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WCCJIEJOBAHMS IO U3YUYEHMIO YJIVYIIEHUSI PACTBOPUMOCTH
KYPKYMUWHA I1PM PA3PABOTKE JIEKAPCTBEHHO ®OPMBI
C METUOHUHOM U DKCTPAKTOM
KYPKYMBI JUIMHHOM (CURCUMA LONGA)

denepanbHOE TOCYIApCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE YUPEXKICHNE BBICIIET0 00pa30BaHuUs
«Poccuiickuii yHUBEpCUTET Py KObI HApOIOBY», I. MockBa, Poccuiickas @eneparus

Pe3iome. Bgeoenue. Kypkyma mmanas (Curcuma longa) — JeKapcTBEHHOE pacTeHUE M MPUIPaBa, KOTOpas LIMPOKO
WCTIONIb3YETCs B KYIMHAPUHU U MEAMIMHE B KayecTBE OMOJOTHYECKH aKTUBHOW j00aBku. KypkymuH (mudepynonnme-
TaH) — OCHOBHOE JCHCTBYIOIIEE BEIIECTBO, THAPOGOOHBIH OMOAKTUBHBIN KOMITOHEHT, COMIEPIKAIIUINCS B KOPHEBHINAX
KypkyMmbI muHHOH (Curcuma longa). B mocnennme rogbl KypKyMUH MTPHUBIIEK OTPOMHOE BHUMaHHE HE TOJIBKO MPUMEHE-
HUEM B KyJTHHAPHH, HO H CBOUMHU IIEHOTPOITHBIMU OMOJIOTHYECKUMU | (hapMakoiormdeckuMu dddexramu. OqHaKo ero
TI0Xast PaCTBOPUMOCTD B BOJIE, HU3Kast OMOJOCTYITHOCTh U OBICTPBIM METa00IM3M MPEACTABISIIOT COO0H cepbe3HbIe He-
JIOCTaTKH JJIsl BHEIPCHUS B TEPAIeBTHUECKYI0 PakTHKY. [loaTOMY HccienoBaTensMu MpeANPHHAMAIOTCS TTOTBITKH MO~
BBICUTH OMOJIOTHYECKYIO U (PAPMaKOIOTHYECKYIO aKTHBHOCTh KYPKYMUHA C TIOMOIIBIO 3()()EKTHBHBIX CUCTEM JIOCTABKH
u noOasieHus OnosHxaHcepoB. Ilens uccnedosanusn. O000IICHUE U aHAIA3 JTAHHBIX, TPEACTABICHHBIX B 0a3aX TaHHBIX
PubMed, Web of science, Scopus, Google.Scholar o MmeTomax MoBbIIIEHHS] pACTBOPUMOCTH U OMOAOCTYITHOCTH KYPKY-
MHUHA TIpU pa3padoTKe hapMaIieBTUYECKUX KOMITO3UIUI Ha ero ocHOBe. Mamepuanst u menmoovt. OObEKTOM HCCIIE0-
BaHUs U Moucka B 0a3ax naHHbIXx PubMed, Web of science, Scopus, Google.Scholar siBnsuics monudenon npupoaHoro
MIPOMCXOXKICHHS KYPKYMHH, TIOIYYEHHBIH U3 paCTUTENBFHOTO ChIPhsi KypKyMbl JuinHHOH (Curcuma longa). Hamu Obin
MpOaHAIN3UPOBAHHBIC JaHHBIC, TIPEACTAaBICHHbBIE B OTKPBITON Neuary 3a nocieaaue 20 get (2000-2021), 3anmpoc BKITO-
qaJ B ce0st ToKa3aTeIn paCTBOPUMOCTH M OMOIOCTYITHOCTH KypKyMHHA in Vitro U in vivo. Pezynbmamul u oocysycoenue.
Pasznuunble apMarieBTHUECKHE HCCIIEIOBAHUS MPUMEHEHNST KOMOWHAIIMIA /ISl TEpOPaLHOTO MPUeMa, BKITFOYasi TBEP-
JIble TUCTIEPCUH, HAHO/MUKPOYACTHILIBL, TIOJIMMEPHbIE MULIEIIIBI, HAHOCYCIICH3MH, HAHOHOCHTEJIM HAa OCHOBE JIMIUIOB,
LUKJIOICKCTPHHBI, KOHBIOTATHI, ObLIIM pa3paOOTaHbl AJIS YIyYlICHUs] IEpOpaTbHON OMOJOCTYITHOCTH KypKyMuHa. OHH
JIOKa3aHHO MOBBIIIAIOT PACTBOPHUMOCTD KYPKYMHHA, YITy4IIal0T KHIICYHYIO CTaOUIBHOCTh, U3MEHSIOT ITyTh a0COPOIHH.
3axniouenue. beUIO BBIABICHO, YTO HEKOTOPHIC (hapMaIeBTHUECKUE TEXHOJIIOTHH HIIA 0COObIe KOMOWHAIINY C IPYTUMU
COCTMHEHHUSIMH, TAKUMH KaK THUTEPUH WIN JIEIUTHH, HAHOKATICYIMPOBAaHUE, WHKATICYIISIIIAA B MUIIEIUTBI, TIOBBIIIAIOT
PacTBOPUMOCTh KypKyMHHA, TTPOJICBAIOT MPEOBIBAaHKE B TIA3Me U YIyYIIAIOT (apMaKOKHHETHYECKHUI MPOQIITH U T0-
DJIOIEHHUE KIIeTKaMH. Pa3nuuHbie HOBBIE CUCTEMBI JOCTABKH, TaKHe KaK TBEPAblC JUMUIHBIC YaCTHIIbI, MULIEIIISIPHAS
cucTeMa WK TUAPO(UITbHBIC HAHOYACTHUIIBI, MOTYT YBEJIIMUMBATh KOHIICHTPAMIO KYPKyMHUHA B HECKOJIBKO Pas3.
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IIUHCKOM akajemuieckoit Hayku. 2021, Tom 18, Nel, c. 43-51, DOI: 10.22138/2500-0918-2021-18-1-43-51

C apxanuHbIX BPEMEH JIIOIU BO BCEM MUPE HCIIOIb30BAIN BO3MOKHOCTH PACTUTEIBHOTO CHIPBS B JICUCOHBIX LIEIISX.
C TeueHHEM BPEMEHM MHTEPEC K M3YyUEHHIO JIeUeOHBIX MPEUMYIIECTB €CTECTBEHHON cpelbl OOMTaHUsI BO3PACTACT U
Tenepb CTall OHUM M3 OCHOBHBIX HampaBleHWH HayuHbIX uccienoBanuii [1, 2]. Kypkyma mnmuanas (Curcuma longa),
Ha3bpIBacMasl KypKyMOH, MPUHAAJICKUT K CeMEeHCTBY HMOUPHBIX (Zingiberaceae) M IMUPOKO UCIONB3YETCSl B KaueCTBE
WHTpeMeHTa pUnpasbl kKappu [3, 4]. Mcropus ucnonp3oBanus Kypkymbl ainuaHON (Curcuma longa) BocxomuT K Bpe-
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MeHaM AOpBeJIbl, 00BIYHO BCTPEYAOIIEHCS B TPOITUYECKUX, CyOTPOITMYECKUX U FOrO-BOCTOYHBIX PETHOHAX, KOTOPHIS
IIUPOKO KYJIBTUBUPYIOTCS JUIS HCIIOJIb30BaHUsI B KAU€CTBE MHIPEANCHTA crieiinn. Pacrenue kypkyma pinuanas (Curcuma
longa) coaepxut kpaxmai, 3GupHbIe Macia, KypkyMuH, o-esutanapeH, uaruoepet (2,5%), cabunen. Kypkymus, ko-
TOPBIHA cocTaBisieT 2—5% OT cocTaBa KypKyMbl IJTMHHOH, SBISETCS HanOosee N3yuYeHHBIM C TOYKH 3PEHHS UCIIOIh30Ba-
HUS B MEJIUIIMHE KOMITOHEHTOM [5].

Cpenu 0OIBIIOTO KOJUYECTBa KOMIIOHEHTOB, BBIICTICHHBIX U3 KYPKYMBI, KYPKYMUH OKa3alics HaubOoliee akTUBHBIM
M3BIICUEHHBIM MOJU(PEHOIOM, O YeM Ha JaHHBI MOMEHT MMEETCSl OTPOMHOE KOJMYECTBO CCBUIOK B JuTeparype [6].
KypkyMuH — NpUpOIHOE HYTPUIICBTUYCCKOE COCAMHCHHUE, 00JIaatoliee PsIoM TEPAIIeBTHUCCKUX M OUOJIOTHUECKUX
AKTUBHOCTEH, TAKMX KaK aHTHOKCHIaHTHAs, IPOTUBOBOCIIAIIMTEIbHAS, IPOTUBOINA0ETHYECKAS, TPOTHBOOITYXO0JIEBas 1
Kapano3amuTHas. TpaauiimoHHO KypKyMHH KaK MPSTHOCTB UCIIOB3YETCS B KYJIIMHAPHH, aI0OPBE/IC U HAPOAHON METUITNHE
JUTS JISYCHUS psifa 3a00IeBaHNi U IMKBHIAIMH TIOCIENCTBUH cTpecca, nenpeccud. CoBpeMeHHas HayKa MpeIoCTaBu-
Jla HAyYHYK OCHOBY JUIsi 0OOCHOBAHHSI MCIIOJIb30BaHUS KyPKYyMbI IPOTHB Pa3IUYHBIX MATOJIOTUYECKUX COCTOSHUM. M3
ATOM CIEIUK OBUTH BBIJICIICHBI PA3TUYHBIC XUMUYECKUE COCTABISIONINE, BKIIFOYAs TTOTHU(EHOIbI, CECKBUTEPIICHBI, JTU-
TEPIEHbI, TPUTEPIICHONIbI, CTEPOJIBI U AJKaTOU B [7].

Heabro ganHOTO 0030pa SABIAETCS 000OIIEHNE W aHAIHM3 TAaHHBIX, MPEACTABICHHBIX B 06a3ax maHHbIX PubMed, Web
of science, Scopus, Google.Scholar 0 MeTozax MOBBINICHUS PACTBOPUMOCTH U OMOJOCTYITHOCTH KypKyMHUHA TIPH Pa3-
paboTke papmareBTHIeCKIX KOMIIO3HIIMN Ha €T0 OCHOBE.

MarepuaJjbl 1 MeTOAbI

Co6op u 00600menne manHbIX B 6azax PubMed, Web of science, Scopus, Google Scholar. KirroueBoe ciioBo miist mowuc-
ka — «KypkyMun», oJIy4eHHOE U3 PACTUTEIBHOIO ChIPbsl KypKyMbl uinHHOH (Curcuma longa). IIpoananu3upoBaHsl
JTaHHBIE, TIPEICTaBIeHHbIC B OTKpbITON Tiedarn 2000-2021, 3ampoc BKITIOYa B ce0st MOKa3aTeIn pacCTBOPHUMOCTH U OHO-
JOCTYITHOCTH KYpKYMHUHa.

Pe3yabTarsl

Kypxymun npeactasisieT co00it XUMHIECKOE BEIIECTBO ¢ OONBITNM OMOIOTHIECKAM H (hapMarieBTHIEeCKAM TIOTEHITH-
aJIOM JIEHCTBUS B HAaIIPaBJICHUH aKTUBAIIMH CUTHAIBHBIX ITyTeH KJIETKH M aHTHOKCHUAHTHBIMH CBOMCTBaMHU [§].

Homenknarypa xypkymuna no [UPAC — 1,7-0uc (4-runpokcu-3-metokcudenun) -1,6-renraauen-3,5-mmuoH (1E-6E),
COCTOSIIIMEI U3 IBYX apUIIBHBIX KOJIEIl, COAEPKaIIUX OpTO-MeToKcH(eHonb b OH - Tpynmbl cCHMMETPHYHO CBSI3aHBI C
(dparMeHTOM B-AMKETOHA. DTO YHHKAIBHOE MOJH(PEHOIBHOE COCTMHEHHE, COCTOSIIEE U3 TeNTaHCHANOHOBON IPYIIIIBL,
ObLTO0 0OHAPYKEHO B KYpPKyMUHE C MOJICKYJISIpHON Maccoi 368,37 r/mMoinb 1 Temreparypoit miaenenus 183°C [9]. Kyp-
KyMHH COZIEPHT JBE MaparuIpOKCHIbHBIE TPYTIIbI, KETOTPYIIITEI, METOKCUTPYIIIBI, aKTUBHYIO METHJIICHOBYIO TPYIIITY
[10].
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Pucynok 1. Xumudeckas CTpyKTypa MolleKyibl KypkymuHa (1 - keto-hopma), (2 - eHombHasI-popMma).

PacTBOp KypKyMHHA HMEET EHOIBHYIO TPYIILY, XOTS 3HAYUTEILHO OOIBIIYI0 CTAOMIBHOCTD OH MPOSIBIISET B KETO-POp-
Me [11]. KypkymuH sisercs: ruipo(®oOHBIM MOMH(EHOIBHBIM COSIMHEHHUEM, HEPACTBOPUM B BOJIC KaK B KHUCJIBIX, TaK
1 HEUTpaJIBHBIX YCIOBUAX pH, pacTBOpUM B MeTaHOJE, dTaHONIE, TUMETHICYyIb(okcnue u amnerone [12]. Temmeparypa
mnasienns 176,0+2,0°C.

KypkyMuH MOXKeT cTaTh aKTUBHBIM KOMIIOHEHTOM JIEKAPCTBEHHBIX CPEACTB, IPUMEHIEMBIX B KOMIUICKCHOU Tepanuu
BOCTIAJIUTENBHBIX U JACTCHEPAaTHBHBIX 3a00J€BaHUI, B MATOTeHE3€ KOTOPBIX MPHUCYTCTBYIOT SIBJICHUS OKUCIUTEIBHOTO
ctpecca. [IposBisis NpoTHBOBOCTIATUTENbHBIE, IPOTUBOOITYX0JIEBbIE, aHTHOKCUAAHTHBIE U AaHTHAHTHOTEHHBIE CBOMCTBA
3a CUET MOJIYJISIIUM MHOTOYUCICHHBIX OMOXMMHUYECKUX MEJINATOPOB OH CIOCOOEH MOIYJIMPOBATH MPOIECCH aKTHBA-
1mH (haKTOPOB POCTA, TIOBHIIIIATH AKTUBHOCTH (DEPMEHTOB aHTHOKCHIAHTHOW 3aIUTHI, YCHIINBATh aKTHBHOCTH (DAKTOPOB
TPAHCKPUIIIUH, PETYITHPOBATH MPOAMTONITOTUYECKYIO H AHTHAIIONITOTUYECKYI0 aKTUBHOCTH OEIIKOB.

Kinnnudeckue u sKcriepuMeHTalbHbBIE NCCIIE0BAHUS MMOKA3alH, YTO KypKYMHUH BOCCTaHABIMBAET COJAEpkKAHHUE TIPO-
BOCTIAJIUTENBHBIX IUTOKMHOB B CHIBOPOTKE KpoBH: (akTop Hekpo3za omyxonu (TNF-a), natepneiikun-1 (IL-1), saepHblit
daxrop-kB (NfK-B) [13].

OpHako KypKyMHH UMeeT HEeKOTOPbIE HEJOCTaTKH, TaKue KaK HU3Kasg OMOIOCTYIMHOCTh, BBICOKAsT CKOPOCTh METa0o0-
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nr3Ma 1 ObICTpOE BhIBEACHUE U3 opranusma. OrpaHMyeHHasi pACTBOPUMOCTD HE TOJIBKO NPEISTCTBYET OMOA0CTYTHOCTH
JISKAPCTBEHHOTO CPEJICTBA, HO TAKIKE MOXKET IMPUBECTH K 3HAYMTEIBHBIM 1000YHBIM dddextam [14]. [{nst moBbIimeHus
OMOIOCTYITHOCTH MJIOXO PACTBOPUMBIX OMOIOTMYECKH aKTUBHBIX BEIIECTB HCIOB3YIOT PA3IMUHBIE ITOAXO/IbI M METO/IBI,
Cpear KOTOPBIX BBIICISIOT: (GU3UUECKUE, XUMUUECKUE, (PU3UKO-XMMUYECKHE METO/bI 1 HEKOTOPbIE TEXHOJIOINIECKHE
npuemsl [15].

[t mpeoonenns HU3KOH pacTBOPUMOCTH KypKyMUHa B 0030pe pacCMOTPEHBI HEKOTOPBIE CIIOCOOBI M (hOPMBI J10-
CTaBKH. B TOM uncie KypKyMHH, 3aKIIIOUYSHHBINH B HAHO-KAIICYJIbI IS IOBBILICHUS] OMOJOCTYITHOCTH, O0Jiee ATUTENbHON
LUUPKYJISIINH, TOBBIIICHHBIM OHOpacTIpe/ieIeHEM, UTO 1aeT 3HAUUTEIbHBINH (hapMaKoIornuecKuit agpdexr [16].

[locnennue maHHBIE TOBOPST, YTO KyPKyMHH IIPH MPHEME OTAEIBHO W B COYETAaHWU C OMO’HXaHCepaMH ocialiser
OKHCJIMTEJIBHBIN CTPECC, YMEHbIIAs IEPEKUCHOE OKUCIIEHHUE JIMITUIOB U MOBBIIIAs aKTHBHOCTh AHTHOKCHIAHTHBIX (hep-
meHToB [17].

Pesynbrarel nccnenoBanusi, nposeaeHHoe Liu Jiping ¢ coaBropamu mokasai, YTO KypKyMHH M JE€METOKCHKYPKY-
MHUH MOTYT HOPMaJIM30BaTh allONTOTUYECKYIO0 aKTUBHOCTH JTUM(OIMTOB, MHIYLUPOBAHHYIO KOHEYHBIMH MPOLYKTAMH
IMKUPOBaHus, 0 HopMasbHEIX ypoBHer (IC 50=3,874x107"" M mns xypkymuna u IC50=6,085x10""" M nns neme-
TOKCHKYPKYMHUHA), 3HAYUTEIBHO YMEHBIIIAI0T 00pa3oBaHNe akKTUBHBIX (hOPM KHUCIOPO/Aa B ME3aHTHAIBHBIX KJIeTKaxX. B
IKCIIEPUMEHTAIIBHBIX YCIOBUAX KYPKYMHUH U IEMETOKCUKYPKYMUH PE3KO HOBBILIAIN CHUKECHHYIO aKTUBHOCTD CYIIEPOK-
CUIIMCMYTa3bl PH OTHOBPEMEHHOM 3HAYUTEIbHOM CHIDKEHUHN COACP KaHMsI MAJIOHOBOTO TUallbACIHa B CyllepHATaHTE
KJIETOYHOH KynbTypsI [18].

Hwuskast OMog0CTYIHOCTh KypKyMHHA TIPU TEPOPaJIbHOM MpPUEME MOXKET paccMaTpHBaThCs KaK BEPOSITHBIN (akTop,
OTpaHWYMBAIOIINI ero Bo3aeiicTBue. CieoBaTeNbHO, UCTIONb30BaHIEe HOBATOPCKUX TOAXO/I0B K YBEJIMYCHHUIO OHOJIO0-
CTYIHOCTH MOXET YJIyYIIMTh KIMHWYECKHE HMCXOAbI IIPU €ro MCIoyb30BaHuu. Lujing Wang u coaBT. mokasaiu, 4To
abcomroTHas epopaibHas OMONOCTYIIHOCTh HCXOAHOTO KyPKYMHHA KaK IIPABUJIIO SIBJISETCS] HU3KOM, HO IIPU 3TOM IIPH-
€M KypKyMHHA per 0s TeMOHCTPHPOBAJ BBICOKHE MOKa3aTesin papMakoIMHAMUKH B pe3ysibTaTe HHAYKIUH Nrf2-reHos,
OTBETCTBEHHBIX 32 CHHTE3 aHTHOKCHJIAHTOB, YTO yKa3bIBAaeT Ha BHICOKUI MOTEHIHAT KypKyMHHA, CIIOCOOCTBYIOLIETO
0011IeMy TIOJIOKUTEIBHOMY BIMSHUIO Ha Tepanuto [19].

PacTBOprMOCTh KypkymMuHa B Bojie coctapnsier 11+1,2 ur/mn [20], kpoMe TOro, OH TIOBEPracTcsi Pa3lioKECHUIO B
menouHoi cpene. [Ipu pH<7 xaraGonm3m KypKyMrHa IPOUCXOANUT HAMHOTO MeJJIEHHee, IToKazaHo, yTo MeHee 20% ot
00II1eTo KoM4YecTBa KypKyMHHA pasiaraercs B Teuenne 60 munyT [21].

B uccnenosanmsix Ajaikumar B. Kunnumakkara ¢ coaBropamu nokaszaHo, 4To Hu3Kasi OMOAOCTYIIHOCTb KypKYMHUHA
MOXeT OBITh HHBEJIMPOBaHA IPHU HCIOIB30BaHUH O0Jiee BHICOKMX KOHIIEHTPALMi B HETOKCHYHBIX MpeAesax Ju0o B
KOMIIO3UIIUH C APYTHMHU coequHeHusiMu [22]. Jlist yBenuueHus: OMOAOCTYTHOCTH KYPKYMHHA, €ro 0oliee JTUTEIbHOM
LUMPKYISALNY, JTydIIed MPOHUIIaeMOCTH M YCTOWYMBOCTH K METabOIMYECKUM TporieccaM OBIIH TPOBEEHBI MCCIIEH0-
BaHMsI COCTABOB, KOTOPBIE BKJIIOYAIM HAHOYACTHUIIBI, JTUIIOCOMBI, MULEIUIBI ¥ (ocHoinnuIHbe KOMIUIEKCH. OMUCaHo
HCTIOJIB30BaHUE COCTaBa HAHOAMYJIbCUN Ha OCHOBE HAHO-IVIOOYII JUIsl OLIEHKH IOTEHIMAJIa U MOBBILIEHUS PaCTBOPUMO-
CTH KypKyMHHA. Bo Bpemst SKcTiepuMeHTa ex vivo aBTopaMu ObUIO 00OHApy»eHO, YTO BBICBOOOXKICHUE KypKyMUHA U3
HaHO3MYJILCUHM HAMHOT'O BBIIIIE, YEM U3 CYCIIEH3UU KYPKYMHUHA, YTO CBUJIETEIBLCTBOBAJIO O MOBHIIIEHUH PACTBOPUMOCTH
KypKyMuHa B BOgHOM pactBope [23]. MccnenoBanne D. Guzman-Villanueva nokasano, 4To WHKAICYISIHS KypKyMH-
Ha B HAHOYACTHUIIBI THAPOTENS JaBajia TOMOTEHHYIO IHUCIEPCHIO0 KypKyMHHA B BOJIHOM PacTBOPE MO CPABHEHHUIO C €ro
cBoOoaHON popmoii. [Ipoduite BEICBOOOXKAEHNS KYPKYMUHA i Vitro TIOKa3ajl BEICBOOOXKIEHHE 10 95% KypKyMHHA W3
pa3paboTaHHBIX HAHOCUCTEM [24].

[IpobneMy HHU3KOH PacTBOPUMOCTHU MBITAIOTCS PEMIUTH JOOABICHUEM LUKINYECKUX OJHMIOCAXapHUI0B — IIMKIOACK-
cTpuHa. bbuto 0OHapy»XeHO, YTO MHKAICYJIMPOBAHHBIA B IIUKIOACKCTPUH KYPKYMHH HMeIl OOJIblIee KJICTOYHOE TTOTII0-
eHne 1 6osee JUIMTEIHHBIN MEePHUOT OJTypaciia/ia B PaKOBBIX KJIETKaX 10 CPAaBHEHHIO CO CBOOOIHBIM KyPKYMHUHOM, YTO
YKa3bIBaeT Ha TO, UTO JIEKAPCTBEHHAs (JOpMa UMEET JIydlINe XapaKTePUCTUKHU T10 CPAaBHEHHUIO CO CBOOOJHBIM KypKyMHU-
HOM B OTHOIIIEHUH KJIETOYHOTO MOIomeHus [25].

HexoTopble npupoaHble COEANHEHUST HCIONB3YIOTCS ISl YBEIMYCHUS! OMOIOCTYITHOCTH KypKyMHuHA. OHUM U3 HUX
SIBIISIETCSI MUTIEPUH — KOMITIOHEHT YEPHOTO TepIia, W3BECTHBIN KaK MHIMOUTOP TMIOKYPOHHU3ALUH TICYCHN U KHUIICYHHU-
ka. [TokazaHo, 4TO BIMsHUE MUTIEpPUHA Ha (PapMaKOKHMHETHKY KypKyMHHa HAMHOTO CHIIBHEE Y JIIOACH, YeM, HarpuMep
y TabopaTOpPHBIX KUBOTHBIX (KPBIC). Y JIFOAEH OMOMOCTYITHOCTh KypKyMuHa yBeamamiack Ha 2000% gepe3 45 MUHYT
[I0CJIe OJHOBPEMEHHOIO IEPOPATIBHOTO IIpHeMa KyPKYMHHA € IIMIIEPUHOM, TOIZa KaK y KPbIC OJHOBPEMEHHOE BBEICHHUE
nunepuHa 20 MI/KT ¢ KypKyMHUHOM 2 I/KI' yBEJMYHBAJIO CHIBOPOTOUHYIO KOHLIEHTPALMIO KypKyMHHA TOJIBKO Ha 154%
B T€UEHHUE KOpPOTKOro nepuoaa 1-2 yaca nociue npuema. MceciaenoBanre mokasblBaeT, YTO B UCIIOJIB3YEMBIX TO3UPOBKAX
MUMNEPYH YBETNUNBAET KOHIIEHTPAIMIO KYpKYMUHA B CHIBOPOTKE KPOBU. [26].

BrickaszaHbl PeIONoKeHus, 4T0 GOochOoNUITUIHO-PUTOXUMUIESCKHE KOMIUICKCHI ((PUTOCOMBI) YJIy4IlaloT BCachiBa-
HUE B XKETYIT0YHO-KUIIIEYHOM TPAKTE IJI0X0 PACTBOPUMBIX B BOJIE (PUTOXMMHUYECKHUX BEIIECTB 3a CUET aM(pHUIIaTHIeCKUX
cBoiicTB pocdomumuaos [27]. [lepekpecTHOE HccenoBaHne OBUTO MMPOBEICHO Ha 3I0POBBIX JOOPOBONIBIAX (N=9) mis
H3MEpeHHs KOHLEHTpAlMii KypKyMUHOUAOB B IUIa3Me MOCJe NMpHEMa ABYX 103 CMECH KYPKYMHHOHIIOB B COCTaBe C
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neruruaoM (200 mim 400 Mr/neHb) U OJTHOM 103kl CMeCH KypKyMUHOUIOB Oe3 perienta (okoio 2 r/nens). [locne dep-
MEHTaTHBHOTO THUAPOJIHM3a KOHIEHTpaLUU o0miero Kypkymunonga cocrasisin: (1) 206,9+164,7 ur / mn wepes 2,7+1
4 nocse BBeaeHust 400 Mr cocraBieHHOTO npenapara, (2) 68,9+50,8 ur / mu uepes 3,3+1 u nmociie BBeaenue 200 Mr
cthopmymupoBarroro npenapara u (3) 14,4+12,5 ar / mut gepe3 6,9+6,7 1 mociie BBEACHHS IPUTOTOBICHHON KypPKYMH-
HOMJTHOW cMecH. UTo KacaeTcs TONBKO KypKyMUHa, KOHIeHTparwu (Hr/mi) coctapisum 50,3+12,7 npu 3,8+0,6 1 (400
MT IIPUTOTOBIICHHOTO Tpenapara), 24,2+5,9 npu 4,2+0. § yacos (200 Mr nmpuroToBIeHHOTO npemnapara) u 9,0+£2,8 uepe3
6,9+2,2 yaca (HEOUMIIEHHBII MOPOLIOK KypKyMUHa) COOTBETCTBEHHO. CocTaB (OoC(OINTHIOB € JICHUTHHOM YBEIHYH-
BaJI OMOJIOCTYITHOCTh KYPKYMHHOHIOB [28].

Hcrnonp30Banne KOIITOWTHBIX HAHOYACTHUIT BBISIBUIIH 15-KpaTHOE yBeTHYEeHNE KOHIIEHTPAIINH BBEICHHOTO KypKyMHHA
B pe3yJbTaTe YCUJICHHOTO BCACHIBAHUS B KEIYJOYHO-KUIIEYHOM TPAKTE B PE3yjbTare KOJJIOMAHOW aucrepcuu [29].
Cocra, cogepKaluii SKCTPAKT KypKyMbl JIMHHOH, (TUAPOMMIBHBIA HOCUTEIb - MOJUBHHWINIUPPOIUIOH), IPOU3BO-
JHBIE LEJUTIONI03bI U TIPUPOJHbIE aHTHOKCHIAHTHI (TOKO(EPOI W acKOpOMINAIbMUTAT), CPABHUBAIN CO CTaHIAPTHBIM
KypPKyMUHOM Y 3I0pPOBBIX JJOOPOBOJBIEB. DTOT Ipenapar ¢ MOBBIIIEHHOH PacTBOPHMOCTBIO obecreumns 46-KpaTHoe
yBEIMUEHHE TIEPOPATILHOTO BCACHIBAHMUS TI0 CPABHEHUIO ¢ He0OpaboTaHHBIM KypkymMuHOM [30].

3akiaouenue

KypKyMHH ThICSYETICTUSIME HCIIONB30BAJICS B TPAJUIIMOHHON a3UaTCKON METUIIMHE U3-3a €r0 MPOTUBOBOCHATUTEb-
HOTO M aHTHUOKCHJAHTHOTO npoduis. [lepopanbHblil TpueM KypKyMHHA MPOJAEMOHCTPUPOBAI TEPAIIEBTHUECKYIO A(-
(hDeKTUBHOCTH BO MHOTMX KJIMHUYECKUX UCIBITAHUIX, HO €r0 HyTPUIIEBTHUYECKAs aKTUBHOCTh HEBBICOKA M3-3a HU3KOM
abcopOIMK, OrPaHUYCHHON OMOMOCTYITHOCTH, OBICTPOro MeTabonu3Ma 1 BbiBeneHus. HekoTopeie apmaiieBTHUeCKue
TEXHOJIOI'MHU WJIM 0COObIC KOMOMHAIMH C JIPYTHMU COCJMHEHHUSIMU, TAKUMHU KaK IMUTICPUH WIIH JICIIUTHH, HAHOKAIICYJIH-
pOBaHKe, HHKATICYJISIIIMK B MUTISIUTBI, YBEIHYHBAIOT PACTBOPUMOCTh KYPKYMHHA, MPOJUICBAIOT MPEOBIBAHUE B IIIa3Me U
yAyYmaT GapMakOKHHETHISCKHUH NMPOGUIIb U MOTIOIICHUE KIeTKaMH. Pa3ryHble HOBbIC CHCTEMbI JIOCTABKU, TAKUE
KaK TBEPJIbIC JIMIUHBIC YACTHIIBI, MULIEIUISIPHASL CUCTEMA WU TUAPOPUILHBIC HAHOYACTHUIIBI, MOTYT YBEIIMYUBATH KOH-
LIEHTpaIuio Kypkymuna o 15-20 pas.
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RESEACHES TO STUDY THE IMPROVEMENT SOLUBILITY
OF CURCUMIN IN THE DEVELOPMENT OF A DOSAGE FORM
WITH METHIONINE AND TURMERIC EXTRACT (CURCUMA LONGA)
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Abstract. Introduction. Turmeric (Curcuma longa) is a medicinal plant and seasoning in Asia. Curcumin
(diferuloylmethane) is the main active ingredient; a hydrophobic bioactive component contains in the rhizomes of
turmeric (Curcuma longa). In recent years, curcumin has attracted tremendous attention not only for its use in cooking,
but also for pleiotropic biological and pharmacological effects. However, its poor water solubility, low bioavailability
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and rapid metabolism are serious disadvantages for implementation in therapeutic practice. Therefore, researchers are
attempting to increase the biological and pharmacological activity of curcumin using effective delivery systems and the
addition of bioenhancers. Aim. Generalization and analysis of data presented in the databases PubMed, Web of science,
Scopus, Google Scholar on methods of increasing the solubility and bioavailability of curcumin in the development of
pharmaceutical compositions based on it. Materials and methods. Materials and methods. The object of research and
search in the PubMed, Web of science, Scopus, Google Scholar databases was the substance curcumin, obtained from
plant raw materials of long turmeric (Curcuma longa). We analyzed the data presented in the open press for the last 20
years (2000-2021), the request included indicators of the solubility and bioavailability of curcumin in vitro and in vivo.

Conclusion. Various pharmaceutical studies of the use of oral combinations, including solid dispersions, nano/
microparticles, polymer micelles, nanosuspensions, lipid-based nanocarriers, cyclodextrins, conjugates, have been
developed to improve the oral bioavailability of curcumin. They have been shown to increase the solubility of curcumin,
improve intestinal stability, and alter the absorption pathway.

Keywords: curcumin, rhizomes of turmeric, solubility, bioavailability
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Since ancient times, people all over the world have used the potential of plant raw materials for medicinal purposes.
Over time, interest in studying the medicinal benefits of natural habitats has grown and has now become one of the
main directions of scientific research [1, 2]. Turmeric longa (Curcuma longa), called turmeric, belongs to the ginger
family (Zingiberaceae) and is widely used as an ingredient in curry [3, 4]. The history of the use of turmeric (Curcuma
longa) dates back to the days of Ayurveda, commonly found in the tropical, subtropical and southeastern regions, which
are widely cultivated for use as a spice ingredient. Turmeric (Curcuma longa) contain: starch, essential oils, curcumin,
o-fellandrene, tsingiberen (2.5%), sabinene. Curcumin, which makes up 2-5% of the composition of turmeric long, is
the most studied component in terms of its use in medicine [5].

Among the large number of components isolated from turmeric, curcumin turned out to be the most active extracted
polyphenol, about which there are currently a huge number of references in the literature [6]. Curcumin is a natural
nutraceutical compound with a number of therapeutic and biological activities, such as antioxidant, anti-inflammatory,
antidiabetic, anti-tumor and cardioprotective. Traditionally, curcumin is used as a spice in cooking, Ayurveda and
traditional medicine to treat a number of diseases and eliminate the effects of stress and depression. Modern science has
provided a scientific basis for the rationale for using turmeric against these pathological conditions. Various chemical
constituents have been isolated from this spice, including polyphenols, sesquiterpenes, diterpenes, triterpenoids, sterols,
and alkaloids [7].

The aim of this review is to generalize and analyze the data presented in the PubMed, Web of science, Scopus,
Google.Scholar databases on methods for increasing the solubility and bioavailability of curcumin in the development
of pharmaceutical compositions based on it.

Materials and methods

Accumulation and summarizing data in PubMed, Web of science, Scopus, Google Scholar databases. The keyword to
search for is «Curcuminy, derived from turmeric (Curcuma longa). The data present in the open press 2000-2021 were
analyzed, the request included indicators of solubility and bioavailability of curcumin.

Results

Curcumin is a chemical substance with a great biological and pharmaceutical potential of action in the direction of
activation of cell signaling pathways and antioxidant properties [8].

IUPAC nomenclature — 1,7-bis (4-hydroxy-3-methoxyphenyl) -1,6-heptadiene-3,5-dione (1E-6E), consisting of two
aryl rings containing ortho-methoxyphenol OH — groups are symmetrically bound to the B-diketone fragment. This
unique polyphenolic compound, consisting of a heptadienedione group, was found in curcumin with a molecular weight
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of 368.37 g/mol and a melting point of 183°C [8]. Curcumin contains two parahydroxyl groups, keto groups, methoxy
groups, an active methylene group [9]. Solution of curcumin has an enol group, although it is much stability in the keto
form [10]. Curcumin is a hydrophobic polyphenolic compound, insoluble in water under both acidic and neutral pH
conditions, soluble in methanol, ethanol, dimethyl sulfoxide and acetone [11]. Melting point 176.0+2.0°C.
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Figure 1. Chemical structure of the curcumin molecule (1 — keto form),
(2 — enol-form).

Curcumin can be an active component of drugs used in the complex therapy of inflammatory and degenerative
diseases, in the pathogenesis of which oxidative stress is present. Displaying anti-inflammatory, antitumor, antioxidant
and antiangiogenic properties due to the modulation of numerous biochemical mediators, it is able to modulate the
processes of activation of growth factors, increase the activity of antioxidant defense enzymes, enhance the activity of
transcription factors, and regulate the proapoptotic and antiapoptotic activity of proteins.

Clinical and research trials showed that curcumin restores the content of pro-inflammatory cytokines in the blood
serum: tumor necrosis factor (TNF-a), interleukin-1 (IL-1), nuclear factor-kB (NK-B) [12].

Curcumin has some disadvantages such as low bioavailability, high metabolic rate, and rapid elimination from the
organism. To decision these problems was customized various forms and delivery methods have been proposed, including
curcumin, enclosed in nano-capsules for high bioavailability, longer circulation, increased biodistribution, which gives
a significant pharmacological effect [13].

The latest’s evidence suggests that curcumin, when taken alone and in combination with bioenhancers, attenuates
oxidative stress by decreasing lipid peroxidation and increasing antioxidant enzyme activity [14].

The results of the trials by Liu Jiping et al showed that curcumin and demethoxycurcumin can normalize end-product-
induced lymphocyte apoptotic activity to normal levels (IC 50=3.874x107"' M for curcumin and IC 50=6.085x107"' M for
demethoxycurcumin), significantly reduce the formation of reactive oxygen species in mesangial cells. In experimental
conditions, curcumin and demethoxycurcumin sharply increased the decreased activity of superoxide dismutase, while
significantly reducing the content of malondialdehyde in the cell culture supernatant [15].

The low oral bioavailability of curcumin may be considered a likely factor limiting its effects. The use of innovative
approaches to increase bioavailability can improve clinical outcomes when used. Lujing Wang et al. showed that the
absolute oral bioavailability of the parent curcumin is generally low, but the oral administration of curcumin demonstrated
high pharmacodynamic parameters as a result of the induction of Nrf2-mediated antioxidant genes, which indicates a
high potential of curcumin, contributing to positive effect on the therapy [16].

Solubility of curcumin in water is 11+1.2 ng/ml [17], in addition, it degrades in an alkaline medium. At pH<7,
catabolism of curcumin is slower; it has been shown that less than 20% degraded within 60 minutes [18].

Ajaikumar B. Kunnumakkara et al., showed that the low bioavailability of curcumin can be leveled by using higher
concentrations within non-toxic limits or in combination with other compounds [19]. To increase the bioavailability
of curcumin, its longer circulation, better permeability and resistance to metabolic processes, tested carried out on
formulations that included nanoparticles, liposomes, micelles and phospholipid complexes. The use of a nanoemulsion
composition based on nano-globules for assessing the potential and increasing the solubility of curcumin is described.
During an ex vivo experiment, the authors found that the release of curcumin from the nanoemulsion is much higher
than from the curcumin suspension, which indicates an increase in the solubility of curcumin in aqueous solution [20]. D.
Guzman-Villanueva showed that encapsulation of curcumin in hydrogel nanoparticles gave a homogeneous dispersion
of curcumin in aqueous solution compared to its free form. In vitro curcumin release profile showed the release of up to
95% curcumin from the developed nanosystems [21].

Problems of low solubility by adding cyclic oligosaccharides — cyclodextrin. Cyclodextrin-encapsulated curcumin
was found to have greater cellular uptake and a longer half-life in cancer cells compared to free curcumin, indicating that
the dosage form has better characteristics than free curcumin in cellular uptake [22].

Several natural compounds use to increase the bioavailability of curcumin. One of these is piperine, a component of
black pepper known to inhibit liver and intestinal glucuronidation. It has been shown that the effect of piperine on the
pharmacokinetics of curcumin is much stronger in humans than, for example, in laboratory animals (rats). Bioavailability
to humans of curcumin increased by 2000% 45 minutes after concomitant oral administration of curcumin with piperine,
whereas in rats, simultaneous administration of piperine 20 mg/kg with curcumin 2 g/kg increased serum curcumin
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concentration by only 154% over a short period 1-2 hours after ingestion. This study show that at the dosages used,
piperine increases curcumin concentration in serum. [23].

It has been suggested that phospholipid-phytochemical complexes (phytosomes) improve the absorption in the
gastrointestinal tract of phytochemicals poorly soluble in water due to the amphipathic properties of phospholipids
[24]. A crossover study was conducted in healthy volunteers (n=9) to measure plasma curcuminoid concentrations after
taking two doses of a mixture of curcuminoids combined with lecithin (200 or 400 mg/day) and one dose of a mixture
of curcuminoids without a prescription (2 g per day). After enzymatic hydrolysis, the concentration of total curcuminoid
was: (1) 206.9+£164.7 ng/ml after 2.7+1 h after administration of 400 mg of the formulated preparation, (2) 68.9+50.8
ng/ml after 3,3+1 h after administration of 200 mg of the formulated drug and (3) 14.4+12.5 ng/ml 6.94+6.7 h after
administration of the prepared curcuminoid mixture. As for curcumin alone, the concentrations (ng/ml) were 50.3+12.7
at 3.840.6 h (400 mg of the prepared preparation), 24.2+5.9 at 4.24+0.8 hours (200 mg of the prepared drug) and 9.0+2.8
after 6.942.2 hours (crude curcumin powder), respectively. The composition of phospholipids with lecithin increased the
bioavailability of curcuminoids [25].

Use of'the colloidal nanoparticles revealed a 15-fold increase in the concentration of administered curcumin as a result of
enhanced absorption in the gastrointestinal tract as a result of colloidal dispersion [26]. A formulation containing turmeric
long extract (hydrophilic carrier - polyvinylpyrrolidone), cellulose derivatives and natural antioxidants (tocopherol and
ascorbyl palmitate) was compared with standard curcumin in healthy volunteers. This increased solubility formulation
provided a 46-fold increase in oral absorption compared to untreated curcumin [27].

Conclusion

Curcumin has been used in traditional Asian medicine for thousands of years for its anti-inflammatory and antioxidant
profile. Oral ingestion of curcumin has shown therapeutic efficacy in many clinical trials, but its nutraceutical activity is
low due to low absorption, limited bioavailability, rapid metabolism and excretion. Certain pharmaceutical technologies
or specific combinations with other compounds such as piperine or lecithin, nanocapsulation, micelle encapsulation,
increase the solubility of curcumin, prolong plasma retention and improve the pharmacokinetic profile and cellular
uptake. Various new delivery systems such as solid lipid particles, micellar system or hydrophilic nanoparticles can
increase the concentration of curcumin by up to 15-20 times.
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