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[TokazaHo, 4TO BBICBOOOXIAECHME ITOJJOBMHBI HUTPO3WJILHBIX JINTAHIOB W3 XEJIe30-IWHUTPO3IWILHBIX
dparMeHTOB B OUSIIEPHBIX TUHUTPO3WIBHBIX KOMILIEKCAX Kejae3a ¢ TUOJICOAepXKAIIUMU JIMTaHIaMU B
dopme katmoHoB HUTpo3oHuss (NO') mpm pacmame 3THX KOMIUIEKCOB B KHCJIOTHBIX pPacTBOpax
MOBBIIIAETCS TIPU MOHWXEHUU CTAaOMJIBHOCTU 3TUX KOMIUIEKCOB M TMOJHOCTBIO TIpeKpallaeTcs Ipu
MOBBIIIIEHUN KOHIIEHTPAIIMU CBOOOIHBIX TUOJOB (HE BKJIIOYMBIIUXCS B OUsIAEpHBbIE TMHUTPO3UIIbHBIC
KOMILJIEKCHI KeJjie3a) 10 YPOBHSI, IPEBBIIIAIOIIEr0 KOHIIEHTPALIUIO XKeJIe30-TMHUTPO3WIbHBIX (PparMeHTOB
B nBa u Oonee pa3. [lepBuiii dakTop MpOSIBIASETCS B TOM, UTO MEHEe YCTOMYMBBIE KOMILIEKCHI C
MEPKaNnTOCYKIIMHATOM paciagaloTcs B KUCIIOTHOM cpejie TIpU KOMHATHOM TeMITepaType, ToTIa Kak pacra
6oJiee YCTOMIMBBIX KOMITJIEKCOB C TIIYTAaTUOHOM ITPOMCXOIUT TOJIBKO TP MPOTpeBe UX PACTBOPOB IPU
80°C. TIpekpaiieHue BbICBOGOXIEHUSI KaTHOHOB NOT U3 KOMILIEKCOB IpPM TMOBBIIIGHUU YPOBHS
CBOOOIHBIX TUOJIOB B PACTBOPE OIMPEAEIISIETCSI CMTOCOOHOCTHIO MOCIENHUX MHUIIMMPOBATh BOCCTAHOBJIEHUE

katrnonoB NO™ 1o NO.
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B nocneaHue roabl yCUIMIICS UHTEpeC K NTUHUT-
po3uIIbHBIM KoMInTeKcaM Xkene3a (JJHKIK) kak sk-
30T€HHBIM TIPOM3BOAHBIM OIHOTO W3 YHUBEpPCaJb-
HBIX PETryJIsITOPOB METa0OJUYECKUX TPOLECCOB —
okcuaa azota (NO) [1—3]. BoablIMHCTBO UCCeno-
BaTesiel Tojiaraet, 4to BktodeHue NO B 3TU KOM-
TUIEKCHl 0OecreuynBaeT ero CTabuamn3anusi B KUBbBIX
OpraHusMax U TEM CaMbIM MEPEeHOC K YNaJIEHHBIM
MUIIEHSIM OMOJIOTMYECKOTO NEeUCTBUS 3TOTO areHTa.
Hamm MHoronerHue wcclienoOBaHUS T103BOJISIIOT
npeamnoJarats 0oJibliiee, a uMeHHo, 4yto JJHKXK, B
0COOEHHOCTH, BKJIIOUaloIIue B ce0s1, HapsIoy ¢ HUT-

Coxpawenus: JHKXK — nUHUTPO3MIbHBIE KOMILIEKCHI XeJie-
3a, RS-NO — S-nurpo3zoruonsi, M-JIHK2K — MoHosimepHast
¢dhopMa TUHUTPO3WILHBIX KOMIUIEKCOB kejeda, b-JHKXK —
ousinepHasi ¢opMa AMHUTPO3WILHBIX KOMILJIEKCOB 3Keje3a,
KIH® — xene3o-muHUTpO3WIbHBIE (parmeHT, GSH —
BoccTaHOBJIeHHBIN TiyTatTuoH, NAC — N-auetun -L-mucre-
uH, MS — MmepkanrocykuuHat, b-JJHK>XK-GSH — ousnepHbie
JTUHUTPO3UJIbHBIE KOMIUIEKCHI XeJie3a C TIIyTaTUOHOM.
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PO3MIIBHBIMU JIMTAaHIAMU THOJICOMEPIKAIIINE COCIM-
HEHWUSI, CIIeAYeT pacCMaTPUBaTh B KaUeCTBE «paboueit
dopMBI» OKcHIa a3oTa, QYHKIIMOHUPYIOMIEH B K1~
BbIX opraHu3max [4, 5]. Bkaoyenue NO B 3T KOM-
IUTEKCHI OOECIIeurMBaeT HE TOJBKO €ro CTabuiIn3a-
IINI0, HO U TIpeBpallleHrne MOJIOBUHBEI MoIeKyld NO B

KaTUOHBI HUTPO3OHUSI (NO+), a TakKe CcTabuin3a-
nuto nociaeaHux B coctaBe JIHK2K 1 nmepeHoc ux Ha
COOTBETCTBYIOIINE MUIIEHN, HAIIpUMEpP, Ha THUOJIO-
BBI€ TPYIIIILI, IIpeBpallalolIrecs: IPU CBI3bIBAHUU C

NO* s COOTBETCTBYIOIIUE S-HUTPO30THOIEI (RS-
NO) [6-S8].

B coorBeTcTBMM ¢ HalIMMU TIpeACTaBICHUSIMU
npeBpaleHue MoJieKyJa NO B KAaTUOHBI HUTPO30OHUS
MIPOMCXOIUT B XOIe 0OOpa30oBaHUS MOHOSIASPHOM
dopmbel IHKIK (M-IHKXX) ¢ ThnojicoaepxalmumMu
JUTraHgaMM I10 MEXaHM3My, IIpUBEACHHOMY Ha
cxeme 1:
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R§™ NO RS NO* RS NO* RS~ NO*
N/ N N/
Fe2* | =  Fe* =  Ft  +HNO =  Fe*  + 1/ (N,0+H,0)
7/ N\ 7N\ 7/ N\
RS NO RS NO- RS NO RS~ NO*
/N
H* NO

+
Cxema 1. Mexanusm obdpasoBanus M-JIHXK ¢ TnoncogepxamymMu JUraHaaMy B peaklu Fe?
¢ moJiekysiamu NO 1 THOJICOAepXKAIIUMU coenuHeHusiMu [6—10].

CoryacHO 3TOMy MeXaHM3MYy, MOSIBJICHUE KaTHUO-
Ha HuTpo3oHud B JJHKIXK obGecrieumBaeTcst mormap-

HbIM CBsiI3bIBaHUEM MoJieKya NO ¢ moHamu Fe?t ¢
MOCJIEAYIOLIEN peaklMer AUCTIPONIOPLIMOHUPOBAHUS
3THUX MOJIEKYJI, TIPEBpaIalOIINXCsI COOTBETCTBEHHO B

aHnoH HuTpokcwiaa (NO™) U KaTMOH HUTPO30OHMS.
ITocne mpoToHMpOBaHUSI MEPBOTro oOpaszylolascs
Mosiekyjia HuTpokcwia (HNO) BBIXOIUT U3 KOM-
MJeKca U ee MECTO 3aHUMAaET Jpyrasi (TpPeThsI) MOJie-
kyna NO. B pesynbrare BMecTo ncxomHoro DITP-ne-
aKTUBHOIO KOMILIEKCa [(RS_)2F62+(NO)2] C 4eT-
HBbIM (paBHBIM 8) YMCJIOM 3JIEKTPOHOB Ha BEPXHUX
MOJEKYISIPHBIX OpOMTANIsIX KoMmIuiekca (imectu d-
3JIEKTPOHOB OT Fe?' u JIBYX — OT CBOOOJHO-paau-
KaJIbHBIX MoJieKyJ ?NO) Bo3dHukaeT DI1P-peructpu-
PYEMBIM KOMIUIEKC C HEUYETHBIM (paBHBIM 7) YHCIOM
3JIEKTPOHOB, XapaKTepU3YIOLIUINCI pPEe30HAHCHOM

CTPYKTYpOI1 [(RS')2F62+(NO)(NO+)] C paBHBIM CO-

+
orHomeHneM NO m NO' B XeJe30-IMHUTPO3IMITH-
HOoM (parmenTe JTHKK.

CoxpaHeHue KaTHMOHa HUTPO3OHUSI B COCTaBe
JHKZK onpenensieTcss HaIMuMeM B HEM TUOJICOALSP-
KaIlX JIMTAaHAOB, aTOMBI CEPBI B KOTOPBIX XapaKTe-
PHU3YIOTCSI BBICOKOM BJIEKTPOH-IOHOPHOI aKTHUBHO-
cThio. [1lepeHocC 3JIEKTPOHHO IJIOTHOCTHU € 3TUX aTO-
MOB Ha KaTMOH HUTPO30HMUS IIPUBOOUT K CHIDKEHUIO
MOJOXUTEJILHOIO 3apsiia Ha 3TOM KaTuhoHe. B pe-
3yabTaTe IMpeaoTBpallacTCs €ro B3auMOIEHCTBUE C
aHMOHAMM THUAPOKCWIA ¥ TEM CaMbIM TMIPOJIM3 Ka-
THOHA HUTPO30HMUSI, KOTOPHIM MIPUBOAUI OBI K TIpe-
BpalllcHUIO 3TOTO KaTMOHA B aHMOH HuUTpuTa ( IIpu
COXpaHEeHMM HeUTpanbHBIX 3HadeHMiT pH) 1 TeM ca-
MBIM K pacrniaxy JHKIK. 3toT adpdekT jeXxuT B oc-
HoBe BbICOKOI cTtabuibHocTH JHKK ¢ THoncomep-
KaIIMM JIMTAaHIAMM, OIIPEASIISIONIE UX CYILIECTBO-
BaHME B XXMBBIX OpraHuM3Max, 4YTO U I1O3BOJIMJIO
BBISIBUTH UX HaJIMYME B 3TUX OpraHM3Max I10 Xapak-
tepHoMy utst M-JTHKK curnany SI1P ¢ g, = 2.03
[10].

B xwmBbix opranmsmax JJHKXK ¢ Ttnoncomepxka-
IIMMU JIMTAaHAAaMU MOTYT OBITh IIPEICTaBICHbI TAKKE
u B ousaepHoit popme (b-JIHKIK), xapakTepusyro-
meiicsa B coorBeTtcTBUM ¢ M-JIHK2K pe3oHaHcHOIT
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Puc. 1. CrangaptHbeie criekTpbl noriomieHust b-JIHK2K ¢ Tthonconepkamummu auraHaamMu (CrieKtp /) u S-HUTPO30TUOJIOB
(criexTp 2). Ha Bpe3ke meMOHCTpUpyeTcs cjlaboe ONTUYECKOe MOMIOIIeHNE S-HUTPO30THOIOB B obnactu 540 HM [11].
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crpyktypoit  [(RS7),Fe?",(NO),(NO*),]. Ona
DITP-HeakTUBHA M XapaKTepU3yeTcsT CIIEKTPOM ITO-
rJIolIeHus ¢ rmojjocamu Ha 310 u 360 HM, mpencTaB-
JIeHHBIM Ha puc. 1 (kpuBas 1) [11, 12].

Panee MBI mpuBenu 3KCIIEpUMEHTaJbHbIC HaH-
HBIE, CBHUACTEJILCTBYIOIIME O HAJIWYMUA B COCTaBe
Bb-JHK2K ¢ TnoacomepXammMu JIUraHgamMu (a cie-
nmoBateabHO U B coctaBe M-JIHKOK) kaTHOHOB HUT-
po3onus [5—8]. BrIcBOOOXIeHME IOCICOHUX IPU
pacriage b-JIHK2K ¢ ramyratmoHom wuiau N-aleTwii-
L-umcrernHOM, BBI3BAHHOM ITOOKUCICHHEM HMX pac-
tBOopa 10 pH 1.0 ¢ mociienyommm ero mporpeBoM Ipu
80°C B aspOOHBIX I aHA3POOHBIX YCIIOBUSIX, IIPOCIe-
XKUBAJIOCh IO O0pa30BaHUIO COOTBETCTBYIOIINX
S-HUTPO30THOJIOB, ONPEIE/ISIBIINXCS IO XapaKTep-
HOM IUIsSI HUX I10JI0CE CHEKTpa ONTHUYECKOIO ITOIJIO-
meHus1 Ha 334 HM, IpPUBEIEHHOTO Ha puc. 1
(kpuBasg 2).

ITpu 3TOM OKa3aJIOCh, YTO KOHLEHTpAaLUSl S-HUT-
PO30THOJIOB (A CJIeA0BATEIbHO, KATUOHOB HUTPO30-
HUS), TIOSIBJISIBIIUXCSI B 3TUX OIbITaX, MO KpaliHeit
Mepe B a3POOHBIX YCIOBUSIX, B COOTBETCTBUU C BbI-
LIENPUBEIEHHON PE30HAHCHOU CTPYKTYPOU XKeJe30-
JIUHUTPO3WIbHBIX (pparMeHToB (KIIH®P) nuHUTpO-
3WJIBHBIX KOMIIJIEKCOB 3Kejie3a, OblIa TOYHO paBHA
MOJOBUHE HUTPO3WIBHBIX JIMTAHAOB, BXOOWBIINX B
CcOoCTaB 3TUX (pparMeHTOB. B aHa3pOOHBIX YCIOBUSIX
S-HUTPO3OTHOJIBI MOSBISIIMCH B 3TUX OIbITaX TOJbKO
B pactBopax b-JIHKZK, B KOTOpbIX MOJISIpHOE COOT-
HOIIIEHWE KOJIMYECTBA CBOOOIHBIX (HE BKIIOYEHHBIX
B b-JIHK2K) tnonos n camux b-JIHK2XK He npeBbI-
mwaso 1:1 [7, 8]. [Ipu 3TOM, KaKk mpaBuio, ypoBEeHb
BbIcBoOOXAaBIuxcs u3 b-JIHK2K katnoHoB HUTpO-
30HUSI, OBIT HUKE TTOJIOBUHBI HUTPO3UITBHBIX JTUTAH-
JIOB, BXOAWUBIIINX WCXOMHO B COCTaB XXEJI€30-TUHUT-
PO3UJIBHBIX (hparMEHTOB B 3TUX KomIuiekcax. [lpu
COOTHOIIeHUU ¢cBOOOAHBIX THOJI0B U b-JIHK K, paB-
HOM 2 :1 W BbIllIe, BCE HUTPO3WIbHBIEC JUTAHIbI B
OnbITaX, MPOBOAUBIINXCS C UX pPACTBOPAMM B aHad-
POOHBIX YCIOBUSIX, BeIcBOOOXHanuch u3 b-JITHKXK ¢
TUOJICOACPKAIIMMU JIUTaHIaMU TOJIbKO B (hopMe
HeUTpabHbIX MOJIeKyJT NO, onipenensiBIINXCS U3Me-
peHUSIMU ypOBHsI razoodpaszHoro NO oNTUYECKUM
MmeTtonoMm [5, 7, 13].

EctectBenHo, uto npu pacnane b-JIHKZK, BbI-
3BAaHHOM B aHa’pPOOHBIX YCJIIOBUSIX OKHMCJIECHUEM UX
TUOJICOAEPKAIIMX JUTAaHIOB (heppULIMaHUAOM WU
0JIOKMPOBAaHUEM B HUX THOJIOBBIX I'PYIII Mapa-xJiop-
MEpPKypuitOeH30aTOM, BHICBOOOXKIAIONIUECS U3 ITUX
KOMILIEKCOB KaTUOHBI HUTPO30HUSI, KaK 3TO ObLIO
rokasaHo HaMmu B pabotax [7, 13], u3-3a oTCyTCTBUS
TUOJIOB HAYMHAJIU TUIPOJIU30BaThCS, [IPEBPALIASICh B
aHUOHbI HUTpUTA. KOHILIEHTpalIMIO MOCAETHUX MOX-
HO ObLIO OLIEHUTh ONTUYECKUM METOJOM MO KOHIIEH-
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TpallMu S-HUTPO30OTHOJIOB, OOpa3yIONINXCI B peak-
LMY HUTPUTA C TUOJIAMU B KUCJIOU cpelie.

[1pu mpoBeneHNM BCceX 3TUX UCCISAOBAaHUIA OCTa-
JICh GE30TBETHBIMU CJIEAYIOIINE BOIIPOCHL. Bo-1iep-
BBIX, HE MOTJIN JIA S-HUTPO3OTHUOJIBI B HAIIINX OIIBITaX
¢ oopaodotkoit b-JITHKX ¢ tnoaconepxammmn am-
raHgamMy KHCJIOTOWl M HarpeBaHHEM BO3HHUKATh B
a’pOOHBIX YCJIOBUSAX B pe3ynbrate okuciaeHus NO,
BoigensiBiierocs u3 b-JIHK2K, no nmokcuna azora ¢
MOCJIeNyIOIIMM OOpa3oBaHMEM TPUOKCHAA a30Ta,
CIIOCOOHOIO0 S-HUTPO3MPOBATh THUOABI? BO-BTOPHIX,
OCTaJIOCh HEIIOHSATHBIM, ITIOYEeMY IIPH COOTHOIICHUN
cB0OOIHBIX THOJ0B U b-JIHK2K, paBHOM Wi BhIlIe
2:1, KaTUOHBI HUTPO3OHUSI HE OOHAPYXKUBAIKCH
IIpU KMCJIOTHOM pacnaje 3TUX KOMIUIEKCOB B aHad-
pOOHBIX ycloBUsIX? B-TpeThbux, MOXHO JIM OBLIO,
CHMKAsI TO COOTHOIIIEHNE, BKIIOYUTD B S-HUTPO30-
THUOJIBI BCE KATUOHBI HUTPO30HUSI, BXOOUBIINE B
B-AHK2K B coctas 2KJIH®D?

B HacToseii HY6J'II/IK3.L[I/II/I MbI IMOMNBITAJIUCH OT-
BETUTDb HA 3THU BOIIPOCHI.

MATEPHAJIbBI U METOJbI

Marepuaisl. B sKcriepuMeHTax HCIOJIb30BaIN
deppocynbsdart (FeSO,4 7H,0) (Fluka, [lIBefinapus),
BoccTaHoBieHHEIN TiryratnoH (GSH), N-anetmn-L-
muctendH (NAC) u mepkanTocykiuHaT (MS) — Bce
ot Sigma (CIIIA).

Cunre3 b-/IHKXK c¢ THoJICOAEpKAIIMMH JIATAHAA-
mu. Cunres Bcex JJHKXK ¢ tnoncomepxxammmu Jii-
rangamu (GSH, NAC u MS) nmpoBoauv o METoIu-
K€, OIIMCaHHOI B paboTte [14] 1o peakiiuy MexKIy CO-

OTBETCTBYIOIIUMU  S-HUTPO30TUOJAMMU, Fe?t u
TUOJIAMU, IPUBEJEHHON Ha cXeMe 2, JEMOHCTPUPY-
[olIeil obpa3zoBaHUE B 3TOU peaklIMU MOHOSIIEPHOM
dopmbl Takux KomriekcoB (M-IHKOK). [Tns atoro
B 10 M1 IUCTUILIMPOBAHHOI BOIBI BBOAMIU THOI (20,
30 unu 40 MM), nanee nmocie no6aBJIeHUsT B paCTBOP
0.05 M1 cepHOIl KMUCJIOTHI B Hero BBomwm 20 MM
deppocynbdara xKejaesa u, HakoHell, 20 MM HuTpuTa
HaTpusi. BBeaeHue mociieiHEro MHULIMUPOBAJIO 00-
pa3oBaHUe B KUCJIO Cpeie COOTBETCTBYIOIINUX S-HUT-
po3otuonioB (RS-NO) — GS-NO, NAC-NO u MS-
NO B KOHIIEHTpallu1, paBHOI KOHLIEHTpAllUU HUT-
puta — 20 MM, 3akaHYuMBaBIlIeecs 3a MOJTOpa yaca
i1 GS-NO nm 3a HeckKoabpko MUHYT 11 NAC-NO u
MS-NO. Ilocne 3Toro B pacCTBOPbI BBOAWIN KarlIsi-
MU KOHIIEHTpMPOBaHHEBIN pacTBop miejoun (NaOH),
nosbeiIasgt pH pacTBopa 1o HeNTpadbHBIX 3HAYCHUIA.
B pesynbTaTe po3oBasi okpacka pacTBopa, 00yCIOB-
sneHHas RS-NO, cMeHs1ach Ha OpaHXXeBO-KOpPUYHE-
BYIO, XapaKTepHYIO JjIs1 00pa3yolluXxcsl B pe3yJibTaTe
obpatumoii koHaeHcauuu aByx M-IITHKZK, obpa3zy-
omuxcsa 1o cxeme 2, B OwmsamepHble JIHKIXK
(b-AHKZK). 9rtot npouecc mis b-JIHKXK ¢ NAC
win MS 3aHuMaJl Tpu KOMHATHOM TeMImepaType To-
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psIKa OJHOTO Yaca, Toraa Kak odopa3zoBaHue b-J/1H-
KX ¢ GSH 3akaHYMBaJIOCh JIMIIbL 4Yepe3 4YeThIpe-
MSITh YaCOB, MOCJIE YETO HEPACTBOPUMBIE B BOJIE TUJI-
POOKMCHBIE KOMILIEKCHI XKeJie3a, HE BKJIIOUUBILIETOCs
B b-JIHKOK, ynansinu ¢punsrpaliueit pactBopa uepes
(GuIbTPOBATIbHYIO OyMary.

RS™ NO*+-RS™ RS™ NO* +RS’
N /S AN
Fe2* |e ——> Fe2t
VRN
RS~ NO*-RS™ RS™ NO +RS™
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B cooTBeTCcTBUM CO cXeMOIi 2 OCHOBHOM cTaaueii B
obpazoBaHuu M-JIHKOK sBnsiercsa peakuus muc-
MIPONOPLUOHMPOBAHUS (B3aMMHOIO OTHO3JIEKTPOH-
HOTO OKWCJIEHUSI-BOCCTAHOBJICHUSI) MOJIEKylT RS-

NO, nomapHO CBSI3BIBAIOLIUXCS C HOHOM Fe2™:

RS~ NO*
AN
Fe* + RS +°SR

VRN
RS~ NO*

Cxema 2. Mexanusm oopazoBanust M-JIHKK ¢ Tnonconepxammmm
JIMTaHOAMU B PeaKIIMU S-HUTPO30TUOIOB, NIOHOB Fe?'u tnosnos [15].

DTa cTtaaus cpasy Xe MPUBOIUT K 00pa3oBaHUIO
napamMarHuTHEIX (DI1P-aktuBHbBIX) M-JITHKOK C
BBICBOOOXIEHUEM OJHOM MOJIEKYJIbI TUOJIA U OJHO-
ro TUWJBHOTO paauKalia ¢ Mocjenymolleid, 0 4yem
yXe ObL1o ckazaHo, KoHaeHcauuein M-JITHKZK B
ousnepHyto popMy 3Tx KoMIuiekcoB. [Tockonbky
Ha cuHTe3 ogHOoTOo KJITH® B 3THX KOMIUIEKCAaX yXO-
mno 1o aBe MoJieKyabl RS-NO, 20 MM koHIIeH-
Tpalldsl MOCJEeNHUX NO0JDKHa Oblia obecrieuyrBaTh
obpazoBanue 10 MM XKJIH®. Mx cBg3bIBaHUE MO
JIBa yepe3 MOCPEICTBO IBYX TUOJCOAEPXKAIIUX MO-
CTUKOB M JOJXKHO OBLJIO NMPUBOAWUTH, B COOTBET-
CTBUU C BbIIIENPUBEAEHHOU (DOPMYJION 3TUX KOM-

mekcos — [(RST),Fe?*,(NO),(NO™),|, k Bo3Huk-
HoBeHMIO B pacTtBope b-JIHKIK, uro 1 mmeiro mecto

B XO04€ HMCIIOJB30BAHHOIO HaMM ME€TOHda CHUHTE3a
OTUX KOMIIJICKCOB

IIpu ucnonb3zoBanuu nipu cuHTe3de b-JIHKIK
THOJICOAECPKAIIMX COCTMHEHMNI, MPEBHIIIAIOIINX KO-
mmuectBo HUTpUTa — 30 1 40 MM (BmecTo 20 MM),
B pacTBOpE MOSIBISIMCH «CBOOOIHbBIE» (HE BKIIOUEH-
Hele B b-JIHK2K) THonbI, B MOJISIpHOM COOTHOIIIE-
H1M cBoOOoaHBIN THOI : b-JIHKOK, paBHBEIM cooTBET-
crBeHHO 1: 1 wm 2 : 1. [Ipu ucxomHoit KOHIIEHTpa-
uun B 20 MM Tuoi0B B cBOOOAHOI dopme (He
BkitoyeHHOU B b-JIHK2K) B pacTBOpe 3T KOMILIEK-
Chl He OOHapyXuBaduch. B 3TOM ciyyae cuHTE3
Bb-IHKX obecrreunBaicst TmojiaMu, BLICBOOOKIaB-
mmucs u3 RS-NO B xone cuaTe3za M-JIHKIK, ripu-
BEIECHHOTO Ha cxeMe 2.

Kak cnenyeT u3 BblllleCKa3aHHOTO, KOHIIEHTpa-
s cuHTe3npoBaHHbx b-JIHKIK ¢ tnonconmep:ka-
mymu uradnnamu (b-JIHKXK-GSH) teopetnyecku
JoJpKHa OblIa B riepecueTe Ha onuH KJIH® cocras-
aate B cpegHeM 10 mMM. IlociegHee MOXHO
ObLIIO TIPOBEPUTH 110 TMOJOCE TMOMIOIIEHUST Ha
360 HM B ONITHUYECKUM CIIEKTpe CUHTE3MPOBAHHOTO
Bb-IHKOK ¢ KoahduimeHToM 3KCTUHKIIMU, PABHBIM

3700 M~ lem™! [11].

Ontuyeckue usmepenus. OnTryeckue M3MepeHUs
pPacTBOPOB MPOBOIWIN MPU KOMHATHOM TeMIIepaTy-
pe Ha criekTpodoTomerpe UV-2501PC (Shimadzu,
Europa Gmbh, I'epmanus), McCHojib3ys IIOCKYIO
KIOBETY C JJIMHOM ONTUYECKOro myTu 10 Mm.

PE3VJIBTATHI

Omucanue mnoJjydyennbix mnpenapatoB b-/THKK.
Perucrpaiivusg crieKTpoB TOTJIOLIEHUST MOJTYYEHHBIX
npernapatoB b-JIHK2K nokaszana (puc. 206), 4to
MPU CHUXKEHUU MOJIIPHOTO COOTHOILIEHMUS CBO-
00onHBIX TUOJOB (ryTatuoHa, NAC uiu UCTeuHa) 1
b-JHKXX Huke 1 : 1, T.e. Ipu IOHUXKEHUU COAepKa-
HUSI cBOOOMTHBIX THOJIOB B pacTBope b-JIHK2K ob6Ha-
PYXUBaOCh OTKJIOHEHUE (POPMBI 3TUX CHEKTPOB OT
«CTaHAapTHOTro» (MpUBEIEHHOTO Ha puc. 1) cekTpa
noriaomenuss b-JIHK2K ¢ Ttuoncomepxamuymuy am-
raHIamu.

OTO OTKJIOHEHUE MNPOSIBISIOCh B YIUIOLICHUU
CTIEKTpa TOTJIOMEHUS cuHTe3upoBaHHbIX b-JIHKXK
Mexay noaocaMu Ha 310 u 360 HM, T.e. YIJIOLLIEHUN
MUHUMYyMa MeEXOy O3TUMHU TiojocamMu (puc. 20,
criekTp /). OHO MOTIJI0 OBITh O0YCIOBJIEHO HaIOXKe-
HHEM Ha 3TOT CHEKTP IMOJOChl ONTUYECKOTO MOTJIO-
1meHus Ha 334 HM COOTBETCTBYIOIINX S-HUTPO30THO-
JIOB, «HE YCHEBIIMX» BKIIOYUTLCS B OOpa3oBaHUE
CHayvajia COOTBETCTBYIOIIMX M-, a 3atem 1 b-JIHK2K
M3-3a OBICTPOTO OCAXIECHUS Keyie3a B popMe ruapo-
OKMCHBIX KOMILJIEKCOB (M, KaK CJIeICTBUE 3TOTO, BbI-
KJIIOYCHUS 9acTU Kejle3a M3 peaklIuM I10 cxeme 2).
DTO TIPEeArosiokeHUEe IIOJHOCThIO TOATBEPAMIIOCH
Opu CcIoXeHUu cnekTpoB nmoriouieHus b-JIHKXK ¢
JIyTATUOHOM, MOJYYEHHBIX IO CXeMe 2, IMPU Pa3HbIX
konudectBax GS-NO, «He yCIeBIINX» BKIIOUUTHCS B
b-AHK2K-GSH. Hanpumep, ecli B 3TU KOMILIEKCHI
He BKIrouniiock 661 10 n3 20 MM GS-NO, To BKIIO-
yeHue B HUX ocTajbHbIX 10 MM (50%) GS-NO nomx-
HO OBLIO IMpUBECTU K 0OpazoBaHuio S MM b-JIHK2K-
GSH. CooTBeTCTBEHHO IMPH PaACHAIe ITUX KOMIUIEK-
COB BBIIEJIMJIOCH ObI 5 MM KaTMOHOB HUTPO3OHMUS,

BUODU3NKA Tom 68 Ne3 2023
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Puc. 2. (a) — Popma crekrpos norioireHust pactBopoB b-JIHK2K-GSH un GS-NO, nojrydeHHBIX MyTEM CJIOXEHMS CIIEKTPOB
noromeHus: b-JIHK2K-GSH u GS-NO, npu BkimodyeHuu B Komiuiekchl b-JIHKXK-GSH 10, 5 u 2 MM GS-NO
(cooTBeTCTBEHHO CIeKTphl /—3). CrieKTpsl 4 M1 5 — cTaHOApTHBIE CIIEKTPHI, XapaKTepHble cooTBeTCTBeHHO st b-JIHKK-
GSH u GS-NO u ucrnonb3oBaHHbIE IJIsI pacyeTa KpUBBIX /—3. (6) — DKCIepUMEHTAIbHO 3aperuCTPUPOBAHHBIE CHEKTPHI

noroiieHust koMmruiekcoB b-JIHK2K-GSH, cunte3npoBaHHbIx ripu cootHomeHun GSH : Fe

*. HUTpUT, paBHOM 20 : 20 : 20 MM,

30:20:20 MM wmm 40:20:20 MM (cooTBEeTCTBEHHO KpuBbIe [—3). DKCIIepUMEHTaJIbHbIE M PACCUMTAHHBIE CIEKTPHI
MPUBENCHBI U PACTBOPOB, COOTBETCTBYIOIIMX MX 20-KpaTHOMY pa30aBJIeHUIO.

oOpasyomux Takoe e koianmdectBo GS-NO. B pe-
3yJIbTATe B PACTBOPE JOJKHO OBLIIO OBl aKKYMYJIMPO-
BaThes 15 MM 3TOTO CoemmHEeHMs, a PopMa CcrieKTpa
MOIJIOIIEHUSI pacTBOpA, MOJYYEHHOIO HaJlOXXEHUEM
noiockl noriomeHuss GS-NO (10 MM), He BKITIO-
yuBiierocss B b-JIHK2K, Ha cnekTp moriolieHUs
Bo3HHMKIIeTo B 3TOoM pactBope b-JIHKXK-GSH
(5 MM) nomxeH uMeTh (opmy, TNPUBEASHHYIO Ha
puc. 2a (cnexTp /). Ha Tom ke puc. 2 mpuBeaeHBI MO-
JIydeHHBIE TAaKMM XK€ IIyTeM CIEKTPhEI paCTBOPOB, CO-
nmepxamux S MM (25%) vmu 2 MM (10%) GS-NO u3
ero obirero kojandectna B 20 MM, He BKIIIOUMBILIETO-
ca B b-JIHK2K-GSH. CooTBeTCTBEHHO KOHIICHTpa-
1S 3TUX KOMILUIEKCOB JOJ/IKHA ObLIa COCTaBIATD 7.5
u 9 MM (puc. 2a, COOTBETCTBEHHO CMEKTPhI 2 U 3).

BUO®PU3NUKA Tom 68 Ne 3 2023

O4eBUIHO, YTO TAKOTO pOJa CIIEKTPhI OIITUYECKOTO
MoTJIoNIeHNsT Mpu Tex Xe KoiamdectBaXx NAC-NO
JIOJDKHBI Habonatbest st pactBopoB b-JIHKIK-
NAC.

CorocTaBjieHue 3THUX CIIEKTPOB C 3KCIEPUMEH-
TaJbHO TIONydeHHBIMHU mist pactBopoB b-JIHKXK-
GSH, cuHTEe3MpOBaHHBIX TIPU  COOTHOIICHUU

GSH : Fe*": HUTpUT, paBHoM 20:20:20 MM,
30:20:20 MM wmnu 40 : 20 : 20 MM (puc. 26, cooT-
BETCTBEHHO CIIEKTpPHI /—3) MOKa3bIBaeT, YTO HAJIO-
>KeHue criekTpa nortoiieHuss GS-NO Ha criekTp no-
rnomenus b-JIHK2K-GSH Han6oJsee 4eTKo IposiB-
JgeTcd 1T KOMIIJIEKCOB, CHHTE3MPOBAHHBIX IIPU

COOTHOIIIEHUN GSH : Fe?": HUTPWUT, paBHOM

20:20:20 mM.
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Puc. 3. ®opma cnekTpa TomiomeHus1 pactBopa KomiuieKcoB Bb-JIHK2K-MS, cuHTe3MpOoBaHHBIX IIPU COOTHOILICHUM

MS : Fe?"

: HUTpUT, paBHOM 40 : 20 : 20 MM (cniexTp 1), ¢ mocaenyiomuM noakuciaeHueM 10 pH 1.0 (cnektp 2). Cnektp 3 —

BITP-criekrp MHK K ¢ D/ITA [16]. Ero HaoxxeHue Ha CIIEKTp 2 AaeT HOBBIM CITIEKTP, 0003HAYEHHBII KaK CIIeKTP 4. CIieKTphI
komiuiekcoB b-JIHK2K-MS 3apeructpupoBaHs 1pu 20-KpaTHOM pa30aBIIEeHUU PaCTBOPOB.

Yro kacaetcsa b-JIHKZK ¢ MepkanTocyKlimHaTOM
(b-AHK2K-MS), To Takue IIOCTpOEHHS CIIEKTPOB
MPOBECTU HE yIAJIOCh. JIeJ10 B TOM, YTO B CIIEKTPE T10-
IJIOIIEHUSI 3TOr0 KOMILJIEKCa He yIaloch HabI0naTh
«O0OBIUHBIN» (cTaHmapTHbIM) crekTp b-JAHKIK c
THoacoaepxalumMmu guradgamu. s b-JAHKXK-MS
HaOJIIoJaJICs CABUT ITogockl HAa 310 HM K ITojoce Ha
360 aM (puc. 3, cnektp /). M1 muib nmpu mogkucie-
HUUW pacTBopa 3Toro Komruiekca go pH 1—2 cnekrtp
norimontenuss b-JIHKOK-MS cranoBuiicsa MaeHTHY-
HBIM «OOBIYHOMY», cTaHmapTHoMmy criektpy b-JIH-
KX ¢ TtuoncomepxalmuMu JguraHgamMu (puc. 3,
CIIeKTp 2).

He ncximodeHo, 94To yKa3aHHBIN CABUT MOT OIIpe-
nensaTbesl HajmoxeHueM Ha crektp b-JHKXK-MS
ONTUYECKOIO MOIVIOLIEHUSI BBICOKOCIMHOBOTO (C
S'=3/2), MOHOHUTPO3WJILHOIO KOMILIEKCa Xeje3a
(MHKZX), Bitouaroniiero B ce6s1 TuraHabl HETUOJI0-
BOI IpUPOABI, HAIIPUMEP KapOOKCUIILHEIC TPYIIIIEL B
moJiekyine MS. O Takoif BOBMOXXHOCTH CBUIETEITh-
CTBYIOT pe3yJIbTaThl CJIOXKEHMSI CTAaHIAPTHOIO CHEK-
Tpa norjoiueHusi b-JIHKX ¢ Tuoicomepxamumu
JuraHgamMu U coekrpa norjioimeHnss MHKIK ¢ atu-
neHauaMuHOBBIMU (B TA) nuranmamMu, B3SITOTO U3
paboThI [16], ¢ MHTEHCUBHOI TToJocoi Ha 340 HM U
MeHee MHTEHCUBHBIMU TojiocaMu Ha 435 u 630 HM.
I1pu HEKOTOPOIT MTHTEHCUBHOCTH MOJIOCHI Ha 334 HM
(Ipu TpeXKpaTHOM CHUKCHUHU €€ aMILJIUTYIbI) ee Ha-
JnoxeHue Ha criekTp nornoineHus: b-IHKIK mmpuso-
JIWJIO K 3aMETHOMY CABUTY MoJiockl Ha 310 HM K roJ10-
ce Ha 360 um ((puc. 3, cektp 4). Tem He MeHee MBI
CUMTAaeM, 4YTO NPHUBOIMMOE OOBSICHCHUE SIBJISIETCS
BCE ellle TMIOTeTUYECKUM M TpeOyeT NajibHeuIeid
IIPOBEPKMU.

H3yueHue neiicTBUSI KUCIOTHOI 0OpabOTKU CUH-
te3upoBaHHbIX b-JIHKZK mpn xomHaTHO# Temriepa-
Type unu npu 80°C B NpUCYTCTBUU U B OTCYTCTBHUE

KHCJIOpO/a B pacTBOpax 3TUX KOMIUIEKCOB IIPOBOIYI-
Jock nocie 20-KpaTHOTO pa30aBIeHMS 3TUX PACTBO-
poB, Tak uTo McxoaHasa koHueHTpauusi b-JTHKXK B
HUX B cpeaHeM cocrabisiaa 0.5—0.6 MM.

CoenuHeHns1, NOSIBJISBIIMECS TMPU KUCJIOTHOM pa3-
pymenun b-THKIK ¢ ThoicoaepKaummu JUranaaMm
B 29POOHBIX U AHA3POOHBIX ycaoBuax. Cyist 1o coxpa-
HeHuto cekrpa noromenus b-JIHKK ¢ GSH nnn
NAC, cuHTE3MpPOBAHHBIX TP PA3IMIHBIX COOTHO-

LICHUSIX TUOJIA, Fe?' u HUTpUTA, TIPU TTOJKUCICHUN
pacTBopoB 3TuX KoMmruiekcoB 10 pH 1.0 onu coxpa-
HSUTACH TP KOMHATHOM TeMIlepaType 0e3 M3MeHe-
HUS 1o KpaifHei Mepe B TedeHue 1 yaca. Takas cra-
ounpHOCTh He HaoOmomanachk mig b-JJTHKXK-MS —
pu KOMHATHOI TeMIlepaType B KMCJIOH Cpele OHU
pacmaganuch 3a 2—15 muH, a ipu 80°C — 3a 20—50 c.
Bo Bcex atux skcnepuMeHTax pacrnan b-JIHK2K-MS
COIIPOBOXKIAJICS MOSIBICHUEM II0JIOCHI TTOTJIOIICHUST
Ha 334 HM U cnaboii Tmoockl Ha 543 HM, xapaKTep-
Hbix Wist RS-NO (puc. 4, criekTpsl 3).

Konuenrpamust RS-NO, coorBeTcTBYIOLIas MH-
TEHCUBHOCTH TTOJIOCHI Ha 334 HM, ObIIa IIPaKTUIECKHA
paBHa koHLeHTpauuu KIAH® B b-JIHK2K-MS, co-

JIepP>KaBIIMX 10 OJJHOMY KaTUOHY NO" u onHoit Mo-
nekyne NO. OTcroga MOXHO ObLIO CIe/IaTh BBIBOJ O
ToM, 4uTO pacnan b-JIHK>K-MS na Bo3nyxe mpuBo-
VT K BEICBOOOXAeHUIO 13 Kaxmoro KJIH® 1o on-
HOMY KaTHMOHY HUMTPO30HMSI, CBSI3BIBAIOIIEMYCS C
THUOJIOBOM rpynmoi MS ¢ o6pazoBaHreM OTHOI MO-
Jnekyabl MS-NO. OngHako pe3yibTaT Iocjeaytoiei
00paboOTKM 3TOro pacTBOpa M3OBITKOM IIyTaTMOHA
MOCTaBWJI TIOJ, COMHEHHE 3TOT BbIBoA. OKa3aloch,
YTO MHTEHCUBHOCTH ITOJIOCH Ha 334 HM 3aMETHO, B
cpedHeM B MOJTOpa pa3a, YCUIMBaaach, UYTO CBUIEC-
TEJIBCTBOBAJIO O HAJIMYMMU B PacTBOpE €Ile OTHOIO
areHTa, OTBETCTBEHHOTO 3a 00pa30BaHMUE NOIMOJHU-

BUODU3NKA Tom 68 Ne3 2023
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Puc. 4. ODOBomionus crnekTpoB TomiomieHusT komIuiekcoB b-JIHKIXK-MS, cuHTe3upoBaHHBIX TIPU  COOTHOIICHUU
MS : Fe?* : Hutpur, pasHoMm 20 : 20 : 20 MM (a), 30 : 20 : 20 MM (6) mim 40 : 20 : 20 MM (B), ¢ mOCIEeAYIONIEH UX MHKYOALIEei
B a3pOOHBIX YCJIIOBMSIX TIPM KOMHATHOM TeMreparype nocie rnoakucieHust pactBopoB 10 pH 1.0. Criektpsl / — UCXOIHbBIE,
CIEKTPHI 4 3aperMCTPUPOBaHbBI Yepe3 | MUH Mocjie TOIKUCIEHUSI, CIIEKTPHI 3 — 3aperuCcTPUPOBaHbl COOTBETCTBEHHO uepes 2,
S5 u 15 muH. CrekTphl 2 — K IpeAbIIyIIMM pacTBopaM 1o0aBiieH N30BITOK IIyTaTioHa. Ha Bpe3ke (puc. (a)) mokaszaHo ciaboe
ontuyeckoe rmoriomeHne Ha 540 HM, xapakrepHoe misi RS-NO. AHanormyHoe MOTIJIONIIEHHWE OOHAPYXKMBAJIOCh W sl
pPacTBOPOB, CITEKTPHl KOTOPHIX MOKa3aHbl Ha puc. (6) u (B). CrieKTphl 3aperucTpupoBaHbl st pactBopoB b-JIHKXK-MS,
pa36aBiieHHBIX B 20 pa3.
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teabHOro kojaudectsa RS-NO (puc. 4, criekTpsl 4).
Wm morna ObITh azotrctas kuciora (HNO,), Bo3Hu-

KaBIlIasg B KUCJIOM cpellie B pe3yabTaTe TUIpOJIM3a
Tpuokcuna asora (N,O3) — agnmykra NO, BbLIEIAB-
werocd u3 b-JIHKXK, n anokcuzna azora (NO,), 06-

pasymolierocs mpu okuciieHn NO KHUCIOpOI0OM BO3-
nmyxa. Ho eciii 3To Tak, TO HEJIb3sl OBIJIO MCKITIOUUTD 1
TOI'0, YTO MOJIoca IMOIIOoIeHUs Ha 334 HM B lieJioM
MorJIa OBITh O0YCJIOBJIEHA TOJILKO ITOSIBJICHUEM B pac-
TBOpPE TPUOKCHIA a30Ta, TaK YTO HUKAKOTO BBICBO-
0oaeHUsT KaTUOHOB HUTpo3oHUs 13 KJIH®D (ma u
CaMUX 3THX KATUOHOB B TaHHKIX (DparMeHTax) He ObI-
0! Yto KacaeTcs coBITageHMsT KOHIIeHTpalmm MS-
NO, obpazyromuxcs 1repea 100aBJIeHUEM TJIyTaTUO-
Ha, n KoHueHTpanuu KJIH® B Bb-JHKXK-MS
(10 MM), 0HO MOTJIO OBITH OOYCJIOBJIEHO PABEHCTBOM
KOHIIEHTpallMM 3TUX (PparMeHTOB U MojeKkyn MS,
Bxoasamux B coctaB b-JIHK2K u o6pasyromiux 3atem
MS-NO ¢ KaTHOHOM HUTPO3OHUS, BHICBOOOXKIAIO-
muMcs 13 Tpuokcuaa asorta. (IlociaemHuit MoOXHO
MpeICTaBUTh KaK amayKT KaTMOHA HUTPO30OHUS U

aHMOHA HUTPUTA — NO*-N 0,7)

OuyeBUAHO, YTO IJISI TOTO, YTOOBI pa3o0paThCs B
9TOM AUCCOHAHCE BAKCIEPUMEHTAILHBIX Pe3yiIbTa-
TOB, HeOOXOaUMO OBLIO M3yYnTh pacian b-IHKIK-
MS B pacTBOpe B OTCYTCTBHME BO31yxa, T.€. TIPOBECTHU
SKCIEPUMEHTHI C MPEABAPUTEIILHOM OTKAYKOM BO3-
JIyXxa M3 3TOr0 pacTBOpa — B aHA3POOHBIX YCIOBUSIX.
Takoro pona sKcnepuMeHTHI ITOKa3ain, 4YTO U B OT-
cyrcTtBue Bo3ayxa pacrnan b-JIHK2K-MS B kucnoii
cpelie IpUBOINII K TTOSIBIIEHUTO B pacTBope MS-NO B
KOHIEHTpalu, paBHOW KoHueHTpauuu KJIHD B
9THUX KOMIUIeKcax. TakuM obpa3oM, 3Th (pparMeHTHI
JIeACTBUTEIbHO MOTJIM BBICTYNATh B Ka4eCTBE JOHO-
pPOB KaTMOHOB HUTPO30HUS, IPUYEM B COOTHOIIIE-
HUMU oOuH KaTuoH Ha omuH KJIH® wim Ha onmH
atom xeine3a B b-JIHK>K-MS.

Taxkoro poaa pacnag Hanbojee YeTKO U BOCIIPO-
n3BOOMMO HaoOromancsa miasg pactBopoB b-JIHKIK-
MS, CcHUHTE3UpOBaHHBLIX IIpU  COOTHOLICHUM

MS : Fe?": HUTPUT, paBHOM paBHOM 20 : 20 : 20 MM
win 30:20:20 MM. BDKCIepUMEHTHl NPOBOOWIN
cnenyiommmMu oopazomMm. M3 10 MM pactBopa b-J1H-
K2XK-MS oTkauuBaau BO3myX, 3aTeM K HEMY B aHad-
poOHBIX ycaoBusax gobasisiau 0.01 M1 Kpenkoit cep-
HOIi KUCJIOThI, MOCJIE YETO PACTBOP MPOTrpeBalu Mpu
80°C c mmocnenyoomieii OTKaYKOii BBIIIEAIIETO U3 pac-
nagalonuxcs KOMIUJIEKCOB TrazoobpasHoro NO, u
TOJIBKO MOCJIE€ 3TOTO PACTBOP OTKPBIBAJIM Ha BO3MYX
JUJTsl ONTUYEeCKUX u3dMepeHuii. [TocienHue nmpoBoau-
JIU cpasy Tocje obecliBeYMBaHUs pacTBopa.

CylecTBEeHHO, YTO TIOCJemyloliee To0aBlIeHUE
M30BITKA TIIyTaTHOHA MPAKTUYECKHM HE CKa3hIBAJIOCH
Ha MHTEHCUBHOCTH IMOJIOCHI Ha 334 HM, XapaKTepHOIt
mirst RS-NO ((puc. 5a,6, kpuBble 2u [). DTo 03Ha4Ya-
€T, 4TO M3-3a OTKAYKH BO3MyXa BEICBOOOXKIAIOIITNICS
n3 b-IHK2K-MS razoo6pasnsiit NO He MOT IIpou3-

BAHUWH, TKAYEB

BOIMTH TPMOKCHJ a30Ta, KaK 3TO MMEJIO MECTO TpH
kuciaotHoM pacrnane b-JHKXK ¢ thoncomgepxxamm-
MU JTUTaHAaMu Ha Bo3myxe (puc. 4). CnegoBaTeIbHO,
€IMHCTBEHHBIMU S-HUTPO3UPYIOIIMMHU areHTaMu
MOIJIM BBICTYIIaTh KaTHUOHBI HUTPO30HUSI, BBICBO-
ooxparommecs n3 pacragatonierocs b-JIHKK-MS.

Yro kacaetrcs b-JIHKXK-MS, cuHTe3npoBaHHBIX
MPY BBICOKUX KOHIIEHTpalLusx MS, Hanpumep, npu

cooTHomeHnn MS : Fe?" : HUTPUT, PABHOM PaBHOM
40 :20:20 MM, TO B 3TOM CJIydae pacriaj KOMIIJIeK-
COB B aHaRPOOHBKIX ycaoBUsIX, gaxe npu 80°C, He co-
MIPOBOXIAJICA IIOIBJIEHMEM B pacTtBope MS-NO
((puc. 5B, kpuBble 2 u 1).

AHaJIoTUYHbIE Pe3yJbTaThl ObLIM TOJYYEHBI B
OMbITaX C KHUCIOTHBIM paspylreHueM mnpu 80°C B
aHaspoOHbIx ycnoBusix b-JIHKOK ¢ GSH (puc. 6a)
i NAC (maHHble He mpuBonsTcs). [Tpu KkomHaT-
HOIi TeMIIepaType MHKYOaluu KOMIUIEKCHI B KUCJIOT-
HOI1 cpene coXpaHSINCh 0e3 M3MEHEHUS 110 KpaifHe i
Mepe B TeUeHHe Jyaca.

Kak um B ompitax ¢ b-JIHKXK-MS, pacnan
Bb-JIHKX ¢ GSH unu NAC B KucJIoii cpene B aHad-
pooHbIX yeioBusx rpu 80°C He corpoBoxXaacs 00-
pazoBaHueM cooTBeTcTBYIOIMX RS-NO, eciu B 3KC-
nepuMeHTax rcnoib3oBain b-JIHKXK, cunTe3npo-
BaHHbIE MpPU BBICOKMX KOHLEHTpPALUSIX THOJIOB,

HarmpuMep, IIPU COOTHOILICHUY THUOJT : FeZt : HUTPUT,
paBHOM paBHoM 40:20:20 MM (puc. 66). B
3TOM CJIydyae B COOTBETCTBHUM CO CXEMOM 2 CHHTE3
b-JIHKXX nomkeH ObLT COIMPOBOXIATHCS COXpaHe-
HMEM B pacTBOpe THUOJOB, HE BKIIOUMBIONXCS B
Bb-JTHKOK, — HazoBeM MX CBOOOIHBIMHU TUOJIAMMU.
CootHoureHue 3tux TnosoB u b-JIHK2K B pacTtBope
npu 40 MM mMcxonHOI KOHIIEHTpAIIN THOJIOB JTOJIK-
HO B COOTBETCTBUU CO CXeMOI 2 cocTaBasTh 2 : 1 , TO-
rma Kak TIpU COOTHOIICHWMM B XOAe CHHTEe3a

b-IHK2X TuHona, FeX' u HUTPUTA, PaBHOM
20 :20:20 MM, cBOOOTHBIE THOJEI B PACTBOPE CUH-
Te3upoBaHHBIX TakuM obpaszoMm b-JITHKXK mokHBI
OBUIM OTCYTCTBOBATb, T.€. KOHILIEHTpAallMd CBOOOI-
HeIX THoJioB 1 Bb-JIHKPK momkHBI OBIIM COOTHO-
cutbes Kak 0 : 1. I[TocKoabKy TOJIBKO MIPU TAKOM CO-
OTHOIIIEHNU B aHA3pOOHBIX YCJIOBUSIX WHKYOAIIMU
Bb-JHKXX-GSH pacnam 3Tmx KOMIIJIEKCOB JTOCTO-
BEPHO COTIPOBOKIAJICS BLICBOOOXKIECHUEM U3 HUX Ka-
TUOHOB HUTPO30HMS, a B IPUCYTCTBUU CBOOOIHBIX
THOJIOB 3TOT IIPOLIECC OJIOKMPOBAJICS, €CTh OCHOBA-
HUE TIpeanojaratb, YTo0 UMEHHO CBOOOIHBIE THUOJIHI,
KaK BOCCTAaHOBUTEIN KATUOHOB HUTPO3OHUSI, MOIJIA
MomaBiIsATh 3TOT mpouecc. Kakum oGpaszom — 3Ty
CJIOXKHYIO MTPOOJIeMy Mbl PACCMOTPUM TTPU O0CYKIEe-
HUU NOJYYEeHHBIX PE3yIbTaToB.

XapaKkTepHO, 4TO OJIOKMpYIOIlee NeliCTBUE CBO-
OOMHBIX TUOJIOB HA BHICBOOOXKIEHNE KaTUOHOB HUT-
po3onus n3 b-JHKXK-GSH noaHocThIO ycTpaHsI-
JIOCh MpU TIPOBEACHUM TEX K€ SKCIEPUMEHTOB B
aspoOHLBIX YCIOBUSX (pUc. 6B). BeposiTHee Bcero, 310
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Puc. 5. OBomtonus crnekTpoB TomiomeHusT komiuiekcoB b-JIHKIXK-MS, cuHTe3upoBaHHBIX TpPU COOTHOIICHUUN
MS : Fe?*: Hutpur, paBHoM 20 : 20 : 20 MM (a), 30:20:20 MM (6) mwm 40 : 20 : 20 MM (B), ¢ mocienyolieil MHKyOalei
PacTBOPOB 3TUX KOMIUIEKCOB B aHA3POOHBIX YCI0BUIX mociie ux noakuciaeHus 10 pH 1.0 npu 80°C. CrekTpsl 3 — UCXOAHBIE
pactBopbl KoMIuiekcoB b-JIHK2K-MS, ciektpbl 2 — 1j1st Tex e pacTBopoB uepe3 1, 7 u 15 muH npu 80°C, cniekTpbl 1 — 1iocie
noGaBJIeHMSI K TIPEIbIIYIINM pacTBOpaM M30bITKa IIyTaTnoHa. Ha Bpe3kax Ha puc. (a) u (6) ykazaHo cjiaboe IOIIONIeHUE Ha
500 aM, xapaktepHoe misi RS-NO; Ha Bpe3ke Ha puc. (B) oHO OoTCyTcTBYeT. CIIEKTphI 3apeTUCTPUPOBAHbI IJISI PACTBOPOB
komriuiekcoB b-JIHKOK-MS, pa3z6asinenHbix B 20 pas.
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3¢ PeKT OBbIT OOYCIOBJICH OKHCJICHHWEM THUOJIOB IO
IVCYIb(UIOB, HE CIIOCOOHBIX BOCCTAHABIIMBAThL Ka-
TUOHBI HUTPO30HUS 10 MosieKysspHoro NO. O0 a¢-
(EKTUBHOCTU OKUCIUTEIbHBIX ITPOLIECCOB B 3TUX
YCJIOBUSIX CBUIETEIBCTBYET CMEIIeHHE MaKCUMyMa
nojsiockl Ha 334 HM, xapakrtepHoil mist GS-NO, no
330 HM, OO0YCIOBJIEHHOE, KaK 3TO OBIJIO ITOKAa3aHO B
HaIlIUX OPEIbIIyIINX padoTax, HOSBICHUEM IT0JIOCHI

OIITUYECKOTO TTOIJIOLIEHUS MOHOB Fe3™ ma 302 HM,
HaKJaabIBaronieiics Ha moJiocy nmoriomeHnss RS-NO
[17]. IIpuuKnHOIi TTOSIBJIEHUSI 3TUX MOHOB OBLIO, OYe-
BUIHO, OKHCJIEHHE KHUCIOPOIOM BO3dyXa HOHOB

FeZ+, Boixoasux u3 b-JIHK2K.

B zakimroueHmne 3Toro pasuena ooOpaTuM BHUMaHHUE
Ha oIMH GaKT, XapakTepHbIi mis pacraga b-JITHKIK
¢ GSH u MS, cuHTe3upoBaHHBIX MpPU HU3KOI
(20 MM) xorueHTpaunu GSH n MS. I1pu 3T0ii KOH-
LEeHTpallMM CKOPOCTh peaKlIMu o0pa3oBaHUSI 000UX
b-IHKZX Moria GbITh HEAOCTaTOYHO BBICOKOI, TaK
YTO M3-3a OBICTPOIO OCAXIEHUS Kejle3a B (opMe
TUJIPOOKKUCHBIX KOMIUIEKCOB (1, KaK CJIeICTBUE 3TO-
ro, BBIKJIIOUEHMS YaCTH XKeJjle3a U3 peakluM, MpuBe-
nenHoit Ha cxeme 2) B B-JIHK2K mormna «He ycneTh»
BKJIIOUMTHCS 4YacTh CoOTBeTcTByIomnXx RS-NO,
YY4aCTBYIOIIMX B COOTBETCTBHU CO CXeMOii 2 B oOpa-
30BaHUM 3THX KOMIUIEKCOB. B pesyibrare Crekrtp
noraonieHuss pactsopoB b-JIHKXK mor mpencras-
JISITh cODOOM, KaK 3TO MOKa3zaHO Ha pUC. 2a, CYMMY
criektpa noriomeHuss b-JIHK2K ¢ moHmxeHHOIt
KOHIIEHTpaluei 1 mmoaockl rmoryoiieHuss RS-NO Ha
334 uM. CosnageHue (opMbl TaAKOTO CyMMapHOTO
CIIeKTpa, IMpUBEIeHHOTO Ha puc. 2a (cmekTp [), u
CIIEKTpa, MIPUBEIESHHOrO Ha puc. 6a (criektp /), mo3-
BOJISIET TOBOPUTHL O COXpaHEHUM B pacTBOpE
Bb-JHKX-GSH 3pauntenprHOro koimdectBa GS-
NO, He BKIIOUMBIILIETOCS B KOMIUIEKC. B pe3ynpraTe
nossirstioniasics nocie pacnana b-JIHKXK-GSH mo-
Joca TiorjomeHust Ha 334 HM (puc. 6a, crnektp J)
MorJjia onpenensaThess He ToJbKo GS-NO, o0ycioB-
JeHHBIM BbIcBoOOXneHneM n3 b-JIHK2K-GSH xa-
THOHOB HUTPO30HU:, HO U ucxogHbIM GS-NO, co-
XpaHUBIIMMCS B pacTBope. K cuacThlo, B HaIlleM CJIy-
yae BKJIaA IIOCJAEOHEro B TIIOJIOCY ITOTJIOIICHUS
oKazajics, Ccyas II0 MaTepually, WIIIOCTPUPYEMOMY
Ha puc. 2, mpuMepHo paBHBIM BKiany GS-NO, Bo3-
HUKIIIEMY TTPU y4aCTUM KaTMOHOB HUTPO3OHMUSI, TaK
4TO U B 3TOM CJIy4yae MOXHO yTBepxXaaTh, uto JJHKXK
C TUOJICOMIePXKAIIUMMU JIMTAaHIaMU CaMU 1o cebe CIIo-
COOHBI BBICTYIIATh B KAU€CTBE ICTOYHUKOB KATUOHOB
HUTPO3OHUSI.

OBCYXIEHHE

I'maBHBII pe3yIbTaT NPOBEACHHBIX UCCJIETOBAHMI
COCTOMT B TOM, YTO OH MOJHOCTBIO COTJIACYeTCS C Ha-
MM, paHee ClIeJaHHBIM YTBEPXKICHUEM O TOM, UTO
JHKX ¢ TnonconepxammMu JIUTaHAAMHA MOTYT BBI-
CTymnaTh B Ka4eCTBE MCTOYHMKOB (IOHOPOB) KaTUO-
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HOB HUTPO30OHUSI (NO+) (5-8, 13). Haubonee yoenu-
TeJIbHO 00 3TOM TOBOPSIT PE3Y/IbTAThl HAIIIX OTBITOB,
B KOTOPBIX OBLIO TTPOIEMOHCTPHUPOBAHO BBICBOOOXK-

neHue NO™ u3 b-IHK2K B KucnoTHOI cpene B aHa3-
POOHBIX YCJIOBUSX, COIIPOBOXAaBIIIeecs oOpa3oBa-
HueM cooTBeTcTBytoMX RS-NO. ITockonabKy KOH-
LeHTpalus IOCICOIHUX IPaKTUYeCKd ObLIa paBHA
koHueHTpauuu KJIH®, ectb ocHOBaHME MOJararth,
4TO B BTUX (pparMeHTax IMOJOBMHA U3 IBYX HUTPO-
3WJIBHBIX JIATAHIOB MOXET HaXOOUThCS B (hopMe Ka-
THOHA HUTPO30HMUS, a BTopasi — B (hpopMe HENTpaJib-
Hoit moJjiekyabsl NO.

I'1aBHBIM MpemsITCTBUMEM, 3aTPYIHSIBIIMM OOHa-

pyXeHne KaTUOHOB NO+, BBICBOOOXXIABIIUXCSI B
aHaspoOHbIX ycnoBusax u3 JJHKIK, Onuta cmoco06-
HOCTb 3TUX KaTUOHOB BOCCTAHABJIMBATHCS IO OTHO-
3JIEKTPOHHOMY MEXaHM3My, OYE€BUIHO, MOJ Aei-
CTBMEM HMEBIIMXCS B pacTBOpe THUOJIOB OO Heli-
TpaJIbHBIX, «JIETy4nx» MoyieKyal NO. DToT mpoliecc
HauyulHaJl OCJabJsAThbCS IPU CHUKEHUU COOTHOILIE-
Husg cBodomHble Tois! . b-JIHK K 1o 1 : 1 m monHo-
CTBIO MIOJABJISIJICS IIPY OTCYTCTBUU CBOOOIHBIX THO-
JIOB B paCTBOPE, UTO U ITO3BOJIMJIO OOHAPYKUTH KaTH-
OHBI HUTPO3OHUSI, BBICBOOOXITAIOIINECS M3 3TUX
KOMIIJIEKCOB MO MOJIOCE ONTUYECKOrO IOTJIOIICHUS
RS-NO, Bo3HUKAIOIIMX IPU CBSI3bIBAHUU KaTHUOHOB
HUTPO3OHUSI C TUOJIAMU, TaKKe BBICBOOOKIAIOIIN-
mucs n3 b-JTHKK.

CJ'[C,I[yeT OTMCTUTb, YTO OAHOJJICKTPOHHOEC BOC-

craHoBierne NO' Tnonamm camumu no ceGe Ge3
y4acTHsI B 3TOM IIpollecce APYruxX areHTOB HEBO3-
MOXHO M3-3a HapyIIEHUST 3aKOHA COXPAHEHUS CITU-
Ha B 9To¥ peakuuu [18]. Ecim OBI Takas peakmus
MMeJjla MECTO, TO UCXOJHO AMaMarHUTHas Iapa pea-

reHToB (RS™ 1 NO+) C CyMMapHbIM criiHOM S = ()
JaBajia Obl MPOMYKThl — TUMJIbHBIN paguKail U MoJie-
kyiry NO co cnHOM 115t o6oux S = 1/2, Tak 4TO UX
CYMMapHBIi ciH ObLT ObI paBeH 1, T.e. HE paBeH
CYMMapHOMY CIIMHY UCXOJHBIX peareHToB. [Ipeomno-
JIETb 3TO HEPABEHCTBO MOXHO TMPU BKIIIOYEHUU B BTY
peakluio CIMHOBBIX KaTaIu3aTOPOB, CITIOCOOHBIX U3-
MEHUTb CIIUH OJTHOTO UJIK 000UX peareHToB. B kaue-
CTBE TAKOTO KaTajiu3aTopa, 00eCcreuynBaBIlEero OMHO-

3JEKTPOHHOE BOCCTAHOBJICHUE NO™* THUOJICOJIEPKa-
1yM Jurangom B xone pacnana b-JIHK2K, morau 6b1
BBICTYIIaTh aTOMBI XKejie3a, BCe eIle COXpaHSBIINE
XMMUYECKYIO CBSI3b C TMOJAMU U KATUOHOM HUTPO-
30HUA. CTMHOBAS TUIOTHOCTH Ha aToOMe XeJle3a MOT-
Jla UTHULIMMPOBATh CIIMHOBYIO MOJISIPU3ALAIO HEIO-
JIeJICHHOM TTaphbl 3JICKTPOHOB B aTOME TUOJIOBOM ce-
pbl, THUIIUUPYS TIEPEX0]T 3TOI0 aToMa B TPUILIETHOM
cocrogaue (¢ S = 1) [18]. B pesynbraTe omHO3IEK-

TPOHHOE BOCCTAHOBJICHHE NO™ 10 NO THOIOBOI
TPYNIION ITOJIHOCTBIO OBl COOTBETCTBOBAJIO 3aKOHY
COXpaHEHUs CIUHA B XMMMYECKON peakiuu W 3TO
npeBpanieHrne OOJLKHO ObImo peanm3oBarhes. Ilo-
CKOJIBKY COTJIACHO 3aKOHY ASMCTBYIOIIUX Macc 3¢-
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Puc. 6. Dpomoums criektpoB mnorioiieHruss koMmruiekcoB b-JIHKXK-GSH, cuHTe3MpoBaHHBIX TIpU COOTHOILICHUM
MS : Fe2* : HuTput, paBHoM 20 : 20 : 20 MM (a) mim 40 : 20 : 20 MM ((0) 1 (B)) ¢ TTocIeayIONIei MHKYOaIeil pacCTBOPOB 3TUX
KOMILIEKCOB Iociie ux moakucieHus 1o pH 1.0 mpu 80°C B aHaspoOHBIX (puc. (a) u (0)) niau B a3pOOHBIX YCI0BUSIX (pUC. (B)).
Ha puc. (a) u (0) criektpbl / — ucxomHbie pacTBopbl KoMruieKcoB b-JIHKXK-GSH, ciekTpsl 3 1 2 — COOTBETCTBEHHO uepe3 5 u
15 muH nocte mporpesa pactBopos Iipu pH 1.0 ¢ mocnenyomm nobaBjieHEeM K pacTBOpaM M30bITKa IJIyTaTUOHA; Ha puC. (B)
cnekTpol 4, 3 1 2 — COOTBETCTBEHHO Yepe3 1 MUH mociie MOAKMCIeHUs pacTBOpa, MOCeIyolIero nporpesa B rTeyeHue 1 MuH
npu 80°C u mobapiieHus U30bITKA IIyTaTnoHa. CieKTphl 3apeructpupoBaHbl 11 pactBopoB b-JIHKOK-GSH, paz6aBneHHBIX
B 20 pa3. Ha puc. (B) BepTUKaJbHbIe JIMHUY TTpoBeneHbl Ha 330 u 334 HM.
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(EeKTUBHOCTD 3TOI peakliuu 10JI)KHA BO3pacTaTh MpHU
MOBBIIIIEHUM KOHLIEHTPAllMM THUOJOB B pacTBOpE,
BoccTaHoBIeHne NO© 10 NO 101KHO OBLIO B 3TOM
cllyyae yCUJIUBaThCs, YTO Mbl U HaOJIIOa B pACTBO-
pax b-IHKK mpu noBbIllIeHUH B HUX COOTHOIIISHUSI
cBobonublit THoi : b-JIHKOK no 2 : 1 u 6onee. I1po-
BElEHHbIE HAMU paHee U3MEPEHUS ONTUYECKOTO T10-
romieHust NO B ra3zoBoii ¢paze mokasaiu, 4To, aeii-
CTBUTEJILHO, MPU TaAKOM COOTHOIIIEHUU 00a HUTPO-
3rIbHBIX JuradHga B 2KJIH® BricBOOOXIAIOTCS U3
Hux B popme mojiekya NO [7, 8, 13]. Pe3yabTarsl ke
HacTosleil paboThl MOKAa3bIBAIOT, UTO TMPU CHUXKE-
HUN cooTHomeHusT ¢cBoOoonHbI THoi : b-JIHKXK no
HyJIsl TOJIbKO TIOJIOBMHA HUTPO3WJILHBIX JUTaHIOB
BBICBOOOXIaeTCsl B 9TOl (popMe, Tornma Kak Ipyrasi
MoJioBUHa — B (hOpMe KATUOHOB HUTPO3OHMUS.

DTOT pe3yabTaT MO3BOJSIET pa3odopaTbcsl B 0OHA-
PYXXEHHOM HaMM JTMCCOHAHCE pe3yJIbTATOB OIBITOB
no pacragy ucnoiab3oBaHHbIX b-JIHK2K B kucnoit
cpelie B a3pOOHBIX YCIOBUSIX. Y13 3TUX OTIBITOB MOX-
HO ObLIO caefiaTh Ba B3aMMOUCKIIIOYAIOIINX BbIBO-
Ja: 100 KaTUOHBI HUTPO3OHUS AEWCTBUTEIBHO MO-
ryT BeicBoOOxknarbest 3 b-JIHK2K, obpasyst sHauu-
TEJBHYIO 9acTh COOTBeTCTBYIOMMX RS-NO, 1160 ux
B b-JIHKZK BooO111e HeT, a RS-NO obpasytorcs npu
pacriage b-JIHK2K B peakiiyy TMOJIOB ¢ a30TUCTOM
KHWCJIOTOM, MMOSIBUBILIEUCS B KMCJIOM Cpele B pe3yJib-
Tatre ruaposmusda amaykra NO u OMokcuaa asoTa
(?NO,) — npooyKTa OKHUCIIEHUS KUCIOPOAOM BO3MY-

xa NO, BeicBoOoauBIIerocs u3 b-JIHKK. ITockonb-
Ky omnbIThl ¢ pacragoM b-JIHKXK B aHa’poOHBIX
YCIOBUSIX TIOKa3alau, YTO KAaTUOHBI HUTPO3OHUS B
3TUX KOMIUIeKcaX, AEUCTBUTENBHO, CYIIECTBYIOT U
BBICBOOOXXIAIOTCS U3 3TUX KOMIUIEKCOB TIPU HU3KOM
KOHIIEHTPallMU CBOOOTHBIX TUOJIOB, €CTh OCHOBaHUE
YTBEPKIAaTh, YTO I B a3POOHBIX YCIOBUSX, TPUBOMIS -
WX K OKUCJIEHUIO CBOOOAHBIX TUOJOB IO NUCYJIb-
dunHo opMBbI, STOT MPOLIECC UAET U OOeceunBaeT
nosisjienue B pactBope RS-NO B KOHILIEHTpaluu,
paBHoii ypoBH0 KJIH®. Yto Xe KacaeTcsl TOMOJ-
HutesbHOI yactu RS-NO, nosiBasionieiicss npu o-
0aBJIeHUM B pacTBOP M30bBITKA TJTyTaTUOHA, 3Ta YaCTh
RS-NO obpasyercs B peakliny 100aBJIEHHOTO TJIyTa-
THOHA C A30TUCTOM KHUCJIOTOM, BO3HMKAIOLICH IIpU
TUAPOJIM3e TpUOKcHuaa azota — agnykra NO, BBICBO-
6oxpnaromeroca usz JHKXK, u NO,, obpasyroierocs
IIpU OKUCISHUHU YacTh MoJieKys1 NO.

Panee MbI mokaszanu, 4yto HamboJjiee 3(pPeKTUB-
HO€ BBICBOOOXKIEHNE KATUOHOB HUTPO3OHUS TOCTH-
raetcst oopadotkoit M- u b-IHKXK ¢ Tnonconepxka-
IIMMHU JUTaHIaMU TPOU3BOIHBIMU IUTHOKapOaMaTa
(R2=N-CS;). INlocrennne cnocoOHbl 3(hHEKTUBHO
akuenrtuposate u3 K/IH® kxene30-MOHOHUTPO-

+ o
3UJIBHYIO (Fe2 -NO) rpynny ¢ o6pa3zoBaHUEM YCTOM -
YUBBIX MOHOHHMTPO3WJIBHBIX KOMIUIEKCOB 2Ke€JI€3a
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(MHKX) ¢ mpou3BogHBIMU AUTHOKapOaMaTa U BbI-
cBoooxneHnem n3 JHKIXK katmoHOB HUTPO30OHUS
[14, 19, 20].

Takoro poma o6paboOTKa CUPUNCKUX XOMSIUKOB,
nHuMpoBaHHBIX BUpycoM SARS-CoV-2, pacribi-
JICHHbIMU B HeOyJalizepe pacTBopaMu CHavaja
b-JHKXX-GSH, a 3arem musTuiamuTHOKapOaMara
MpUBOIUJIA K PE3KOMY ITOJABJICHUIO PAa3MHOXKEHUS
BUpYCa B HOCOBOI U JIETOYHOM TKAaHU 3TUX XUBOT-
HBIX [21], Torma Kak oO6pabOTKa KMBOTHBIX TOJIBKO
b-IHKX mpuBoania K cylmecTBeHHO 0oJiee ¢iabdo-
My JiedeoHoMy addexTy. CaM IU3TUIIUTHOKapOa-
MaT He BIuI Ha 3ToT Ipouecc [21]. Cromb cnabdoe
neyeoHoe neiictBue b-JIHKXK-GSH 6rv110, 1M0-BU-
IVMOMY, OOYCJIOBJIEHO BBICOKOW CTaOMJIBHOCTBIO
3TUX KOMIUIEKCOB, 3aTPyIHABIIENA UX pacnan B opra-
HU3Me€ XXMBOTHBIX. B CBSI3M C 3TUM €CTbh OCHOBaHUE
npenmonarats, yto b-JIHK2K-MS n3-3a n3 ux cia-
00If YyCTOMYMBOCTA M 0€3 AUATWIZUTHOKapOaMara

+
MOTYT 0Ka3aTh, Kak 1oHOpEl NO ', 3aMeTHOe 1e4yed-
HOE JEeVCTBUE Ha XKUBOTHBIX,  BO3MOXHO, 1 YeJIOBE-
Ka, nHpuImpoBaHHBIX SARS-CoV-2.

He uckiiroueHo, 4yTo Takas ke 6uojorunyeckas ak-
TUBHOCTH MOXeT nosiBuThbes 'y b-JIHK2K-GSH npu
cHroKeHnU cootHorneHns ceooomubni GSH : b-JTHKOK-
GSH o 1 u HuXe (paHee MbI ICTIOJIb30BaIM B HAIIINX
OINbITaX Ha CUPUMCKMX XOMs4Kax pactBopbl b-JIH-
K2K-GSH npu aBykKpaTHOM MpeBBILIECHUU CBOOOI-
HOro TJyTaTMOHA HajJ YpOBHEM KOMILIEKCOB). DTO
CHUXXEHMeE, BO-MIEPBBIX, B COOTBETCTBUM C 3aKOHOM
NeCTBYIOIIMX MacC CHU3UT YCTOWYUBOCTb ITUX
KOMILJIEKCOB, a BO-BTOPbIX, OCJIaOUT TpoLecC BOC-
CTaHOBJIEHUSI KaTUOHOB HUTPO30HUS 10 NO u tem
caMbIM TOBBICUT 3(P(HEeKTUBHOCTD TOKCUYECKOTO
neiictBust b-JIHK2K-GSH Ha naToreHHBIi1 BUpYC.

B Hacrosiee BpeMsi HET JaHHbBIX, KOTOPbIE M03-
BOJIMJIA Obl JOCTOBEPHO FOBOPUTH O MEXaHU3ME BTO-
ro neiictBusi. Hanbosee BeposiTHBIM IIpeCTaBIsIETCS
MPEeArnojoXXeHrue OT TOM, UTO MMIIEHbIO AEeUCTBUS
KaTMOHOB HUTPO30HUS SIBJISIIOTCSI TUOJIOBBIE IPYIIITBI
JKU3HEHHO BaXXKHBIX [IJIsI pa3MHOXEHWST BUpyca Mpo-
Teas3 — MpoTeas3bl XO35IMHA U NTPOTeas3bl, MPOAyLIUpYe-
MO B OpraHM3Me XO3sSIMHA BUPYCOM. S-HUTPO3UPO-
BaHUE ITUX TPYMI KaTUOHAMU HUTPO3OHUS TIPUBO-
JIIUT K UHTUOMPOBAHUIO 3TUX OEJIKOB U TEM CaMbIM K
ocnabJeHUIo pa3MHOXeHMs BUpyca [21].

BriepBbie 3KcriepruMeHTalbHbBIE TaHHBIE O OoJiee
3D DHEKTUBHOM ITUTOTOKCUYECKOM JAEUCTBUU KaTHUO-
HOB HMUTPO30OHMS MO CPaBHEHUIO C aHaJOTMYHBIM
neiicrBueM mosekyisipHoro NO, a TouHee — MpoayK-
Ta €ero KOHJAEHCAllMM C aHUOHOM CyNepoKcuaa — Ie-
POKCUMHUTpUTA, — ObLIM MOJy4YeHBI B padote [22]. B
9KCIIEpMMEHTax Ha KyJibType (puopo01acToB ObLIO
MOKa3aHO, YTO B JIO30BOM OTHOIIEHUU KaTHOHBI
HUTPO30HUSI, BBICBOOOXAAIOIIMECS U3 AHUOHOB
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rurponpycenna [(CN7)sFe’™NO*12~, B 40 pas Go-
Jiee LIUTOTOKCUYHBI, 4eM MoJieKyJibl NO. Bojiee Toro,

karronsl NO™ npu KoHIeHTpauuu 20 MKM BbI3bIBa-
J1 anonro3 y 50% ¢ubpobiacToB yxe yepes 2 49 1o-
clie 1o6aBJieHUs1 HUTPOTIpyccuia, Toraa Kak aHajo-
TMYHOE JeMCTBUME Ha KJIeTKU MoJieKyabl NO mnpu
koHueHTpauu 800 MKM oKa3pIBaJIid JUIIL 4Yepe3
24 4 mrocne mo0aBlIeHUS B KJIETOUHYIO KyJIbTypY Ta30-
obpaszHoro NO unu ero moHopoB — GS-NO wiu
NAC-NO. OgHako B 3TUX 3KCIICPUMEHTAX OCTaJICS
0e3 oTBeTa BOIIPOC — HE OBLIO JIM LIMTOTOKCUYECKOE
JIeAICTBM€ HUTPOMNpycCcuaa 00yCIOBIEHO BbICBOOOXK-
JNIEHVEM U3 HEro aHMOHOB LuaHuna. bosee ybenu-
TeJIbHbIE JaHHbIE O LIMTOTOKCUYECKOM JIeCTBUU Ka-
THOHOB HUTPO30HUSI ObUIU MOJIy4eHHI B padote [20] B
9KCIIEpMMEHTax TI0 OJHOBPEMEHHOI 00paboTKe
onyxoseBbix kietok Jurkat wemoseka M-JIHKIK c
THOCYIb(MAaTOM U IMTPOU3BOIHBIM IUTHOKapbamaTa —
N-metwi-D, L-rmokamuaautnokapoamarom. Oka-
3aJI0Ch, YTO MpPU ACUCTBUU ITON cMecHu 3(PpheKTUB-
HOCTb IIMTOTOKCMKO3a CYILIECTBEHHO IMpeBbIllIana
cymmapHoe aeiicteue M-JIHKXK n N-metwn-D,L-
rIIOKaMUHAUTUOKapOamMaTa, pacCuyuTaHHOE TIpU
YCJIOBUU, YTO 3TU areHTbl HE BCTYIAIOT B PeaKIIMIO
JIpYT ¢ IpyroM. Mexay TeM Takasl peakiusi, Kak ObL1o
CKa3aHOo BBIIIIE, JOKHA ObLIa UMETh MECTO U TOJIKHA
ObL1a TPUBOJIUTD C OHOU CTOPOHBI K 0Opa30BaHUIO
ycroitunBbix MHKXK ¢ N-metwn-D,L-rmokamMuH-
IUTAOKApOaMaTOM, «BBIBOASIIIMX U3 UTPbI» MOJIEKY-
el NO, ncxonHo Bxomusmine B coctaB M-IHKXK ¢
THOCYJb(MAaTOM, a C APYTOil CTOPOHBI — K BHICBOOOXK-
JIEHUIO U3 DTUX KOMILJIEKCOB KATUOHOB HUTPO30OHUS,
KOTOpbI€, OYEBUIHO, U OKa3bIBajlM, KaK I0Jarator
aBTOPBI, 23(pPEKTUBHOE ITUTOTOKCUYECKOE ASHCTBUE
Ha kiretku Jurkat [20].

[Momxon ¢ mcmoib30BaHMEM ITPOU3BOIHOIO -
THOKapbaMaTa Ijisi CUHIHEPIreTUYECKOTO YCUICHUS
OUTOTOKCHUYECKOTO neiicTBus 3Toro areHTa u JIHK2K
C THUOJICOAEPXAIIMMHU JUTAaHOAMU Ha OMOCHUCTEMbI
OBIJT UCIIOJIL30BaH HAMMU IIPY U3YYSHUU BIIUSTHUS 3TUX
areHTOB Ha OPTaHM3M KMBOTHBIX, O YeM OBLIO CKa3a-
HO BBIIIIE, a TAKXKe Ha KYJIBTYPY OITYXOJIEBEIX KIIETOK
MCF-7 4enoseka [19] u Oakrepum Escherichia coli
[23]. ObHapykeHHOEe B 3THMX padboTax HEOOBIYaitHO
pe3Koe (CMH3HEPreTUYeCcKoe) YCHICHUE LIMTOTOKCH -
yeckoro aeiicteusg JJHKZK Ha aTH GuocucreMsl mop,
BJIMSIHEM IPOM3BOMHBIX IUTHOKapbamaTta — N-Me-
TiI-D,L-rmokaMuHaAuTHOKapOaMaTa U OUITUIIAU-
THOKapbamMaTa CBUIETEIbCTBYET O TOM, UTO UMEHHO
KaTUOHBI HUTPO3OHUSI KaK OJHO M3 IIPOM3BOTHBIX
OIHOT0 U3 YHUBEPCAJIILHBIX PETYJIITOPOB MeTabOo -
YeCKMX IPOIIECCOB — OKCHIA a30Ta — OTBETCTBEHHBI
3a IUTOTOKCUYECKOE NECTBUE CUCTEMBI OKCHIA a30-
Ta, (YHKLIMOHUPYIOIIE BO BCEX IPEICTABUTEIISIX
XKHMBOTO MUpa.
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Dinitrosyl Iron Complexes with Thiol-Containing Ligands as Sources of Universal
Cytotoxins — Nitrosonium Cations

A.F. Vanin* and N.A. Tkachev*

*N.N. Semenov Federal Research Center for Chemical Physics, ul. Kosygina 4, Moscow, 119334 Russia

It was shown that the release of a half of nitrosyl ligands from dinitrosyl iron units in the form of nitrosonium
cation (NO™) from binuclear dinitrosyl iron complexes with thiol-containing ligands (B-DNIC) during
DNIC decomposition in acid solutions is increased with the decrease of the stability of these complexes and
completely blocked with the increase of the concentrations of free thiols (non-included into B-DNIC) up to
the level that was two times and more than that of dinitrosyl iron units. It was demonstrated that the less stable
B-DNIC with mercaptosuccinate degrade in an acidic environment at ambient temperature, while the de-
composition of more stable B-DNIC with glutathione was only marked when the solution was heated at
80°C. The inhibition of NO* release from B-DNIC in the presence of elevated free thiol level in the solution
was due to the ability of free thiols to induce the reduction of NO™ to NO.

Keywords: iron dinitrosyl complexes, S-nitrosothiols, nitrosonium cation, nitrite, nitric oxide
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