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CepoBOIOPOI OTHOCUTCS K TPYTITIe CUTHAIBHBIX arT€HTOB, Ha3bIBAEMbIX TAa30TPAHCMUT -
TepaMu, U UTPAET BaXXHYIO POJIb BO MHOTUX (PU3MOJIOTMYECKHX TTpolieccax, B YaCTHO-
CTU B peai3allii KUCIOPOA3aBUCUMbBIX MeXaHU3MOB. Llenb naHHOro uccienoBaHus —
U3yYNUTh 3HauYeHUE cepoBomopoaa B 3hdekre 030Ha Ha KHUCIOPOACBS3bIBAIOIIME
CBOICTBAa KPOBM M MPOOKCUIAHTHO-aHTUOKCUIAHTHBIN OalaHC B OIBITAX in Vitro.
Hcrnonb3oBannck 030H (KOHIEHTpalus 6 Mr/J) 1 Tpernaparhl, BIUSIONIMEe Ha CUHTE3
cepoBonopona (MPOMapTUITIMIINH, TUAPOCYIbMUI HATPUS U €ro KOMOWHAIUS C
HUTpOTUIepuHOM). [IpuMeHeHe MTHTUOUTOpPa CUHTE3a CEPOBOIOPOA TTPOTIAPTUII-
IJIMIMHA MPUBOAWIO K YMEHbIlIeHUIO 3(ddeKTa 030Ha Ha KUCIOPOATPAHCIIOPTHYIO
dynxumio kposu (cHmxeHue PO,, SO,, Psopean). [Ipu nobGasneHUU ruapocyibduaa
HaTpusl He YCUJIMBAJIOCh BO3IEHCTBME 3TOTO Ta3a Ha JaHHbBIE MapaMeTpbl, HO B €ro
KOMOMHALIMKM C HUTPONIMLEPUHOM YBEJWYMBAIOCHh BIUSHHUE O30HA HAa KUCJIOPOI-
TPAaHCHOPTHYIO DYHKIIUIO KpoBH. [IponapruiriMiiuH He BIUSUT Ha TTPOOKCUIAHTHO-
AHTMOKCUIAHTHBIN OalaHC B YCIIOBUSIX IPOBEIEHUS OTIBITOB, a JIOHOPHI CEPOBOIOPO/A
¥ MOHOOKCH/Ia a30Ta YBEJIMUUBAIM aKTUBHOCTD KaTajasbl. [1ponapriniuiuuH B yCiao-
BUSIX AEHCTBYSI 030HA MMPUBOIWII K YMEHBIIIEHUIO YPOBHSI HUTPAT/HUTPUTOB, a TUAPO-
cynbduI HaTpUs yBeIMUYUBaAI MX KOHIIeHTparuo. KoMOuHaus ruapocyibbumsa Ha-
TPUSI 1 HUTPOIJIUILIEPHHA CITOCOOCTBOBAIa POCTY CEPOBOAOPO/A B MJIa3Me KPOBU.

Karoueswle cnrosa: 030H, KpOBb, KUCIOPO/, Ta30TPAHCMUTTEP, MOHOOKCHIT a30Ta, HUT-
POIIULIEPUH, CEPOBOIOPO, MPOTAPTUITIULINH
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BBEJAEHUE

O30H UCIOJIB3YyeTCsl B peabunutauuu nanueHToB, nepeHecimx COVID-19 [1], uto
CBSI3aHO C €ro TOJIOKUTEIbHBIM BO3EHCTBUEM Ha (hyHKIIMOHMPOBAHUE PA3JIUUHBIX CU-
CcTeM opraHu3Ma, BKJIloualolee 0aKTepuLMaHbIN, GYHTULIMIHBIN, BUPYIULIUIHBINA, TPO-
TUBOBOCTIAJIMTENIbHBIN, MMMYHOKOPPUTUPYIOIIMI M aHTUTUMOKCUYECKUN 3(hhEKTHI,
MOATBEPKIEHHbIE KIIMHUYECKUMU U IKCIIEPUMEHTaIbHBIMU HabmoaeHusMu [2]. u-
POKO pacnpoCTpaHeH BapUaHT UCIOIb30BaHUS O30HA B KAUECTBE ayTOreMoTepanuu, oc-
HOBaHHOI Ha 3a00pe KpOBHU Y TAIlMEHTA, HACBHIIIIEHUU €€ O30HOM U TOCJEaYyIoeM 00-
paTHOM BBEIEHUY B OPTaHU3M, OTHAKO MEXaHU3MBbI IEUCTBUS JAHHOTO ra3a B 3TUX YCJIO-
BUSIX (in Vitro) OCTarOTCSI HE pacKpHIThIMU | 3].

H,S npencrasnsieT co0oii ra3000pa3Hyo CUTHAIbHYIO MOJIEKYJTY, UTPAIOLLYIO0 BaXHYIO
PpOJIb BO MHOTUX (DM3MOJIOTMYECKUX TPOIIeccax U OTHOCSIIYIOCS, KaK U MOHOOKCHJT a30-
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Ta 1 MOHOOKCH/I, yIJiepoja K IpyIlre CUTHAJbHBIX areHTOB, Ha3bIBAEMbIX ra30TPAHCMMUT -
Tepamu [4]. JaHHast MoJieKyJla MOLyJIUpyeT pa3HooOpasHble ¢usnogornyeckue GyHk-
LIMM Ha Pa3IMYHBIX YPOBHSIX B 3KCITIEPUMEHTAJIBHBIX M €CTECTBEHHBIX YCJIOBUSIX. DTOT Ta30-
TPAHCMHUTTEP MOKET 0OPa30BBIBATHCS KaK B DEepMEHTATUBHBIX, TaK U B He(hepMEHTATUBHBIX
peakuusx. B depmeHTatuBHo# npoaykuuu H,S B opraHusme yyacTBylOT Tpu (pepMeHTa:
LUCTATUOHWH-Y-JINa3a, IrucTatnoHnH-B-cuHrasza (CSE) u 3-mepkantonupysarcyibdo-
TpaHcdepasa, nocuenHsst cnocoocTByeT cuHTedy H,S B apurpouuTtax [5]. CepoBonopon
OKa3bIBaeT BJIMSTHUE Ha MEXaHM3MBbl TPaHCIIOPTa KMCJIOPOJa KPOBBIO B TOM UMCJIIe U 3a
cyeT B3amMomeicTBusI ¢ MoHooKcuaoMm a3ota (NO) [6]. B paHee mpoBeneHHOM HaMM
9KCIHEPUMEHTE O30H ITOBBIIIAJI CPOICTBO TreMomtobuHa K kuciaopony (CI'K), mpu atom
oTMeyascs pocT ypoBHs H,S [7].

Kpome toro, H,S yyacTByeT B peryasiiuv OKMCJIUTEIbHO-BOCCTAHOBUTEIBHOIO Oa-
JnaHca KJIeTKu. CHUXXEHHUE ero CUHTEe3a COMPOBOXIACTCS MOBBIIIEHHBIM 00pa30oBaHUEM
aKTUBHBIX (DOPM KMCJIOPOAA, POCTOM aKTMBHOCTU MEPEKUCHOTO OKUCJICHUS JIMIIUIOB, a
BBeneHue noHopoB H,S monasisieT pa3sBUTHE OKHCIUTENBHOTO CTpecca M aKTUBUPYET
aHTUOKCUJIAHTHBIC (DEPMEHTHI, TAKME KaK CyNepOKCUAIMCMYTa3a, KaTajaa3a U mIyTaTh-
oHMepokcuaasa [8, 6].

B cBs131 ¢ 3TMM 0COOBIif MHTEpeC MPeICTaBIsIieT U3yYeHUE NeiiCTBUSI 030HA B YCIOBUSIX
MoauUKaluKU CUHTe3a cepoBoaopoaa. Lless padoThl — oLleHUTh 3P EeKT 030HA HA KHUC-
JIOPOACBSI3LIBAIOIINE CBOMCTBA KPOBU M €€ IMTPOOKCHUIAHTHO-aHTUOKCUIAHTHEIN OajaHC
pu BIUsTHUY Ha H,S-TeHepupyolyto cucTeMy B OMBITAaX ix Vitro.

METOABI UCCIIEJOBAHUA

3a00p cMeIIaHHOW BEHO3HOM KPOBM OCYIIECTBIISLUIM B YCJIOBHUsIX Hapko3a (50 mr/kr
THOTIEHTAJIa HATPUS, MHTPANepUTOHEabHO) U3 TPaBOTo Mpeacepars B MpenBapruTeIbHO
NOArOTOBJIEHHBIN 1IITpULL ¢ rerapuHomM u3 pacdera 50 EJI Ha 1 M1 KpoBu. ONBITH OBLIU
BBITIOJTHEHBI HAa 00pasiiax KpoBU, 3a0paHHBIX OT OeJIbIX KpbIc-caMiloB Maccoii 250—300 r
(n = 10), nmpenBapuUTEIbLHO COACPKABIIMXCS B CTAHIAPTHBIX YCJIOBUSIX BUBApHsl, TTPOBO-
IWJINCHh DKCIIEPUMEHTHI in vitro. O6pa3ibl KpOBU OBUIM pa3AcieHBl Ha 5 rpymm o 3 MIIL.
K xaxmoii atmkBoTe 100aBJISIIM O30HMPOBAHHBINA N30TOHUYECKMI pacTBOP XJIOPMIA Ha-
Tpus B oobeMe 1 M1 (B 1-10 6e3 o3oHupoBaHus) u 0.1 M pacTBOPOB, colepKallix ra3zo-
TpaHCMUTTEPHI (B 3-10 — TUApPOCYIbdUI HAaTpusi, KOHeYHast KoHueHTparms: 0.38 MMoJb/n
(Sigma-Aldrich)), B 4-10 — KOMOMHAaLIMsSI HUTPOIJIUIIEpUHA (KOHEYHass KOHILIEHTpALMSs
0.05 mMmonb/n (SchwarzPharma AG)) u runpocynbduna Hatpus 0.38 MMosb/J1, B 5-10 —
HeoOpatumeblii mHruourop pepmenra CSE — DL-npommaprunrmunmH (PAG, KoHeuHast
koHneHTpauus 0.73 mmoinns/n, (Chem-Impex International)) 1 ©30TOHMYECKUIT pacTBOP
xjaopuna Hatpus (B 1-10, 2-10), Tocje 4ero Impookl IepeMelnBainuch. Bpemss nnkyoa-
LUK cocTaBisuio 60 MuH. MI30TOHWYECKUIA pacTBOP XJIOpUIa HaTpus 6apbaTupoBajcs
030HO-KHCJIOPOIHOI CMEChIO, KOTOpasl CO31aBajlaCh 030HOTEPANEBTUYECKO YCTAHOB-
kot YOTA-60-01-Meno3zon (Poccus ). B akcrieprMeHTe UCITONb30BaICS O30H (KOHLIEH-
Tpauyst 6 Mr/m).

ITokazarenu KT® (kucinopoarpaHcIiopTHas (pyHKLIMS KPOBU) KPOBU OMpPEACIsUIN Ha
razoaHanusarope Stat Profile pHOx plus L B kpoBu nipu 37°C nociie go6aBiieHUsI 030Ha:
napuuaigbHoe aasiaeHue kuciaopona (PO,), creneHb okcureHauuu (SO,) U KMCIOTHO-
OCHOBHOTO COCTOSTHUSI: TIapIiMajbHOe HaBjieHue yriekucioro rasa (PCO,), ctaHmapT-

Hblii 6ukap6oHat (SBC), pealibHbII/CTaHAAPTHBIN HETOCTATOK (M30BITOK) OydepHbIX

ocHoBaHuii (ABE/SBE), ruagpokap6oHaT (Hcog), KOHIIEHTpalusl BOIOPOMHBIX MOHOB

(pH), obwas yrnekucnaora miaa3mel KpoBu (7CO,). CT'K oueHuBaiu no rnokasatesto
Psppean (PO, KpoBu 1pu 50%-HOM HACBIIIEHUM €€ KMCJIOPOIOM), PACCYUTHIBAEMOTO TI0
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3HayeHusaM PO, u SO, Ha OCHOBaHUM ypaBHeHUsI XWla. 3HaYeHUe Py pay M TIOTOXE-
HUe KpuBoii nuccorumaium okcureMmorinoonHa (KJ10) paccuursiBaiu no popmyiam Sev-
eringhaus [9]. 3arem HeHTpudyrupoBasim KpoBb 10 muH npu 3000 06./MUH, oTOUpATIN
TU1a3My, a 3PUTPOLIMTHI TPYIKIBI OTMbIBAIM MU30TOHUYECKMM PACTBOPOM XJIOpUIIA HATPUSI.

TMporecchl CBOOOMHOPATNKATBHOTO OKMCIICHUST OLIEHUBAJIN 110 KOHIIEHTPAIMU MPO-
MEXYTOYHBIX U MIEPBUYHBIX TTPOAYKTOB MEPEKNCHOTO OKUCICHUS JIUTTUIIOB B 3PUTPOLIM-
TapHOU Macce: MajloHoBoro auanbaeruna (MIA) u nueHoBbiX KoHbloratoB (IK). Ilo
WHTEHCUBHOCTU TMONJIOLIEHUS JIMITUAHBIM 3KCTPAKTOM MOHOXPOMATUYECKOTO CBETOBOTO
MOTOKa B 00J1acTu cnekTpa 232—234 HM, CBOICTBEHHOTO [IJIS1 KOHBIOTUPOBAHHBIX TUEHO -
BBIX CTPYKTYpP THAPOTIEpEKUCEe TUMUIOB, BhIIBIsUIM KoHUeHTpauuio K. Ha cnekTpo-
diryopumerpe CM 2203 “Comap” (bemapych) npu jimHe BOJIHBI 233 HM II0 OTHOIICHUIO
K KOHTPOJTIO U3MEpsIIY onThYecKyto TioTHOcCTh [ 10]. 1o B3aumoneiictBuio ¢ 2-tuobap-
OMTYPOBOI KMCJIOTOI, KOTOpasi B KMCJIOM cpelie MPU BEICOKOI TeMIlepaType ClioCOOCTBY -
eT (hOpMUPOBAHUIO TPUMETUHOBOTO KOMIUIEKCA PO30BOTO 1IBETA, ONPEACISIN YPOBEHD
MJA. ITpu nomou cnekrpodoromerpa PVI251C “Conap” (benapych) npu ajavHe BOJ-
HBI 540 HM IO OTHOIIEHUIO K KOHTPOJIO U3MEPSIIN NHTEHCUBHOCTh OKpacku [11]. Ak-
TUBHOCTb KaTaJlassl onpenessuin cuekrpodoromerpudecku (PV1251C “Conap”) B aput-
poLMTapHOI Macce Mo CMOCOOHOCTU MEPOKCHUAA BOJOPOAa 0OPa30BLIBATh C COJIIMU MO-
baeHa CTOMKO OKpallleHHBbIII KOMILIEKC Mpu minHe BoiHbl 410 HM [12]. [To MeTomy
Taylor Ha cniektpodryopumeTpe CM 2203 “COJIAP” (Benapych) perucTpupoBain KOH-
LeHTpaluio O-Tokodeposa u peruHota [13]. Ilo cymmapHOMy comep>KaHUIO HUT-
paT/HUTPUTOB (NOE /NOE) B IUIa3Me€ KPOBM CIEKTPODOTOMETPUUECKUM METOJIOM C pe-
akTuBOM [pucca mpu mmHe BOJIHBI 540 HM OLICHMBAJIM HPOIYKIINIO dHIoreHHoro NO
[14]. B mu1azMe KpoBY ONIpeNessI ypOBEHb 3HAOTeHHOro cepoBonopona (H,S) criektpo-
GOTOMETPUUECKHMM METOIOM, OCHOBAHHOM Ha peaklMU MEXIy CYJb(DUI-aHUOHOM U
pactBopoM N,N-numerwi-napacdeHuIeHINaMUHa COJISTHOKMCIOIO B MNPUCYTCTBUM
XJIOPHOTO 3Keje3a Npu MIMHe BoJHBL 670 HM [15]. PaccunThiBain KOHLIEHTPALIMIO Ta30-
TPAHCMUTTEPOB MO KAJIMOPOBOUHBIM rpachrKaM U pe3yJbTaThl BEIPaXKajlu B MKMOJIb/JI.

C ucnionb3oBanuem Kpurepus llanmupo—Yuika nmpoBepsiin Bce mokas3aresi Ha COOT-
BETCTBME TIPU3HAKA 3aKOHY HOPMaJIbHOTO pacmpezeieHus. B pe3ynprare npubernyiu K
HemnmapaMeTpUYeCKOil cTaTUCTUKE ¢ MpUMeHeHueM mporpammbl “Statistica 10.0”. C mo-
MOIIIbIO PAHTOBOTO IMCIIEpCUOHHOTrO aHan3a Kpyckana—Yosutrca npoBOIWIN CpaBHe-
HUE Tpex U 6oJjiee He3aBUCUMBIX rpyIi. C y4eToM pa3MepoB MaJIoil BHIOOPKHU, TOCTOBEP-
HOCTb MOJIYYEHHBIX JAaHHBIX MHOXECTBEHHBIX CPaBHEHUI OLIEHUBAJIACh C UCITOJb30Ba-
HueM U-kputepuss ManHa—YutHn. Kpurtepuit BuiakokcoHa wuCIoOab30Baaud MpU
MPOBENECHUN TTAPHBIX CPABHEHUI YPOBHE! Mokaszartejieil BHyTpU T'PYMIT TIPU MOBTOPHbBIX
U3MEPEHUIX. YPOBEHb CTATUCTUYECKOM 3HAUMMOCTU NpuHuMaiu npu p < 0.05.

PE3VIIBTATBI UCCIIEJOBAHMUA

WNHKyb6aust KpoBM C 030HOM YBEJIMUMBACT OCHOBHBIC TTOKa3aTeIM KUCIOPOATPAHC-
OopTHOM yHKIMM KpoBHU (Tadi. 1) u conpoBoxnaercsa cansurom KJ10 BrpaBo (puc. 1).

BBeneHue nHruouTopa cuHresa cepobonopoaa (CSE) B 3TUX yCIOBMSIX TIPUBOIUT K
yMmeHnbieHuio: PO, Ha 25.8% (p < 0.05), SO, Ha 20.6% (p < 0.05) o cpaBHEHUIO TPyII-
TOii, B KOTOPYIO BBOAWJIM TOJIBLKO 030H. [ToKa3arenb cponcTBa reMonIooMHa K KUCTIOPOIY
P5pean IPM 9TOM yMeHbLIaeTCA Ha 13.6% (p < 0.05), KIO B 310ii cepuu cmelaeTcs Bie-
BO (puc. 1).

IIpu nob6aBneHuu ruapocyabduaa HaTpUsi B KPOBb, B YCIOBUSIX BBEIECHUSI O30HA, HE
HabmoaaeTcst ycwieHus ero addekTa Ha mapamMeTpbl KUCJIOPOATPAHCHOPTHON (DYHKIIUU
KpoBH. B TO e BpeMsl BBeeHHEe KOMOMHAIIMY HUTPOITMIIEpUHA U TUAPOCYIbdUIa Ha-
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Ta6mua 1. KucnoponrpaHncnoprHasi yHKIMSI KDOBU B YCIOBUSIX U3MEHEHHUSI aKTUBHOCTH 1LIUCTE-
WH/UMCTUH CUCTEMBI B OTBITAX in Vitro

Tokaza- KoHtpons 0, NaHS + 0, PAG + O3 NaHS + O +
Tesb + HUTPOIIMLEPUH
n 10 10 10 10 10

50 % 2975 38.65 37.30 . .

2 [29.38: 31.18] 36.80; 44.23] * [35.08; 42.80]* 126.73; 33.781Q# | [44.10; 46.20]*Q# W
PO,, 19.65 2.3 27.80 2025 3145
MM pT. CT. [19.43; 19.98] 126.23; 27.78]* 24.50; 33.30]* [20.10; 21.88]%Q# | [30.93; 31.58]*Q W

e 7.374 7.414 7.375 7.381 7.413

pH, en 7.372; 7.377] 7.403; 7.435]* 7.371: 7.3821Q [7.352:7.4111Q | [7.395; 7.422]%# W
PCO,, 39.6 3430 36.75 39.15 33.40
MM pT. CT. [39.40; 39.88] [30.43; 35.90]* [34.15; 37.48]*Q [37.78;40.83]1Q | [31.05; 35.18]%# W
HCO3, 23.55 22.40 2.05 23.65 20.50
Mo [23.40; 23.78] [20.88; 22.98]* [22.00; 23.38] [22.63. 23.95] [20; 21.38]*Q W
7CO,, 24.85 2.5 23.20 24.75 21.70
MMOIL/T [24.63; 24.98] [21.9; 24.08]* [23.10; 24.58] [23.83; 25.05] [21.15; 22.58]%# W
ABE, ~1.70 220 270 145 —4.05
MMOB/1 |—1.80; —1.63] [—4.075; ~1.225] [-3.38; —1.88]* [-3.08;-1.03] | [-4.6; —3.28]*Q# W
SBE, ~0.70 -1 175 ~0.65 ~2.50
MMOB/1 [~0.80; —0.7] [~2.55; —0.075] [~2.10; -0.93]* [—1.88; 0.10] [-3.33%; —178]*Q W
SBC, 2.9 22.95 22.10 22.85 21.40
MMOTTH/1 [22.8; 22.98] [21.45; 23.58] [21.70; 22.73]* [21.73; 23.58] [20.78; 21.98]*Q W
Psopeans 27.63 32.18 30.44 27.82 41.05
MM DT, CT. [27.58: 27.68] [31.58; 32.92]* 29.54; 31.65]* 126.78; 28.341Q# | [36.80; 43.70]*Q# W
Pseranns 26.8 325 3150 26.65 40.65
MM DT. CT. [26.71; 26.82] [31.25; 34.175]* [29.20; 36.50]* [26.50; 26.781Q# | [36.5; 43.05]*Q# W

JlaHHbIe TIpeCcTaBICHbBI KaK MeauaHa [25-if KBapTuiab—75-ii Kgapmnb]. M3MeHeHUs1 B cpaBHEHUM C KOHTPOJIb-
Hoii rpynmoii (*); ¢ rpynnoii O3 (£2); ¢ rpynnoit NaHS + O3 ( ); ¢ rpynnoit PAG + O3 (V).

TpUSI IPUBOIUT K yBeduueHuio PO, Ha 15.2% (p < 0.05), SO, Ha 15.9% (p < 0.05). TToka-
3aTesTb CPOICTBA TEMOIIOOMHA K KUCTOPONY Psgpe,, pacteT Ha 27.6% (p < 0.05) n coor-
BerctBeHHO KJ1O cnBuraercs BiipaBo (puc. 1) mo cpaBHEHMIO TPYMIIOi, B KOTOPYIO BBOIVIIA
TOJIBKO 030H. Takke HabGmonaercs yBenndeHue Pso. ., Ha 25.1% (p < 0.05). 3HauMMBbIX
U3MEHEHUIi MapaMeTpOB KUCIOTHO-OCHOBHOI'O COCTOSIHUSI HE OTMEYaeTCsl.

B Ta6:. 2 mpencTaBieHbl JaHHBIE O XapaKTepe U3MEHEHMs MoKa3aTeJiei MPOolecCOB
MEepPeKNCHOTO OKUCIICHUSI JIMTTUIOB W COCTOSTHUSI CUCTEMBI aHTMOKCUIAHTHOM 3aIllUTHI.
JloGaBiieHre 030HA B UCCIIETyeMYIO KPOBb IIPOBOIUT K POCTY aKTMBHOCTH IMPOIYKTOB Te-
PEKUCHOTO OKHUCIIEHUS JUMUIOB B 9pUTpoLUTapHoit macce: MIA Ha 31.2% (p < 0.05),
JAK Ha 234.9% (p < 0.05). I1pu 5TOM yBETUYUBAIOTCSI YPOBHU aHTHOKCUIAHTHOM 3a11-
TBI: B 9PUTPOIUTAPHON Macce colepKaHue KaTajaa3bl Bo3pacTtaeT Ha 35.5% (p < 0.05), B
IUTa3Me KOJWYeCTBO peTWHoJa moBbimaeTcs Ha 14.5% (p < 0.05), o-Tokodepoiia Ha
46.3% (p < 0.05) Mo OTHOIIEHUIO K KOHTPOJLHOM TpyIIITe.

BBeneHue mponapruiriviinHa He MPUBOAUT K CYIIECTBEHHBIM U3MEHEHUSIM MoKa3a-
TeJiel MPOOKCUIAHTHO-aHTUOKCUIAHTHOTO O6ajlaHCca B CPABHEHUM C TPYIINON, B KOTOPYIO
JIOOABJISLIU TOJIBKO 030H. JloOaBieHHe TOHOpa CUHTE3a CEPOBOIOPOAA HE TTOTEHIIUPYET
3 deKT 030Ha Ha KOHIIEHTPALIMIO POMEXYTOUYHBIX M TIEPBUYHBIX MPOIYKTOB MePEeKUC-
HOTO OKMCJICHMST TUMUIOB. B TO e BpeMsl aKTUBHOCTh KaTajla3bl B TPYMIIax ¢ TUIPO-
cyabduaom HaTpus BospacrtaeT Ha 27.1% (p < 0.05), HUTporMIIeprHA C TUIPOCYITbDOU-
oM HaTpust Ha 23.6% (p < 0.05) 110 OTHOIIIEHMIO K TPYIIIE B KOTOPYIO TOOABIISUIU TOJBKO
030H. O1HAaKO YPOBHU PETUHOA U O-TOKO(epoia B JaHHBIX TPYINax He MEHSIIOTCSI.

CymmapHoe conepxanue NO3 /NO; B ruia3me KposH (Tad:. 3) noa aeiictBueM Oz BO3-
pactaeT Ha 41.7%, p < 0.05.
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Puc. 1. Oddexr o30Ha Ha rosoKeHNEe KPYUBOIi AMCCOLMALIMNA OKCUTEMOTJIOOMHA TIPU peaibHbIX 3HaueHusIXx pH

u PCO, B ycIOBUSIX U3MEHEHUS aKTUBHOCTH LIMCTEUH/IMCTUH CUCTEMbI: A —KOHTPOJIb; ¢ — 030H; [] — mpo-

MaprwiriuirH + 030H; B — ruapocyibun HATPUs + 030H + HUTPOTIULIEPUH.

[MponaprirnmuurH cHUXaeT ypoBHU MetabonutoB NO u H,S Ha 49.5% (p < 0.05) u

Ha 17.4% (p < 0.05) COOTBETCTBEHHO IO CPABHEHUIO C TPYIINOI, B KOTOPYIO BBOIWIN
TOJIBKO 030H. [1pu moGaBieHNN THAPOCYIb(MKIA HATPHS B 3TUX YCIOBUSIX KOHLIEHTPALIMS
HUTpaT/HUTPUTOB yBeanduBaeTcst Ha 63.4% (p < 0.05); KoMOMHALIMS HUTPOTITUIIEPUHA 1

Ta6auua 2. [TapaMeTpbl MPOOKCUAAHTHO-AaHTUOKCUIAHTHOTO GajiaHca B YCJIOBUSIX UBMEHEHMST aK-
TUBHOCTHU LIMCTEVH/IIUCTUH CUCTEMBI B OITBITAX i Vitro

ITokazarenn KonTposs O3 NaHS + O3 PAG + O3 " NaHS + O +
HUTPOTIULEPUH
n 10 10 10 10 10
MJIA, MKMOJIB/JT 18.07 23.71 23.77 22.79 21.91
[16.68; 19.10] | [21.17; 26.50]* | [19.56; 27.83]* | [18.96;26.98]* [20.69; 26.43]*
OK, EA/Mn 4.99 16.71 16.84 16.31 16.45
[4.54;5.72] | [16.10; 17.95]* | [15.15;17.63]* | [12.40; 16.68]* [14.99; 17.42]*
Karanasza, MMOJIb 10.86 14.71 18.69 14.10 18.18
H,0,/mun/r Hb [10.30; 11.72] | [14.21; 15.33] * | [18.50; 19.11]*Q | [12.28; 17.80]*# [[18.10; 18.29]*Q# ¥
PetuHon, 0.83 0.95 0.97 0.95 0.98
MKMOJIb/JT [0.81; 0.84] [0.91; 0.97]* [0.96; 1.04]* [0.94; 0.97]* [0.94; 1.07]*
o-Tokodepoi, 8.70 12.73 12.60 12.40 12.23
MKMOJIb/JT [8.52; 8.92] | [12.25;14.91]1* | [11.49; 12.67]* | [11.94;13.76]* [12.16; 13.23]*

JlaHHbIe TIpeICcTaBICHBI KaK MearaHa [25-if KBapTuib—75-it Kgapmnb]. W3MeHeHMsT B CpaBHEHUU C KOHTPOJTb-
Holi rpynnoii (*); ¢ rpynnoii O3 (€2); ¢ rpynnoit NaHS + O3 ( ); ¢ rpynnoit PAG + O3 (V).
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Ta6muua 3. KoHuUeHTpalusi HUTpAT/HUTPUTOB U CEPOBOAOPO/IA B IJIa3Me KPOBHU IO ACHCTBUEM
030Ha B YCJIOBUSIX U3MEHEHUSI aKTUBHOCTU LIMCTEVH/IIUCTUH CUCTEMBI B OITBITAX i Vitro

IMokasarens |  KoHTposb O3 NaHS + 05 PAG + O, NaHS + O3 +
+ HUTPONIULIEPUH
n 10 10 10 10 10
NOz /NO, 16.19 22.94 37.49 11.59 54.87
MKM%ﬁb/ﬂ 2 [15.42; 16.81] | [22.21;24.05]* | [34.92; 39.15]*Q | [10.89; 12.17]*Q# | [53.47; 56.49]*Q#W¥
H,S 7.52 11.28 18.55 9.32 24.14
MKMOJIb/J [7.19; 8.93] [7.29; 12.44] [15.59; 19.28]*Q [7.46; 11.52]# [22.74; 25.35]*Q#W

JlaHHbIe TIpeICcTaBICHBI KaK MearaHa [25-if KBapTuiab—75-i Kgapmnb]. W3MeHeHMsT B CpaBHEHUU C KOHTPOJTb-
Holi rpynnoii (*); ¢ rpynnoii O3 (€2); ¢ rpynnoit NaHS + O3 (7); ¢ rpynnoit PAG + O3 (V).

TUAPOCYIb(hUIA HATPHS CYIIECTBEHHO YBEJIMYMBAET JaHHbBIN mapameTp Ha 139.2% (p < 0.05)
MO CpaBHEHUIO C TPYMIIOi, B KOTOPYIO BBOJIWUJIM TOJIBKO O30H. YPOBEHb ra30TPaHCMUTTE-
pa H,S (tabn. 3) mox neiictBueM o30Ha Bo3pacraeT Ha 50.0%, (p < 0.05) B cpaBHEHUU ¢
KOHTPOJIbHOM rpyInoii. JloGaBiieHre r’uapoCcyabduaa HATPUS YBEINIMBACT JaHHBIN Ma-
pameTp Ha 64.5% (p < 0.05), a KOMOMHALIMSI HUTPODTULIEpUHA U TUAPOCYIbMhrIa HaATpUs
MPUBOIUT K POCTY HaHHOTO TToka3ateist Ha 114.0% (p < 0.05) mo cpaBHEHMIO ¢ TPYIINOI,
B KOTOPYIO BBOAMJIN TOJIEKO O30H.

OBCYXIEHMUE PE3VJIBTATOB

B pane pabor ob6cyxkmaercss BodamoxHocTh usmenenne CI'K mox geiicrBueM o3oHa [ 16,
17], omHaKoO ero HemoCPeACTBEHHOIOo M3MEPEHMsI B IKCIIEPUMEHTAIbHBIX YCJIOBUSIX HE
OCYIIECTBIISIIOCh. PesysibTaThl HAIIMX MPEAbIIYIIUX UCCIeIOBAaHUI CBUACTEIBLCTBYIOT O
TOM, uto 030H u3MeHsieT CI'K, peanusys cBoii a¢pdekr 3a cuer razorpancmutrepa NO [7].

CortacHo ToJlydeHHBIM HaMU TaHHBIM, THTUOUTOP CUHTE3a CEPOBOIOPO/IA B YCIIOBU-
AX nedcTBus o30Ha ymeHbIIaeT PO,, SO,, Psypea; KPOBU U COMPOBOXIACTCS CIBUTOM
KJ1O BieBo, a BBeAeHUE TMAPOCY/Ibduaa HaTpUs B UCCeAyeMblii oOpa3ell, He MEeHSIeT
addext ozoHa Ha mapameTpbl KT® kpoBu. PopMeHHBIC 3JIEMEHTHl KPOBU U TIPEXIe
BCETro 3PUTPOIIMTHI, a TAKXKE KOMIIOHEHThI IIa3Mbl TPUHUMAIOT aKTUBHOE YYacTHUE B Me-
TaboJIM3Me CepOBOIOPOAa, KOHTPOJIUPYsI ero KOHIeHTpauuio [18]. Dta curHaimbHass Mo-
JieKyJ1a MeTaboIM3UpPyeTcsl B KPACHBIX KPOBSIHBIX KJIETKaX MPU y4yacTUU reMOnIoOnHa ¢
obpazoBaHuEeM TUOCYIb(MATOB U TMAPOIIOJUCYIb(PUIOB, YIaCTBYIOIINX B OMOCUTHAIM3A -
s [19].

B yactHocTH, cynbdua momiomaetcsa anTunoprepom AE-1 sputpouutapHoit MeM-
6panbl B ooMeH Ha Cl™ (Bnusist Ha CI'K), a Takke cyabhua pearupyetr ¢ MeTreMoriaioom-
HOM, 00pa3ysl cooTBeTcTBytoIMil komruieke —SH,/—SH— [20]. Kpome Toro, addexTsr
CepoBOAOPOA CBsA3aHbI ¢ Mepcybduaanmeii 6e1KoB (Kak 3pUTPOLUTOB, TaK U IJia3-
MbI) — MpeBpalleHUueM TUOJIOBOM TpymIibl ucTerHa (—SH) B COOTBETCTBYIOLIMIA TIep-
cynbdun (—SSH) [21], uTo obecrieunBaeT IIMMUHALIVIO cepoBoaopoaa. [azorpaHcMUT-
Tep CEPOBOIOPOL 3adeiicTBOBaH B peanu3anum 3ddexra ozona Ha CI'K [7]. Kak u3Bect-
Ho, H,S yuyactByeT B okucauTenbHOi MoauduKaluy 6elKOBbIX MOJIEKY MOCPEACTBOM
cynsbruapauuu yepes H,S-onocpenoBaHHoe okuciaeHre LUCTEMHA A0 Mepcyabduuos,
CIOCOOCTBYS MX XUMUYecKoi peopranusauuu [22]. Kpome Toro, H,S coco6cTByeT ak-
TUBauMU IrdochormuiepaTMyTa3bl, CTUMYIUpYIONeit cuaTes3 2,3-mudocdormmiepara
n ymenbpialoneit CI'K [23]. Takxke B3aumomeiicTBue reMorniooMHa ¢ OJaHHBIM Ta30M
MPUBOIUT K 00pa3oBaHUIO cyjibremornoomHa, kotopslit cHuxaeT CI'K [24]. B ocHoBe
MEXaHU3MOB JICMCTBUS 030HA JIEKUT €ro BbICOKAsl peaKIIMOHHAsI CITOCOOHOCTh K COea-
HEHUSIM, ColepXKalllMM JBOMHYIO YIJIEPOIHYIO CBsI3b [25], B yacTHOCTH (hochonmnuaos,
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BXOASIIIIMUX B COCTaB KJIETOUHBLIX MeMOpaH. B pe3ynbraTe 00pa3yloTcsl MpOMEXYTOUHBIS
MepeKUCHbIE COETMHEHUSI, TaK Ha3bIBaeMble O30HMIBI [26], KOTOpbIe MPU BBEACHUU B
OpraHu3M B MaJIbIX TePAeBTUYCCKMX J103aX MOAN(MULIMPYIOT JIMITMAHBIIA OMCIION MeMOpaH
SPUTPOLUTOB, YIYUIIAIOT PEOJOTUIECKIE CBOMICTBA KPOBU, IIPUBOIIT K aKTUBAILIMN BHYT-
PUKJIETOYHOI 3allIMTHOI aHTMOKCUIAHTHOI CUCTEMBI IO TPUTTEPHOMY MEXaHU3MY M K1C-
JIOPO3aBUCUMBIX peakIdii, a TakxKe YJIydllaloT cHaOXeHue TKaHell KucjaopomoM [27].
MOKHO TIPEANoNIOKUTh, CYAsI IO HALlIUM pe3y/ibTaTaM, UTO MMEIOIINXCSI B €CTeCTBEHHBIX
YCJIOBUSIX KOJIMYECTB CEPOBOAOPONA JOCTATOYHO I peanu3anuu 3ddeKkTa 030Ha Ha
KT® kpoBH, B CBI3U C 4yeM J00aBIeHUE JOHOPA CEPOBOIOPOIA HE MEHSET KUCIOPOI-
CBSI3BIBAIOIINX CBOMCTB KPOBM, a MHTIONTOpP cepoBomopona ysermunBaeT CI'K.

H,S B otninune or NO peiicTByeT He Kak TUIIMYHAsI CUTHAJIbHASL MOJIEKYJIa, HO B3au-
MOAEMCTBYSI C HUM, MOXET BBICTYNaTh MeauaTopoM NO-cuUrHajabHOM aKTUBHOCTHU [28].
Kaxk noxkazanu Hawu uccinenosanusi, H,S B komOuHauuu ¢ noHopoM NO (HUTporuie-
PUHOM) NPUBOIUT K pOCTY PO,, SO;, Psgp,eqy U CIOCOOCTBYET GOJIEE BBIPAXKEHHOMY CIBU-
ry KO BnpaBo, T.e. yBeauuuBaeT 3¢ hEKT 030Ha Ha 3TH MoKazaTeau KpoBu. [TokazaHo,
4TO KOMOMHUpPOBaHHas1 oopadborka noHopamu NO u H,S npuBonut Kk NO-curHaabHO
aKTUBHOCTHU 3a cYET 0Opa3oBaHMsI 00jiee aKTUBHBIX JUHUTPOZUIBHBIX KOMILJIEKCOB JKe-
Jie3a ¢ nepcyab@UAHBIMU JuraHnamMu B Kietke [28]. Monekysia NO B3auMoOIeiicTByeT ¢
LIUCTEMHOM, MTpeo0pa3ys ero MpOCTPAaHCTBEHHYIO CTPYKTYPY U YBEJIUUMBAsI SHEPTUIO X1~
MUYecKux cBsizeit. Takke SHAOTeHHBI CEpOBOIOPO MOXET BIUSTh Ha Pa3IMYHbIE N30~
dopmbl NO-cuHTa3bl, IPUBOIS K B3aUMOYCHIECHUIO (pusnonorndeckux adpdexron [22].

BaxkHO OTMETUTb, YTO BBEACHWE WMHTMOMTOpPA CHHTE3a CEpPOBOJIOPOJA YMEHbBIIAET
KOHIICHTPAIIMIO HUTPAT/HUTPUTOB B IJIa3Me KPOBU B CPAaBHEHUH C TPYIINOi, B KOTOPYIO
BBOIMJIM TOJIBKO 030H. OgHako comepxkaHue MeTtadbonmutoB NO npu m1o0aBIeHUN THIPO-
cyabduraa HaTpUsI B YCIOBUSIX BBEIEHUs 030HA pacTeT. MexaHn3M TaHHOTO SIBJIEHUS OC-
HOBaH Ha ycwieHuu pochopuanupoBaHUsi KOHCTUTYTUBHOU n30hopMbl NO-cHUHTa3bI C
nocaenyonmm yeandeHrueM rpoaykimu NO [29]. Takke CTOMT MOTYEPKHYTh, YTO Ce-
POBOIIOPOI OTIOCPENyeT BoccTaHOBIeHUEe HUTPUTOB 10 NO uepe3 KcaHTUHOKcHmasy [30].
OmHUM U3 MpeariojaraeMbIX 3(PdOEKTOB 030HA Ha PEOJIOTUYECKHE CBOMCTBA KPOBH SIBJISI-
ercs aktuBaist NO-CHUHTa3bl, yCMJIMBAETCS CHHTE3 OKCHIIAa a30Ta, BCJICACTBUE YETO yBe-
JIMYMBaeTCs KOJMYECTBO TPaHCIOPTUPYeMOro Kuciaopona [31].

Nurubuposanue cuHte3a H,S B ycloBUSIX HAllMX OMBITOB HE MEHSIET aKTUBHOCTb
MPOLIECCOB MEPEKNCHOTO OKUCIEHUS JTUMUAOB. [a30TpaHCMUTTEP CEPOBOAOPOI, MOXKET
MPOSIBJISITh BOCCTAHOBUTEJbHbBIE CBOIICTBA Yepe3 pa3inyHble MexaHu3Mbl. H,S npeobpa-
30BBIBACT JIMITOMPOTEUHBI HU3KOU TJIOTHOCTU B JIMMIOCHUPTHI U UHTUOUPYET OKHCIIEHUE
reMoroorMHa, MpeaoTBpalllaeT POCT MPOLIECCOB CBOOOIHO-PAIMKAIBLHOTO OKUCIEHUS
unuaoB. JJaHHBINM Ta3 CHUXKAET BbICBOOOXICHME aKTUBHBIX (DOPM KHUCIOpOAa 3a CUeT
cTUMysIsinuy uHTepieiikuHa 6 [6]. Cynbdruapanusi, onocpenosannast H,S, nmpencrasisi-
€T cO0OI1 3allUTHBIN MEXaHN3M B YCJIOBUSIX OKUCIUTENIBLHOTO cTpecca. B HaleM uccre-
JNIOBAHUM He HAOJIIoAaeTCsl CHUXKEHUSI MPOAYKTOB MEPEKUCHOIO OKMCJICHUS JIMMUIOB.
CornacHo naHHBIM Bieza u coasT. [22], renepanust H,S B ecTeCTBEHHBIX yCIOBUSIX MO-
KeT ObITh HEIOCTATOYHOM MIJII 0OecreyeHus] MPsSIMOro aHTMOKCUAAHTHOTO OTBETa, YTO
npeanojaraeT y4acTue MHbIX MEXaHU3MOB, Cy/Isl 110 HAIIIMM TaHHBIM, CBSI3aHHBIX C KUC-
JIOPOJICBSI3BIBAIOIIMMU CBOMCTBAMU KPOBU, TIPU OKUCIUTEJIBHOM CTpecce, MHIYIIUPO-
BaHHBIM IeiicTBueM 030Ha [32]. B To Xe BpeMsI CTONT OTMETUTh YBEIMUYCHNE aKTUBHOCTH
Karasia3bl TIpU BBEIEHUU TUIPOCYIb(MUIA HATPUS U €r0O KOMOMHAIIUU C HUTPOTJIMLIEPU-
HOM B MPOBEIEHHOM HaMH1 MCCJIENOBAaHUU, UTO MOXET OBITh CBSI3aHO C YCUJIEHUEM TUJ-
pocynbduaom HaTpust 3(pHeKTOB MOHOOKCHIA a30Ta, CUHTE3 KOTOPOTO CO3MaeT YCAOBUS
TUJIS1 IOAZIEPKaHUST OKUCIUTEbHO-BOCCTAHOBUTEIBHOTO OajlaHCa U COXPaHEHUSI 11eJI0CT-
HOCTHU KJIETOYHOI MemMOpaHsI [33].
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TakuM 06pa3oMm, ToJlydeHHbIe HAMU JaHHBIE CBUIETEIbCTBYIOT O CJIOXXKHOM HEOIHO-
3HAYHOM BKJIajie cepoBoopoaa B 3¢hGheKT 030Ha HAa KUCIOPOJCBS3bIBAIOIINE CBOCTBA
KPOBU U €€ MPOOKCUIAHTHO-aHTUOKCHUIAHTHBI OajlaHC:

1. UHrubuTop cuHTEe3a ra30TpaHCMUTTEPA CEPOBOAOPOAA MPUBOAUT K CHUXKEHUIO 3(P-
(dexra ozoHa Ha KT® kposu (ymenbiuaer PO,, SO,, Psyeqy, HaOMODaeTCs capur KO
BJIeBO). BBeneHue ruapocynbpuaa HaTpus He yCUJIMBAeT BO3IEUCTBME ATOrO rasa Ha
JaHHble mapameTpshl. JJoHop razorpaHcmutrepa NO B kKoMOuHaiuu ¢ H,S yBenuuuaer
BIMsiHUE naHHOro raza Ha KTd kpoBu.

2. Moauduxanus cuHteda razorpaHcmutrepa H,S (ucnonp3oBaHue Kak MHTUOUTOPA,
TakK 1 JOHOpA) HE BJIUSIET HA aKTUBHOCTD ITPOLIECCOB MEPEKUCHOIO OKUCIICHUST JIMTTUA0B
B YCJIOBUSIX BBeIeHUs1 030Ha. B To xe Bpemst, noHopsl H,S 1 NO yBenmnunBaloT akTUB-

HOCTb KaTajia3bl, He MEHSISl TPY 3TOM KOHIEHTPAIlUU PEeTUHOJA U O.-ToKodepoa.

3. BBeneHue mponapruiriviinHa B YCIOBUSIX AeCTBUST 030HA MPUBOIUT K YMEHbIIIE-
HUIO YPOBHS HUTPAT/HUTPUTOB, a TUAPOCYJIbGhUI HATPUST YBEJIMUMBAET UX KOHIIEHTpa-
uto. KoMmbuHaus runpocyibduraa HaTpusl 1 HATPOIJIMIIEpUHA CIIOCOOCTBYET POCTY Ce-
poBonopoa B raa3me KpoBu. [TosyyeHHbIe JaHHBIE JEMOHCTPUPYIOT CJI0XKHYIO TPUPOY
CUHEPTMYHOTO B3aMMONIEHCTBUS JaHHBIX Ta30TPAaHCMUTTEPOB, UMEIOIIMX 3HAYEHUE TSI
momupukauuu KT kpoBu.

COBJIIOAEHUE 5TUYECKHUX CTAHIAPTOB

Bce mpolienypbl, BEIITOTHEHHBIE B MCCIIEAOBAHMIX C YIACTHEM XKMBOTHBIX, COOTBETCTBOBAIN
9TUYECKMM CTaHAapTaM, YTBEPXKIEHHBIM MTPAaBOBBIMM akTamMu Pecrny6iuku benapych, MpUHIM-
naMm ba3zenbckoii nekjapaly U peKOMEHIALIMSIM KOMUTETA 110 OMO3TUKE U IEOHTOJIOTUM yUpe-
XIeHusT 00pa3oBaHUs [pOMHEHCKMIT TOCYIapCTBEHHBI METUIIMHCKIIT YHUBEPCHUTET, TTPOTOKOIT
Ne 1 ot 14 suBaps 2019 .

NCTOYHUKUN ®PMHAHCHUPOBAHUA

Pa6ora BbinosiHeHa B pamkax ['ocynrapcTBeHHOI MporpaMMbl HayYHBIX McclieqoBaHuit Pecry6-
nuku benapyck Noe noroBopa 30-24/549-21.

KOH®JINUKT MHTEPECOB

ABTOpBI IEKJIApUPYIOT OTCYTCTBHE SIBHBIX Y ITOTEHIIMAIBHBIX KOH(MJIUKTOB MHTEPECOB, CBSI3aH-
HBIX ¢ MyOJMKanueil JaHHOM CTaThbH.

BKJIAJ ABTOPOB

Bce aBTOpHBI BHECIU CYIIIECTBEHHBIN BKJIA B pa3pabOTKy KOHIIETIUM, TPOBEAEeHE UCCIeIoBa-
HUI1 ¥ TIOATOTOBKY MaTepUaJIOB CTaThbU, MPOWIM ¥ OM00pMIN (hMHAIBHYIO BEPCUIO CTAaThbU TIepe
nyOJIMKaIue.
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Impakt of Ozone on the Oxyge Affinity Blood Properties
and Prooxidant—Antioxidant
Balance under Effect of H,S-Generating System
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Hydrogen sulfide belongs to the group of signaling agents called gaseous transmitters
and plays an important role in many physiological processes, in particular, in the realiza-
tion of oxygen-dependent mechanisms. The aim of this study was to evaluate the signifi-
cance of hydrogen sulfide in the effect of ozone on the oxygen affinity blood properties
and the prooxidant-antioxidant balance in vitro experiment. Ozone (6 mg/L concentra-
tion) and drugs that affect the synthesis of hydrogen sulfide (propargylglycine, sodium
hydrosulfide and its combination with nitroglycerin) were used. The use of propargylgly-
cine, an inhibitor of the synthesis of hydrogen sulfide, leads to a decrease in the effect of
ozone on the blood oxygen transport function (decrease in PO,, SO,, P5geq1)- When so-
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dium hydrosulfide is added, the effect of this gas on these parameters does not increase,
but in its combination with nitroglycerin, the effect of ozone on the blood oxygen trans-
port function increases. Propargylglycine does not affect the prooxidant-antioxidant
balance under the conditions of the experiment, and donors of hydrogen sulfide and ni-
trogen monoxide increase the activity of catalase. Propargylglycine under the action of
ozone leads to a decrease in the level of nitrate/nitrite, and sodium hydrosulfide increas-
es their concentration. The combination of sodium hydrosulfide and nitroglycerin leads
to the accumulation of hydrogen sulfide in the blood plasma.

Keywords: ozone, blood, oxygen, gaseous transmitter, nitrogen monoxide, nitroglycerin,
hydrogen sulfide, propargylglycine
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