],
yTO noKasbiBaeT ydactue NO B mHrubuposanuu Tpancropra Na * M Boabl B CTEHKax
KaHaJbIeB HehpoHa.

Panee namu Oblia yCcTaHOBJIEHA MOJIOBAs CIEHU(PUIHOCTh CUCTEMBI OKCHJIa a30Ta,
a TaKk)Ke 3aBUCUMOCTH OT I0JIa >KUBOTHOTO (u3unosoruyeckux 3pdexroB noHopo NO u
uaruouropa NOS [1, 2]. DTo mo3BONIMIO HaM MPEANooXuTh, 4To yudactue NO B
HKCKPEIIMH HATPHUS U XJIOpA TAKKE 3aBUCUT OT 10JIa >KUBOTHOTO.

Hcxonms w3 3TOro, IEIbI0 WCCICNOBAHWNA SBHIJIOCH HW3yYCHHE HWHTECHCHUBHOCTHU
9KCKpELMU HATpHUs M XJopa y Kpbic mpu BBeaeHnu aoHopoB NO u marubéutopa NO-
CUHTa3.

MaTtepuaJibl 1 METOJbI UCCJIEIOBAHUS

DKcnepuMeHThl npoBeAeHbl Ha 80 OenblX HEIMHEWHBIX Kpbicax O00O0ero mnosa
maccoit Tena 230-260 r. [ns 3Toro ObuiM co3naHbl 4 TPYIIBI KPbIC, COCTOSIBIIME W3
MIOJIOBO3PENBIX CaMOK U 4 TpyMIbl —U3 MOJI0BO3peNbIX camioB. [lepBas u msTas rpyrra
COCTOSTM U3 UHTAKTHBIX KPBIC, KpbICAM BTOPOW M MIECTOW Trpymin BBOAWIN L-aprunun —
cyocrpat nist NO-cunTassel B 1o3e 200 mMr/kr BHyTprokenynodHo B Buje 10 % BomHOTO
pactBopa (N=10), kppicaMm TPEThEH U CEAbMOM TPYIIT — HHTHOUTOP CHHTA3 OKCHIA a30Ta
— L-NAME BnyTtpubprommuaao B go3e 20 mr/kr B Buae 10 % pactBopa, Kpbicam
YEeTBEPTOM M  BOCBMOW TIpPylnn — DK30I€HHBIM JOHOP OKCHMJa as3ora —
xynopdypokcanobeHzodypaszan B o3¢ 2 Mr/kr BHyTpwxkenygouno B Buae 0,1 %
cycrieH3un. 3a00p KpOBH M3 XBOCTOBOW BEHBI IMPOU3BOJIWIM Yepe3 2 dYaca Mocie
BBEJICHHs coennHeHnH. KpbIc momernan B 0OMEHHBIC KJIETKH C MTPOBOJIOYHBIM ITOJIOM
J1s1 cOOpa CyTOYHOM MOYH.

KoHIleHTpauio  XJOpUIOB B  CHIBOPOTKE KPOBH M MOYE ONPEACIISIN
KaJOPUMETPUYECKUM  METOJOM 0e3  JeMpoTeMHW3alliu B  KUCIOW  cpelae ¢
MEPKYPHOTHOIIMAHATOM, KOTOPBIH IPH B3aUMOJCHCTBHM C HOHAMH TPEXBaJICHTHOTO
Kese3a U a30THOM KUCIOTON (OpMUPYET OKPAIIEHHBIN KOMIUIEKC, UMEIOITUI MaKCUMyM
TIOTJIONICHHMS TIPH JTHE BOJHBI 540 HM [3].

KoHnnentpamuio HaTtpusi B CHIBOPOTKE KPOBH W MOYE  ONPEACIISIIN
KaJIOPUMETPUUIECKUM METOJIOB C MCIIOJIh30BAHNEM MOHOB ypaHUiareTaTa, KOTOPhIE MPU
B3aMMOJICUCTBUHM C MOHAMHU HATPHUSI 00pa3ylOT HEPACTBOPUMBIN YpaHWMIIANIETAT HATPUS.
ConepkaHne OCTaBIIETOCSI B pPacTBOpPE ypaHWIIAlleTaTa OMPEACNIsId Ha OCHOBE €ro
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pEaKIUy C TUOTIUKOISATOM aMMOHHUS, B PE3YIbTaTe KOTOPOTO 00pa3yeTcsi OKpaICHHBIHA
KOMILJIEKC, UMEIOIINM MaKCUMYM TIOTJIOIIECHUS NPpU JIJIMHE BOJIHBI 405 HM [3].

Cratuctuyeckyto  00pabOTKy  MOJYYEHHBIX JAHHBIX TPOBEIM  METOJIOM
OroMeTpHuYecKOi 00pabOTKK ¢ mporpaMMmHbBIM obecrieuenreM EXxcel m ompenencHuem
JIOCTOBEPHOCTH MOJTYUYECHHBIX PE3YyJIbTaTOB C MOMOIIBIO KpuTepusi CThrofCHTA.

Pe3yabTaThl uccae10BaHUI

[ToBbIieHre oOpa3oBaHMs OKCHJIA a30Ta B OpraHuU3Me BBeaeHHeM L-aprununa u
DK30TEHHOTO JOHOpa XJIOppypoKcaHOOeH30(hypa3aHa TMPUBOAUT K YBEIUYCHHUIO
CYTOYHOTO JNYype3a.

16

14 12,83*

12 10,50*

10 B CaMKH
6,54 6,38
I 0 .
CaMLBI

HCXOOHBINYPOBEHD TOCHe BBeTeHH L- mocne BBemeHA L-  rociie BB eHHA
ap rHHHHA NAME xnody3aHa
* - MOCTOBEPHO IO CPAaBHEHHIO ¢ HHTAKTHOIT rpyrmioii (p<0,03)

[ B S S =) B s

06bem cyTouHoro guypesa, mn/cyr

Puc. 1. O6veM cyTouHOTO ANYype3a y Kpbic mocie BBeaeHus: JoHopoB NO u
UHTHOUTOpa cHHTa3 okcuaa azora (N=10)

[Ipn BBenenuu L-apruHuHa 00BEM CYTOYHOrO AMYpE3a IMOBBIIMIAETCS Yy CaMOK B
1,75 pa3a, y camuoB — B 2,01 pa3za mo cpaBHEHHMIO ¢ WHTakTHOU rpymnmoi (p<0,05).
BBenenue B opranu3m OJOKaTopa CHHTa3 OKCHJIa a30Ta MPUBEIO K YMEHBIICHHIO
CyTOUHOro Auype3a y camioB B 1,71 paza (p<0,03), a y caMOK UMEJIO JIUIITb TCHACHIUIO
K CHmkeHuio (puc. 1). VBenuueHue 0oOpa3oBaHUS OKCHJIA a30Ta IYTEM BBEICHUS
HK30T€HHOTO JOHOpa xjody3aHa B J03€ 2 MI/KI CONPOBOXAAETCS TEHIACHIMEH K
YBEJIMYEHHIO CYyTOYHOTO INYpe3a y KPBbIC.

YCTaHOBIEHO W3MEHEHWE HAaTpUiype3a y KpbIC NpU NPUMEHEHUU JIOHOPOB M
UHTUOUTOPOB CHHTA3 OKcHJa a30Ta. Tak, moBbliieHne akTuBHOCTH cucteMbl NO myTem
BBeJCHUA L-apruHMHA TPUBENO K YBEIMYEHUIO HATpUype3a, CHU)KEHUE AKTHUBHOCTHU
cucrembl mnpu BBenennn L-NAME ©He mnpuBeno k H3MEHEHHIO HCCIIEIyEMOro
MoKa3aTeJis.

Conepxanue HaTpus B CBIBOPOTKE KpoBH y KpbIc cocraBuwio 105,67+14,15
MMOJIB/JT Yy caMOK U 91,6+£6,3 MMoib/n1 y camiioB. [Ipu Harpy3ke L-aprunuHom B 103€
200 Mr/kr oTmMedaeTrcs TEHACHIUS K CHI)KCHHUIO COAEpPXKaHUS HATPUS B CBHIBOPOTKE
KPOBH y CAMOK U TIOBBIIIICHUE UCCIICAYEMOT0 MoKa3aTess y caMIioB (puc. 2).
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YpoBeHb cojep:kaHWsl HAaTpus B Moue y caMmok Kpbic coctaBun 0,2740,01
MMoJib/100r/2449aca, y camioB 0,16+0,01 mmons/100r/24uaca. Ilocne narpyskum L-
APTUHUHOM 3TOT IMOKa3aTelib MOBBICKIICA B 2,69 pa3za (p<0,0001) u 5,04 (p<0,02) paza 'y
CaMOK ¥ CaMIIOB COOTBETCTBCHHO. lloimydeHHBIE pE3yNbTaThl MOATBEPKIAAFOTCS
JTAaHHBIMU 3apyOEKHBIX U OTEYECTBEHHBIX YUYCHBIX, KOTOPHIE COOOIIAIOT 00 YBEIMUCHUH
SKCKPEIIMU BOJIbI M HATPHSI MOCIIE BBeICHUs pu3nosornueckux goHopoB NO [6].
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YpOBEHb L-apruHiHa L-NAME xnody3aHa
* - MOCTOBEPHO IO CPAaBHEHHIO ¢ HHTAKTHOIT rpyrmioii (p<0,03)

Puc. 2. KoHiieHTpanys HaTpHs B IJ1a3Me KPOBH Y KPBIC ITOCIIE BBEICHUS
nouopoB NO u uHrnOmuTOpa cuHTa3 okcuaa azota (N=10)

[Tpu narpy3ke L-NAME B no3e 20 Mr/kr orMedaercs yBEIMYEHHE KOHLEHTPAUU
HaTpUsl B ChIBOPOTKE KpoBM y camioB B 1,45 paza (p<0,03), y caMOKk uMeeT JMUIb
TEHJEHUMIO K yBennueHuto. MccnenyeMoe 3HaueHne B MOY€ JIOCTOBEPHO HE MEHSETCHS.
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* - MOCTOBEPHO IO CPAaBHEHHIO ¢ HHTAKTHOIT rpyrmioii (p<0,03)

Puc. 3. Konrenrpanus HaTpusi B Mo4e y KpbIc mocie BBeaeHus qoHopoB NO u
UHTHOUTOpa CHHTa3 okcua azora (N=10)
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VYCTaHOBIEHO YBETUYEHUE KOHIEHTPALIMM HATPUS B CHIBOPOTKE KPOBH TMOCIE
BBeJICHUs XJIOppypokcaHoOeH3o¢ypazana y camiioB B 1,25 paza (p<0,05), u TeHaeHIUSA
K YBEJIMYEHUIO JTAaHHOTO 3HAYEHUsI MO CPABHEHHUIO C HUCXOJHBIM YPOBHEM Yy CaMOK.
DKCKpelus HaTpusi ¢ MOYOW MPH 3TOM CHIKaeTcs y camok B 1,93 paza (p<0,03), y
CaMIIOB OCTAeTCs Ha TOM e ypoBHe (puc. 3).
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* - A,OCTOBEPHO NO CPaBHEHUIO C MHTAKTHOM rpynnoi (p<0,01)

Puc. 4. KonnenTpanus XJI0pua0B B TIa3Me KPOBHU Y KPBIC TTOCIIC BBEACHUS
nonopo NO u uHrOuTOpa cuHTa3 okcuaa azora (N=10)

KonunuecTBo X10pH10B B CHIBOPOTKE KPOBHU Y KPbIC HHTAKTHOM IPYIIIBI COCTABHIIO:
y camok 92,8+3,1 mmounb/11, y camioB 98+2,23 MMOJIb/1.
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* - A,OCTOBEPHO NO CPAaBHEHUIO C MHTAKTHOM rpynnoi (p<0,04)

Puc. 5. KoHIieHTpaIus XJIOpUI0B B MOYE Y KpBIC TTOCIIE BBeAeHHs JoHOpOoB NO
W MHrHOUTOpa cuHTa3 okcuza azota (N=10)
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[Tpu Harpy3ke L-apruHUHOM JOCTOBEPHBIX M3MEHEHHU KOJIMYECTBA XJIOPHUIOB B
CBIBOPOTKE KPOBHM Yy KpBIC HE HAOJIO/IaeTCsl, HO 3KCKpElHs WX yBenumuuBaercs B 6,44
pasa (p<0,003) y camok u 2,49 paza (p<0,04) y camuoB (puc. 4). brnokaga cunras
OKCHJ/Ia a30Ta BBI3BIBACT CHIDKEHHE KOHIICHTPAIIMH XJIOPHIOB y CaMIIOB B CBHIBOPOTKE
kpoBu B 1,19 paza (p<0,001), B moue — B 3,09 paza (p<0,02). ¥ camox Habmromaercs
JIVIIIb TEHACHINS K CHUKCHHIO COJICPYKAHUS XJIOPUIOB B CBIBOPOTKE KPOBU M MOYE.

B cBIBOpOTKE KpPOBHU COCpKAHKE XJIOPUAOB TOCIEC BBEACHUS SK30M€HHOTO JIOHOPA
OKCHJIa a30Ta UMEET TCHICHIINIO K CHIDKCHHUIO Y CAMOK, TOT/Ia KaK y CaMI[OB CHHUKACTCS
B 1,08 paza (p<0,006) 1o cpaBHEHHUIO C UCXOAHBIM 3HAYECHUEM. DKCKPEIHUS XJIOPUIOB C
MO4YOM mpu 3TOM cHmkaetcss B 5,33 paza (p<0,04) u B 9,33 paza y camMOK U CaMIlOB
COOTBETCTBEHHO (pHC. 5).
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Puc. 6. CxopocTh KiIIy0OUKOBOH (DUIBTPAIMH Y KPBIC TIOCIIE BBEICHUS TOHOPOB
NO u uarunburopa cuHTas okcuaa azora (N=10)

Beenenne L-apruHMHA TIpUBENI0O K CHIDKCHHIO CKOPOCTH  KITyOOYKOBOM
bunbTpaMK y caMOK, U K YBEJIMYEHUIO €€ y CaMIIOB, YTO MOXET OBbITh CBSI3aHO C
MOJIOBBIMHM OTIHUYUAMH B pacroiokeHnn uzopopm NO cuHTaz B moukax [12]. Dr1o
JTIOKA3bIBACT €I11e TOT (haKT, 4TO 001Iast aKTUBHOCTh CUCTEMbI OKCHJIa a30Ta B OpPTaHU3ME
y CaMOK HaMHOTO BBIIIIE, YeM y caMIioB [4].

CKopocCTh KIIyOOUKOBOW (DUIBTpAIMK MPU BBEJCHUU OJOKATOPOB CHMHTAa3 OKCHUIA
a30Ta CMEMIAETCS B CTOPOHY CHIDKCHMsI, HO JIOCTOBEPHBIX M3MEHEHHI HE BBISBIICHO.
CkopocTh KITyOOYKOBOM (UIBTpAIMKM IO KPEATHUHUHY CHUXKAETCS TIOCIIC BBEACHUS
xjaopdypokcanodenzodypazan y camok B 2,19 paza (p<0,02), y camiioB HaOJr01aeTCst
TEHJICHIINS K CHIKCHHIO (puc. 6).

BBeneHue 3HIOreHHOro JIOHOpa OKcHja a3oTra — L-apruHuHa compoBoKIaeTcs
CHIXeHuEeM peabcopOuuu Boabl y camok Ha 0,35 % (p<0,03), aHanOru4yHO y camIlOB Ha
0,57 % (p<0,03) o cpaBHEHUIO C UHTAKTHOM IPYIIION.
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Puc. 7. Kanansiesas peabcopOiusi BoJibl Y KpbIC nociie BBesneHus 1oHopoB NO
¥ MHrHOUTOpa cuHTa3 okcua azota (N=10)

brnokana cuHTa3 okcuja a30Ta COMPOBOXKIAETCS YBEIWYEHUEM peadcopOIuu
BoAbl y camioB Ha 0,22 % (p<0,004), y camok TeHACHIMEH K YBEIUYCHUIO IIO
CPaBHCHHMIO C HCXOJHBIM ypoBHeM (puc. 7). PeabcopOums BOIBI IOCIIC BBEICHUS
DK30T€HHOTO JIOHOpAa OKCHJa a3oTa xXJopdypokcaHoOeH30(ypa3zaHa HMEET JUIIb
TEHJICHIINIO K CHUKEHHUIO Y CAMOK U CaMIIOB.

BoiBoabI:

1. Harpy3ka L-apruauHOM, COMPOBOXKIAIOMIASACS YBEIUYCHHEM KOHIICHTPAIHH
HUTpPAT- U HUTPUT-aHHOHOB B KPOBH, BBI3BIBACT YBEIWYCHHE OOBEMa BBIACIIICMOU
MOYH, a TAK)KE MOBBIIICHUE SKCKPEIIUU MOHOB HATPUS U XJIOPA.

2. brnokana cunTas okcuaa azora L-NAME cHmkaeT 00beM CyTOYHOTO Juype3a,
HKCKPELHIO XJIOPHUJIOB y CAMIIOB.

3. Ilpm BBEJICHUU AK30r€HHOTO JOHOpa oKcuzaa azoTa -
xynopdypokcanobeH3odypazana B 03¢ 2 MI/KI CHIDKAETCA OKCKpEIus HaTpus H
XJIOPUAOB C MOYOM.

4. BelisgBieHa mosioBasi crieliuuIHOCTh (u3rosorudeckoro 3h@exra T0HOPOB U
WHTUOUTOpPA OKCHJA a30Ta Ha OKCKPEIUI0 HATpus W XJopa y Kpeic. I[loBbimeHue
AKCKpeluu (Harpy3ka L-aprunuHom) HaTpusi O0JbIIEe BBIPAXKEHO Yy CaMIIOB, SKCKpELUUU
XJiopa — y camMoK. MHTeHCHMBHOCTh CHIKeHHs SKckpermu (Harpy3ska L-NAME) u
HATpHUs, U XJI0pa OoJiee BICOKas y CaMIIOB.
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BJIUSHUE CUHIJVIETHOI'O KUCJIOPOJIA HA AHTUOKCUJAHTHYIO
AKTUBHOCTD IIVIA3BMbI KPOBH IN VITRO M IN VIVO
A.A. MapryceBn4
OI'BY «llpusondicckuil hedepanbhbiii MEOUYUHCKUL UCCAe008AMENbCKUL YEHMP »
Mumnszopasa Poccuu

Abstract

Investigation was executed with 30 Wistar rats and 20 blood specimens from
healthy peoples. For singlet oxygen generation we used ‘“Airnergy” apparatus
(Germany). Blood samples were sparged with singlet oxygen-containing gas mixtures.
Healthy rats got 10 daily inhalations of this gas mixture. Blood antioxidant activity and
intensity of lipid peroxidation from in vitro and in vivo experiments were estimated. It
was fixed that singlet oxygen leads to increasing of blood antioxidant potential without
activation of lipid peroxidation.

Key words: singlet oxygen, lipid peroxidation, antioxidant system

Uccnenosanue nposeneno Ha 30 kpeicax nuHuM Bucrap m 20 oOpasiiax KpoBH
3I0pPOBBIX JIoiel. B kadecTBe reHeparopa CHUHIJIETHOTO KHUCIOpoJa (11 MHTaJSLHMA
KUBOTHBIX M 0OapOoTaka KpPOBM) HCIOJIL30BAIM amnmapaT CHHIJIETHO-KUCIOPOIHOMN
teparuu  “Airnergy”. OIeHUBaIM aKTHBHOCTh AHTHOKCHJIAHTHOW CHCTEMBI U
MHTEHCHUBHOCTh MEPEKUCHOTO OKUCIICHUS JIUMIIUIOB B IJIa3Me KpoBU Ha anmapare bXJI-
06. B wmccaemoBanusax in Vitro m Iin VIVO yCTaHOBJIEHO, YTO CHHIJICTHBIA KHCIIOPOJ
YBEIMYUBACT AKTUBHOCTb AQHTHMOKCUJIAHTHOW CHUCTEMbI, HE BJIMsSL TNPU OSTOM Ha
WHTEHCUBHOCTD JIMIOTIEPOKCUIAIIUH.

Kiaro4deBble cJ10Ba: CHHIJICTHBIN KHUCIIOPOd, IICPCKUCHOC OKCHCIICHHUC JIUIINI0B,
AHTHOKCHUAaHTHasA CUCTCMaA.

Peanuzauus s dexroB cunraerHoro kuciopoaa (CK) cBs3zana, B epByIO oYepeib,
C ero BBICOKOW PEaKTUBHOCTHIO, KOTOpasi 00yCIaBIUBAET, B YaCTHOCTH, TTOBPEKIAIOIINE
b (DEeKTs  yIBTPAPUOIETOBOTO W PAAMAIMOHHOTO W3IY4YEHUS Ha OWOJIOTHYECKUE
00bekThl [2, 3]. B nureparype ommcansl Oaktepuocratuueckue spdextei CK u ero
KUAJUIEPHBIE CBOWCTBA OTHOCHUTEIHLHO HEKOTOPBIX BHIOB KiIeToK [2, 5]. Beicokwuii
okucautTenbHbd TOTeHIMan CK jexur B oCHOBE (POTOAMHAMUYECKOW Teparvu,
YCIIEIIHO MPUMEHSIOIIEHCS B HacTosiee Bpems [1, 4, 7, 8].

B 10 xe Bpemsi caHoreHermyeckoe aeiictBue CK m3ydeHO I0CTaTOYHO cIado,
UMEIOTCS JIMIb €IUHUYHbIE CBeACHHUS 00 3()(PEKTUBHOCTU MPUMEHEHHUS CHUHIJIETHO-
KUCJIOPOJIHOW Tepanmuu Uil JICYEHHs paziudyHou marosoruu [1, 4, 6], omHako
MexaHu3Mbl JieueOHoro aeictBust CK npakTH4ecku He pacKpbITHI.

B mpeamectByromux paboTax HaIIero aBTOPCKOIO KOJUIEKTHBA IOJATBEP)KICHA
rurnore3a O MOo3UTHUBHOM BiMsHUM uHramauuii CK Ha cocTosiHMe aHTUOKCHIAaHTHOM
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CUCTEMBl KPOBHM JKMBOTHBIX, YTO YAaCTUYHO IOATBEPKIAEHO B SKCIHEPUMEHTAX C
U30JIMPOBAaHHON KpOBBIO IN VItro, Torma kak komruiekcHbId aHanmu3 3¢dextoB CK B
JUTEpaType He MpeliCTaBleH. B CBs3M ¢ 3TUM 1eNbl0 JaHHOW paboThl CTAIO U3YYECHHE
MEXaHU3MOB BO3JIEUCTBUSI CUHIJIETHOTO KHCIIOPOJa HA CUCTEMY KPOBH, UYepe3 KOTOPYIO
peanu3yroTcs cucTeMHble 3P(EKThl CHHTIIETHO-KUCIOPOIHOM Tepanuu.

MarepuaJibl 1 METObI HCCJIEIOBAHUS

B mepBoii cepun sxcnepumenToB (iN ViVO) ObutM Hcmosib30BaHbl 30 310pPOBBIX
KpbIC-CaMIIOB JIMHUK Buctap, KoTopbie ObUIN pa3feneHsl Ha 2 paBHble rpynnsl (15 kpbic
— KOHTPOJIbHAS TPYyIIa, ¢ KOTOPOH HE MPOBOAMIN KaKUX-ITMOO MaHUMYJSIHM; 15 Kpbic
— OCHOBHas rpyIIa, noxyvasuias exeaHeBHble 10-MunyTHbIe HTasinuu CK B TeueHue
10 nueit). 3a00p KpOBU MPOU3BOAWIM M3 MOABA3BIYHON BEHBI MOJ Hapko3oMm Ha 10
CYTKH 3KCIIEPUMEHTA.

Bo BTopoii yactu ucciemoanus (in Vitro) mpoBoauau onenky aktuBHocTH CK Ha
obOpasmax kpoBu 370poBbIX Jtoned (N=20). CTaOMIM3UPOBAHHYIO ITUTPATOM HATPUS
KpoBb (00BeM obOpasia 7 mi), 6apbotupoBanu CK B TeueHne 5 MUHYT.

B kauectBe reneparopa CK ucnonb3oBanu anmnapat «Airnergy» (I'epmanust).

VHTEHCHBHOCTD NEPEKUCHOIO OKUCIICHUS JIMIHUIOB U YPOBEHb aHTUOKCUIAAHTHOU
3aIUTHI ONPEEISUIU B I1a3Me kpoBu Ha anmapare bXJI-06 (Poccus).

[Tonyyennbie naHHbIC ObLIM 00paboOTaHBI B MporpaMMHoM makeTe Statistica 6.0. C
Y4ETOM XapaKTepa paclpeAesIeHHs TPU3HaKa JUJIsl OLEHKH CTaTUCTUYECKON 3HAYMMOCTH
paznuuuii npuMmensuin U-kpurepuit ManHa-YuTHu.

Pe3yabTarhl U MX 00CyKACHHE

[IpoBeneHHbIE HCCIEAOBAaHUS TMO3BOJWIM YCTAHOBHUTb, YTO IO/ BJIUSHUEM
CUHIJIETHOTO KHUCJIOpPOJAAa HAOMIOAAOTCS CYUIECTBEHHBIE IMEPECTPOMKH OKCHJIAHTHOTO
MeTaboJiM3Ma, MMEIOIME MPEUMYIIECTBEHHO aJalTHUBHOE 3HAYEHUE ISl OpraHu3Ma.
Tak, maramsuuun CK crnocoOCTBOBaIM 3HAYMMOMY YBEIWUYEHHUIO aHTUOKCHUIAHTHOU
AKTUBHOCTU KPOBU KpbIC Ha 23,1% MO CpaBHEHUIO C )KUBOTHBIMU KOHTPOJIBHOW TPYMIIBI
(p<0,05; puc. 1b).

30 1,2
%

25 1

20 0,8
H 15 g 06 7
~ 10 A " 04 -

5 A 0,2 -

0 0

HMuTaKTHELR HHrananyy cHHITeTHER HMuTaKTHELR HHrananyy cHHITeTHER
FHCIOp OfoM FHCIOp OfoM
A. YpOBEHb NEPEKUCHOTO OKUCIICHUS b. AHTHOKCHIaHTHAs! aKTUBHOCTD
JIUTIUIOB

Puc. 1. CocTosiHue mpo- 1 aHTUOKCUJAHTHOM CUCTEMbl KPOBU MHTAKTHBIX U
MOJIYYaBIINX WHTASIIMU CUHTJIETHBIM KUCIOPOIOM KphIC (* - cratucTuyeckas
3HAYMMOCTH paznuuuii p<0,05)
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IIpu 3TOM ypOBEHBb NMEPEKHCHOTO OKHUCIEHUS JIMIHJIOB CYLIECTBEHHO HE MEHSICA
(puc. 1A). Takum o6Opazom, CK mpu HHTajgsiIMOHHOM NPUMEHEHHH OO0ECIeUMBAECT
CTUMYJILIMK0 AHTUOKCHJAHTHBIX PE3€pPBOB KPOBU  3J0POBBIX JKUBOTHBIX, 4YTO
CHOCOOCTBYET  PACIIMPEHHMIO  JANTAallMOHHBIX  BO3MOYKHOCTEH  OpraHuzMa 110
OTHOILIEHUIO K CTPECCy pa3iMYHOM 3THojiornd. CoXpaHEHHE HAa YPOBHE WHTAKTHOMU
IpyHnbl 3HAYEHUH AKTUBHOCTU JIMIONEPOKCUAALNN CBHUJETENBCTBYET 00 OTCYTCTBHUHU
anbrepupytouiero aeiictsusi CK B BbIOpaHHON KOHLIEHTpALlMKM IPU JAHHOM CIIOCOO€
MPUMEHEHUS (MHTAJSIIIMOHHAS Tepariusl).

[Ipu mpoBeneHun GapOoTa)ka LETHHOW CTAOWMIM3UPOBAHHOW KPOBH CHUHTJIETHBIM
KUCTIOPOJIOM  ObUIM  TPOAEMOHCTPUPOBAHBI ~ CXOAHBIE  HM3MEHEHHUS  YPOBHSA
JUNONEPOKCUIAMNA U aKTUBHOCTA aHTUOKCUJAHTHOW 3alIUThL. Tak, AJIs NEPEKUCHOTO
OKHUCJICHUSl JIMIIUJOB XapaKTEpPHO COXPAHEHHE 3HAYEHUsA MapaMeTpa Ha YpPOBHE
WHTAKTHOW KpoBH (puc. 2A), UYTO CBHUICTEIBCTBYET 00 OTCYTCTBHHM BIHWSHHUS Ha
OKHUCJIUTEIbHBIA  METa0O0MM3M OMOXUAKOCTH TPU  HUCIHOJIb30BAaHUM  BBIOPAHHOM
KOHLIEHTpPAlMl CHHIVIETHOIO KHCIIOpPOAa, a TAaKXE JIEMOHCTPUPYET COXPAHHOCTh
OanaHca Mpo- ¥ aHTUOKCUJAHTHBIX CUCTEM KPOBHU IIPU 00pabOTKE OKUCIUTEIEM.

AKTHBHOCTh QHTHOKCHJIQHTHOW CHCTEMBI KPOBH, 0apOOTHPOBAHHON CHHIJIETHBIM
KHCIIOPOJIOM, yBenuuuiach Ha 37,7% 1o cpaBHEHHUIO ¢ oOpa3uamu, JUIsl KOTOPbIX HE ObLI
npuMmeHneH okucautens (P<0,05; puc. 2b). IlpuBeneHHble JaHHBIE, MMOITYYEHHBIE IMPU
00paboTKe  OHMOJIOTUYECKOW JKWUAKOCTH CHHIJICTHBIM  KUCIOpPOAOM in  Vitro,
MOJITBEPXKIAIOT OCOOCHHOCTH MOJIU(MUKAIMKA OKUCIUTEIFHOTO METa0O0JM3Ma IIa3MBbl
KPOBU KpBIC, BBISIBJICHHbIE MPHU HWHTABILMOHHOM TpUMEHEHHU areHta. Ha sTom
OCHOBaHMM MOKHO TOBOPHUTH O BBIPAKEHHOM AaHTHOKCHAAHTHOM mnoreHuuane CK.
SBnssace cunpHbIM okuciutenieM, CK pacmmpser nmpoTeKTUBHBIE CBOWCTBA KPOBH B
OTHOIICHUU (PaKTOPOB-OKUCITUTETICH.
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WHTaKTHasA KpoBb CWHIMETHBIN KUCTOPOA, VHTaKTHasi KpoBb CUHTTETHBIN KUcrnopog,

A. YpOBEHb NIEPEKUCHOTO OKUCIICHUS b. AHTHOKCHIaHTHAs! aKTUBHOCTH
JUNUAOB
Puc. 2. CoctosHue npo- 1 aHTUOKCUJAHTHON CUCTEMbI KPOBH 37]0POBBIX JIFOJEH MMOCIIE
00pabOTKM CHHIJIETHBIM KHUCIOPOAOM IN Vitro (* - craTucTryeckast 3HAYMMOCTh
paznuuwnii p<0,05)
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3akioueHue

[IpoBeneHHble Ha 3I0POBBIX JKUBOTHBIX M 00paslax H30JMPOBAHHON KpOBU
3I0POBBIX JIIOJIEH MO3BOJISIOT ClIeJaTh BBIBOJ O HAJIUYUU Y CUHIJIETHO-KHCIOPOIHOM
ra3oBOil CMECH aHTHOKCUJAHTHBIX CBOMCTB, KOTOPBIEC MPOSIBISAIOTCA KaK Ha CUCTEMHOM
(in vitro), Tak ¥ Ha JOKAJIHLHOM YPOBHE. DTH PE3yJIbTaThl MOTYT OBITH HCITOJIb30BaHbI KaK
METO/1 MOBBIIICHUS] aHTHOKCUJIAHTHOIO MOTEHI[Mala KPOBH B OTHOIICHUH pa3pabOTKU
CIOCOOOB CHUCTEMHOM KOPPEKIMH OKHCIMTEILHOTO CTpecca IyTEeM HWHTAISIIIMOHHON
CUHTJICTHO-KUCIIOPOAHOW  Tepamuu © TPU  TOpeaTpaHcdy3uoHHOW  00paboTke
TIEPEIMBAEMBIX KOMITOHEHTOB JIOHOPCKOU KPOBH.
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BJIUSHUE TETPAXJIOPMETAHA HA COCTOSHUE ITPOLNECCOB
JIMIIOMMEPOKCUIALIMU KPOBU U ITEYEHU KPbIC

C.10. boabmyxun, C.II. Ilepersarun, A.K. Maprycesuu, A.I'. CotoBbeBa
OI'BY «llpusondicckuil hedepanbhbiii MEOUYUHCKUL UCCAe008AMENbCKUL YEHMP »

Mumnszopasa Poccuu

Abstract

We modeled toxic acute and chronic hepatitits and cirrhosis on 60 Vistar line rats
by carbon tetrachloride (CTC) injections. Dien conjugates and malon dialdehyde was
tested in blood plasma, erythrocytes and liver homogenates. It was stated, that CTC
intoxication leaded to lypoperoxidation changes in early period after CTC injection.
Strongly pronounced activation of lypoperoxidation was found in liver homogenates. It
was shown, that prolonged CTC intoxication is a risk factor of oxidative stress
chronization.

Key words: intoxication, carbon tetrachloride, lypoperoxidation, hepatitis, cirrhosis

Ha 60 xpeicax-camuax iuHuu Bucrtap BBeaeHuem terpaxiopmerana (TXM)
MOJICJIUPOBAJIM OCTPBIM TOKCUYECKUN I'€NATUT, XPOHUYECKUN T€NAaTUT U UPPO3 TICUCHU.
Ornpenensii  KOHIEHTPAIMIO JUECHOBBIX KOHBIOTATOB M MAaJOHOBOIO JHAJIbJCTHIA B
IUIa3ME€ KPOBH, SPUTPOLMTAX U TOMOTEHATE MEYEHU. Y CTAHOBJICHO, YTO MHTOKCHKAIUS
TXM npuUBOIUAT K CABHUTY JUIIONEPOKCHUIAIMH B PAHHUE CPOKHU IIOCJIE BBEIACHHS
TokcuHa. Hambosnee BhIpakeHHash aKTUBAIMS JIMIIONEPOKCHIAIMK HaOII0maeTcs B
roMoreHare neyeHu. J{nurenpHas WHTOKCHUKAUA TXM yBeIWuMBAET BBIPAKECHHOCTH
HapyIICHUH OKHUCIUTEILHOTO METa00IM3Ma.

KiaroueBble cjioBa: HWHTOKCHUKAIUA, TCTPAXJIOPMETAaH, IICPCKUCHOC OKHUCIICHHUC
JIMIINAOB, I'CIIaTUT, TUPPO3

3a0oneBaHusl  TMEYEHW  MPEACTABISAIOT  COOOM  aKkTyaldbHYI0  MpoOiIeMy
COBPEMEHHOTO 3/IpaBOOXpaHeHHUs, Kak B Poccuu, Tak U B Mupe B 11e7IoM. B Ux cTpykType
HAWOOJBIIYI0 PACIPOCTPAHCHHOCTh TMOJYYWJIA TEMaTUThl BHUPYCHOM JTHOJOTUU U
aJIKOTOJIbHOE TIopaxkeHue Tniedenu [2, 8]. PaccmarpuBaemas maTonorusi UMeeT OONbInoe
KIIMHUKO-COLMAITbHOE 3HAYCHHE BCJICICTBUE WHBAIMIU3AIMHI U BHICOKOM CMEPTHOCTH B
OCHOBHOM TPYZIOCIIOCOOHOTO HaceNeHus, O0NbIMX (PMHAHCOBBIX 3aTpaT, CBSI3aHHBIX C
JedyeHneM W peaOunuranedt mnanumentoB [4, 5]. Hapsay ¢ ostum, HaGmomaeTcs
YBEIMYECHHE YaCTOThI TSDKENbIX (OpM TEUEHHUs TEMaTUTOB C BBICOKHM PHCKOM
(bopMHPOBaHUS XPOHUUECKOTO TOpaKeHHs meueHH [5, 8].

Bo3HuKHOBEHHE M pa3BUTHE MATOJOTUYECKUX MPOIECCOB B MEYEHU 3aBUCHUT OT
ATUOJIOTUYECKUX (AKTOPOB, HO UMEET €AUHBIM MEXaHHU3M IMOBPEKICHUS — AKTUBAILUIO
nporieccoB nunonepokcuaanuu [2-4, 10]. XoTs HavampHbIE ATAIbl TCHEPAIIMA AKTUBHBIX
dbopM KucIOpoda MPHU pa3HbIX 3a00JIEBAHMUSIX MOTYT OTIMYATHCA, HO Jlajiee CIABUTHU
CBOOOAHOPAANKATIBHBIX MPOLECCOB TEPSIIOT CBOIO CIEMPUUHOCTD U 3aBUCST TOJBKO OT
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COCTOSIHHSI W CTCMEeHM MOOWIM3alMk aHTHOKCHAAHTHOW 3ammTel [1-5]. D10
MOJITBEPKAAIOT M HMHOCTPAHHBIE aBTOPBI, KOTOPBHIE PACCMATPUBAIOT MEPEKHUCHOE
OKHUCJICHHUE JIMMHIOB KaK OJIMH U3 YHUBEPCAIbHBIX MEXaHU3MOB MMOBPEKACHUS KIETOK, B
toM uymcie nedenu [9, 10]. UsBectHo, uro Terpaxiopmeran (TXM) u mpPOAYKTHI €ro
MeTabonu3ma  SBJSIFOTCS  MeMmOpaHoTpormHbiMH — simamu [3, 4], CrenoBarenbHo,
NOpaKEHUE  TETPAXJOPMETAaHOM  MPUBOAMT K  JaucOamaHcy B CHCTEMax
JIMITOTICPOKCUIAIINY ¥ aHTUPATMKAIBHOM 3alUThl opranu3ma [3, 5].

Llenp uccieqoBaHusl — U3y4YE€HUE COCTOSHUS JIMIIONEPOKCUIALMHA KPOBU U NIEUEHH
KpbIC TP DKCIEPUMEHTAIBHOM TOKCHYECKOM TOPAXEHUU T[I€YEHU, BBI3BAHHOM
pPa3IUYHBIMH J03aMHU TETPAXJIOPMETAHA.

MarepuaJj 1 MeTOAbI HCCIETOBAHUS

OKcTepuMEHTAIbHBIE UCCIIEIOBaHMS MTpoBeaeHbl Ha 60 OeNbIX JIMHEHHBIX KphICcax-
camiiax JuHuu Bucrap (macca tema 180-210 r.). Bce XMBOTHBIE COAEpKaIUCh B
CTaHJAPTHBIX YCJIOBUSX BUBApUA B KJIETKAaX MPU CBOOOJHOM JOCTYIIE K MUIIIE U BOJE Ha
paunone mnuraHus, coorBeTcTByOImEM ['OCT «ConepxaHne 3KCIEPUMEHTAIbHBIX
*KUBOTHBIX B nmutoMHukax HUM» (1978). MoaenupoBaiu OCTpbiii TOKCHUECKHUI TeaTUT
(4 m 8 MOAKOXHBIX HMHBEKIMH ueThipexxiopucroro yriepoaa (CCl4) B Bume 66%
MacisiHoro pactBopa B jo3e 0,2 mut Ha 100 T Macchl Tena UBOTHOTO), XPOHUYECKUN
tokcuueckuit renatut (20 uabekiuii CCl4) u muppos neuenu (64 unabekiuu CCl4).
Beenenne CCl4 ocymiecTBIsiin 4epe3 CyTKH.

MarepuasioM HccleOoBaHUS CIYKWJIM KpPOBb UM TMEYeHb Kpbic. B3drue
OnoMarepuana MNPOBOAWIM B YTPEHHHE Yachl MOCIE JEKANUTALMHU >KUBOTHBIX MOA
3¢upHBIM Hapko3oM. Onpeaensiyu KOHIEHTPALUIO MPOMEKYTOUHBIX (JIMEHOBBIE
koHbtoratel — JIK) u koHeuHbIx (ManoHOBbIM auanbaerua — MJIA) npoaykToB
munonepokcugaumu - [1].  MJA  Belgensau W3 DPUTPOLMTAPHBIX ~ MEMOpaH
W30MPONIIIOBEIM criupToM [6]. MeTtomuka onpeneneanss MJIA B romoreHate nedeHU
aHAJIOTUYHA €0 OMpPEICNICHUI0 B MeMOpaHax SpUTPOIUTOB. JIunuanyo Gpakiuuio s
onpenenenuss JIK B spuTpouuTax KpOBM M TOMOT€HATaxX IEYEHH, SKCTPArupoOBaH
renTaH-u30MPONAHOJIOBOM cMechio MeToaoM, MmoauduiupoBanasiM [1LU. [amok ¢
coanT. (1999) [6]. I3MeHeHHs HccieyeMbIX MoKa3aTesei anamu3upoBany yepe3 1 u 10
CyTOoK mocie mnocienHel uHbeKuuu TXM. OIlleHKYy HMHTEHCUBHOCTH MEPEKHUCHOTO
OKUCIICHHSI  MOPOW3BOAWIM  MOyTéM  u3MepeHus  xemwnomunecteHuuu  (XJI),
uHunuupoBanHot H,O, B mpucyrcTBuM u30bITKAa WOHOB JIByXBajieHTHoro Fe, Ha
xemumromuaomerpe EMILITE EL 1105 [1].

Jlanubie 00pa®oTaHbl METOJAMM BAPUALMOHHOM CTATUCTUKU C TNPUMEHEHHEM
kputepust Mann-Whitne.,

Pe3syabTarsl Hcc/ie10BAHUA

B ycrnoBusX MoAenupoBaHUsS OCTPOrO TrenaTuTa JOCTOBEPHbIE HM3MEHEHUs
conepkanusi JIK B 1ia3Me KpOBH BBISIBJICHBI JIMIIb MPU MHTOKCUKAIIMU 8 WHBEKIUSIMU
CCly. B atom ciyuae 4epe3 1 CyTKd TOCIE €ro OTMEHBI HAOIOMAIM TOCTOBEPHOE
cHmxkenune comepxkanus JIK B Onmocpesne mo OTHOIIEHUIO K MHTAKTHBIM JKMBOTHBIM (Ha
60,9%; p<0,05). Yepe3 10 cyTok naHHBIM MOKa3aTeab YBEJIUMYMBAJICSA, HO OCTaBaJCs
HUKE KOHTPOJIbHOTO YpoBHs Ha 38,1% (p<0,05). B rpynne uHTakTHBIX KpbIc yepe3 10
CYTOK 3HAUMMBIX U3MeHeHM conepkanusa 1K He oOHapy)eHO.

bonee 3HaumMoe cHmxkeHue conepxkanus [IK B mepBol KOHTPOJIBHOM TOYKE
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HAOIOIAeTCsl TMPU PA3BUTUU XPOHUUYECKOTO ToKcmdeckoro remaruta (XI) m mmpposa
nedenu (L{IT), mogemupyembix 20 u 64 nabekuusiMu TXM coorBeTcTBeHHO. [Ipu 3TOM
MaKCUMAaJIbHOE CHUKEHUE YPOBHS MTOKA3aTessi OTHOCUTENIbHO MHTAKTHBIX JKUBOTHBIX (Ha
76%; p<0,05) BrisBieno npu XI, a npu LII1 ypoBenb mapamerpa cHmkaics Ha 48,2%
(p<0,05).

Yepes 10 cyrok mocne ormennl CCly conepxkanue JIK B mmasme kpoBu npu XIT
BOCCTaHaBJIMBAETCS IPAKTUYECKH 10 HopMmbl, a npu LIl Hopmanu3auuu IaHHOTO
noKa3aresyisi He NMPOMCXOAMT, a HAONIOJACTCsl €ro CHUKEHHE J10 CJIEJOBBIX KOJIUYECTB
(0,01£0,002 ycn. en/m; p<0,01) (puc. 1). Takum 00pa3oM, BOCCTAHOBJICHHE COIEPIKAHMUS
JIK B mna3Me kpoBH B nepBble 10 CyTOK mocie OTMEHBI TOKCHHA 3aBUCHT OT TSKECTH
WHTOKCUKALMU (YpPOBEHb KOPPEISLIUOHHONW CBSI3U BBICOKHM, KOA(P(ULIMEHT KOPpEIIIUU
r=-0,79).
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Puc. 1. U3menenune conepxanus K miasmel KpOBU KPBIC B 3aBUCUMOCTH OT CTENEHU
TSYKECTH UHTOKCUKALIMHU TETPAXJIOPMETAHOM

Uepes 1 cyrku mocie 3aBeplIeHUsS MOJCIUPOBAHUS TATOJIOTMHU JIOCTOBEPHBIE
m3MmeHenus JIK spurpoumToB HaGmromarorcs ymmnb npu XIT u LI, gTo mposiBisercs
CHIKEHHEM JaHHOTOo nokasatess Ha 38,3% (p<0,05) u na 25% (p<0,05) no oTHOIIEHUIO
K WHTaKTHBIM XUBOTHBIM (puc. 2). [Ipu sTom oOHapyxkeHa oOpaTHash 3aBUCUMOCTH
cpeaHelt cuitsl Mexay conepxkanneM JIK u TsokecThio nHTOKCHKaImK (1=0,37).

Uepes 10 cytok mocie ormensl CCly cogeprkanue JIK B sputponurax y kpeic ¢ XI©
ObLJI0O HIDKE, YeM B WHTakTHOW rpynmne, Ha 77,9% (p<0,01), a mpu IIII nanHbII
MoKa3aresb CHIXKaICS 110 cienoBbix kommyecTs (0,04+0,02 yen. en/r; p<0,01). [Ipu sTom
BBISIBJICHA OTpHUIIATENIbHAS KOPPEJSIIMOHHAS 3aBUCHUMOCTh BBICOKOM CHJIBI MEXITY
coaepkanueM JIK spuTponMToB U BeIpakeHHOCThI0 nHTOKCHKanuu (r=—0,81).

HauGonee BbIpaxkeHHOE AOCTOBEpHOE MOBBIIeHHE coaepxkanust UK B ycioBusx
unTokcukanuu CCl, BbISIBIEHBI B TOMOT€HAaTe IEUEHU KpbiCc depe3 | cyTku mocie
OTMEHBI BBeleHHMS TokcuHa. Tak, mocie 4 wunbekuud CCly; comepxanue JIK
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yBenmamiioch Ha 83,1% (p<0,05), mocne 8 uabekumii CCl, — Ha 152,5% (p<0,05), mocne
20 unbekiuit — B 1,9 paza (p<0,01), a nocne 64 unbekuuii — B 2,4 paza (p<0,01). Taxxe
YCTAHOBJIEHO, YTO MEXAy coaepxkanueMm [IK B romoreHare me4eHW U BBIPAKEHHOCTHIO
WHTOKCHUKAIIMW CYIIECTBYET 3aBHCUMOCTh cpemaHed cuibl (r=+0,66). Uepe3 10 cytok
nocie ormenbl CCly conepxkanue JIK B roMoreHare medyeHH >KMBOTHBIX BCEX OINMBITHBIX
TPYII CHUKAETCS 10 HOPMBI (puc. 3).
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Puc. 2. Jlunamuka conepxanus K B spuTponmTax ¢ yueTom CTENEHN HHTOKCUKALIUN
TETPaxJIOPMETAHOM
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Puc. 3. U3menenue conepxanus JIK romorenara rne4eHu Kpbic B 3aBUCUMOCTHU OT
CTENEHU TOKCHYECKOTO OPAXKEHUS TETPAXIOPMETAHOM
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Puc. 4. Konuentpauust MJIA nina3Mbl KpOBH KPBIC B JUHAMUKE TETPAXJIOPMETAHOBOM
MHTOKCUKAIIUU

00
160

140

120

80 -

60

40 |

20 -

MHTaKTHble n-4 n-8 n-20 N-64

‘ll-lepes 1 cytkn BYepes 10 cyToK ‘

Puc. 5. Nsmenenue conepxxanust MJIA 3puTpOLUTOB KPOBU KPBIC B 3aBUCUMOCTH OT
CTENEHU TOKCHYECKOTO OPAXKEHUS TETPAXIOPMETAHOM

[Ipu anamuze copepxkanus MJIA B mnasme KpoBuU vepe3 | cyTku mocne
3aBepiieHus Kypca BBeAeHUsT TXM HM B OOHOM TpyMNne >KUBOTHBIX JOCTOBEPHBIX
WU3MEHECHUH MapaMeTpa Mo OTHOIICHUIO K MHTAKTHBIM JKUBOTHBIM HE BBISIBIICHO (puC. 4).
Uepes 10 cyTok noce 3aBeplIeHUs] MOACIMPOBAHNS NTATOJIOTHH TOCTOBEPHOE CHUKEHUE
JTAHHOTO TOKAa3aTelis MO OTHOIICHUIO K MHTAKTHBIM >KMBOTHBIM OOHAPYXEHO JUIIb MpU
tokcuueckoM LT (p<0,01). BeisiBneHHas TeHACHIMS K CHWXEHHIO ypoBHA MJIA npu
HapaCTaHWM TsDKECTM MHTOKcMKaumym TXM  moaTBepkaeHa  COOTBETCTBYIOIIEH
koppensuuei (r =-0,84).
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B sputpouurtax yepe3 1 cytku mocne ormensl CCly; moctoBepHble M3MEHEHUS
conepxanust MJIA BeisiBiensl B Moaenu XI' (puc. 5). B aTtom ciyuyae ykazaHHBIM
TOKa3areyib CHIDKaiIcs Ha 36% IO OTHOIICHHWIO K WHTAKTHBIM XUBOTHBIM (P<0,05).
UYepesz 10 cyrox mnocine ormensl CCl, 3HaueHue mapaMerpa He OTIMYAJIOCh OT
HOpMaJbHOTO ypoBHs. [lpum 3ToM HaOmomaeTcss ymepeHHass oOpaTHas KOppessius
Mexkay comepxkanueM MJIA >pUTpOLUTOB KPOBH KPBIC M TSKECTBIO MOJEIUPYEMOMU
uHTokcukanuu (r = —0,44). B apyrux rpynmnax >KMBOTHBIX 3HAYMMBIX H3MEHEHUUH
conepxxanust MJIA B 3puTpoLMTax KpOBU KPBIC HE BBIABIEHO (pHC. 5).
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Puc. 6. /lunamuka cogepxannsi M/IA B roMOreHare ne4eHy B 3aBUCUMOCTH OT CTETNIEHU
TOKCUYECKOTO MOPAXKEHUS TETPAXJIOPMETAHOM

HauGonee BeipaxkeHHbie n3Menenus coaepxkanust MJIA u JIK npu uHTOKCHKaIIMK
KpBIC TETPAXJIOPMETAHOM BBISIBIIEHBI B TOMOreHare neueHu. Tak, yepe3 1 cytku nocne 4
unbekiuii CCly BeIsIBIICHO MOBBIIICHUE coaepkanus MJIA mo B 2,82 pa3a OTHOIICHHUIO K
YPOBHIO MHTAKTHBIX JKUBOTHBIX (p<0,05), mocne 8 mubekumii — B 4,77 paza (p<0,05),
nocie 20 uabeknuii — B 5,3 paza (p<0,05), a — mocne 64 uaneknuii CCly — B 6,1 paza
(p<0,05). Cnemyer oOTMETUTb, 4YTO MeEXAYy coaepxkanneM MJIA u creneHslo
WHTOKCHUKAIIMU BbISBJICHA NIpsiMas CHibHasi koppensiuus (r=+0,7).

Uepesz 10 cyTok mocrne 3aBeplieHUs] BBEACHUS TOKCHMHA MPOUCXOAUT CHHXKCHUE
coaepxxkanuss MJIA, coxpaHsiiCb Ha ypOBHE BbIIIE HOpMaibHOrO Ha 75% mnocne 4
uHbeKIMI TeTpaxiopmerana (p<0,05), mociae 8 mubekuuii CCly — Ha 123% (p<0,05),
nocine 20 uabekuuii — Ha 222% (p<0,05), a nmocne 64 unabekuuii — Ha 290% (p<0,05).
(puc. 6). Mexny koHuentpauueid MJIA U BbIpaXXE€HHOCTbIO MHTOKCUKALIMM BBISABIICHA
npsiMasi 3aBUCUMOCTb, MPUOIIKatomascs K cuiibHou (r = +0,69).

3akirouenue
NHTOKCUKAIMsl TETPaxJIOPMETAaHOM MPUBOJUT K CYIIECTBEHHOMY CHABUTY
MIPOIIECCOB JIMTIONIEPOKCUIAIIMN B PaHHUE CPOKH IOCJIEe BBEJCHHs TOKcWHA. HamOomee
BBIPKCHHASI aKTUBAIIHS JTUTIONIEPOKCUIAIINN HAOTIOIA€TCS B TOMOT€HATE TICYCHH KPBIC,
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MNOABCPITIMNXCA HWHTOKCHUKAIIUU. B ICJIOM, BBCIACHHC TCTPAXJIOPMCTAHA BbI3bIBACT
BBIPA’KCHHBIC JO303dBUCHUMBIC HAPYIICHUA CTpYKTypHO-Q)YHKHHOHaHBHOFO COCTOAHUA
MNECYCHU, TPUITCPHBIM MCXAHH3MOM KOTOPBIX ABJIACTCA YCHIICHHC IIPOICCCOB
JIUIIOIICPOKCHU AT U,
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TTpaeuna opopmneHus ctateu

Inekmponunwtit yncypuan «buopadukaner u anmmuokcuoanmov) — MeHCOUCYUNTUHAPHOE
HayuHoe uzoanue, 3a0aueii KOMOPO20 CAYHCUM 00beOUHeHue U AKMUGHBLIL OUA102 ucciedosameeil
U NPAKMUKO8 PA3NUYHBIX ChReuuanbHocmeil (Meouxkos, 0u0n10208, eemepuHapos, Ouopuzukos,
XUMUKO8, MEXHUKOG, MAMEMAMUKos u 0p.), padomaiowux 6 oodnacmu c60000HOPAOUKANbHOIL
Ouo0zUU U MEOUUUHDL.

Kypnan omkpelm Ona pacuwiupenus u YmoOYHEHUA MEMAMUKU NyOauKayuil, 6K1louaem
HOTHOMEKCmOo8ble CMambl, HAxXo00auuecsa 6 omkpoimom oocmyne. Ilpusemcmeyromea 0630pvt no
Haubolee 3HAYUMBIM  (MOYKAM  POCMA» OUOMEOUUUHBl, CEAZAHHLIM C U3YUEHUEM U
UCNOIb306AHUEM DPOIU PAOUKAI08 U AHMUOKCUOAHMOE 8 OUONI02UYECKUX CUCHEMAX PAa3iuiHo20
YDOGHA Op2aHU3AUUU.

TemaTuka myoauKanmii:

1. CBoOonHOpaMKaIbHbIE IMpOLECChl B OHoioruyeckux cucremax. [Ipo- M aHTHOKCHAATHBIE
CHCTEMBI.

2. O30H, ero mnoyiyuyeHue, (HU3MKO-XMMHUYECKHE CBOWCTBA M OMOJIOTMYECKas aKTUBHOCTb,
DKcrepuMEeHTATbHBIC M KITHHHYECKUE aCTIeKTHl 030HOTEPAITHH.

3. AKTuBHBIE (OPMBI KHCIOPOAA: T€Hepalus, Aerpaaanus, (pu3noioruuyeckas pojb, ydacTue B
naTtoreHese 3a00JIeBaHUI YellOBeKa U )KUBOTHBIX, KIIMHUYECKOE IIPUMEHEHHE.

4. Oxkcun a3ora U akTUBHBIE (GoOpMbI a30Ta B Ouonornueckux cuctemax. NO-merabomusM.
[lomyyenne W wW3ydeHWe JEYEOHBIX CBOMCTB PAa3NMYHBIX (GOpPM OKcHIa a3oTa. DOU3HKO-XUMHS U
ouosorus ecrectseHHbIX geno NO.

5. IlpuponHple W CHHTETHYECKHME AHTHOKCHIAHTHI: TOJNyYeHHE, WCCIEIOBAaHHE CBOICTB,
JKCHEPUMEHTAIbHbBIE U KIMHUYECKHUE aCTIEKThI.

6. BeicokosHepreTrueckue pusndeckue GpakTopsl 1 OMOPATUKATIBL.

7. Annaparypa u o0opyaoBanue Juist renepauuu ouopaaukanos u NO.

8. ObOpazoBaTenbHble aCHEeKThl U BHEJIPEHHE B YUEOHBIN Mpoliecc MpeacTaBIeHUl 00 aKTUBHBIX
dopmax Kuciopoia, OMopaguKanax 1 aHTHOKCHIAHTaX.

Pa3pennl xxypHaJa:

. [lepenonas ctates (10 15 cTp.)

. OpurunanbsHble uccnenoBanus (10 15 crp.)

. O630p=I (10 20 c1p.)

. Kpatkoe coobmienue (1o 5-7 ctp.)

. HoBas anmmaparypa u o6opymoBanwue (110 7 cTp.)

. Mudopmarnus o npopuibHbIX KOHGEPEHIUIX U KOHTpeccax (10 5-7 cTp.)
. Pexmamusrii 610k

~NOoO bW —

TexHuuyeckue nNpaBuia mo 0(pOpMIICHUIO PYKOTIMCEH:

Crartbu cieayeT HalpaBJATH 110 YJIEKTPOHHOM Mo4Te:
cryst-mart@yandex.ru (Mapmyceeuu Anopeii Kumosuu)
unu psp-aro@mail.ru (Ilepemsazun Cepeeii [lemposuu).

Cratbsi n0oJDKHA OBITH HameyaTaHa Ha PYCCKOM HJIM aHTJIMMCKOM si3bike (mpudt Times New
Roman, xerns 14, uepes 1,5 unrepsana ¢ mMpuHOM nojei 2 cMm.).

[lepBas cTpaHuIa pyKONHUCH JOHKHA CONEPHKATh:

1) uauIMans! u GaMunuio aBTopa (-oB);

2) Ha3BaHUE CTaThU,

3) moJIHOE HAa3BaHME YYPEKICHHUS, B KOTOPOM BBITIONHEHA paboTa, Topoi, crpaHy. Damuimu
MHOCTPAHHBIX aBTOPOB CJEIYET MUCaTh B OPUTMHAIBHONW TPAHCKPUIILIUH.
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Kpome Toro, cormacHo HOBbIM TpeboBanusiMm BAK, npocb0a nmpeacTaBiasiTh Ha OTACIBHOM JIMCTE
CBEICHMSI O KaXJI0M aBTope: 1) haMuinio, UM U OTYECTBO; 2) JNOJKHOCTD, YYEHYIO CTENEeHb, YICHOE
3BaHUE; 3) MOJIHBIN MOYTOBBIN CITYKEOHBIN aapec (C MIeCTU3HAYHBIM TOYTOBBIM HHACKCOM) U e-mail; 4)
HOMep ciykeOHoro Tenedona u ¢akca. Takke ciegyeT OTMETHTh aBTOpa (-OB), OTBETCTBEHHOI'O 3a
MIEPEINCKY C PEAAKIIUEN.

Hazpanue ctatbu JOHKHO OBITH CHOPMYIUPOBAHO 1O BO3MOKHOCTH MH(GOPMATUBHO, HO KPaTKO
u 06e3 cCoKpalileHu.

HeoOxonumo npuaep:KuBaThCsi CASAYIOUIETO IIaHa HAMCAHUS CTAThU C BBIACICHUEM KaXKIO0ro
MyHKTAa B pa3fel (3a UCKIIOYCHHEM 0030pOB, JIEKIIUN, KPATKUX COOOIIECHUH):

- KpaTKOe BBEJCHHE C yKa3aHUEM IIeJId JAHHOTO UCCIIe0BAHMUS;

- pasgen «Matepuanasl U1 METOJBI» JIOJDKEH COJAEP’KaTh CBEJIEHUS O METOJaX HCCIIECJOBAaHMS,
JIOCTATOYHBbIE JJIi UX BOCHPOMU3BENEHUS, OJHAKO HE CIlIeyeT MOAPOOHO OMNHCHIBATH W3BECTHbHIC
METO/bI, OMYOJIMKOBaHHBIE paHee. B 3TOM ciyyae OCTaTOYHO AaTh CCBUIKY Ha COOTBETCTBYIOLIHIA
UCTOYHUK NuTepaTyphl. OTHAKO MOAM(PHUKAIIMU U3BECTHBIX METOAMK, pPa3padOTaHHbIE aBTOPOM (-aMH),
HY>KHO OIIUCaTh MOAPOOHO;

- pazgen «Pe3ynbTaThl M 00CYXJIEHHE» JOHKEH OBITh HAMKMCAaH JOTHYHO C MPEICTaBICHHUEM
CTaTUCTHYECKOU 00PaOOTKU PE3yNIbTATOB JAHHOTO MCCIICTOBAHMS;

- BBIBOJIBI M/HIIM 3aKIJIFOUEHUE, PE3IOMUPYIOIINE PE3yIbTaThl UCCIIEIOBAHNUS,

- CIIFICOK JINTEPATypHl B ali)aBUTHOM TTOPSIKE;

- pe3loMe Ha PYCCKOM M aHTIUHCKOM s3bikax (mo 0,5 cTp.) ¢ yka3aHWeM Ha3BaHUS CTaTbH,
(amunii Bcex aBTOPOB, KJIt0UeBbIe ciioBa (He 6osiee 10) Ha pyCCKOM M aHIVIMMCKOM S3bIKAX.

Tabmuipel momemiaroTess B Tekcre. Kaxknmas Tabnmuua JobKHAa HMMETh  Ha3BaHUE U
COOTBETCTBYIOIIYIO CCBUIKY Ha Hee B TeKkcre. B rpadax Tabmuiy HE JODKHO OBITH MYCTOT WIH HE
MOSICHEHHBIX MPOUYepKoB. Ta0nuibl JOMKHBI ObITh KOMIAKTHBIMU, UX IIAINKa J0JDKHA COOTBETCTBOBATH
conepxanuto rpad. Bee nudper B Tabnuiax 10mKHB COOTBETCTBOBATH IU(PPAM B TEKCTE, 00sS3aTelIbHA
UX CTaTHCTUYecKas o0paboTka M 0ObSICHEHHE B TEKCTE C YKa3aHUEM MPUHAUIEKHOCTH MHPOPMALIUH K
KOHKpeTHON Tabmuue. [Ipu ncnonp30BaHnu B TaOMUIE COKpAILLlEHUH, HE YIOMSHYTHIX B CTaThe, WIU
CUMBOIIOB (*, ** 1 T.11.) cMBICT X OOBSACHSAETCS B MPUMEUYAHHUH MO TaOIUIIEH.

Bce maremaTrueckue GpopmMyITbl JOKHBI OBITH TIIATEIHHO BHIBEPEHBI.

Bce cokpaieHusi, TpUHATBIE B CTaTbe, AODKHBI OBITh pacHIMpOBaHBl MPU TEPBOM UX
YIIOMHUHAHUU B TEKCTE.

OdopmiieHne crnMcka JUTEpaTypbl OCYLIECTBISETCS B COOTBETCTBUM C TPEeOOBaHUSAMHU
«Bankysepckoro ctuisi». Ha3Banus xKypHajloB JOJKHBI ObITh COKpAILlEHbl B COOTBETCTBUU CO CTUJIEM,
npuHaTeiIM B Index Medicus. bubnuorpaduueckue CCbUIKM B TEKCTe CTaTbM JOJDKHBI JlaBaThCs
HOMEpPaMH B KBaJ[PaTHBIX CKOOKaX B COOTBETCTBUU CO CIICKOM JINTEPATYPHI, KOTOPHINA (hopMupyercs B
andaBuTHOM mopsake: (aMuIus U WHUNMATBL aBTopa (-OB) (CHayala OTEYECTBEHHBIE, 3aTEM
3apyOexHbIe aBTOPBI, B TPAHCKPUIILIUK OPUTHHATIA).

O0pa3zubl opopMIIeHUS JINTEPATyPhI
Cmamus 6 ycypHuane

[TappenoB E.B., J[lpsxonoBa E.I., Macenko B.II. Conepxanue B KpPOBH TOPMOHOB,
HEMpoMeMaTopoB M THNEPTPO(Us JEBOrO Kemyrnouka y OOJIbHBIX THIEPTOHUYECKOW Oone3Hbto //
Kapmuomnorus. 1995. Ne7. C. 18-23.

Vega K.Y., Pina I., Krevsky B. Heart transplantation is associated with an increased risk for
pancreatobiliary disease // Ann. Intern. Med. 1996. Vol. 124, Ne11. P. 980-983.
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Ringsven M.K., Bond D. Gerontology and leadership skills for nurses. 2nd ed. Albany (NY):
Delmar Publishers, 1996. 540 p.
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oneparuu // B xu.: Xupyprust: Hayka u Tpyad. - H. Horopoxa: M3a-so HI'MA, 1999. C. 48-50.

Phillips S.Y., Whisnant Y.P. Hypertension and stroke // In: Laragh Y.H., Brenner B.M. (eds.).
Hypertension: pathophysiology, diagnosis and management. 2nd ed. New York: Raven Press, 1995. P.
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Huccepmavusn

Jlonarun FO.M. CocTosiHMEe HEHpOryMOpaabHOM peryasuuu KpoBooOpalieHHs y OOJIBHBIX C
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Hamenm, asmopckoe c8UOEemenbCMeo

ExoB I0.U., ®@upcoB AJl. Croco0 edyeHus KokcapTpoza IpHu JedopMalusx CyCTaBHBIX
noBepxHocTel. A.c. 1706591 CCCP. 1990.

B opurmHanpHbBIX cTaThiIX nUTHUpyercs He Oonee 30, B mepenoBBIX CTaThsIX M 0030pax
auTepaTypsl — He Oosiee 60 UCTOYHMKOB. B criucok nureparypbl He BKIIIOUAIOTCS HEOMYOJINKOBAHHbIE
paboTel M yueOHUKH. OTBETCTBEHHOCTh 3a IMPABUIBHOCTH JIAHHBIX, HPUBEACHHBIX B CIIHCKE
JUTEpaTyphl, HECET aBTOP.

K cratbe MOXeT ObITh MPUIIOKEHO MHHHUMAIIBHOE, HO JOCTAaTOYHOE KOJUYECTBO PUCYHKOB (HE
O6onee 7 Ui OpPUTMHAIBHBIX CTaTei) C MOAPUCYHOUHBIMH MOJIUCSAMHU (CIOIa OTHOCATCS TaKkKe
auarpaMmbl U rpaduku), HEOOXOJUMBIX JJIsi MOHMMAaHUS TeKcTa. B Tekcre craThbu JODKHA OBITH
CCBIJIKA Ha KXl PUCYHOK. PUCYHKHU HOKHBI OBITh YeTKUMHU. KonrdecTBo 0003HaYCHMI HA pUCYHKE
JOJIKHO OBITh CBEJEHO K MMUHUMYMY, BCE OOBSCHEHHUS CleAyeT JaBaTh B MOJPUCYHOUHOM MOJIMHUCH.
PucyHku HyMepyrOTCs OT/AIEIBHO OT TaOJIHUI.

Pucynku (rpaduku, muarpaMmbl), TIPEACTABICHHBIE B SJEKTPOHHOM BHJIE, JIOJDKHBI OBITH B
¢aitnax ¢ pacmupenuem TIFF, BMP, JPEG, PPT. Ilpu »ToM MOXeT HCHOIb30BaThCS Jro0as
Iporpamma, Mojiep >KuBaroiias 3Tu GopMaThl.

Cratbs 10KHA OBITH TIIATENHHO BBIBEPEHA U OTPEIaKTUPOBAHA aBTOPOM (-aMu).
Hanpasnenune B pemakuuio pabor, yxe ONyOJMKOBAaHHBIX WM OTIIPABICHHBIX B JApYyrue
JKypHaJIbl, HE TOIIYCKACTCS.

Pepakuusa octaBisgeT 3a co00il mpaBO COKpallaTh M PEJAKTUPOBAaTh IPHUCIAHHBIE CTATBHU.
KoppekTypsl aBTOpYy (-aM) HE BBICBUIAIOTCS, BCS paboTa ¢ HHUMHU HPOBOJUTCS IO aBTOPCKOMY
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opuruHaiy. Penakuust nmeer npaBo HalpaBUTh CTAaThIO HKCHEpTaM B 00JacTh, 00CyX/1aeMOl B CTaTbe
TEMBI, JJI1 HE3aBUCUMOM (AaHOHUMHOI) HAYYHON IKCIEPTU3HI (PEeLIEeH3UPOBAHMUS).

ABTOp (-BI), HampaBisAs CTaThlO B pPEAAKLIUIO, TMOpydYaeT (-I0T) peaakiud OOHApOI0BaTh
IPOM3BEACHUE TIOCPEICTBOM €ro ONMyOJIMKOBAaHUS B MEYATH U HJICKTPOHHOM M3JaHWU. Pemakuums mpu
UCIIOJIb30BAaHUU CTaThbH BIPaBE CHAOXaTh €€ JIIOOBIM WIUTIOCTPUPOBAHHBIM MaTepUaioM, PEKJIaMOi U
paspeuiathb 3TO JIeNaTh TPETHUM JIUIAM.

ABTOD (-bI), HANpaBIsis CTaTbl0 B PEAAKIIMIO, COTJAIIAETCs (-IOTCS) C TE€M, YTO K PelaKIuHu U
U3JaTeIbCTBY JKypHajla TMEPEeXOJAT MCKIIOUYUTENbHbIE HMYIIECTBEHHBIC IpaBa Ha MCIOJIb30BaHUE
cTaTbi (TEPEIaHHOTO B PEAAKIMI0 >KypHalla MaTepuaiga, B T.4. TaKue OXpaHsieMble OOBEKTbI
aBTOPCKOTO TMpaBa, Kak (oTorpaduu aBTOpa, PUCYHKH, CXEMBI, TaOIMIBI M T.OI.), B T.4. Ha
BOCIPOM3BEJICHUE B TIeUaTH U B ceTu VIHTEepHET; Ha pacIpOCTpaHEHUE U THPAKUPOBAHUE; HA MEPEBO/T
Ha JIFOOBIE S3BIKM HAPOJ0B MHUPA; HKCIIOPTA U UMIIOPTA IK3EMILISIPOB KypHAIA CO CTaTheil aBTopa (-0B)
B IIEJISIX PacIpOCTPAaHEHUs, HA JIOBEJICHUE 10 BCEOOIEro CBeICHU. YKa3aHHbIE BhIIIE MpaBa aBTop (-
bl) IepenaeT (-10T) pelaKkui U U3aTeIbCTBY 0€3 OrpaHUYEeHMs] CPOKA UX JEHUCTBHSI, Ha TEPPUTOPUU
BCEX CTpaH Mupa 0e3 orpaHuyeHus, B T.4. Ha Tepputopun Poccuiickoii Penepanuu. IlpaBa Ha
PYKOIUCH CUUTAIOTCS MepETaHHBIMU aBTOPOM (-aMH) PEIaKIMK M U3JaTeIbCTBY C MOMEHTA MPUHATHUS
B I1€YATh.

3a aBTOpOM (-aMM) COXpaHSETCS IMPAaBO HCIOJIb30BAaHUSA OIMYyOJMKOBAHHOTO Marepuaia, ero
¢dbparMeHTOB U YacTel B HAYYHBIX U MPENO/IaBaTEIbCKUX LESIX.

[lepeneuaTka MaTepualioB, ONYOJMKOBAaHHBIX B OKypHaie, JIpYrUMH (U3HYECKUMH H
IOPUAMYECKUMH JIMIIAaMU  BO3MOXXHAa TOJBKO C IHCbMEHHOIO pa3pellieHuss HU3JaTelIbCTBA, C
00s13aTeNIbHBIM yKa3aHMEM Ha3BaHUs KypHajia, HOMEpa U rojia myOJuKaum.

Cratbu, ohopMIIEHHBIE C HAPYILIEHUEM BBIILIEU3I0KEHHBIX IPaBUJI, TyOJINKOBAThCS HE OyayT.
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Guidelines for Authors

Journal «Bioradicals and Antioxidants» is a peer-reviewed, open access journal that publishes
original research articles as well as review articles in all areas of free radical processes in different
biological systems. The general purpose of the journal is integration of specialists (doctors,
biologists, veterinary doctors, scientists in physics and chemistry, engineers etc.), working in area of
free radical processes in biomedical systems and its practical applications

Editor-in-Chef — Prof. Sergey P. Peretyagin (psp_aro@mail.ru)
Vice-Editor-in-Chef — M.D. Andrew K. Martusevich (cryst-mart@yandex.ru)

Articles should be sent to Editor-if-Chef or Vice-Editor-in-Chef.

MAIN TOPICS:

1. Free radical processes in biological systems. Pro- and antioxidant systems.

2. Reactive oxygen species: generation, physical and chemical aspects, decomposition,
physiological effects, role in pathogenesis of different human and animals diseases, clinical use

3. Ozone: generation, physical and chemical properties, biological activity. Experimental and
clinical aspects of ozone therapy.

4. Nitric oxide and reactive nitrogen species in biological systems. Generation, biological and
sanogenic effects of NO. Bound forms of nitric oxide, including dinitrosyl iron complexes.

5. Natural and synthetic antioxidants: synthesis, investigation of properties, experimental and
clinical aspects.

6. High-energy physical exposures and bioradicals.

7. Devices and equipment for generation of bioradicals and NO.

8. Functional and laboratory methods for investigation of free radical processes.

9. Educational aspects in area of bioradicals, nitric oxide and reactive oxygen species.

JOURNAL SECTIONS:
- Perspectives (up to 15 pages.)
- Original article (up to 15 pages)
- Reviews and mini-reviews (up to 20-25 pages)
- Short communications (up to 7 pages)
- New devices and equipment (up to 7 pages)
- Conferences and Congresses (up to 5 pages)

MANUSCRIPT PREPARATION
Manuscripts should be in Word Document (Microsoft Word 97, 2003, 2007) in English or
Russian and should follow the style of the Uniform Requirements for Manuscripts Submitted to
Biomedical Journals, a copy of which can be found at www.icmje.org.

FONTS
Use the font Times New Roman size 14 for the body, size 14 bold for subheadings and headings
and size 16 bold for the title, Line spacing=1,5.
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TITLE PAGE
The title page should state:
« Title: title should be without abbreviations.
* Author(s): full name of all authors should be mentioned.
« Affiliation: Author’s affiliation containing: Department, University, City, Country.
» Corresponding author: one of the authors should be chosen. Address, telephone and fax
number and E-mail should be written.

ABSTRACT AND KEYWORDS
[required for perspectives, research articles, review articles]
* Abstract of research articles and brief reports should be structured as below:
Background, Objectives, Materials/Patients and Methods, Results and Conclusions. A list of 3-10
keywords must be provided for indexing purposes. All keywords should be provided according to
MeSH terms at: http://www.nlm.nih.gov/mesh/MBrowser.html.

ARTICLE BODY

Generally includes the: Background, Objectives, Materials/Patients and Methods, Results,
Discussion and References.

» Background: This should summarize the rationale for the study.

* Objectives: State the aims of the study.

» Materials/Patients and Methods: This should include exact method or observation or
experiment. If an apparatus is used, its manufacturer’s name and address should be given in
parentheses. If a drug is used, its generic name, dose and route of administration must be given.
Statistical method must be mentioned and specify any general computer program used.

* Results: Must be presented in the form of text, tables and illustrations.

The contents of the tables should not be all repeated in the text. Instead, a reference to the table
number may be given. Long articles may need sub-headings within some sections (especially the
Results and Discussion).

* Discussion: This should emphasize the present findings and their differences or similarities
with other work done in the field by other workers. Emphasize the new and important aspects of the
study and the conclusions.

* Acknowledgments: All contributors who do not meet the criteria for authorship should be
covered in the acknowledgment section. Persons who provided technical help, writing assistance and
should also be acknowledged.

* Tables: All tables must be included at the end of the manuscript.

Tables in the word file should be separated by page break (each table on a separate page).
The style of table should be simple.
Each cell contains only one paragraph or one line.

« Figures: Figures must be included in article body. Resolution should be 300 dpi for a 3*2 inch
figure.

 Units, symbols, and abbreviations: Internationally accepted units (International System of
Units), symbols, and abbreviations must be used. Abbreviations should be used sparingly and must be
introduced in parentheses upon the first mention.

* Drug names: Generic drug names must be used.
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REFERENCES

This Journal accepts references according to Vancouver style (with some minor changes) rules
established by the International Committee of Medical Journal Editors. In the Vancouver system, the
only indication required in the text of a paper is a number, allocated in ascending sequence, and
presented in the text either in brackets, or in superscript. For example:

“Recent randomized controlled trials in primary care showed benefits for patients with depression
from increased telephone support, better cooperation between primary care and mental health
professionals, and more systematic follow up (7).”

If the same source is cited again later in the text, the same number is used once more. If multiple
references are cited, use a hyphen to join an inclusive range of numbers thus: (2-5). Use commas
without spaces to separate non-inclusive numbers in a multiple citation thus: (2-5, 7, 10).

Optimal number of references for perspectives and reviews is up to 60, and for original articles
and miniOreviews — up to 30.

* Books and Other Monographs

The details needed to construct a book reference are presented below.

Each author’s surname followed by the initials (in the same order as they appear on the title
page), a comma should separate each author’s name. Title of the book. Edition of the book if there has
been more than one. Place of publication or town of origin followed by a colon, Publisher’s name,
followed by a semi-colon, Year of publication. e.g.

Ringsven M.K., Bond D. Gerontology and leadership skills for nurses. 2nd ed. Albany (NY):
Delmar Publishers, 1996. 540 p.

If only a part is cited, add the page numbers, and volume number in the case of multi-volume
works, at the end of the reference.

Meltzer P.S., Kallioniemi A., Trent J.M. Chromosome alterations in human solid tumors // The
genetic basis of human cancer. Vogelstein B., Kinzler K.W. (Eds.). New York: McGraw-Hill, 2002. P.
93-113.

* Standard journal article

List the first three authors followed by et al., paper title, journal title abbreviation, year of
publishing, volume number, issue number in parentheses, page range. e. g.

Vega K.Y., Pina I., Krevsky B. Heart transplantation is associated with an increased risk for
pancreatobiliary disease // Ann. Intern. Med. 1996. Vol. 124, Nel 1. P. 980-983.

* Dissertations (not recomended)

Kaplan S.Y. Post-hospital home health care: the elderly’s acces and utilization [dissertation]. St.
Louis (MO): Washington Univ., 1995.

REVIEW PROCESS
All submitted manuscripts are subject to peer review and editorial approval. Articles will be sent
to at least 2 reviewers. Authors are usually notified within 1-2 months about the acceptability of their
manuscript.
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