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Acute Poisoning with Methadone (Dolphin) (Review)
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B MupoBOI siuTeparype UMEITCs JaHHble 00 OlbITe IPUMEHEHHs METaI0Ha, B OCHOBHOM, KaK JIEKAPCTBEHHO-
TO CPE/ICTBA, OJ{HAKO B MOCJEHMIE TO/[bl BO BCEM MUPE OTMEYaeTCsl POCT HeJIerajabHOro NCIOIb30BAHNS METa/[0Ha,
B CBS3M C UYeM pacyeT YHMCJO FOCHUTATU3UPYEMbBIX C OCTPBIMHU OTPABJICHUSIMU 3TUM CUHTETUYECKUM OIMHOM/IOM.
Ilesb HacTosiero 0630pa -IpecTaBieHie COBPEMEHHbIX JAHHBIX O MEXaHM3MaX TOKCUYECKOTO [IeHCTBYs, n30u-
paTesibHON TOKCHYHOCTHU, TOKCHKOKWHETHKE 1 TOKCUKOIMHAMUKE MeTajioHa (1osbbuna). B 0630pe paccMoTpeHbt
nopaskenus ITHC, nbixatesbHoll, cepaedHo-cocy/ucTol 1 MOYEBbIICANTENbHON CHCTEM TIPU OCTPBLIX OTPABJICHU-
AX METa/[0HOM. AHAJIM3NPOBAHO MCIIOJIb30BaHMe METa/[0HA B Psijie CTPAH KaK JIEKapCTBEHHOTO CPE/ICTBA «3aMeCTH-
TeJIbHO» Tepanuu P ONNAaTHOM HApKOTHYeCKOH 3aBucuMocTH. Ilokazano, 4To pe3ysbTaThl NCIIOIb30BAHUS aH-
THUJIOTHOH Tepanuy HaJOKCOHOM IIPX OCTPBIX OTPABJICHUSIX ONMONAAMU HE BCET/[a OJJHO3HAUHO CBU/IETEIbCTBYIOT
0 ero jgocraTounoii apdexTuBHocTr. Jlano o6ocHOBaHKMEe HANIPaBJIEHUN COBEPIIEHCTBOBAHNST MHTEHCUBHOM Tepa-
AU TSKETBIX GOPM OCTPBIX OTPABJIEHUI METAJOHOM IIyTEM HCIIOJIb30BAHMSI, TOMUMO OOII[ePeaHNMATOIOTHYEC-
KUX MEPOIPHUSITUH, KOMILIEKCHOTO METAb0IMIeCKOTO AHTUTHITOKCAHTA IINTOhIABIHA.

Knrouegwte cnosa: ocmpole ompasienusd, OT’luOuabl; Memaaou; 2ePOUH; 2UNOKCUS, HAJTIOKCOH, cy6cmpamubte am-
muzunoxcanmt,; Lgumogb/laeuu

Most publications report on the use of methadone as a medication, however an increase of the illegal use of
methadone has been demonstrated worldwide over the recent years, thus increasing the number of hospitalizations
due to acute poisoning with this synthetic opioid. The aim of the present review was to summarize current data on
the mechanisms of toxicity, selective toxicity, toxicokinetics and toxicodynamics of methadone (Dolphin). The
involvement of CNS, respiratory, cardiovascular and urinary systems in acute poisoning with methadone was dis-
cussed. The practice of use of methadone in many countries as a medicine for the replacement therapy for opiate
addicts was analyzed. In addition, it was suggested that the results of the use of naloxone antidote therapy in acute
opioid poisoning do not always clearly demonstrate its sufficient efficacy. Ways to improve of the intensive thera-
py of severe acute poisoning by methadone were substantiated; in addition to general critical care methods, treat-
ment with a complex metabolic antihypoxant cytoflavin should be considered.

Keywords: acute poisoning; opioids; methadone; heroin; hypoxia; naloxone; antihypoxant; cytoflavin
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BBenenne

B nacrosiiee Bpems ocTpbie 0TpaBJIeHNUS HAPKO-
THYECKUMHU CPEJICTBAMU SIBJITIOTCSI HAMOOJIEE aKTYalb-
HOI 1TPO0JIEMON KJIMHUYECKON TOKCHUKOJIOTHU, YTO
HOTBEPIKAAETCST KAK YHCIIOM TIOCTYTIAOMNX GOJIbHBIX
C OTPaBJICHUSIMU HAPKOTUUECKUMU CPE/ICTBAMU, TaK 1
BBICOKOI1 JIETAILHOCTBIO B aT0#1 rpytire [ 1, 2]. Ocoboe

Introduction

Currently acute drug poisoning is the most
important problem of clinical toxicology, which is
confirmed by both the number of patients with drug
poisoning and the high mortality rate in this group
[1, 2]. Patients with acute poisoning with a synthet-
ic opioid methadone form a special group among all
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MECTO B TPYIIIie OCTPBIX OTPABIEHUN HAPKOTHYECKUMIU
BEIIECTBAME 3aHUMAIOT GOJIBHBIE C OCTPBIMU OTPABJIE-
HUSIMA CUHTETUYECKUM OIIMOUIOM MeTa[oHOM. B Ha-
CTOsIII[ee BPEMST OTMEYAETCsSI POCT HEJIETaIbHOTO KC-
M0JIb30BAHUS METAZIOHA BO BCEM MUDE, UTO, 110 TAHHBIM
JIUTEPATYPHI, CBSI3AHO C PA3BUTHEM TEXHOJIOTUH, [[A10-
IIUX BO3MOYKHOCTH OBICTPOTO M MACCOBOTO CHHTE3a
atoro BemectBa [3]. Kpome Toro, oT™MeuyaeTcs: 1MoBbI-
IIEHHBIN CIIPOC HA META/IOH CO CTOPOHBI HAPKO3ABHUCH-
MBIX JINI[ U3-32 €ro IPOJIOHTUPOBAHHOTO NeUCTBUST
BCJIE/ICTBUE [IIUTEIHHOTO Mepuoia moryBbiBeerust. C
1999 1o 2004 rox poct ynoTpebJieHrst META[OHA B ME-
pe cocraBun 390% [4]. Ilo mammbiM AMepUKaHCKOI
Acconmanun Tokcukosnornueckux Ilentpos, B CIITA
3a ieprofi ¢ situapst 2000 1o nexkadpnb 2008 roza oTMe-
vyero 30000 ciyuaeB yrnorpeOIeHNsT METAJIOHA, U3 KO-
Topbix 2186 GosbHBIX ObLIN B BO3pacTe 110 6 Jer u 20
U3 HUX CKOHYAINCH [5]. B MupoBoii sureparype mnmve-
I0TCsI, B OCHOBHOM, JIAHHBIE 00 OTIBITE TIPUMEHEHHST Me-
TaJI0HA KaK JIEKAPCTBEHHOTO CPEJICTBA; OTPABJIEHUE He-
PEIKO TPOUCXOAUT Yy OGOJBHBIX BKJIIOUYEHHBIX B
«MEeTaJIOHOBbBIE TIPOTPAMMBI» (3aMECTUTENIBHYIO Tepa-
o) [6]. OueHb 4acTo y JIaHHOU KaTeropuu GOJIbHBIX
JIETAJIBHBII UCXO[ HACTYIIAET B TIEPBbIE [[BE HEIETU OT
Hayasta IPOBENCHUS 3aMeCTUTEJIbHON Teparnun [6].
N3BecTHO, 4TO METAJIOH SIBJISIETCST BBICOKOTOKCHYHBIM
CPEICTBOM JiJist GOJIBHBIX € OTCYTCTBHEM OIUATHOM 3a-
Bucumoctu. CiielyeT OTMETUTh, YTO OCHOBHAS YaCTh
OTpaBJIEHUN METAIOHOM B MUPE IIPUXOUTHCS HA JIIO-
Jiell, He BKJTIOUEHHBIX B TIPOrPAMMBI «METaJIOHOBOH 3a-
MECTUTEIBHOM Teparuus [7].

[lo namum gaHHBIM, B OT/I€JIeHE PeEAHUMAIINN
1 uHTeHCUBHOM Tepanuu Ne3 (Tokcukomorus) llen-
Tpa JedeHus ocTpbix orpasienHnii Cankrt-Ilerep-
OGYpPrcKOro HAYYHO-HCCJIEN0BATENBCKOTO HHCTUTYTA
ckopoii momontu um. M. U. [Ixkanenmnnze B 2012 roy
ObLIO TOCTIUTATIU3UPOBAHO 895 GOJIBHBIX B KPUTHUE-
CKOM COCTOSTHUU C OTPABJIEHUSIMU HAPKOTHYECKIMIU
BemecrBamMu. OTpaBjieHUs MeTaZloHOM ObLio y 84
(9,4%) GOJIBHBIX, M3 KOTOPHIX YMEPJO 3 UeJOBEKa
(3,6%). B 2013 rozy npousoIinio peskoe yBeandeHme
KOJINYeCTBA OOJIBHBIX C OTPABJIEHUSIMA HAPKOTUYEC-
KUMH BelrtectBaMu 10 1672 G0JIbHBIX, YUCJIO [Tal[UeH-
TOB C OTpaBJIeHUsAMU MeTajioHOM coctaBuiio 1078
(64,5%). 13 50 ymepiurnx OT OCTPBIX OTpPaBJIEHUN
HAPKOTHYECKUMHU CPEICTBAMU OT MHTOKCUKAIUI Me-
tajgoHoM ckouvasucs 41 (3,8%) 6osbhoit [3]. B 2014
rogy u3 1910 GOJBHBIX ¢ OCTPHIMU OTPABJIEHUSIMU
Hapkorudeckumu BeiectBamu 840 desnoBek (44%)
ObLIO € OTPABJICHUSIMU METAJIOHOM, M3 KOTOPbHIX 40
(4,8%) uenosex cxonvanuch. B 2015 roxy uz 1419
GOJIBHBIX € OCTPBIMU OTPABJIEHUSIMHU OMUOUIAMHU
1015 (71,5%) 6bLIO ¢ OCTPBHIMU OTPABJICHIAMUI METa-
JIOHOM, U3 KOTOPBIX 44 (4,3%) CKOHYAIOCh.

Takum 06pa3oM, OCTPbIE OTPABJIECHUSI METAIIO-
HOM B HACTOsIIIlee BPEMSI SIBJISTIOTCST CEPbE3HOIT COITH-
aJbHON, KIMHUKO-9KOHOMUYECKON M MEIUITUHCKON
pobIeMOii.

patients with acute drug poisoning. Novadays, there
is an increase in the illegal use of methadone world-
wide, as reported, due to the development of tech-
nologies that enable rapid synthesis of large quanti-
ties of this substance [3]. In addition, there is an
increased demand for methadone from drug addicts
because of its prolonged effect due to its long half-
life. From 1999 until 2004, there has been a 390%
increase of methadone consumption worldwide [4].
According to the statistics of American Association
of Poison Control Centers, there were 30000 cases of
methadone use in the United States between
January 2000 and December 2008, of which 2126
were under 6 years of age, and 20 of those died [5].
Most of the published data refer to the experience of
using methadone as a medication; poisoning often
occurs in patients included into the «<methadone pro-
grams» (replacement therapy) [6]. The lethal out-
comes in this category of patients occur very often
within the first two weeks from the beginning of
replacement therapy [6]. It is known that methadone
is a highly toxic agent for patients without opiate
dependence. It should be noted, that the majority of
methadone poisonings worldwide occured in people
who were not included into any «methadone replace-
ment therapy» program [7].

According to our data, 895 critically ill patients
with acute opioid poisoning were treated in
Intensive Care Unit #3 (toxicology ICU) of the
Center of Acute Poisonings in the I. I. Dzhanelidze
St. Petersburg Research Institute of Emergency
Medicine in 2012. Methadone poisoning was found
in 84 (9.4%) patients, of which 3 patients died
(3.6%). In 2013, there was a dramatic increase in the
number of patients with poisoning with narcotic
substances to 1672 patients, the number of patients
with methadone poisoning was 1078 (64.5%). Of 50
deaths from acute opioid poisoning, methadone
intoxication accounted for 41 (3.8%) deaths [3]. In
2014, of 1910 patients with acute opioid poisoning,
840 (44%) had methadone poisoning, 40 (4.8%) of
them died. In 2015, of 1419 patients with acute opi-
oid poisoning, 1015 (71.5%) had methadone poison-
ing, of whom 44 (4.3%) died.

Therefore, acute methadone poisoning is cur-
rently a serious social, clinical, economical, and med-
ical problem.

Materials and Methods

A literature search was performed in electronic refer-
ence databases: MEDLINE, EMBASE, Cochrane Database
of Systematic Reviews, Cochrane Central Register of
Controlled Trials (CENTRAL), Cochrane Methodology
Register), WebofScience. The search strategy included any
combination of key words <«acute poisoning», «opioids»,
«methadone», <heroin», <hypoxia», «naloxone», «antihy-
poxants», «cytoflavins related to the subject of the present
review. All keywords were used in the search in all included
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Marepuan u MeTobI

Dbt mpoBezieH TOWCK TTyOIUKANNil B 9JIEKTPOHHBIX
6ubmmorpaduuecknx  Gasax mamaeix: MEDLINE,
EMBASE, Koxkpaunosckas 6ubnuoreka (Cochrane
Cochrane Database of Systematic Reviews, Cochrane
Central Register of Controlled Trials (CENTRAL),
Cochrane Methodology Register), Web of Science. Ctpa-
TErust MOKMCKa BKIIOYAA JI0Oble KOMOHHAINK KITIOYEBBIX
CJIOB «OCTPBIE OTPABJICHUS >, «OIMOUJIbI>, <METAJIOH», «I'e-
POUH», <«TUIOKCUSI», «HAJIOKCOH», <QHTUTUIIOKCAHTBI»,
«autodIaBuH», OTHOCAIIUECS: K TeMe 0030pa. Bee kiroue-
BbIE CJIOBA KCIIOJIb30BAINCH B MOUCKE BO BCEX BKIIOYEH-
HbIX 6a3ax ganubiX. CIUCKY JIUTEPaTyPbl HANHIEHHbIX 1Ty0-
JUKAIWIl  TIPOCMOTPEHBI ~ HAa  MpEIMET  IOHCKa
COOTBETCTBYIOIIMX TeMe 0030pa JI0NOJHUTEIbHBIX UCCIe-
noBaHuil. J[OMOJHUTEIbHbIE MCTOYHUKU BKJIKOUYAIM MaTe-
puasibl KOH(EPEHIUil, SKCIIEPTHbIE 3aKJIIOYEHUsI, OTYETHI
[POU3BOUTEIE JIEKAPCTBEHHDIX [IPENAPATOB O PE3yJIbTa-
Tax KJIMHUYECKUX HCHbITAaHUN. OTrpaHUveHust M0 SI3bIKY
WJTH laTe Ty OJIUKAIMY He YCTaHABIMBAICH.

Tepmunosnorusi. TepMuH <«OMHONBI> HCIIOTB3YETCS
JUISL XUMUYECKUX BELIECTB, KOTOPbIE BO3/AEHCTBYIOT Ha
onuaTHble perenTopbl. [1of «omuaraMis MOHUMAOTCS -
KaJIOUJIbl, BBIJIEJISIEMbIE U3 OMUYMHOI0 Maka (MopduH, Ko-
neut, Tebaun). [lomycuurernyeckue omuousbl (TepouH,
OKCHKOJIOH) OBLIN CO3/IaHbI ITyTeM XUMHUUYECKO# Momdu-
Kaiuu onuaroB. CUHTETHYECKIE ONUOU/IbI — 9TO XUMUYE-
CKU€ COEJIUHEHs, He UMEIOI[Ie OTHOLIEHUS K OIIUATAM, HO
CIIOCOOHbBIE CBSI3BIBATHCSI ¢ OIMATHBIME PELENTOPaMU 1
OKasbiBaTh CXojiHoe jeiicTBue. OCHOBHBIM IIPEICTABUTE-
JIeM CHHTETUYEeCKUX OTIMOUIOB SBJSIeTCS MeTaloH [8, 9].

Pe3yabraThl 1 00CYK/IEHHE

Merazion 6611 pazpaboran B [epManuu B Kave-
CTBE aJbTepHATUBBI MophuHy Bo Bpems Bropoii
MHUPOBOI BOIfHbI. BriepBbie ObLI CUHTE3UPOBAH B
1937 nemernikumu uccienosarenamu M. bokMiosrem
u T. Opxaprom [10]. B 1942 roxy 6bLt HataskeH 1mpo-
MBITIIJIEHHBIM BBITTYCK TIperaparta aMuIoH, UCIIOJIb-
30BaBIIIETOCS B KauecTBe aHaJbreTnka. CyiecTByer
Mu@, 4TO Ha3BaHUe Mperapara «10JabhuHs> (Ipyroe
Ha3BaHUE METAJIOHA) SIBJISAETCH TPOU3BOIHBIM OT
«Anonpd Twrnep». Ha camom nene HazBanue yT-
BEPAMIOCH B KAUeCTBE TOPrOBON MapKHU yiKe MOCJe
Bropoii MmupoBoii BoiiHbl. BeposiTHee Bcero, B 0CHO-
BE HA3BAHUSA <«I0Jb(PUH» JEKUT JATUHCKOE CJIOBO
«dolor» (6osp) u dpaniysckoe «finy (koerr), To
ectb OYKBaJIbHO «OoJieyTosuresby [11].

Dusuko-xumMuyeckue cBoiicta. Metamon (6-
(mameTnnaMuHo)-4,4-mudennarentTanon-3) — CUH-
TETUYECKUI TIPENapaT U3 rpyTiibl OIUOU/IOB, TIPUMe-
HSEMBII B psi/ic CTPaH KaK aHAJIBIEeTUK, a TaKXKe TIpu
JIeYeHUM HapKOTUYeCKOH 3aBUCUMOCTH. MeTa/loH Ha-
XOJIUTCS B CIIMCKE HADKOTUYECKUX CPEICTB U TICUXO-
TPOITHBIX BEIECTB, 000POT KOTOPBIX B Poccun 3ampe-
nteH [12]. B cTpanax, riae MeTajoH UCIoIb3yeTcs Kak
JIEKAPCTBEHHOE CPEJICTBO, TIPerapaT BBITYCKAETCS B
dhopme cupomna (Methadone hydrochloride) mo 5, 10,
20, 40 1 60 Mr, a Takske B Buze TabueTok 5 u 10 Mr, Te-

databases. The reference lists of the relevant publications
were reviewed in a search for additional research data for
the present review. Additional sources included conference
materials, expert opinions, drug manufacturers' reports on
the results of clinical trials. Language or publication date
restrictions were not established.

Terminology. The term «opioids» is used for chemicals
that affect opiate receptors. The term <opiates» refers to
the alkaloids isolated from opium poppy (morphine,
codeine, tebain). Semisynthetic opioids (heroin, oxy-
codone) were created by chemical modification of opiates.
Synthetic opioids are chemical compounds that are not
related to opiates, but are capable of binding to opiate
receptors and have a similar effect. The main representa-
tive of synthetic opioids is methadone [8, 9].

Results and Discussion

Methadone was invented in Germany as an
alternative to morphine during World War II. The
first sample was synthesized in 1937 by German
researchers M. Bockmiihl and G. Ehrhart [10]. The
industrial production of the drug <«Amidone»,
which was used as an analgesic, was set up in 1942.
There is a myth that the name of the drug «dol-
phin» (another name for methadone) is derived
from «Adolf Hitler». In fact, the name was estab-
lished as a trademark already after World War TI.
Most likely, the word «dolphins is derived from a
combination of the Latin word «dolor» (pain) and
the French word «fin» (end), that means, literally,
«pain killers [11].

Physical and chemical properties. Methadone
(6- (dimethylamino) -4,4-diphenylheptanone-3) is a
synthetic drug from the opioid group used in several
countries as an analgesic and as a medicine for the
treatment of drug dependence. Methadone is on the
list of narcotic drugs and psychotropic substances
prohibited for circulation in Russian Federation [12].
In countries where methadone is used as a medicine,
it is available in the form of a syrup (Methadone
hydrochloride) at 5, 10, 20, 40 and 60 mg and in 5 and
10 mg tablets; the daily therapeutic dose is 60—100 mg.
For analgesia, 2.5—10 mg of the drug is administered
parenterally [13].

Methadone exists in two isomeric forms. The
levorotatory (left-methadone) form produces an
approximately 4 times stronger analgesic effect as
compared to morphine.

Methadone is manufactured in the form of a
hydrochloride salt. Tt is a white crystalline powder
of bitter taste, which melts at a temperature of
233—236°C, is soluble in water, alcohol and chloro-
form, and insoluble in diethyl ether [14].

Toxicokinetics, toxicodynamics and toxicity.
Methadone is a phenylephthylamine, a relatively
lipophilic substance; as a result, it is widely distrib-
uted throughout all tissues of the body. The sub-
stance is a racemic mixture of R- and S-methadone.
R-methadone is 8—50 times more potent than S-
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paneBTuyeckas 103a — ot 60 1o 100 mr/cyr. /Lins ana-
spresun 2,5—10 Mr BBozsAT mapentepasibio [ 13].

Mertazion cyiecTByeT B IBYX U30MePHBIX (HOp-
Max. ¥ JeBOBpallaoniero (JeBo-MeTaloHa) aHaIbre-
3upyloliiiee [eiicTBUe MPUMEPHO B 4 pas3a CHUJIbHEE,
4yeM y MOpguHa.

Metamon BbIIIyCKAeTCST B BHJE THAPOXJIOPU-
na. I1o Gesblil KPUCTAJIINYECKUIT TOPOIIOK TOPb-
KOO BKyCa, KOTOPBII IJIABUTCS IIPU TEMIIEPATYpPe
233—236°C. PactBopuM B BOjie, CIUPTE U XJIOPO-
(bopme, HepacTBOpUM B 1aTHIOBOM adupe [14].

TOKCHKOKMHETHKA, TOKCUKOJIUHAMHKA U TOK-
CHYHOCTb. MeTasioH sBJsieTcs (peHnIenTuIaMuHoM,
OTHOCHUTEJIbHO JUTOMUIBLHBIM BEIECTBOM, BCJIE/ICT-
BU€ Yero IUPOKO PACIIPOCTPAHSIETCS IO BCEM TKa-
HSIM OpTaHM3Ma, MPEACTaBJseT cOOOH paleMuyec-
Kyto cMech R- 1 S-metamona. R-meragon B 8—50 pas
6oJiee CUIIBHOAEHCTBYIOIIEE BEIIECTBO, HEKETH S-
MeTa/[0H. R-sHaHTHOMED 06YCIOBIUBAET GOJIBITIH-
CTBO, ecJiu He Bce, onuonubie addexTsr [15].

MertaioH GBICTPO BCACBIBAETCS TIPU HIEPOPATIH-
HOM TIpueMe u 4epe3 15—45 MUHYT MOXKeT orpeje-
JisaTest B miasMe. [lpu nepopasibHoM mpremMe miKoBast
KOHIIEHTpAINsI JePKUTCS oT 2,5 10 4 wacos [16].
BcacobiBanue MeTaioHa 3aBUCUT OT HECKOJIBKUX (DaK-
TOPOB: (HUBNKO-XUMUYECKUX CBOIICTB BEIIECTBA, Iie-
PUCTATIBTUKU KeJyI0YHO-KUIIEYHOr0 TPAKTa, IHep-
(bysum xumeunuka u pH sxesymounoro coka [17].

Cpezitsist GUOMOCTYITHOCTD TIPU TIEPOPATILHOM
npueme Metanona 70—80%, sTa BeTMuMHA MOJKET Ba-
poupoBarsest ot 36 10 100%. Drot addekr 0ObsicHs-
eTCsI 3HAYUTETBHON MHAMBUIYATbHON M3MEHINBOC-
ThIO aKTUBHOCTH IuToXpoma P450 3A4, KoTopbIii
oTBeuaet 3a MeTabosm3M MetaoHa [18].

BuomoctymnHocTs pu peKTaabHOM TIPUEME Me-
TajioHa cocranlsiet 76%. Ipenapat uMeeT OOJIBIITYO
MPOIOJUKUTETBHOCTD I€HCTBU, KOTOPast [IJIUTCS B
cpeanem oxoJio 10 wacos [19].

[Ipy BHYTPUMBIIIEYHOM BBENEHUM METAIOHA
Ha (hapMaKOKMHETHUKY IIperapaTa BJIUsSeT MECTO BBe-
nenust. [lociie BBeIeHYsI B SITOIUYHBIE MBIIIIIBI ITUKO-
Basi KOHIIEHTPAIMsST B KPOBU JOoCTUTAaeTcsT B 2,2—2,5
pasa ObIcTpee, YeM TIPU BBEJECHUH B JIEJIBTOBUIHYIO
mbrimry [20].

Cpenauit 00beM pacrpesiesieHust coctasJsiet 4,0
a/kr (1,9—8,0 si/kr), BcaencTBre 4ero MeTajioH XOpo-
10 pactpeiesisieTcs 1Mo TKauam opranusma [21]. Me-
TaJIOH OBICTPO HAKATLIMBAETCS] B TKAHSAX U MEJIEHHO
BBICBOOOK/IAETCST OOPATHO B ILJIa3My BO BPEMSI repe-
pacrpe/iesieH s U SJIMMUHAIIIE, TEM CAMbIM CII0C00-
CTBYSI €ro [IUTelbHOMY BbiBesieHmio. OH XOPOIIO
POHUKAET Yepe3 IUTALEHTY, U ero KOHIEHTPAIU B
aMHUOTUYECKOHN KNUJIKOCTU CTAaHOBUTCS PABHOW KOH-
IEHTPAIN B MATEPUHCKOM 1asme [22, 23].

B mrasme kpoBu (hpakiiust cBOGOIHOTO (HeCBsI-
3aHHOTO) METa/I0OHA COCTaBJsIeT B cpenHeM 13%, HO
MOJKET 3HAUUTEIbHO U3MEHSIThCST, YKa3aH pasdpoc B
geTbIpe pasa [24, 25].

methadone. R-enantiomer determines the majority, if
not all, of its opioid effects [15].

Methadone is rapidly absorbed after oral
administration and can be detected in plasma in
15—45 minutes. When taken orally, the peak con-
centration continues for 2.5 to 4 hours [16]. The
absorption of methadone depends on several factors:
the physical and chemical properties of the product,
the peristalsis of the gastrointestinal tract, and
intestinal perfusion and pH [17].

The average bioavailability after oral
methadone intake is 70—80%, this proportion can
vary from 36 to 100%. This variability is explained
by the significant individual variability of
cytochrome P450 3A4 activity, which is responsible
for methadone metabolism [18].

Bioavailability after rectal administration of
methadone is 76%. The drug has a long duration of
action, which lasts for an average 10 hours [19].

After intramuscular administration of
methadone, the pharmacokinetics of the drug is
affected by the injection site. After injection into the
gluteal muscle, the peak blood concentration is
achieved 2.2—2.5 times faster than when injected
into the deltoid muscle [20].

The average volume of distribution is 4.0 1/kg
(1.9—-8.0 1/kg); thus, methadone is well distributed
over the body tissues [21]. Methadone quickly accu-
mulates in tissues and is slowly released back into
blood serum during its redistribution and elimina-
tion, thereby contributing to its long time of excre-
tion. It penetrates well through the placenta, and its
concentration in the amniotic fluid becomes equal to
the concentration in the maternal plasma [22, 23].

An average plasma fraction of free (unbound)
methadone is 13%, but it can vary significantly, the
variations may reach a 4-fold difference [24, 25].

In the blood, methadone binds to the alpha-1-
acid glycoprotein (orosomucoid), and also to albu-
min and globulin. Tt should be noted that orosomu-
coid is an acute phase protein and its concentration
may increase in tumors or in the case of opioid drug
dependence [26]. For example, patients with cancer
have a high level of alpha-1-acid glycoprotein, which
leads to a decrease in the concentration of the free
methadone fraction and, thus, the pharmacologically
active concentration of the drug in the circulating
blood [27].

At present, there are conflicting data on the
safety of prescribing methadone for the replacement
therapy [28]. For example, the American Academy of
Pediatrics suggests that doses up to 20 mg taken
within 24 hours are not dangerous in the lactating
women [29]. Recommendations for women receiving
methadone replacement therapy suggest not refusing
breastfeeding [30, 31]. It is estimated that only 2.8%
of the daily dose of 40 mg methadone permeate into
breast milk [32].
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B kpoBu Metazion cBs3biBaeTcs ¢ anbda-1-Kuc-
JIBIM TJIMKOIIPOTEMHOM (OPO30MYKOHJIOM), TaKxkKe yc-
TAHOBJIEHA €T0 CBSI3b ¢ AIbOYMUHOM U TJIOOYJIMHOM.
Ciiemyer OTMETUTD, YTO OPO30MYKOU/L SABJISAETCS OCT-
podasHBIM GEJIKOM 1 €T0 KOHIIEHTPAIIUS MOKET OBbI-
HIATHCS TIPU OTTYXOJISX WJIU TIPU (DOPMUPOBAHUH 3aBH-
cumocTH ot onuonioB |26]. Hampumep, y G0JIBHBIX ¢
PaKoM OTMeyaeTcs BBICOKUI yPOBEHbD abda-1-Kucuo-
rO TJIMKONPOTEWHA, YTO TPUBOJAUT K YMEHBINCHUIO
KOHIIEHTPAIUHU CBOOOIHOI (DPAKIMU META[OHA U, TEM
caMbIM, (hapMaKOJIOTMYECKH aKTUBHOM KOHIIEHTPAIUN
npenapara B IUPKyJIUpyoliei kposu [27].

B nacrosiiee BpeMsi UMEIOTCS MPOTUBOPEYH-
BbI€ JIaHHbIE 0 OE30MACHOCTU HA3HAYEHUST META/IOHA
npu 3aMecTuTesbHOM Tepanuu [28]. Hampumep,
Amepuranckas Axanemus llexuatpun npejroJiara-
er, 4To 1036l 710 20 Mr B TeueHuu 24 4acoB He SABJIS-
I0TCSl ONIACHBIMU JIJIs KopMstieit matepu [29]. Ume-
I0TCS PEKOMEHJIAIUN JIJIS JKCHIIUH, TTOJTYYaronux
3aMECTUTEIBHYIO0 METAJIOHOBYIO Tepalnio, He OTKa-
3pIBaThCA OT TpyaHOro Kopmienud [30, 31]. [loxcun-
TAHO, YTO OT CYTOUHOM /103bl MeTaoHa 40 MT B rpy/I-
HOE MOJIOKO TIonafaer Toibko 2,8% [32].

Tem He MeHee, CyNIeCTBYeT TeCHasd B3aMMO-
CBSI3b MEXK/Iy MAaTEPUHCKOU 10301 MeTaI0Ha U TSKe-
CTBIO HEOHATAILHOTO aOCTUHEHTHOTO CUH/IPOMA, TaK
KaK /103, TIOJTyYeHHAsd MJIa/ICHIIEM, 3aBUCUT OT J103bl,
KOTOPYIO TIOJIydasia MaTh BO BPEMs BCKApMJITMBAHUS.

OCHOBHBIM MyTeM MeTaboJIn3Ma MeTa/[OHa SB-
JisieTcst OKucauTesbHast Ouorpanchopmarmst [33].
Metamon N-gemerunupyercst 10 2-atuianH-1,5-1u-
MeTi-3,3-mudennnnupoanana (EDDP), kotopbrii
SABJISETCS HEAKTUBHBIM BEIIECTBOM M BBIBOJIUTCH
moukamu |34, 35].

Merta/loH Takke MeTabOJIM3UPYETCsT B JIPYTroi
He aKTUBHBIN MeTaboIuT 2-9THJI-5-MeTui-3,3-aude-
Hui-1-mupposiua (EMDP) [36, 37] 1 B MaJbIx KOJIH-
yecTBaxX B /[Ba HEOOJIBIINX aKTHBHBIX MeTabOJIUTA:
MeTajio 1 HopMmeTanon [38].

OcHoBHBIMEU (hepMEHTAMU, y4YacTBYIOIIUMU B
OKUCJUTETHHOM N-/IeMeTUINPOBAHUY SABJISIOTCS TIH-
toxpombl CYP3A4 u CYP2B6 [39], apyrue uccrieno-
BaHWSA TIpejnosaraioT Takxke ydactue CYP2CY,
CYP2C19,32 CYP2D6, u CYP2CS8 [40—42].

MeTamoH MOABEPTACTCS CTEPEOCENCKTUBHOMY
metabosamy (N-ZeMeTUIUPOBAHUIO) € yUYaCTHEM
CYP2B6, npeumyiecTBeHHO MeTabOJU3UPYSCh B
HeaKTUBHbIN S-meTaion u ¢ yuactrem CYP2C19 me-
TabOIM3UPYsICh B aKTUBHbBII R-MeTtaoH [43].

B uccienoBanmm in vitro 6110 YCTaHOBJIEHO, YTO
MeTaboJIMUecKuil KJIUpeHe R-MeTajioHa ¢ ydacTHeM
CYP3A4 6611 IpUMEpPHO B YeThIPE pasa BbIIIe, 4eM S-
MeTaiona [44]. Beuio 1okazano, 4To KOJMYeCcTBO S- 1
R-meraziona omHAKOBO CHUIKAETCSI IPU OCTPBIX OT-
pasisienusix [45]. Hakorienne Metazona mpoucxoauT
13-3a JIJIUTEJBHOTO TIePUOJIA TTOTYBBIBEJCHUS TIpeTia-
para (B cpeHeM 55 4acoB TIOCJIe OJHOKPATHO 103bI 1
22—25 1ipu XpoHUYecKoM Tipueme) [6].

However, there is a strong association between
the maternal dose of methadone and the severity of
the infantile abstinence syndrome, since the dose
received by the infant depends on the dose which the
mother received during the breastfeeding.

The main way of methadone metabolism is
oxidative biotransformation [33]. Methadone is N-
demethylated to 2-ethylindine-1,5-dimethyl-3,3-
diphenylpyrolidine (EDDP), which is an inactive
substance and is excreted by the kidneys [34, 35].

Methadone is also metabolized to another inac-
tive metabolite, 2-ethyl-5-methyl-3,3-diphenyl-1-
pyrroline (EMDP) [36, 37| and in smaller amounts
into two minor active metabolites: metadol and
normetadol [38].

The main enzymes involved in oxidative N-
demethylation are cytochromes CYP3A4 and
CYP2B6 [39], other studies also suggest the contri-
bution of CYP2C9, CYP2C19.32 CYP2D6, and
CYP2C8 [40—42].

Methadone undergoes stereo-selective metabo-
lism (N-demethylation) involving CYP2B6. It is
preferentially metabolized into inactive S-
methadone, and into active R-methadone with the
involvement of CYP2C19 [43].

One in vitro study has found that the metabol-
ic clearance of R-methadone involving CYP3A4 was
approximately four times higher than that of S-
methadone [44]. Tt was shown that the concentra-
tion of S- and R-methadone decreases equally in
acute poisoning [45]. Accumulation of methadone
results from a long half-life of the drug (an average of
55 hours after a single dose and 22—25 with chronic
intake) [6].

Methadone has demonstrated a very large indi-
vidual variability in the studies of its toxicokinetics
and toxicodynamics, whereby it is a potentially dan-
gerous drug for medical use. There is a 17-fold differ-
ence between the groups in which the methadone
concentrations were compared after its intravenous
administration [16].

Methadone is a mu-opioid receptor agonist and
a weak N-methyl-D-aspartate (NMDA) receptor
agonist [46]. At the cellular level, opioids inhibit
adenylate cyclase and reduce the production of
cyclic AMP (cAMP).In the case of chronic use, tol-
erance develops, resulting in a compensatory
increase in adenyl cyclase activity and cAMP con-
centration with a partial increase in intracellular cal-
cium content and an increase in NMDA activity.
[47]. Because of competition for the NMDA recep-
tor, methadone prevents opioid tolerance and opioid
withdrawal syndrome [48].

The pharmacokinetics of methadone is charac-
terized by high individual variability. Table 1 shows
several key pharmacokinetic parameters.

Currently, there are numerous publications on
the effect of methadone on life support systems, pri-
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Mapmakokunernka meragona (mo Lugo R.A., Satterfield K.L., Kern S.E., 2005) [48].
Pharmacokinetics of methadone (by Lugo R.A., Satterfield K.L., Kern S.E., 2005) [48].
Parameters Value of parameters Range
Bioavailability, % 70—80 36—100
Tmax, h 2,5—4 1-5
VdB, I/kg 40 19-80
Binding to proteins, % 87 81—-97
Half-life, h 20—35 5—130

IIpumeyanue. Parameters — napamerpbl; Value of parameters — snauenus napamerpos; Range — nuanason; Bioavailability — 6u-
omnoctymrocts; h — u; 1/kg — a/kr; Binding to proteins — cBsizpiBanue ¢ Genkamu; Half-life — nepuon nonyseisenenust.

VYV merazona HaboaeTcda o4eHb Oosblasg uH-
JIMBU/yaJibHast BaprabelbHOCTD TIPU UCCJIEIOBAHUN
€Tr0 TOKCUKOKUHETUKHM U TOKCUKOJAMHAMUKH, B CUJTY
Yero OH SBJIAETCH MOTEHIIMATHHO OMTACHBIM ITperapa-
TOM JIJISI UCTIOJIb30BAHUSA B MEUITMHCKUX T1essaX. OT-
MeuaeTcs 17-KpaTHas pasHUIA MEXY TPyIIamMu, B
KOTOPBIX CPaBHMBAJIACh KOHIEHTPAIMS MeTaZoHa
ocJie ero BHYTPUBEHHOTO BBezienud [16].

MerTajioH SIBJISETCS arOHUCTOM MIO-OITHOU/IHO-
ro perentopa u ciabbiM aronncroMm N-merus-D-ac-
naprat (NMDA) penentopa [46]. Ha kierounom
YPOBHE OMUOUbI HHTHOUPYIOT aJleHUIATIIUKIIA3Y U
CHIJKAIOT TPOU3BOACTBO HukJIndeckoro AMD
(UAM®). TTpu XpOHUUECKOM YIIOTPeOJIEHUN PA3BU-
BaeTCS TOJIEPAHTHOCTD, B PE3YJIbTAaTe Y€TrO MPOUCXO-
JIUT KOMITEHCATOPHOE YBEJIMYEHUE aKTUBHOCTHU ajie-
HUJIUKIa3bl v KoHteHTparm TAM® ¢ yactudanbiM
POCTOM COZIepsKaHUd BHYTPUKJIECTOYHOTO Kbl U
yBesmuenneM NMDA-aktusnoctu [47]. 3-3a KoH-
kypentmu 3a NMDA-perienitop MeTaloH Ipe0TBpa-
AT OMUOUIHYIO TOJEPAHTHOCTD U OMUOU/THbBII a0-
CTUHEHTHBIN cuHIpoM [48].

DapMakOKMHETUKA META[0HA XapaKTePU3yeT-
Cs1 BBIPAKEHHOI WHAWBUYaJbHOU BapuabesbHOC-
Thi0. B TabJinile MpUBEEHBI HECKOJIBKO KIIOUEBBIX
(bapMakoKkMHETUYECKUX MTAPAMETPOB.

B coBpemeHHOI siuTepaType MMeITCs MHOTO-
YHUCJIEHHBIE CBE/ICHUS O BIUSHUM METAJIOHA HA CUCTe-
MbI JKU3HeoOecIeueH s, B 1IepByIo ouepeb, Ha [ITHC,
JIBIXaTeIbHYIO, CePACYHO-COCYIUCTYIO U MOYEBbIjIE-
JINTENIbHYTO cucTeMbl. OCTpoe OTpaBJeHUE METafio-
HOM TIPUBOJIUT K TUTIOKCUYECKOMY TTOPAKEHUTO TOJIO-
BHOTO MO3Ta W TIOSIBJIEHUIO MIIEMUYECKUX 04aroB, a
TaK/Ke TIPSIMOMY TIOpaKeHuIo Mo3skeuka [49, 50].

B snutepatype nMeroTcs cBeieHns 0 HapyIleH -
SIX cJTyXa y GOJIbHBIX, HAXOISIIIXCSI Ha 3aMECTUTE b=
woii repanuu [51]. /lanibie u13MeHeHUsT MOTYT PAa3BH-
BaThbCA KaK MPU OCTPOM, TaK M TPU XPOHUUYECKOM
orpasJsieHnr MeTagoHoM. OObIYHO GOJIbHBIE OTMEYa-
0T TIOTEPIO CJIyXa B TIEPUOJ] TPOOYIKIEHUST TIOCIIE YT-
HereHust coszHanus [52]. Kpome toro, MOTyT ObITH U
Jpyrue BeCTUOYIOKOXJIEAPHBIE PACCTPONCTBA, TAKIE
KaK: IITyM B yIITaX, 3aKJIaibIBaHKE yIIIel U TOJI0OBOKPY-
skerus [53]. Omguako matou3nogornyecKie Mexa-
HU3MBI JIEHCTBUSA MeTaJj0HA HAa CIyXOBOW ammapar
YeJI0BEKA 10 KOHI[A HE U3BECTHBI, He Pa3paboTaHO

marily on the central nervous system, respiratory,
cardiovascular and wurinary systems. Acute
methadone poisoning leads to hypoxic brain damage
and the appearance of ischemic foci, and causes
direct damage of the cerebellum [49, 50].

Published data has demonstrated impairment
of audition in patients undergoing the replacement
therapy [51]. These changes may develop in both
acute and chronic methadone poisoning. Typically,
patients report hearing loss during their recovery
after unconscious state [52]. In addition, other
vestibule-cochlear symptoms may develop, such as
tinnitus, ear blocking, and dizziness [53]. However,
neither the pathophysiological mechanisms of action
of methadone on the human hearing system are
understood, nor treatment has been developed [54].

In studies of the influence of methadone on the
respiratory system, both in animals and in humans, res-
piratory depression was described, accompanied by
severe hypoxemia and hypercapnia [55, 56]. The mech-
anisms of respiratory depression are associated with
the impact on the central nervous system, although
there is also some effect on the peripheral mechanisms
of chemoreception [57—60]. The inhibition of the res-
piratory center is the main mechanism of action of
methadone, which is mediated by the blocking of
UMOR receptors, specifically p2 receptors in the
medulla oblongata [59].This mechanism is also proven
by the evidence that the respiratory failure caused by
methadone is characterized by dose-dependence and
reversal by the administration of naloxone. Impaired
functions of external respiration are characterized by a
decrease in the respiratory volume (VT), partial oxy-
gen pressure and arterial blood pH with an increase in
the partial pressure of carbon dioxide [59, 61].

In addition to the central mechanisms of the
respiratory system impairment in acute methadone
poisoning, pulmonary edema develops sometimes. Its
pathogenesis is described in the literature as follows:
first, because of hypoxemia and respiratory acidosis,
which occur with central depression of respiration
and lead to an increase in capillary permeability [62].
Second, the impact of histamine on the pulmonary
capillary, whose release is stimulated by both local
and systemic effects of methadone. Histamine
increases pulmonary capillary permeability [63, 64].
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TaKKe JieueHne HapyIIeHnl cryxa, 00yCJIOBJIEHHBIX
METaIOHOM [ 54].

IIpu uccsieoBanny BAUSHUSA METAIOHA HA JIbI-
XaTeJbHYI0 CUCTEMY U Y JKUBOTHBIX, U Y JIIOJICH OTMe-
YyaeTcd yrHeTeHUe JIbIXaHUs ¢ Pa3BUTHUEM BBIPAKEH-
HOIl ruloKceMuu u runepkamnuuu [55, 56].
MexaHu3Mbl yTHETEHUS JIBIXaHUS CBA3aHBI C BO3/ICH-
CTBHEM Ha TIEHTPAJbHYIO HEPBHYIO CHCTEMY, XOTS
nMeeTcsd U JIeHCTBUE Ha Tepudepruiecke MeXaHu3-
MBI Xemopereniuu [57—60]. YrHereHnue aprxatesb-
HOTO T[CHTPA SIBJISIETCS OCHOBHBIM MEXaHU3MOM JICHi-
CTBUSI MeTajoHa 3a cueT Onokuposanuss WMOP
PEIEnTOpOB, @ KOHKPETHO U2 PEIENTOPOB B MPOIOJI-
roBaroM Mo3re [39]. DToT pakT 10KA3bIBAETCS TAKAKE
TeM, UTO BbI3BAaHHASI META/IOHOM JIbIXaTeJbHAS HE/l0-
CTaTOYHOCTb XapPaKTEPU3YETCs 10303aBUCUMOCTDIO U
BO3MOKHOCTBIO KYNMUPOBAHUS TIOCJIE BBEJICHUS Ha-
Jokcona. Hapyienus yHKIMI BHEITHETO IbIXaHUS
XapaKTEePU3YIOTCSI CHIKEHUEM J[BIXAaTEIbHOTO 00be-
ma (VT), nanpszkenus: kucyaopoga u pH B aprepu-
AJTbHON KPOBU € TOBBINICHUEM HANPSIKCHUS yTJie-
Kucsroro rasa [59, 61].

[ToMUMO TIEHTPAJIBLHBIX MEXaHU3MOB IOpPaXKe-
HUS CUCTEMBI [[BIXaHUS TPU OCTPBIX OTPABICHUIX
METaJIOHOM MHOTJIA OTMEYAETCSI PAa3BUTHE OTEKA JIeT-
KWX, TTATOT€HE3 KOTOPOTO OMUCBHIBAETCS B JINTEPATY-
pe caeayommmM 06pa3oM. Bo-TlepBbIX, THITIOKCEMUST U
pecrupaToOpHbBIN aln103, KOTOPbIE PA3BUBAIOTCS TIPU
IEHTPAJIbHON JIETIPECCUU JIbIXaHUs, TTPUBOJIAT K yBe-
JIMYEHUIO KAWJJIAPHOU mponutiaeMoctu [62]. Bo-
BTOPBIX, CKa3bIBaETCSI BO3/IECTBHE HA JIETOUHBIN Ka-
MWD TUCTAMUHA, CTUMYJIATOPOM KaK MECTHBIX,
TaK U CHCTEMHBIX MEXaHU3MOB BBICBOOOKIEHUS KO-
TOPOTO SBJIAETCH METaJIoH. [McTaMuu yBesnynBaet
MIPOHUIIAEMOCTH KaUJIIpoB [63, 64].

YcTaHOBJIEHO, YTO METAZIOH BO3/ICHCTBYET U HA
CEPACYHO-COCYTUCTYIO CUCTEMY. DKCIIEPUMEHTAIBHO
JIOKa3aHO, YTO METAJIOH MPOSBJIAET CBOU KaPAMOTOK-
CHUYeCKHMe CBOKMCTBA M BO3JAEHCTBYeT Ha (HyHKIINU
cepziia 1o pasueiM Mexanusamam [65]. Hecmotpst Ha
YTBEPIKJEHUS, UTO METAJOH SIBJISIETCS] OE30TaCHBIM
JIEKapCTBOM, B JIUTEPAType BCTPEYAIOTCA OMUCAHUS
CIy4aeB KapAUOTOKCUYHOCTH MeTazioHa [66, 67].
[Ipomanenue QT-uHTEpBaia B OCHOBHOM CBSI3aHHO C
M3MEHEHUEM YaCTOThI CEPACYHBIX COKPAIIEHUN, TIPU
uccsenoBannsx y 16% GobHBIX MOJYYaONIUX 3aMe-
CTUTEJIBHYIO Tepanuio [oKazaHa KapAuOTOKCHY-
HOCTD B Bujie nnpojienus QT-unrepsana [68]. [Tupy-
JTHAs TaxXWKap/Ausd BO3HUKaeT Ha (OHE yIJIUHEHUS
nnTepBaia QT-unTepBasa. B aTom cirydae KoMILIEK-
col QRS HernpepbIBHO MeHATOTCA 110 (hopMe, HATTPaB-
JICHUI0, aMIIATY e ¥ JTTeabHoCTH [69].

B ymreparype nMeroTcs CBENCHUS O TSKEIBIX
HOBPEKIEHUSIX TTOYEK Y OOJIBHBIX ¢ OCTPBIME OTPAB-
JICHUSIMU METaJI0HOM, TIOPOM JOCTUTAIOIINE CBOE
Kpaiineil (popM — OCTPOii TTOUEYHOI HEJIOCTATOUHOCTU
B aHypuueckoil crajuu. [loBpexaeHne noyek Moxer
OBITH BHI3BAHO CJIEYIOIIUMU TIPHUMHAMU: TIPEPEHAIb-

It has been demonstrated that methadone also
affects the cardiovascular system. It has been experi-
mentally proven that methadone executes its car-
diotoxic properties and affects the functions of the
heart by involvement of different mechanisms [65].
Despite the claims that methadone is a safe drug,
there are numerous descriptions of cases of
methadone cardiotoxicity in literature [66, 67]. The
prolongation of the QT-interval is mainly due to a
change in the heart rate. Some studies have demon-
strated that 16% of patients receiving the replace-
ment therapy have cardiac toxicity in the form of
prolongation of the QT-interval [68]. Pirouette
tachycardia (torsades de pointes) may develop as a
result of lengthening of the QT-interval. In this case,
QRS complexes continuously change in shape, direc-
tion, amplitude and duration [69].

Published data provide the evidence of severe
damage to the kidneys in patients with acute
methadone poisoning, sometimes reaching its severe
form, i.e. acute renal failure in the anuria stage. The
damage of kidneys may be caused by the following
mechanisms: prerenal (hypotension, centralization of
blood circulation) and renal (rhabdomyolysis and
hypoxia) [70].

Toxic-chemical analysis. A quantitative analy-
sis of methadone in blood and urine is performed
using a gas chromatograph equipped with a nitrogen-
phosphorus detector (GC-NPD) [71].

Replacement therapy with methadone. The
maintenance replacement therapy program (includ-
ing methadone maintenance) has been used in more
than 60 countries worldwide for almost 40 years and
is officially supported by WHO. In 2005, WHO
introduced methadone to the list of «essential medi-
cines», the use of which is not only permitted but
also considered to be the most effective, justified and
safe in opioid dependence. Methadone is known as a
drug that demonstrates a positive effect in treatment
programs with a well-defined methodology of its pre-
scribing and monitoring [72].

Methadone is widely used to treat opiate
dependence [73]. In methadone heroin addicts,
methadone significantly contributes to the reduction
of morbidity and mortality [74].

However, after a period of high expectations
«methadone programs» raise increasing criticism
from both doctors and the society in those countries
where they were introduced. Reasons for cancella-
tion of their wide use included relatively high toxic-
ity of methadone, which leads to dangerous compli-
cations, and slow rate of its excretion from the body
[64]. Because of a long half-life of methadone, it is
very difficult to control the therapeutic dose, which
frequently results in overdose. Although naloxone
can attenuate symptoms of poisoning, death can
occur within several hours after discharge from the
hospital [75].
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Hble — THUIOTEH3USsI, TIEHTPAIU3aIis KPOBOOOpalie-
HUIST; peHAJIbHBIE — pabaomMuosius, runokcst [70].

Tokcuko-xumMuyeckuii anaiama. Kosnuect-
BEHHBIN aHAJIN3 METAJ0OHA B KPOBU M MOYE MPOBO-
JIUTCS € UCIIOJb30BAHUEM Ta30BOTO XpomaTorpada,
000py0BaHHOTO a30TO(hOCHOPHBIM JIETEKTOPOM
(GC-NPD) [71].

3aMecTurespbHas Tepanus MeTagoHOM. lIpo-
rpaMMa 3aMeCTUTEJIbHOU MOAMePKUBAIONIEH Tepa-
nur (B TOM YHCJIEe METQJIOHOBOI ) UCIIOMb3yeTcst GOo-
Jgee yeM B 60 cTpaHax Mupa Ha TIPOTSKEHUM YiKe
noutu 40 siet u opurmanbHo nomIepskuBaeTea BO3.
B 2005 roay BO3 BHecs1a METaIOH B CIIUCOK «OCHOB-
HBIX JIEKAPCTBEHHBIX CPEACTB», MUCIIOJIH30BAHUE KO-
TOPBIX HE TOJIBKO Pa3PEIIeHO, HO U CUUTAETCS Haubo-
jee a(hhEKTUBHBIM, OMPABAAHHBIM U OE30TIACHBIM
TIpU ONIMOUAHON 3aBUCUMOCTHU. MeTaoH, NCIOTb3Y-
eMblii B JIedeOHBIX TIPOrPAMMAX € YETKO TPOIHCAH-
HOHI MeTojioJioTHell Ha3HAYeHUs] U KOHTPOJIS, TpU-
3HAETCS JIEKAPDCTBEHHBIM CPEJCTBOM, HMEIONUM
MO3UTUBHBIN addexT [72].

MeTa/ioH MUPOKO UCTIOJIB3YETCS IS JICUCHUS
OTIMATHOM 3aBUCUMOCTH [73]. Y TePOMHOBBIX HAPKO-
MAHOB METaJIOH BO MHOTOM CIIOCOOCTBOBAJ CHIKE-
HUO OOJIE3HEHHBIX [TPOSIBJIEHUI U cMepTHOCTH |74 ].

O/HaKO «MeTaJIOHOBBIE POTPAMMBI» TIOCJIE Tie-
PHO/Ia HEOTIPABAHHO GOJIBIIINX OKUIAHUI CTAJIU BbI-
3bIBaTh BCe GOJIBINYI0 KPUTHKY CO CTOPOHBI KaK Bpa-
Yeil, Tak U 0OIIEeCTBEHHOCTH TeX CTPaH, e OHU ObLIN
BHe/IpeHbL. [IpUunHbI 0TKa3a OT UX MIUPOKOTO TIPUMe-
HEHUS: OTHOCUTEIBHO BBICOKAS TOKCHYHOCTD METAI0-
Ha, TPUBO/IATIAS K BOSHUKHOBEHUIO IOCTATOYHO OT1ac-
HBIX OCJIO}KHEHUI CO CTOPOHBI BHYTPEHHUX OPTaHOB;
MeJ[JIeHHas CKOPOCTh €r0 BBIBEICHUS M3 OPraHu3Ma
[64]. B cBg31 MPOJIOHTUPOBAHHBIM BPEMEHEM TIOJTY-
BbIBE/ICHUE METAJI0Ha KOHTPOJNPOBATH TepaIleBTHYC-
CKYyTO /103y OYECHb CJIOXKHO, YTO IMPUBOAUT K YACTHIM
nepeiosupoBkam. HecMoTpst Ha TO, 4TO ¢ TIOMOIIBIO
HAJIOKCOHA MOKHO KYIHPOBaTh CUMIITOMBI OTpaBJie-
HUS, CMEPTh MOXKET HACTYNUTD Yepe3 HeCKOJIbKO Ya-
COB TI0CJIe BBIKMCKY U3 cTaimoHapa [73].

3aMecTuTesbHASA Tepanus UMeeT /[Ba BApUAHTA.
[IepBblit — NpUMeHeHNe MeTaJIoHa C IeJIbI0 KyTTHPO-
BaHUS OCTPBIX ITPOSBJICHUI CUHAPOMA OTMEHBI TepPo-
MHA C JTUTUYECKUM CHUIKEHUEM J103, BTOPOI — C T1e-
JIBIO JITTUTETbHON «3aMeCTUTEJIbHON Teparuny, Tak
KaK CYMUTAETCH, YTO HA3HAYCHNE METAJI0HA TIPUBOJINT
K TIPEKPAIIEHUIO TIOTPEOTEHHS «yJIUIHBIX HAPKOTH-
KOB» (UTO JJOCTATOYHO COMHUTENBHO) [76].

B To ke Bpemsi M3BECTHO, YTO METAJIOH OYCHb
OBICTPO BBI3BIBAET NIPUBBIKAHIE, a B CJydae TIpeKpa-
NIEHUd TpUeMa — TKEJIbId M JI0JTO He KyIupyio-
muiicss abCTUHEHTHBINH cUHAPOM. VHBIMK cioBaMu,
PETYJIAPHBII TPUEM MeTaloHa o3HaYaeT (hopMUPOBa-
HUE META/IOHOBOI HAPKOMAHUH, KOTOPas O] BBIBEC-
KOIl «MeTaJIOHOBasI [IPOrpaMMas 3aMeHsieT COOON Te-
pouHOBYI0 Hapkomanuto. Hampumep, miBenckas
«METAJIOHOBag TIPOrpaMMay, KOTOpas OTJINYAeTCs

The replacement therapy has two regimens. The
first regimen is the use of methadone for the purpose
of reversal of acute manifestations of heroin with-
drawal with abrupt decrease of its dose; the second
regimen is administration of methadone as a pro-
longed «replacement therapy,» since it is believed that
prescription of methadone leads to a cessation of con-
sumption of «street drugs» (which is unproven) [76].

At the same time, it is known that methadone
addiction may develop very rapidly, and its discon-
tinuation causes a severe and prolonged withdrawal
syndrome. In other words, the regular use of
methadone means the formation of methadone
addiction, which, under the name «methadone pro-
gramy, replaces heroin addiction.

For example, the Swedish «methadone pro-
gramy», which is characterized by strict limitations
in the selection of patients and strict supervision of
compliance with abstinence from «street» drugs
(urine test 2—3 times a week, prohibition to appear
in certain places where drugs are sold) is aimed at
social integration of drug addicts, cessation of
crimes, and prevention of early death. However,
the a 9-year follow-up study of 279 patients has
shown that 33% died, 69% were convicted for
crimes, 60% had no job, and 5115 cases of hospital
admission were recorded during the participation
in the program.

In 1999, O. Schroeder, a member of the
International Narcotics Control Board, representing
Germany, reported an increase in the number of seri-
ous complications associated with the use of
methadone and a doubling in mortality; in 1998, he
said, 240 people died from methadone in Germany.
Methadone is widely used; for example, in Western
Europe; over 300000 patients are included into
methadone programs; a tendency to delegate this
practice from specialized centers to general practi-
tioners, nurses, pharmacists is observed and encour-
aged; «<methadone buses» are used. [77].

At the same time, it may be claimed that the
popularity of the methadone replacement therapy
programs in many countries has significantly
decreased. Practically all authoritative experts indi-
cate that the replacement therapy is not a «decisive»
method of treatment, but can be implemented only
in a complex of intensive social and therapeutic
interventions. It should be taken into account that a
significant number of people suffering from drug
addiction do not comply with the replacement ther-
apy programs and return to systematic consumption
of illegal drugs [76].

Intensive therapy. Standard treatment of acute
drug poisoning includes measures to stop further
intake and accelerate elimination of the poison, the
use of antidotes, a complex of interventions to sup-
port vital functions and metabolism, and prevention
and treatment of complications [1].
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JKECTKMMU OTPAHUYEHUSIMU TIPH OTOOPE MAIUEHTOB U
CTPOTHM HAJ[30POM 32 COOJIIOIEHUEM PEKIMA BO3IIEP-
JKAHUS OT <yJIMIHBIX» HAPKOTUKOB (2—3 pa3a B Hejle-
JIIO MICCJIeIOBAHME MOYM; 3aIIPET MOSBJSATLCS B OTIpe-
JICJIEHHBIX MeCTaX, I7ie TPOIAlOTCs HAPKOTUKHU, 1 JIp.)
UMeeT TeISMU COTMAJBHYI0 MHTETPAINi0 HapKOMa-
HOB, ITPEKpaIlleHre TPaBOHAPYIIEHUT, TIPEyTIPEsK/Ie-
Hue paHHeil cMepTu. [Ipn BceM aTOM u3ydyeHue cy/ib-
ObI 279 NaNMEHTOB Ha IPOTSHKEHUN 9 JIeT 1oKa3alo:
33% ymepin, 69% B Xojie ydacTus B iporpamme Obl-
JI OCY’KJIEHBI 3a TpecTyiuienus, 60% He paboTaror,
nMeso Mecto 5115 cirydaeB roCIUTAIN3AIINN.

B 1999 r. unen MexyHapo/lHOTO KOMUTETA 110
KoHTposio 3a Hapkotukamu O. Ipenep, npeacras-
Jstotuil TepMaHuio, COOOIINIT O POCTE YHCTIA CEPhe3-
HBIX OCJIO)KHEHUW TIPU NMPUMEHEHUN METaJloHA U O
YBEJTMYEHUN B /1Ba pa3a cMepTHOCTH; B 1998 1., 110 ero
cioBaM, B lepManuu ot MeTtagona ymepso 240 geso-
Bek. [IpuMeHeHne MeTajioHa OCYIIEeCTBISETCS B Mac-
COBBIX MacinTabax, Hanpumep, B 3arajnoil Espore
METaJOHOBBIMU [IPOTPAMMaMU  OXBaueHO OoJiee
300000 6oJbHbBIX; HAOIIOAAETCH U OOU[PIETCS TE€H-
JIEHIIMS K TIePeXo/ly TPAKTUKU €ro MCIIOJIb30BAHUS
OT CHENUATN3UPOBAHHBIX IIEHTPOB K OOIIETPAKTH-
KYIOIIMM BpadaM, MejcecTpaM, (apmarieBTaM; Mc-
HOJIB3YIOTCST «<METaJOHOBBIE aBTOOYChI» U JIp. [77].

OmHako, MOKHO KOHCTaTHPOBATH, YTO TIOMY-
JIIPHOCTD TIPOTPAMM 3aMECTUTEIBHON Teparuu Me-
TAJOHOM B 3apyO€KHDBIX CTPAHAX CYIIECTBEHHO CHU-
3usachb.  IlpakTuyeckm  Bce  aBTOPUTETHBIE
CHEIMAJIUCTDI YKA3bIBAIOT, YTO 3aMECTUTEJbHAS Te-
panus He SBJSETCS <«PENIAoNMM» METOJIOM Jieue-
HUH, & MOKET PEATN30BbIBATHCS TOJBKO B KOMILIEK-
ce WHTEHCUBHBIX COIMAJbHO-TEPANIEBTUYCCKUX
MmeponpuaTuii. Ciemyer NpuHUMATh BO BHUMaHUE,
YTO 3HAYUTEJNBHOE KOJUYECTBO JIUIL, CTPAAIONIUX
HapKOMaHUeEH, He YePKUBAIOTCS B TPOrpaMMax 3a-
MECTHUTEJIbHOW Tepanuu, TaKk KaK BO3BPAIAIOTCS K
CUCTEMATUYECKOMY TOTPEOJEHUI0 HEJIerajbHbIX
HAapKOTUKOB [76].

WNurencuBHas tepanus. JleueHue ocTpbIX OT-
PaBJICHUH HAPKOTUYECKUMU CPE/CTBAMM TPATUITH-
OHHO BKJIFOYAEeT B ce0s1 MEPOTIPHUSATHS TI0 TIpeKparie-
HUIO JQJIbHENINETO TMOCTYIVICHUS W YCKOPEHHOMY
BBIBE/ICHUIO $/1a, TPUMEHEHUIO aHTUIOTOB, a TaKxKe
KOMILJIEKC MeP TI0 MOICPKAHUIO BUTATBHBIX (DYHK-
1M 1 TTOCTOSTHCTBA BHYTPEHHel cpe/ibl OpraHusma,
MPOMUIAKTUKY W TEPAIHIO OCJI0KHEHUT [1].

[To maHHbBIM JIUTEPATYPBI, TPU OCTPBIX OTPaBJIe-
HIUSIX ONMUOUIAMU HarboJIee IIIPOKOE PACIPOCTPaHe-
HUE TTOJYYUJIO NCTI0JBb30BaHUE aHTUIOTHOM Tepannn
myTeM TpuMeHeHns Hajokcona [8, 9, 11, 69, 78—83].
DapmakoIOTnUecK HAJIOKCOH SIBJISIETCST YMCTHIM aH-
TAarOHMCTOM ONMOUIHBIX perenTopoB. OH neiicTByeT
[0 MEXaHU3MY KOHKYPEHTHOTO aHTarOHu3Ma, OJIOKH-
py4 CBA3bIBaHME OMUOUA C PEIIETTTOPOM UJTH <OTMBbI-
Basi» OT Hero pertenrtop. HaubobImm cpoicTBOM Ha-
JIOKCOH 00JIaJIaeT K [-PEeIerTopam.

According to the published literature, the most
widely used antidote therapy in acute poisoning with
opioids is administration of naloxone [8, 9, 11, 69,
78—83]. Pharmacologically, naloxone is a pure
antagonist of opioid receptors. It acts by the mecha-
nism of competitive antagonism, by blocking the
binding of the opioid to the receptor, or by washing
the receptor away from it. Naloxone possesses the
strongest affinity to p-receptors.

Naloxone was introduced into clinical practice
in the late 1960s. Since that there have been numer-
ous reports about its side effects (increased heart rate
and blood pressure) and serious complications (pul-
monary edema). It is known that the reversal of opi-
oid effects by naloxone is accompanied by hemody-
namic changes, which are mediated via inductors
such as pain, rapid awakening, and activation of the
sympathetic adrenal system, which is not always
associated with pain. Tt was also found that hypother-
mia due to intraoperative heat loss may occur in
patients who received naloxone for opioid effects
reversal, while oxygen consumption and minute ven-
tilation increased dramatically (two to three times)
[84]. Such metabolic needs also lead to cardiovascu-
lar stress caused by the demand of increasing cardiac
output. Due to short half-life of naloxone, repeated
central respiratory depression is also possible.
Renarcotization often occurs after the use of nalox-
one to reverse the effects of long-acting opioids [85].
It is described that administration of opioid receptor
blockers can lead to exacerbation of the withdrawal
symptoms. A syndrome of acute lung damage, arteri-
al hypertension and arrhythmia develops sometimes
after the administration of naloxone [9]. We conclude
that data on the efficacy of naloxone in intensive
therapy of acute methadone poisoning in case of a
critical condition and hypoxia is questionable.
Intensive therapy of complications of severe forms of
acute methadone poisoning (respiratory failure, cir-
culatory failure, and impairment of urine excretion)
should adhere to the general critical care principles.
In this case, early removal of the toxicant from the
body becomes crucial [1, 86]. Available literature data
support evidence of high efficacy of intestinal lavage
in intravenous methadone poisoning [87].

It should be noted, that in most of patients
admitted to the ICU with acute poisoning with
methadone, the severity of the condition is deter-
mined by metabolic disorders associated with the
duration and severity of hypoxia in addition to spe-
cific mechanisms attributed to the poison. Therefore,
treatment of severe complicated forms of acute
methadone poisoning should be directed, among
other goals, to elimination of the universal damaging
factors. The syndrome-directed approach to the
therapy of critical conditions in acute poisoning is
supported by leading experts of the Russian
Federation [1, 86, 88].
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Hasiokcou ObLT BBE/IEH B KIMHUYECKYIO MTPAK-
TUKY B KoHIlle 1960-X IT., uMeauch coobIeHus: o
ero mobouHbIX 3(derrax (yBeIUUEHHE UYACTOTHI
CEp/lEYHBIX COKPAIECHUN W apTepUaTbHOTO JlaBJe-
HUsT) U GoJiee CePhE3HBIX OCIOKHEHUSIX (OTEK Jier-
kux). VI3BecTHO, UTO CHSTUE JIEUCTBUSI OTIUOUJIOB
HAJIOKCOHOM COTTPOBOXKIAETCS TeMOJIUHAMUYECCKU-
MU CIIBUTAMU, ITyTEM OIOCPEIOBAHHBIX MEXaHW3-
MOB, TAKHX Kak 00Jib, ObICTPOE TIPOOYKACHHUE U aK-
THUBAIUS CUMIIATOAJPEHAIOBON CUCTEMBI, KOTOPOE
He Bcerja CBsi3aHo ¢ 00Jibi0. TaKiKe YCTaHOBJIEHO,
4TO Y OOJIBHBIX, MTOJYYABIIMX HAJTOKCOH JIJIsT KyTIU-
POBaHUS JEHCTBUSA ONMMOUIOB, OTMEUYAJacCh THUIIO-
TEePMUS U3-32 MHTPAOIIEPAIMOHHBIX TTOTEPb TeIa,
IIpU 3TOM Pe3KOo (B /[Ba-TPU pasa) BO3PACTAJIO T10O-
TpebJieHre KUCJI0POAa U MUHYTHAST BEHTUJISIIMS
gerkux [84]. Takue Merabosmueckue mOTPeOHOCTU
TaKyKe TPUBOJAAT K HANPSIKEHWIO CEPIeYHO-COCY-
JIUCTON CUCTEMBI 32 CYET YBEJMUYEHUS CEPAEYHOTO
BbIOpOca. B CBSI3U ¢ KOPOTKUM MEPUOIOM MTOJTYBbI-
Be/ICHUST HAJIOKCOHA BO3MOXKHO MOBTOPHOE IIEHT-
pajibHOe yTHeTeHue Jbixanus. «Penaprorusamus»
yarie BO3HUKAET TOCJIe UCITOTb30BAHUA HATOKCOHA
Juist cHatus 3¢hQGeKTOB OMUOUI0B JIJIUTENBHOIO
neiictsusg [85]. Ommcano, 4To BBeseHue OJIOKATO-
POB OINHMATHBIX PEIENTOPOB MOMKET MPUBECTU K
000CTPEHUI0 PasBUTHs aGCTUHEHTHOTO CHHPOMA.
WNnorna mocsie BBeleHUST HAJTOKCOHA MOXKET Pa3-
BUTBHCSA CUHAPOM OCTPOTO TOBPEKICHUS JIETKUX,
apTepuaigbHasd runepTonus u aputmuu [9]. Ha nam
B3IJIsl, AaHHble 00 d(PPEKTUBHOCTH HAJIOKCOHA B
WHTEHCUBHOW Tepaluu OCTPhIX OTPaBJIEHUH MeTa-
JIOHOM B CJIy4asiX Pa3BUTUS KPUTUIECKOTO COCTOS-
HUS W TUNOKCUM BBI3BIBAIOT cOMHeHus. [lpm mH-
TEHCUBHOW Tepanmuu TKeJbIX (GOPM OCTPBIX
OTPABJICHUII METAJOHOM B CJIydasgX Pa3BUTHUS OC-
snoxuenuii B Bujie OJIH, remoiunaMmuueckux Hapy-
HIEHWH, HapyIeHUH CO CTOPOHBI MOYEBBIIETUTE b-
HOIl cucTteM HEOOXOAUMO NPUIEPKUBATHCS
00IepeaHUMATOJOTUYECKON TAKTUKH BeJ[€HUSI
60JbHBIX. IIpM TOM HEOOXOAMMO HCIIOJb30BATh
METO/IBI 110 CKOpEHIIeMy BBIBE/IEHUIO TOKCUKAHTA
n3 opranmama [1, 86]. Ilo suTepaTypHBIM JIAHHBIM
UMEIOTCS CBEJICHUS O BBICOKON 3addeKkTuBHOCTH
MCIIOJIb30BAaHNS KUIIEYHOTO JIaBaxka IIPU BHYTPHU-
BEHHBIX OTpaBJeHUsAX MeTasoHoM [86, 87].

Cuetyer OTMETUTD, 4TO Y GOJIBITUHCTBA TI0-
CTYIAIOIUX B PEAHUMAIMOHHBIE OT/eIeHUsT 6OJIb-
HBIX C OCTPBIMHM OTPABJICHUSAMHU, TOMUMO CIEIU-
(buyeckux MexaHM3MOB [EHWCTBUS METa/0HA,
TSIKECTH COCTOSIHUST OTIPE/IETISIOT MeTaboImuecKue
paccTpoiicTBa, CBI3aHHBIC C JAJTUTEIbHOCTHIO W TH-
JKeCTbIo TUToKcuu. lloaToMy Tepanus TsKeJNbIX
OCJIO’KHEHHBIX (DOPM OCTPBIX OTPABJIECHUH META0-
HOM JI0JDKHA OBITh HAIPaBJI€HA, B TOM YHCJE, HA
KOPPEKIUIO YHUBEPCATbHBIX MEXaHU3MOB IIOpa-
skenunil. O BaXXHOCTU CHHIPOMHOTO TOJXOA K Te-
panuy KPUTUYECKUX COCTOSHWH TIPU OCTPBIX OT-

The most promising approach in the treatment
of critical conditions caused by acute drug poisoning
is a complex pathogenetic-based treatment program,
which includes the fastest and most effective elimi-
nation of external intoxication, increase of the capac-
ity of oxygen transport systems, elimination of
hypoxia, internal intoxication, disturbances of blood
viscosity and microcirculation, and the use of
immunomodulators.

One of the leading goals of intensive therapy of
acute methadone poisoning is the fastest and most
effective correction of metabolic disorders associated
with pre-existing and persisting hypoxia. In the cur-
rent clinical practice the so-called substrate anti-
hypoxants containing succinate are used [89—92]. It
should be noted that the stimulation of succinate-
dependent oxidation is the fastest alternative way of
correction of tissue hypoxia [92, 93].

Nowadays, cytoflavin is the most widely used
for this purpose medication in the medicine of criti-
cal states, which is a balanced complex of a metabo-
lite (succinic acid), an activator of metabolic
processes (riboxin), and two coenzymes-vitamins
(riboflavin-mononucleotide (vitamin B2) and
nicotinamide (vitamin PP)) [94].

In hypoxia, which is associated with abrupt
decrease in the activity of NAD-dependent enzymes of
the Krebs cycle, there is an urgent need to activate
alternative NAD metabolic pathways, and, above all,
the succinate dehydrogenase shunt, where oxidizing of
succinic acid takes place. To activate succinate dehy-
drogenase, which, by its structure, is an iron-sulfur
flavoprotein, a coenzyme — flavin mononucleotide
(FMN), a derivative of vitamin B2, may be used [95].

Riboflavin possesses a direct antihypoxic effect
associated with an increase in the activity of flavin
reductases and the restoration of the level of
macroergic agents (ATP and creatine phosphate),
and antioxidant properties, conditioned by the
reduction of oxidized glutathione [96].

Riboflavin stimulates the utilization of succi-
nate, activates the system of mitochondrial transport
of protons through the glycerophosphate «shuttle»
mechanism.

Nicotinamide is a selective inhibitor of the
poly-ADP-ribosyl-synthase, which is formed during
ischemia and causes loss of function of intracellular
proteins and subsequent cell apoptosis [97].

The antioxidant and antihypoxic effects of ino-
sine are realized by several interrelated metabolic
pathways:

1) activation of NAD synthesis in mitochondria
from nicotinamide, where riboxin acts as a ribose
donor;

2) stimulation of anaerobic glycolysis with the
formation of lactate and NAD™;

3) inhibition of the enzyme xanthine oxidase
and suppression of free radical reactions [98].
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paBJIEHUSIX MUIIYT B CBOUX paboTax BeAyIIUe Clie-
mamucter PO [1, 86, 88].

HauboJsiee TepCIeKTHBHBIM HAIlPaBJIEHUEM B
JiedeOHBIX MPOrPpaMMax KPUTUYECKUX COCTOSTHUN
MIPU OCTPBIX OTPABJICHUAX HAPKOTUUECKUMU CPEJICT-
BaMU CTAHOBUTCS KOMILIEKCHOE TATOT€HETHYECKOe
BO3JIeiiCTBIE, BKJOYAOIlEe B ceOsT MaKCUMAIbHO
6oicTpoe u a(hhEeKTUBHOE CHIDKEHUE YPOBHSI 9K30-
TOKCUKO32, TIOBbITIeHNE 3(hPEKTUBHOCTH KUCIOPO/I-
TPAHCIIOPTHBIX CUCTEM U YMEHBINEHUS MTOCJIEICTBUI
yiKe UMEIOIIENCs TUTIOKCUU, POSIBIEHUN 9HIOTOK-
CUKO032, BO3/ICHCTBUE HA MUKDPOITUPKYJIAIUIO U PEO-
JIOTUYECKHE CBOMCTBA KPOBH, UCITOJIBb30BAHNE UMMY-
HOMO/LYJISITOPOB.

OHUM U3 BeAYIIUX HANPABJICHUN WHTEHCHB-
HOU Teparnu OCTPBIX OTPaBJIeHNT METAJOHOM SIBJISI-
eTcs MaKCUMAJIBHO ObicTpast U 3(hdeKTHBHAS KOp-
peKIust MeTabOJIMIECKUX PACCTPOUCTB, CBSI3AHHBIX C
TepeHeCeHHON U TPOMOJIKAIoNelics Tumokcuen. B
HacTosIee BpeMs B KIMHUYECKOM MTPaKTUKE ITPUMe-
HSIOT cyOCTpaTHbIE aHTUTHIIOKCAHTBI, COEpPIKAINe
cykiuHat [89—92]. CieryeT OTMETHUTD, UTO JIJIT KOP-
PEKIUU TUIOKCUU HanboJiee OBICTPBIM AJIbTEPHATH-
BaHBIM ITyTEM SIBJISCTCH CTUMYJISAINS CYKIMHAT3ABU-
cumoro okucsenus [92, 93].

B Hacrosiiee BpeMst HanboJiee MIPOKO B MeIu-
IUHE KPUTUYECKUX COCTOSIHUM MCTIOIb3YEeTCs IUTO-
(bJaBuH, KOTOPBIIT IPeICTaBIsIET COOOI cOATAHCUPO-
BaHHBI KOMILIEKC u3 MeTabosuTa — SIHTAPHOU
KUCJIOTBI, aKTUBATOPa OOMEHHBIX KJIETOUHBIX IPO-
[[eCCOB — PUOOKCHHA U IBYX KO(EPMEHTOB-BUTAMU-
HOB — pubohiaBiHA-MOHOHYKI€0THIa (BUTAMUH
B2) n auxorunamua (Butamud PP) [94].

B ycioBusix tunokcuu mpu pe3KOM CHIKEHHE
akTuBHOCTH NAD-3aBUCHMBIX (hePMEHTOB ITUKJIA
Kpebca, octpo Bcraer HeOOXOAMMOCTb aKTHBALUU
anbrepHaTUBHBIX NAD MeTaGoJMIecKrX MOTOKOB, U
MIPEK/IE BCETO OKUCIISAIONIETO SSHTAPHYIO KUCJIOTY CYK-
IUHAT-IETUIPOTeHa3Horo nryHTa. [lins akTuBanuu
CYKIIMHAT/IETUIPOT€HA3DI, KOTOPAs 110 CBOEH CTPYKTY-
pe SBJSETCS KeJIe30CEPHUCTBIM (PITaBOIIPOTENHOM,
UCTOB3YIOT KOhepMeHT — (hIaBIHA MOHOHYKJICOTH/L
(FMN) — npousBoznoe Butamuna B2 [93].

VY pubodiaButa yCTaHOBJIEHO MIPSIMOE AHTUTH-
MOKCUYECKOe JIWCTBUE, CBA3aHHOE C yBEJIUYCHUEM
AKTUBHOCTY (DIIABMHOBBIX PElyKTa3 U BOCCTAHOBJIC-
HueM ypoBHs MakpoaproB — AT® u kpearundocda-
Ta, U AHTHOKCHUJIAHTHBIE CBOWCTBA, 00YCIOBIECHHbIE
BOCCTAHOBJICHUEM OKHMCJIEHHOTO TaryTatnona [96].

PubohaaBut CTUMYJIUPYET YTHIU3AIMIO CYK-
IMHATA, aKTUBUPYET CUCTEMY MUTOXOH/PUAIBLHOTO
TPaHCIIOPTAa TIPOTOHOB 4Yepe3 rimiepodochaTHbIH
<YEJIHOUHDBII» MEXaHU3M.

Huxotunamuy sBJsIETCS CeJIEKTUBHBIM HHIH-
6uTOpOM 00pasyIoIerocst pu uieMun (hepMeHTa
noJin-AJlD-pubo3uICUHTETa3bl, TPUBOAIIETO K
MChYHKIIUMN BHYTPUKJIETOYHBIX OEJIKOB U MOCTIELY-
I0IEMY aIoNTo3y KIeTOK [97].

Sodium succinate by its pharmacological prop-
erties belongs to the so-called substrate (metabolic)
antihypoxants [93]. Its antihypoxic, antitoxic, and
antioxidant activity was confirmed in the routine
clinical practice of critical care.

It should be noted that the problem of acute
methadone poisoning is still urgent. Deep knowl-
edge of the mechanisms of the toxic effect of this
drug makes it possible to clearly formulate the
goals of intensive therapy: general intensive care
(maintenance of life support systems), reasonable
antidote therapy (morphine receptor antagonists),
control of hypoxia and its consequences (ensuring
effective delivery of oxygen and the use of sub-
strate antihypoxants), prevention of severe com-
plications and early initiation of intensive care
aimed on possible life-threatening sequelae (brain
edema, pulmonary edema, aspiration of gastric
contents, systemic rhabdomyolysis, postural com-
pression syndrome, etc.).

AHTHOKCHAHTHOE AHTUTUIIOKCAHTHOE [eiCT-
BH€ MHO3WHA PEAIU3YETCS IEJIbIM PSAJIOM B3aUMO-
CBSI3aHHDBIX META0OJNYECKUX My TEN:

1) aktuBanueii cunre3a NAD B MUTOXOH/IPUSIX
13 HUKOTHHAMU/IA, TJle PUOOKCHH BBICTYIIA€T B Kave-
cTBe JJOHOPa pubO3bI;

2) crumyJsiireil aHaspoOHOTO TIINKOJIN3a € 00-
pasoBanuem jakrara 1 NAD;

3) unrubupoBaHueM (GepMeHTa KCAaHTHHOKCH-
JIa3bl U TI0JIaBJIEHUEM Pa/IMKAJIbHBIX 11poileccoB [98].

Cykiuuar HaTpus 10 (hapMaKOJOTHIECKUM
CBOMCTBAM OTHOCHUTCSI K cyOcTpaTHBIM (MeTabou-
YecKuM ) aHTurumnokcantam [93]. B kinnuke kputu-
YeCKUX COCTOSIHUE BbISIBJIEHBI AHTUTUIIOKCAHTHBIE,
AHTUTOKCUYECKUE, AHTHOKCUIAHTHBIE CBONCTBA
mperapara.

B saksroueHre HEOOXOAMMO OTMETUTH, UYTO
AKTYaJbHOCTb OCTPBIX OTPABJIEHUN META[OHOM B
HACTOSIIIIEE BPEMsI OCTAaeTCsl BBICOKOU. [ybGokue
3HAHUST MEXAaHU3MOB TOKCUYECKOTO JEUCTBUS ITO-
r0 HAPKOTUYECKOTO CPEJCTBA IO3BOJISIIOT YETKO
chopMyInpOBaTh HANIPABIEHUs] MHTEHCUBHO Te-
pamuu: 00IepeaHnMaToNOTHYecKue Mepbl (TOjI-
JlepsKaHUue CUCTEM JKM3HEeOOeCHedeHust), paruo-
HaJIbHAS AQHTUAOTHAs Tepanusi (AHTATOHUCTBI
MOP(MUHOBBIX PEIENTOPOB), 6H0PHOA € TUIIOKCHEN U
ee mocaepctBusimu (obectieuerre 3(hhekTUBHON
JOCTaBKU KUCJIOPOJIA U TIPUMEHEHUE CyOCTPaTHBIX
AHTUTUIIOKCAHTOB), NPO(UIAKTUKA U PAaHHEe Haua-
JIO TIPOBeJleHUsI MHTEHCUBHON Teparuu ¢ BKJIIOYe-
HUEM KOMILIEKCA JUAarHOCTUYECKUX M JiedeOHBIX
MEPOIPUATHII IPU OCJI0KHEHHBIX (hOPMaX OCTPBIX
orpaBiieHnii (orek-HabyXaHUE TOJOBHOTO MO3Ta,
OTEK JIETKUX, ACIUPAINS KeJTYyJAOUHBIM COAEPIKU-
MBIM, CHCTEMHBIN PabIOMUOJIN3, CHHPOM TO3HIIH-
OHHOTO C/IABJIEHUS U JIP.).
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