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CIPKOBOJEHb: MEXAHI3M TOKCUYHOI Ali, KJIHIYHI
MPOABU FOCTPOIO OTPYEHHSA, NMATOTICTOJIOIYHI
O3HAKMU TA CTPATErA NNIKYBAHHA

PE3IOME. Cipkosoodens (H,S) € sucoxomoxcuunum 2azom. Cepeo yici epynu ompytiHux pevosut - RpuduH cMepmi - ROCHynacmscs
Jue MOHOOKCUOY gyeieyto. Mexanizm ti0e0 MOKCUYHOCTT BUBYEHUL] HeOOCIAMHbO | HA CbO20OHI He ICHYE cneyuiunol anmudomo-
mepanii. Leii 2az cmanogumy 6uUcoKonpiopumemuy XiMiuHy 3azpo3y 6 npoMUCIOB0CH, @ MAKONC AK NOMEHYIUHA MePOPUCTIUIHA
30p0s MACOBO20 3HUUJEHHS], OCOOTUGO 6 YMOBAX BiliHlL.

Mema. Ha niocmasi nimepamyprux OaHux ma 61acHUX 00CHIONCeHb Y3A2ANbHUMU CYYACH] YSABTEHH NPO MEXAHIZMU MOKCUYHOCHII,
KIHIUHI NpoAGU, cmpamezii TiKY8anHs ma namozicmono2iuHi 03HAKYU 20CMPO20 OMPYEHHS CIPKOBOOHEM.

Mamepianu ma memoou. I[Ipoananizosaro giokpumi dxcepena nyoniunoi ingopmayii ma naykosoi nimepamypu 3a memor 00ciio-
Jcennst. 30iticneno ananimuynutll 0ensio nyonikayil Haykosux ounaun oioriomex PubMed, Medline, Elsevier. [Iposedeno pempocnex-
MUSHULL AHAi3 MeOUUHOi QOKyMeHmayii 080X 8unaokxis iz eocmpum ompyeuuam H,S y noeonanni 3 inuumu moxCuuHuUMU 2a3aMu.
Ilepuii 6unaoox eocmpozo ompyenns H,S ma inwumy kananizayisinumu 2azamu 8 nayicHma, nomepiozo 6 yMosax AiKysanbHo2o
3aknady Kuiscvkoi obnacmi, sxutl 3axeopie niciisi 15-X6ununno2o nepedyeants 6 Kananizayitinomy cenmuxy oomoeocnooapcmed. Y
NOCMPAACOAN020 MAKOHC PO3NAHYIMO OAHT CeKYIUHUX MA MIKPOCKONIYHUX QOCTIONCEHb MKAHUH Ne2eHb. JIpyeutl 8unadok 20cmpoeo
ompyenns H,S y noeonani 3 inwumu 2azamu numms npe0Cmagienii mpboma nOCmpanicoauumu, 20Cnimanizo8anumy 00 KiiHiKku
Hayxos020 yenmpy npesenmugHoi moxcukonoeii, xapuogoi ma ximiunoi oesnexu imeni axademika JI.1. Meosedss MO3 Vipainu nicns
ouueHHA 2nbOK020 YaHy i3 3anuukamu enunoi keawenoi kanycmu. OOuH i3 nocmpaxcoanux 3a2unys yepes 6 200un. Buxopucmatro
Memoou cUCmemMHo20 NOPIGHANLHO20 A KOHMEHM-AHANI3).

Pesynemamu. Cyuacni yaenenns npo mexanizm mokcuunoi 0ii H,S ceiouamv, wjo 6it € wuOKoMemaoonisylouum CUCeMHUM MOKCU-
KAHMOM, SIKULL 8padicae MimoxoHOpii, € nioepyHmmsam Ons (opMyeanHs MKAHUHHOL 2INOKCIT, akmueayii OKUCTIOBATLHO2O Cmpecy,
3ananbhux peakyitt ma anonmosy. 3a cocmpoi 0ii H,S ochognumu opeanamu-miwienamu € nepeosa, Oponxo-nezenesa ma cepyeso-
cyounna cucmenmit. JJo ybo2o yacy ne icnye cneyu@ivnux anmuoomie 01 nikyeanus ompyeuna H,S, momy eono exiouac kucnesy,
CUMNMOMAMUYHY ma niompumyeanvHy mepaniio. Hosi 1ikysanvhi 3acodu — nomenyiiHi anmudomu 3Haxo0amscsa Ha cmaoii 0oKi-
HIYHUX 00CTIOMHCeHD, Dinbuicmb 3 AKUX cnpamosana na 36 aAsyeanna H,S. Icye eocmpa nompeba 6 po3pooyi HOBUX TIKYBATLHUX 3ACO-
bis-noenunayis (ckasenoocepis) H,S 0nsa 3anobieanns ma nikyeanns ompyenn, 3HUNCEHHS 3aX60PIOBAHOC MA CMEPIMHOCII.
Knrouosi cnosa: cipkosodenn, moKkcuuHicmy, 20cmpe OmpyeHus, TiKY8aHHs, NAMOICMON02IUHT O3HAKU.
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HYDROGEN SULPHIDE: MECHANISM OF TOXIC ACTION, CLINICAL MANIFESTATIONS
OF ACUTE POISONING, PATHOHISTOLOGICAL SIGNS AND TREATMENT STRATEGY

ABSTRACT. Hydrogen sulphide (H,S) is a highly toxic gas. Among this group of poisonous substances — causes of death — it is second
only to carbon monoxide. The mechanism of its toxicity has not been sufficiently studied and there is currently no specific antidote
therapy. This gas is a high-priority chemical threat in industry, as well as a potential terrorist weapon of mass destruction, especially
in wartime.

Aim. Based on literary data and own researches, to summarize the current concepts of its toxicity mechanisms, clinical manifestations,
treatment strategies and pathohistological signs of acute hydrogen sulphide poisoning.

Materials and Methods. Open sources of public information and scientific literature on the research topic were analysed. An analyt-
ical review of the publications of scientific online libraries PubMed, Medline, Elsevier was carried out. A retrospective analysis of the
medical documentation of two cases with acute poisoning with H,S in combination with other toxic gases was carried out. The first
case of acute poisoning with H,S and other sewage gases is in a patient who died in the conditions of a medical institution in the Kyiv
region, who fell ill after a 15-minute stay in a household sewage septic tank. In the victim, the data of sectional and microscopic studies
of lung tissue were also studied. The second case of acute H,S poisoning in combination with other gases of putrefaction is represented
by three victims hospitalized at the clinic of the Research Centre of Preventive Toxicology, Food and Chemical Safety named after
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L. 1. Medved, Ministry of Healthcare of Ukraine after cleaning a deep tank with the remains of rotten sauerkraut. One of the victims
died after 6 hours. The methods of system comparative and content analysis were applied.

Results. Modern ideas about the mechanism of the toxic effect of H,S indicate that it is a rapidly metabolizing systemic toxicant that
affects mitochondria, is the basis for the formation of tissue hypoxia, activation of oxidative stress, inflammatory reactions, and apop-
tosis. Under the acute effects of H,S, the main target organs are the nervous, bronchopulmonary and cardiovascular systems. Until
now, there are no specific antidotes for the treatment of H,S poisoning, so it includes oxygen, symptomatic and supportive therapy.
New therapeutic agents — potential antidotes are at the stage of preclinical research, most of which are aimed at binding H,S. There
is an urgent need for the development of new therapeutic agents — absorbents (scavengers) of H,S for the prevention and treatment of

poisoning, reducing morbidity and mortality.

Keywords: hydrogen sulphide, toxicity, acute poisoning, treatment, pathohistological signs.

Beryn. CipkoBoaeHs sik XiMiyHa HebOe3me-
ka. CipkoBofeHb (AUTIAPOTEH Cymb(ia, T1Ipo-
reH cynedin, H,S) — Baxkkuii 6e30apBHUit Ta3 13
XapaKTEPHUM 3aIlaXOM TyXJIHX S€Ilb, 100pe po3-
9uHHEUA y Bomi. Moro 3amax BigdyBaeThbes 3a
HU3bkuX KoHmeHTparii (0,00047 dvacTok Ha
MIJIBHOH), OTHaK TpH BUCOKUX — H,S mepectae
BiJTYyBaTHUCS Yepe3 mapaliid 3aKiHIeHb HIOXOBO-
ro HepBa. I'yctuna H,S cranoBute 1,19, mio
NEPEeBUIILyE MUTOMY Bary IMOBITpsl, TOMY BiH
HAKOMMMYY€THCA B HU3MHAX (Ha JIHI SIM, OKOIIIB,
Konojs3iB, Tpanmei tomo) [1, 2]. H,S, sk
MOoOIYHUH MPOYKT, YTBOPIOETHCS ITi]T 4aC BHUJIO-
OyTKy 1 IepepoOKH CipkH, Cylb(di/IiB, a TAKOK Yy
HadTOBI Ta HadTOmEpepoOHi MPOMHCIOBO-
CTi, 0cOONMMBO TIpW BU00YBaHHI Ta TepepoOiri
BHUCOKOCIpUHCTOT HA)TH, TPH BUPOOHUIITBI Cip-
YaHOI KHCJIOTH, HU3KU 6apBHHKiB BICKO3HOTO
BOJIOKHA, ueJIO(baHy, B OPraHIYHOMY CHHTE3
JUISL OZICPYKAHHS MEPKAITaHIB, y CTIYHUX BOJAX
HU3KHA XIMIYHUX BUPOOHHUIITB: I[yKPOBHX, ITUBO-
BapHUX, MIKIPSHUAX 3aBOMIB, & TAKOXK MpPU OYH-
MICHH] KaHaNI3alliiHOI Mepexi, BUTPIOHUX,
citocHux Ta THOeBuX siM [1-10]. TTopir cripwmii-
Tt H,S 3a 3amaxom cTaHOBHUTH TPHUOIU3HO
0,012-0,03 mr/m? noitps. I'panuuno gomycTuMi
koHneHTparii H,S y moBiTpi po60o40i 30HU B pi3-
HUX KpaiHax KonmmBaroThes Bimx 10 mo 15 MKT/M>
[1-9].

TToBizoMIICHHS TIPO BUITAJKK TOCTPOTO OTPY-
exsst H,S mommpenHi B ychOMy CBiTI, TEpeBax-
HO Ha HadTONEpepoOHUX 3aBOJIaX, OYHMCHHX
CTHIOpYZax, 3BaJWIIAX, KaHATI3AI[IfHUX CHCTE-
Mmax [1-6] Ta ckmamax 31 30epiraHHsi THOWO [7-
10]. HaiimommpeHinmia mpuYWHa CMEpPTEH BiA
roctporo orpyeras H,S — BuUmaakoBi BHKUAM
[4, 6] a0 11OTO BUKOPHUCTAHHS 31 CYIIMIaTBEHOIO
MeToro [11]. BumemiicTe 3 OMUCAHUX CMEPTENh-
HUX BUIIAJIKIB BHKJIWKaHI crpoOamu Jroaei
JIOTIOMOTTH CBOIM KOJIETaM MPHU TSHKKUX OTPY€EH-
Hax H,S (mpm BTpaTi CBiIOMOCTI YH
YCKJIQJITHEHOMY TI€pECyBaHHI Yepe3 1HTOKCHKa-
o) [1-6]. Maldonado C. S. et al [12] onucyroTh
JIBI ICTOpUYHI TPOMHUCIIOBI aBapii: oJfHa 3 HUX y
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Introduction. Hydrogen sulphide as a
chemical hazard. Hydrogen sulphide (dihy-
drogen sulphide, hydrogen sulphide, H,S) is
a heavy, colourless gas with a characteristic
smell of rotten eggs, well soluble in water. Its
smell is detectable at low concentrations
(0.00047 parts per million), but at high con-
centrations H,S ceases to be felt due to paral-
ysis of the olfactory nerve endings. The den-
sity of H,S is 1.19, which exceeds the specif-
ic gravity of air, so it accumulates in low-
lands (at the bottom of pits, trenches, wells,
ditches, etc.) [1, 2]. H,S, as a by-product, is
formed during the extraction and processing
of sulphur, sulphides, as well as in the oil and
oil refining industry, especially during the
extraction and processing of high-sulphur
oil, during the production of sulfuric acid, a
number of dyes, viscose fibre, cellophane, in
organic synthesis for the production of mer-
captans, in the wastewater of a number of
chemical industries: sugar factories, brew-
eries, leather tanneries, as well as during the
cleaning of sewage systems, cesspools,
silage pits and manure pits [1-10]. The
threshold of perception of H,S by smell is
approximately 0.012-0.03 mg/m?® of air. The
maximum permissible concentrations of H,S
in the air of the working area in different
countries range from 10 to 15 pg/m? [1-9].

Reports of acute H,S poisoning are wide-
spread throughout the world, mainly at oil
refineries, sewage treatment plants, landfills,
sewage systems [1-6], and manure storage
facilities [7-10]. The most common cause of
death from acute H,S poisoning is accidental
emissions [4, 6] or its use with suicidal intent
[11]. Most of the described fatal cases are
caused by people’s attempts to help their col-
leagues in case of severe H,S poisoning
(when they lose consciousness or have diffi-
culty moving due to intoxication) [1-6].
Maldonado C. S. et al [12] describe two his-
torical industrial accidents: one of them in
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[Toca-Pumi (Mekcuka) BUKIIMKaHa BUOYXOM Ha
HadTonepepoOHOMY 3aBO/Il, JIe TOCTPE OTPYEH-
HA orpumano 320 poOITHUKIB, 3 SIKHX
22 3arunynu. [Hira aBapisi BUKJIMKaHa BUOYXOM
razonpoBofy B yizai Kaiicans y Kurai, ne 3aru-
Hyu 243 monunu. [1i1 9yac ocTaHHBOT MOCTPaXK-
JIaJTM HE JIMIIE TIPAIIBHUKHU, 1110 OOCITYTOBYBaJIH
ra3onpoBiq, a ¥ HaceneHHs [13]. Ananizyrouu
HACJIIJIKK aBapii Ha HadTorepepoOHOMY 3aBO/I1 B
[Toca-Pumi (Mekcuka), aBropu [12] nmoBigomis-
I0Th, 10 cepen 22 cmeprei npaiiBHukiB 40 %
B110yJIcs Ha Micti nofii 1 Maixke 30 % nmomepnu
B JIIKapHi yepe3 2-6 roguH micius ypaxenss. Ti,
XTO TOMED Ii3HiIIEe, HE 3MOIIM OTPUMATH edek-
TUBHOT'O JIETOKCHUKYIOUOTI'O JIIKYBaHHS 1 IOMEPIIH
B1JI TOKCHYHOTO YPa)KeHHS MO3KY, sIke He Tija-
Bajocs cuMmrroMaTnuHii Tepamii. Park J, et al
[10], mOBIHOMIISIFOTH MPO CMEPTHICTH BiJ il
H,S y pesynbrari HemacHux Bunaakis 13 1998
no 2013 poku Ha miANpUeEMCTBaxX 31 30epiraHHs
Ta NepepoOKH THOO MPHU BUPOIYBaHHI CBUHEH
y Kopei, ne 3arunynu 30 mronmeii. binbinicts
neranbHux Bunaakis (40 %) nos’s3aHa 3 HEBaA-
JUMH PATYBAJIbHUMH ONEpPALisIMH. AMEpUKaH-
cbke ympaiiHHS 3 oxopoHu mpami (OSHA)
MOBIIOMJISIE TIPO TNMPUYUHU Ta TMOLIUPEHICTD
CMEpTEeIbHUX BUMAJAKIB Npu oTpyeHHi H,S:
nuie craHoM Ha cepreHb 2021 poky 3apeec-
TpoBaHO 221 1HUOUIEHT 31 CMEpPTEeIbHUMHU
Haciigkamu [14, 15].

PanroBa neranwsHa mis H,S Mmoxxe OyTtu Buko-
pHUCTaHa 3 METOI XIMIYHOTO TEPOPUZMY B YMO-
Bax BIMHH, OCOOJIMBO B 3aKPUTHX MPUMIIIECH-
HSIX, TAKUX SIK HIMPOKA MEPEXa METPONOITEHY
[12]. TloTeHian MOoro BUKOPUCTAHHS B SIKOCTI
xiMI4HOi 30poi BUcokHii, ockinbku H,S BigHOC-
HO JIETKO OTPUMATH 31 3BHYAWHUX MOOYTOBHUX
3acO01B JIJIs YUIIEHHS.

Mera. Ha niacrasi giTepaTypHUX JaHUX Ta
BJIACHUX JIOCJI/DKeHBb Y3araJlbHUTH Cy4acHl
VSIBJIICHHS PO MEXaHI13MU TOKCUYHOCTI, KJIIHIY-
H1 IIPOSIBU, CTPATET1i JIIKyBaHHSI Ta aTOT1CTOJIO-
ri4HI 03HAKU TOCTPOTrO OTPYEHHS CIPKOBOIHEM.

Marepianu Ta Mmeroau. IIpoananizoBaHo
BIJIKpUTI JpKepena myOniyHoi i1Hopmalii Ta
HAyKOBOi JITEpaTypu 3a TEMOIO JOCIIIKSHHS.
3M1CHEHO aHAIITUYHUN OIS Iy OmiKallii Hay-
KoBuX omyaiH O10miorex PubMed, Medline,
Elsevier. [IpoBeieH0 peTpOCHEKTUBHUN aHAII3
MEIUYHOI JOKYMEHTAIlll JBOX BHUIAAKIB 13
roctpuM oTpyeHHssM H,S y moenHanH1 3 1HIIH-
MM TOKCMYHHMMHU razamu. llepmmii Bumagox
roctporo orpyeHnss H,S Ta iHmmmu kanamiza-
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Poza Rica (Mexico) was caused by an explo-
sion at an oil refinery, where 320 workers
were acutely poisoned, and 22 died. Another
accident was caused by the explosion of a
gas pipeline in Kaixian County, China, where
243 people died. In the latter one, not only
the workers who serviced the gas pipeline
suffered, but also the population [13].
Analysing the consequences of an accident at
an oil refinery in Poza Rica (Mexico), the
authors [12] report that among 22 deaths of
workers, 40 % occurred at the scene and
about 30 % died in the hospital 2—6 hours
after the impact. Those who died later were
unable to receive effective detoxification
treatment and died from toxic brain damage
that did not respond to symptomatic therapy.
Park J, et al [10] reported H,S-related deaths
from accidents from 1998 to 2013 at pig
manure storage and processing facilities in
Korea, where 30 people died. Most of the
fatal cases (40 %) are related to unsuccessful
rescue operations. The American Occupatio-
nal Safety and Health Administration
(OSHA) reports the causes and prevalence of
fatal cases of H,S poisoning: only as of
August 2021, 221 incidents with fatal conse-
quences have been reported [14, 15].

The sudden lethal effect of H,S can be
exploited for the purpose of chemical terror-
ism in wartime conditions, especially in
enclosed spaces, such as a wide subway net-
work [12]. The potential for its use as a
chemical weapon is high, since H,S is rela-
tively easy to obtain from common house-
hold cleaning products.

Aim. Based on literary data and own
researches, to summarize the current con-
cepts of toxicity mechanisms, clinical mani-
festations, treatment strategies and pathohis-
tological signs of acute hydrogen sulphide
poisoning.

Materials and methods. Open sources of
public information and scientific literature on
the research topic were analysed. An analyti-
cal review of the publications of scientific
online libraries PubMed, Medline, Elsevier
was carried out. A retrospective analysis of
the medical documentation of two cases of
acute H,S poisoning in combination with
other toxic gases was carried out. The first
case of acute poisoning with H,S and other
sewage gases is in a patient who died in the
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[IHIMHU Ta3aMH B MAI[IEHTa, TOMEPIIOTo B YMO-
Bax JIKyBaJIbHOTO 3akjiaay KuiBchkoi obmacTi,
KU 3axBOpIB Ticist 15-XBUIMHHOTO TIepeOy-
BaHH B CCNITHKY IOMOrOCIoAapcTea. Y ToCTpa-
JKJIAII0TO TAKOXK pOSFJ'IHHy'Tl JaHl CeKUIWHUX Ta
MIKPOCKOMIUYHUX JOCHIP)KEHb TKAaHUH JIETEHb.
[Ticna dopmaninoBoi ¢ikcaii, CIIUPTOBOI MpPO-
BOIKM Ta mapadiHOBOi 3alMMBKU 3pi3u Oyiu
nogpapOoBaHi T€MAaTOKCUIIHOM Ta €O3WHOM.
IIpenaparu JOCIHIDKYBaJIUCA 3a JIOTIOMOT 010
MleOCKOHa Olympus CX 41 y HpOXlI[HOMy
cBiT mipu 30uteieHH] B 40, 100 ta 400 pa3sis.
Hpyruii Bumagok roctporo oTpyenus H,S y
MO€EHAHHI 3 1HIIMMU Ta3aMH THUTTA MPEICTaB-
JICHHIT TPHOMA [TOCTPAXKIATHMH, rocriTani3oBa-
HUMH JI0 KJiHIKH HaykoBoro mentpy mpeseH-
TUBHOI TOKCHUKOJIOTI, Xap4oBoi Ta XiMiuHOT 6€3-
nmexku iMeHl akamemika JI.I. Mensens MO3
VYKkpalHu Ticis OYMIICHHSA TIHMOOKOTO YaHy i3
3aJUIIKaMU THUIIOT KBameHoi kamyctu. OQuH i3
NOCTpaXJAaluxX 3aruHyB uepe3 6 TOAMH.
Bukopuctano MeToau CHCTEMHOTO MOPiBHSIb-
HOTO Ta KOHTEHT-aHaJi3y.

Cy4acHi ysiBJIeHHSI IPO MeXaHi3M TOKCHY-
Hocti roctpoi aii H,S. He3paxkarouu Ha Te, 110
H,S inentudikoBanuii me B 1731 pori Ta € Haj-
3BUYAfHO CMEpPTOHOCHUM Ta30M, MeEXaHi3M
Horo TOKCHYHOI il BUBYEHHUH HEIOCTaTHHO i
BifoMuil nume yacTkoBo. H,S y HeBenukux
KUTBKOCTSIX YTBOPIOETHCS EHAOTEHHO Ta Oepe
y4acTh y HM3I CUTHaJbHHUX cHCTeM. BiH €
SHJIOTEHHHUM TIepelaBadyeM CHTHAIIy 3a JJOTIOMO-
roro cynbdrigpararii Oilka Ta TPH HU3BKUX
BHYTPIIIHBOKJIITUHHUAX KOHIIGHTPAIlIAX — BiJ
0,01 mo 1 MxM, — Bimae enEKTPOHNU KOMILIIEKCY
II MITOXOHIPIaNBPHOTO JIAHIIOTa TPAHCIOPTY-
BaHHS EJEKTPOHIB, THM CaMHM CTHUMYIIOIOYH
acpoOHmit cuHTe3 ATD [16 17]. B ymoBax
TNEePEBUIICHHS KOHIIEHTpaIlii oinbm HiX y 3-30
pa3iB H,S Tokcn4HO BIUIMBa€ Ha KIITHHU TKa-
HUH — 3B’s13y€ Ta iHT10ye [V KoMIIeke naHirora
TPAHCIIOPTYBAaHHS EJEKTPOHIB LUTOXpOM-C-
okcunazu (LIOI') MiTOXOHApi 1 BUKIMKAE iX
nenonsipu3aitito [16, 18-20]. Lle npu3BoauTh 10
3HMKeHHs cuHTe3y AT®D, akTuBanii aHaep06Ho-
ro JWXaHHA Ta (bopMye JAKTOAINI03, SKUN
CYNPOBOKYETHCS MiABUILIEHUM BUPOOHHUIITBOM
aKTHUBHHUX (OPM KHCHIO, IPUTHIUECHHSIM CHUHTE-
3y JHK, aKTI/IBaHiEIO npoueciB MIEPEKUCHOTO
OKHCHEHHSI J'Ill'IlI[lB (HOJI) IIMTOTOKCUYHUX,
3amajJpHUX TporeciB 1 amomrosy [16, 18-20].
HesBaxarouu Ha Te, mo H,S mBuako metabdori-
3y€ThCsI, ONHOKpaTHa TocTpa Jisl MPUTHIUYE
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conditions of a medical institution in the
Kyiv region, who fell ill after a 15-minute
stay in a household septic tank. The data of
cross-sectional and microscopic studies of
lung tissues in the victim were also studied.
After formalin fixation, ethyl alcohol dehy-
dration, and paraffin embedding, the sections
were stained with haematoxylin and eosin.
The preparations were examined using an
Olympus CX 41 microscope in transmitted
light at a magnification of 40, 100, and 400.
The second case of acute H,S poisoning in
combination with other decay gases is repre-
sented by three victims hospitalized at the
clinic of the Research Centre of Preventive
Toxicology, Food and Chemical Safety
named after L.I. Medved, Ministry of
Healthcare of Ukraine after cleaning a deep
tank with the remains of rotten sauerkraut.
One of the victims died after 6 hours. The
methods of system comparative and content
analysis were applied.

Current understanding of the mecha-
nism of H,S acute toxicity. Despite the fact
that H,S was identified as early as 1731 and
is an extremely lethal gas, the mechanism of
its toxic action has not been sufficiently stud-
ied and is only partially known. H,S is pro-
duced endogenously in small amounts and
participates in a number of signalling sys-
tems. It is an endogenous signal transmitter
with the help of protein sulphydration and at
low intracellular concentrations — from 0.01
to 1 um — gives electrons to complex II of the
mitochondrial electron transport chain, there-
by stimulating aerobic ATP synthesis [16,
17]. Under the conditions of exceeding the
concentration by more than 3-30 times, H,S
has a toxic effect on tissue cells — it binds and
inhibits the complex IV of the electron trans-
port chain of cytochrome-C-oxidase (COX)
of mitochondria and causes their depolariza-
tion [16, 18-20]. This leads to a decrease in
ATP synthesis, activation of anaerobic respi-
ration and forms lactic acidosis, which is
accompanied by increased production of
reactive oxygen species, inhibition of DNA
synthesis, activation of lipid peroxidation
(LP), cytotoxic, inflammatory processes and
apoptosis [16, 18-20]. Despite the fact that
H,S is rapidly metabolized, a single acute
action suppresses the activity of COX for
48-72 hours, which suggests that COX is
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aktuBHicTh [OI" Ha 48-72 rox, mo mo3BoJsie
npunyctuty, mo [[OI' € oxHiero 3 OCHOBHHX
nurei Tokcuunoi aii H,S, a Hecraua AT® BHac-
migok iHriOysanus LIOI' crpusie po3BUTKOBI
rinokcii, 3aru0esi KJIITUH 1 MaToJorii OpraHis.
ABTOpPH BiA3HA4arOTh, 1m0 H,S He Mae 3qaTHOCTI
10 OloakyMmyisiii, WOoro MeTadoii3M € TpH-
mwBuAEeHUM. H,S po3knamaeTbcss mpoTsirom
JNEKUIBKOX CEKYHJI Ta XBWIMH 1 BUBOJIUTHCS 3
oprasizmy sik cyibgarti Ta OicynabpaTHl MeTa-
oomitu. OnHak, 610XIMIYHI ypasKeHHs, 30KpeMa
iari0yBanns LHOI' Ta TOKCHYHI YHIKOIKEHHS
MO3KY, Ceplisl, JIET€Hb, 1110 BUHUKAIOTh TICIs J1i
H2S, maroTe KyMyJISITUBHHUN Ta HAapOCTArOUU
xapakrep. Jiang J, et al. [18] mocaimxyBanu
TokcuuHicTh H,S, BUKOPHCTOBYIOYM CIPKOBO-
neHb Hatpito (NaSH), skuii 3a3Buyail € mpxepe-
oM H2S, Ha 4-X Tunax KJIITUH: HEHPOHAX KOPU
TOJIOBHOTO MO3KY, OTPHUMaHMX 3 1HYKOBaHUX
IUTIOPUIIOTEHTHUX CTOBOYPOBHMX KIIITHH JIFOIH-
Hu (hiPSC), nepBuHHNX HEMpoHAX KOPU TOJIOB-
HOTO MO3KY HIypiB, NepBUHHUX (iOpobdracTax
JTIOAVMHU Ta KiiTuHaX HUpok Mmanu COS-7.
[lepeBary HajaBanu IOCHIIPKEHHIO HEWPOHIB,
OCKIJIbKH MO30K € OCHOBHOIO MIMIEHHIO A
H,S, mpo mo cBiyarh sIK rocTpa TOKCUYHICTb
(koma), Tak 1 JOBrOTEPMIHOBI HACIIJIKH BILTUBY
(KOTHITUBHUN 1 MOTOpPHUHM AediuuT), MOpPIB-
HIOIOYM PEe3yJbTaTd 3 IHIIMMH IIBUIKO MPOJi-
dbepyrounMu TUTIAMU KJIITUH. Bigomo, 1o kiii-
TUHHE CIOKMBAHHS KHUCHIO 3a0e3Iedye BHCO-
KU piBEHb MITOXOH/P1aibHOT QYHKIII1. ABTOpH
BUSABWIIM, 10 Bxke 1 Mmoabs NaSH mBuiko 3HuU-
KY€ CIIOKMBAaHHS KMCHIO KOPTUKAJIbHUMHU HEH-
ponamu, orpumanumu 3 hiPSC, nepBuHHMUMU
¢16pobracTamMu JIIOAMHU Ta KIITUHAMU HUPOK
MaBn COS-7. 3HMKEHHS CIOXUBAaHHS KHCHIO
Oys70 MOMIOHUM A0 MOTIMHAHHS EKBIMOJSPHOI
KOHIIEHTpaIli 1mianiay. JlocmikeHHs 31 cenek-
TUBHUMH 1HT101TOpamu komruiekcy I 1 111 Bka3a-
M Ha 1Hri0yBaHHs KomIuiekcy IV nuxanbHOTro
naHiora Mitoxouapi. Lli pesymbratu y3roa-
JKYIOTbCS 3 MOKAa3HUKAMH 1HIIMX JOCJIJIHHKIB,
SK1 BUSBHWIM MITOXOHJpPIaJIbHY AUCQYHKIIIO 3
dbopMyBaHHSIM TKaHWHHOI TIMOKCIi 3a Jii TOK-
cuunux 103 H,S [16, 17, 19, 20]. Cnix Bin-
3HAUUTH, 10 aBTOpU [18] BUABWMIM HE IuIle
iariOyBanns 1V kommnekcy LOI, a i Ouibi
BUpaXeHe 3HIKeHHs cuHTe3y AT® nopiBHSHO
3 HlaHIJOM NpU 1HKyOawii HEHPOHIB MPOTITOM
60 1 120 xBwinH. BoHu TakoX BCTaHOBWIJIM: B
130JIbOBAaHUX MITOXOHAPIAX cepus muin H,S
yTpuul 30UIBIIMB YTBOPEHHS T'1IPOKCHIBLHOTO

CLINICAL TOXICOLOGY

VKPATHCBKUIA )KYPHAJT CYYACHUX TTPOBJIEM TOKCHUKOJIOTTT /
UKRAINIAN JOURNAL OF MODERN PROBLEMS OF TOXICOLOGY 2/2024

one of the main targets of the toxic effect of
H,S, and the lack of ATP due to inhibition of
COX contributes to the development of
hypoxia, cell death and organ pathology. The
authors note that H,S does not have the abil-
ity to bioaccumulation, its metabolism is
accelerated. H,S decomposes within a few
seconds and minutes and is excreted from the
body as sulphate and bisulphate metabolites.
However, biochemical damage, in particular
COX inhibition and toxic damage to the
brain, heart, and lungs, occurring after expo-
sure to H2S, is of a cumulative and increas-
ing nature. Jiang J, et al. [18] studied the tox-
icity of H2S using sodium hydrogen sulphide
(NaSH), which is usually a source of H,S, on
4 types of cells: cortical neurons derived
from human induced pluripotent stem cells
(hiPSC), primary cortical neurons of rat
brain, primary human fibroblasts and COS-7
monkey kidney cells. Preference was given
to the study of neurons, since the brain is the
main target for H,S, as evidenced by both
acute toxicity (coma) and long-term effects
of exposure (cognitive and motor deficits),
comparing the results with other rapidly pro-
liferating cell types. It is known that cellular
oxygen consumption ensures a high level of
mitochondrial function. The authors found
that even 1 mmol of NaSH rapidly reduces
oxygen consumption by cortical neurons
derived from hiPSCs, primary human fibrob-
lasts, and COS-7 monkey kidney cells. The
decrease in oxygen consumption was similar
to the absorption of an equimolar concentra-
tion of cyanide. Studies with selective
inhibitors of complex I and III indicated inhi-
bition of complex IV of the respiratory chain
of mitochondria. These results are consistent
with the indicators by other researchers who
detected mitochondrial dysfunction with the
formation of tissue hypoxia under the influ-
ence of toxic doses of H,S [16, 17, 19, 20]. It
should be noted that the authors [18] found
not only the inhibition of COX complex IV,
but also a more pronounced decrease in ATP
synthesis compared to cyanide when incubat-
ing neurons for 60 and 120 minutes. They
also found that in isolated mouse heart mito-
chondria, H,S tripled the formation of the
hydroxyl radical, one of the most harmful
reactive oxygen species. At the same time,
the increase was twice as large as that caused
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panuKaity — OfHy 3 HAWIIKiITUBIIINX aKTHBHUX
dbopm kwucHI0O. BomHouac 30imbmieHHS OyIo
BIBIYl OUTHIIMM, HDK BHUKJIMKAHE EKBIMOJSp-
HOIO KIJTBKICTIO IiaHiy. BapTo HaromocuTu, mo
LD100 H,S Takox BuIme HiX y IiaHidy.
®opMyBaHHS OKHCIIOBAIBHOTO CTPECy, AEMOIs-
pu3alio Ta AUCPYHKIIIO MITOXOHIPIN 31 3HU-
KeHHsM cuHTely AT® 3a mii TOKCHYHHMX 03
H,S Bim3Hayanu i iami aBropu [16, 17-20].

Bpaxosyroun MOIIOHMI MEXaHi3M TOKCHYHOT
nii H,S 1 mianiny, me y 2007 porti Oyna 3ILH/ICHG-
HAa Crpo0a BUKOPUCTAHHSA INPH JIKYBaHHI
roctpux orpyeHbr H,S Bimomoro 1iaHigHOTO
aHTUJOTY KoOiHaMiay (TIepeIoCTaHHbOTO TOoTe-
penHuKa B OIOCHHTE3I TiIPOKCOKOOGAmamimy —
BiTaminy B,) [21]. Jiang J, et al. [18] npoBenwn
0araTocTOpOHHE BUBYCHHS €(DEKTHBHOCTI KOOi-
HaMminy 3a TokcuuHoi nii H,S sk Ha kimiThHaX,
TaK 1 Ha TBapuHaX (Myxax, MHIIaX Ta IIypax).
ABTOpH BHSBIIIH, IO KOOIHAMIZ YyCyBa€e TOK-
cuuHicTh H,S sk in vitro, Tak i in vivo, cripusie
3HMKEHHIO aKTUBHOCTI OKHCIIIOBAaJIBHOTO CTpe-
CY, TIOTEPEUKEHHIO iHriOyBanus [V xommiekcy
MITOXOHJAPIH Ta 3HWXKEHHIO cuHTesy ATO.
[Toxazano, 110 koOiHaMif 301TbIIY€E BIYKUBAHHS
MyX, MUIIIEH 1 ITypiB 3a Aii JeTanbHuX 103 H,S,
norepepKye 1Hri0yBaHHs Mpodideparii KIITHH
i cuare3 JIHK. Ilpu mpoMy KOXKHA MOJIEKYJa
KoOiHaMiy 3armo0irae MOCHJICHHIO arornTo3y Ta
MOBEpTa€e KJIITHHHY TpOmiQepaliro Ta CUHTE3
JJHK mo HOpManmpHOTO CTaHy, SIKIIO BiH OyB
NPUCYTHIA TPOTATOM APYroi TOJUHH BIUIMBY
H,S. ABtopu mpomeMoHCTpyBaiH, 110 KOOiHa-
MiJ] € IepCIeKTUBHUM, HOBUM 3acO00M MepIoi
cnernudigHoi Tepamii orpyenHs H,S.

Toxcuuna nis H,S Ha oprani3m TBapHH Ta
JIOMUHHU TIepeAyciM CHpsMOBaHa Ha HEPBOBY
cucremy [12, 16, 18, 19]. Tounuit mexaHizMm
tokcnyHoi aii H,S Ha neHTpanmbHy HEpBOBY
CHUCTEMY, BIPOTiAHO, CKJIAIHWH 1 BUBYCHUU
He0CTaTHEO. IIpoTe BUABICHO BHOIPKOBY Bpas-
JIUBICTH MEBHUX IUISHOK MO3KY JI0 ToCTpoi aii
H,S, mpu mpoMy HaWuyyTIUBIIMMH € KOpa
TOJIOBHOTO MO3KY, 0a3ajbHi TaHIJIii Ta CTOBOYD
Mo3Ky. Tokcnuny mito H,S Ha mi crpykrypu
MO3KY TIOB’S3YyIOTb 13 TKaHWHHOIO TIMOKCIEIO
qyepes MlTOXOHI[plaJ'IBHy TUCQYHKIIIIO, OKUCITIO-
BaNbHUI CTPEC Ta MOPYIICHHS PEry/suii TpaHc-
MITEpiB 3 TMiABUIICHHAM y CHHANCAX PiBH:
nodamimy, cepoToHiHy i aapenaminy. Ipurmi-
deHHs AuxanHs 3a Aii H,S xapakrepusyerscs
3HWKEHHSIM YaCTOTH JWXaHHS, OJHAK KIITHHHI
Ta MOJISKYJISIPHI MEXaHI3MH, SIKi JIe)KaTh B OCHO-
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by an equimolar amount of cyanide. It is
worth emphasizing that the H,S LD100 is
also higher than that of cyanide. The forma-
tion of oxidative stress, depolarization and
dysfunction of mitochondria with a decrease
in ATP synthesis under the influence of toxic
doses of H,S were also noted by other
authors [16, 17-20].

Taking into account the similar mecha-
nism of the toxic effect of H,S and cyanide,
in 2007 an attempt to use the well-known
cyanide antidote cobinamide (the penulti-
mate precursor in the biosynthesis of hydrox-
ocobalamin — vitamin B,) in the treatment of
acute H,S poisoning was made [21]. Jiang J,
et al. [18] conducted a multifaceted study of
the effectiveness of cobinamide under the
toxic effect of H,S both on cells and on ani-
mals (flies, mice, and rats). The authors
found that cobinamide eliminates the toxicity
of H,S both in vitro and in vivo, contributes
to reducing the activity of oxidative stress,
preventing inhibition of the complex IV of
mitochondria and reducing ATP synthesis. It
is shown that cobinamide increases the sur-
vival rate of flies, mice and rats under the
influence of lethal doses of H,S, prevents
inhibition of cell proliferation and DNA syn-
thesis. At the same time, each molecule of
cobinamide prevents the increase of apopto-
sis and returns cell proliferation and DNA
synthesis to a normal state, if it was present
during the second hour of exposure to H,S.
The authors demonstrated that cobinamide is
a promising, new means of the first specific
therapy at H,S poisoning.

The toxic effect of H,S on the body of ani-
mals and humans is primarily aimed at the
nervous system [12, 16, 18, 19]. The exact
mechanism of the toxic effect of H,S on the
central nervous system is probably complex
and it is studied insufficiently. However, the
selective vulnerability of certain areas of the
brain to the acute action of H,S was revealed,
while the cerebral cortex, basal ganglia, and
brain stem are the most sensitive. The toxic
effect of H,S on these structures of the brain
is associated with tissue hypoxia due to mito-
chondrial dysfunction, oxidative stress and
disruption of the regulation of transmitters
with an increase in the level of dopamine,
serotonin and adrenaline in the synapses.
Respiratory depression under the influence
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Bl I[bOTO SIBUINIA, /IO KiHIISA HE BUBYEHI. [IIupoko
BiJIOMO, 110 roctpa nig H,S 3 xoHueHTpaiiero
1000 yacTUH Ha MIJILHOH BUKJIMKAE MPUTHIYECH-
Hsl JUXAJIBHOTO IEHTPY MICs KUIHbKOX BJIMXIB,
HEPIJKO 31 CMEPTENIbHUMHU HACTiAKaMH, MpOTe
MEXaH13MH HOT0 rOCTPOro MPUTrHIYEHHS HEB110-
Mmi. [loBimommsietses [12], mo micas aii H,S
HaWBUINI WOTO KOHIICHTpAIll BUSBIAIOTHCS B
cTOBOYp1 MO3KY TBapHH, 10 YACTKOBO MOSICHIOE
BHUCOKY Bpa3JIMBICTh IUXaJbHUX SJEp, SAKI B
HbOMY 3HAXOJSIThCS.

VY momedt, Akl cTald KEepTBaMU TOCTPOro
orpyeHHs H,S, TsokkicTh HelpoaereHepaiii
3a3BUYail J0Ope KOpeNtoe 3 MiABUILIEHUM PU3H-
KOM CYJAOMHOI aKTHUBHOCTI. 3HauHy poOJib Y
[IbOMY BiJirpae miyTaMaTiHIyKOBaHa IMUTOTOK-
CUYHICTD [12], OCKUIBKH TPOANIONTUYHI IUISIXU
B KJIITUHAX TOJIOBHOTO MO3KY, BKJIFOYHO 3 HEMl-
pPOHAMHM, MIKPOIVIIEI0, aCTPOLUTAMHU 1 IJI€L0,
3aIyCKalOThCA Yepe3 IVIyTaMaTHl PelenTopH.
Binomo, mo y-aminomacisina kuciora (FAMK)
1 IyTamar € HelpoTpaHcMiTepamu, ki 0epyTh
y4acTb Y PO3BUTKY CYIOMHOI aKTUBHOCTI.
T'octpa nis H,S Bukinkae nopyieHHs: KOHIIEHT-
pauii myramary [12, 42]. HellpoTOKCHYHICTD
H,S Takox noB’si3y10Th 13 MOPYIIEHHSM PETYIIsi-
1ii oOMiny kanbiito. H,S Bukinkae 3smiHu BMi-
cty Ca* B acTtpouurax 1 MIKpOIIii, a TaKOX
nerko 3B’s3yeTbesi 3 NMDA-penentopamu B
roJIoBHOMY MO3Ky. [loka3zaHo, 1o rmyramarif-
JyKOBaHa IIUTOTOKCUYHICTh Y MO3KY MHILIEH, HE
3Ba)karouM Ha Te, 1o H,S mBuako merabomizy-
€TBCS 1 BUBOJUTBCS 3 OPraHi3My, 3aIycKae Kac-
KaJl MopymuieHs, SIKI 3aKIHYYIOTBCS 4aCTKOBOIO
3aru0esuIr0 HeWpPOHAIBHUX KIIITHUH, TPUHANMHI
4yepe3 TPHU JIHI Miclis BIUIUBY, 1 POrPECYIOTh 10
HeliponereHepaiii 4epe3 kKuibka aHIB [18],
MEXaHI3MH SKOTO BHBYEHI HemocrarHro. Ille
OJTHIEIO BAKJIMBOIO MIIIEHHIO, SIKA BPAXKA€ThCS
onpasy micas BBy H,S, € cepreBo-cynnnHa
cucrema. BrmuB Ha Hei XapakrepH3yeThes
TOCTPUM PO3BHTKOM TiMOTOHIT, apuTMmii, Aempe-
cii, imemii MiOKap/a i HOPYIICHHSM IIPOBIIHO-
CTi, @K JI0 PO3BUTKY 1H(}APKTy YU KapI10T€HHO-
ro moky [12, 19, 23, 34] (Puc. 1).

Ha nanmit MomeHT Oe3mocepenHsi mpu4rHa
cMmepTi micias roctporo orpyenss H,S 3anuma-
€TBHCS JIUCKYCIHHOIO, MPOTE B SKOCTI MPUUYUHU
aBTOPH BKa3ylOTh Ha MPUTHIYEHHS AUXaJIbHOTO
LEHTPY, CEPLIEBO-CYIMHHUIN KOJIAIIC Y KapJio-
reHHuit mok [12, 16, 18, 23]. B okpeMux Bumnai-
Kax rocrporo orpyeHHs H,S po3BuBaerbcs TOk-
CUYHMI TPaxeoOpOHXIT, @ B TSHKKUX BUIAAKaX
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of H,S is characterized by a decrease in the
frequency of breathing; however, the cellular
and molecular mechanisms underlying this
phenomenon have not been fully understood.
It is widely known that the acute effect of H,S
with a concentration of 1,000 parts per million
causes depression of the respiratory centre
after several breaths, often with fatal conse-
quences, but the mechanisms of its acute
depression are unknown. It is reported [12]
that after exposure to H,S, its highest concen-
trations are found in the brain stem of animals,
which partially explains the high vulnerability
of the respiratory nuclei located in it.

In people who have become subjects to
acute H,S poisoning, the severity of neurode-
generation usually correlates well with an
increased risk of seizure activity. A signifi-
cant role in this is played by glutamate-
induced cytotoxicity [12], since pro-apoptot-
ic pathways in brain cells, including neurons,
microglia, astrocytes, and glia, are triggered
through glutamate receptors. It is known that
y-aminobutyric acid (GABA) and glutamate
are neurotransmitters involved in the devel-
opment of convulsive activity. The acute
effect of H,S causes a violation of glutamate
concentration [12, 42]. The neurotoxicity of
H,S is also associated with a disturbance in
the regulation of calcium metabolism. H,S
causes changes in the content of Ca® in
astrocytes and microglia, and also easily
binds to NMDA-receptors in the brain. It has
been shown that glutamate-induced cytotox-
icity in the brain of mice, despite the fact that
H,S is rapidly metabolized and eliminated
from the body, triggers a cascade of disorders
that end with partial death of neuronal cells
at least three days after exposure and
progress to neurodegeneration after several
days [18], the mechanisms of which have not
been sufficiently studied. Another important
target that is affected immediately after
exposure to H,S is the cardiovascular sys-
tem. Its impact is characterized by the acute
development of hypotension, arrhythmia,
depression, myocardial ischemia and con-
duction disturbances, up to the development
of a heart attack or cardiogenic shock [12,
19, 23, 34] (Fig. 1).

At the moment, the immediate cause of
death after acute H,S poisoning remains
debatable; however, the authors indicate res-
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- Btpara cBigomocTi (HokAayH) /
Loss of consciousness (knockdown)
- Cypomu [ Seizures
- Naytauuua / Confusion
- HelipogereHepauis / Neurodegeneration
- Koma / Coma
- Napagiy avxaHHA / Respiratory paralysis

- Xpunu / Weezing

- Kawensb / Coughing

- 3aguwka / Dyspnea

- locTpe ypareHHA nerexis/
Acute Lung Injury

- MpUrHiYeHHs AuxaHHA /

| Respiratory depression |

- 3yNuHKa cepua
Cardiac arrest

- Aputmia / Arrhythmia

- MowkoaeHHA miokapaa
Myocardial damage

- linotoHia / Hypotension

- lwemia / Ischemia

Puc.1. Bnmus H2S na opranu-mimieni Ta #0ro 0CHOBHI KITiHIYHI TPOSIBH

[Maldonado CS, et al, 2022] (12).

Fig. 1. The effect of H2S on target organs and its main clinical manifestations

[Maldonado C. S., et al, 2022] (12).

cepell MPUYHUH CMEPTI HEPIJKO CIIOCTEPIraeThCs
HAOPSK JIETEHb.

Onuc KJIIHIYHUX NPOSIBIB ABOX BUINAJKIB
rocrporo orpyeanss H,S 3 pociaimkeHHsIM
NATOriCTOJOTIYHNUX 03HAK TOKCUYHOIO ypa-
JKeHH$1 JIereHb. AHaJ3 JITepaTypHUX TaHHUX
CBITYNTH, 10 HEBENMKiI KoHIeHTparii H,S abo
HOT0 KOPOTKOUACHA THTAJISIIHA /Tisl HA JIIOIUHY
Yl TBApUHY CIPHUSIE YPAKEHHIO MEPEAHbBOrO
MOJTIOCY OYHOTO SI0yKa 13 3amajeHHsIM POTiBKH
Ta CIU30BOI OOOJIOHKH OKa 3 MOSIBOIO O0JII0,
Cb030Teul Ta CBITI000s3HI. KepaTokoH 1oH-
KTUBIT PO3BUBAETHCS uepe3 2-3 JHI Micis TOK-
cuunoi aii H,S. Hepinko omHouacHo cmocrepi-
raeTbCsi PO3BUTOK TPAXEOOPOHXITY, PHUHITY 3
aHOCMIEIO, 110 CYTIPOBOJIKYETHCS 3arPYIUHHUM
6omem pazoMm i3 cyxum Kanuiem [8-10, 12, 25,
26, 32]. Okpim BKazaHUX MOpYIIEHb BiAOyBa-
etbes ypaxenHs [[THC ta mepudepiiinux Hep-
BIB, IO MPOSIBIISETHCS TOJOBHUM OoJieM, 3ara-
MOpPOYEHHSM, aTaKCI€0, MapecTe31IMU B KUCTAX
Ta CTOMaXx, cIa0KICTIO B KIHIIBKAX, & B OKPEMHX
BUMA/IKaX — Mape3oM. 3a JAii BUCOKHX KOHIIEHT-
pauiii H,S uu npu iioro Tpusamiil nii BUHHUKae
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piratory centre depression, cardiovascular
collapse, or cardiogenic shock as the cause
[12, 16, 18, 23]. In some cases of acute H,S
poisoning, toxic tracheobronchitis develops,
and in severe cases, pulmonary edema is
often observed among the causes of death.
Description of the clinical manifesta-
tions of two cases of acute H,S poisoning
with the study of pathohistological signs of
toxic damage to lungs. The analysis of liter-
ature data shows that small concentrations of
H,S or its short-term inhalation effect on a
person or animal contribute to damage to the
anterior pole of the eyeball with inflammation
of the cornea and mucous membrane of the
eye with the manifestation of pain, lacrima-
tion and photophobia. Keratoconjunctivitis
develops within 2-3 days after the toxic
effect of H,S. Often, the development of tra-
cheobronchitis, rhinitis with anosmia,
accompanied by chest pain together with a
dry cough, is simultaneously observed [8-10,
12, 25, 26, 32]. In addition to the specified
disorders, there is damage to the central
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MUTTEBA BTpaTa CBIJIOMOCTI, HIIMPOKO Bijoma
K HOKJayH, 110 HEPIAKO CYNPOBOKYETHCS
CylOMaMH, 3aJIUIIKOI0, TIMOTOHIEW, TpHU
bOMY YacTIIIE CIOCTEPIraloThCcsi TOHIKO-
KJIOHIYHI CYJIOMH, SIKI XapaKTE€pPHU3YIOThCS SIK
3HQUHUMHU CyJIOMaMH YyChOIO Tija, TaK 1
MOCMUKYBaHHSIMU OKPEMHX I'pyI M s31B, SIKi
MOBTOPIOIOThC [12, 25, 26].

[TopymienHs (yHKIIII cepLieBO-CyAMHHOI Ta
OpOHXO-JIEr€HEBOi CHUCTEM MPOSBIISIOTHCS
PO3BUTKOM CTIHKOi Taxikap/ii, apuTmii, a B
TSOKKUX BUIAJKaX — BUPAKEHOIO TIMOTOHIELO,
1H(papKTOM, KapA10T€HHUM LIOKOM, ac(ikciero
a6o HaOpsikom nereHb [5, 6, 9, 10, 34].
VpaxkeHHsT UUTYHKOBO-KHIIKOBOTO TpPaKTy
CYIIPOBO/IKY€ETHCSI TIOSIBOIO HY/IOTH, OJIOBaH-
HSIM Ta IIJBHIICHUM CIUHOBHJUICHHSIM [12,
16, 43]. Ha nanumii mMomeHT Oe3mocepenHs
NpUYMHA CMEPTI IMICHISI TOCTPOrO OTPYEHHS
H,S 3anumaerscs nuckyciiiHoro. Ik ocHoBHa
MPUYUHA — MPUTHIYEHHS JUXATbHOTO LEHTPY
3 acQIKCi€l0, a TaKOX CeplEeBO-CYIUHHUI
konaric [5-8, 10, 12, 13, 26, 33].

Hamu BuBYEHI NMpUYMHM BUHUKHEHHS Ta
IIPOBEJICHO PETPOCHEKTUBHUMN aHaJi3 JaHUX
MEIUYHOI JOKYMEHTAIlil JBOX BUIIAJIKIB
roctporo orpyenHsi H,S. Ilepmumii BUnagok
— 1e noctpaxaanuii 46 pokiB, skuil OyB
JNOCTaBJICHUN [0 BIAJAUICHHS IHTEHCHUBHOI
Teparii OpUragor eKCTPEeHOT MEMYHOI JOTI0-
MOTY B HENPUTOMHOMY CTaHl uepe3 15 xBu-
auH micns iHouaeHty. Ilig wac tpancnoprty-
BaHHS NpoBoAMJIach okcureHamis. Crajo
BIJIOMO, IO YOJIOBIK CTPUOHYB Yy IIIMOOKHIA
KaHaII3al[lMHUM CENTHK, IO 3HAXOIMBCS Ha
TEPUTOPIi MPUBATHOIO JOMOTOCHOAAPCTBA, 3
METOIO MEePEBIPKU HOTO CIPAaBHOCTI. 3a IaHU-
MU CBIJIKIB, JIFOJMHA 1epedyBaia B KOJIOA31 3
IHTEHCUBHUM 3aI1aXOM TYXJIUX SI€lb OJIU3bKO
10-12 xBuinH, nepu HiXK 11 3MOIVIM €BaKyto-
BaTH CyCI/IH.

3 aHaMHEe3Y JKUTTS BIIOMO, 1110 B MUHYJIOMY
MOCTPAX/IAJIUIl HE MaB TSXKKUX 3aXBOPIOBAHb,
30KpeMa JIETeHEBUX, YU Oy[b-sIKUX OIeparliil
a0o anepriunux peakiiit. [1ix yac HagxXomKeEH-
Hsl JI0 BiJJIUICHHS 1HTEHCUBHOI Tepamii mari-
€HT nepeOyBaB y komi (6-7 OaiiB 3a IIKAJIO0
I'masro), AT — 140/80 mm pr. ct., HCC —
100/xB., carypauis (SpO,) Ha QoH1 OKCUreHa-
i — 90 %. Ilicas cranmapTHOI MpeMeauKanii
31MCHEHO 1HTyOaIito Tpaxei (Tpyoka — 8,5 MM
3 MaH)XETOI0) Ta 3aMPOBAKEHO JTONOMIKHHIMA
KOHTPOJIbOBAHUHM PEKUM LITYYHOI BEHTHIISALIL
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nervous system and peripheral nerves, which is
manifested by headache, dizziness, ataxia,
paraesthesia in the hands and feet, weakness in
the limbs, and in some cases — paresis. Under
the influence of high concentrations of H,S or
with its long-term effect, there is a momentary
loss of consciousness, commonly known as
knockdown, which is often accompanied by
convulsions, shortness of breath, hypotension,
while tonic clonic convulsions are more often
observed, which are characterized by both sig-
nificant convulsions of the whole body and
repeated twitching of individual groups of
muscles [12, 25, 26].

Disruptions of the function of the cardiovas-
cular and bronchopulmonary systems are man-
ifested by the development of persistent tachy-
cardia, arrhythmia, and in severe cases — severe
hypotension, heart attack, cardiogenic shock,
asphyxia or pulmonary edema [5, 6, 9, 10, 34].
Damage to the gastrointestinal tract is accom-
panied by nausea, vomiting, and increased sali-
vation [12, 16, 43]. At present, the immediate
cause of death after acute H,S poisoning is still
a matter of debate. As the main cause — depres-
sion of the respiratory centre with asphyxia, as
well as cardiovascular collapse [5-8, 10, 12, 13,
26, 33].

We have studied the causes and performed a
retrospective analysis of the medical documen-
tation data of two cases of acute H,S poison-
ing. The first case is a 46-year-old victim who
was admitted to the intensive care unit by the
emergency medical aid team in an unconscious
state 15 minutes after the incident.
Oxygenation was carried out during trans-
portation. It became known that the man
jumped into a deep sewage septic tank, located
on the territory of a private household, in order
to check its serviceability. According to wit-
nesses, the person was in the well with an
intense smell of rotten eggs for about 10—12
minutes before the neighbours were able to
evacuate him.

It is known from the anamnesis that the vic-
tim had no serious diseases in the past, in par-
ticular pulmonary diseases, or any operations
or allergic reactions. During admission to the
intensive care unit, the patient was in a coma
(67 points on the Glasgow scale), blood pres-
sure — 140/80 mm Hg, heart rate — 100 BPM,
saturation (SpO,) against the background of
oxygenation — 90 %. After standard premedica-
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nerens (LIBJI). Po3mouaro miaTpuMyBaibHY
iH]y3iiiHy Tepariio i30TOHIYHUMH PO3YHHAMH
KpHUCTanO0ifiB. IIpOTAroM HACTYMHHX JBOX
TOJMH CIIoCTepiranacs BiJHOCHA cTadimizaiis
crany nauienta: SpO, — 99 % npu FiO2 — 80
%. Ilpote, 31HUII 3aJUIIATHCA TOMIPHO PO3-
IIMPEHUMH 31 CIIAOKOI0 PEAKINIEI0 Ha CBITIO;
BIJIMOBiIb Ha TIHMOOKI OOJHOBI TMOAPAZHUKHU
Oyna BiACyTHS. 3ampoBa/PKEHO MOHITOPUHT
MOKA3HUKIB T€MOJAMHAMIKH, y TOMY YHCII 3a
JIOTIOMOTOO [IEHTPAJIbHOTO BEHO3HOTO KaTeTe-
pa; OyB BCTAaHOBJIEHUH 30H] y IIUTYHOK 1 KaTe-
TEp y CCUYOBHMH MiXyp; MPOBOHMIACS TEPMO-
metpis. Ha apyry mo0y y XBOporo possuy-
Jach nenepeOpaiiiiHa 1o3a; Oyno Bl,I[Ml‘-IeHO
SHIDKCHHS TEMITy CCYOBHILICHHA Ta 3’ ABUIH-
Csl Tepiofy TMIiABUIIEHHS TEMIepaTrypu Tina
(38,6°C Ta OlbIIIe). .Ha60paT0pHI/II/I aHaIi3
ra3iB aprepiajJbHOi KpOBI BHSBHB IMOMIpHHUN
KOMIICHCOBAaHMM  METa0ONIYHUN  anuIos.
PiBenr cBimoMocTi 3a mkaigorw [Jasro — 6e3
3MiH; IPOIOBXKYBajIacs MiATpUMyBajbHa Tepa-
Tis1 31 3aCTOCYBaHHSM aHTHO10THKIB 1 KOPTHKO-
CTepo'l'z[iB Ta IHTEHCUBHUN KJIIHIYHUN 1 J1a00-
paTOpHI/IH mowitopurr. Ha Tpetio 100y y xBo-
POro 3’SIBHIIICS BOJIOT XPHITH 1 CEPO3HO-THIii-
HE MOKDOTHHHS; Ha PCHTICHOIpaMi JIeTeHb
Oynu momivueHi 6a3anbHi iHQIIBTPaTH; BUKOHA-
Ha TpaxeocToMis 1 MpoBeAeHa caHalliliHa
Oponxockormis. HeBponoriunuii cran mpoaoB-
’KyBaB TOTIPIIYBaTHCS — 3’ SIBUJINCS BUPAXKEH1
CYOKOPTHKANbHI O3HAKH, PI3KO 3HH3UIACK
AKTHBHICTb YCPEBHHX Ta CYXOKHIBHHX ped-
JIeKCIB, TAIl€EHT HE JEMOHCTPYBAaB >KOJHUX
BJaCHUX CHpo0 CaMOCTIHHOTO JAMXaHHS.
Komm’rotepna Tomorpadisi TOJIOBHOTO MO3KY
cBimuMia mpo #oro audy3HEe TIMOKCHYHE
MIOUIKO/KEHHS. Y 3B’S3KY 3 TIMOTOHI€0 Oyna
posnoyara iHOTpPONMHA MiATpuMKa. YeTBepra
1062 XapaKTepu3yBanacs HEraTHBHOKO JHHA-
MIKOIO KJIIHIYHHUX 11a00paTOPHUX OKAa3HUKIB.
Ha nmovarky n'sitoi 1o6u nepeOyBaHHSI B JIiKap-
Hi TTICIIST 3yNTMHKA cepIls 1 Hee)eKTUBHUX pea-
HIMAI[iHHUX 3aXoaiB Oyma KOHCTaTOBaHa
CMEepTh MAaIli€HTa.

3a pesynabTaTaMH MPOBEICHOI CYT0BO-
MEJMYHOI eKCIIEPTH3H TPYyNa i CyA0BO-TiCTO-
JIOTI4HOTO Ta MIKPOCKOIIYHOTO JOCTiKCHHSI
OpraHiB BCTaHOBJEHO, L0 MPUYMHOIO CMEPTi
cTaja JABOCTOPOHHS BOTHHUIIEBA CEPO3HO-
THiifHa OpOHXOITHEBMOHIS, a caMe — JIeCKBa-
MaTHBHO-CEPO3HO-TeMOpariyHa OpOHXOIHEB-
moHis (Puc. 2 A, B, C, D, E, F).
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tion, tracheal intubation was performed (tube
— 8.5 mm with a cuff) and an auxiliary con-
trolled mode of artificial lung ventilation
(ALV) was introduced. Maintenance infusion
therapy with isotonic solutions of crystalloids
was started. During the next two hours, a rel-
ative stabilization of the patient’s condition
was observed: SpO, — 99 % with Fi02 — 80 %.
However, the pupils remained moderately
dilated with a weak reaction to light; there was
no response to deep painful stimuli.
Monitoring of hemodynamic indicators was
introduced, including with the help of a cen-
tral venous catheter; a probe was installed in
the stomach and a catheter in the bladder;
thermometry was carried out. On the second
day, the patient developed a decerebration
posture; a decrease in the rate of urination was
noted, and there were periods of increased
body temperature (38.6°C and higher).
Laboratory analysis of arterial blood gases
revealed moderate compensated metabolic
acidosis. The level of consciousness accord-
ing to the Glasgow scale was unchanged; sup-
portive therapy with the use of antibiotics and
corticosteroids and intensive clinical and lab-
oratory monitoring continued. On the third
day, the patient developed wet wheezing and
serous purulent sputum; basal infiltrates were
seen on the X-ray of the lungs; a tracheostomy
was performed and a remedial bronchoscopy
was performed. The neurological condition
continued to deteriorate — pronounced subcor-
tical signs appeared, the activity of abdominal
and tendon reflexes decreased sharply, the
patient did not demonstrate any attempts at
self-breathing. Computed tomography of the
brain indicated its diffuse hypoxic damage.
Due to hypotension, inotropic support was
started. The fourth day was characterized by
negative dynamics of clinical and laboratory
indicators. At the beginning of the fifth day of
hospital stay, after cardiac arrest and ineffec-
tive resuscitation measures, the patient was
pronounced dead.

According to the results of the forensic
medical examination of the corpse and the
forensic histological and microscopic exami-
nation of the organs, it was established that the
cause of death was bilateral focal serous puru-
lent bronchopneumonia, namely desquama-
tive serous haemorrhagic bronchopneumonia
(Fig.2A,B,C,D, E, F).
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Puc. 2. JleckBamMaTHBHO-CEpO3HO-TeMOpariuHa OpOHXOITHEBMOHIA (4OJIOBIK 46 p., IOMEPJINI BHACTIIOK
TOCTPOTO OTPYEHHS KaHaJi3alliiHUMH ra3aMu):

A — HaOpsIK, AECTPYKIis aIbBEOJSIPHUX MEPETUHOK, IHTEPCTUIIIaIbHE 3aMalIeHHs], OOIINPHUI KPOBOBUIIUB,
I'E, x200;

B — neckBamariis OpoHXiaqbHOTO €IiTeN 0, HeKpo3, y OpoHXioaax THIHHUN 1H(IIBTpAT 3 JOMIIIKaMH
KpOBI, IHTepCTHIIIaTbHE 3alTalieHHs], KPOBOBIJIMBY, BUNAIiHHS reMocuaepuny, I E, x200;

C — nmecTpyKIlist aJbBEOJISIPHUX MIEPETHHOK, IHTPaaIbBEOSPHI KPOBOBHJIMBH, 3aCTiHHI SBUINA, IHTEPCTHIII-
anpHe 3ananeHss, I'E, x100;

D — HaOpsik, 3acCTiiiHi SIBUINA, ASCTPYKIIisI aJIbBEOJIIPHUX NEPETHHOK, IHTEPCTHUIlIAIbHE 3allajICHHS, CYIUH-
Ha PeaKIlis, Jiane/1e3Hi KpOBOBIIUBH, JICCKBaMallis OPOHXialIbHOTO EMiTeli0, THIHHUN iH(IIsTpar y npo-
CBiTi OpoHXa 3 JOMIIIKaM¥ KpOBi, MefianbHa rineprpodis nerenesoi aprepii, I'E, x200;

E — y mpocBiTi ankBeon BUpakeHa rictionnTapHa iHQIIbTpalis, 3acTiliHi sSBUIA, 3MIIIaHUH 3anaibHAN
iH(IIBTpaT Ta paHHIN a’xbBeoNsIpHUI (i0po3, CyaAMHHA peakiis, Jiarneae3Hi KPOBOBUINBH, CKYITUEHHS cize-
podaris, BuniaiinAst Oyporo mirMeHTy (reMOCHIEpUHY ), JecKBaMallisi OponxiansHoro emirenito, ['E, x200;
F — nepuBackynsipauii HaOpsK, BUlagiHHA Oyporo mirmeHty (remocuaepuny), I'E, x400.

Fig. 2. Desquamative serous haemorrhagic bronchopneumonia (a 46-year-old man who died because of
acute poisoning with sewage gases):

A — edema, destruction of alveolar membranes, interstitial inflammation, extensive haemorrhage, H&E, x 200;
B — desquamation of the bronchial epithelium, necrosis, purulent infiltrate with blood impurities in the
bronchioles, interstitial inflammation, haemorrhages, loss of hemosiderin, H&E, x 200;

C — destruction of alveolar membranes, intraalveolar haemorrhages, congestion, interstitial inflammation,
H&E, x 100;

D — swelling, congestion, destruction of alveolar membrane, interstitial inflammation, vascular reaction,
diapedesis haemorrhages, desquamation of the bronchial epithelium, purulent infiltrate in the lumen of the
bronchus with blood impurities, medial hypertrophy of the pulmonary artery, H&E, x 200;

E — pronounced histiocytic infiltration in the lumen of the alveoli, congestion, mixed inflammatory infil-
trate and early alveolar fibrosis, vascular reaction, diapedesis haemorrhages, accumulation of siderophages,
loss of brown pigment (hemosiderin), desquamation of the bronchial epithelium, H&E, x 200;

F — perivascular edema, loss of brown pigment (hemosiderin), H&E, x 400.
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[TaToricTonoriyndi IOCHIUKEHHSI BUSBUIHA B
JIETeHsIX: BOTHUIIA TeMOCHIEPO3Y, TOCTPOi allb-
BeOJsIpHOi eM(i3zemMu, nucaTeneKkTady Ta JBO-
CTOPOHHBOI BOTHUIIIEBOT CEPO3HO-TEMOPATidHOT
OpoHxomHEBMOHIi. Y TKaHHHI TOJOBHOTO
MO3Ky: HaOpsiKk — HaOyXaHHS 3 HEUYHUCICHHUMHU
HABKOJIOCYAMHHUMH KPOBOBHJIMBaMH. Y Mio-
KapJi: MOMIPHO BHPaXXEHUH aTEepOCKIIEpo3,
crasMm apTepiii, BOrHUIIA HAOPSIKY, CTPOMH, aHO-
MajibHE pPO3TAllyBaHHS M’ S30BHX BOJIOKOH,
¢parMeHTanis Ta TINOKCUYHA JUCTpOdis,
IHTEPCTULIIATIFHUN CKJIEPO3 3 Mepu(OKATHHOIO
rinepTpodiero KapAioOMiOIUTIB, MEPUBACKYIISP-
HUH CKJIEpO3 Ta JTinomMaros3. BigmiueHo HepiBHO-
MipHE, TOJICKY/IH ITiIBUIIIEHE KPOBOHATIOBHCHHS
JOCTIIKYBaHUX OpPTaHiB 3 0O3HAKaMH MOPYIIEH-
HSl PEOJIOTIYHHX BIACTUBOCTEN KPOBI.

Ha mizncraBi gaHMX KITiHIKO-THCTPYMEHTAIIb-
HOTO Ta TMAaTOTICTOJIOTIYHOTO AOCIIHKeHHS OyB
BCTAHOBJICHUH TMOCMEPTHUHN iarHO3: rocrpe
orpyents HyS TsHKKOTO CTyIeHs B MO€IHAHHI 3
IHIIMMHU KaHaII3aliiHUMHU Tra3aMu, TOKCHYHA
eHredaionarii 3 O3HaAKaMHU Ha6p;[1<y MO3KY,
rocTpa JBOCTOPOHHS BOTHHIEBA CEPO3HO-
reMopariyHa OpOHXOIHEBMOHIs, rocTpa alb-
BeoJIsIipHa eMdi3zeMa, TOKCHYHA KapAiOMiOmaTis.

VY naHomy BUMAJKy KJIiHIYHA Ta IaTOTiCTOJIO-
riYHa KapTHUHA IHTAISIIHOTO TOCTPOTO OTpPY-
enns H,S y moeHaHHI 3 IHITMM KaHATi3aIiiTHH-
MU TOKCHUYHUMHU Ta3aMHU CYINPOBOKyBajacs
BUPAa3HUMH HEUPOTOKCHUYHUM, KapIlOTOKCHY-
HUM Ta IyJIbMOTOKCHYHUM edekramu. [1IBuaka
BTpaTa CBiJIOMOCTI Ta PO3BUTOK HeHponereHe-
PATHBHUX 3MiH 3 03HAKAMH HAOPAKY MO3KY, pos3-
BHTOK THIHHO-HEKPOTHYHHMX 3MiH y JICTCHCBIM
TKaHUHI Ta KapAlOTOKCHYHUX YypakeHb CBiJ-
YUTH PO WMOBIPHUI BIJIUB BUCOKOI KOHIICHT-
pamii H,S Ta iHmmx xanamizamiifHuX ra3is.

Hoseneno, mo ogus Baux H,S B ymoBax koH-
nenTparii > 1000 ppm Moke BUKITUKATH MHUTTE-
BUI CYIMHHUH KOJaIlc 4¥ KOMY Ta cMepTh [12,
13, 25]. BaxnuBo 3a3HAYUTH, IO BAMXAHHS
KaHaM3aliiHNX Ta3iB, Ski MicTaTh H,S Ta iHmm
pecmipaTtopHi ipUuTaHTH Ta ac(iKCiaHTH, BOAHO-
9ac Hece 3arpo3y PO3BUTKOBI IH(EKIIHHIX yCK-
JaTHEHb.

Jpyruii rpynoBuii BUINIAJ0K TOCTPOTO OTPY-
enHa H,S y moeqHanHi 3 IHIIMMU POAYKTaMH
THUTTS MPEICTaBICHUI TPpbOMa MOCTpasKIaliu-
MU y Biti 36-42 poku. [lepmmii noctpaxxganuit
CHYyCTHUBCA B NIHOOKY OETOHOBaHy SMy Ha
OBOYEBI 0a3i U1 i1 OUMCTKH Bl 3aJIUIIKIB THHU-
JI01 KBAIlIEHOI KalyCTH Ta Yyepe3 KiJIbKa XBUJINH
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Pathohistological studies revealed in the
lungs: foci of hemosiderosis, acute alveolar
emphysema, dysatelectase, and bilateral foci
of serous-haemorrhagic bronchopneumonia.
In the tissue of the brain: edema — swelling
with few perivascular haemorrhages. In the
myocardium — moderately pronounced ather-
osclerosis, spasm of arteries, foci of edema,
stroma, abnormal location of muscle fibres,
fragmentation and hypoxic dystrophy, inter-
stitial sclerosis with perifocal hypertrophy of
cardiomyocytes, perivascular sclerosis and
lipomatosis. An uneven, sometimes
increased blood plethora of the examined
organs with signs of violation of the rheolog-
ical properties of blood was noted.

On the basis of the clinical-instrumental
and pathohistological examination data, a
post-mortem diagnosis: severe acute poison-
ing with H,S in combination with other
sewage gases, toxic encephalopathy with
signs of cerebral edema, acute bilateral focal
serous-haemorrhagic bronchopneumonia,
acute alveolar emphysema, toxic cardiomy-
opathy was established.

In this case, the clinical and pathohisto-
logical picture of acute inhalation poisoning
with H,S in combination with other sewage
toxic gases was accompanied by pronounced
neurotoxic, cardio toxic and pulmotoxic
effects. Rapid loss of consciousness and the
development of neurodegenerative changes
with signs of brain edema, the development
of purulent-necrotic changes in the lung tis-
sue and cardio toxic lesions indicate the
probable influence of a high concentration of
H2S and other sewage gases.

It has been proven that one breath of H,S
under the concentration > 1000 ppm can
cause instant vascular collapse or coma and
death [12, 13, 25]. It is important to note that
inhalation of sewage gases, which contain
H,S and other respiratory irritants and
asphyxiants, at the same time poses the threat
of the development of infectious complica-
tions.

The second group case of acute poisoning
with H,S in combination with other decay
products is represented by three victims aged
36—42. The first victim went down into a
deep concrete pit on the vegetable storage
facility to clean it from the remains of rotten
sauerkraut and after a few minutes fell down
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BIIAaB 1 BTPATUB CBIAOMICTh. JIBa TOMIYHHMKHU
KUHYJUCH HOTO PATYBATH, IPUKPUBIIN OOIAYYS
raHyipkaMu, MiTHSIH HOTepniJIoro Ha TOBEpX-
HIO, NP LBOMY BiI4yIM B AMi iHTCHCHBHMMA
3aIax TYXJIMX s€llb 1 MOoYali BiJ3HAYaTH CIIBO-
30Teuy, pi3b B OuYax, CyXWH Kalllelb, 3a/JUIIKY,
roJIOBHUM Ounb, 3amamopodeHHs. Ha cBixomy
MOBITP1 NEPIIMK MOCTPaKIAIUN MPUHUILIOB 10
TSIMHU, HACWJIy PO3MOBJISIB 1 CKap>KUBCSI HA CUJTb-
HUU TOJIOBHUHM O1J1b, BIIPMIKKY TYXJIUMH SIMIIS-
MU, HAJCaIHUN Kaiieiab, OUTb 3a TPYIUHOIO,
MPUCKOPEHE cepleOuTTs. YC1 Tpo€e mocTpaxaa-
aux OyJiM TOCIiTaIi30BaHi 10 KIIHIKK HAyKOBO-
ro0 TOKCUKOJIOTIYHOTO ILEHTPY 3 IMiJI03pO0 Ha
roctpe orpyeHHs H,S Ta iHmmMu npogykramu
rautTa. llle B KkapeTi MBUIAKOI JOIOMOTH
MOCTpaXKal OTPUMYBaJIU KUCEHb Ta Kapi0To-
HIYH1 3aCO0M, OCKUJIbKM OyJia TiloTOHIs, 11aHO3
CIIM30BUX OOOJIOHOK, 0COOIMBO Try0, HOca Ta
ByX. Y KIIHII NepUIMil MoCTpaxaaiuil depes
TPU TFOAMHU BIIaB y KoMy. BMICT KuCHIO B HOr0
KpOBI IIPHU MOTPAIUISIHHI 10 KJIIHIKH OyB 3HUXKe-
Hui 10 84 %. 3 BUPOXKEHUMHU SIBUIIIAMH T110TO-
Hii, 11laHO3Y, TaXiKap/ii, yIOBUILHEHOTO JUXaH-
Hs 10 10-12 Ha XBUJIMHY Ta BUPAKEHUMU TOHI-
KOKJIOHIYHUMH CyJJOMaMU OCTpaXAaJIuii uepes
6 roaMH TOMEp, HE3BaXKalud Ha IHTEHCHBHY
Tepariio: MOCTiHAa KHUCHEBa Tepamis 3 BKIIO-
YEHHSIM BHYTPIIITHBOBEHHOT'O BBEJIEHHS IPOTH-
IIOKOBUX, KapA10TOHIYHUX Ta MPOTUCYIOMHHUX
3ac001B, QHTUTINOKCAHTIB Ta AHTHUOKCHIAHTIB
(murodnaBiny, anb@a-JIinoeBoi KHUCIOTH Ta
1HIMX), BiTaMiHiB rpynu B, C, kanpuii6noka-
TOpIB Ta KopTukocTepoiniB. IlocmepTHuil miar-
HO3: TocTpe oTpyeHHs H,S y moennanHi 3 iHIIHM-
MU Ta301oA10HUMH TPOAYKTAMU THUTTS TSAKKO-
IO CTYMEHs, TOKCHYHA CHIe(haIonaris 3 BUpa-
KEHUM CYAOMHHUM CHHAPOMOM 1 NIHOOKOIO
KOMOIO, 3 TOCTPOIO JIET€HEBO-CEPILIEBOI0 HE0-
CTaTHICTIO Ta O3HAKaMHU HAaOPSAKY JIETeHb.

JIBO€ HIINX MOCTpaXKIAINX, K1 MaJIl KOPOT-
Ko4acHUU KOHTakT 3 H,S mijg wyac mopsaryHky
MOTPAIMIIU 10 KIIHIKY 31 CKapraMy Ha TOJIOBHUM
Ol1b, 3alamMOpOYEeHHs, HYAOTY, pi3b B oOdaXx,
CJIbO30TEUY, NEPUIHHS B TOPJi, CyXUH Kalleib,
BIIPMKKY TyxJuUMH sidusamu. I[lpu ormsmai:
3araJibHUM CTaH 3aJ0BLIBHMH, JITKUM I[1aHO3
ry0, CIM30B1 0OOJIOHKHU O4Yei, HOca 1 31Ba rinep-
eMiiioBaH1, BUPaXKeHa CIb030Te4Ya. YMICT KUCHIO
B KpoBl 94 1 95 %. [luxaHHs >KOpPCTKyBare,
XpUIIU HE BHUCIYXOBYBAJIUCh, TOHU CEPLSl PUT-
MIYHi, TOMIpHA TIMOTOHIs, MOMIpHA TaXiKapisl.
JliarHo3 npu NOTparvisiHHI: TOCTpe 1HrajsIiiiHe
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and lost consciousness. Two assistants
rushed to save him, having covered their
faces with cloth, lifted the victim to the sur-
face, while smelling a strong odour of rotten
eggs in the pit, and began to notice tearing,
watery eyes, dry cough, shortness of breath,
headache, dizziness. In the fresh air, the first
victim regained consciousness, could barely
speak and complained of a severe headache,
belching of rotten eggs, whooping cough,
pain behind the sternum, rapid heartbeat. All
three victims were admitted to the clinic of
the Research Centre of Toxicology with sus-
picion of acute poisoning with H,S and other
decay products. While still in the ambulance,
the victims received oxygen and cardio tonic
drugs, as hypotonia and cyanosis of the
mucous membranes, especially of the lips,
nose and ears, occurred. In the clinic, the first
victim fell into a coma three hours later. The
oxygen content in his blood when he got to
the clinic reduced to 84%. With pronounced
symptoms of hypotension, cyanosis, tachy-
cardia, slowed breathing up to 10-12 per
minute and pronounced tonic-clonic convul-
sions, the victim died after 6 hours, despite
intensive therapy: constant oxygen therapy
with the inclusion of intravenous administra-
tion of anti-shock, cardio tonic and anticon-
vulsant agents, antihypoxants and antioxi-
dants (cytoflavin, alpha-lipoic acid and oth-
ers), vitamins B and C group, calcium block-
ers and corticosteroids. Post-mortem diagno-
sis — severe acute poisoning with H,S in
combination with other gaseous decay prod-
ucts, toxic encephalopathy with severe con-
vulsive syndrome and deep coma, with acute
pulmonary and cardiac failure and signs of
pulmonary edema.

Two other victims who had short-term
contact with H,S during the rescue were
admitted to the clinic with complaints of
headache, dizziness, nausea, watery eyes,
lacrimation, sore throat, dry cough, belching
of rotten eggs. During the examination — the
general condition is satisfactory, slight
cyanosis of the lips, mucous membranes of
the eyes, nose and throat are hyperaemic, pro-
nounced lacrimation. The oxygen content in
the blood was 94 and 95 %. Breathing was
harsh, wheezing was not audible, heart
sounds were rhythmic, moderate hypoten-
sion, moderate tachycardia. Diagnosis upon
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orpyenHs H,S y moemHaHHI 3 1HIIUMU Tra30110-
TIOHUMH MPOAYKTaMU THHTTA JIETKOTO CTYTICHS,
TOCTPHii KePaTOKOH "JOHKTUBIT, TOCTpHIi pHHOIa-
puHriT. [licas mpoBeneHOro JiKyBaHHS 3 J10/a-
BaHHSM KHUCHIO, JY)KHUX I1HTAJAIiH, BiTaMiHIB
Bg, B1,, B 1 C, mpoTu3anansHoi Teparrii keparo-
KOH IOKTHUBITY XBOpi OyJIM BUITUCaH1 yepe3 5 THIB
0e3 o03HaK TPOTpeCyBaHHs TIaTOJIOTi.

Taxum unHOM, BUCOKI KOHIIeHTpaii H,S nmpu
iHTanAmidHin  aii mporsirom  15-20 xB 'y
MMOEIHAHHI 3 1HIMMMHA KaHATI3aliiHUMA ra3amMmu
a00 Ta30MmoAiOHMMHM TPOAYKTAMH THUTTS
CYNPOBO/UKYIOTHCS B TMOTEPIUIMX TSIKKUMU
YpKEHHSIMU OpTaHiB-MillICHEeH: MO3KY, CepIld,
OpOHXO-JIETEHEBOT CUCTEMH 3 O3HAKaMH HaOPs-
Ky MO3KY 1 JIETeHb 3 JICTaJbHUM BHITQJIKOM.
KopotkouacHa inramsimiitHa gist H,S B okpemux
BUIIAJIKaX MOXKE BHUKIWKATH JIMIIE OTPYEHHS
JIETKOTO CTYTICHS 3 HOMlpHI/IM YpaKEHHSIM CITU-
30BUX 00OJIOHOK OY€H 1 HOCOTJIOTKH.

IIpunnunu cy4acHoi Tepamii Ta crparerii
JikyBaHHs roctpux orpyenb H,S. Ha sxanp,
He3BaKaro4M Ha Te, mo H,S, sk cMepToHOCHMIA
ra3, OyB BiAKpHUTHI 11Ie BcepeauHi 18-ro cTomiT-
TS, ICHYy€E HEJIOCTATHE PO3YMIHHS MEXaHI3MiB
HOTO TOKCUYHOI 1ii, sKi MPHU3BOATE 10 PO3BHT-
Ky HOJ'IlOpFaHHOI MaToyIorii YW JI0 MHTTEBOI
cMepTi. BimbmmicTs JiKiB, sKi BHKOPHCTOBYIOTb,
HecrnenupivHi JULSL OTPY€Hb H,S 1 e cumnroma-
TUYHUMH JIJIS T ATPUMYBaJIbHOT Teparm [12-15,
18, 19] BanOBonqI/I TE, 0 B OCHOBI TOKCHY-
Hoi 1ii H,S nexuts MlTOXOH,I[plaJ'IBHa TUChyHK-
ISt 3 PO3BHUTKOM TKaHHHHOI TIMOKCi1, TOIOBHUM
3ac000M JIIKyBaHHS € HOpMO6apI/I‘-IHa 9H Tinep-
Oapuuna okcureHoreparmis [12, 13, 18, 21, 31].
Jliis monepemkeHHsT HAOPSIKY MO3KY Ta JIETeHb y
TSOKKUX BUTIAJKaX JI0AI0THCS KOPTUKOCTEPOI TH.
BusiBnenuii mo3uTUBHUI e(eKT Ha TBapHHAX 3
H,S-iHaQyKOBaHOIO KOMOIO TIpH 3aCTOCYBaHHI
AHTHOKCUJIAHTY — METHJIEHOBOTO CHHBOTO [25,
36]. Onmcana MO3WTHBHA IWHAMiKa IPOSIBIB
H,S-iH1yKoBaHUX KOMHU Ta KapiOTCHHOTO IIOKY
y TBapWH IpH 3aCTOCyBaHHI (eHOTia3uHy [26].
Jlae Ha/IirO MTOBIOMIICHHS TIPO MOXKITUBUH €(eK-
TUBHUN aHTHIIOT-CKaBEHIDKEP CYIb(OHIIA3H]I,
SIKM BUKOPUCTOBYBAJIM TIPH TOCTPid 1HTOKCHKA-
il B MHIICH, BUKIMKAHIA JIETAIBHUMHU JI03aMH
H,S [29]. Anantharam P, et al., [4]1] moBigoMm-
JSIOTH  TIPO e(EeKTUBHICTD Migo3allaMy TIpH
orpyenHi H,S 3 YPOKCHHSIM MO3KY 3 CyOMaMH.

OcoOnuBwii 1HTepec BUKJIUKAIOTh HOBI,Z[OM-
JICHHS TPO YCHIIIHI TOKIIHIYHI JIOCIIiKCHHS
BiJIOMOTO IIIaHITHOTO aHTUAOTY — KOOiHAMIiTy
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admission — acute inhalation poisoning with
H,S in combination with other gaseous decay
products of mild degree, acute keratoconjunc-
tivitis, acute rhinolaryngitis. After treatment
with the addition of oxygen, alkaline inhala-
tions, vitamins Bg, B;,, B; and C, anti-inflam-
matory therapy of keratoconjunctivitis, the
patients were discharged after 5 days without
signs of progression of the pathology.

Thus, H,S at high concentrations when
inhaled for 15-20 minutes in combination
with other sewage gases or gaseous decay
products is accompanied by severe damage
to the target organs: brain, heart, bronchopul-
monary system with signs of brain and lung
edema with fatal outcome. Short-term
inhalation of H,S in some cases can cause
only mild poisoning with moderate damage
to the mucous membranes of the eyes and
nasopharynx.

Principles of modern therapy and
strategies for the treatment of acute H,S
poisoning. Unfortunately, despite the fact
that H,S, as a deadly gas, was discovered as
early as the 18th century, there is insufficient
understanding of the mechanisms of its toxic
action, which lead to the development of
multiorgan pathology or to instant death.
Most of the drugs used are non-specific for
H,S poisoning and are symptomatic for sup-
portive therapy [12-15, 18, 19]. Given that
the toxic effect of H,S is based on mitochon-
drial dysfunction with the development of
tissue hypoxia, the main means of treatment
is normobaric or hyperbaric oxygen therapy
[12, 13, 18, 21, 31]. Corticosteroids are added
to prevent swelling of the brain and lungs in
severe cases. A positive effect was found on
animals with H,S-induced coma when using
the antioxidant — methylene blue [25, 36].
The positive dynamics of manifestations of
H,S-induced coma and cardiogenic shock in
animals with the use of phenothiazine have
been described [26]. The report about a pos-
sible effective antidote — scavenger sulfony-
lazide, which was used in mice for acute
intoxication caused by lethal doses of H2S
[29], gives hope. Anantharam P., et al., [41]
report the efficacy of midazolam in H,S poi-
soning with brain damage with convulsions.

Reports of successful preclinical studies
of the well-known cyanide antidote — cobi-
namide (the penultimate precursor in the
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(mepeaocTaHHbOrO NOoNepeHUKa y O10CUHTe-
31 riipokcokoOanaminy — Bitaminy By,). llle y
2007 pori Oyna 31ificHeHa cripoOa HOTo BUKO-
PUCTaHHS TpPU JIIKYBaHHI TOCTPUX OTPYEHBb
H,S [21].

bararoOi4uHi qOKIIHIYHI JOCIIKEHHS e(eK-
TUBHOCTI KOOIHamily in vitro Ta in vivo Ha 4
TUTIAX KJIITHH Ta HA TBapUHaX (MyXax, MHUIIIAX
Ta Iypax), nposezeHi Jiang J, et al., [18] moka-
3aJM, 110 LEeH IiaHIIHUM aHTUI0T e(hEeKTUBHUI
nipu H,S-1H1yKOBaHUX IHTOKCHKAITISIX, HABITH 32
Il jeradbHUX KoHLeHTparii. I[linrBepmixeHa
€(EeKTUBHICTb BHYTPIIIHbOM SI30BUX 1H €KIIH
koOiHamigy Ha cBuHAX [27, 30] 1 Ha MuIIax
[42, 43] 13 3nauynuM perpecom H,S-iHmykoBa-
HOI HEPOTOKCUYHOCTI.

Takum 4YMHOM, JO OCTaHHBOIO YacCy He
icHy€e e()eKTUBHOTO Creuru(IyHOrO aHTHUIOTY,
anpoOOBaHOI0 Ha JIIOASIX. BUKIUKAIOTh HA/II0
pe3yabTaTu JOKIIHIYHUX JOCHI/KEeHb 13
3aCTOCYBaHHSM I[1aHIIHOTO aHTUJIOTY KOO1HA-
Migy npu otpyersi H,S, HaBiTh 3a aii neranb-
HUX J103.

BucHoBku

H,S — € BUCOKOTOKCHYHMM Ta IIBHJIKOME-
TabomizyrouuM razoM. Mloro BUCOKI KOHIICHT-
pamii BUKJIMKAIOTh CMEpPTh BiJ AEKIIBKOX
BIUXIB 200 TSHKKE TOCTPE OTPYEHHS 3 Mepe-
BOKHHUM YPaXEHHSM MO3KY, CEPIIS Ta JICTEHb.
Ha manuit yac 3amumacTbes Oararo HEBIHO-
MOTO IIOJ0 MEXaHI3MIB MOr0 TOKCHUYHOI ii,
[0 TaJIbMy€ PO3pOOKYy crenu(piyHUX aHTH-
noriB. IToka3aHo, 110 MeXaH13M TOKCHYHOT il
CKJIAJIHMH, ajie 3a il Ha KJIITUHHU Ta TBApUH
Jy’)K€ CXOXKUH 3 MeXaHi3MoM (popMyBaHHS
TOKCUYHUX €(PEeKTIB I1aHiiB: 00MIBa BUKIIU-
KaloTh 1Hri0yBaHHs [V komIuiekcy naHirora
enekTpoHiB LIOI" miToxoHapiit 3 ¢popmyBaH-
HAM TKaHUHHOI Tinokcii. Ilpuuomy H,S
BHUKJIMKA€E OUIBII BUpAXKEHE, HIXK I[1aH1]l 3HH-
xeHHs cuHTe3y AT® ta enepreruunuii aedi-
OUT 1 yABIYl 30UIbLIYyE YTBOPEHHS TiApoO-
KCUJIBHUX paJMKaliB, 1HT1OyBaHHS Ipoide-
pauii Ta aktuBailito anonrto3y. IIpo cxoxicTh
MexaHi3miB TokcuuHoi m1i H,S Ta mianigis
CB1/14aTh OAraToCTOPOHHI JOKIIHIYHI JOCII-
KEHHSI €(DEeKTUBHOCTI B1JIOMOTO I1aHIJHOTO
aHTUAO0TY KOOiHaMIly Ha KJIITHHAX Ta TBapH-
Hax. 30KpemMa, BiH 3amo0irae po3BUTKY TKa-
HUHHOI rimokcii 3a nii H,S Ta miaBumrye
BI)KMBAHICTh TBAapUH HaBITh 3a J1i HOro
netanbHUX 103 [18, 27].
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biosynthesis of hydroxocobalamin — vitamin
B,,) are of particular interest. As early as 2007,
an attempt was made to use it in the treatment
of acute H,S poisoning [21].

Multifaceted preclinical studies of the
effectiveness of cobinamide in vitro and in
vivo on 4 types of cells and on animals (flies,
mice and rats), conducted by Jiang J, et al.,
[18] showed that this cyanide antidote is eftec-
tive in H,S-induced intoxications, even under
the effects of lethal concentrations. The effec-
tiveness of intramuscular injections of cobi-
namide in pigs [27, 30] and mice [42, 43] with
a significant regression of H,S-induced neuro-
toxicity has been confirmed.

Thus, until recently, there is no effective
specific antidote tested on humans. The results
of preclinical studies with the use of the
cyanide antidote cobinamide in H,S poison-
ing, even under the influence of lethal doses,
are encouraging.

Conclusions

H,2S is a highly toxic and rapidly metabo-
lizing gas. Its high concentrations cause death
from several inhalations or severe acute poi-
soning with predominant damage to the brain,
heart and lungs. Currently, there is still much
unknown about the mechanisms of its toxic
action, which inhibits the development of spe-
cific antidotes. It is shown that the mechanism
of toxic action is complex, but in terms of
action on cells and animals, it is very similar to
the mechanism of formation of toxic effects of
cyanides: both cause inhibition of the complex
IV of the COX electron chain of mitochondria
with the formation of tissue hypoxia.
Moreover, H,S causes a more pronounced
decrease in ATP synthesis and energy deficit
than cyanide and doubles the formation of
hydroxyl radicals, inhibition of proliferation
and activation of apoptosis. Multifaceted pre-
clinical studies of the effectiveness of the well-
known cyanide antidote cobinamide on cells
and animals testify to the similarity of the
mechanisms of the toxic action of H,S and
cyanides. In particular, it prevents the develop-
ment of tissue hypoxia under the influence of
H,S and increases the survival of animals even
under the influence of its lethal doses [18, 27].

It is known that the mechanism of toxic
action of cyanides is similar to the mechanism
of toxicity of carbon monoxide (CO) and a
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BimomMo, 1mo MexaHi3M TOKCHYHOI il IiiaHi-
B CXOKHUU 3 MEXaHI3MOM TOKCHYHOCTI Ya HO-
ro razy (CO) ta psay IHIIMX TOKCUYHUX JIITaH-
niB (-CHO, -COOH, -NO,, - NH,), miarpyaTs
SIKOT - BUCOKa CITOPiTHEHICTH 13 3aJ1130BMICHHU-
MU TemorporeiHamu [45]. ABTopH MOKa3aiw,
mo CO, miaHia Ta pax IHIMX TOKCHYHUX JIiraH-
IiB, SIKI € CWJIBHHMH aKIIEITOPAMH, AKTHBHO
3B’SI3YFOTHCS 3 TEMOM, 3aMar09YH MICIe KHICHIO
B 1ioro 3ami3onop¢ipruHOBii IUIOMIMHI, BiAA0-
9 JOAATKOBE YHCIIO €JIEKTPOHIB, IO 301IbIIyE
JOBXKHHY 3B’s13Ky Mk atomamu O-O Ta mocu-
JII0€ eHEepreTUIHM 3B's130K Mk Fe™ ta O,, Bifg
4Oro TeM BTpada€ BIACTHBICTh NEPEHOCUTH Ta
BiJlJaBaTl KHCEHb TKAaHWHAM, IO JICKHUTHh B
OCHOBI (pOpMyBaHHS BHYTPIIIHBOCYJMHHOI Ta
TKaHWHHOI TiMokcii [44]. ABTOpH BiI3HAYAIOTh,
o CO 1 miaHiz 3B’ SI3yIOTHCS HE JIMIIE 3 TEMOM
EPUTPOIINTIB, A€ i 3 IHIINMHU 3aT130BMICHUMHI
reMonpoTreinamMu (MiorIo6iHOM, HeWpornoOi-
HOM, IIMTOIIIOOIHOM, a TaKOX 3 TeMOM YCIX
TUXanbHUX (pepMeHTIB Ta iH.), 10 crpuse Ghop-
MYBaHHIO TKaHMHHOI TiMOKCIii, ypa)XeHHIO
MO3KY, CepIls, JIeTeHb, M S31B Ta IHIIUX Opra-
HiB. BpaxoByrounm CXOXiCTb MEXaHI3MIB TOK-
cuaroi nmii H,S Ta miaHimiB, HE MOXHaA
BUKJIOYUTH, IO IEH TOKCHUKAHT TaKOXK €
MOTY>KHAM aKIENITOPOM, TaKOX 3B S3YETHCS 3
3aJ1130BMICHUMHU TeMOIpoTeiHaMu a0o0 1HIIUMU
METaIONPOTEifaMH, IO CHOCTEPITaeThCs 3a
Horo il Ha APIKIK], MOTHIIB, PST pociuH [44].
Lle mocumtoe 3B's130k KuCHIO 3 Fe*', mepenikoa-
JKA€ TIEPEHOCY KUCHIO TKAaHWHAM Ta BUKJIMKAE
pO3BUTOK Tinmokcii. HanesHo, uepe3 e, mo H,S
MIBUKO METa0OII3yEThCSI B KPOBI — MPOTSATOM
JEKITPKOX CEKyHJ a00 XBUJIMH, IIEH MeXaHi3M
JI0C1 HE BIIKPUTHIA, TAKOXK SIK MEXaHI3M (hopMy-
BaHHS TKaHWHHOI rimokcii. Ile mepemxkomkae
po3po01i creru(iuHuX aHTUIOTIB-CKaBeH [XKe-
piB s H,S, koTpi MmoxkHa Oyn0 O BUKOPUCTO-
BYBAaTH B IMOJIbOBUX YMOBAaX y TEPIi XBUIUHU
micna aii H,S g nikyBaHHS MacoBHX KepTB
TEPOPU3MY YU KaTaCTPO(IUHUX MPOMHUCIOBUX
aBapiil.
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number of other toxic ligands (-CHO, -
COOH, -NO,, -NH,), the basis of which is
high affinity with iron-containing haemo-
proteins [45]. The authors showed that CO,
cyanide and a number of other toxic ligands
, which are strong acceptors, actively bind to
haem, occupying the place of oxygen in its
iron porphyrin plane, donating an additional
number of electrons, which increases the
bond length between O-O atoms and
strengthens the energy connection between
Fe’* and O, , as a result of which haem loses
its ability to transfer and give oxygen to tis-
sues, which is the basis for the formation of
intravascular and tissue hypoxia [44]. The
authors note that CO and cyanide bind not
only to the haem of erythrocytes, but also to
other iron-containing haemoproteins (myo-
globin, neuroglobin, cytoglobin, as well as
to the haem of all respiratory enzymes, etc.),
which contributes to the formation of tissue
hypoxia, brain damage, heart, lungs, mus-
cles and other organs. Taking into account
the similarity of the mechanisms of the toxic
action of H,S and cyanides, it cannot be
excluded that this toxicant is also a powerful
acceptor, also binds to iron-containing
haemoproteins or other metalloproteins,
which is observed due to its effects on yeast,
bloodworms, and a number of plants [44].
This strengthens the connection of oxygen
with Fe*, prevents the transfer of oxygen to
tissues and causes the development of
hypoxia. Probably, due to the fact that H,S
is quickly metabolized in the blood — within
a few seconds or minutes, this mechanism
has not yet been discovered, as well as the
mechanism of formation of tissue hypoxia.
This prevents the development of specific
antidotes — scavengers for H,S, which could
be administered in the field in the first min-
utes after exposure to H,S for the treatment
of mass victims of terrorism or catastrophic
industrial accidents.
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