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LOMOMDKHI 3ACOBU GAPMAKOJOTIYHOI TEPANII
NMPU TOCTPUX OTPYEHHAX POCDOPOPTAHIYUMU
CMONTYKAMU AHTUXOJIHECTEPA3HOI Ali

(orngaa NITEPATYPM)

PE3IOME. Icuyioui napasi cmanoapmu mepanii 2ocmpux ompyens @OC anmuxoninecmepasHoi 0ii 3anuuaiomscs He0oCmamuimy,
HE36A0iCAIONU HA 3HAYHUL 0052 Q0CTIONCEHD Y YbOMY HANPAMKY, npogedenux y ceimi. OOHUM i3 WISXI6 GUPIUeHHs yiel npobiemu €
3acmocy8anta Oinbil WUPOKO2O CNEKMpPY NAMOLEHEMUUHO 00YMOBIEHUX (apMaKoio2iuHux 3acobis.

Mema. Ozns0 ma y3azanvhents onyorikosaHux pe3ynvmamis 00CiONHCenHs OONOMINCHUX (apMarono2iunux 3acobis, wjo 3acmocosy-
sanucs npu cocmpux ompyennax @OC na emanax OOKAHIUHOI MA PaHHLOT KNTHIYHOT OYIHKU.

Memoou. Cucmemnuii Konmenm-ananiz Oanux aimepamypu 3 gukopucmannsim 6asz danux PubMed ma Google Scholar.
Pesynomamu ma eucnosku. Jocriodxcenus ehekmugHocmi 0onomixcHux 3aco6ig gapmaronoiunoi donomozu npu 20cmpux ompy-
ennax anmuxoninecmepashumy QOC 3anumaemscs akmyanbHuM, 36044CaArOYU Ha CKAAOHICmb namoeene3y inmoxcuxayii. OcrHosHi
HANPAMKY NOWLYKY papmakonoziunux 3acobie kopekyii cocmpux ompyens anmuxoninecmepasuumu @OC gkmouarme 00cnioxHcenns
AHMAa2oHicMig H-XOliHOpeyenmopis, azonicmie benzodiaseninosux peyenmopis, anmazounicmie NMDA-peyenmopis, anmazonicmie
Hl-zicmaminosux peyenmopis, azonicmie anbgha-adpeHepeiunux peyenmopis, eH3UMHUX AHMUOOMIB, AHMUOKCUOAHMIB, A2OHICIIB
bema-adpenep2iunux O10KamMopis, a MAKoXiC MAsHiIo cylbhamy, Hampito bikapbonanmy, HniOHux emynbCiil. JoChioncenHs: KIiHIYHO
QOCHYNHUX OONOMIICHUX 30C00I8 MPUBAIONb K 8 eKCNepUMEHNI HA MBAPUHAX, MAK | HA emani KiiHiuHO20 3acmocysanns. Taxi
00CTIONCEHHS € BANUCTUBUMU TAKOJIC 3 021A0Y HA HEOOXIOHICb HAOAHHSL YPeeHMHOI 00NOMO2U NP OMPYEHHAX 8 YMOBAX, KO 3ACo0U
cneyugiunoi mepanii 6iocymui abo oomedtceHi.

Kniouosi cnosa: ocopopeaniuni cnonyxu, cocmpe ompyenns, 3acobu mepani.

M. Zinovieva, N. Kurdil, P. Zhminko, M. Prodanchuk, O. Kravchuk, M. Velychko
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PHARMACOLOGICAL THERAPEUTIC APPLIANCE FOR ACUTE POISONING
BY ORGANOPHOSPHOROUS COMPOUNDS
OF ANTICHOLINESTERASE ACTION (review of literature)

ABSTRACT. The current standards of treatment the acute OPC poisoning with anticholinesterase action remain insufficient, despite
the significant number of researches in this area conducted in the world. One of the ways to solve this problem is to use a wider range
of pathogenetically determined pharmacologic agents.

The Aim of the Research. To observe and summarize the published results of investigation the pharmacological therapeutic appliance
for acute OPC poisoning at the stages of preclinical and early clinical evaluation.

Methods. System content analysis of literature data using the PubMed and Google Scholar databases.

Results and Conclusions. The investigation of pharmacological therapeutic appliance effectiveness for acute anticholinesterase OPC
poisoning remains relevant when taking into account the complexity of the intoxication pathogenesis. The main lines of pharmacolog-
ical agents’ research for the acute anticholinesterase OPC poisoning include the study of n-cholinoreceptor antagonists, benzodi-
azepine receptor agonists, NMDA-receptor antagonists, HI-histamine receptor antagonists, alpha-adrenergic receptor agonists, enzy-
matic antidote, antioxidants, agonists of beta-adrenergic blockers, and also magnesium sulfate, sodium bicarbonate, lipid emulsions.
The investigations of clinically available therapeutic appliance continue both in animal experiments and at the clinical application
stage. Such investigations are also important given the need for poisoning emergency care under conditions when specific therapies
are missing or limited.

Keywords: organophosphorus compounds, acute poisoning, therapeutic appliance.
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Beryn. Pusuku s 310poB’s, TOB’s3aHi 13
3arpo300 3acToCyBaHHS (GochopopraHiuyHIX
IHCEKTUIIU/IIB HEUPOTOKCUYHOI [ii Ta OOMOBHUX
OTPYHHUX PEUOBUH 13 Ii€i IPyNH XIMIYHUX CIIO-
JTYK 3aJMINAIOTHCS BUCOKMMH Ha TIIOOATEHOMY
piBHi. [lIBuakwii mepedir iHTOKCHKAIIT Ta BHCO-
Ka JICTAJBHICTh 32 TaKUX OTPYE€Hb BHMAararoTh
3a0€3MeUeHHs] HETaHUX JKUTTE30ePIrarodnx
3axO/liB K Ha JOTOCIITAIBHOMY €Talli, TaK 1 B
paHHI CTPOKH HaJaHHS JTOTIOMOTH B KJIIHIYHUX
yMoBax. HagaHHs Takol 1OTIOMOTH CTHKA€THCS 3
psaom npobneM. Tak, ToCcTpi OTPY€EHHS MECTH-
UUJaMH MalOTh MICLE MEPEBaKHO B arpapHux
KpaiHax, 10 po3BUBatOThCA [1, 2, 3], ne 3araib-
Ha MEIUYHA JIONIOMOTa 3HaXOAUTHCA Ha B1JIHOC-
HO HEBHCOKOMY PiBHI, OCOOJMBO KOJIU MIIETHCS
npo 3abe3nedeHHs crnenuiyHIME 3aco0aMu
aHTUIOTHOI Teparii. KpiM Toro, ocHameHHs
paloHiB, N1¢ TOTEHI[IHHO MOXXYTh BHHHKATH
OTpy€HHS, TOTpeOy€e CTBOPEHHS Ta MiATPUMAHHS
MEeBHUX 3amaciB Ta 3aco0iB 0a30BOi Teparii
(peakTuBaTOpU XOJIHECTEPA3H, M-XOTIHONITUKH,
AHTUKOHBYJIbCAHTH) a00 CUCTEMH IXHbOI TepMi-
HOBOI JocTaBku. Lle, y cBOIO uepry, npu3BOIUThH
710 30UTBIIIEHHST BUTPAT Ha 3a0€3MEUCHHS METNY-
HOI JJOMTOMOTH. AHAJIOTI1YHA CUTYallisl MOXe OyTH
MPOTHO30BaHa 1 JUIsl 3arpo3d BUKOPUCTAHHSA
ooroBux otpyiiHux ®OC 3 TEpOpPUCTUIHUMHU
a0o0 1HIMMH TisIMu. J[71s1 peaabHOro MPOTHCTO-
STHHS TaKii 3arpo3i HeoOX11HI CTBOPEHHS 1 MMiIT-
puMKa T00anpHOI Mepexi 3amaciB 3aco0iB
0a30Boi (apmakoTeparmii TOCTPUX OTPYEHB
®OC. Jlo uporo n0ma€eTbcs HEAOCKOHATICTD
KOMILIeKcy 0a30Boi Tepamii, SiKka BIPOJOBXK
Maibke MBCTOMITTS HEe MPOrpecyBaia, ajie Moo
OCHOBHHUX HAIPSIMKIB YJIOCKOHAJIEHHS SIKOT BXKE
Hnutocs B HaIIi nonepeaHii myomikarii [4].

Po3pobxka Ta 3acTocyBaHHs 3ac001B (hapMako-
JoriyHoi Teparii roctpux orpyenb @OC 6azy-
€THCS. HAa 3HAHHAX MPO MATOr€HE3 1HTOKCHKAIII].
KirouoBUM MeXaHI3MOM TOCTPOTO OTPY€EHHS
takumu POC € iHTIOyBaHHS KapOOKCHIecTepas,
y ToMy umcii anerwixominecrepasu (AXE) [5,
6]. Lle mpu3BOOUTH IO PO3BUTKY 3araJIbHOT XOJTi-
HepriuHoi Kkpusu. [lapanenbHO pO3BHUBAETHCS
excaiitotokcnuanii eexr. [Ipu mpomy BHKH
DIyTamaTy BHKJIMKAE HAAMIpHE HAAXOMKEHHS
KaJIbLIII0 10 HEWPOHHUX KJIITUH Ta aKTUBALIIO 1X
anonTto3y [7]. YTBOpeHHSs CTIHKOTO KOMIUICKCY 3
TOKCUKAaHTOM — «cTapiHHa» AXE yHeMOXIuB-
JIIO€ BIJHOBJICHHSI aKTUBHOCTI (DEPMEHTY Ta BiJl-

TOXICOLOGY OF PESTICIDES

YKPATHCBKHUI )XYPHAJI CYYACHUX TIPOBJEM TOKCHKOJIOITT /
UKRAINIAN JOURNAL OF MODERN PROBLEMS OF TOXICOLOGY 1/2023

Introduction. The health risks associated
with the threat of use the organophosphorus
insecticides of neurotoxic action and chemi-
cal warfare agents from this chemical com-
pound group remain high globally. The rapid
course of intoxication and high mortality
from such poisonings require immediate life-
saving measures both at the preclinical stage
and at the first aid in a clinical setting.
Providing such care faces a number of chal-
lenges. Thus, acute pesticide poisonings
occur mainly in developing agricultural
countries [1, 2, 3], where general health care
is relatively low, especially when it comes to
specific antidote therapy providing. In addi-
tion, equipping the areas where potential poi-
soning may occur requires the establishment
and maintenance of certain stockpiles and
basic therapies (cholinesterase reactivators,
m-cholinolytics, anticonvulsants) or their
emergency delivery systems. This, in its turn,
leads to increased costs for medical care. A
similar situation could be predicted for the
threat of use the chemical warfare agents
OPC for terrorist or other purposes. In order
to substantially counter such a threat, it is
necessary to create and maintain a global net-
work of stockpiles of basic pharmacotherapy
for acute OPC poisoning. It is also added the
imperfection of a basic therapy complex,
which has not progressed for almost half a
century, but the main improvement areas of
which had already been discussed in our pre-
vious publication [4].

Development and application of pharma-
cological therapy for acute OPC poisoning is
based on knowledge about the pathogenesis
of intoxication. The key mechanism of acute
poisoning by such OPC is the inhibition of
carboxylesterases, including acetylcholine-
sterase (ACE) [5, 6]. It leads to the develop-
ment of a general cholinergic crisis. The
excitotoxic effect develops in parallel. At this
time the glutamate ejection causes the exces-
sive calcium intake to neuronal cells and
activation of their apoptosis [7]. The forma-
tion of a stable complex with a toxicant —
“aging” ACE makes it impossible to restore
the enzyme activity and the corresponding
functions of the body [8]. Poisoning by high-
ly toxic OPC of anticholinesterase action is
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noBigHUX (yHKIIH opraHismy [8]. OTpyeHHs
BrcokoTokcHaHNMHA POC aHTHXOMIHECTEPa3HOL
Iii CyNpOBODKYETHCS MOPYIICHHAMHU (QYHKIIH
3HAYHOI1 KIJTBKOCTI O10JIOTIYHHX MaKpOMOJIEKYIT
BHACJTIJIOK BUCOKOI PEAKIIIIHOI 3/1aTHOCTI TOKCH-
kaHTa [9]. KiiHiuHa peneBaHTHICTh YCHOTO
CHEKTpa LUX peakliil 3amuIIaeTbcsi HEHO-
CTaTHbO AOcHiaKeHow0. CKIaAHICTh NaToreHe3y
TOCTPOro OTPYEHHS BUMArae po3LUIMpPEHHs Naro-
TeHETUYHO 3YMOBIIEHUX 3aCc001B (hapMaKosoriy-
HOI JomoMord. Takuil MiAXiT MOXE CIPHUITH
MOJIETIIIEHHIO TIEepe0Iry TOCTPOro OTPYEHHS Ta
YIOCKOHAJICHHIO CTaHJapTiB 0a30Boi Teparrii
iHTOKCHKaIii POC.

Merta. Ormsig Ta y3aradbHEHHs OITyOIiKoBa-
HUX PE3yJIbTaTiB A0CIIIKEHb TOMOMIKHUX (ap-
MaKOJIOTIYHUX 3aco0iB, IO 3aCTOCOBYBAJIHCS
npu roctpux orpyeHHax POC Ha eTanax JOKIIi-
HIYHOI Ta paHHBOT KIIIHIYHOI OI[IHKH.

Metoau. CricTeMHUI KOHTEHT-aHAaIIi3 TaHUX
JiTepaTypd 3 BHUKOPUCTAaHHSIM 0a3 JaHHX
PubMed Ta Google Scholar.

PesyabTaTnn Ta ix o0roBopenHs. CyuacHi
npuHIHUNH  (papmakoTepamnii TroCTpUX OTPYEHD
antuxomiHecrepasanmMu ®OC  po3polbieHi 3
ypaxyBaHHSM CIlen()IgHUX MEXaHI3MIB [Iii X
CIOJYK, @ TAKOK CHMITTOMATHUKH Ta MaTOTCHE3Y
iHTokcukamii. Ile OararoctymeneBwii mporec,
0 BKJIFOYAE TOPYHIeHHS (YHKIIH Oararbox
010JIOTIYHO AaKTHUBHUX MOJIEKYJI B OpTraHi3Mi.
BinHoBieHHs 1XHBOI (PyHKIIIT, MOMEpeIKSHHS
a00 KOMIEHCalis TOKCUYHOTO YIIKOIKCHHSI
MOXE  CHpUITH  30€pekKEeHHIO  310pOB’d
MOCTpaXAalnuX BiJg OTpyeHHs. [ng wporo
BUIIPOOOBYETHCS IUPOKUI CIIEKTP SIK BXKE B1J10-
MUX, TaK 1 HOBHUX (apMakKoJOTIYHUX 3ac00iB,
OCHOBHI 3 SIKMX 3a3Hau€HI HIKYE.

Anmaeonicmu H-xoninopeyenmopig. 3a yMOB
TOCTPOTO OTPYEHHS AHTHUXOIIHECTEPA3HUMH
@®OC po3BUBAETHCS TOCTPA XOJIIHEPriuHA KpHU3a
BHACJIIOK TIMEPCTUMYJIALIL SIK M-, TaK 1 H-XOJIi-
HOperenTopiB. Y Il CHUTyarlii JOTIYHUM €
3aCTOCYBaHHS KOHKYPEHTHHX OJOKaTopiB H-
XOJIIHOPELIETITOPIB 3 METOI0 3aXUCTYy (PyHKIIT
HEPBOBO-M’5I30BOT0 CHHAIICY Ta MONEPEIHKEHHS
PecIipaTopHOro KONarcy. [XHs IPOTeKTOpHA [is
Oyna mokazaHa Ha MOJEJN TOCTPOro OTPYEHHS
®OC cBuneit [10]. OuikyBaynocs, 1Mo KIiHIYHE
3aCTOCYBaHHS KOHKYPEHTHOTO  OjokaTopa
MMOCTCHHANITHYHUX H-XOJIIHOPEIENTOPIB HEPBO-
BO-M SI30BOTO CHHAICY, JIIKapCHKOTO 3aco0y
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accompanied by dysfunction of a significant
number of biological macromolecules due to
the high toxicant reactivity [9]. The clinical
relevance of the full these reactions spectrum
remains poorly researched. The complexity
of the acute poisoning pathogenesis requires
the expansion of pathogenetically deter-
mined means of pharmacological therapy.
This approach can help to alleviate the acute
poisoning course and improve the standards
of basic therapy for OPC intoxication.

The Aim of the Research. To observe and
summarize the published results of investiga-
tion the pharmacological therapeutic appli-
ance for acute OPC poisoning at the stages of
preclinical and early clinical evaluation.

Methods. System content analysis of lit-
erature data using the PubMed and Google
Scholar databases.

Results and Discussion. Modern princi-
ples of pharmacotherapy for acute anti-
cholinesterase OPC poisoning have been
developed taking into account the specific
mechanisms of these compounds action, as
well as the symptoms and pathogenesis of
intoxication. This is a multi-stage process
that involves the dysfunction of many bio-
logically active molecules in the body.
Restoration of their function, prevention or
compensation for the toxic damage could
help to preserve the health of poisoning vic-
tims. In this regard, a wide range of both
known and new pharmacological agents are
tested, the main of which are listed below.

Under conditions of acute anti-
cholinesterase OPC poisoning, an acute
cholinergic crisis develops as a result of
hyperstimulation of both m- and n-cholinore-
ceptors. In this situation, it makes sense to
use competing n-cholinoreceptor blockers to
protect neuromuscular synapse function and
prevent respiratory collapse. Their protective
effect was shown in the model of pigs’ acute
OPC poisoning [10]. Clinical usage of the
competitive blocker of postsynaptic n-choli-
noreceptors of the neuromuscular synapse
and the medicine rocuronium, had been
expected to reduce the length of patients with
acute OPC poisoning stay on mechanical
ventilation. However, no significant effect
was achieved [11].




TOKCHUKOJIOI'IA HECTUIIUIIB

POKYPOHIsl J103BOJIUTh CKOPOTHTHU 4ac mepeoy-
BaHHsI TAIIEHTIB 3 rocTpuM oTpyeHHsIM DOC
Ha IITY4YHIA BEHTWIALIT JereHb. [IpoTe icroTHO-
ro edekty gocsarayTo He Oymo [11].

H-xoniH00610Ky 041 BIaCTUBOCTI BHUSBIICHI B
Oic-mpuaANHOBUX  OE30KCHMHUX  CITOJYK.
ITokazaHo TepameBTUUYHY €(QEKTHBHICTH OKpe-
MUX HpPEICTaBHUKIB LIOTO KJIacy MpH 3acTOCy-
BaHHI pa3oM 3 arponinom Ta HI-6 B excnepu-
MeHTI Ha TBapuHax [12]. B Ykpaini Takox Oyio
CHHTE30BaHO Ta AOCIIIKEHO PSJl IK OKCUMHHUX,
Tak 1 O€30KCHMHHUX YETBEPTUHHUX MIPUAUHO-
BUX CHOJyK. Byno moka3aHo MeHIIy TOKCHY-
HICTh Ta aHAJOTIYHY AaHTUJOTHY BJIACTUBICTD
OKPEMHX TPEICTAaBHUKIB 3 PNy IOCIIIKEHUX
CHOJYK Yy TOPIBHSHHI 3 peEepeHTHOI0 CIONY-
koo — pumipokcumoM (TMBbB-4) [13]. Antm-
JIOTHA AaKTHBHICTh O€30KCMMHHUX CITONyK Oyia
3yMOBJICHA iXHIMHU H-XOJIHOJITUYHUMH BIIACTH-
BOCTSIMU.

Azonicmu 6en300iazenino8ux peyenmopis.
Ockinbku roctpa iHTOKCHKalis POC cympo-
BOKYETbCSI €MIJIENTOMOPOHUMHU KOHBYJIBCIS-
MU, ICHyIOYa TEpareBTUYHA CXEMa BKJIIOYAE
3aCTOCYBaHHSl CHOJIYK O€H30/11a3eI1HOBOTO
psidy, 30Kpema aiazernamy. Takox Oyino mokasa-
HO, IIO0 III 3ac00M 3MEHIIYIOTh CHHAINITUYHE
BUBUILHCHHS allETUIXOJIIHY 1 KOMOiHOBaHE
3aCTOCYBAaHHS Jlla3emaMy 3 aTPOIIHOM € OLIbII
e()EeKTUBHUM, IMOPIBHSIHO 31 3aCTOCYBaHHSAM
TIIBKY aTporiny abo okcumy [14]. Ha cboromnni
pO3poOKa HOBHX 3aC0O0IB Ta CXeM aHTUKOHBYJIb-
caHTHO] Teparii mpu oTpyeHHsIX POC notpedye
K OUIBII JIETAJHbHOTO BWBYEHHS MEXaHI3MIiB
(dbopMyBaHHS ILOTO CHMIITOMOKOMILIEKCY, TaK i
eKCIEPUMEHTAJIbHOI MapajurMu, 1o BigoOpa-
Kae 0COOIMBOCTI OKPEMHUX YACTHH IMOMYJISIIII,
K1 MOXKYTh 3a3HaBaTy BIUIUBY, a00 OyTH OUIbII
Bpa3IUBUMU (HAMPUKIAI, 32 BIKOM) 10 Jii IIUX
HEUPOTOKCHUKAHTIB [15].

Aumazonicmu NMDA-peyenmopis. Y po3-
BUTKY CyIOMHOI aKTHBHOCTI PI3HOTO TEHE3y
poBiAHY posb Bigirpae NMDA-kommieke. Bin
PEryIIO€eThCS 30y/DKYIOUMMH  aMIHOKUCIOTaMH
[16], mo mO3BOJSE pO3IVISLAATH AHTArOHICTIB
NMDA-peuenTopiB, sIK MOTEHIIHHI TPOTHUCY-
JIOMH1 Ta HEMPOMPOTEKTOPHI 3acO0U MpPHU OTpY-
enHi antuxoiiHectepazaumu ®OC. Tak, B ekc-
MEPUMEHTI Ha TBapHHAX OyJo MOKa3aHO edek-
TUBHICTh HHU3bKOA()IHHOTO HEKOHKYPEHTHOTO
anraronicra NMDA-penentopis — MEMaHTHHY.
Horo 3actocyBaHHS MOMEPEKAIO PO3BUTOK
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H-cholinoblocking properties had been
found in bis-pyridine oxime-free com-
pounds. The therapeutic efficacy of some this
class representatives when used with
atropine and HI-6 in animal experiments had
been shown [12]. A number of both oxime
and non-oxime quaternary pyridine com-
pounds had also been synthesized and stud-
ied in Ukraine. The less toxicity and similar
antidote properties of some representatives
of a studied compounds number had been
shown in comparison with the reference
compound — dipyroxime (TMB-4) [13]. The
antidote activity of oxime-free compounds
had been stipulated by their n-cholinolytic
properties.

Benzodiazepine  receptor  agonists.
Whereas the acute OPC intoxication is
accompanied by epileptomorphic convul-
sions, the existing treatment regimen
includes the usage of benzodiazepine com-
pounds, in particular diazepam. It has also
been shown these agents reduce the synaptic
release of acetylcholine and the combined
usage of diazepam with atropine is more
effective than atropine or oxime alone [14].
Nowadays, the development of new medi-
cines and regimens of anticonvulsant therapy
for OPC poisoning requires both a more
detailed study of this symptom complex for-
mation mechanisms and an experimental par-
adigm that reflects the peculiarities of the
population certain parts that might be affect-
ed or be more vulnerable (e. g.: age-adjusted)
to these neurotoxicants action [15].

NMDA receptor antagonists. The NMDA
complex plays a leading role in the develop-
ment of convulsive activity of various gene-
sis. It is regulated by excitatory amino acids
[16], which allows us to consider NMDA
receptor antagonists as potential anticonvul-
sants and neuroprotective agents for anti-
cholinesterase OPC poisoning. Thus, an ani-
mal experiment showed the effectiveness of
a low-affinity non-competitive antagonist of
NMDA receptors — memantine. Its usage had
prevented the development of convulsions in
rats under the influence of soman agent and
increased the animals’ survival [17, 18]. The
usage of another NMDA receptor antagonist
— N-[1- (2-thienyl)-cyclohexyl]piperidine,
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CYZIOM y II{ypiB IIPY BIUIMBI 30MaHy Ta ITiIBHIILY-
BaJIO BWKMBaHHA TBapuH [17, 18]. 3acTocyBaHHs
iHmoro anTtaronicra NMDA-penentopiB — N-
[1-(2-TieH1n)-IUKIOTeKCHIT| TINepUANHY, MTpH-
MUHSUJIO CYIOMU B MYypUaKiB PU OTPYEHHI 30Ma-
HOM, HOPMAaJi3yBajO MOKAa3HUKH EJIEeKTPUYHOT
aKTUBHOCTI TOJIOBHOTO MO3KY TBapHH, MOTEPE/-
&Kaylo (PyHKLIOHAJIbHI Ta MOP(OJIOTIUHI PO3TIaan
HepBOBO1 cucteMu [19]. BnactTuBocTi HEKOHKY-
pentHoro anraronicra NMDA-peuenTopis
KaHaJIbHOTO THILy BHUSIBICHI B TyNnep3uHy A.
Moro 3maTHiCTh 3aXUINATH HEPBOBI KJIITHHU BiJ
TOKCHYHOI Aii 30y/IKyIOUuX aMiHOKHCIOT 1
MoTepeKaT HaAKOMUYEHHS B HUX 10HIB Kajlb-
Iif0 B KOMOiHaIlii 3 00OPOTHUM MPUTHIYCHHSIM
XOJIHECTepa3d MO3KY [03BOJISIE PO3TIISAATH
HOro sK TMEepCHeKTUBHUN 3acid 3axucTy BiJ
intokcukanin ®OC [20]. Hampukinmi 90-x
POKIB MHHYJIOTO CTOJITTS Oyia0 po3poOieHo
HOBUM HEHPONpPOTEKTOp, MO BIJIUBAE HA
NMDA-peuentopu — ranukiaiaua [21]. Bymo
MOKa3aHO Horo e(heKTUBHICTh HA PaHHIX eTanax
po3BUTKY rocTpoi iHTokcukaiii POC. Takox
OTPUMaHi JaHI B EKCIIEPUMEHTI Ha MpHUMaTax
CBIYaTh PO €PEKTUBHICTH TALIMKIIIANHY HABITh
yepe3 45 XBUJIUH TICIS IHTOKCHKAIlT 3a YMOB
PO ITAKTUYHOTO BBEICHHS MTIPUIOCTUTMIHY 32
I ronuny no BmuBy @OC. Ilpu upomy 3axuc-
HUM e(eKT TaluKIAMHy CIOCTepiraBcsi IpU
BrtnBi 8J1/1s, 3omany [22]. Ha xxanb, myOmikarii
pe3yabTaTiB AOCTIHKeHh €(EKTUBHOCTI TalluK-
niauHy npu roctpux orpyennsax ®OC 3a ocran-
Hi 10 pOKiB MPaKTUYHO BiJICYTHi.

Anmaeonicmu H;-eicmaminosux peyenmo-
pis. 111 3acobu GIIOKYIOTH XOJIIHEPTIvHI PEIEenTOo-
pU TOJOBHOTO MO3KY, 3aBISKH YOMY pO3LIA-
JAFOTHCS SIK TaKi, 10 MOXKYTh TTOTEHIIIIHO 3aCTO-
COBYBATHCSI 3aMiCTh aTpOIiHy a00 TOTIOBHIOBATH
roro 3actocyBanHs npu otpyeHHsx ®OC [23]. Y
X0l eKCIEePUMEHTAJbHUX JIOCHIIKeHb Ha
MuIax [24] mokazaHO J0303JICKHUIN TepareB-
THYHUN edekT audeHuriapamMiHy B Jiana3oHi
103 3-30 MI/Kr 3a BIDKMBaHHSIM TBapHUH MICIA
OJTHOPA30BOr0 BBEJICHHS JeTanbHux 103 /IBD.
ExcrniepumeHTaabHO OKa3aHo, 10 3aCTOCYBaHHS
MOJYJSATOPIB TICTAMIHEPTIYHOI CHUCTEMHU NIpH
roctpoMy otpyeHHi @OC crpasisic BUpaKSHUN
KapIionpoTeKTopHuid edekt [25].

Aeonicmu anvgpa,-adpenepiunux peyenmo-
pis. llenTpanbuuii anbda,-aapeHepriyauii aro-
HICT KJOHIIMH TaKOXX BHMKJIMKA€ 3MEHIICHHS
BUBUIBHEHHSI CHHANTUYHOIO AlleTUJIXOMIHY, IO
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stopped convulsions in cavies under soman
agent poisoning, normalized the electrical
activity of the animals’ brain, prevented
functional and morphological disorders of
the nervous system [19]. Properties of non-
competitive antagonist of the channel type
NMDA-receptors were found in huperzine
A. Its ability to protect ganglion cells from
the toxic effects of excitatory amino acids
and prevent the accumulation of calcium ions
in combination with reversible inhibition of
brain cholinesterase allows to consider it as a
perspective means for OPC intoxications
protection [20]. In the late 90’s of last centu-
ry, a new neuroprotector that affects NMDA
receptors — gacyclidine, had been developed
[21]. Its effectiveness was shown in the early
stages of acute OPC intoxication. Also, the
data obtained in the experiment on primates
indicated the effectiveness of gacyclidine
even 45 minutes after intoxication under the
conditions of prophylactic pyridostigmine
administration 1 hour before the OPC expo-
sure. The protective effect of gacyclidine was
observed under the influence of 8LDs
soman [22]. Unfortunately, the results of
investigation the gacyclidine effectiveness
for acute OPC poisoning over the past 10
years have been nearly non-existent.

H1-histamine receptor antagonists. These
medicines block cholinergic receptors in the
brain, and are therefore considered to be
potentially used in place of atropine or to
supplement its usage for OPC poisoning
[23]. The experimental studies in mice [24]
have shown a dose-dependent therapeutic
effect of diphenylhydramine in the dose
range of 3-30 mg/kg in animal survival after
a single lethal dose of DDVP. It was experi-
mentally shown that the usage of the hista-
minergic system modulators for acute OPC
poisoning had had a significant cardioprotec-
tive effect [25].

Alpha,-adrenergic receptor agonists. The
central alpha,-adrenergic agonist clonidine
also causes a decrease in the release of
synaptic acetylcholine, which allows to con-
sider it as a potential means of correction in
OPC poisoning. Experiments on mice have
shown that the clonidine usage significantly
reduces the clinical manifestation of sarin




TOKCHUKOJIOI'IA HECTHIUIIB

JO3BOJIWJIO  PO3IVISIIaTH MOTO SIK MOTEHIIIMHUINA
3aci0 kopekiii npu orpyenHi ®OC. V nocmigax
Ha MuIIax Oyno0 IMOKa3aHO, IO 3aCTOCYBaHHS
KJIOHITMHY 3HAYHO 3MEHIINY€E KITHIYHY MaHide-
CTamilo OTpyeHHsS 3apuHOM [26]. IIpote B xomi
KJIIHIYHOTO JIOCIIKCHHSI €()eKTUBHOCTI KIIOHI-
IUHy npu roctpux orpyeHHsx POII excrnepu-
MEHTaJIbHI JIJaHI OCTAaTOYHO HE MIiATBEPIKCHI
[27].

Enszumni anmuoomu. CporomH1 akTUBHO PO3-
IJISI1AI0ThCSl TIEPCIEKTUBU 3aCTOCYBaHHA (ap-
MaKOJIOTIYHUX 3ac00iB IMPOTEIHOBOI MPUPOAH
[28] 3a rocTpux orpyenp @OC. Taki Giomoriuni
peareHTH Jil0Th SIK O10CKaBEHKEPH, JIC3aKTH-
BYIOUM HEPBOBI areHTH MEpII HiXK BiAOymeTbes
1HTi0yBaHHS aleTHIXOMiHecTepasu. Tak, OyTH-
pUIXOJiHECTepa3a Moke OyTH HIPUPOJHUM
OyepHUM 3aXMCTOM OpTaHi3My BiJl KCEHOOIO-
TUKIB, y ToMy uncii 1 @OC. Buxoasuu 3 mporo,
OyJI0 JTOCHIIPKEHO BIUIMB 3aXHCHHUX BIACTHBO-
CTell pekoMOiHaHTHOI OyTHpHIXOJiHECTEepa3H
TONUHU Ha Mojem oTpyeHHs wmumend DPOC
napaokcoHoM. [IpodinakTruune BBeIEHHS €H3U-
MY MHUIIaM, HOKayTHUM 3a T€HOM HOTO CHHTE3Y,
301TBIITYBaJI0 BUYKUBAHHS TBAPUH Ta MIPUCKOPIO-
BaJI0O HOPMAaJII3allll0 iXHBOTO KJIIHIYHOTO CTaHy
[29]. Takox mOKa3aHO BHCOKY €(EKTHBHICTH
pexoM6OiHaHTHOI GakTepianbHoi @OC-Tipona-
3M, BBEJCHOI BHYTPIIIHBOBEHHO, NPHU BIUIMBI
IMPOKOTo criekTpa TokcukaHTiB [30, 31]. Bymo
PO3IIISIHYTO MOXKJIMBICTH CTBOPEHHSI 3aC00Y ISt
MONEPEPKEHHSI TOCTPUX 1 BIJIAJIEHUX TOKCHUY-
HUX eekTiB BucokoTokcnyHuX ®OC Ha OCHOBI
kapOokcuiectepasu 1. EH3uM Hanexuth 10
KJIaCy CEPUHOBHX TipoJia3, TaK caMo fK 1 are-
THI- Ta OyTupuixominecrepasu. Kapbokcumnec-
Tepa3a 1 B oprani3mi € MOAYJIATOPOM KIHETHKH
rigpoii3zy (QapMakoJOriuHUX CyOCTaHIiN 13
ckiaaHoedipHUMHU Tpynamu. Bucoka axTHuB-
HICTh IIbOTO €H3UMY, BIaCTHBAa OKPEMHUM BHIaM
TBapHH (I'pU3yHH, KOMAXH), MOKE 3yMOBIIIOBaTH
iXHIO Ta MEHIy YyTJIMBICTH JIO BIUIMBY HEPBO-
Bux areHtiB [32]. Kapbokcunectepaza 1 moxe
OyTH TMOTEHIIITHUM 3aco00M Tepamii OTpy€Hb
@OC 3aBasku ii CTPyKTYpHi Ta QyHKIIIOHATH-
HIi MOAIOHOCTI 0 XOMHECTEpa3HUX MIMICHEH
HEPBOBHX areHTiB. TakoX pO3INISIA€THCS MOXK-
JUBICTh 3aCTOCYBaHHS MapaoKCOoHa3u 1, 110
MPOSIBIISIE AHTHOKCHUJAHTHY Ta JETOKCHKYIOUY
AKTUBHICTBH Ta 37aTHA 3HemKkoKyBatn ®OC B
opraiami nuisxoM riapomizy [33, 34].
3Ba)karouu Ha OUIKOBY MPUPOAY IMX CHOIYK,
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poisoning [26]. However, in a clinical study
of the clonidine effectiveness for acute OPP
poisoning, experimental data have not been
conclusively confirmed [27].

Enzymatic antidotes. Nowadays, the
prospects for usage the pharmacological
agents of protein nature [28] for acute OPC
poisoning are being actively considered. Such
biological reagents act as bioscavengers, inac-
tivating nerve agents before acetyl-
cholinesterase inhibition occurs. Thus,
butyrylcholinesterase might be the body’s nat-
ural buffer protection against xenobiotics,
including OPC. Based on this, the effect of the
protective properties of recombinant human
butyrylcholinesterase on the model of mice
OPC paraoxon poisoning was studied.
Prophylactic administration to mice the
enzyme, knockout by its synthesis gene,
increased the animals’ survival and accelerat-
ed the normalization of their clinical condition
[29]. The high efficiency of recombinant bac-
terial OPC hydrolase administered intra-
venously under the influence of a wide range
of toxicants has also been shown [30, 31]. The
possibility of means creation to prevent acute
and long-term toxic effects of highly toxic
OPC based on carboxylesterase 1 has been
considered. The enzyme belongs to the class
of serine hydrolases, as well as acetyl and
butyrylcholinesterase. Carboxylesterase 1 in
the body is a kinetics modulator of the phar-
macological substances’ hydrolysis with ester
groups. The high activity of this enzyme,
inherent in certain species of animals (rodents,
insects), might cause them to be less sensitive
to the influence of nerve agents [32].
Carboxylesterase 1 might be a potential agent
for the OPC poisoning treatment due to its
structural and functional similarity to
cholinesterase targets of nerve agents. It has
been also considered the possibility of usage
the paraoxonase 1, which exhibits antioxidant
and detoxifying activity and is able to neutral-
ize OPC in the body by hydrolysis [33, 34].
Due to the protein nature of these compounds,
it is necessary to take into account the nega-
tive immunogenic effects that may develop
with their repeated usage.

Magnesium sulfate. The compound blocks
calcium channels, which reduces the synap-
tic acetylcholine ejection. Experiments on
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MOTPIOHO BpPAaxOBYBAaTH HETAaTHBHI IMyHOTCHHI
e(eKTH, M0 MOXYTh PO3BUHYTHCS 3a iXHBOTO
6araropa3zoBOro 3aCTOCYBaHHSI.

Maeniio cynogham. Crionyka OJI0Ky€e KasbIli€Bi
KaHaJH, 10 MPHU3BOAUTH 10 3MEHIICHHS BUKUTY
CHUHANITUYHOIO aUETUIXONiHY. Y Jociiax Ha
MIHICBUHIX OyJO IMOKa3aHO, 110 3aCTOCYBaHHS
MarHiro Cynb(}ary 3 METOI YCYHEHHS Kapaio-
e(eKTIB MICISI OTPYEHHS MAPAOKCOHOM MPHU3BO-
IO JTO 3MEHIIICHHS XOJIIHEePTIYHOI CTHUMYJISILIT
[35]. Marnesist MOXKe TaKOK 3MEHIITYBAaTH PU3HK
IUTYHOYKOBOI Taxikapii, IO pPO3BUBAETHCA
BHACJIIIOK CTUMYJISILIT HIKOTUHOBUX PELETITOPIB
y Tami€eHTiB. 3a pe3yibTaTaMy JBOX KIIIHIYHHUX
JOCTIKEHb OYyIi0 3’sCOBaHO, 1110 BBEJACHHS Mar-
He3li MOXKe CHpPUSATH BiTHOBJICHHIO HEpPBOBO-
M’s130BOi (PyHKIIi Ta 3HIDKYBaTH JIETaJIbHICTH
[36, 37]. Ilizuime miane60-KOHTPOIbOBAHE
JOCTIIKEHHS. TOBEJIO, 1110 Cyab(par MarHito Mnpu
KJIIHIYHOMY 3aCTOCYBaHHI B 103ax 4—16 T 1o0pe
MIEPEHOCHUTHCS MALlEHTAMU, & TAKOXK MA€E TEHJICH-
IO IIOM0 3MCHIICHHS JICTAJBHOCTI, 3aJICXKHO
BiJI 103M J1aHO1 pedoBuHM [38, 39].

Anmuokcuoanmu. OKCUIATUBHHUH CTpeC,
AKUN cynpoBomkye roctpe orpyeHHs ®OC, e
HACIIIJIKOM Tinep30y/KeHHs pI3HUX JaHOK Hep-
BOBOi CHCTEMH. 3aBASKH I[bOMY 3aITyCKaIOThCS
Ca?" —3anexHi Kackaiy, WO HPU3BOAATH [0
TUCHYHKITT MITOXOHAPIA Ta MOPYIICHHS OKH-
cmoBasibHOro (pocopumosanns. Lle, y cBoro
4epry, CyIpOBOIKY€ETHCS TEHEPAIlI€0 aKTUBHUX
¢opM KucHIO Ta HiTporeny. CtanapTHa Teparis
OTPYEHB, 1110 BKIIIOYAE 3aCTOCYBAHHS aTPOIIIHY,
peaktuBaropiB AXE Ta OeH30/1a3€ImiHIB IEB-
HOIO MIpOI0 JI03BOJISIE TIOCIIA0OUTH IIEH TpoIIeC.
[IpoTe BaXIUBHUM 1 MaJIOMOCTIPKCHUM TTHTaH-
HSIM € IPOOKCUIAHTHUH MTOTEHIIIa] KOMITOHCHTIB
6a30Boi Teparii, 30kpeMa peakrtuBaropiB AXE.
Kpim TOro, aHTHOKCHIAHTH aKTUBHO 3aCTOCO-
BYIOTBCS B SIKOCTI JIONOMDKHHX 3ac00iB Teparrii
SK €()EKTHBHI Ta MaJOTOKCHYHI mpenapaTu. AJje
iXHE 3acTOCyBaHHS MOTpedye OUIbLI JETalbHOT
yBarv Ha eTramnax sk JOKJIIHIYHOTO, TaK 1 KJIHIY-
Horo BumnpoOyBanHs [40]. Jocmimxenus P.
Yadav ta cmiBaBTOpiB [41] mokazano mpoTek-
TOPHY JIi10 BIIACHE KYPKYMIHY, SIKUH, SIK BIIOMO,
MICTUTh KOMIUIEKC TPUPOJHUX AHTHOKCHUAH-
TiB, a TaKOX Horo koMOiHaii 3 2-PAM Ta arpo-
MHOM TpPU OTPYEHHI IMypiB IUXIOP(POCOM.
[To3uTHBHI 3MiHN 010XIMIYHHMX ITOKa3HUKIB TBa-
puH OyJIM MATBEPAKEH] pe3yIbTaTaMu TiCTOJIO-
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mini-pigs showed that the magnesium sulfate
usage to eliminate cardio effects after
paraoxon poisoning had led to a decrease in
cholinergic stimulation [35]. Magnesium
might also reduce the risk of developmental
ventricular tachycardia due to stimulation of
nicotinic receptors in patients. Subsequent to
the results of two clinical studies it has been
detected that magnesium administration
could help to restore neuromuscular function
and reduce mortality [36, 37]. Later, a place-
bo-controlled study proved that magnesium
sulfate was well tolerated by patients in clin-
ical doses of 4-16 g and tended to reduce
mortality depending on the dose of this sub-
stance [38, 39].

Antioxidants. Oxidative stress, which
accompanies the acute OPC poisoning, is the
consequence of hyperexcitation of various
parts of the nervous system. This process
triggers Ca®" — dependent cascades, which
lead to mitochondrial dysfunction and oxida-
tive phosphorylation disorders. This, in its
turn, is accompanied by the generation of
reactive oxygen and nitrogen species.
Standard treatment of poisoning, including
the usage of atropine, ACE reactivators and
benzodiazepines to some extent allows to
weaken this process. However, an important
and insufficiently studied issue is the prooxi-
dant potential of the basic therapy compo-
nents, in particular ACE reactivators. In addi-
tion, antioxidants are actively used as thera-
peutic appliance of the effective and low-
toxic medicines. However, their usage
requires more detailed attention at the stages
of both preclinical and clinical trials [40].
The investigation done by P. Yadav and his
co-authors [41] showed the protective effect
of curcumin itself, which, as was commonly
known, contained a complex of natural
antioxidants, as well as its combination with
2-PAM and atropine for dichlorophos poi-
soning of rats. Positive changes in the bio-
chemical parameters of the animals were
confirmed by histological examination,
which had shown a decrease in hepatocellu-
lar degeneration, vacuolation, inflammation
and pyknosis. Histological examination of
the brain had also revealed the neuroprotec-
tive effect of curcumin.
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TIYHOIO JOCHIKEHHS, SIKE IT0KA3aJI0 3MEHIIIEH-
HS TEMaTOIENIOJISIPHOI JIeTeHepartii, BaKyoJiza-
mii, 3amajJeHHs Ta mikHO3y. [icTomoriune
JOCTI/KEHHSI TOJIOBHOTO MO3KY J03BOJIHUIIO
BCTAaHOBUTHU TAaKOX 1 HEUPONMPOTEKTHBHY IO
KypKyMiHY.

Aeonicmu bema-aopenepiuHux O10Kamopis.
3Bakalouu Ha MPOBIIHY POJIb MOPYIIEHb TUXaH-
Hs1 3a TocTporo orpyenHs POC Oyno mocmimke-
HO aroHicT [-2 aapeHepriyHuX pPeUenTOopiB
canp0yTamon, sSIK JOTIOMKHHMA 3aci0, Mo MOoXe
3aCTOCOBYBATHCS 3 aTPOIIHOM JIJIsl 3HSATTS OpOH-
xocmasMy. Xo4a 3aCTOCYBaHHS CallbOyTamMoly
MOKE ITiIBHIIyBaT OPOHX1aJbHY CEKPEII0, 110
HeOakaHO B CUTYallll XOJIHEPTi4HOT Kpu3u. Aje
3a paxXyHOK HOpMaJi3allii HaTpi€eBOTO TPaHCIIOP-
Ty B KIITHMHax aJbBEOJSIPHOTO EMITETiI0 Ta
3MEHIIEHHS HaOpsAKy JiereHb Big0yBa€ThCs
MMOCWJICHHS €BaKyallli piinHu 3 OPOHXIB, K 1€
Oy70 TIOKa3aHO B EKCIEPHMEHTI Ha TBapWHAX
[10]. IIpote minoTHI HocmimKeHHS ApyToi (hasu
KJIIHIYHUX JAOCTIKEHb MPOIEMOHCTPYBAJIH BiI-
CYTHICTh €(p€KTUBHOCTI CaIbOyTaMoITy IIpH pea-
HIMaiiHuX 3axonax 3a orpyeras ®OC [42].

Hampiio 6ikapbonam. Yeenenns OikapOoHa-
Ty HaTpilO0 B SKOCTI CYIyTHBOTO 3aco0y ¢apma-
KoJorigHoi kopekii orpyeab @OC mo3uTHBHO
BIUTMBAJIO HA PE3yJbTaTH KOMIUIEKCHOI Teparii
[43, 44]. 3acTocyBanHs OikapOOHATY MOKpAILye
AHTHIIOTHUN e(peKT OKCUMIB Ta arporiny [45].
OTxe, "iTKa KOpEJAIis 3aXUCHOI J1ii OikapOoHa-
Ty Ta O10XIMIYHUX MapaMeTpiB, M0 XapaKTepH-
3yI0Tb CTaH OpraHi3My, Bif0Oynacsi JuIIe NpU
3acTOoCyBaHHI OikapOoHary HaTpito Ha (oHi
arpormiHizarii. 3acrocyBaHHs OikapOoHaTy Har-
Pit0 103BOJISIE KOMITEHCYBATH allU03, 110 € OJHI-
€10 3 TATOTHOMOHIYHHUX 03HAK TSHKKOTO TOCTPOTO
orpyeras ®OC. Kpim Toro, ankamiHi3alis KpoBi
MOXX€ TPHUCKOPIOBATH TIAPOTI3 ecTepa3Hoi
gactuau Monekyaun DPOC. Ilpore ocraHHIM
gacoM i gaHi Oyio nmeperisiayTo [46]. CroroaHi
BBYKAETHCS, IO CIIOIYKA MOYKE YHHHUTH PI3HOC-
MPsIMOBAaHWH BIUIMB Ha PI3HUX €Tamax 1HTOKCH-
Kallii, eQ)eKTHBHE 3aCTOCYBaHHS IIHOTO 3ac00y
MOXKJIMBE JIMIIIE HAa PaHHIX eTamax PO3BUTKY
IHTOKCHKAIIli, I0 HACTaHHS CTaii MOBHOI cary-
pamii aktuBHEX 1eHTPIB AXE ®OC. VBenenus
OikapOoHaTy micis 1HTIOyBaHHS OCHOBHOTO
my;y GepMEHTY MOXE CITPHYUHSATH YIOBUTEHEH-
Hs CITIOHTaHHOI peakTuBailii pochopruILoBaHOTO
€H3UMY 1 OLTIbII BaYKKUN TEepeOir IHTOKCHKAITI].

Jlinioni emynvcii. 3Bakalouu Ha NEPEBAKHO
mino¢pineHuil xapaktep DOC, 3acTocyBaHHsS
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Beta-adrenergic blocker agonists. Due to
the leading role of respiratory disorders in
acute OPC poisoning, the agonist -2 adren-
ergic receptor salbutamol had been studied as
an adjunct that could be used with atropine to
relieve the bronchospasm. Although the
salbutamol wusage might increase the
bronchial secretion, which was undesirable
in a situation of cholinergic crisis. However,
due to the normalization of sodium transport
in the cells of the alveolar epithelium and the
reduction of pulmonary edema, there was an
increase in the fluid evacuation from the
bronchi, as it had been shown in animal
experiments [10]. However, pilot studies of
the second phase of clinical trials had shown
the lack of salbutamol efficacy in resuscita-
tion measures for OPC poisoning [42].

Sodium bicarbonate. The introduction of
sodium bicarbonate as a concomitant means
of pharmacological correction of OPC poi-
soning had a positive effect on the complex
therapy results [43, 44]. The bicarbonate
usage improved the antidote effect of oximes
and atropine [45]. Thus, a clear correlation
between the protective effect of bicarbonate
and biochemical parameters that characterize
the organism condition occurred only with
the use of sodium bicarbonate against the
background of atropinization. The sodium
bicarbonate usage could compensate for aci-
dosis, which was one of the pathognomonic
peculiarities of severe acute OPC poisoning.
In addition, the blood alkalinization could
accelerate the hydrolysis of the OPC mole-
cule esterase part. However, these data have
recently been revised [46]. Today it is
believed that the compound might have mul-
tidirectional effects at different stages of
intoxication, effective usage of this means is
possible only in the early stages of intoxica-
tion, until the stage of complete saturation of
ACE OPC active centers. Administration of
bicarbonate after inhibition of the main
enzyme pool might lead to a delay in sponta-
neous reactivation of the phosphorylated
enzyme and more severe intoxication
process.

Lipid emulsions. Taking into account the
predominantly lipophilic nature of OPC, the
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TIITHUIX eMYJIbCIH PO3TIIAIAETHCS K MEePCIeK-
TUBHHUH TepaneBTUYHUH miaxia. Taki emymnbcii
HIMPOKO 3aCTOCOBYIOTHCS B KIIIHIYHIM MPAKTHII
IUTS TIapeHTEePaIbHOTO KUBJICHHS. HakommueHo
JOCBIJ] IXHBOT'O BUKOPUCTAHHS MpPH MeEpeaosy-
BaHHI MICIIEBUMH aHaJIbI'CTUKAMU, SKHM BIIa-
CTHBa BHUCOKa JIOPUIBHICTH [47], a TakoX Tpu
IHTOKCHUKaIIsAX Oera-01okaropamu, CUXOTPOII-
HUMHU CHOJyKaMu Ta MiopenakcaHtamu. lle
Ja710 MOXKJIUBICTh PO3IVISIIATH iX B SIKOCTI 3aCO-
Oy nerokcukauii mpu orpyeHHax DPOC [48].
Xoya MpU OTPYEHHI TPU3YHIB MapaTioHOM
eMyIbCil He Janu 1cToTHOTO edekty [49], mpote
ONMCAHMWNA BUMAIOK IXHBOTO YCITIIIIHOTO KJIiHIY-
HOTO 3aCTOCYBAHHSI y XBOpPUX IPH OTPYEHHI
M necturaoMm [50]. Takox AOCIHIKEHHS
OCTaHHIX POKIB MOKa3ajH, 10 JIMiHI eMyabCli
MOJIETTITYIOTh TIepe0ir IHTOKCUKAIIli MaJaTioHOM
B eKCIIepUMEHTI Ha TBapuHax [51, 52], xoua
MEXaHI3M I[BOTO TPOIECY 3aJHUIIAETHCS HEI0-
CITLJDKEHUM.

BucHoBku

JocnigxkeHHss e()eKTUBHOCTI JIOMOMIXKHUX
3ac00IB MPHU TOCTPUX OTPYEHHSAX AHTUXOJIHE-
crepazHuMu POC 3anMIIAIOTECS aKTyaJIlbHUMU
3Ba)KAlOYM Ha CKJIAIHICTh MAaTOTeHe3y 1HTOKCH-
Katii. OCHOBHI HampsMKH MOLIYKY (hapMaKoJio-
TiYHUX 3ac00iB KOPEKIli TOCTPUX OTPYEHD
antuxosiHecrepazuumMu  O@OC  BKIIOYAIOTH
JOCIIKCHHSI aHTArOHICTIB H-XOJIHOPEIeTTO-
piB, aroHIcTiB O€H30/1a3€MiHOBUX PELENTOPIB,
antaroHictiB NMDA -penienTopiB, aHTaroHiCTiB
H1-ricraMiHOBUX pelienTopiB, arOHICTIB aibda-
aJIpeHEePTriyHUX PELEeNTOPiB, eH3UMHUX aHTUIO-
TiB, aHTUOKCHJAHTIB, aroHICTIB OeTa-aJipeHep-
riYHUX OJOKATOpiB, a TAKOX MAarHito Cynbdary,
HaTpito OikapOoHaTy, JIMIAHUX EMYJIbCIH.
JloCTiKeHHS TOTIOMIXHUX, KIHIYHO JOCTYI-
HUX 3aCc001B (TaKuX K MarHito CynbQar, HaTpito
OikapOOHAaT Ta JIiMiJHI eMyJIbCil) TPUBAIOTh SK B
€KCIIEpUMEHTI Ha TBapUHAX, TaK 1 HA eTarll Kii-
HIYHOTO 3aCTOCYBaHHS. Taki JOCHIKCHHS €
aKTyaJbHUMU TaKOX 3 OIVISIIY Ha HEOOX1IHICTh
HaJaHHS YPTreHTHOI JOMOMOTH IIPH OTPYEHHSX B
YMOBax, KOJM 3aco0u crielu(iyHoi Teparii BiJ-
cyTH1 a00 OOMEKeHi.

Konduaikr iHTepeciB. ABTOpH 3asBISAIOTH
PO BiICYTHICTh KOH(TIKTY iIHTEPECIB.
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lipid emulsions usage is considered as a
promising therapeutic approach. Such emul-
sions are widely used in clinical practice for
parenteral nutrition. It has been gained the
experience of their usage for overdose of
local analgesics, which are characterized by
high liophilicity [47], as well as for intoxica-
tions with beta-blockers, psychotropic com-
pounds and muscle relaxants. This made it
possible to consider them as a means of
detoxification for OPC poisoning [48].
Although the emulsions did not have a sig-
nificant effect on rodent poisoning with
parathion [49], a case of their successful clin-
ical usage in patients with poisoning by this
pesticide had been described [50]. Recent
studies have also shown that lipid emulsions
facilitate the malathion intoxication in ani-
mal experiments [51, 52], although the
mechanism of this process remains unex-
plored.

Conclusions

Investigation of the therapeutic appliance
effectiveness in acute poisoning by anti-
cholinesterase OPC remain relevant due to
the complexity of the intoxication pathogen-
esis. The main areas of search for pharmaco-
logical agents for the correction of acute anti-
cholinesterase OPC poisoning include stud-
ies of n-cholinoreceptor antagonists, benzo-
diazepine receptor agonists, NMDA receptor
antagonists, H1-histamine receptor antago-
nists, alpha-adrenergic receptor agonists,
enzymatic antidote, antioxidants, agonists of
beta-adrenergic blockers, and also magne-
sium sulfate, sodium bicarbonate, lipid emul-
sions. The investigations of clinically avail-
able therapeutic appliance (such as magne-
sium sulfate, sodium bicarbonate and lipid
emulsions) continue both in animal experi-
ments and at the clinical application stage.
Such investigations are also important given
the need for poisoning emergency care under
conditions when specific therapies are miss-
ing or limited.
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