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HOBI NMNIAXOAU AO JIIKYBAHHS OTPYEHb CUHTETUMHUMU
OnIOiJAMMU: 3ACTOCYBAHHS BEJIMKUX A03
HAJIOKCOHY TA NMEPCMEKTUBU CTBOPEHHS
AJIbTEPHATUBHUX AHTUAOTIB

PE3IOME. B ymosax nowiupenns ROMYJHCHUX CUHMEMUUHUX ONioidie mpaouyitino pekomMeH008ana 003a HANOKCOHY Modice 6ymu
HEOOCMAMHbOI0, HAMOMICIY iT icmomue 30LIbUIeHHs PU3B00UNbL 00 NOOIYHUX eeKmis, Wo Y c80l0 uepey CHPUYUHSE 3a2po3y OISl
JACUMMA.

Mema. Ananiz pesynomamis 61acHux 00caiodiceHb i 0dcepen HayKosoi Hpopmayii wooo 3acmocy8anHs HATOKCOHY Npu JIKYSAHHI
OMPYEHb CUHMEMUYHUMY ONIOTOAMU A PO3POOKU ANbIMEPHAMUBHUX AHMUOOMIS.

Mamepianu ma memoou. /locrioxcerno meouyni dani 174 nayienmis, nponixosanux 3 diaenosom. «locmpe HapkomuuHe ompyeHHAY
(MKX-10:T40.0-T40.3). Jlabopamopni docriodicenst 30iiCHeHO MEMOIOM IMYHOXPOMAMOZPADIUHO20 aHATi3Y T XPOMAMO-MAC-CHeK-
mpomempii. Cmamucmuyny 00pooKy 0anux ukoHano 3a 0onomozoro npoepamu IBM SPSS Statistics 29.0.0.0., euxopucmano paneo-
sutl kopenayiunutl ananiz Cnipwena (v), npu p < 0,05.

Pesynemamu. Cepeo nayienmis, aki ompumyeanu HaN0KCOH, HAUIKpawy OUHAMIKY 3a wikanoio komu 1aseo na 4-my ma 6-my 2o0unu
cnocmepedcents Maay 0coou, wo ompuman 2-6 me HaloKcony. 3nauna yacmuna nayicumie (76 eunaokis, 43,68 %) nompe6ysanu
NOBMOPHO20 88e0€HHS HALOKCOHY V 36 A3KY i3 eqheKmom peHapKomuszayii, y maxkux aunaoxkax 0y 6Cmanos1eHuti npsamutl Kopeiayiti-
HUIL 36'S30K [3 BUHUKHEHHSIM Hebadxcanux Kuiniunux egexmis (r = 0,864, p = 0,05). Bussieno npsmuti 36’130k midic 36i1bueHHIM 003U
HANOKCOHY T po3sumkom apmepianvhoi einepmensii (r = 0,945, p = 0,01), cyoomamu (r = 0,887, p = 0,01), abcmunenyicto i 6onvosum
cunopomom (r = 0,881, p = 0,01). ¥ yinomy suHuKHeHHs KIIHIYHUX eheKmig KOpenrosao 3i 30LibuerHsM 003u Hanokcory (R2 = 0,92),
npome, paHz08ull KOPEIAYIIHUL aHANI3 He NiOmeepous 38 3Ky Midic 003010 HAIOKCOHY I pO36UmKom Hadpsaky nezensv (r = 0,938,
p > 0,05), cepyesoro apummicro (r = 0,598, p > 0,05), synunxoro cepys (r = -0,146, p > 0,05).

Bucnoexu. 3acmocysanus sucokux 003 HANOKCOHY He 8UPTULYE NUMAHHA eqheKMUBHO20 NIKYBAHHA MA HonepeodceHHs nepeio3ysaHbs
onioidamu. Ilepchekmugnoro 86aiNCAEMbCS PO3POOKA HOBUX MOOenell AHMUOOMIE 00 ONioi0i8 3 GUKOPUCTNAHHSM KOBATEHIMHUX HAHO-
YACMOYOK HATOKCOHY, A2OHICMIG CEPOMOHIHY, MOLEKYI-KAPKACIE 3 YUKTOOCKCMPUHOM, CREYUQIUHUX 8AKYUH MA iH.
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NEW APPROACHES OF SYNTHETIC OPIOIDS POISONING TREATMENT: THE USE OF LARGE
NALOXONE DOSES AND PROSPECTS FOR THE ALTERNATIVE ANTIDOTES CREATION

ABSTRACT. Introduction. In the conditions of the spread of powerful synthetic opioids, the traditionally recommended doses of
Naloxone may be insufficient; instead, a significant increase in the dose of Naloxone leads to side effects, which in turn creates a threat
to life.

Aim. Analysis of the results of own research and scientific information regarding the use of Naloxone in the treatment of synthetic opi-
oids poisoning and the development of alternative antidotes.

Materials and Methods. The medical data of 174 patients treated with the diagnosis: "Acute narcotic poisoning” (ICD-10:T40.0-
T40.3) were studied. Laboratory studies were carried out by the method of immunochromatographic analysis and chromatography-
mass spectrometry. Statistical data processing was performed using the IBM SPSS Statistics 29.0.0.0 program, using Spearman's rank
correlation analysis (r), with p <0.05.
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Results. Among patients who received Naloxone, the best dynamics according to the Glasgow coma scale at the 4th and 6th hours of
observation were those who received 2-6 mg of Naloxone. A significant part of patients (76 cases, 43.68 %) required repeated admin-
istration of Naloxone due to the renarcotization, in such cases a direct correlation was established with the occurrence of undesirable
clinical effects (r = 0.864, p = 0.05). A direct relationship between an increase in the dose of Naloxone and the development of arterial
hypertension (r = 0.945, p = 0.01), convulsions (r = 0.887, p = 0.01), withdrawal and pain syndrome (r = 0.881, p = 0.01). In general,
the occurrence of clinical effects was correlated with an increase in the dose of Naloxone (R2 = 0.92), however, the rank correlation
analysis did not confirm the relationship between the dose of Naloxone and the development of pulmonary edema (r = 0.938, p >
0.05), cardiac arrhythmia (r= 0.598, p > 0.05), cardiac arrest (r=-0.146, p > 0.05).

Conclusions. The use of high doses of Naloxone does not solve the problem of prevention of opioid overdoses and their effective treat-
ment. The development of new models of antidotes to opioids using covalent Naloxone nanoparticles, serotonin 5-HTIA agonists,
Fentanyl-binding Cyclodextrin scaffolds, specific vaccines, etc. is considered promising.

Keywords: opioids, antidotes, Naloxone, Fentanyl.

Beryn. [ommpenHs onioifiB Ta 3poCTaHHS
MOKA3HUKIB MEpeayacHOi CMEepTi BHACIIJIOK
Nepe03yBaHb CHOCTEPIra€ThCsl  MPOTATOM
ocTtaHHiX 20-TH POKIB y OLIBIIOCTI PO3BUHEHUX
kpain cBity: CILIA, Benukiit bpuranii Ta xpai-
Hax €C [1, 2]. [Ipore He nuiIe HenerajibHl Hap-
KOTHKU BHMKJIMKAIOTh MEPEeN03yBaHHs, ayie W
no0pe BHBYEHI JIIKAPCHKI 3aCO0M, CTBOPEHI Ha
OCHOBI O1101/1iB. BOHM MalOTh MIMPOKUI CHIEKTP
noO1YyHUX €(EeKTIB, 10 3aCBIAYYy€ 3HAYHA K1Ib-
KICTb CMEpTeH BiJ Nepe103yBaHb, COPUYUHEHUX
OMiOilaMHu TPOJIOHTOBAHOI JIii — METaJIOHOM 1
dbenraniiom [3].

Oco0nMBOCTI TOKCUKOAMHAMIKA Ta TOKCHKO-
KIHETUKU METaJI0HY, (DeHTaHUTy Ta HOro aHalo-
riB OOyMOBIIOIOTh HEIOCTaTHIO €()EKTUBHICTD
HAJIOKCOHY (MI>KHApOIHA HEMATEHTOBaHA Ha3Ba —
HAJIOKCOH T1IPOXJIOPHU/T) — KOHKYPEHTOCIIPOMOXK-
HOTO 00OPOTHOTO aHTArOHICTA OMIOITHUX Perler-
TOpPIB 1 Ha CHOTOJIHI €IMHOTO aHTUJOTY, CXBaJle-
HOro BcecBiTHBOIO OpraHizaliero OXOpOHH 3710-
POB'sL 17151 JTIKYBaHHSI IIEpEe103yBaHHs OMiOiaMHU.
[Ipote 3’sIBisi€THCS BCE OUIBIIE JAHUX, L0 JUIS
MNOPSATYHKY MOCTPAXKJAJIOT0 BiJ| MEPea03yBaHHS
BHUCOKOTOKCUYHUMH CHUHTETMYHUMH OIMIOiJaMU
noTpiOH1 OUIbII a00 MOBTOPHI A03U HAJIOKCOHY
MOPIBHSHO 31 CTAHJAPTHUMHU (OITHOPA30BO — 4 MT
IHTpaHa3aJIbHO 200 2 MI' — BHYTPILIHBOM ’SI30BO),
asie 1CTOTHE 30UTBLICHHS /103U HAJOKCOHY IpH-
3BOAMTH JI0 HEOaKaHUX KIIHIYHUX €(EKTIB, 10
CTBOPIOE 3arpo3y KUTTIO [4, 5].

Merta. Anai3 BIacHUX JOCIIKEHb Ta JKe-
pen HaykoBoi iHoOpMaIlii MO0 3aCTOCYBaHHS
HAJOKCOHY B JIIKyBaHH1 OTPY€Hb (IIE€pe103yBaHb
CUHTETUYHUMHU OITIOiIaMH), OIlIHKA KIJIIHIYHOI
e(eKTUBHOCTI Ta MOOIYHUX €(EeKTIB BiJl 3aCTO-
CYBaHHSI BUCOKHX J103 HAJIOKCOHY; y3arajbHEeH-
HSl CyYaCHUX MIAXOAIB 70 pO3pOOKU ajbTepHa-
TUBHUX aHTHJIOTIB JJIs JIKyBaHHs Ta npodiiax-
TUKH MEepe03yBaHHs OMiOiIaMu.

Marepiaam Ta wmetoam. JlocaigxeHo
MenuyHi faHi 174 maiieHTiB, TPOJIKOBAaHUX 3
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Introduction. The spread of opioids and
the growth of premature death due to over-
doses have been observed during the last 20
years in most developed countries of the
world: the USA, Great Britain and EU coun-
tries [1, 2]. However, it is not only illegal
drugs that cause overdoses, in addition to the
well-studied therapeutic effects of opioid-
based drugs, there is a wide range of side
effects, as evidenced by the large number of
overdose deaths caused by the long-acting
opioids Methadone and Fentanyl [3].

Peculiarities of toxicodynamics and toxi-
cokinetics of Methadone and Fentanyl and
analogs of Fentanyl cause insufficient effec-
tiveness of Naloxone (international non-pro-
prietary name — Naloxone hydrochloride), a
competitive reversible antagonist of opioid
receptors and currently the only antidote
approved by the World Health Organization
for the treatment of opioid overdose.
However, there is increasing evidence that
higher or repeated doses of Naloxone than
standard doses (a single 4 mg intranasal or 2
mg intramuscularly) are required to rescue a
victim of an overdose with highly toxic syn-
thetic opioids. At the same time, the practice
of significantly increasing the dose of
Naloxone leads to side effects, which in turn
creates a threat to life [4, 5].

Aim. Analysis of own research and scien-
tific information on the use of Naloxone in
the treatment of synthetic opioids poisonings
(overdoses), assessment of clinical effective-
ness and side effects from the administration
of high doses of Naloxone; generalization of
modern approaches to the development of
alternative antidotes for the treatment and
prevention of opioid overdoses.

Materials and Methods. The medical
data of 174 patients treated with the diagno-
sis: "Acute narcotic poisoning" (ICD-
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niarHo3oMm: «l0CTpe HapKOTHYHE OTPY€HHSD
(MKX 10:T40.0-T40.3) y TOKCI/IKOJ'IOFI‘-IHOMy
Bl,Z[I[lJ'IeHHl KITH «KuiBchka MichbKa KIIiHIYHA
JiKapHS WIBUIKOI MEIWYHOI JOTIOMOTHY.
Ominka KITIHIYHAX TTOKa3HUKIB Ta pe3yJIbTaTiB
JIKyBaHHS TIPOBEACHI PETPOCIEKTHBHO Ha
miJcTaBl aHamizy MeauuHux gaHux (Popma
NOOO3/O) JlaboparopHi TOCIHIIKSHHSI HapKO-
THYHUX 1 TICHXOTPOMHUX PEYOBHH y 010JI0T14-
HOMY CEpEeIOBHIII BII;II/ICHCHO METOJIOM IMYHO-
xpOMaTorpa(bquoro aHai3y Ta XpoMaro-Mac-
cnektpomeTpii. CTarucTuaHy 0OpOOKy MaHUX
BUKOHAHO 3a J0mOMOrow mnporpamu [BM
SPSS Statistics 29.0.0.0., BuKOpucTaHO paHTO-
BU Kopensiiaui ananiz Cripmena (1), mpu
p <0,05.

JocniokeHHsT € ¢GparMeHTOM HayKOBO-
JOCTITHOT POOOTH (Iep)KaBHUN peeCTpalliii-
Huii "Homep — 0123U102087), Ha Temy:
«JlocmimKeHHs MeXaHi3MiB JIii XIMIYHHX pedo-
BUH, BUBYCHHS iX KOMOIHOBAaHOTO BIUIMBY 3
IHIIAMH  TTOIITKO/DKYIOUUMH  (pakTOpamu, o
BUKJIUKAIOTh MTAaTOJIOTIYHI MPOIIECH, HAYKOBUH
CYIIPOBiT pO3pOOKH TEXHOJIOTiH TpoiTaKTH-
KM W JIIKyBaHHS OTPY€EHb Ta iX BiIJaJICHUX
HACIIIIKIBY.

PoGoty 3ammaHoBaHO i BUKOHAHO BiMOBi-
HO 710 XeIbCIHKCHKOI JIeknaparlii BcecBiTHROT
MenuuHoi acomiamii «ETuuHi mpuHOHNIN
MEAWYHUX JOCIIDKCHb 3a y4acTIO JIIOAWHHA B
aKoCTi 00'ekTa mocmimkeHHs» (1964 p.) Ta
CXBaJIEHO KOMITETOM 3 €THUKH.

Pesyabraru. B ycix narienTiB Oynu o3Ha-
KH OTIOITHOTO CHHIPOMY. AHaITI3 10303aJIEK-
HHUX e(beKTlB HaJIOKCOHY 3IiHCHIOBaBCS 3a
yacoM Bl,I[HOBJ'ICHHH ¢bi31070TIYHUX TIOKa3HU-
KIB BIAMOBIZHO [0 IIKAJH KOMH [7asro
(mam — IIKT). HeBpOJ'IOFI‘-IHI/H/I craryc Ol1i-
HIOBAJIM TIPU HAJXO/DKCHHI HaH1€HTa hife)
JiKkapHi Ta uepes 2, 4, 6 TOIWH MiCIs MOYaTKy
aHTHUJIOTHOI Teparii.

3aJie’KHO Bij 3arajibHOT BUKOPUCTAHOI 103U
HAJOKCOHY BCiX TAIli€EHTIB OyJ0 TMOAIIICHO Ha
7 Tpy1:

1 — (n = 22) He OTpUMYBaJIN HAJIOKCOH,;

2 —(n=25)—3ix 0,4 mr 10 2 Mr;

3—(n=27)—8ig 2 10 4 mr;

4 —(n=24)—3Big 4 1o 6 mr;

5—(n=26)—Big 6 Mr 10 8 Mr;

6 — (n=28) —Bix 8 g0 10 mr;

7 —rpyna (n = 22) — 6inpme 10 mr.

MeTtonrka 3aCTOCYBaHHSI HAJOKCOHY ITOJISI-
raja B HACTYITHOMY: IepIla J03a aHTHIIOTY

CLINICAL TOXICOLOGY
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10:T40.0-T40.3) in the specialized toxicology
departments of the CNE "Kyiv City Clinical
Hospital of Emergency Medical Care" were
studied. The assessment of clinical indicators
and treatment results was carried out retrospec-
tively based on the analysis of medical data
(Form No. 003/0). Laboratory studies of nar-
cotic and psychotropic substances in the bio-
logical environment are carried out by the
method of immunochromatographic analysis
and chromatography-mass spectrometry.
Statistical data processing was performed using
the IBM SPSS Statistics 29.0.0.0 program,
using Spearman's rank correlation analysis (r),
with p <0.05.

The study is a fragment of the scientific
research work (state registration number —
0123U102087), on the topic: "Research of the
mechanisms of chemical substances action,
study of their combined effect with other dam-
aging factors that cause pathological process-
es, scientific support for the development of
technologies for the prevention and treatment
of poisonings and their distant consequences".

The work was planned and carried out in
accordance with the Declaration of Helsinki of
the World Medical Association "Ethical princi-
ples of medical research involving human sub-
jects" (1964 p.) and was approved by the local
ethics committee.

Results and Discussion. All patients had
signs of opioid syndrome. The analysis of the
dose-dependent effects of Naloxone was car-
ried out by the time of recovery of physiologi-
cal indicators according to the Glasgow coma
scale (hereinafter — GCS). The assessment of
the neurological status was carried out when
the patients were admitted to the hospital and
2, 4, 6 hours after the start of antidote therapy.

Depending on the used maintenance dose of
Naloxone, all patients were divided into 7
groups:
the first group (n
Naloxone;
the second group (n = 25) — from 0.1 mg to 2 mg;
the third group (n = 27) — from 2 to 4 mg;
the fourth group (n = 24) — from 4 to 6 mg;
the fifth group (n = 26) — from 6 mg to 8 mg;
the sixth group (n = 28) — from 8 to 10 mg;
the seventh group (n = 22) — more than 10 mg.

The method of using Naloxone was as fol-
lows: the first dose of the antidote was 0.02
mg/kg of body weight, intramuscularly (in/m)

22) did not receive
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craHoBmwia 0,02 Mr/kr macu Tijia, BHYTpI-
ITHBOM 5130BO  (B/M) a00 BHYTPILIHbOBEHHO
(B/B), miJ1 4ac HAJIXOKEHHS XBOPOTO JI0 TOKCHU-
KOJIOTTYHOTO BIJIJICHHS; B MOAAJBIIOMY HAJIOK-
COH BBOJIMJIM B/B IPOTSTOM 6 FO/IMH, Y CyMapHii
no3i miarpumkn Big 0,04 go 0,14 mr/kr macu
Tia. Y TIATBEPKEHUX BHIAAKaX OTPYEHHS
METaJOHOM  HAJOKCOH HE TMPU3HAYABCH.
Pesynbrati mOCHiPKEHHST PIBHS CB1IOMOCTI 3a
KT y rpynax naiieHTiB HaBeeHi Ha puc. 1-3.

<2

>10 >10

8-10 <

6-8

3 roguuu [ hours

Puc. 1. PiBens cBimoMoOCTI mari-
entiB 3a LIKT" 1-7 rpyn uepes 2
TOJIMHY TIICIIS TTOYATKY JIIKyBaH-
i (N = 174).

Fig. 1. Consciousness level
according to the GCS in 1-7
groups of patients after 2 hours of
the start of treatment (N = 174).

BaHHs (N = 174).

(N = 174).

BcTraHoBieHo, 1o cepea Mali€HTIB, Kl
OTPpUMYBAJIM HAJIOKCOH, HalKpally JAMHAMIKY
BIJTHOBJICHHS (i1310JI0TTYHUX (PyHKUIA Ha 4-Ty
Ta 6-Ty TOJUHU CIOCTEPEKEHHS MaJIM NAIlEHTH
TPETHOI Ta YETBEPTOI IPYII, & caMe Ti, 110 OTPH-
MYBaJIM HAJIOKCOH Y 71031 2—6 MT.

Metogom panroBoi kopensuii r-CripmeHa
OyJ0 JOCHIPKEHO B3a€EMO3B'SA30K MIXK 103010
HAJOKCOHY 1 BUHUKHEHHSM HeOakKaHUX KJIHIY-
HUX €(eKTIB y MAalll€HTIB PI3HUX rpym (Tadi.).
Byno BcTaHOBIEHO, 110 ICHY€E MPSIMUN KOpes-
MIWAHUH 3B'I30K MK 301JBIIEHHAM JO3U HAJIOK-
COHY 1 PO3BUTKOM aOCTUHEHTHOTO 1 00JIbOBOTO
cugapomy (r = 0,881, p = 0,01), po3ButkoM
aprepiasibHoi rineprensii (r = 0,945, p =0,01) 1
cynomamu (r = 0,887, p = 0,01), npoTe BUHUK-
HEHHS 1HIIMX KJIIHIYHUX €(EeKTiB He KOpeltoBa-
70 (p = 0,05) 13 103010 HAJIOKCOHY (TabI.).

YacTtuHa namieHTiB — 76 Bunaaxis (43,68 %)
notpedyBajia NOBTOPHUX NMPU3HAYEHb HAJIOKCO-

CLINICAL TOXICOLOGY

14 1

4 rogunn [ hours

Puc. 2. PiBeHs cBimoMocCTi marti-
entiB 3a LIKT" 1-7 rpym gepe3
4 TOMVHM TiCTIS TIOYATKY JIKY-

Fig. 2. Consciousness level
according to the GCS in 1-7
groups of patients after 4 hours
of the start of treatment
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or intravenously (in/in), when the patient was
admitted to the toxicology department; later,
Naloxone was administered intravenously
over 6 hours, in a total maintenance dose of
0.04 to 0.14 mg/kg of body weight.
Naloxone was not prescribed in confirmed
cases of Methadone poisoning. The results of
the study of the level of consciousness
according to the GCS in groups of patients
are shown in Fig. 1-3.

24 >0

—G roguH [ hours

Puc. 3. PiBens cBimomocTi narti-
enTiB 3a KT 1-7 rpyn gepe3 6
TOJIMHU TICJIS TTOYaTKy JiKyBaHHS
(N =174).

Fig. 3. Consciousness level
according to the GCS in 1-7
groups of patients after 6 hours of
the start of treatment (N = 174).

It was established that among the patients
who received Naloxone, the best dynamics
according to the GCS at the 4th and 6th hours
of observation were patients of the third and
fourth groups, namely those who received
Naloxone in a dose in the range of 2—6 mg.

The relationship between the dose of
Naloxone and the occurrence of unwanted
clinical effects in patients of different groups
was investigated using the r-Spearman rank
correlation method (Table 1). It was estab-
lished that there is a direct correlation
between the increase in the dose of Naloxone
and the development of withdrawal and pain
syndrome (r = 0.881, p = 0.01), the develop-
ment of arterial hypertension (r = 0.945, p =
0.01) and convulsions (r = 0.887, p = 0.01),
however, the occurrence of other clinical
effects did not correlate (p > 0.05) with the
dose of Naloxone (Table 1).
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Tabmuwsg / Table

Panrosa xopeasiuis CnipmMeHna Mi’k BHHUKHEHHSIM KJIIHIYHMX edeKTiB y rpynax aociaifkeHHs /
Spearman's rank correlation between the occurrence of clinical effects in the study groups

Kuiniuni edgextn / Koedinient panrosoi kopensuii Cipmena /

Clinical effects Spearman's rank correlation coefficient, r P
IcuxomoTOpHE 36yﬂ>KeHHﬂ / = 0376 P> 0.05
Psycho-motor excitement
ApTepianbHa rinepTensis / B
Arterial hypertension r=0,385 p =005
Cynomu / _ B
Convulsions r=0831 p =005
Habpsik nerens / r=0.938 p> 0,05
Pulmonary edema
Cepuesa apuT™mis / _

Cardiac arrhythmia r=0,598 p>0.05
3ynuHKa cepus /

= >
Cardiac arrest r=0,146 p> 0,05
AbcTruHEeHITIsI, 00TbOBHIA CHHIPOM / _ _
Withdrawal, pain r=038831 p=0,01
Penapkoruzanis / _ _
Renarcotization r=0,761 p =005

Hy (5-Ta, 6-Ta 1 7-Ma Tpynu) y 3B’ 3Ky 3 eek-
TOM PEHApPKOTH3aIlii, y TaKUX BHIMAJIKax OyB
BCTAHOBJICHUN TPSIMHIA KOPEJSIIHHUN 3B'I30K
MIX JT03010 HAJIOKCOHY 1 BAHUKHEHHSIM HeOaxa-
HuX K1iHIYHEX edekTiB (r = 0,864, p = 0,05).

BcranosiieHo, 1110 KUIBKICTh HeOaKaHUX KJTi-
HIYHUX €(EeKTiB y rpynax marieHTiB 301IbITyBa-
JIacs BIIMOBIIHO 110 301JIBIIEHHS 103U HAJIOKCO-
Hy, R2 = 0,92 (puc. 4). Tak npu BBenenHi 0,4—
4,0 Mr HaJIOKCOHY MOO1YHI e€(heKTH BUHUKAHU B
13,7 % mnamienTis; npu 4,0-6,0 mr — y 22,9 %;
mpu 6,0-8,0 mr —y 25,8 %, a mpu 1031 8,0 mr i
oinbie — y 28,7 % marieHTiB.

BaxmBo Big3Haunth, mo y 159 marieHTis,
(91,4 %) oxpim omioifiB y 010J0TTYHOMY Cepeo-
BUIII1, OyJIM BUSIBJICHI IICHXOTPOITHI Ta HAPKOTHY-
Hi pedoBHHH, a B 17 nanienTis (9,8 %) OyB npu-
CYTHIH Y KpOBI aJIKOTOJIb Y HEBUCOKHX KOHIIECHT-
pamisix. HasBHICTh 3a3HaYCHUX PEUOBHH HeETa-
TUBHO BIUIMBA€ HAa BiJHOBIIOBAIBHHNA €(EKT
HAJIOKCOHY 1 00yMOBITIOE 30UTBIIICHHS HOTO JTO3H.

BpaxoByroun BHCOKMU PU3UK BUHHKHEHHS
HeOaKaHWX KIIHIYHUX e(EeKTiB, MU HE MpH-
3HauaJ M HAJOKCOH MAIlieHTaM 3 TSDKKOIO cOMa-
TAYHOIO TATOJIOTIEI0, IO BHHHMKIA Ha (OHI
JIOBTOTPHBaJIoi HAPKOMaHii, 30KpeMa B Talli€H-
TiB 31 3HIJKEHOIO MAacOI0 Tija, ITHEBMOHIEIO,
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Part of the patients — 76 cases (43.68 %)
needed repeated Naloxone appointments
(5th, 6th and 7th groups) in connection with
renarcotization, in such cases a direct corre-
lation was established between the dose of
Naloxone and occurrence of unwanted clini-
cal effects (r = 0.864, p = 0.05).

It was established that the number of
unwanted clinical effects in groups of
patients increased in accordance with the
increase of Naloxone dose, R2 = 0.92 (Fig.
4), so when 0.4-4.0 mg of Naloxone was
administered, side effects occurred in 13.7 %
of patients; at 4.0-6.0 mg — in 22.9 %; at 6.0—
8.0 mg — in 25.8 %, and at a dose of 8.0 mg
and more — in 28.7 % of patients.

It is important to note that in 159 patients
(91.4 %) in addition to opioids, psychotropic
and narcotic substances were detected in the
biological environment, and in 17 patients
(9.8 %) alcohol was present in the blood in
low concentrations. The presence of these
substances negatively affects the restorative
effect of Naloxone and leads to an increase in
its dose.

Considering the high risk of unwanted
clinical effects, we did not prescribe
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Fig. 4. Number of adverse clinical effects in patients with opioid syndrome according to Naloxone dose.

03HAKaMU XPOHIUHOTO CEIICUCY, KOaryJIonari€eo,
NOPYLWIEHHSIM  (QYHKLIT  CepLeBO-CyAUHHOI
CHUCTEMH, O3HAaKaMH II€YIHKOBOI Ta HHMPKOBOI
HEJI0CTAaTHOCTI, CHHAPOMOM TPHUBAJIOI KOMIIpE-
cii M’SIKUX TKaHUH 1 pabaomionizoM. Takox mMu
HE 3aCTOCOBYBAJIM HAJOKCOH Y TMAIlI€HTIB, CTaH
SAKUX TOTpeOyBaB TPUBAJIOI IITY4YHOT BEHTUIIS-
11ii JIETeHb Ta 3aCTOCYBAaHHS METO/IIB €KCTPAKOP-
MOPaJbHOI IETOKCHKAIII.

OoroBopennst

KiiniuHa mpakTuka JEMOHCTPYE, M0 3011b-
IIICHHS 03U HAJIOKCOHY TPH JIIKyBaHHI OTPY€HB
(mepemo3yBaHb) CHHTETHUHUMH Ta HAIIBCUHTE-
TUYHUMH OTIOiaMHU TIPOJIOHTOBAHOI il HE
BUpiIIye npodnemMu e(heKTUBHOTO 1 6€3MEUYHOT0
BinHoBieHHsa ¢ynkuii [IHC, auxanus Ta kpoBo-
00iry yepe3 0COOJMBOCTI TOKCHKOKIHETHUKHU
CHHTETUYHUX OMIOiNiB, OCOOIUBO y BHITaJIKaX
KOMOIHOBaHMX OTPY€EHD 33 Y4acTi IHIINX HAPKO-
TUYHUX, ICUXOTPOMHUX PEUOBUH Ta AJKOTOJIO.

Jlo MOMEHTY MOSIBM CHHTETHYHHX OITIOi/IiB
HEHTPHU 3 KOHTPOJIIO HAPKOTHKIB IMOBIIOMIISIIH
npo maitke 100 % B KUBaHHS MMiCTsl BBEACHHS
HAJOKCOHY 3 BUKOPUCTAHHSM 03, 3aTBEpIKe-
HUX KJIIHIYHUMU TIpoTokoidamu. [Ipore po3mos-
CIO/DKEHHSI HE3aKOHHO BHUTOTOBJIEHOTO CHJIBHO-
JIF0YOTO METaNoHy Ta ¢eHTaHury (1 Woro 1ie
OUTBIII TIOTY)KHUX aHAJIOTIB), CTBOPWJIO HOBI
poOsIeMu I aJIeKBaTHOTO JIIKYBaHHS MIEpeIo-
3yBaHb.

Jlo mepeniky HaWO1IBII BUBYCHHX aHAJIOTIB
denTaniny Hanexars [1, 2, 6]:
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Naloxone to patients with severe somatic
pathology that arose against the background
of long-term drug addiction, in particular, in
patients with reduced body weight, pneumo-
nia, signs of chronic sepsis, coagulopathy,
impaired cardiovascular system function,
signs of liver and renal failure, syndrome of
long-term compression of soft tissues and
rhabdomyolysis. We also did not use
Naloxone in patients whose condition
required long-term artificial ventilation and
the use of extracorporeal detoxification
methods.

Discussion

Clinical practice demonstrates that
increasing the dose of Naloxone in the treat-
ment of poisonings (overdoses) with synthet-
ic and semi-synthetic long-acting opioids
does not solve the problem of effective and
safe restoration of the function of the central
nervous system, breathing and blood circula-
tion due to the peculiarities of the toxicoki-
netics of synthetic opioids, especially in
cases of combined poisoning with the partic-
ipation of other narcotic, psychotropic sub-
stances and alcohol.

Prior to the advent of synthetic opioids,
the Centers for Disease Control and
Prevention reported nearly 100 % survival
rate after administering Naloxone using
doses approved by clinical protocols.
However, the proliferation of illegally pro-
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— Anerundenranin  (N-¢penin-N-[1-(2-
(beHiIeTIN )-MnepuInHLI |areTaMin);

— byrupundenrtanin (N-penin-N-[1-(2-
dbenineTmn)-4-minepuanuHii |OyTaHaMin);

—  Oypanindenranin (N-perin-N-[1-(2-
denineTHn)-mnepuanHiI|-2-hypamin);

— AH-7921 (3,4-puxnop-N{[1(aumerna-
MIHO ) [IMKJIOT€KCHJI [METHII } OSH3aMi);

— U-47700 (3,4-nuxnop-N-[(1R,2R)-2-
(AMMETHIIaMIHO )-IUKJIOTeKCH |-N-MeTHIO0CH-
3amin), abo «U4y;

—  MT-45 (1-umxnorekcmin-4-(1,2-nudeni-
JICTHIT)-TIIIePa3HH);

—  Kapdenranin (4-[ {1-oxcomnporrin} -heHi-
naMiHo]-1-[2-denineTmn]-4-ninepuanHKapOo-
HOBOI KHCJIOTH METHIOBUH edip);

—  W-18 (4-xnop-N-[{2Z}-1-[2-{4-HITpO-
denin}erwn|minepuanun-2-uriaeH|0eH30i1-1-
cynbdoHamin), abo BanepuiIpeHTaHIIT.

HanokcoH € CHHTETHYHUM TOXiTHHUM OKCH-
Mop¢OHY, SKUN MPOSABIsE KOHKYPEHTHUN aHTa-
TOHI3M /IO TPHOX Pi3HUX OIMIOITHUX PEIENTOPIB
HC (u, k Ta 6) Ta mBHIKO KOHKYpY€ 3 OB IITI-
cTio omioiniB. bararbma nochmimkeHHSIMH Ha
TBapHHaxX Ta M00pOBONBLAX OyB IOBEIEHUM
JI0303aJIC)KHUH 3B'A30K MIXK 103010 aroHicra Ta
aHTaroHicTa, HATOMICTh KOPOTKHU dYac mii
HAJIOKCOHY MO€ OOYMOBUTH MOBTOPHE BUHUK-
HEHHsI KOMH Ta MPUTHIYEHHS AUXaHHA, 10 00y-
MOBJIFOE HEOOXIHICTh y TOBTOPHIN 1031 TIpH
OTPYEHHSIX oOIioigaMu OUIBII TpHUBaAIOil ii.
AHTaroHiCTUYHUHN (aHTHIOTHUI) eq)eKT HaJIOK-
COHY 3aNeKHTh BiI pAdy (aKTopiB: iHAMBiTY-
alIbHOTO METaboIi3My, CTaTyCy TONIEPAHTHOCTI,
aKTHUBHOCTI TMe4iHKOBOro (epmeHty P,sy 2Dg
(#oro excrpecist BIAIrpae iCTOTHy pojib y MeTa-
©00J113M1 OUIBIIOCTI OMMiOiIB) Ta iH. [7].

OcTaHHIMH pOKaMHu BCE YacTille HapKOCIIO-
’KUBa4aMH 3aCTOCOBYIOTHCSA JOCHUTH BHUCOKI
JI03H OMIOifiB, IO MIBUIKO MPU3BOIUTH O TPU-
THIYCHHS TUXaHHS Ta cMepTi. Bucoki cucremHi
piBHI (peHTaHLTY MPU MEepeno3yBaHHI MiATBEP/I-
KYIOTBhCSI XIMIKO-aHAJITHYHUMH 1O CJTiJKCHHSI-
MH, [0 CTajo0 MiACTaBOI0 A0 3aCTOCYBaHHS
3HAUHUX 703 HAJIOKCOHY. 3a3BHYail BUKOPUCTO-
BYIOThCS 031 Bix 1 g0 10 mr (B/M abo B/B),
ICHYIOTh JaHi mpo 3acTocyBaHHs 30 Mr HaJlOK-
coHy 1 Oinbie [8].

Jani HarioHansHO1 city>x01 eKCTpeHoi Jomo-
moru CIIA (2012-2015 pp.) BKazyBayid, WIO
MOBTOPHUX /103 HAJIOKCOHY MOTpeOyBau Bix 9 %
1o 18 % martienTiB 3 mepeno3yBanHsamu. [Ipote
mizHime (2016-2017 pp.) Oyno BHUSABICHO, IO
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duced high-potency Methadone and Fentanyl
(and it’s even more powerful analogues) has
created new problems for adequate treatment
of overdoses.

The list of the most studied analogues of
fentanyl includes [6]:

— Acetylfentanyl (N-phenyl-N-[1-(2-
phenylethyl)-piperidinyl]acetamide);

— Butyrylfentanyl (N-phenyl-N-[1-(2-
phenylethyl)-4-piperidinyl]butanamide);

— Furanylfentanyl (N-phenyl-N-[1-(2-
phenylethyl)-piperidinyl]-2-furamide);

— AH-7921 (3,4-dichloro-N{[1(dimethy-
lamino)cyclohexyl|methyl} benzamide);

— U-47700 (3.,4-dichloro-N-[(1R,2R)-2-
(dimethylamino)-cyclohexyl]-N-methylben-
zamide), or "U4";

— MT-45 (1l-cyclohexyl-4-(1,2-diphe-
nylethyl)-piperazine);

— Carfentanil (4-[{1-oxopropyl}-pheny-
lamino]-1-[2-phenylethyl]-4-piperidinecar-
boxylic acid methyl ether);

— W-18 (4-chloro-N-[{2Z}-1-[2-{4-nitro-
phenyl}ethyl]piperidin-2-ylidene]benzene-
1-sulfonamide), or valerylfentanyl.

Naloxone is a synthetic derivative of oxy-
morphone that exhibits competitive antago-
nism at three different CNS opioid receptors
(1, k, and o) and rapidly competes with most
opioids. Many studies in animals and volun-
teers have proven a dose-dependent relation-
ship between the dose of agonist and antago-
nist, on the other hand, the short duration of
action of Naloxone can lead to the recurrence
of coma and respiratory depression, which
determines the need for a second dose in case
of poisoning with opioids of longer action.
The antagonistic (antidote) effect of
Naloxone depends on a number of factors:
individual metabolism, tolerance status,
activity of the liver enzyme Py, 2Dy (its
expression plays a significant role in the
metabolism of most opioids), etc. [7].

In recent years, quite high doses of opi-
oids are increasingly used by drug users,
which quickly lead to respiratory depression
and death. High systemic levels of Fentanyl
in an overdose are confirmed by chemical
analytical studies, which became the basis
for the use of significant doses of Naloxone.
Doses from 1 to 10 mg (i/m or i/v) are usual-
ly used; there are data on the use of 30 mg
Naloxone and more [8].
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Cepe/IHi 1031 HAJIOKCOHY BapiloBaJiu B A1ara3oHi
4-8 mr Ta 83 % mnaiieHTiB NOTpeOyBaJId OUTBIII
HIK 2-X /103 HaJOKCOHy. Y nanuit yac y CIIA
HaWBHUII 703U HAJIOKCOHY, JOCTYIHI JJIs camo-
CTIMHOTO BBEJICHHS CTAHOBJISTh: 2 MI' B/M Ta 4 MT
iHTpaHa3anbHO (1/H). CaMe BOHM BBaXKarOTbCS
€KBIBAJICHTHUMHM 3 TOYKHM 30pYy O10JO0T14HOI
JOCTYITHOCTI HaJloKCOHY. IloBTOpHE BBEICHHS
OyJ10 PEKOMEH/I0BaHE 3a KITHIYHUMHU MTOKa3aHHsI-
MU 0e3 OOMeXeHb MaKCHUMaJbHOI JO3H, IpH
HEOOX1IHOCT1 MOBTOPHO HAJOKCOH MOYKHa BBO-
JTUTH KOKHI 2—3 XBWIMHU. TakuM YHUHOM, Yy
CIIIA cnoyarky peKOMEHI0BaHa 1033 HAJIOKCO-
HY IS JIIKYBaHHS I1€pe103yBaHHs OIMIO1/I1B eMIIi-
puuHO Oysa 301IbllIeHa KOHCYJIBTaTUBHUM KOMi-
tetoM FDA (5 sxoBtHs 2016 p.) 3 0,4 Mr 110 2 Mmr,
110 CTAJIO N'SITUKPATHUM 301UIbILIEHHSIM TOPIBHSI-
HO 3 TIOINEPEIHBOIO /103010, PEKOMEHIOBAHOIO
KJITHIYHUM TpoToKoiioM [9, 10].

[TigBuieHy 103y HAJIOKCOHY TaKOX MOXHA
EeMIIPUYHO BU3HAYUTHU ISl HOBUX HeJerajibHUX
1 OLTBLI MOTYXKHUX omioiniB. Buxonsuu 3 emize-
MIOJIOTIYHUX JAaHMX, 1[0 BUMArarTh MOCJIIIOB-
HOT'O TOBTOPHOTO BBEJICHHS HAJIOKCOHY, a TAKOX
BHCOKOIO HAPKOTE€HHOTO MOTEHI[aly aHaJOTiB
(dbeHTaHlly, BHHUKAE HEOOX1IHICTh 301IbIIICHHS
7103 HAJIOKCOHY 710 4—6 Mr B/M, abo 8—12 Mmr 1/H
(o mpubnu3HO B 2—3 pa3u BUIIE 32 CEPEIHBO-
pEeKOMeHI0BaH1 J103U). BBaxkaeTbcs, 1mo depes
MNOTYXHICTh [1i Cy4aCHUX OIIOiliB KOPUCTD
HIBUKOTO YCYHEHHS OIMiOiTHOTO e(eKTy mepe-
BUILYE PHU3UK PO3BUTKY CHHAPOMY BIIMIHH
omioiniB. HaromicTh, BUCOKI /103U HAJOKCOHY
0OyMOBJIIOIOTh 1CTOTHE 30UIBIIEHHS YacTOTH
noOiyHux edexrtis [11, 12].

OpnuM 3 HaliHeOe3NMEeYHINMX YCKJIaIHEHb
IpH JIIKYBaHHI ME€pel03yBaHb 3a y4acTi CUHTe-
TUYHUX Ta HAMIBCUHTETUYHUX OIIOiJiB, 30Kpe-
Ma repoiHy 1 METaJIOHY, € PO3BUTOK HEKap.io-
TeHHOTO HaOpsKy JiereHb. OOTOBOPIOIOTHCS TaKl
MEXaHI3MH HOT0 BUHMKHEHHS: IIBHMJIKE MOCH-
JIEHHS CHUMIMATUYHOI aKTUBHOCTI Ha (HOHI
BUBIJIBbHEHHS KaTeXOJaMIHIB, II[0 MOKE 301JIb-
IIUTH CEPIIEBUN BUKUJ 1 JICTEHEBUU THUCK;
301IbIICHHS] KOHLUEHTpalllil aJpeHaaiHy B Iuias-
Mi; 30UIBILIEHHSI CEPLIEBOIO 1HAEKCY; 301IbIICH-
HSl yIapHOTO 00’ €My; MIJABUIIEHHS CUCTOIIYHO-
ro apTepiaJibHOr0 THCKY Ta MYyJIbCOBOTO THCKY;
HAKOIUYEHHS JIETEHEBOI PIAMHU 3 OUIbII BUCO-
KHUMHU KOHIIEHTpAaIlisiMi OlIKa, 10 MOXe OyTu
OB’ s13aHE 3 BUBUIBHEHHSM TICTaMIHY B JIETEHE-
Bilf TKaHWHI Ta CyAMHAX; TOCTPUN HETaTUBHUM
JIETEHEBUI TUCK 3@ HasIBHOCTI OOCTPYKIIi1 BEpX-
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Data from the US National Emergency
Service (2012-2015) indicated that 9 % to 18
% of overdose patients required repeated
doses of Naloxone. However, later (2016-
2017) it was found that the average doses of
Naloxone varied in the range of 4-8 mg and
83 % of patients required more than 2 doses
of Naloxone. Currently, in the United States,
the highest doses of Naloxone available for
self-administration are 2 mg intramuscularly
and 4 mg intranasal (i/n). These doses are
considered equivalent in terms of Naloxone
bioavailability. Re-administration was rec-
ommended based on clinical indications with
no maximum dose limit, and repeated doses
of Naloxone could be administered every 2—
3 minutes if necessary. Thus, in the United
States, the previously recommended dose of
Naloxone for the treatment of opioid over-
dose was empirically increased by an active
advisory committee of the FDA (October 5,
2016) from 0.4 mg to 2 mg, which was a
fivefold increase in the dose of Naloxone
compared to the previous dose recommended
by the clinical protocol [9, 10].

An increased dose of Naloxone can also
be determined empirically for new illicit and
more potent opioids. Based on the epidemi-
ological data that require consistent repeated
administration of Naloxone, as well as the
high narcogenic potential of Fentanyl ana-
logues, there is a need to increase the doses
of Naloxone to 4-6 mg IV or 8§-12 mg IV
(which is approximately 2—3 times above the
average recommended dose). It is believed
that due to the potency of modern opioids,
the benefit of rapid withdrawal of the opioid
effect outweighs the risk of developing opi-
oid withdrawal syndrome. On the other
hand, high doses of Naloxone lead to a sig-
nificant increase in the frequency of side
effects [11, 12].

One of the most dangerous complications
in the treatment of overdoses involving syn-
thetic and semi-synthetic opioids, in particu-
lar heroin and Methadone, is the develop-
ment of non-cardiogenic pulmonary edema.
The following mechanisms of its occurrence
are discussed: a rapid increase in sympathetic
activity against the background of the release
of catecholamines, which can increase car-
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HIX TUXaJIbHUX MUISXIB Ye€pe3 BUIUICHHS Ta/a0o
CIIM3Y B OUXAJBHUX MUISIXaX, 3aKPUTOI T0JI0CO-
BO1 IIUIMHHU, a00 B’sUTOCTI (TIape3y) TOJI0COBUX
3B’ SI30K.

BaxxuBo Bu3HaTH, 110 HAOPSK JETEHb MOXE
BUHUKHYTH B TAIlI€HTIB 13 MEpea03yBaHHIM
repoiny, fKi HE OTPUMYBalU HAJOKCOH, IO
3HOBY BKa3zye Ha OaratoakTOpHy eTiOJIOTiio,
30KpeMa HaOpsK JIereHb MOYKe BUHHUKHYTH 1032
BUKOPHCTAHHSM HAJIOKCOHY Yepe3 BUBIIbHEHHS
ricramiHy Ta 3MIHM TPOHUKHOCTI JICTCHEBUX
KaIiJIsIpiB.

Bumesa3naueni eektu CroHyKalu JIiKapiB
710 3MiHHM TaKTUKHU BBEJICHHS HAJIOKCOHY, a CaMe:
CTIOYaTKy MPOMOHYETHCS 3a0€3MEUYUTH OKCHIe-
HaIlif0 Ta BEHTWIAIIIO TaAIli€eHTa BPYYHY 32
JOTIOMOTOI0 MAacKH 3 MIIIKOBUM KJIallaHOM
(KIIO MOXKIIUBO), @ MOTIM TMOBIIBHO BBOIUTH
MaIi€EHTy HAJOKCOH, SKIIO KJIIHIYHUN CTaH
narieHTa qo3BoJisie e poourtu. [Ipu mimo3pi Ha
nepeo3yBaHHs METaJ0HOM PEKOMEHOBAHO
B3araji yHHKaTH BBEICHHS HalOKcoHy [13—15].

CporonHi HagBUCOKA €()EeKTUBHICTD (TOKCHY-
HICTB), JIETKICTh CHHTE3y Ta IIUpPOKa AOCTYII-
HICTh CHHTETHYHHUX OITIOIIB CTAHOBIATH 3HAY-
HUI pU3UK Ui 300POB’Sl HE JIUIIE [UBLIHHOTO
HAaCelleHHs, a ¥ MepcoHalTy MPaBOOXOPOHHUX
OpraHiB, CIIy’)KO IIBHIKOTO pearyBaHHS Ta Biii-
CHKOBUX. AJDK€, BUCOKOTOKCHYHI aHanoru (eH-
TaHITy, Taki sK KapdeHTaH11, MOXYTb OyTH
BUKOPHCTaHI K 00i1i0Ba OTpyiHa peYyOBHHA, 110
MOX€ TPU3BECTHU JI0 MACOBUX BTpAT HACENCHHS
1 0c000BOTO CKJaay BIHCBHK. IcTOpuYHMM TIpH-
KJIaJIOM 3aCTOCYBaHHS CHHTETUYHUX OMIOIMIB y
AKOCT1 30poi € BHIAaJOK BUKOPHCTAHHS aepo-
30JIBHOI CyMiIlli KappeHTaHTy Ta peMieHTaHi-
My I 3HEPYXOMJICHHS YCUCHCHKHX TCpOpH-
CTiB, sKi mTypmyBanun OmepHuii TeaTp Ha
I[y6p013111 y Mockai y 2002 pomi. ITig gac ore-
parii 3armHyno moHax 120 3apy4HwuKiB, 650
notpeOyBajil MEIUYHOI JOMOMOTH Ta TOCIHiTa-
mizarii [16].

€IMHUM aHTUJOTOM BiA il CHHTETHUYHHX
OIi01/1iB BBAXKAETHCS HAJIOKCOH; aJie, BPaXxOBYIO-
91 KOPOTKY TPUBATICTh il (10 2-X TOIWH), BiH
Ma€ HU3bKY €(eKTHUBHICTD y BHIIaJKaX MAaCOBUX
IHITUIEHTIB, ITOB’I3aHUX 3 OM10iTaMu, 0COOINUBO
3 HaJNOTY)KHUMHU CHHTETHUYHUMH OIiOigaMH
TpuBaioi aii. Takum guHOM, CBOFO,Z[Hi Oe33arie-
PEUHOIO € [0TPeda B CHILHOAIIOYOMY aHTHIOTI
TPUBAIO] Aii AK MEIMYHOMY KOHTP3aXOMi st
BUKOPUCTAHHA IMPU MAaCOBHUX IHIMJICHTAX 3
BUKOPUCTAHHSM Ta30MOIOHMX OMIOiiB.
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diac output and pulmonary pressure; an
increase in the concentration of adrenaline in
the plasma; increase in cardiac index;
increase in stroke volume; increased systolic
blood pressure and pulse pressure; accumula-
tion of pulmonary fluid with higher protein
concentrations, which may be associated
with the release of histamine in lung tissue
and vessels; acute negative pulmonary pres-
sure in the presence of upper airway obstruc-
tion due to secretions and/or mucus in the
airways, closed glottis, or laxity (paresis) of
the vocal cords.

It is important to recognize that pul-
monary edema can occur in Naloxone-naive
heroin overdose patients, again suggesting a
multifactorial etiology, particularly that pul-
monary edema may occur outside of
Naloxone due to histamine release and
changes in pulmonary capillary permeability.

The above-mentioned effects have
prompted doctors to change the tactics of
administering Naloxone, namely: first it is
suggested to provide oxygenation and venti-
lation of the patient manually with a bag
valve mask (if possible), and then to slowly
administer Naloxone to the patient if the
patient's clinical condition allows this. If a
Methadone overdose is suspected, it is rec-
ommended to avoid Naloxone administration
altogether [13—15].

Today, the ultra-high potency (toxicity),
ease of synthesis, and widespread availabili-
ty of synthetic opioids pose a significant
health risk not only to the civilian popula-
tion, but also to law enforcement, first
responder, and military personnel. In particu-
lar, highly toxic analogues of Fentanyl, such
as Carfentanil, can be used as a combat poi-
son, which can lead to mass casualties of the
population and military personnel. A histori-
cal example of the use of synthetic opioids as
a weapon is the case of the use of an aerosol
mixture of Carfentanil and Remifentanil to
immobilize Chechen terrorists who stormed
the Dubrovka Opera House in Moscow in
2002. During the operation, more than 120
hostages died, 650 needed medical assistance
and hospitalization [16].

Naloxone is considered the only antidote
against the effects of synthetic opioids; how-
ever, given its short duration of action (up to
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3 METOI BUPIIIEHHS 3aBJAaHHS CTBOPEHHS
HOBUX €()EKTHMBHMX aHTHIOTIB MPOTH OIMIOiIB
CyyacHa HayKa pyXa€eTbCsl B JIEKUJIbKOX HaIpsM-
kax [17, 18]. Tak, HOBI MAXOAU 1O JIIKyBaHHS
OTpy€HB (TIEpPeI03yBaHb), CIPUIYNHEHUX HAIIO-
TY>)KHUMH CHHTETHYHHMH OMIOigaMHu, BKJIIO-
YaroTh:

— 3aCTOCYBaHHS I1HTpaHA3aJIbHOTO 3aco0y
Hanmeden (anmi., Nalmefene) — mortyxkHoro
KOHKYPEHTOCIIPOMOKHOTO OOOPOTHOI'O aHTaro-
HICTA OMIOIJHUX PELENTOpPIB 3 OUIBIIOI TPUBA-
JICTIO A1i, HI’K HAJIOKCOH;

— 3acTtocyBaHHs MeTrouuHamMoKkcy (aHII.,
Methocinnamox, MCAM) — HOBOro aHTaroi-
CTa OMIOITHUX PELEINTOPIB;

— po3pobOKa aHTHIOTY JOBrOTPUBAJIOL i Ha
OCHOB1 KOBQJIEHTHUX HAaHOYACTOYOK HAJIOKCOHY
(anrn., Covalent Naloxone Nanoparticles);

— PpO3po0dKa 3ac00y (hapMaKoIOriaHOi KOpeK-
uii jgempecii JMXaHHA HA OCHOBI ArOHICTIB
peuentopiB cepotoHiny 5-HT1A;

— CTBOPEHHS MOJIEKYJISIPHUX MAacToK, abo
MOJIEKYJI-KapKaciB, 110 3B'S3yI0Th (PEHTaHUI 3
BUKOPUCTAHHSIM  LHKJIOJEKCTPUHY  (AHIII.,
Fentanyl-binding Cyclodextrin scaffolds);

— po3poOka 3aco0iB JIETOKCUKAIIIT HA OCHOBI
O010MIMETHYHUX  MPOTEONIMIAHUX  «HAHO-
ry0oK», IO CKJIAJaloThes 3 HaHOChEp JiaMeT-
poM 100 HM, 5IKi CTBOPEHI 31 CyMillll XOJIeCTepu-
Hy Ta CHUHTeTHUYHUX (ocdomimigiB Ha OCHOBI
XOJIIHY Ta IMITYIOTh NOJABIMHUUN JIIMIJHUN 1IAp
KJIITUHHUX MEeMOpaH 3 peLenTopaMu-3axoIuio-
BayaMM  OIIOi/AIB, MNpPHUKIATOM € 3acid
NarcoBond, sikuii 38 513y€TBC$[ 3 u2 OMIOiTHUMU
peuenTopaMu KIITHH-MIIICHEH 1 3MEHIIye
JENPECiio AUXaHHS, CIPUYMHEHOIO OIioigamu,
BKJIIOYAIOUX (DEHTAHLI 1 HOTO aHaJIOIH;

— po3poOKa JIKyBaJbHUX CTpaTeriii Ha OCHOBI
crien(IYHUX BaKIIUH 1 MOHOKJIOHAJIbHUX aHTH-
TIJT JI0 OMIOiIB; HAIUTIOIOYKUCHh Ha crienudivHi
MOJIEKYJISIPHI XapaKTepUCTUKHU OIIOIAIB, 3acO0U
Ha OCHOB1 aHTHUTIJI MOXKYTh IIBHJIKO J1€3aKTHUBY-
BaTH OMIOiJN Ta 3aN00IITH IXHBOMY IIPOHUKHEH-
HIO JI0 ILIEHTpajbHOI HEPBOBOI cHCTEMH abo
0OMEXHUTH PO3MOALT OMIOIAIB A0 1HIIMX OPIaHiB
1 CUCTEM, 3MEHUIYIOYH TOKCHYHI MTPOSIBU.

Takum yMHOM, MacIITabu NpoodIeMu, 3 KOO
ChOTOJIHI CTHKA€ETHCA CyCHiJ]LCTBO K 3 TOYKH
30py TPHBANOi OMIOIMHOT ermifemii, Tak i HauIo}
BpPAa3JIUBOCTI 10 3aCTOCYBAHHSA OMiOillIB SIK
30poi, BUMarae akTUBHHUX I JJIs CTBOPEHHS
HOBUX aHTHJIOTIB Ta 3aC001B BIJ] Mepe103yBaHHS
OMIOiIIB.
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2 hours), it has low efficacy in opioid-related
mass incidents, especially with long-acting,
highly potent synthetic opioids. Thus, there
is an undisputed need today for a potent,
long-acting antidote as a medical counter-
measure for use in mass incidents involving
gaseous opioids.

In order to solve the task of creating new
effective antidotes against opioids, modern
science is moving in several directions [17,
18]. Thus, new approaches to the treatment
of poisonings (overdoses) caused by highly
potent synthetic opioids include:

— intranasal drug Nalmefene — a powerful
competitive reversible antagonist of opioid
receptors with a longer duration of action
than Naloxone;

Methocinnamox (MCAM)
antagonist of opioid receptors;

— a long-acting antidote based on
Covalent Naloxone Nanoparticles;

— a means of pharmacological correction
of respiratory depression based on 5-HT1A
serotonin receptor agonists;

— molecular traps, or framework mole-
cules that bind Fentanyl using Cyclodextrin
(Fentanyl-binding Cyclodextrin scaffolds);

— a detoxification agents based on bio-
mimetic proteolipid "nano-sponges", consist-
ing of nanospheres with a diameter of 100
nm, which are created from a mixture of cho-
lesterol and synthetic phospholipids based on
choline and imitate the double lipid layer of
cell membranes with opioid receptors; an
example is NarcoBond, which binds to p2-
opioid receptors on target cells and reduces
respiratory depression caused by opioids,
including Fentanyl and its analogs;

— a strategies based on specific vaccines
and monoclonal antibodies to opioids; by tar-
geting specific molecular characteristics of
opioids, antibody-based agents can rapidly
deactivate opioids and prevent them from
entering the central nervous system or limit
the distribution of opioids to other organs
and systems, reducing toxic manifestations.

Thus, the scale of the problem facing soci-
ety today, both in terms of the ongoing opioid
epidemic and our vulnerability to the use of
opioids as a weapon, calls for proactive
action to develop new antidotes and remedies
for opioid overdose.

a new
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BucHoBku

1. BumymieHe 3acToCyBaHHS BHCOKHX 03
HAJOKCOHY MOTpedy€e OAHOYACHOIO 3ampoBajl-
JKEHHSI KOHTP3axO0/11B, CIIPSIMOBAHUX Ha MIHIMI-
3a11it0 NoOIYHUX e(PEeKTIB 3 OOKY HEPBOBOI, cep-
LEBO-CYIMHHOI, pPECHipaTOpHOi Ta IHIIUX
CUCTEM; HE JOIUIbHO NpHU3HAYaTH HaJIOKCOH
NaieHTaM 3 OTPYEHHSM METaJOHOM, a TAKOX
THM, 110 BUMArarTh TPUBAJIOI IUTYYHOI BEHTH-
TSI JIET€Hb, MAIOTh TSKKI META0OJ1YH1 po3ia-
I Ta TOTPeOyIOTh 3aCTOCYBAaHHS METOIB €KC-
TpPaKOpHOpaIbHOI IETOKCHUKAIIII.

2. llepcneKTHUBHUMHU HaNpsIMKaMy MPOTHU-
JI1i TOKCHYHOMY BIUIMBY CUHTETUYHUX OITI0i/IIB
€: po3poOKa HOBUX MOJEJEH aHTUIOTIB Ha
OCHOB1 KOBQJIGHTHUX HAHOYACTOYOK HAJIOKCOHY
1 aroHicTiB peuenTtopiB cepoToHiHy S5-HTj,;
CTBOPEHHSI MOJIEKYJ-KapKaciB IO 3B'S3yIOTh
(eHTaH11 3 BUKOPUCTAHHSM LIUKIIOIEKCTPUHY;
3aCTOCYBAaHHS 010MIMETUYHMX MPOTEOJIIITHUX
«HAHO-TYOOK» Ta crienu(piYHUX BaKIIMH 1 MOHO-
KJIOHAJILHUX aHTUTLI IO OIOIaIB Ta 1H.
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Conclusions

1. Forced use of high doses of Naloxone
requires the simultaneous introduction of
countermeasures aimed at minimizing side
effects from the nervous, cardiovascular, res-
piratory and other systems; it is not advisable
to prescribe Naloxone to patients with
Methadone poisoning and those who require
long-term artificial ventilation, have severe
metabolic shifts and require the use of extra-
corporeal detoxification methods.

2. Promising areas of combating the toxic
effects of synthetic opioids are: development
of new models of antidotes based on covalent
nanoparticles of Naloxone and 5-HT, sero-
tonin receptor agonists; creation of frame-
work molecules that bind fentanyl using
cyclodextrin; the use of biomimetic prote-
olipid "nano-sponges" and specific vaccines
and monoclonal antibodies to opioids, etc.

Conflict of interest. The authors declare
no conflict of interest.

in the synthetic opioid era. Subst. Abuse Treat. Prev. Policy.
2019. 14, 6. doi:10.1186/s13011-019-0195-4.

Carpenter J, Murray BP, Atti S, Moran TP, Yancey A,
Morgan B. Naloxone Dosing After Opioid Overdose in the
Era of Illicitly Manufactured Fentanyl. J Med Toxicol.
2020 Jan;16(1):41-48. doi:10.1007/s13181-019-00735-w.
Abdelal R, Banerjee AR, Carlberg-Racich S, Cebollero C,
Darwaza N, Kim C, Ito D, Epstein J. Real-world study of
multiple naloxone administrations for opioid overdose
reversal among emergency medical service providers.
Subst Abus. 2022;43(1):1075-1084. doi:10.1080 /08897
077.2022.2060433.

Strickland JC, Marks KR, Smith KE, Ellis JD, Hobelmann
JG, Huhn AS. Patient perceptions of higher-dose naloxone
nasal spray for opioid overdose. Int J Drug Policy. 2022
Aug; 106:103751. doi:10.1016/j.drugpo.2022.103751.
Neale J, Kalk NJ, Parkin S, Brown C, Brandt L, Campbell
ANC, Castillo F, Jones JD, Strang J, Comer SD. Factors
associated with withdrawal symptoms and anger among
people resuscitated from an opioid overdose by take-home
naloxone: Exploratory mixed methods analysis. J Subst
Abuse Treat. 2020 Oct;117:108099. doi:10.1016/].jsat.
2020.108099.

Kim HK, Nelson LS. Reducing the harm of opioid over-
dose with the safe use of naloxone: a pharmacologic
review. Expert Op in Drug Saf. 2015;14: 1137-1146.
doi:10.1517/14740338.2015.1037274.

Abdelal R, Raja Banerjee A, Carlberg-Racich S, Darwaza
N, Ito D, Shoaff J. Real-world study of multiple naloxone
administration for opioid overdose reversal among
bystanders. Epstein J. Harm Reduct J. 2022 May

10.

11.

12.

13.

14.

97



KJIIHIYHA TOKCHUKOJIOTI'IA

CLINICAL TOXICOLOGY
20;19(1):49. doi:10.1186/s12954-022-00627-3. 01295-x.
15. Marco CA, Trautman W, Cook A, Mann D, Rasp J, Perkins  17. Volkow ND, Collins FS. The role of science in addressing
O, Ballester M. Naloxone use among emergency depart- the opioid crisis. N. Engl. J. Med. 2017. 377, 391-394.

ment patients with opioid overdose. The Journal of doi:10.1056/NEJMsr1706626.
Emergency Medicine. 2018;55(1):64-70. doi:10.1016/  18. France CP, Ahern GP, Averick S, Disney A, Enright HA, et

j.jemermed.2018.04.022. al. Countermeasures for Preventing and Treating Opioid
16. Shafer SL. Carfentanil: a weapon of mass destruction. Can. Overdose. Clin Pharmacol Ther. 2021 Mar;109(3):578-
J. Anaesth. 2019. 66, 351-355. doi:10.1007/s12630-019- 590. doi:10.1002/cpt.2098.
BIJTOMOCTI IIPO ABTOPIB

Kypoine Hamania Bimaniiena — kanouoam mMeOuyHUX HAyK, 3aCMynHUK OUPeKmopa 3 HayKogux i KiiHiu-
HUx numans Jlepacagnozo nionpuemcmea « Haykosuil yenmp npeseHmuHoi moKCUKou02ii, Xapioeoi ma
Ximiunoi 6esnexu imeni axaoemixa JI.1. Meoseos Minicmepcmea oxoponu 300pog’ss Vipainuy. Aopeca: yi.
T'epoie Oboponu, 6, 03127, m. Kuis, Yrpaina. Email: Kurdil nv@ukr.net. ORCID: 0000-0001-7726-503X
Isawenko Onez Bacunvosuy — xanouoam meouyHux Hayx, 0oyeHm xageopu Meouyunu Hegiok1aonux
cmanie, Hayionanvnuii ynieepcumem oxopouu 300pog's Ykpainu imeni I1.J1. LLlynuxa Minicmepcmea oxo-
ponu 300pog’s Vipainu. Aopeca: eyn. [Jopoeoxcuyvka, 04112, m. Kuis, Yxpaina. Email:
ivaschenkokafimns@gmail.com. ORCID: 0000-0003-2866-707X

Lleiiman bopuc Cemenosuu — 00KmMop MeOUUHUX HAYK, Npoghecop, NPOGIOHUL HAYKOGUL CRIBPOOIMHUK
epoicasroeo nionpuemcmesa « Haykosuii yenmp npegenmusHoi moxkcuxonozii, xapuoeoi ma XimiuHoi
be3nexu imeni akademixa JI.1. Meoeeos Minicmepcmea oxoponu 300pos’s Yxpainuy. Aopeca: eyn. I'epoig
Oboponu, 6, 03127, m. Kuis, Yxpaiua.

Anoprowenko Bnaoucnasa Banepiisna — nikap-anecmesionoe, 6i00ineHHs IHMeHCUBHOI mepanii ma exc-
mpaxopnopanvhoi 0emoxcuxayii HKII « Kuiecvka micvka Kniniyna 1iKapHa weuoKoi MeOutuHoi 00noMocuy.
Aopeca: syn. Bpamucnascoka, 3. 02660, m. Kuis, Ykpaina. Email: viadiva78@jicloud.com.

ORCID: https://orcid.org/0000-0001-6227-3993

Cmammas naoitiwna 0o pedaxyii 07.07.2023
INFORMATION ABOUT THE AUTHORS

Nataliia Kurdil — Candidate of Medical Sciences, Deputy Director for Scientific and Clinical Affairs of the
L.I. Medved's Research Centre of Preventive Toxicology, Food and Chemical Safety, Ministry of Health,
Ukraine (State Enterprise). Address: 6 Heroiv Oborony str., 03127, Kyiv, Ukraine, toxicologist expert of
the Municipal Institution of the Kyiv Regional Council "Kyiv Regional Bureau of Forensic Medical
Examination”. Address: 7 Orangereyna str., 04112, Kyiv, Ukraine. Email: Kurdil nv@ukr.net. ORCID:
0000-0001-7726-503X.

Oleh Ivashchenko — Candidate of medical sciences, associate professor of the Department of Emergency
Medicine, National University of Health Care of Ukraine named after P.L. Shupyka of the Ministry of
Health of Ukraine. Address: str. Dorohozhitska, 04112, Kyiv, Ukraine. Email:
ivaschenkokafimns@gmail.com. ORCID: 0000-0003-2866-707X

Borys Sheyman - Doctor of Medicine, Professor, Associate Professor State enterprise "Scientific center of
preventive toxicology, food and chemical safety named after Academician L.1. Bear of the Ministry of
Health of Ukraine". Address: str. Heroiv Oborony, 6, 03127, Kyiv, Ukraine.

Vladyslava Andryushchenko — Anesthesiologist, Department of Intensive Care and Extracorporeal
Detoxification of Kyiv Municipal Emergency Clinical Hospital. Address: 3 Bratislavska, str., 02660, Kyiv,
Ukraine. Email: viadiva78@icloud.com.

ORCID: https://orcid.org/0000-0001-6227-3993.

The article was received by the editors 07.07.2023

VKPATHCBKUIA )KYPHAJT CYYACHUX TTPOBJIEM TOKCHUKOJIOTTT /
UKRAINIAN JOURNAL OF MODERN PROBLEMS OF TOXICOLOGY 2/2023




