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PE3KOME. YkpaiHa cborofHi He peryne npoaax npoaykLjii, BAroToBaeHoi 3 kpatomy — Mitragyna speciosa Korth. (3
cimericta Rubiaceae) Ta He 34iliCHI0E 3aX0LiB 3 KOHTPOJIO SIKOCTI Ta 6e3MeYHOCTI LIbOro nNPOAYKTY, HE 3Baxato4u Ha foro
CTpIMKe MOLLUMPEHHSI MO0 BCivi TEPUTOPIi AepXaBu.

MerTa. [lonsrae B y3arasbHEHHI pe3ynbTatiB HayKOBUX AOC/IAXEHb L0AO0 TOKCUMYHOCTI anbTEPHATUBHUX OMioidiB, SIKi
mictarcs y cknagi Mitragyna speciosa Ta KoMGiHOBaHUX MPOAYKTIB HA iXHili OCHOBI.

Marepianu Ta metogn. BukopuctaHo 3BiTv BcecBiTHbOI oprarisadii oxopoHu 3ao0pos's (WHO), €Bponeiicbkoro LeHTpy
MOHITOPUHIY HapkoTuki Ta HapkomaHii (The European Monitoring Centre for Drugs and Drug Addiction, EMCDDA),
YnpasninHg OOH 3 HapkoTukiB i 3no4nHHOCTi (UNODS Office on Drugs and Crime), HaykoBi ornsam 1a OKpemi OCiIKEH-
HS, npucBsYeHi bioximii, TOKCUKOAOrii, Cyn0BO-MeanYHIl ineHTuikaLlii pe4yoBuH, L0 MICTATbCS B NMPOAYKTaX, BUrOTOB/IE-
Hux Ha 0cHoBi Mitragyna speciosa, 3a octaHHi 10 pokiB ( Elsevier, PubMed, ToxNet).

Pe3ynbTtatu Ta 06roeopeHHs. OCTaHHIM 4aCOM KPaTOM Ky/IbTUBYETLCS Ha PI3HUX KOHTUHEHTax Ta noTparnisie Ha PUHOK
nig Ha3Boto «KpaTom», B aHr/IOMOBHUX JXkepenax — «Kratom». JINCTs KpatomMy BUCYLLIYIOTbCS Ta NPOAAloTLCS y popMmi 3ene-
HOro rnopoLuky, TabneTok, karncys, eKCTPaKTIB Ta XyBaslbHUX LlyKepok. B YkpaiHi kpaTtom peanidyeTbcsi nig COTHsIMU KOMEP-
LiiHMX Ha3B y Mepexi «IHTEpHET» K «KpaTom», «poayKT KpaTtom» «opraHiyHuii yavi Kpatom», «eTHIYHIV Yav Kpatom», «yaii
Kpatom» Ta iH. ¥ cknagi ancts Kpatomy BusiBeHO rnoHasn 40 CTPYKTYPHO CriOpPiAHEHVX afikaioifiB, a Takox Kinbka ¢aaso-
HoifiB, TepneHoiaHUX caroHiHiB, nonieHoniB Ta pidHux rniko3vais. dapmakonoriyHi Ta TOKCUYHI epekT kpaTomy ans
OinbLUOCTI FiOro cknagoBuX BUBYEHI HEAOCTATHLO. [104I6HO A0 iHLWVX AIETUYHUX A06ABOK NPOAYKTU 3 KPATOMY MOBUHHI
OyTV CTaHAapTU30BaHUMU 3a BMICTOM asKanoifiB, MIiKpOOHUM 3a0pyAHEHHSIM, NecTULmaaMu, BaxKuMu MeTanamu,
3aJINLLIKOBUMY PO3YUHHMKaMK, GEH30(a)rnipeHoM, agaTokCuHamu Ta iH., 3 BiAMOBIAHUMY BUMOramum 10 MapKyBaHHSI.
BucHoBKkK. Ha pyHOK YkpaiHy Mae noTpanistv skicHa Mpoaykuis — CTaHAapTU30BaHWIA eKCTPAKT JIMCTS kpaToMy abo iHLua,
BMrOTOBJIEHA Ha 100 OCHOBI Be3rne4Ha npoaykLis. Pazom 3 TMM O0CTaHHI AOCIAXEeHHS AOBOASITb, LLIO MITPariHiH, L0 MICTUTb-
cs1 B cKn1afli KpaToMy, NpeacTaBisie 3Ha4HUiA iHTePec As1si MeANYHOI Hayku, ik MOZAEsb 151 PO3P0OKM HOBUX MIAXOAIB, LLO CTO-
CYIOTbCS IOCUTb aKTyaslbHUX Cep MEANLIMHN, 30KpemMa 151 NiKyBaHHs1 6010 Ta o36aB/eHHs Bifl OMioiaHOI 3a1€XHOCTI.
Kmo4osi cnosa: Mitragyna speciosa, anbTepHaTuBHI 0nioiau, TOKCUYHICTb.

On the relevance of toxicological and hygienic assessment
and market regulation of herbal dietary supplements made
from Mitragyna speciosa Korth (Rubiaceae family)
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ABSTRACT. Ukraine today does not regulate the sale of products made of Kratom (Mitragyna speciosa Korth. (from the
family Rubiaceae) and does not take measures to control the quality and safety of this product, despite its rapid spread
throughout the country.
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Aim of the Work is to summarize the results of scientific research on the toxicity of alternative opioids contained in
Mitragyna speciosa and combined products based on them.

Material and methods. Reports from the World Health Organization (WHO), the European Monitoring Center for Drugs and
Drug Addiction (EMCDDA), the United Nations Office on Drugs and Crime, the results of scientific reviews and individual
studies on biochemistry, toxicology, forensic identification of substances contained in products made from Mitragyna spe-
ciosa, over the past 10 years (Elsevier, PubMed, ToxNet).

Results and Discussion. Recently, kratom has been cultivated on different continents and entered the market under the
name "Kpatom", in English-language sources - "Kratom". Kratom leaves are dried and sold in the form of green powder,
tablets, capsules, extracts and gummies. In Ukraine, kratom is sold under hundreds of commercial names on the Internet
as "Kratom", "Kratom product”, "Kratom organic tea", "Kratom ethnic tea", "Kratom tea" and others. More than 40 struc-
turally related alkaloids, as well as several flavonoids, terpenoid saponins, polyphenols and various glycosides were found
in kratom leaves. The pharmacological and toxic effects of kratom for most of its components have not been studied
enough. Like other dietary supplements, kratom products should be standardized for alkaloids, microbial contamination,
pesticides, heavy metals, residual solvents, benzo(a)pyrene, aflatoxins, etc., with appropriate labeling requirements.
Conclusions. Quality products should enter the Ukrainian market - standardized leaf extract of kratom, or other safe prod-
ucts made on its basis. However, recent studies show that mitraginine contained in kratom has great potential for medical
science as a model for developing new approaches in very relevant areas of medicine: to treat pain and get rid of opioid
dependence.

Key Words: Mitragyna speciosa, alternative opioids, toxicity.

006 aKTyanbHOCTU TOKCUKOJIOrO-rurueHN4eCcKoi OLleHKN U PbIHOYHOM perynaynmn
AneTnyeckunx 4o6aBok pacTUTEsIbHOro MNPOUCXOX[EHUS, U3rOTOBJIEHHbIX N3
Mitragyna speciosa Korth (cimericTeo Rubiaceae)
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PE3IOME. YkpauHa ceroaHsi He peryimpyeT npoaaxy npoAykuuy, n3roToBIEeHHON 13 kpatoma — Mitragyna speciosa
Korth. (n3 cemerictea Rubiaceae) n He ocyLLecTBASET MePONPuUsITUI No KOHTPOJTO Ka4yecTsa 1 6e30rnacHOCTY 3TOro rnpo-
[AyKTa, HECMOTPS Ha €ro CTPEMUTENIbHOE PAcpPOCTPaHEHNE M0 BCeV TeppUTopuy rocyAapcTaa.

Uenb. 3akmoyaetcss B 0600LeHNn pPe3yibTaToB Hay4yHbIX UCCAEA0BaHUIA, KacaroLmxCsl TOKCUYHOCTY albTEPHATUBHBIX
onvonzaos, coaepxalumxcsl B coctaBe Mitragyna speciosa 1 KOMOVMHUPOBAHHBIX MPOAYKTaX, N3rOTOBIEHHbIX Ha X OCHO-
Be.

Martepuanbl u metogbl. VIcrnonb308aHbl 0TYETEI BeemmupHoi opraHmn3aumm sapasooxpaHerus (WHO), Esponerickoro
LIEeHTPa MOHUTOPUHIra HapKoTUKOB n HapkomaHuu ( The European Monitoring Centre for Drugs and Drug Addiction, EMCD-
DA), Ynpasnerust OOH o Hapkotukam v npectynHocty (UNODS Office on Drugs and Crime), Hay4Hble 0630pbl v OTAE b-
Hble VCCNenoBaHWsl, MOCBSLLEHHbIE BUOXUMUM, TOKCUKOSIOrAW, CyAeOHO-MeANLMHCKON UAEHTU(UKaLUmM BeLlecTs,
coaepxalumxcs B npoaykTax, n3rotoBaeHHbIX Ha ocHoBe Mitragyna speciosa 3a nocnegHune 10 ner (Elsevier, PubMed,
ToxNet).

Pe3ynbTatbl n obcyxgenune. B rocnenHee BpeMs KpaToM Ky/ibTUBUPYETCS Ha PasHbIX KOHTUHEHTax v ronajaet Ha
PbIHOK N0z Ha3BaHneM «KpaTom», B aHr/10513bI4HbIX UICTOYHMKAX — «Kratom». JINCTbs1 KpaTOMa BbICYLLIMBAIOTCS U MPOAAKT-
¢S B popMe 3es1eHOro rnopoLuka, TabneTok, Karcys, SKCTPAKTOB U XeBaTe ibHbIX KOHGET. B YkpanHe kpatom peannsyercs
rnos COTHSIMW KOMMEPYECKUX Hal3BaHuui B ceTu «MIHTepHeT» Kak «Kpatom», «npoaykt Kpatom» «OpraHnyeckuii yai
Kpatom», «aTHu4yeckoii Yyaii Kpatom», «yai Kpatom» u ap. B coctaBe nmcTbeB kpatoma BbisiBieHo 6onee 40 CTPYKTypHO
POACTBEHHBIX a/IKaNonA0B, a TakxXe HECKOJIbKO (G/1aBOHOMAO0B, TEPNEHOVAHBIX CarlOHUHOB, MONGEHOI0B Y PA3/NYHBIX [N~
ko3unoB. Papmakosiornyeckme 1 TOKCu4eckmne apekTsl kpatoma a5 60MbLUMHCTBA €r0 COCTaBNSIOLLMX N3YYEHbI HEA0CTa-
TO4HO. [Tof06HO ApYyrum AneTnyeckum fobaBkam NPOAYKTHI U3 KpaToMa A0IKHbI ObiTh CTaHAaPTU3NPOBAHHBIMM M0 COLEP-
XKaHWIO asnkanovaoB, MUKPOOHOMY 3arpsiBHEHUIO, NECTLMAAMY, TXEbIMU MeTasinamy, 0CTaTOYHbIMU PacTBOPUTENSIMU,
6eH30(a)nvpeHoMm, apaTokCuHaMu v Ap., a Takxe 1 COOTBETCTBYIOLLMMM TPeO0BaHUSIMU K MaPKUPOBKE.

BoiBoAbI. Ha pbIHOK YkpaunHbl AOKHA N0nagaTe KA4eCTBEHHas NPOAYKUMST — CTaHAaPTU3UPOBAHHbIV KCTPAKT INCTHEB
kpaToma v apyrasi, U3roToB/IEHHasl Ha ero 0cHoBe 6e3ornacHas nNPoAyKuus. BmecTe ¢ Tem nocnenHue nccienoBaHus
[I0Ka3bIBAKOT, YTO MUTPArMHVH, COAEPXaLUMICS B COCTaBe KpaToMa, NpeacTaBnsieT 00bLLON UHTEPEC A/ MEAVNLIMHCKOM
Hayku, kak MoAesb 4151 pa3paboTky HOBbIX MOAX0A0B, KACAIOLLMXCS aKTYaIbHbIX Cep MeANLMHbI, B YaCTHOCTU [J15 Jieqe-
Hus 60m 1 n36aBaeHNs1 OT HaPKO3aBUCUMOCTH.

KmioyeBbie cnosa: Mitragyna speciosa, anbTepHaTUBHbIE OMMOUAbI, TOKCUYHOCTb.
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Betyn. Mitragyna speciosa Korth (3 cimencTsa
Rubiaceae) — TponiyHe oepeso B1COTOIO Big 4 oo 16
METPIB, MPEACTABHWK MPUPOOHOro naHawadTy Ha
TepuTopii MiBaeHHO-CxigHin Asii, IngoHeaii, Manaisii,
M’sHmMK, Pininnin Ta Manya-Hoeoi 'BiHel, Ae BUKOpW-
CTOBYETbCS B TPAAMLINHIA MeOVUMHI Ans NiKyBaHHS
paH, nocnibneHHs 600, TPUBOXHOCTI, OEnPecii.
OcTaHHIM 4Yacom KpaTOM KyNbTMBYETbCH Ha PIi3HMX
KOHTVHEHTaX Ta MOTPanisSe Ha PUHOK Mid Ha3BO
«KpaToOM», B @HrIOMOBHMX Oxepenax — «kratom».
JIncTa kpaTtoMy BUCYLLYIOTLCS Ta MPOJAI0TLCS Y BUMNS-
[i 3e5eHOro NopoLuKy, TabneTok, kancysn, eKCTpakTiB
Ta XyBanbHMX Lykepok. B YkpaiHi kpatom peanisdy-
€TbCs B Mepexi IHTepHeT gk «Kpatom», «npoaykTt
Kpatom» «opraHiyHunii yam Kpatom», «eTHIYHWIA yal
Kpatom», «yain Kpatom» Ta iH.

Bigomo, WO CnoxmBaHHS KpaToMy BUKANKAE NCU-
XOTPOMHi edekTu, noaibHi oo Aji onioigis. OcTaHHIMK
pokamu Oesiki CnoXuBayi BUKOPUCTOBYIOTb NPOAYKTY
3 ICTS KpaToMy Ans ikyBaHHS OO0 SK anbTepHa-
TMBY PeuenTypHUM onioigam (Hanpuknag, MopdiHy
Ta OKCUKOJOHY), OAHAK Cy4aCHi HAyKOBi AOCNIOXKEHHS
He 4aloTb 0AHO3HAYHOI BiAMNOBIai Npo 6e3neky 3acTo-
CYBaHH§ KpaToMy mpu NikyBaHHi Oofl0 Ta MposiBiB
abCTMHEHLI.

OcobauBicTb Aji KpaToMy nonsrae B TOMy, WO B
Manux [o3ax BiH 34aTeH BUKAMKATK Cedauito, a B
GinblumMx — endopito Ta aHecTesito. LocnigkeHHs
OCTaHHIX POKiB MOKa3yloTb, L0 B JINCTAX KPATOMY He
BUSIB/IEHO XOOHOI KOHKPETHOI MCUXOTPOMHOI Cnony-
K1, a GiToxiMikaTK, BUAINEHI 3 Pi3HMX YaCTUH AepeBa,
BKJTI0HaOTb NOHa 40 CTPYKTYPHO CNOPIAHEHWX anka-
NoifiB, a TakoX Kinbka $naBOHOIAGIB, TEPNEHOIOHMX
CaroHiHiB, nonideHoNiB Ta Pi3HMX rNiKo3nais.

OCHOBHVMMW MCUXOAKTUBHUMM KOMMOHEHTaMu
JINCTS KpaToMy BBaXalOTb MIiTpariHiH Ta 7-rigpokcu-
MiTpariHiH, 06maBa ankanoigy BUSBEHI MLLe y Ckna-
ai pocnnHn Mitragyna speciosa Korth (3 cimeicTea
Rubiaceae), ane foci y cyyacHii MeauUMHI HeMae
CTaHZapTiB [0 BWKOPWUCTaHHS KpatoMmy abo ioro
ankanoifiB y KNiHIiYHIA NpakTuj.

CTpimke nowmpeHHs NpoaykTy «Kpatom» B YkpaiHi
CMOHYKaNo A0 y3aranbHEHHS Cy4aCHUX HayKOBMX
BMCHOBKIB 00 0e3MeyHOCTi NPOoAyKTiB HA OCHOBI
KpaTomy.

MeTa po6oTu nonsirae B y3araibHeHHi pesynbTa-
TiB HAYKOBMX AOCAIOXKEHD, LLLO CTOCYIOTbCSH TOKCUYHO-
CTi anbTEPHATUBHMX OMIOIAIB, WO MICTATCA y cknagi
Mitragyna speciosa Ta KOMGIHOBaHMX MPOAYKTIB Ha
iXHiln OCHOBI; 0BI'PYHTYBaHHI HEOOXIAHOCTI 3AIACHEH-
HSl TOKCUKOJIOrO-Tiri€HI4HOT OLHKM NpOoAyKLUii Ha
OCHOBI KpaToMmy (OieTMYHMX A06aBOK) BIAMNOBIAHO [0
MiXHapOOHMX CTaH4apTiB.

Martepianu Ta metopgum. BukopucTtaHi 3BiTK
BcecBiTHbOI OpraHisauji 0XopoHu 340poB'a (Jani —
BOOS3), EBponencukoro LEHTPY MOHITOPUHIY HAPKO-
TMKIB Ta HapkoMmadii (gani — The European
Monitoring Centre for Drugs and Drug Addiction,

Introduction. Mitragyna speciosa Korth. (from the
family Rubiaceae) is a tropical tree with a height of 4
to 16 meters, a representative of the natural land-
scape in Southeast Asia, Indonesia, Malaysia,
Myanmar, the Philippines and Papua New Guinea,
where it is used in traditional medicine to treat
wounds, bruising pain, anxiety, depression. Recently,
kratom has been cultivated on different continents
and entered the market under the same name.
Kratom leaves are dried and sold in the form of green
powder, tablets, capsules, extracts and chewy can-
dies (gummies). In Ukraine, kratom is sold on the
Internet as "Kratom”, "Kratom product”, "Kratom
organic tea", "Kratom ethnic tea", "Kratom tea" and
others.

It is known that the consumption of kratom causes
psychotropic effects similar to the action of opioids.
In recent years, some consumers have used kratom
leaf products to treat pain as an alternative to pre-
scription opioids (such as morphine and oxycodone),
but current research does not provide an unambigu-
ous answer about the safety of kratom in the treat-
ment of pain and withdrawal symptoms.

The peculiarity of the action of kratom is that in
small doses it can cause sedation, and in large -
euphoria and anesthesia. Recent studies have shown
that no specific psychotropic compounds have been
found in kratom leaves, and phytochemicals isolated
from different parts of the tree include more than 40
structurally related alkaloids, as well as several
flavonoids, terpenoid saponins, polyphenols, and
various glycosides.

The main psychoactive components of kratom
leaves are considered to be mitraginine and 7-
hydroxymitraginine, both alkaloids found only in the
plant Mitragyna speciosa Korth. (from the family
Rubiaceae), but still in modern medicine there are no
standards for the use of kratom or its alkaloids in clin-
ical practice.

The rapid spread of the Kratom product in Ukraine
has prompted the generalization of modern scientific
findings on the safety of Kratom-based products.

The aim of the work is to summarize the results of
scientific research on the toxicity of alternative opi-
oids contained in Mitragyna speciosa and combined
products based on them; substantiation of the need
for toxicological and hygienic assessment of prod-
ucts based on kratom (dietary supplements) in accor-
dance with international standards.

Material and Methods. Reports from the World
Health Organization (WHO), the European Monitoring
Center for Drugs and Drug Addiction (EMCDDA), the



EMCDDA), YnpasniHHa OOH 3 HapKOTWKIB i 3104MH-
HocTi (gani — UNODS Office on Drugs and Crime),
pesynbTat¥ HayKOBMX OrNsSiAiB Ta OKPEMMX OOCAIA-
X€eHb, NPUCBSAYEHNX BioXimii, TOKCUKONOrii, CyO0BO-
MeOMYHIN igeHTudikauii PeYOBMH, WO MICTATbCS B
npoayKTax, BUrOTOBAEHMX Ha OCHOBI Mitragyna spe-
ciosa, 3a octaHHi 10 pokie (Elsevier, PubMed,
ToxNet).

PeaynbTaTti Ta 06roBopeHHs. MpoaykTun «Kpatom»
y CBOEMY CKMafi MaloTb 3HAYHY KiNbKiCTb XiMi4HMX
CMOMYK Y Pi3HMX CMiBBIAHOLLEHHSIX, & BNACHE KPaTOM
(cyweHe nucTs gepesa) MICTUTb «KOKTEWb» i3 NCU-
XO0aKTMBHMX aikanoifiB POCIMHHOMO MOXOMXKEHHS.
Mpoaykuis 3 kpaTomy 3a3Buyan NPONOHYETLCS CMO-
XunBayam y BUrNsiai nepeteptoro abo noapibHeHoro
Ha MOPOLLIOK CYXOro ANCTS Bif CBITAOrO A0 TEMHO-
3€/EeHOr0 KONbopy. Takox AOCTYMHI MOPOLIKONOLi6-
Hi, 3eneHyBati abo GexeBO-KOPWYHEBI NpenapaTu
KpaTomy, 36arayeHi iHWUMKU POCIMHHUMW eKCTpaK-
Tamu. CtabinbHi, nacTononibHi ekcTpakT Ta TEMHO-
KOpMYHEBA CMOMA KpaToOMy BUFOTOBASIOTLCS 3 BOA-
HWX CYCMEeH3in NNCTS KpaTtoMy, TakoX AOCTYMHi
HaCTOSIHKM Ta Kancynu, HanOBHEHI MOPOLLKOM KpaTo-
my [1-11].

CborofHi y cknagi kpatomy ineHTudikoBaHO NOHaA,
40 cnonyk, ane nuwe Woao 4-x (MiTpariHiH, 7-rigpo-
KcumiTparidii (7-OH-MmiTparinin), cneuiouuniatvi Ta
KOPUHAHTEIAMH) BMU3HA4YeHO (GapMakoKiHETUYHI
XapakTepuCcTUKK.

Halnbinbl OOCNimXEeHUM € MITpariHiH, Lo cknajae
6113bko 2% MacK CYLLEHOr0 IMCTS KpaToMmy, asie [0
66% 3aranbHOro BMICTy ankanoinis. Moro Bucokoak-
TUBHUIA OKMCNEHnn MeTabonit — 7-OH-miTpariHiH,
MPVCYTHIM Y 3HAYHO MEHLLNX KiIbKOCTSX (SIK MpaBuno,
10 0,02%). IHwWi ankanoign iHgony, NPUCYTHI y GinbLu
3HAYHMX KOHLUEHTPALLISIX Ta BKIOYAKOTb CNELOriHIH, a
came Speciogynine (C,3H;0N,0,), naiiHaHTeiH -
Paynantheine (Cy3HogN,0,) Ta miTpadiniv -
Mitraphyllin (C,,H,,N,0,) Ta iHwWi He € papmakonoriy-
HO aKTUBHMMM, NPOTE, MOXJIMBO, BOHM Ajl0Tb CUHEP-
riYHO 3 PapMaKooriyHO akTMBHUMM CMOSTyKamu.

XiMi4HMI CMHTE3 ankanoifgis KkpaTtomy 3aHaaTo
cknagHuia, o6 3acTOCOBYBaTW Oro AJ1s1 MacOBOrO
BMPOOHMUTBA LWITY4HOrO kpaToMy. OaHaK MiTpariHiH
MOXE CIYXWUTU XiMiYHUM nonepenHnKom BinbLu
NOTYXXHOro 7-rigpokcumiTpariHiHy. Bpaxosyioun pis-
HOMAHITHICTb ankanoifiB, NPUCYTHIX y eKcTpakTax
KpaToMy, Ta YHiKanbHi TOTEHLIHI papMakoamHaMiyHi
BNACTMBOCTI KOXHOr0O 3 Hux, @isionoriynnin edexr
KpaTOMy € CKfagHUM, MOELHYIOYM CTUMYIIIOIONI Ta
oniatonopnibHi (abo onioigonoaibHi) BNacTMBOCTI
3anexHo Big ao3n [12-18].

MiTpariHiH HanexuTb OO0 rPynu «HOBWUX MCUMXOaK-
TUBHUX PEYOBMH», CTUMYJIIOE OMiOIgHI peuenTopu,
LLLO KOHTPOJOIOTL Biflb. X04a MOro 4acTo HasMBalTb
OnioiaoM, Yepes Moro 34aTHICTb B3AEMOIATI 3 Onio-
TAHAMK peLenTopamm, ane BiH MOXE CNPaBsaTh Taky
njto, 9Ka € BiAMIHHOIO Big, edekTiB iHWMX onioigis. B
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United Nations Office on Drugs and Crime (here-
inafter - UNODC), the results of scientific reviews and
separate studies on biochemistry, toxicology, foren-
sic identification of substances contained in products
made from Mitragyna speciosa, over the past 10
years (Elsevier, PubMed, ToxNet).

Results and Discussion. Kratom products con-
tain a large number of chemical compounds in vari-
ous proportions, and Kratom itself (dried tree leaves)
contains a "cocktail" of psychoactive alkaloids of
plant origin. Kratom products are usually offered to
consumers in the form of ground or powdered dry
leaves from light to dark green. Also are available
powdered, greenish or beige-brown preparations of
kratom, enriched with other plant extracts. Stable,
pasty extracts and dark brown kratom resin are made
from aqueous suspensions of kratom leaves, and
tinctures and capsules filled with kratom powder are
also available [1-11].

Today, more than 40 compounds have been identi-
fied in the kratom, but only pharmacokinetic charac-
teristics have been identified for only 4 (mitraginine,
7-hydroxymitraginine (7-OH-mitraginine), special cil-
iatin, and corinanteidin).

The most studied is mitraginine, which makes up
about 2% of the weight of dried leaves of kratom, but
up to 66% of the total alkaloids. Its highly active oxi-
dized metabolite is 7-OH-mitraginine, which is pre-
sent in much smaller amounts (usually up to 0.02%).
Other indole alkaloids present in higher concentra-
tions include Speciogynine (Cy3H50N,0,), Paynan-
theine (Cy3H,gN,0,) and Mitraphyllin (C,,H,,N,0,)
and others that are not pharmacologically active, but
are not pharmacologically active compounds.

The chemical synthesis of kratom alkaloids is too
complex to be used for mass production of artificial
kratom. However, mitraginine may serve as a chemi-
cal precursor to the more potent 7-hydroxymitragi-
nine. Given the variety of alkaloids present in kratom
extracts and the unique potential pharmacodynamic
properties of each, the physiological effects of
kratom are complex, combining stimulating and opi-
ate-like (or opioid-like) properties depending on the
dose [12-18].

Mitraginine belongs to the group of "new psy-
choactive substances” and stimulates opioid recep-
tors that control pain. Although often referred to as an
opioid, because of its ability to interact with opioid
receptors, mitraginine as an alkaloid may produce
effects that are different from those of other opioids.
In the body, mitraginine is converted to 7-hydroxymi-
tragynine, which is more potent and potentially
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OpraHiami MiTpariHiH NepeTBOPIOETLCS Ha 7-Tigpo-
KcuMiTpariHiH (7-hydroxymitragynine), skuii € GinbLu
MOTYXHVM i NOTEHLIMHO BignoBiAabHNM 32 Onioifo-
nopi6Hi epektn [19-20].

dapmakonoriyHi BNacT1BOCTI MITPariHiHy, a Takox
7-OH-miTpariHiHy B NepLUy Yepry BNA1BaOTb Ha ONio-
ioHi peuenTopu, ane noaibHicTb MiTpariHiHy Ao onio-
IQHMX peLenTopiB MeHLWwa, HiX y MopdiHy, npuyomMy
7-OH-MmiTpariHiH NOTYXHilwmnii B 46 pasiB 3a MiTpariHiH
i B 13 pasiB — 3a MopodiH [21].

Joci 0cTaToO4yHO He BU3HAYEHUIA MEXaHI3M Al anka-
NOIfiB KPaTOMy Ha KOXEH 3 ONiOIgHMX PeLEenTopiB.
HocnipxenHsa (Yamamoto, L.T., et al., 1999) nemoH-
CTPYIOTb, WO MITpariHiH Ai€e 9K aroHicT omioigHMX
peLLenTopiB 3 BUCOKOIO CMOPIZHEHICTIO A0 W-0Mioia-
HMX peuenTopis; 7-OH-MiTpariHiH, TakoX Mae NOoTyX-
HWIA ePEKT SK aroHICT OnioigiB in vitro.

MiTpariHiH nNposiBAsSie BMpPa3Hi aHTUHOUMLIENTUBHI
edekTn yepes cynpacniHasbHi - Ta O-0OnioigHi
peLenTopu, WO OOBEOEHO Yy JochipkeHHsax (Babu
K.M., et al., 2008) ak in vivo, Tak i in vitro. ABTOpamu
Oyn0 BCTAHOB/EHO, WO MiTpariHiH i 7-OH-MiTpariHin
noBOAATLCS K aroHICTX, MPMYOMY MITpariHiH gie
nepeBaxHo Ha |- Ta d-peuenTtopu, a 7-OH-miTpariHiH
€ BiNbLL BUOOPYMM OJ151 - Ta K-peLenTopiB. TakoxX He
MOXHa BUKOYNTH, LLLO i MiTPariHiH i 7-OH-MiTpariHiH
€ 3MilaHMMK aroHicTamu/aHTaroHicTaMu onioigHMX
peLLenTopiB, Ait04M K YaCTKOBI aroHICTM Ha -peLen-
TOPW Ta KOHKYPEHTHI aHTaroHicTK Ha 0-peLenTopw, i3
HEe3Ha4yHUM BMAMBOM Ha K-peuenTtopu [22-23].

BaxmBo, Wwo ankonoign iHgony, Wwo MicTaTbCs B
cknagi kpatomy, CTPYKTYPHO Ta papMakoamHaMiyHO
BifIPI3HSAOTLCA Bif, CBOIX OMiOiAHMX aHanoriB, BUPOO-
NSI0YM YaCTKOBO NOfiOHI 40 onioigHMX, ane HeigeH-
TWYHI edekTn. BignosigHO Ui cnoayku oTpumanu
Ha3By «aTWUMOBI oMioian», o6 BiOOKPEMUTU iX Bif,
MOP®iHY, HAaMIBCUHTETUYHMX OMIOIAIB Ta EHAOreHHUX
nirangis [24, 25].

3B'A3yBaHHS IHOONMbHUX ankanoifgis 3 OnioigHUMY
peLenTopamu iHiLilOE nepegady CUrHanis, NoOB'a3aHNX
3 G-6inkom (G-protein-coupled receptor — GPCR).
Ha BiaMiHy Big, TpagumuinHux onioigis aktmeauis GPCR
askanoigamu iHaony He iHiujloe B-apecTUHOBUIA LLNSX
(aHrn. B-arrestin pathway). Lle siBuLLe Bigome sk yre-
pemkeHunin aroHiam abo NiraHa-cnpsiMoBaHa CurHarni-
3auis, Wo Aae MOXJIMBICTb OAHOMY PELENTOpY Ono-
CepenkoByBaTU PidHi BHYTPILLIHbOKMITUHHI edbekTn
LLNSIXOM BUOIPKOBOIO BUMKHEHHS! PI3HUX CUTHASIbHUX
Kackagis, NOB'A3aHNX 3 PELLENTOPOM.

JoBengeHo, Lo B-apecTMHOBUIA LLNSIX BiANOBIOAE 3a
BiNbLUICTb CUMMTOMIB, NMOB’SI3@HUX i3 BXMBAHHSAM
onioiais (Hanpwuknag, NPUrHiYeHHa AMxaHHg, ceaalis,
3anop), TOMy CesekTMBHA iHaKTuBaLis B-apCcecTuHy
MiTpariHiHoM Moxe OyTy LIHHOI MOAENTIO NS PO3-
POOKM HOBMX OMiOiAiB 3 MiHiManbHUM HaBopoM NobGiy-
HuX edekTiB [26-31].

KpiM onioigH1X aHanreTuyHmnx edekTiB MiTpariHiH
6n0Kye Takox nepenavy 60/1bOBKX CUrHaNiB 3a 40MN0-

responsible for opioid-like effects [19-20].

Mitraginine exhibits pronounced antinociceptive
effects through supraspinal - and d-opioid receptors,
as demonstrated in studies (Babu K.M., etal., 2008) in
vivo and in vitro. The authors found that mitraginine
and 7-OH-mitraginine behave as agonists, with
mitraginine acting primarily on p- and d-receptors,
and 7-OH-mitraginine being more selective for y- and
K-receptors. It cannot be ruled out that both mitragi-
nine and 7-OH-mitraginine are mixed agonists/antag-
onists of opioid receptors, behaving as partial ago-
nists at p-receptors and competing antagonists at
0-receptors, with little effect on [22-23].

Importantly, the indole alkaloids contained in kratom
differ structurally and pharmacodynamically from their
opioid counterparts, producing partially similar to opi-
oid but non-identical effects. Accordingly, these com-
pounds have been termed “atypical opioids” to sepa-
rate them from morphine, semisynthetic opioids, and
endogenous ligands [24, 25].

Binding of indole alkaloids to opioid receptors initi-
ates G-protein-coupled receptor (GPCR) signaling;
however, unlike traditional opioids, GPCR activation
by indole alkaloids does not initiate the B-arrestin
pathway. This phenomenon is known as biased ago-
nism or ligand-directed signaling, which allows a sin-
gle receptor to mediate different intracellular effects
by selectively disabling different signaling cascades
associated with the receptor.

The B-arrestin pathway has been shown to be
responsible for most opioid-related symptoms (eg,
respiratory depression, sedation, constipation), so
selective inactivation of B-arsestine by mitraginine
may be a valuable model for the development of new
opioids with minimal side effects [26-31].

In addition to opioid analgesic effects, mitraginine
also blocks pain signal transmission by other mecha-
nisms, indicating a multimodal role in regulating pain
perception. For example, mitraginine has a significant
structural affinity for yohimbine, a selective a2-
adrenoceptor blocker. Like yohimbine, mitraginine
activates a-2 adrenergic postsynaptic receptors [30-
32], which may also affect the formation of the anal-
gesic effect of mitraginine, as a.-2 receptors are pre-
sent in modulating "descending” pain pathways [33].

The third antinociceptive mechanism is that
mitraginine attenuates the transmission of neuronal
pain through blockade of Ca2* channels; exhibits indi-
rect analgesic and anti-inflammatory properties by
inhibiting the expression of COX-2 and prostaglandin
(E,mRNA) [34-35].



MOFOO iHLIMX MEXaHi3MiB, WO CBIAYUTb NPO MYyNbTU-
MOJasibHy POfb Y PEryItoBaHHI CNPUAHSATTS BOtO.
Hanpwvknag, miTpariHiH Mae 3Ha4yHy CTPYKTYPHY CMo-
PiOHEHICTb 3 MOXIMOIHOM — CenekTUBHMM GnokaTo-
poM a2-afpeHopeL,enTopiB. Ak i MOxiMOiH, MiTpariHiH
aKTUBYE a-2 aApeHeprivyHi MOCTCMHANTWYHI PeLenTo-
pu [30-32], L0 Takox Moxe BnamBaTh Ha GopMyBaH-
HS 3Hebono4oro edekTy MiTpariHiHy, OCKibku
peLenTopu o-2 NPUCYTHI B MOOYMOIOYNX «HUIXIOHMNX»
60n1b0oBUX Wnsxax [33].

TpeTin aHTUHOUMUENTUBHUIA MeXaHi3M NOB'A3aHUI
3 TUM, WO MITpariHiH nocnabnoe nepegayvy Hempo-
HaNbHOro Gonto yepes Gnokany Ca2* kaHanis; npo-
SABASIIOYN Henpami 3HeOONoYi Ta NpoTu3ananbHi
BIACTUBOCTI LWASXOM iHriOyBaHHs ekcnpecii COX-2 Ta
npoctarnananHy E,MPHK (E,mRNA) [34-35]. Kpim
AHTUHOUMLLENTMBHUX edekTiB, MITpariHiH Mae NeBHy
CMOPIAHEHICTb 3 peLenTopaMm LEHTPaNIbHOI HEPBO-
BOI cuctemu, Brntovatoun 5-HT, . i 5-HT, peuenTopis
CepoToHiHy, D, nocdamiHoBux peuenTopis TaA,, aae-
HO3MHOBWX PELLeNnTopiB, ane Gi3ioNoriyHe 3HaAYEeHHS
LMX B3AEMOZN e OCTaTO4HO HE BUBYEHE.

MeTaboniam ankanoigie KpatoMy nepeBaxHO
NeyviHKOBWM, 3AJIMCHIOETLCS KinbkoMa id3odopmamm
umntoxpomy P450 (CYP), skntovatoum CYP3A4, 3 MeH-
wum BHeckom CYP2D6 T1a CYP2C9. ®dapmako-
KiHETMKA NiHIMHA Ma€e ABoda3HMIA xapakTep enimiHa-
Uil 3 nna3mmn Npy NepopanbHOMY BBEAEHHI, nepiog,
HaniBBMBEAEHHS MITpariHiHy CTaHOBWUTb 3 TFOAMHW,
Xo4a AesKi AOCNIIKEHHS MPUNYCKaIOTh, LLIO BiH MOXE
OyTn HabaraTo aoBLIMM [36-43].

LOKniHIYHI JOCAIOXEHHS KpaTOMY BUSIBUAN: MULLI
LLLypV 3BMKANM Ta Manu KOTHiTVBHi NOPYLUEHHS, 0CO0-
NIMBO B YyMOBAx TPMBAIOro NpuinomMy mMitTpariHivy [46-
51]. JocnigxeHHsa TakoX BUSBWUAM, WO PO3BUTOK
3BMKAHHS Ta MPOSIBM TOKCMYHOCTI 3anexuTb Big, 7-
OH-miTpariHiHy, npuyoMy cam MiTpariHiH NposiBASE
He3Ha4YHW edekT 3BUKaHHS. binblue TOro, XpoHiyHe
BXMWBAHHS Y TBAPUH aCOLLIOETLCS i3 MOCUNEHHSAM Tep-
NMMOCTI 0 NOKapaHHs Ta NOBEAIHKOIO, WO BUMarae
BMHaropoau [47]. Heasaxatoum Ha Li HeraTuBHi Npo-
SIBW, OOCHIOXEHHS Ha TBAPUHHUX MOAENSAX TakoX
BMSIBUAN OKPEMI nepesaru. Tak, MiTpariHiH ynoBifib-
HIOBaB PO3BMTOK TONEPAHTHOCTI A0 OMiOiAiB mpwu
0[HOYAaCHOMY 3aCTOCYBaHHI 3 MOpdIiEM y MULLIER, LLLO
CBIAYMTb NPO NEePCNEKTUBN LWOAO KAIHIYHOrO 3acTo-
CYBaHH$ MITpariHiHy y 04MHKU, 30Kpema LWoAao
no36aBneHHs Bifg, HAPKOTUYHOT 3aNEXHOCTI.

Pa3om 3 T1Mm, KpaTtoM MOXE CIIPUIMHUTI ONCOYHKLI
OKPEMMX OpraHiB Ta MNPOSBASE TOKCWYHI edekTu.
JocnioxeHHs Ha TBapuHax nokasanu BUCOKUIA PU3NK
B3aemopii MeTaboniTiB KpaTomy i3 NikapcbkMmum 3aco-
6amu, a came 4epes BNvB Ha akTVBHICTb P450 Ta meTa-
6oniam nikapcbkux 3acobiB. MiTpariHiH 30aTHWIA iHridY-
BaTV NEYiHKOBI AEMETUNA3N Ta TpaHcdepasm, a Takox
NPUrHiYyBaTN NPOLEC FOKypPoHi3awi UDP-rntokypoHo-
cuntpaHcodepadamm (UGT), Takumm gk UGT2B7 Ta
UGT1A1 [52-55], w0 3arpoxye pO3BUTKOM HEFATUBHMX
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In addition to these antinociceptive effects, mitragi-
nine has some affinity for central nervous system
receptors, including 5-HT,; and 5-HT, serotonin
receptors, D, dopamine receptors, and A,, adeno-
sine receptors, but the physiological significance of
these interactions remains largely unexplored.

However, the affinity of mitraginine for opioid
receptors is less than that of morphine, and 7-OH-
mitraginine is 46 times more potent than mitraginine
and 13 times more potent for morphine [21].

The mechanism of action of kratom alkaloids on
each of the opioid receptors has not yet been defini-
tively determined. Studies (Yamamoto, L.T., et al.,
1999) demonstrate that mitraginine acts as an ago-
nist of opioid receptors with a high affinity for u-opioid
receptors; 7-OH-mitraginine also demonstrates a
potent opioid agonist effect in vitro.

Metabolism of kratom alkaloids is predominantly
hepatic, by several cytochrome P450 (CYP) isoforms,
including CYP3A4, with a lower contribution of
CYP2D6 and CYP2C9. The pharmacokinetics are lin-
ear and have a biphasic elimination from plasma
when administered orally, the half-life of mitraginine
is 3 hours, although some studies suggest that it may
be much longer [36-43].

Preclinical studies of kratom have shown that both
mice and rats have shown addiction and cognitive
impairment, especially with long-term administration
of mitraginine [46-51].

Studies have also found that the development of
addiction and toxicity depends on 7-OH-mitraginine,
and mitraginine itself has a slight addictive effect.
Moreover, chronic use in animals is associated with
increased tolerance to punishment and behavior that
requires reward [47].

Despite these unfavorable properties, studies in
animal models have also shown some advantages;
for example, mitraginine slowed the development of
opioid tolerance when co-administered with mor-
phine in mice, suggesting prospects for clinical use of
mitraginine in humans, such as drug withdrawal.

However, kratom can cause dysfunction of certain
organs and has toxic effects. Animal studies have
shown a high risk of drug-metabolite interactions of
kratom, namely due to effects on P450 activity and
drug metabolism. Mitraginine is able to inhibit hepatic
demethylases and transferases, as well as inhibit the
process of glucuronidation by UDP-glucuronosyl-
transferases (UGT), such as UGT2B7 and UGT1A1
[52-55], which threatens the development of adverse
effects when used concomitantly with other drugs.
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edekTiB Mpy 0AHOYACHOMY 3aCTOCYBaHHI KpaTomy 3
iHLWIXMK NikapcbkUMK 3acobamu, siki € cybcTpatamm
ans UGT (Hanpuknag, OynpeHopdiH Ta KeTamiH, Lo
meTabonisytotecs UGT2B7).

MoxnnBo, Le Moxe OyTVM NOSICHEHHSM BUMAfKiB
TOKCWYHOCTI KpaToMy Nicns oro 04HO4aCcHOro npu-
oMy 3 iHWKUMK nikapcbknmm 3acobamu [52, 53], wo
B €KCMEPUMEHTI MiATBEPOXKYETLCS Pi3KMM 3MEHLLEH-
HAM KJipeHcy KBeTianiHy (aHrn., quetiapine) (cy6-
ctpat CYP3A4) BHacnigok roCcTporo NpUrHiYeHHs
PiBHS NMEYiHKOBOro MeTaboni3amMy KpaToMOM.

KapgioTokcuuHi edektn onucani y BUrns4i Luay-
Ho4koBOI TaxiapuTmii (Torsade de Pointes), Lo moxe
OyTK HacnigkoMm GNOKyBaHHSI kaHasiB, NOB'S3aHUX 3
reHoM hERG kanito (K*), akuii Bigirpae BupianbHy
ponb y npoueci penonspu3auii. BeaxaeTbcs, WO
cknagosi Mitragyna speciosa npurHivytoTe onoce-
peakoBaHi reHom hERG notoku ioniB K*, Lo BUkn-
ka€e 36iNblLeHHS TpuBanocTi iHTepsany QT [56].

Onucaxi npoTudananbHi e@ekTu KOMMOHEHTIB
Mitragyna speciosa, ki gitoTb Ha i30pOPMUN LMKIO-
okcureHasn, COX-1 i COX-2, wo 6epyTb yyacTb y
3anasibHOMY LASXY Ta KaTani3yloTb YTBOPEHHS NpPo-
crarnaHauHy PGE,, akuit € OOHUM 3 HaNCUNbHILLINX
MeaiaTopiB 3ananeHHs. [oBeaeHo, WO MITpariHiH
3patHui iHridyeatn mMPHK COX-2 Tta ekcnpecito
Oinka, a oTxe, npurHidysatn yrsopeHHs PGE,. Mpu
Manux KoHueHTpauisx Mitragyna speciosa He Bnau-
Bae Ha MPHK COX-1 Ta ekcnipecito Ginka, npoTe icHye
TaKWn pU3KnK 3a BUCOKMX 03 [36].

Takox JOBEAEHO, WO KpaTOM Mae BMMB Ha DYHK-
L0 LUNYHKOBO-KMLLKOBOIO TPaKTy, WO NiATBEPAKEHO
in vivo 3 METAHONbHMM EKCTPaKTOM JINCTS KpaTomy,
SIKUIA B LLTYHKOBO-KMLLKOBOMY TPaKTi LLIYPIiB 3HMXYBaB
yacToTy gedekalji Ta kanoBy Macy 3a Aiapel, cnpuym-
HeHin kacTopoBolo onieto. OgHopa3oBa [403a ekc-
TpakTy Mitragyna speciosa npv3sena 40 3MEHLLEHHS
yacy TpaH3WTy MO KULLIEYHWUKY; OAHaK NoJasbLUoro
SHWXEHHS NpW TPUBANOMY NPUAOMI He CrocTepirano-
cs. OCKinbky HaIOKCOH HE BM/MBAB Ha YacToTy aede-
KaLjii Ha doHi npuinomy ekcTpakTy Mitragyna speciosa,
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Puc.1. Jlncta kpatomy i NpoayKLisg Ha MOro OCHOBI
Fig.1. Kratom leaves and products made from it

UGT (eg, buprenorphine and ketamine metabolized
by UGT2B7).

This may explain the toxicity of kratom after con-
comitant use with other drugs [52, 53], which is con-
firmed in the experiment by a sharp decrease in the
clearance of quetiapine (CYP3A4 substrate) due to
acute suppression of hepatic metabolism by kratom.

Cardiotoxic effects are described as ventricular
tachyarrhythmias (Torsade de Pointes), which may
be due to blockage of channels associated with the
potassium hERG gene (K*), which plays a crucial role
in the repolarization process. It is believed that the
components of Mitragyna speciosa inhibit hERG
gene-mediated fluxes of K* ions, which causes an
increase in the duration of the QT interval [56].

The anti-inflammatory effects of the components of
Mitragyna speciosa, which act on the isoforms of
cyclooxygenase, COX-1 and COX-2, which are
involved in the inflammatory pathway and catalyze the
formation of prostaglandin PGE,, which is one of the
strongest mediators of inflammation, are described.
Mitraginine has been shown to inhibit COX-2 mRNA
and protein expression and thus inhibit PGE, forma-
tion. At low concentrations, Mitragyna speciosa does
not affect COX-1 mRNA and protein expression, but
there is a risk at high doses [36].

Kratom has also been shown to affect gastrointesti-
nal function, as confirmed in vivo with methanol
extract of kratom leaves, which reduced the frequen-
cy of bowel movements and fecal mass in rat gas-
trointestinal tract in diarrhea caused by castor oil. A
single dose of Mitragyna speciosa extract reduced
the transit time through the intestine; however, no fur-
ther decrease was observed with long-term use.
Because naloxone did not affect the frequency of
defecation with Mitragyna speciosa extract, it was

Puc.2. MNpoaykT «<KpaTtom» y MmiLukax
Fig.2. Product "Kratom™ in bags



Oyno 3po6IeHO BUCHOBOK, LLIO KpaTOM MOXe BjvBa-
T Ha iHWI peuenTopwu, Kpim onioigHmx [56].

Kpim TOro, kpatom BUSBASIE aHTUAENPECAHTHY
aKTUBHICTb, iICTOTHO 3HWXYIOHYMN KOHLEHTPALL0 KOPTU-
KOCTEPOHY Yy MULLEN (Y CUCTeMi rinoTanamyc-rino-
}i3-HagHUPHWKNM), FKi NiLAaBanNCs TECTY HA NPUMY-
COBE MnaBaHH4 Ta NiggilyBaHHs 3a XBicT [57, 58].

LLlo cTocyeTbCst aHTMOKCUAAHTHUX Ta aHTUOaKTEpI-
aNlbHWX BNACTUBOCTEN, TO HEMAE JOCTaTHIX KAiHIYHMX
[00Ka3iB (OKpiM TpaauLIMHNX NPaKTKK) 41s NiATBEPA-
XEeHHs Lmx edekTiB Bif 3acTocyBaHHa Mitragyna spe-
ciosa.

®dapmakonoriyHa ais nIncTs kpaToMy Ta iX cknago-
BUX CYTTEBO 3anexuTb Bif, A03W. HU3bKi Ta MOMIpHI
no3n (Big 1 0o 5 r) MoxyTb Hagasatu nerki CTumy-
ntotoyi edpekTn, o6 AONOMOrTY NpauiBHUKamM giany-
HMX Npodecii NPoTK BTOMU (piKLK, ByaiBENbHUKN,
CinbrocnpoOBIiTHMKM Ta iH.), TOAj 1K NOMIPHi Ta BMCOKI
00o3u (Bin 5 oo 15 r) MoxyTb Matu eekTu, NoAidHI 10
onioigis [13]. OgHak KpaTOM TakOX Hagae CTUMY-
ntotoYy Aito 3a BUCOKMX 103 (> 15T1) [59, 60]. Onucani
Taki e(peKTN: 3aHENOKOEHHS, APaTIBAUBICTb Ta NigBu-
LLIEHHS arpeCUBHOCTI. TprBane CrnoXnBaHHS BUCOKUX
003 KpaToMy Mae crneundiyHi epekTn: rinepnirmeH-
Tauis Wik, TPEMOP, aHOPEKCis, BTpaTa Baru, NCnxo3un
Ta nposieu 3anexHocTi [9, 10, 77]. HeaBaxatoum Ha
Te, WO BMKOPUCTAHHS KPaTOMy B CUTyauisX BigMiHW
OMiOIZiB CTaNno NOWMPEHUM SIBULLLEM, Y HAYKOBIN NiTe-
paTypi ONMCYIOTLCS CYTTEBI HACNIAKM AN 300POB'Y, a
came — CMHAPOM BifMiHM kpaTomy. B ymoBax cybxpo-
HIYHOrO eKCNepMMEHTY AOBEAEHO, LLO BMCOKI 03K
Mitragyna speciosa 34aTHi BUMKAUKATU YPaxeHHs
nereHb (03HakyM emdizemMn) Ta HAPOK (MiABULLEHHS
PiBHS KpeaTUHiHy Ta Ce40BWUHM B KPOBI) [61].

Be3ymMOoBHO, iCHYE 3aHENOKOEHHS LLOA0 NOTEHLLN-
HOI TOKCMYHOCTI MITpariHiHy npu OLHOYaCHOMY
3aCTOCYBaHHI KpaTtomy 3 NCUXOTPOMHUMMK fikaMu Ta
HapkoTukamn. Ocob6a1Bo HeGe3neYHUMI € NPOOYKTU
3KpaToMmy, L0 MaIOTh LUTYYHO NISBULLEHWI BMICT MIT-
pariHiHy (KOHLEHTPOBAaHI OpraHi4yHi eKkCTPakTh KpaTo-
MY) NOPIBHSHO 3 TPAAMLIHUMK NPOAYKTaMMU.

BigmiHHOCTI B N1a3mMOBIln KOHUEHTpaL,l MiTpariHiHy
nicna BXWMBAHHA HATMBHWUX MNPOAYKTIB KpaToMmy,
Hanpwvknag cepen kopuctysadis 3 Tainanay (C ..,
0,05-0,26 MkM) Ta 3pa3kamu, Lo Bynu oTpumaHi nig,
yac CyA0BO-MeOMyHMX PO3TMHIB TPyNiB 0Cib, nomep-
nux Big nepeposdysadb y CLUA (C .., #o 8,8 MkM) €
CBIAYEHHAM TOrO, LLLO B3aEMOAIS MITPariHiHOBUX CNO-
NYK 3 IHWWMW HApKOTMKaMK Ta NikapcbknMmu 3acoba-
MW NPU3BOASATL 10 CePO3HMX NOBIYHUX BULL. OKpiM
BMCOKOrO BMICTY MITpariHiHy B AESKNX KOMEPLNHNX
NPoAyKTax 3 kpatomy, o BuayyeHi B CLUA, Oynu
BUSIBNEHI iHWI 3a00POHEHI PEeYOBUHM (Hanpuknag,
O-pecmetuntpamagon, dexinetnnamid, MopdiH Ta
rapOKOLOH), cCaflbMOHEeNa Ta TOKCUYHI PIBHI BAXKUX
meTanis [13-14].

CbOrofHi XoaHi CTaHgapPTHI TECTU HA HAPKOTUKM HE
Npu3HaYeHi Ana BUSIBAEHHS CMOAYK, LLO MICTATbCS Y
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concluded that kratom may affect receptors other
than opioids [56].

In addition, kratom exhibits antidepressant activity,
significantly reducing the concentration of corticos-
terone in mice (in the hypothalamic-pituitary-adrenal
system), which were tested for forced swimming and
hanging by the tail [57, 58].

With regard to antioxidant and antibacterial proper-
ties, there is insufficient clinical evidence (other than
traditional practices) to confirm these effects from
the use of Mitragyna speciosa.

The pharmacological action of kratom leaves and
their components depends on the dose. Low and
moderate doses (1 to 5 g) can have mild stimulant
effects to help workers with fatigue (rickshaws,
builders, agricultural workers, etc.), while moderate
and high doses (5 to 15 g) may have opioid-like
effects [13].

However, kratom also has a stimulating effect at
high doses (> 15 g) [59, 60]. Effects such as anxiety,
irritability and increased aggression have been
described. Prolonged consumption of high doses of
kratom has specific effects: cheek hyperpigmenta-
tion, tremor, anorexia, weight loss, psychosis and
dependence [9, 10, 77].

Despite the fact that the use of kratom in opioid
withdrawal situations has become common, the sci-
entific literature describes significant health conse-
quences, namely — “kratom withdrawal syndrome”. In
a subchronic experiment, high doses of Mitragyna
speciosa have been shown to cause lung damage
(signs of emphysema) and kidney damage
(increased creatinine and blood urea levels) [61].

Of course, there are concerns about the potential
toxicity of mitraginine when concomitant use of
kratom with psychotropic drugs and narcotics.
Especially dangerous are products with kratom,
which have an artificially high content of mitraginine
(concentrated organic extracts of kratom) compared
to traditional products.

Differences in plasma concentrations of mitragi-
nine after consumption of native kratom products, for
example, among users from Thailand (Cmax, 0.05-
0.26 uM) and samples obtained during forensic
autopsies of overdose victims in the United States
(Cmax, up to 8.8 um) is evidence that the interaction
of mitraginine compounds with other drugs lead to
serious side effects. In addition to the high content of
mitraginine in some commercial kratom products
seized in the United States, other banned substances
(eg, O-desmethyltramadol, phenylethylamine, mor-
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cknani kpatomy. CydacHi nabopaTopHi meTtoam
LOCNIIXEHHST ankanoifis kpatomy B 6ionoriyHoMy
CEepenoBuLL NIOANHM NEPEBAXHO CMPsSIMOBAHI Ha
BUSIBMIEHHS ankanoigy MiTpariHiHy, 0fHaK OCTaHHIM
4yacoM yBara NpUAINSeTbCa OOCNIOXEHHIO BMICTY
NPOCTOPOBUX I30MEPIB crneujiounniatuHy (Speciocil-
iatine, C,3H4)N,O,4) Ta cneuioritity (Speciogynine,
Cy3H3oN,0,), WO BCE YacTilue BUSBIAIOTLCS SK BaX-
nuBi Giomapkepu B MOCMEPTHMX 3paskax cedi Crnoxm-
BayiB HapKOTMKIB (AuB. TabnMUL0).

XiMiyHMIA cknaf, GOTaHIYHUX Ta KPUMIHANICTUYHIX
3paskiB KpaToMy BU3HAYalOTb XpomatorpadiyHumm Ta
cnekTpockoniyHumm metogamm [63-70].

Ankanoigu kpatoMy MOXyTb OyTU PO34iNeHi TOHKO-
LIapOoBOI0 XpomaTorpadielo Ha cunikarenbHNX nna-
CTVHax 3 JeTekTyBaHHsM 3a gornomoroi YO (254
HM); npy 06pobLi peakTBoM Eprnixa abo peakTMBoM
XNOpWAY 3ani3a Ta NepxaopaTHOi KUCAOTN, MiTPariHiH
Jae BionoBigHO @ionetoBi abo CipO-KOPUYHEBI
nnsamu. ba3osi ankanoigy Ta ixHi MeTaboniT! MOXYTb
OyTU KiNbKiICHO BM3HAYEHi B Ceyi Npu KOHUEHTpaLLi
>100 Hr/mn 3a JONOMOrolo ra3oBoi xpomartorpadii-
maccnektpomeTpii (GC-MS), npu KoHUeHTpauji >25
HF/MA 32 AOMNOMOrO0 BMCOKOE(MEKTUBHOI PigNHHOI
xpomatorpadis-y® (HPLC-UV) ta npu> 0,02 Hr/mn
METOAOM PIAMHHOI XpomaTtorpadii-MmacCnekTpomMeT-
pii (HPLC-MS).

Hanpuknag, KOHUEHTpaLis MiTpariHiHy y KpumiHanic-
TUYHIl NPOGI Ceyi 3BMYAMHOrO CrnoXuBaya KpaTtomy
Moxe ctaHoButn 167 Hr/mn (HPLC-MS). Y Bunagky
OTPYEHHS KOHUEHTPALis MiTpariHiHy B cupoBartLi
KPOBi Yepe3 ABa TWXHI MiCAsS NPUMNUHEHHS Perynsp-
HOro NepopanbHOro NPUIROMY BEMKUX A03 BUCYLLE-
HOro nmcTs kpaToMmy (14-21 r Ha AeHb) MOXeE CTaHOo-
BuTtn 0,020 Hr/mn (HPLC-MS).

Oxpim Hebe3nekn 3N0BXMBaHHS, KPAaTOM NpPeacTaB-
NISE IHLWI YNCNEHHI PUBMKM ONS CMOXMUBAYIB, L0 3HaY-
HOO MIPOIO € HACNIAKOM CTaTyCy HeperynboBaHoI Aje-
T4HOI fo0aBku. PocinHHI NpoaykT He 3aBxan 6es-
neYHi, BianoBigansHe CTaBNEHHS A0 SKOCTi MPOAYKTIB 3
KpaTomy € Heobxiomm. OTxe, HeobxioHO nepeabdaqaTy
i IOOePXXYBATUCh YITKUX MPaBWA y ranysi BUPOOHULTBA
KpaToMy, MOYMHAIOYM Bif, HaNEXHOrO BMPOLLYBAHHS,
CTBOPEHHS KONEKLLM IMCTS, BiACNIAKOBYBAHHS NaHLIO-
ra 36epiraHHs CMPOBWHK, PO3POOKM TEXHIYHOI OOKY-
MeHTaLji, ON1Cy Pe3ynbTaTiB TECTYBAHHS, BMMOr A0
YNaKoBKM FOTOBOI NPOAYKLLi, TOBTO Y BiAMOBIAHOCTI A0
MiXHAPOOHMX NMPUHLIMMIB HANEXHOI BUPOBOHMYOI Npak-
Tukm (aHrn., Good Manufacturing Practice - GMP).

bes perynatopHoro Harasgy mamxe He MOX/IMBO
3ab6e3neunTi CnpaBXHICTb, YUCTOTY, SKICTb, edek-
TMBHICTb Ta 0e3neky KOMepLUiiHMX npenapariB
«KpaTtom». OTxe, BaXKO AOCTEMEHHO BU3HAYNTK, LLO
CbOroAHi HacnpaBAi MICTUTLCS B KOMEPLVHMX Npo-
AykTax nig, Ha3eolo «KpaTom», 30Kpema KinbKiCTb MiT-
pariHiHy. Hanpuknag, noBiaoMnanocs, Wo npoaykTu
KpaTomMy MOXYTb OyTW 3MiHEHI LUASXOM LUTYYHOrO
nigBULLEHHS piBHS 7-OH-MiTpariHiHy 418 noCuieHHs

phine, and hydrocodone), salmonella, and toxic lev-
els of heavy metals have been identified [13-14].

Today, no standard drug tests are designed to detect
compounds contained in kratom. Modern laboratory
methods for the study of kratom alkaloids in the human
biological environment are mainly aimed at detecting
the alkaloid mitraginine, but recently attention has been
paid to the study of the content of spatial isomers of
Speciociliatine  (C,3H5;N,O,) and Speciogynine
(Cy3H35oN,O,) urine of drug users (see table).

The chemical composition of botanical and forensic
samples of kratom is determined by chromatographic
and spectroscopic methods [63-70].

Kratom alkaloids can be separated by thin layer
chromatography on silica gel plates with UV detection
(254 nm); when treated with Ehrlich’s reagent, or iron
chloride and perchloric acid reagent, mitraginine
gives purple or gray-brown spots, respectively. Base
alkaloids and their metabolites can be quantified in
urine at a concentration > 100 ng/ml by gas chro-
matography-mass spectrometry (GC-MS), at a con-
centration > 25 ng/ml by high performance liquid
chromatography-UV (HPLC-UV) and at> 0.02 ng/ml
by liquid chromatography-mass spectrometry
(HPLC-MS).

For example, the concentration of mitraginine in a
forensic urine sample of a regular consumer of
kratom may be 167 ng/ml (HPLC-MS). In case of poi-
soning, the concentration of mitraginin in the serum
two weeks after stopping regular oral administration
of large doses of dried kratom leaves (14-21 g per
day) may be 0.020 ng/ml (HPLC-MS).

In addition to the risk of abuse, kratom poses
numerous other risks to consumers, largely as a
result of unregulated dietary supplement status. Plant
products are not always safe, so a responsible atti-
tude to the quality of kratom products is necessary.
Such aresponsible attitude should include clear rules
in the field of kratom production, starting from proper
cultivation, leaf collection, monitoring of raw material
storage chain, development of technical documenta-
tion, description of test results, packaging require-
ments for finished products, ie in accordance with
international principles of good manufacturing prac-
tice (GMP).

Without regulatory oversight, little can ensure the
authenticity, purity, quality, efficacy, and safety of
Kratom commercial drugs. Thus, it is difficult to
determine exactly what is actually contained in com-
mercial products called "Kratom" today, in particular
the amount of mitraginine. For example, it has been



noTeHuii abo B akocTi goniHry [71-73]. Kpim Toro,
ankanoigy KpaTtomy, WO MatoTb CTPYKTYPHY CXOXICTb
3 MiTpariHiHOM Ta 7-TigpOoKCUMITPAriHIHOM, TakoX
MOXYTb B3aEMOAIATY 3 OMioinHMMM Ta/abo agpeHep-
riYHUMK peuenTopamm (Pa3oM 3 IHLIMMK MiLLEHSIMN,
Hanpuknag, nikapcbkumu 3acobamu). OTxe, Npoayk-
TW KPaTOMY NOBUHHI OYTW CTaHOAPTU30BaHI HE TiNbKM
3a BMICTOM MiTpariHiHy Ta 7-rigpoKCUMITPariHiHy, a i
3a OEesKMMM iHWUMKW ankanoigamn, 3gatHumu ¢op-
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reported that kratom products can be altered by arti-
ficially increasing the level of 7-OH-mitraginine to
enhance potency, or as a doping agent [71-73].

In addition, kratom alkaloids having structural simi-
larity to mitraginine and 7-hydroxymitraginine may
also interact with opioid and/or adrenergic receptors
(along with other targets). Therefore, kratom prod-
ucts should be standardized not only for the content

Tabnuug

MonekynsipHa 6ypoBa ocHoBHUX cknapoBux Mitragyna speciosa Korth. (cimeiictBo Rubiaceae)

Table

Molecular structure of the main components of Mitragyna speciosa Korth. (Rubiaceae family)

Mitragynine
(C23H30N>04)

Paynantheine
(C23H2sN>04)

Mitraphyllin
(C21H24N>04)

Hydroxymitragynine
(C23H30N20:5)

Speciogynine
(Ca3H30N204)

Corynoxine
(C22H2sN,04)

Speciociliatine
(C23H30N204)

Corynantheidine
(C22H2sN203)

Ajmalicine (
(C21H24N203)
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MyBaTU BUpa3Hi GionoriyHi ecdekTy nicns nepopanb-
HOro NpUtoMy (AMB. TaBANLIO).

3a00KymMeHTOBaHi Bunagku danscudikadii kpaTo-
My, Hanpuknag WagxoM A0AABaHHA CUHTETUYHUX
PEYoBUH, Takux Kk deHineTunamiH abo O-gecme-
TUnTpamanon, obvaga BUNasfku NpusBenn 4o CMepTi
crnoxwusauyis [74].

ICHYIOTb 1 iHWI puUankM 3aBpyaHEHHS NMPOAYKTY,
30KpeMa CaslbMOHESIO, WO CNPUYMHWUIO chnanaxu
iHpekuii y 2018 poui y Garatbox wTtatax CLUA, a
TakoX BaXKMMK MeTanamm [75, 76].

HuHi B ycboMy CBITi icHye 6e3niy npomykTiB nig
KOMEPULIHOIO Ha3Bot «Kratom», fKi HEPIAKO MICTATb
LUIMPOKUIA CMEKTP THLUMX NPUPOOHMX Ta CUHETUYHUX
pedoBrH. 3a paHumu CLUA, npotarom 2016 poky
6yno BunyyeHo 61m3bko 500 TOHH KpaToMy, Lo BTPK-
4i MEePEBULLMIIO TaKy KiNbKiCTb Y NONEPeHbLOMY POLL,
LLLO CBiOYMTb NPO HeGe3neKy 3p0CTaHHS NONyAAPHOCTI
JlaHoro 3acoby Ta PO3LUMPEHHS CMEKTPY CMOXMBAYIB
[77,78].

BucHoBkuM

YkpaiHa cborofHi He perynoe Nnpoaax KpaTtomy ta
He 3[iACHIOE 3ax0/iB LLI0A0 KOHTPOJIO AKOCTi Ta 6e3-
NMEYHOCTI LbOro NpoaykTy, He3Baxawuym Ha noro
CTPiMKe NOLUMPEHHS MO BCii TepUTOpIl AepXXaBu.

MoniGHO [0 iHWKX AJETUYHMX f06aBOK, NPOAYKTY 3
KpaToMy MOBWHHI BYTW CTaHOAPTU30BaHVMU 32 BMi-
CTOM asikanoifis, MikpoGHMM 3a0pyaHEHHSIM, NECTM-
umaaMu, BaXKMMK MeTanamu, 3anwKOBUMN PO3YUH-
Hukamu, 6eH30(a)nipeHoM, adnaTokcuHamm Ta iH., 3
BIAMOBIOHMMW BUMOramMun 0 MapkyBaHHs. Ha puMHOK
Mae NoTPanIATL SkicHa NPOAYKLiS — CTaHAaPTU30Ba-
HWIA EKCTPaKT NIMCTS KpaToMy, abo iHLwa, BUrOTOBIE-
Ha Ha 10ro OCHOBI 6e3neyHa NPoayKLIs.

Pa3oM 3 TMM OCTaHHiI OOCHIOXEHHS OOBOAATh, LLO
MITpariHiH NpeacTaBnse 3HAYHUIN iHTEpec Ang
MeAMYHOI Hayku, SIK MoAeNb Ans Po3p06KM HOBMX
nigxonjs, WO CTOCYETbCH OOCUTb akTyasbHUX cdep
MeauLMHK, 30KpeMa s nikyBaHHs 6onto Ta no36as-
NEHHS Big, ONioigHOT 3aNEXHOCTI.

of mitraginine and 7-hydroxymitraginine, but also for
some other alkaloids that can form significant biolog-
ical effects after oral administration (see table).

Documented cases of kratom falsification, for
example, by the addition of synthetic substances
such as phenylethylamine or O-desmethyltramadol,
have both resulted in the death of consumers [74].

Other risks include contamination of the product,
such as salmonella, which caused outbreaks of infec-
tion in 2018 in many US states and heavy metals
[75, 76].

There are now many products around the world
under the trade name "Kratom", which often contain
a wide range of other natural and synthetic sub-
stances. According to the US, during 2016, about 500
tons of kratom were seized, which is three times the
amount of seized product in the previous year, which
indicates the growing popularity of this tool and
expanding the range of consumers [77, 78].

Conclusions

Today, Ukraine does not regulate the sale of kratom
and does not take measures to control the quality and
safety of this product, despite its rapid spread
throughout the country.

Like other dietary supplements, kratom products
should be standardized for alkaloids, microbial cont-
amination, pesticides, heavy metals, residual sol-
vents, benzo(a)pyrene, aflatoxins, etc., with appro-
priate labeling requirements. Quality products should
enter the market: standardized kratom leaf extract, or
other safe products made on its basis.

However, recent studies show that mitraginine has
great potential for medical science as a model for
developing new approaches in very relevant areas of
medicine, in particular for the treatment of pain and
getting rid of opioid dependence.

CNMUCOK BUKOPUCTAHOI NNITEPATYPU (O)XXEPEJ1) / REFERENCES

1. United Nations Office on Drugs and Crime (UNODC). UNODC Early Warning Advisory (EWA) on New Psychoactive
Substances (NPS). Available online: https://www.unodc.org/LSS/Home/NPS (accessed on 14 June 2021).

2. European Monitoring Centre for Drugs and Drug Adiction. New Psychoactive Substances in Europe. Available online:
http://www.emcdda.europa.eu/system/files/publications/65/TD0415135ENN.pdf (accessed accessed on 14 June

2021).

3. Kratom (Mitragyna speciosa) Drug Profile. Available online: http://www.emcdda.europa.eu/publications/ drug-pro-

files/kratom (accessed accessed on 14 June 2021).

4. Adkins J, Boyer E, McCurdy C. Mitragyna speciosa, a psychoactive tree from Southeast Asia with opioid activity. Current
Topics in Medicinal Chemistry. 2011. Volume 11: p. 1165-1175.
5. Gong F, Gu H, Xu Q, Kang W. Genus Mitragyna: Ethnomedicinal uses and pharmacological studies.

Phytopharmacology. 2012;3:263-272.

[e)]

. Davis G. Drug abuse: Newly-Emerging drugs and trends. Clin. Lab. Med. 2012;32:407-417.

7. Maruyama T, Kawamura M, Kikura-Hanajiri R, Takayama H, Goda Y. The botanical origin of kratom (Mitragyna speciosa;
Rubiaceae) available as abused drugs in the Japanese markets. J. Nat. Med. 2009;63:340-344.



Opnrinanchi gocnigwenns | Original researches

8. Tanguay P. Kratom in Thailand. Transl. Inst. Legis. Reform Drug Policies 2011, 13: 1-16.

9. Saingam D, Assanangkornchai S, Geater A, Balthip Q. Pattern and consequences of krathom (Mitragyna speciosa
Korth.) use among male villagers in southern Thailand: A qualitative study. Int. J. Drug Policy. 2018;24:351-358.

10. Singh D, Narayanan S, Vicknasingam B. Traditional and non-traditional uses of Mitragynine (Kratom): A survey of the
literature. Brain Res. Bull. 2016; 126: 41-46.

11. Vicknasingam B, Narayanan S, Beng G, Mansor S. The informal use of ketum (Mitragyna speciosa) for opioid with-
drawal in the northern states of peninsular Malaysia and implications for drug substitution therapy. Int. J. Drug Policy.
2010;21:283-288.

12. Swogger M, Hart E, Erowid F, Erowid E, Trabold N, Yee K, Parkhurst K, Priddy B, Walsh Z. Experiences of Kratom
Users: A Qualitative Analysis. J. Psychoact. Drugs 2015;47:360-367.

13. Kamble S, Sharma A, King T, Leon F, McCurdy C, Avery B. Metabolite profiling and identification of enzymes responsi-
ble for the metabolism of mitragynine, the major alkaloid of Mitragyna speciosa (kratom). Xenobiotica.
2019;49(11):1279-88.

14. Singh D, Meller C, Murugaiyah V, Hamid S, Vicknasingam B, Avery B, et al. Evaluating the hematological and clinical-
chemistry parameters of kratom (Mitragyna speciosa) users in Malaysia. J Ethnopharmacol. 2018;214:197-206.

15. Philipp A, Wissenbach D, Zoerntlein S, Klein O, Kanogsunthornrat J, Maurer H. Studies on the metabolism of mitragy-
nine, the main alkaloid of the herbal drug Kratom, in rat and human urine using liquid chromatography-linear ion trap
mass spectrometry. J Mass Spectrom. 2009;44(8):1249-61.

16. Manda V, Avula B, Ali Z, Khan I, Walker L, Khan S. Evaluation of in vitro absorption, distribution, metabolism, and
excretion (ADME) properties of mitragynine, 7-hydroxymitragynine, and mitraphylline. Planta Med. 2014;80(7):568—
76.

17. Stolt A-C, Schroder H, Neurath H, Grecksch G, Hollt V, Meyer MR, et al. Behavioral and neurochemical characteriza-
tion of kratom (Mitragyna speciosa) extract. Psychopharmacology. 2014;231(1):13-25.

18. Feng L.-Y, Battulga A, Han E, Chung H, Li J.-H. New psychoactive substances of natural origin: A brief review. J. Food
Drug Anal. 2017; 25: 461-471.

19. Raffa R. Kratom and Other Mitragynines: The Chemistry and Pharmacology of Opioids from a Non-Opium Source, 1st
ed.; Raffa, R.B., Ed.; CRC Press: Boca Raton, FL, USA, 2014.

20. ProzialeckW, Jivan J, Andurkar S. Pharmacology of Kratom: An Emerging Botanical Agent with Stimulant, Analgesic
and Opioid-Like Effects. J. Am. Osteopath. Assoc. 2012;112:792-799.

21. Veeramohan R, Azizan K, Aizat W, Goh H, Mansor S, Yusof N, Baharum S, Ng C. Metabolomics data of Mitragyna spe-
ciosa leaf using LC-ESI-TOF-MS. Data Br. 2018; 18: 1212-1216.

22. Kamble S, Sharma A, King T, Leyn F, McCurdy C, Avery B. Metabolite profiling and identification of enzymes responsi-
ble for the metabolism of mitragynine, the major alkaloid of Mitragyna speciosa (kratom). Xenobiotica 2018; 14:1-31.

23. Yamamoto L, Horie S, Takayama H, Aimi N, Sakai S, Yano S, Shan J, Pang P, Ponglux D, Watanabe K. Opioid receptor
agonistic characteristics of mitragynine pseudoindoxyl in comparison with mitragynine derived from Thai medicinal
plant Mitragyna speciosa. Gen. Pharmacol. 1999;33:73-81.

24. Babu K, McCurdy C, Boyer E. Opioid receptors and legal highs: salvia divinorum and Kratom. Clin. Toxicol.
(Philadelphia, Pa.) 2008;46:146-152. doi: http://dx.doi.org/10.1080/15563650701241795.

25. Raffa R, Pergolizzi J, Taylor R, Ossipov M. Nature’s first “atypical opioids”: kratom and mitragynines. J Clin Pharm
Ther. 2018;43(3):437-41.

26. Kruegel A, Gassaway M, Kapoor A, Varadi A, Majumdar S, Filizola M, et al. Synthetic and receptor signaling explo-
rations of the mitragyna alkaloids: mitragynine as an atypical molecular framework for opioid receptor modulators. J
Am Chem Soc. 2016;138(21):6754-64.

27. Varadi A, Marrone G, Palmer T, Narayan A, Szabo M, Le Rouzic V, et al. Mitragynine/corynantheidine pseudoindoxyls
as opioid analgesics with mu agonism and delta antagonism, which do not recruit beta-arrestin-2. J Med Chem.
2016;59(18):8381-97.

28. Raehal K, Bohn L. The role of beta-arrestin2 in the severity of antinociceptive tolerance and physical dependence
induced by different opioid pain therapeutics. Neuropharmacology. 2011;60(1):58-65.

29. Trakulsrichai S, Sathirakul K, Auparakkitanon S, Krongvorakul J, Sueajai J, Noumjad N, et al. Pharmacokinetics of
mitragynine in man. Drug Des Devel Ther. 2015;9:2421-9.

30. Raehal K, Bohn L. The role of beta-arrestin2 in the severity of antinociceptive tolerance and physical dependence
induced by different opioid pain therapeutics. Neuropharmacology. 2011;60(1):58-65.

31. Voradi A, Marrone G, Palmer T, Narayan A, Szaby MR, Le Rouzic V, et al. Mitragynine/corynantheidine pseudoindoxyls
as opioid analgesics with mu agonism and delta antagonism, which do not recruit beta-arrestin-2. J Med Chem (2016)
59(18):8381-97. doi:10.1021/acs.jmedchem.6b00748

32. Matsumoto K, Mizowaki M, Suchitra T, Murakami Y, Takayama H, Sakai S, et al. Central antinociceptive effects of
mitragynine in mice: contribution of descending noradrenergic and serotonergic systems. Eur J Pharmacol.
1996;317(1):75-81.

33. Stolt A, Schruder H, Neurath H, Grecksch G, Hullt V, Meyer, M.R, Maurer H, Ziebolz N, Havemann-Reinecke U,
Becker A. Behavioral and neurochemical characterization of kratom (Mitragyna speciosa) extract.
Psychopharmacology 2014; 231: 13-25.

34. Vermaire D, Skaer D, Tippets W. Kratom and General Anesthesia: A Case Report and Review of the Literature. A A
Pract. 2019;12:103-105.

41



€gume 3n0p0's ra npo6nemu xapuyeanns Yipaiun | One Health and Nutrition Problems of Ukraine (2/2021)

42

35. Ismail I, Wahab S, Sidi H, Das S, Lin LJ, Razali R. Kratom and future treatment for the opioid addiction and chronic
pain: periculo beneficium? Curr Drug Targets. 2019;20(2):166-72.

36. Utar Z, Majid MIA, Adenan MI, Jamil MFA, Lan TM. Mitragynine inhibits the COX-2 mRNA expression and
prostaglandin E(2) production induced by lipopolysaccharide in RAW264.7 macrophage cells. J Ethnopharmacol.
2011;136(1):75-82.

37. Kamble SH, Sharma A, King Tl, Leon F, McCurdy CR, Avery BA. Metabolite profiling and identification of enzymes
responsible for the metabolism of mitragynine, the major alkaloid of Mitragyna speciosa (kratom). Xenobiotica.
2019;49(11):1279-88.

38. Azizi J, Ismail S, Mansor SM. Mitragyna speciosa Korth leaves extracts induced the CYP450 catalyzed aminopyrine-N-
demethylase (APND) and UDP-glucuronosyl transferase (UGT) activities in male Sprague-Dawley rat livers. Drug
Metabol Drug Interact. 2013;28(2):95-105.

39. Shaik Mossadeq WM, Sulaiman MR, Tengku Mohamad TA, Chiong HS, Zakaria ZA, Jabit ML, et al. Anti-inflammatory
and antinociceptive effects of Mitragyna speciosa Korth methanolic extract. Med Princ Pract. 2009;18(5):378-84.

40. Lim E, Seah T, Koe X, Wahab H, Adenan M, Jamil MFA, et al. In vitro evaluation of cytochrome P450 induction and the
inhibition potential of mitragynine, a stimulant alkaloid. Toxicol In Vitro. 2013;27(2):812-24.

41. Kong W, Chik Z, Ramachandra M, Subramaniam U, Raja Aziddin R, Mohamed Z. Evaluation of the effects of Mitragyna
speciosa alkaloid extract on cytochrome P450 enzymes using a high throughput assay. Molecules. 2011;16: 7344—
7356.

42.Uno Y, Uehara S, Murayama N, Yamazaki H. Cytochrome P450 1A1, 2C9, 2C19, and 3A4 Polymorphisms Account for
Interindividual Variability of Toxicological Drug Metabolism in Cynomolgus Macaques. Chem. Res. Toxicol. 2018;
31:1373-1381.

43. Koe X, Jamil MFA, Adenan M, Tan M, Lim E, Seah T, Majid MIA, Wahab H. In vitro evaluation of cytochrome P450
induction and the inhibition potential of mitragynine, a stimulant alkaloid. Toxicol. In Vitr. 2012; 27:812-824.

44, Showande S, Fakeye T, Kajula M, Hokkanen J, Tolonen A. Potential inhibition of major human cytochrome P450 isoen-
zymes by selected tropical medicinal herbs—Implication for herb-drug interactions. Food Sci. Nutr. 2019; 7: 44-55.

45. Ulbricht C, Costa D, Dao J, Isaac R, Leblanc Y, Rhoades J, Windsor R. An evidence-based systematic review of kratom
(Mitragyna speciosa) by the natural standard research collaboration. J. Diet. Suppl. 2013;10: 152-170.

46. Kong WM, Chik Z, Ramachandra M, Subramaniam U, Aziddin RER, Mohamed Z. Evaluation of the effects of Mitragyna
speciosa alkaloid extract on cytochrome P450 enzymes using a high throughput assay. Molecules. 2011;16(9):7344-56.

47. Ismail NIW, Jayabalan N, Mansor SM, Muller CP, Muzaimi M. Chronic mitragynine (kratom) enhances punishment
resistance in natural reward seeking and impairs place learning in mice. Addict Biol. 2017;22(4):967-76.

48. Yusoff NHM, Suhaimi FW, Vadivelu RK, Hassan Z, Rumler A, Rotter A, et al. Abuse potential and adverse cognitive
effects of mitragynine (kratom). Addict Biol. 2016;21(1):98-110.

49. Hassan Z, Suhaimi FW, Ramanathan S, Ling K-H, Effendy MA, Muller CP, et al. Mitragynine (Kratom) impairs spatial
learning and hippocampal synaptic transmission in rats. J Psychopharmacol. 2019;33(7):908-18.

50. Sabetghadam A, Navaratnam V, Mansor SM. Dose-response relationship, acute toxicity, and therapeutic index
between the alkaloid extract of Mitragyna speciosa and its main active compound mitragynine in mice. Drug Dev Res.
2013;74(1):23-30.

51. Fakurazi S, Rahman SA, Hidayat MT, Ithnin H, Moklas MAM, Arulselvan P. The combination of mitragynine and mor-
phine prevents the development of morphine tolerance in mice. Molecules. 2013;18(1):666-81.

52. Meireles V, Rosado T, Barroso M, Soares S, Gonsalves J, LuHs B, et al. Mitragyna speciosa: clinical, toxicological
aspects and analysis in biological and non-biological samples. Medicines. 2019;6(1):35.

53. Hughes RL. Fatal combination of mitragynine and quetiapine-a case report with discussion of a potential herb-drug
interaction. Forensic Sci Med Pathol. 2019;15(1):110-3.

54. Azizi J, Ismail S, Mordi MN, Ramanathan S, Said MIM, Mansor SM. In vitro and in vivo effects of three different
Mitragyna speciosa korth leaf extracts on phase Il drug metabolizing enzymes-glutathione transferases (GSTs).
Molecules. 2010;15(1):432-41.

55. Azizi J, Ismail S, Mansor SM. Mitragyna speciosa Korth leaves extracts induced the CYP450 catalyzed aminopyrine-N-
demethylase (APND) and UDP-glucuronosyl transferase (UGT) activities in male Sprague-Dawley rat livers. Drug
Metabol Drug Interact. 2013;28(2):95-105.

56. Lu J, Wei H, Wu J, Fadzly M, Jamil A. Evaluation of the Cardiotoxicity of Mitragynine and Its Analogues Using Human
Induced Pluripotent Stem Cell- Derived Cardiomyocytes. PLoS ONE 2014, 9, e115648.

57. Chittrakarn S, Sawangjaroen K, Prasettho S, Janchawee B, Keawpradub N. Inhibitory effects of kratom leaf extract
(Mitragyna speciosa Korth.) on the rat gastrointestinal tract. J. Ethnopharmacol. 2008; 116: 173-178.

58. Matsumoto K, Hatori Y, Murayama T, Tashima K, Wongseripipatana S, Misawa K, et al. Involvement of mu-opioid
receptors in antinociception and inhibition of gastrointestinal transit induced by 7-hydroxymitragynine, isolated from
Thai herbal medicine Mitragyna speciosa. Eur J Pharmacol (2006) 549:63-70. doi:10.1016/j.ejphar.2006.08.013

59. Kumarnsit E, Keawpradub N, Nuankaew W. Effect of Mitragyna speciosa aqueous extract on ethanol withdrawal
symptoms in mice. Fitoterapia 2007:78(1): 182-185.

60. Farah Idayu N, Taufik Hidayat M, Moklas MAM, Sharida F, Nurul Raudzah AR, Shamima AR, Apryani E.
Antidepressant-like effect of mitragynine isolated from Mitragyna speciosa Korth in mice model of depression.
Phytomedicine 2011;18(1):402-407.



Opnrinanchi gocnigwenns | Original researches

61. limie MU, Jaafar H, Mansor SM, Abdullah JM. Subchronic toxicity study of standardized methanolic extract of
Mitragyna speciosa Korth in Sprague-Dawley Rats. Front. Neurosci. 2015;9:1-6.

62. Harizal SN, Mansor SM, Hasnan J, Tharakan JKJ, Abdullah J. Acute toxicity study of the standardized methanolic
extract of Mitragyna speciosa Korth in Rodent. J. Ethnopharmacol. 2010;131:404-4009.

63. Parthasarathy S, Ramanathan S, Ismail S. et al. Determination of mitragynine in plasma with solid-phase extraction
and rapid HPLC-UV analysis, and its application to a pharmacokinetic study in rat. Analytical and Bioanalytical
Chemistry. 2010;397:2023-2030.

64. Zhanglei L. Determination of kratom using high performance liquid chromatography tandem mass spectrometry. Am J
Chem Appl. 2015;2(4):61-5. 45. Fuenffinger N, Ritchie M, Ruth A, Gryniewicz-Ruzicka C. Evaluation of ion mobility
spectrometry for the detection of mitragynine in kratom products. J Pharm Biomed Anal. 2017;134:282-6.
doi:10.1016/j.jpba.2016. 11.055

65. Philipp AA, Wissenbach DK, Zoerntlein SW,et al. Studies on the metabolism of mitragynine, the main alkaloid of the
herbal drug Kratom, in rat and human urine using liquid chromatography-linear ion trap mass spectrometry. Journal of
Mass Spectrometry. 2009;44:1249-1261.

66. Philipp AA, Meyer MR, Wissenbach DK et al. Monitoring of kratom or Krypton intake in urine using GC-MS in clinical and
forensic toxicology. Analytical and Bioanalytical Chemistry. 2011;400:127-135.

67. Philipp AA, Wissenbach DK, Weber AA, Zapp J, Maurer HH. Metabolism studies of the Kratom alkaloids mitraciliatine
and isopaynantheine, diastereomers of the main alkaloids mitragynine and paynantheine, in rat and human urine using
liquid chromatography-linear ion trap-mass spectrometry. Journal of Chromatography. 2011;879:1049-1055.

68. Phillipson JD, Hemingway SR. Chromatographic and spectroscopic methods for the identification of alkaloids from herbari-
um samples of the genus Uncaria. Journal of Chromatography. 1975;105:163-178.

69. Basiliere S, Bryand K, Kerrigan S. Identification of five Mitragyna alkaloids in urine using liquid chromatography-
quadrupole/time of flight mass spectrometry. J. Chromatogr. 2018;1080:11-19.

70. Lelono AA, Latifah IL, Herdiawan H, Cahyani RW. Extraction and identification of Mitragynine from the Kratom Leaf
(Mitragyna speciosa) using HFC-134a subcritical system. The 6th International Symposium on Applied Chemistry
(ISAC) 2020. IOP Conf. Series: Materials Science and Engineering 1011 (2021) 012045 |OP Publishing
doi:10.1088/1757-899X/1011/1/012045

71. Guddat S, Gurgens C, Steinhart V, Schonzer W, Thevis M. Mitragynine (Kratom) - Monitoring in sports drug testing.
Drug Test. Anal. 2016;8:1114-1118.

72. Eggleston W, Stoppacher R, Suen K, Marraffa JM, Nelson LS. Kratom use and toxicities in the United States.
Pharmacotherapy. 2019;39(7):775-7.

73. Hanna J. Bogus Kratom market exposed. Entheogen Rev. 2012;12(1):26-8.

74. Kuehn B. Kratom-related deaths. JAMA. 2019;321(20):1966.

75. Dixon RB, Waggoner D, Davis M, Rembold K, Dasgupta A. Contamination of some kratom products with salmonella.
Ann Clin Lab Sci. 2019;49(5):675-7.

76. Multistate Outbreak of Salmonella Infections Linked to Kratom (Final Update). Centers for Disease Control and
Prevention. 2018. URL: https://www.cdc.gov/salmonella/kratom-02-18/index.html

77. Swogger MT, Walsh Z. Kratom use and mental health: a systematic review. Drug Alcohol Depend. 2018;183:134-40.

78. Ismail |, Wahab S, Sidi H, Das S, Lin LJ, Razali R. Kratom and future treatment for the opioid addiction and chronic
pain: periculo beneficium? Curr Drug Targets. 2019;20(2):166-72.

Crartrs Hagivina go peaakuii 10.06.2021 Received June10, 2021

43



