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AnHotanusi. B 0030pe nuTeparypsl 10 MEAMLIHCKOMY NMPUMEHEHHIO XI0po@uiiid JaHa UCTOPUYECKast
CIIPAaBKa 10 PE3yJIbTaTaM HCCIENOBAHUMN 3TOro pacturenbHoro nurmeHTa ¢ 1800 rona. IIpuBeneHsl HTOrM MHO-
TOYHCIICHHBIX HCCIIEI0BaHUH TepaneBTHIecKoro 3¢ dexra xropoghunna. IlokazaHel OCHOBHbIC HANPABICHHUS HC-
CJICIOBAaHUM ero Omosnorndecknx 3(p(exToB — KaK CpelncTBa JEUECHHS W KaK KOMIIOHEHTa (OmoOUHAMUYECKOU
mepanuu. IlokazaHa CTPYKTypa x10po@uiia, XapakTepu3yIomasics HAIMIHEM KOJIBIIEBOH CTPYKTYPHI TETpaIHp-
PONBHOTO nopgupuna U 3TepuPUIMPOBaHHOTO umona. OnpeneneHa BOZMOXHOCTh 3aMENICHUS [IEHTPAILHOTO
atroma Mg Ha BOJOPOJ C IEPEXOIOM B heodpumun, Ha KOOAIBT, M/, JKENIE30 U IIMHK — C 00pa3oBaHUEM Mema-
n0nop@upunos. AKTHBHO CO3Aal0TCid (YHKIHOHAIBHBIE XJIOPO(UILICONEpKAILUE OUOAKMUBHbIE NPOOYKIMbI —
KOHIICHTPAThI, KOTOpbie conmepkar He MeHee 300 Mr% (3%) nmpou3BOAHBIX Xiopoguiia. 3ydaroTcst IpOayKThI
OMONIOrMYecKOl Nerpafallui X10poguiia @ B BBICHIMX PAaCTeHUIX — (uinodununsl, 00Naaaomne aHTHOKCH-
JaHTHBIMHU, TMPOTUBOBOCHATIUTCIbBHBIMU, OHKOIIPOTCKTOPHBIMU cBomictBamu. IlosiBHuics pAan pa60T, KOTOPbIC
U3Yy4aloT «OUOPdOmoHHbIe» B3aUMOJCHCTBHS TIPY Nlepe/iaue B HEHPOHHBIX IETISX B OPraHu3Me MJICKOIUTAIOUINX,
B 0COOEHHOCTH psina wetimpompancmummepos. OTNpeneneH MEXaHU3M, IOJHOCTBIO OTJIMYAIONIIUNICS OT 3JIeK-
TPUYECKOH Tepesladyl 10 HEPBHBIM BOJIOKHAM M XHUMHYECKOH Mepeaadyn dyepe3 XUMHIECKUE CHHAIICHI — U MOXKET
BKJIFOYaTh MEXAHU3M «POMOHHO20 KEAHMOB020 MO32a». ITO OTKPHIBAET HOBBIE NIEPCIIEKTUBHI N3Y4YEHHS OHOMO-
JIEKYJI B OPTaHU3ME YEJIOBEKa.
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Abstract. A review of the literature on the medical use of chlorophyll provides historical information on
the results of research on this plant pigment since 1800. The results of numerous studies of the therapeutic effect
of chlorophyll are presented. The main directions of research on its biological effects are shown — as a means of
treatment and as a component of photodynamic therapy. The structure of chlorophyll is shown, characterized by
the presence of a ring structure of tetrapyrrole porphyrin and esterified phytol. The possibility of replacing the
central Mg atom with hydrogen with the transition to pheophytine, and with cobalt, copper, iron, and zinc with
the formation of metalloporphyrins has been determined. Functional chlorophyll-containing bioactive products
are actively being created, concentrates that contain at least 300 mg% (3%) of chlorophyll derivatives. The prod-
ucts of biological degradation of chlorophyll a in higher plants, phyllobilins, with antioxidant, anti—
inflammatory, and oncoprotective properties, are being studied. A number of papers have appeared that study
"biophotonic” interactions during transmission in neural circuits in the mammalian body, especially a number of
neutrotransmitters. A mechanism has been identified that is completely different from electrical transmission
through nerve fibers and chemical transmission through chemical synapses, and may include the mechanism of a
"photonic quantum brain." This opens up new perspectives for studying biomolecules in the human body.
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B MenuuuHCKON mpakTHKe NPUMEHEHHE XJopoduiuicoaepkaumx Bemects garupyercst 1800 r., xorma
BIEPBbIC OBLT BBIACICH 3€JCHBIA pacTUTENbHBIN HUIMeHT xaopoguinr (XD) — (chloros — zexénwui, phyllon —
Jucm) 1 OIMCAHBI ero TepaneBTrdeckue dQdexTsl [3, 14]. brura u3yyeHa roMoJOTHS ¢ TEMOM, U TIPEIIOKEH
METOJl KOPPEKIMN aHEMHH C €ro ydacTueM. Jlonrue roasl nmpenaparsl Xd nCmonb30Bany JOKaIbHO (IPU THHT H-
BUTAaX) U PEr 0S ¢ pa3IHYHBIMH [EJSIMH, B IIEPBYIO OYEPEab KaK MPOTHBOBOCIIAINTENBHOE CpeacTBO [25]. bputo
JI0Ka3aHo, yTo X® uMeeT eAUHYI0 CTPYKTYPY Y BCEX BUAOB PACTEHUM U COCTOUT U3 IBYX NMPOU3BOAHBIX — XD a
u b. Uccnenosanue crpykrypsl X® Ob110 ymocroeHo HobGenesckoit mpemun. B koHIe mporioro Beka mosBu-
JIMCH PabOTH N0 M3YUCHUIO XUMHUOIIPOPIIAKTHIESCKON aKTUBHOCTH X@ B OTHOLICHHWU OIyXOJIEH, a ero CHHTe-
THUYECKHE MTPOU3BOHBIC CTAIH MPUMEHATHCS B homodunamuyeckoi mepanuu (OJIT) [21]. B navane XXI Beka
Mapuo @epyurm u xerime biaiikenn onyonukoBany, a B 2020 roxy oOHOBWIIM B CUCTEMHOM 0030pe pe3yiib-
TaThI UCCIICIOBAHUI 00 OCHOBHBIX Omosiornueckux ¢ dexrax X [10].

B Hacrosiiee Bpems ucciienoBanus ononorndeckux 3¢gdexroB XD nayt B 1ByX OCHOBHBIX HAIlpaBJICHHU-
AX: B KauecTBe ocHOBHI Juis npenaparoB ®/IT u kak cpencta aist JieueHus 3a0oneBannii. Mzyuatores cnemyro-
e TepaneBTUUECKHE BO3MOKHOCTH X®d: HOpManu3yomye Kery104HO-KHIIEYHOe MMTUIEBapEeHUE U MeTa0oIIu-
YECKHE MPOLECCHI (B YaCTHOCTH, ITOyCHHTETHICCKAN TIpenapaT — HaTPU-MeIHBINA X10poghuiiun, KOTOPHINA BEI-
myckaercst B popme BAJL), n3ydarorcst XUMHOIIPO(PHITAKTHIECKHE, TPOTHBOBOCTIANINTEIbHbIE, aHTHOKCHIAHTHBIC
3(eKTHI.

Crpykrypa X® 1OCTaTOYHO M3y4€Ha M XapaKTEPH3YeTCs HAJIMYHEM KOJBLEBOH CTPYKTYPHI TETpaIHp-
POJNBHOTO nopupuna N 3TepUPUIPOBAHHOTO humoaa. EcTh MHEHHE, YTO, BRICOKOKOHCEPBAaTHBHAS CTPYKTypa
nopgupuna TIOX0Xa Ha 2eM C HEKOTOPBIMH OTIMYHMAMH, KOTOPBIE BKJIIOYAIOT IIEHTPAIbHBIA XeIaTHPOBAHHBIA
marauii (M@). TerpanupposbHble TUIMEHTHI HIPAIOT BaXKHYIO pOJb B (pOTOCHHTE3E, B MOTJIOIIEHUN COTHEYHOTO
CBETa M €ro npeodpa3oBaHMU B XMMHUUYECKYIO SHEPTHUIO, YTO, B KOHEYHOM HTOTE, UCIIOJIB3YETCS AJISl CHIDKCHUS
CO,, npu 3TOM MOOOYHBIM NPOJYKTOM CTaHOBUTCS Kuciopof [34]. XD a — yHuBepcaJIbHbIM MUTMEHT, BaXKEH B
MOTJIONICHUH CBETa CHHETO U KPACHOI'O THara3oHa, U B mpeodpa3oBaHuu sHepruu [4].

Pazmuuatot 5 BugoB XD: -a,-b,-C,-d u -f, M3 KOTOPHIX MEpBbIC 2 IPHCYTCTBYIOT B CheTOOHBIX PACTCHHSX.
[Ipn xuMHUYECKUX BO3ACHCTBHAX (TIepepaboTke MpOIyKTOB, (hapMarieBTHIECKOM 00pa30BaHUU MOTYCHHTETHKOB
X®) — BO3MOKHO 3aMeEIICHUE IICHTPaIbHOro atoMa Mg Ha Bogopon (XD—geogumun), Ha K006aIbT, Meb, Ke-
JIe30 | IIMHK — ¢ 00pa3oBaHueM memaionopgupunos [26].

[Ipn XuMHYECKOM MPOIIECCE B YCIOBHUSX INEJIOYHON Cpepl, THAPOIIH3 C XEIaTHPOBAHNEM MeIH 00pas3yer
«BOJIOPACTBOPHMOE TTOJIYCHHTETHYECKOE NMPOM3BOAHOE — HaTpuit-MenHbIi xnopoduin (SCC)» — nomynspHas y
MIPUBEPKEHIIEB 3[OPOBOTO NMUTAHUS MHIIEBas A00aBKa [27], TPUCOAMEBBIA MM TUCOIMEBEIN X10pOQUILIUHBL.
Taroke akTHBHO CO3IAr0TCs (PyHKIIMOHANBHBIE XJIOopodmmiconepxamue ouoakmugnvle npooykmul (BI1) — koH-
LEHTpaThl, KoTopble coaepkar He MeHee 300 mr% (3%) npomsBoaHbix XD.

B mocrynHoit 6a3e nanubix PMHI B epuos ¢ 1980 r. 1o HacTosinee BpeMs MpeCcTaBICHO OKoIo 22 ma-
TeHTOB P® 1 aBTOPCKUX CBUAETEIHCTB Ha mojiydeHne XP, ero Npou3BOIHBIX [yl MEAMIMHBL, (GapMaleBTHYe-
CKOM TPOMBIIIIEHHOCTH, KOCMETOJIOTHH U BeTeprHapuu. Ha pbIHKe MPUCYTCTBYIOT NECATKH Pa3iuyuHBIX (HOpM
nonycuHtrernyeckoro X® (MeqHble KOMIUIEKCH X0po@uiiuHa 13 pa3iinuHbIX PacTUTENLHBIX areHToB (JIIoLep-
HBI, KJIeBepa, MThI IIEPEYHON U JAp.), KOTOPble PEKOMEHIYIOTCSI B KAUYECTBE CPEICTB Il KOPPEKIMH OXKHPEHUS,
MeTaboJIMYECKOTO CHHAPOMA MM B KOMIUIEKCHOH aHTHBO3pAcTHOM Tepamuu. 3a pyOeskoM HCIIONIb3yeTcs T0ITy-
CHHTeTH4YeCKHi Oe3penentypusbiii npenapat Derifil [25], u muorounciennsie BA/IpI.

[Ipuem ¢ numelt xropoghuina MPOUCKOIUT TIPH YHOTPEOIESHNH 3€TICHBIX OBOIIEH, a KOJMUECTBO 3aBHCHUT
OT THNA U CTENeHH MX 00paOdoTKH. OCHOBHON MCTOYHHK NUIIEBOro X — TEMHO-3€JEHBIC OBOILNM, 3EJICHBIC
(bpyKThI, pacTuTenbHBIE Macia (0NMBKOBOE), Bojopocin. XD a npeobnanaet Hag XD b [8, 32], XD ¢ — Ha 2
MecTe 110 PacIpOCTPaHEHHOCTH MOCHE XI0opoduina d B MOPCKUX opraHm3Mmax [25]. B mocnennue roasl n3yda-
I0TCSI IPOYKThI OMOJIOrnueckoi aerpaaanui X® a B BHICIINX pacTeHUX (C OTKPBITOM LETbI0) — hurnobunumsl,
KOTOpBIE 00JIAIAF0T AHTHOKCHIAHTHBIMH, TPOTHBOBOCIATUTEIBHBIME, OHKOIIPOTEKTOPHBIMHE CBOMcTBamu [19].

ITpu mpueme ¢ numeit X MoxeT moABepraThCs TpaHC(HOPMAIMK B IIPOCBETE KUIIIEYHHKA, OJHAKO B 3KC-
nepuMenTe Ha Kponnkax X®@ ¢ u X® b mocrynmanu B meyeHs B HEH3MEHEHHOM BH/IE, OJJHAKO B JIPYTHX OpraHax
U TKaHSX MPUCYTCTBOBAIM €r0 MPOU3BOAHBIC (gheodhopbud, gpumon, xropoguiiud, geogumun) [17]. Ceromus
JIOKa3aHbl Pa3IM4Ms B €ro OMOIOCTYITHOCTH, CBSI3aHHBIE C PA3IMYHBIMU ITyTAMHU abcopbumu. L{upkynupyromiue
metabonuTel XD mocTynaroT B N€4eHb, TOPMO3ST Pa3BUTHE OIyXOJel B KOXKE, TOHKOM KHIIEYHUKE, TOJICTOH
KHUIIKE, CeJIe3eHKe, TIEYeHH U JIETKUX KPBIC ITPU KOPMIICHHH PALlOHOM, cojepxkamum 10% mmuHata B TeueHHne
34 nenenp moce BBeneHUs KaHieporena [23]. HTepecHBIM SBIISETCS TOT (DAKT, YTO Y JIIOJIel-100pOBOIIBIEB iN
vivo 90-95% meuenoro 14C mocine nepopaibHO Hprema Ipou3BoaHoro X® — ¢peogumura BHIBOIUIOCH C KAIOM
B OCHOBHOM B HEM3MEHEHHOM BHJE, a 0K0JI0 5% mpoun3BogHoro X® — ¢pumona adbcopObUpoBaioch B IpyJHOM
muMdaTrHaeckoM mpoToke [34].

Eme 8 1993 roxy D.A. Bellnier u coast. Obuin mokazansl pOTOCEHCHOMIM3UPYIONIHE CITOCOOHOCTH TPO-
nsBogHOro X® nupogpeopopdouca a (2-[l-rexcunoxcustui]-2-nesurunnupopeopopbuma-a), KOTOPbIi HOrIo-
IIajcs KJIETKaMH MapeHXMMATO3HBIX OPTaHOB, CEpAIleM, HEPBHOW M dHIOKPHUHHOIN TKAHBIO MBIIIEH, YTO M3MeE-
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HUJIO TIpe/icTaBieHus o metadbonm3me numieBoro X®. [onycunrernueckuit XD (rampueso-mednwitl Xx10popu-
JuH) CIOCOOEH NMPOHMKATD JIaXKe B CUCTEMHBII KDOBOTOK IIPH NEpopalibHOM IpueMe y kpsic [11].
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B nocnennue rospl MIMPOKO U3ydarOTCsl OHKONIPOTEKTOPHbIE cBoiicTBa XD M ero Npou3BOJAHBIX, KOTOPHIE
ObuH onucanbl Ferruzzi u Blakeslee B Hauane Bexka. XD oka3piBaj aHTUMYTAreHHbIH M aHTUTCHOTOKCHUYCCKHUIT
3¢ ¢dexTsI, noxycuHTeTHYeCKui X® CBA3BIBAJI MyTareHH MPSIMOTO U OMOCPEIOBAHHOTO NEHCTBUSA (TETepOLUK-
JIMYECKWe aMHUHBI, OKCHI Xpoma), aduarokcun Bl, Genso[a]mupenst (b[a]p) u anTpariens; oTaeIbHBIC TPOU3-
BogHbIe XD CHMKAIOT aKTHBHOCTH OKHCIMTEIBHOTO CTPECCa, CTENCHb ajlbTepPalliy IPH BOCHAJICHUH, CHIDKAS
nporeccel [10JI 3a cuet noBeimenus aktuBHOCTH AOC [37]. Bruta moka3aHa CIiocCOOHOCTh OTPaHUYIHMBATE OHO-
JIOCTYITHOCTh KaHIEPOTeHOB MpOm3BOIHBIMU XD (peodopobunst, XIOpoGMILTHAR U moTycHHTeTHIecKuit X D),
BbI3BIBas oOpasosanne JIHK-anmykroB m3 kaHmeporeHoB [29] u 3meck paboTaeT MeXaHUCTHIECKAs TEOPHUs, KO-
I71a B 9KCIEPUMEHTE TOJbKO COBMECTHBIH npueM X® M KaHIepOreHa CONPOBOXKIAECTCS CHIDKCHHEM 3(P(EKTOB
MIOCJI/IHETO, TOT/Ia KakK Mpe- WM NOCTKOHIuunonuposanne X® onpenensier HenocroBepHblid addekr. B 2009
rogy DJ Castro u coaBT. ObUI MOKa3aH MOJIOKHUTENBHBIN aHTHKAHIEPOTreHHBINH 3((EKT y MOTOMCTBA B MOJEIH
TPaHCIUTAlICHTAPHOTO KaHIIeporeHe3a — JMM(poMa-3aBUCHMasi CMEPTHOCTh Y MOTOMCTBA MbIIel Oblia ocnalie-
HAa COBMECTHBIM TOTpebiieHreM MaTepbio moiycunternueckoro X® ¢ b[a]p (B cootnommenun 10:1), yro mon-
TBEPIIIIO MEXaHU3M «3axBaTay myTtareHa [6]. Euie 8 1993 roay S. Arimoto u coaBT. mpeAmnonaraii, 4T0 IMEHHO
IUTaHApHAs! CTPYKTypa OCTOBA nopgupuna, a He NEHTPAIbHBIA HOH METAJIA, CIOCOOCTBYET KOMILIEKCO00pa3o-
BaHMIO CO MHOTHMH TMOJHIMKINYECKAMY TUIAHAPHBIMH MyTareHaMu, BKiItodas aguamoxcun Bl, b[a]p u ICR-
170. OmHako B psizie UCCIIEAOBAHMMA 3TOT 3(p(PeKT HOCUT T0303aBUCHMEBIA XapaKTep, a B HEKOTOPHIX HCCIIE0BA-
HUSAX OKa3aHO, YTO BBICOKHE JI03bI MOyCHHTETHIECKUX NMPOM3BOAHBIX X® yCHIMBAIOT KaHLEPOTCHHBIN 3 (-
(exT myTareHoB [25].

[Mo3xe yke «omuKkcHbie» TEXHOIOTUH MOKA3alIN, YTO XA0POdu/Libl PETYIUPYIOT OSNKH, YIacTBYOLIHNE B
CTPECCOBOM aronTo3e, npoiudepanny KJIeTOK U Iepefade CUrHaja Mpu MyTareHHOM BO3/CHCTBUH, BO3JCHUCT-
Bys Ha OJOKHMpOBaHHE MYTareéHOB M 3KCIIPECCHIO I'€HOB, YJAaCTBYIOIIMX B KaHIEPOT€HE3e B IKCIIEPUMEHTE U
KInHUKe [18, 44].

X® u ero npou3BOHBIE CHIXKAIOT BBIPAOOTKY CBOOOIHBIX PaMKajIOB U JIE3aKTHBUPYIOT UX B KJIETKaxX (B
Gonbliieit cTeneHu geoogumunst, 3ateM XD a, B Menbinei crenean XD b) [16]. YV meramumonophupuHOB 3Ta
CIIOCOOHOCTB BBIIIE, 0COOEHHO JKEIE30COAEPIKAIINX, KOTOPBIE CHIDKAIOT CHHTE3 EpEeKHCcH Boopoa [42].

HccnenoBanus NMPOAEMOHCTPHPOBAIN BO3MOXKHOCTh X® M €ro HpoW3BOAHBIX MOAYIHPOBATH IYTh
Keapl-NFE2-related factor 2 (Nrf2) -antioxidant responsive element (ARE), y4actByromuii B MexaHuzmax
OKHCJINTEIFHOTO CTpecca W BOCHANICHHUS, CHOCOOCTBYs MHIHMOMpoBaHMIO oHKoreeHsa [35]. IlporuBoBocnanu-
TENbHBIE U MPOTUBOPaKOBbIe ekt XD 1 ero mpou3BOAHBIX CBA3aHbI ¢ OinokupoBanueM mytH NF-KB [22,
28], TGF-f3 [36], f-kaTenuna B kumeqnuke [38].

WuTepecHbIM ABIsIeTCA MeTO HcTonb30BaHusA X @ u ero npousBoausix B @JIT rHOHHBIX paH (OKa3bIBaeT
OakrepuocTariyeckuii u GakrepuunHbie d3gdekrsl) [2], paka, a Takke B paMKaxX pellaKkTHPOBaHUS FeHOMa pa-
KOBBIX KieTok [43]. WayT uccnenoBanus mo pa3paboTkaM OTEYECTBEHHBIX (POTOCEHCHOMIIN3ATOPOB Ha OCHOBE
X® u ero npousBoansix [1]. bosiee usydens! poroceHcuOMIM3Upyromue cpoiicrea X aj1st JedeHus onyxoei,
YTO CBSI3aHO C OCOOEHHOCTSIMU CTPYKTYPBI MOJIEKYJIBI, CIIOCOOHO# HOTJI0ImaTh (OTOHBI CBETa B KPACHOM CIIEK-
Tpe IPH aKTHBHOCTH MOJIEKYJ Ha MOPSJIOK BBIIIE, YEM y NpenapatoB cemonopgupuna. Merabonmntel XD, no-
CTYMAIOIINE B PAKOBbIE KJIETKH CIIOCOOHBI BHI3bIBATH MOBPEKACHHE OHKOKIIETOK, TaK, (heodopbuowt (a, b), ¢geo-
@umun (a, b) [15, 40], xnopodusnus f [9] u e4 [21] TOPMO3ST POCT PAKOBBIX KIETOK, CIIOCOOCTBYS HX AONTO3Y
4yepe3 aKTHBHBEIE (POPMBI KHCIOPOJa U MUTOXOHAPHH, a TAK)Ke aKTHBHPYIOT B HUX aymogaeuro u [10J1 [31]. B
JKCIEPUMEHTE (heodopbuo, a BRI3BAI €IIe OJUH BaXKHBIN 3P EKT — MOBHIIIAI HIMMYHOTEHHOCTD KIIETOK I'eIaTo-
™Mbl yenoBeka (HepG2) mpu ©/IT, 9To MOBHIIIaI0 UMMYHHTET K paKy y X03siHa oryxoi [31, 34].

[Tonnmanue MHOroYHCIEeHHBIX 3 dexToB XD 1 ero Mpor3BOAHBIX B HACTOSIIEE BPEMS BBILIIO HA HOBBIN
YPOBEHb Pa3BUTHSI HAYKH U JTO CBSA3aHO C HOBBIMHU HCCJIEIOBaHHUSMH B 00J1aCTH OMO(GHU3UKK M KBAHTOBOW OHO-
noruu. [To MHEHUIO MHOTHX HccienoBarteneii poTocuHTe3 Kak «camas rpocras ¥ QyHIaMeHTalbHas XUMHUYe-
CKasl peaxIus IepeHoca MEeKTPOHOB UMEET pellaroiiee 3HaUYeHUe B OMONOTHH, XMMUH U B OCHOBHBIX acleKTax
*ku3HI» [39]. C 6nodusnyeckoit TOUKH 3peHHsI MPOIECC HOCUT HA3BAHUE «KBAHMOB020 OUONIO2UYECKO20 IeK-
MPOHHO20 MYHHENUPOBAHUSL 6 PEANbHOM 6peMeHU» U MOXKET, IO MHEHHIO PsJia UCCIeJ0BaTeNeH, OCYIIECTBIATh-
csi He TonbKo B XD, HO M B APyrux OMOMOJIEKYNaX cO CXOJHBIM cTpoeHneM (OeloK + MOH), K KOTOPBIM MOXHO
OTHECTH U TeM, U psiJ (EepMEHTOB, B T.U. YUMOXPOMbl, OJHAKO Y HUX APYTHe CHEKTPbI HOTJIoImeHus cBeTa. [lox
JeicTBreM (OTOHOB CBETa C YydacTHeM MoJIeKyidsl X® peannsyroTcsi OCHOBHBIC NPUHIUIBI KBAaHTOBO-
MEXaHUCTUYECKON TEOPUU: «IMYHHEAUPOBAHUA», «Kkonebanusi unoykmopa» (GpOTOHHBIE BO3MYIIEHHUS), «Koze-
peHmuocmub» M «unmepghepenyusi», BCISICTBAE YEro MPOUCXOAMT pealln3alus dHEPruu (OTOHOB B DHEPIHIO,
KOTOpasi IPUBOANT B KOHEYHOM HTOTe K 00pa3oaHuto Mosiekyll AT® [5], HeoOXOIUMBIX JUTS MPOLecca KU3He-
JIeSITETIBHOCTH.

X® B mpupoze — KI04YeBOH XpoMOGOPHBI MUTMEHT (POTOCHHTE3a, B MPOIECCe MOTIIOMEHUS (OTOHOB
CBeTa OH MPHUOOpPETaeT CBOMCTBO «dxcumona» (KBazudacTullbl). Haxopsmuecss B HEMOCPEACTBEHHON OIM30CTH
MOJICKYJIBl KapOTHHOWOB «HACTPAWUBAIOT» IHEPTrEeTHUECKUE COCTOSIHHA, MOAO0O0HO OenkaM, y4JacTBYIOIINM B
(hepMEHTATUBHBIX PeaKIUIX, 3alIUIIAI0T UX OT M30BITKA CBeTa, OJOKHPYs 00pa3oBaHNE CBOOOIHBIX PaIUKANIOB.
Takum 00pa3oM, BCIIEACTBHE XHMHYECKOI'O CTPOEHUS, Moyekyna X® U ero Mmpou3BOIHBIX, COXPAHSIOIINX
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CTPYKTYpY (O€NOK+HMOH) NPHU NOCTYIJICHUH C NUILEH, ctocoOHO BBICTYNaTh Kak (akTop, criocoOHbIH npeobpa-
30BBIBaTh «3HEpruo» B AT®, uro onpeaenser ero 6uonorunyeckue 3pQPeKTh:

B 20-x romax TeKymIero CTOJICTHS B 3apyOeKHOH MeyaTH MOSIBIIICS PsI paOdOT, KOTOPBIE N3ydJaroT acliek-
THI «OMO(MOTOHHBIX)» B3aUMOICHCTBUH (OuogomoHnnas aKTUBHOCTH W TIepeada B HEMPOHHBIX IEIsIX) B Oopra-
HU3Me MIIeKoMTaromuX [ 12], B ocoOeHHOCTH psina Hetimpompancmummepog [20]; MEXaHU3M MTOTHOCTHIO OTIIH-
YaeTcs OT IICKTPUUECKOM Iepefadn Mo HEPBHBIM BOJOKHAM M XHMUYECKON Iepenady depe3 XUMUYECKHE CH-
Harcel [13, 33] i MOXeT BKIIIOYaTh MEXaHHU3M «QDOmOHHO20 Keanmosoeo mosza» [7]. B mcciaemoBaHmsIx KuTaii-
CKMX yueHBIX 101 pykoBoacTBoM W. Chai u Z. Han (2021) st Bo36yskmaromiero HeipoHbl TpaHCMHUTTEPA TITy-
Tamarta ObUIO MOKA3aHO HATMYUC KHEUPOHHOU OUODOMOHHOU AKMUBHOCMU U nepedayu (NeKMpPOoHO8)», KOTopas
YKJIQ/IBIBACTCSl B KOHIICIIHIO «KBAHMOBO20 MO32d (pomoHos»; ObUIO JI0Ka3aHo, YTO ACHCTBUE IiyTamara Ha pe-
LENTOPbI MO3Ta MBILIH NPUBOANT K CHIDKEHHUIO €0 COOCTBEHHBIX KBAHTOBBIX YPOBHEH SHEPIUH, 3aT€M IiIyTamar
YaCTHYHO MM TIOJIHOCTBIO TEPSIET CBOIO (PYHKIIMIO, HO HHAYIHUpPYeTCsl OMO(OTOHHASI aKTHBHOCTH B Cpe3ax MO3ra
Mblleil. B kauecTBe cpeAcTB U BOCCTAHOBIICHUS KBAHTOBBIX YPOBHEH SHEPTUU MOJIEKYJIbI IITyTamara, CBsI3aH-
HBIX ¢ 0OMEHOM U MEPEHOCOM SHEPTUH JJIEKTPOHOB Ha €ro aKTHBHOM aToMe BOJOPO/Ia, —aBTOPHI HCHOJIB30BaIIH
3MEKTPUYECKHE Pa3psIibl HOCTOSHHOTO TOKA M «HEpeHOCa dHep2ul homocunmesa Xaioponiacnosy, MoaydeHHbIX
U3 MIITUHATA; TI0CTIE YETO «BOCCMAHOBNEHHAS. KGAHMOBAS IHEPUsL CIYMAMAMA CHOBA NOGLIUANA SHAYUMENLHYIO
ouogomonnyio akmusHocms mosea». TakuM 00pa3oM, UCCIEAOBATENN OIYUHIN JaHHBIC B MTOJb3Y KBAHTOBOTO
MeXaHU3Ma JEHCTBHA HEHPOTpaHCMHUTTEPa, a TakXKe CIIOCOOHOCTH BOCCTAHOBJICHHS €r0 yPOBHEH KBaHTOBOM
AKTUBHOCTH € NoMouIbl0 XD pacTeHuil.

ABTOPBI CYUTAIOT, YTO XJIOPOIUIACTHI HOCTHraroT 3¢ GEKTUBHOMN Nepesadll CBETOBOM SHEPTUH THIIOPYHK-
IAOHAJIbHOMY WA He(byHKI_[I/IOHaJ'H)HOMy riiyramMaty InocpeacTBOM (bOTOCI/IHTe:Sa Ipyu OCBCUICHHUU CBETOM, U,
CJIE/IOBATENILHO, PEaIM3YIOT MEPEHOC 3JIEKTPOHOB M MPOTOHOB MEXKIY MOJIEKYJIaMH, 10 MEXaHM3MaM KBaHTOBOW
MexaHUKH [25]. CBeXenpUroTOBIEHHBIE U3 IIIMHHATA XJIOPOILUIACTHI MIPH COYETaHHM JHEBHOI'O M HOYHOTO OCBE-
IICHUS «MO2TU NOO0EPHCUSAMb ONpedeNeHHYI0 Cenetb aKmusHOCmI NepeHocd ceema, 0COOEHHO IIpU MOJ-
KUCIICHUHU CPEAbl, U MOBBIICHHUS TIIyTaMatoM OMO(OTOHHON akTHBHOCTH Mo3sra uepe3 perentop NMDA, ko-
TOPBIM NMPUHUMAET aKTHBHOE y4acTHE B Ipolleccax MaMsATH W 3alIOMHHAHMA, JaHHBIE PE3YJIbTaThl MOTYT IIPH-
BECTH K HOBOW IEPCIIEKTHBE VIS BBIACHEHUS MATO(MU3HOIOTHIECKUX MEXaHU3MOB HEHPOIICHXHATPUUECKHUX pac-
CTPOHCTB (IINM30()pEHUN, NETPECCHBHBIX COCTOSHUM). McXoas W3 BBIMIECKA3aHHOTO BO3HUKAET BOMPOC — BO3-
MOXHO JIF, YTO HCIIOJIb30BAHHUE B JHETE 3€JICHBIX KOMIIOHCHTOB PAaCTCHHH, OKa3bIBAIOIINX OIaronpusaTHOE BO3-
JISHCTBHE HAa OPTaHU3M U MUPOKO mpuMeHnMoe B cxeMax 30K, peanmsyer cBou 3¢ dektsr yepe3 XD xmopornia-
CTOB Ha HEHPOTPAaHCMUTTEPHI? AHATOTUYHO IEKTPOMArHUTHON CTUMYIALMHM MO3Ta, 3JEKTPOLIOKY, TPaaHIU-
OHHOM HAaTypaJbHOM MEIUIIMHBI (TOMEOoNaTHH) M WIJoyKaibiBaHMio [41]? Benp rayramMuH u apyrue Heil-
POTPaHCMUTTEPHI (CEPOTOHUH, MEIATOHHMH, 10(GaMHH H Jp.), UMEIOT OENKOBYIO IPHPOIY, a, CIEI0BaTEIbHO, U
UM 4Yepe3 pelenTopbl TOKe BO3MOXKHA TIepe/iada SHEPTUH € MOCICAYIOIUM TTOBBIIICHUEM YPOBHS «OUOPOmMOH-
HOU aKMUBHOCMUY MO3Ta 1/WIH KUIICYHHUKA?

COBpeMeHHaH HayKa, OCHOBBIBAsCh HA MOCICIHUX JOCTHIKCHUAX KBAHTOBOU 6I/IOJ'IOFI/II/I, B 6yz[y1ueM, BO3-
MOXHO, 6y£[eT N3y4aTb MEXAaHU3MBbI KOPPEKIHU }II/IC6aHcha KBAaHTOBBIX OHEPIrCTUYCCKUX ypOBHeﬁ MOJIEKYJT
(HelfipoTpaHCMUTTEPOB, (PEPMEHTOB M IPYruX (PYHKIHMOHAIBHBIX MOJIEKYJ), YTO ITO3BOJHT Pa3padoTaTh METOJIbI
KKBAHMOBOU Mepanuu» U «K8AHMOBLIX NPenapamosy MyTeM U3MEHEHHUs] 1 MOy ISIINM KBaHTOBBIX dHEpreTHde-
CKUX YPOBHEH OHOJIOTHYECKHX MOJIEKYJ WMJIHM JIeKapcTB. EcaM CHMkKeHHe KBaHTOBBIX SHEPTETHUECKUX YPOBHEH
HEWPOTPAHCMHUTTEPOB BOCCTAHABIIMBACTCS MEPEHOCOM SHEPruM (OTOCHHTE3a xyoporuiactoB (X®d), To u s
2ema (TeMOTJIOONH M IIUTOXPOMBI), HIMEIOIIETO CXOXKYIO CTPYKTYpY (O€I0K+HOH), TaKne MEXaHU3MBI TOKE BO3-
MOJHbBI, YTO OTKPBIBA€CT HOBBLIC MECPCIICKTUBBI U3YUCHUSA 6I/IOMOHeKyH B OpraHMU3Me€ 4€JIOBCKA.

Jlutepartypa

1. Anexcees l0.B., [lpoznoBa H.B. IlepcnextuBbl npuMeHeHUs (OTOIMHAMHYECKOH Tepamnuu c
UCIIONIb30BAHMEM  HOBOTO  OTEUECTBEHHOro  (oToceHCMOWNIM3aTopa C  JICHCTBYIOLUIMM  BEIECTBOM
"3BOxmopodpumt" // Menutmackas ¢pusuka. 2022. Ne 1(93). C. 12. EDN AMABPM

2. Ucnonp3oBaHne IuMeErmioMMH xjopuHa E6 B kauectBe  (oToceHcmOwnmzaTopa  Ipu
(hoTtonmHaMHIYeCcKON Tepanuu HeoHKosorndeckux 3abonmeBanmsx / JI. HO. Cemenos, B. K. llyoun, E. ®.
Crpananxo [u ap.] / BectHuk megununackoro uacturyta "PEABU3": peabunuranus, Bpad u 3q0poBbe. 2023. —
T. 13, Ne 4. C. 57-62. DOI 10.20340/vmi-rvz.2023.4.CLIN.5. EDN STLQJC.

3. MupoHoB, A. ®. XuMuiecKue MpeBpamieHus XJIopopuuia a 1 BO3MOXHBIE 00JIaCTH IPUMEHEHUS €T0
npou3BOIHBIX // Poccuiickuii xumuueckuii sxyprair. 2017. T. 61, Ne 3. C. 42-68. EDN UQBQBA.

4. Bjorn, L.O., Papageorgiou, G.C., Blankenship, R.E., Govindjee. A viewpoint: Why chlorophyll
a? // Photosynth. Res. 2009. Ne 99(2). P. 85-98.

5. Brookes J. C. Quantum effects in biology: golden rule in enzymes, olfaction, photosynthesis and
magnetodetection // Proc. R. Soc. A. 2017. Ne 473. P. 20160822


https://royalsocietypublishing.org/author/Brookes%2C+Jennifer+C

BECTHUK HOBbIX MEOAULIMHCKUX TEXHOMNOIUIN. 3nekTpoHHoe usnaHue — 2025 — N 4
JOURNAL OF NEW MEDICAL TECHNOLOGIES, eEdition — 2025 - N 4

6. Castro D.J., Lohr C. v, Fischer K.A., Waters K.M., Webb-Robertson B-J.M., Dashwood R.H. Identi-
fying efficacious approaches to chemoprevention with chlorophyllin, purified chlorophylls and freeze-dried
spinach in a mouse model of transplacental carcinogenesis. // Carcinogenesis 2009. Ne30. P. 315-20.

7. Chai, W., Han, Z., Wang, Z., Li, Z., Xiao, F., Sun, Y.. Biophotonic activity and transmission mediated
by mutual actions of neurotransmitters are involved in the origin and altered states of consciousness.
Neuroscience Bulletin.

8. Chen K., Rios J.J., Pérez-Galvez A., Roca M. Comprehensive chlorophyll composition in the main
edible seaweeds. // Food Chemistry 2017. Ne228. P. 625-33.

9. Du, L., Zheng, J., Jiang, N., Wang, G., Chu, Y., Lin, W.,Jing, Q., Yuanfang, Z., Gang, C.
Photodynamic therapy with the novel photosensitizer chlorophyllin f induces apoptosis and autophagy
in human bladder cancer cells. // Lasers Surg. Med.,2014. Ne 46(4). P. 319-334

10. Ferruzzi M.G., Blakeslee J. Digestion, absorption, and cancer preventative activity of 869 dietary
chlorophyll derivatives. // Nutrition Research 2007. Ne27. P. 1-12.

11.Gomes B.B., Barros S.B.M., Andrade-Wartha E.R.S., Silva A.M.O., Silva V. V., Lanfer-Marquez
U.M. Bioavailability of dietary sodium copper chlorophyllin and its effect on antioxidant defence parameters of
Wistar rats. // Journal of the Science of Food and Agriculture 2009. Ne89. P.:2003-10.

12.Han, Z., Chai, W., Wang, Z. et al. Quantum energy levels of glutamate modulate neural biophotonic
signals. // Photochem Photobiol Sci 2021. Ne20, P. 343-356.

13.Hao, T., Dai, Y.. Propagation of action potential mediated by microtubules may involve in the neural
quantum mechanism. // NeuroQuantology.

14. Harrisson Jos W.E., Levin S.E., Trabin B. The Safety and Fate of Potassium Sodium Copper 839
Chlorophyllin and Other Copper Compounds. // Journal of the American Pharmaceutical 840 Association (Sci-
entific Ed) 1954. Ne43. P. 722-37.

15. Hoi, S.W.-H., Wong, H.M., Chan, J.Y.-W., Yue, G.G.L., Tse, G.M.-K., Law, B.K.-B., Fong, W.P.,
Fung, K.P. Photodynamic therapy of pheophorbide a inhibits the proliferation of human breast tumour
via both caspase-dependent and -independent apoptotic pathways in in vitro and in vivo models. // Phytother.
Res.,2012. Ne 26(5). P. 734-742,

16.Hsu C-Y., Chao P-Y., Hu S-P., Yang C-M. The Antioxidant and Free Radical Scavenging Activities
of Chlorophylls and Pheophytins. // Food and Nutrition Sciences 2013. NeO4. P. 1-8.

17.Hsu C-Y., Yeh T-H., Huang M-Y., Hu S-P., Chao P-Y., Yang C-M. Organ-specific distribution of
chlorophyll-related compounds from dietary spinach in rabbits. // Indian Journal of Biochemistry Biophysics
2014. No51. P. 388-95.

18. Jubert C, Mata J, Bench G, Dashwood R, Pereira C, Tracewell W. Effects of chlorophyll and
chlorophyllin on low-dose aflatoxin B 1 pharmacokinetics in human volunteers. // Cancer Prevention Research
2009. Ne2. P. 1015-22.

19. Karg C.A., Taniguchi M., Lindsey J.S., Moser S. Phyllobilins - Bioactive Natural Products Derived
from Chlorophyll - Plant Origins, Structures, Absorption Spectra, and Biomedical Properties. // Planta Med.
2023. Ne89(6). P. 637-662. doi: 10.1055/a-1955-4624.

20. Lambert, N., Chen, Y. N., Cheng, Y. C,, Li, C. M., Chen, G. Y., Nori, F. Quantum biology. Nature
Physics. Spatiotemporal imaging of glutamateinduced biophotonic activities and transmission in neural circuits.
PLoS ONE.

21.LiB.,Wu Z,, Li W., Jia G., Lu J., Fang J. Chlorophyllin e4 is a novel photosensitizer against human
bladder cancer cells. // Oncology Reports 2012. Ne27. P. 1455-60.

22.Lin K.H., Hsu C.Y., Huang Y.P., Lai J.Y.,. Hsieh W.B., Huang M.Y. Chlorophyll-Related Com-
pounds Inhibit Cell Adhesion and Inflammation in Human Aortic Cells. // Journal of Medicinal Food 2013.
Nel6. P. 886-98.

23. McQuistan T.J., Simonich M.T., Pratt M.M., Pereira C.B., Hendricks J.D., Dashwood R.H. Cancer
chemoprevention by dietary chlorophylls: A 12,000-animal dose-dose matrix biomarker and tumor study. //
Food and Chemical Toxicology 981 2012. Ne50. P. 341-52.

24. Micaela Hayes, Mario G. Ferruzzi, Update on the bioavailability and chemopreventative mechanisms
of dietary chlorophyll derivatives, // Nutrition Research, 2020. Volume 81. Pages 19-37.

25. Monahan, D. M., Whaley-Mayda, L., Ishizaki, A., & Fleming, G. R.. Influence of weak vibrational-
electronic couplings on 2D electronic spectra and inter-site coherence in weakly coupled photosynthetic com-
plexes. // The Journal of Chemical Physics.

26. Moreira L.M., Lima A, Soares R.R.S., Batistela V.R., Gerola A.P., Hioka N Metallochlorophylls of
magnesium, copper and zinc: Evaluation of the inluence of the first coordination sphere on their
solvatochromism and aggregation properties. // Journal of the Brazilian Chemical Society 2009. Ne20. P. 1653—
8.

27. Mortensen A, Geppel A. HPLC-MS analysis of the green food colorant sodium copper chlorophyllin.
// Innovative Food Science and Emerging Technologies 2007. Ne8. P. 419-25.



BECTHUK HOBbIX MEOAULIMHCKUX TEXHOMNOIUIN. 3nekTpoHHoe usnaHue — 2025 — N 4
JOURNAL OF NEW MEDICAL TECHNOLOGIES, eEdition — 2025 - N 4

28.Pal S, Bhattacharjee A, Ali A, Mandal N.C., Mandal S.C., Pal M. Chemoprotection by natural chlo-
rophylls in vivo: inhibition of dibenzo[a,l]pyrene-DNA adducts in rainbow trout liver.// Journal of Inflammation
2014. Nel. P. 23.

29. Pietrzak M, Halicka H.D., Wieczorek Z, Wieczorek J, Darzynkiewicz Z. Attenuation of acridine mu-
tagen ICR-191 - DNA interactions and DNA damage by the mutagen interceptor chlorophyllin. // Biophysical
Chemistry 2008. Ne135. P. 69-75.

30. Priyadarsini R.V., Kumar N, Khan I, Thiyagarajan P, Kondaiah P, Nagini S. Gene expression signa-
ture of dmba-induced hamster buccal pouch carcinomas: // Modulation by chlorophyllin and ellagic acid. PLoS
ONE 2012. Ne7. P. 1-9.

31.Rapozzi, V., Miculan, M., Xodo, L.E. Evidence that photoactivated pheophorbide a causes in
human cancer cells a photodynamic effect involving lipid peroxidation. // Cancer Biol. Ther.,2009,.
Ne8(14). P. 1318-1327

32.Roberts J.L., Moreau R. Functional properties of spinach (Spinacia oleracea L.) phytochemicals and
bioactives. // Food and Function 2016. Ne7. P. 3337-53.

33. Salari, V., Valian, H., Bassereh, H., Bokkon, 1., Barkhordari, A. Ultraweak photon emission in the
brain. // Journal of Integrative Neuroscience.

34. Solymosi K., Mysliwa-Kurdziel B. Chlorophylls and their Derivatives Used in Food Industry and
Medicine. // Mini Rev Med Chem. 2017. Ne17(13). P. 1194-1222. doi: 10.2174/1389557516666161004161411.

35. Sporn M.B., Liby K.T. NRF2 and cancer: The Good, the bad and the importance of context. // Nature
Reviews Cancer 2012. Ne12. P. 564-71.

36. Thiyagarajan P., Kavitha K, Thautam A, Dixit M, Nagini S. Dietary chlorophyllin abrogates TGF-p
signaling to modulate the hallmark capabilities of cancer in an animal model of forestomach carcinogenesis. //
Tumor Biology 2014. Ne35. P. 6725-37.

37. Vaiikova K, Markova I, Jasprova J, Dvoiak A, Subhanova I, Zelenka J Chlorophyll-mediated changes
in the redox status of pancreatic cancer cells are associated with its anticancer effects. Oxidative Medicine and //
Cellular Longevity 2018. Ne2018. P. 1-11.

38. Vesenick D.C., Aparecida De Paula N., Niwa A., Mantovani M.S. Evaluation of the Effects of
Chlorophyllin on Apoptosis Induction, Inhibition of Cellular Proliferation and mRNA Expression of CASPS,
CASP9, APC and B-catenin. // Current Research Journal of Biological Sciences 2012. Ne4. P. 315-22.

39. Xin H., Sim W.J., Namgung B., Choi Y., Li B., Lee L.P. Quantum biological tunnel junction for elec-
tron transfer imaging in live cells. // Nat Commun. 2019. Ne10(1). P. 3245. doi: 10.1038/s41467-019-11212-x.

40.Yoon, H.-E., Oh, S.-H., Kim, S.-A., Yoon, J.-H., Ahn, S.-G. Pheophorbide a-mediated
photodynamic therapy induces autophagy and apoptosis via the activation of MAPKs in human skin cancer
cells. // Oncol. Rep.,2013. Ne31. P. 137-14

41.Yrondi, A., Sporer, M., Peran, P., Schmitt, L., Arbus, C., Sauvaget, A. Electroconvulsive therapy, de-
pression, the immune system and inflammation: A systematic review. // Brain Stimulation.

42.Yu JW., Yang R., Kim Y.S. Differential cytoprotective effect of copper-and iron containing
chlorophyllins against oxidative stress-mediated cell death. // Free Radical Research 2010. Ne44. P. 655-67.

43. Zhang C, Wang X, Liu G, Ren H, Liu J, Jiang Z, Zhang Y. CRISPR/Cas9 and Chlorophyll Coordina-
tion Micelles for Cancer Treatment by Genome Editing and Photodynamic // Therapy. Small. 2023 . Ne19(17). P.
€2206981. doi: 10.1002/smll.202206981

44, Zhang J, Wang W, Yang F, Zhou X, Jin H, Yang P.Y. Comparative proteomic analysis 1025 of drug
sodium iron chlorophyllin addition to Hep 3B cell line. // Analyst 2012. Ne137. P. 4287-1026

References

1. Alekseev YuV, Drozdova NV. Perspektivy primeneniya fotodinamicheskoj terapii s ispol’zovaniem
novogo otechestvennogo fotosensibilizatora s dejstvuyushchim veshchestvom \"EVOhlorofill\" [Prospects for
the application of photodynamic therapy using a new domestic photosensitizer with the active ingredient
"EVOchlorophyll"] Medicinskaya fizika. 2022;1(93):12. EDN AMABPM Russian.

2. Ispol'zovanie dimeglyumin hlorina E6 v kachestve fotosensibilizatora pri fotodinamicheskoj terapii
neonkologicheskih zabolevaniyah / D Yu. Semenov, V K. Shubin, E F. Stranadko [i dr.] Vestnik medicinskogo
instituta \"REAVIZ\": reabilitaciya, vrach i zdorov'e [The use of dimegluminine chloride E6 as a photosensitizer
in photodynamic therapy of non-oncological diseases]. 2023;13:57-62. DOI 10.20340/vmi-rvz.2023.4.CLIN.5.
EDN STLQJC. Russian.

3. Mironov, A F. Himicheskie prevrashcheniya hlorofilla a i vozmozhnye oblasti primeneniya ego
proizvodnyh [Chemical transformations of chlorophyll a and possible applications of its derivatives]. Rossijskij
himicheskij zhurnal. 2017; 61:42-68. EDN UQBQBA. Russian.

4. Bjorn, LO, Papageorgiou, GC. Blankenship, RE. Govindjee. A viewpoint: Why chlorophyll a?
Photosynth. Res 2009, 99(2), 85-98.

5. Brookes J C. Quantum effects in biology: golden rule in enzymes, olfaction, photosynthesis and
magnetodetection Proc. R. Soc. A. 2017 473:20160822http://doi.org/10.1098/rspa.2016.0822



BECTHUK HOBbIX MEOAULIMHCKUX TEXHOMNOIUIN. 3nekTpoHHoe usnaHue — 2025 — N 4
JOURNAL OF NEW MEDICAL TECHNOLOGIES, eEdition — 2025 - N 4

6. Castro DJ, Lohr C v, Fischer KA, Waters KM, Webb-Robertson 1073 B-JM, Dashwood RH, et al.
Identifying efficacious approaches to chemoprevention with chlorophyllin, purified chlorophylls and freeze-
dried spinach in a mouse model of transplacental carcinogenesis. Carcinogenesis 2009;30:315-20.
https://doi.org/10.1093/carcin/bgn280

7. Chai, W, Han, Z, Wang, Z, Li, Z, Xiao, F, Sun, Y., et al. (2018). Biophotonic activity and trans-
mission mediated by mutual actions of neurotransmitters are involved in the origin and altered states of
consciousness. Neuroscience Bulletin. https ://doi.org/10.1007/s1226 4-018-0215-9.

8. Chen K, Rios JJ, Pérez-Galvez A, Roca M. Comprehensive chlorophyll composition in the main
edible seaweeds. Food Chemistry 2017;228:625-33. https://doi.org/10.1016/j.foodchem.2017.02.036.

9. Du, L; Zheng, J; Jiang, N; Wang, G; Chu, Y; Lin, W; Jing, Q; Yuanfang, Z; Gang, C.
Photodynamic therapy with the novel photosensitizer chlorophyllin f induces apoptosis and autophagy
in human bladder cancer cells. Lasers Surg. Med.,2014, 46(4), 319-334

10. Ferruzzi MG, Blakeslee J. Digestion, absorption, and cancer preventative activity of 869 dietary
chlorophyll derivatives. Nutrition Research 2007;27:1-12. 870 https://doi.org/10.1016/j.nutres.2006.12.003.

11.Gomes BB, Barros SBM, Andrade-Wartha ERS, Silva AMO, Silva V. V., Lanfer-Marquez UM.
Bioavailability of dietary sodium copper chlorophyllin and its effect on antioxidant defence parameters of Wistar
rats. Journal of the Science of Food and Agriculture 2009;89:2003-10. https://doi.org/10.1002/jsfa.3681

12.Han, Z., Chai, W., Wang, Z. et al. Quantum energy levels of glutamate modulate neural biophotonic
signals. Photochem Photobiol Sci 20, 343-356 (2021). https://doi.org/10.1007/s43630-021-00022-0

13.Hao, T., & Dai, Y. (2019). Propagation of action potential mediated by microtubules may involve in
the neural quantum mechanism. NeuroQuantology. https ://doi.org/10.14704 /nq.2019.17.02.1975

14. Harrisson JosWE, Levin SE, Trabin B. The Safety and Fate of Potassium Sodium Copper 839
Chlorophyllin and Other Copper Compounds*. Journal of the American Pharmaceutical 840 Association
(Scientific Ed) 1954;43:722-37. https://doi.org/10.1002/jps.3030431206.

15. Hoi, SW-H; Wong, HM; Chan, JY-W; Yue, GGL; Tse, GM-K; Law, BK-B; Fong, WP; Fung, KP.
Photodynamic therapy of pheophorbide a inhibits the proliferation of human breast tumour via both
caspase-dependent and -independent apoptotic pathways in in vitro and in vivo models. Phytother. Res.,2012,
26(5), 734-742,

16. Hsu C-Y, Chao P-Y, Hu S-P, Yang C-M. The Antioxidant and Free Radical Scavenging Activities of
Chlorophylls and Pheophytins. Food and Nutrition Sciences 2013;04:1-8.
https://doi.org/10.4236/fns.2013.48a001.

17.Hsu C-Y, Yeh T-H, Huang M-Y, Hu S-P, Chao P-Y, Yang C-M. Organ-specific distribution of
chlorophyll-related compounds from dietary spinach in rabbits. Indian Journal of Biochemistry & Biophysics
2014;51:388-95.

18. Jubert C, Mata J, Bench G, Dashwood R, Pereira C, Tracewell W, et al. Effects of chlorophyll and
chlorophyllin on low-dose aflatoxin B 1 pharmacokinetics in human volunteers. Cancer Prevention Research
2009;2:1015-22. https://doi.org/10.1158/1940-1055 6207.CAPR-09-0099

19. Karg CA, Taniguchi M, Lindsey JS, Moser S. Phyllobilins - Bioactive Natural Products Derived from
Chlorophyll - Plant Origins, Structures, Absorption Spectra, and Biomedical Properties. Planta Med. 2023
May;89(6):637-662. doi: 10.1055/a-1955-4624.

20. Lambert, N, Chen, Y N, Cheng, Y C, Li, C M, Chen, G Y, Nori, F. (2013). Quantum biology. Nature
Physics. https ://doi.org/10.1038/nphys 2474. Tang, R., & Dai, J. (2014). Spatiotemporal imaging of
glutamateinduced biophotonic activities and transmission in neural circuits. PL0oS ONE. https
://doi.org/10.1371/journ al.pone.00856 43.

21.Li B, Wu Z, Li W, Jia G, Lu J, Fang J, et al. Chlorophyllin e4 is a novel photosensitizer against
human bladder cancer cells. Oncology Reports 2012;27:1455-60. https://doi.org/10.3892/0r.2012.1656.

22.Lin K-H, Hsu C-Y, Huang Y-P, Lai J-Y, Hsieh W-B, Huang M-Y, et al. Chlorophyll-Related Com-
pounds Inhibit Cell Adhesion and Inflammation in Human Aortic Cells. Journal of Medicinal Food
2013;16:886-98. https://doi.org/10.1089/jmf.2012.2558

23.McQuistan TJ, Simonich MT, Pratt MM, Pereira CB, Hendricks JD, Dashwood RH, et al. Cancer
chemoprevention by dietary chlorophylls: A 12,000-animal dose-dose matrix biomarker and tumor study. Food
and Chemical Toxicology 981 2012;50:341-52. https://doi.org/10.1016/j.fct.2011.10.065.

24. Micaela Hayes, Mario G. Ferruzzi, Update on the bioavailability and chemopreventative mechanisms
of dietary chlorophyll derivatives, Nutrition Research, Volume 81, 2020, Pages 19-37, ISSN 0271-5317,
https://doi.org/10.1016/j.nutres.2020.06.010.

25. Monahan, DM, Whaley-Mayda, L, Ishizaki, A, Fleming, G. R. (2015). Influence of weak vibrational-
electronic couplings on 2D electronic spectra and inter-site coherence in weakly coupled photosynthetic
complexes. The Journal of Chemical Physics. https://doi.org/10.1063/1.49280 68

26. Moreira LM, Lima A, Soares RRS, Batistela VR, Gerola AP, Hioka N, et al. Metallochlorophylls of
magnesium, copper and zinc: Evaluation of the inluence of the first coordination sphere on their
solvatochromism and aggregation properties. Journal of the Brazilian Chemical Society 2009;20:1653-8.
https://doi.org/10.1590/S0103-898 50532009000900013.

27. Mortensen A, Geppel A. HPLC-MS analysis of the green food colorant sodium copper chlorophyllin.
Innovative Food Science and Emerging Technologies 2007;8:419-25.https://doi.org/10.1016/j.ifset.2007.03.018.

28.Pal S, Bhattacharjee A, Ali A, Mandal NC, Mandal SC, Pal M. Chemoprotection by natural
chlorophylls in vivo: inhibition of dibenzo[a,l]pyrene-DNA adducts in rainbow trout liver. Journal of
Inflammation 2014;11:23. https://doi.org/https://doi.org/10.1186/1476-9255-11-23.



BECTHUK HOBbIX MEOAULIMHCKUX TEXHOMNOIUIN. 3nekTpoHHoe usnaHue — 2025 — N 4
JOURNAL OF NEW MEDICAL TECHNOLOGIES, eEdition — 2025 - N 4

29. Pietrzak M, Halicka HD, Wieczorek Z, Wieczorek J, Darzynkiewicz Z. Attenuation of acridine
mutagen ICR-191 - DNA interactions and DNA damage by the mutagen interceptor chlorophyllin. Biophysical
Chemistry 2008;135:69-75. https://doi.org/10.1016/j.bpc.2008.03.004

30. Priyadarsini RV, Kumar N, Khan |, Thiyagarajan P, Kondaiah P, Nagini S. Gene expression signature
of dmba-induced hamster buccal pouch carcinomas: Modulation by chlorophyllin and ellagic acid. PLoS ONE
2012;7:1-9.https://doi.org/10.1371/journal.pone.0034628.

31.Rapozzi, V; Miculan, M; Xodo, LE. Evidence that photoactivated pheophorbide a causes in
human cancer cells a photodynamic effect involving lipid peroxidation.Cancer Biol. Ther.,2009, 8(14),
1318-1327

32.Roberts JL, Moreau R. Functional properties of spinach (Spinacia oleracea L.) phytochemicals and
bioactives. Food and Function 2016;7:3337-53. https://doi.org/10.1039/c6f000051g

33. Salari, V, Valian, H, Bassereh, H, Bokkon, I, Barkhordari, A. (2015). Ultraweak photon emission in
the brain. Journal of Integrative Neuroscience. https ://doi.org/10.1142/S0219 635215300012

34.Solymosi K, Mysliwa-Kurdziel B. Chlorophylls and their Derivatives Used in Food Industry and
Medicine. Mini Rev Med Chem. 2017;17(13):1194-1222. doi: 10.2174/1389557516666161004161411.

35. Sporn MB, Liby KT. NRF2 and cancer: The Good, the bad and the importance of context. Nature
Reviews Cancer 2012;12:564-71. https://doi.org/10.1038/nrc3278.

36. Thiyagarajan P, Kavitha K, Thautam A, Dixit M, Nagini S. Dietary chlorophyllin abrogates TGF-f
signaling to modulate the hallmark capabilities of cancer in an animal model of forestomach carcinogenesis.
Tumor Biology 2014;35:6725-37. https://doi.org/10.1007/s13277-014-1849-5

37. Vaiitkova K, Markova 1, Ja§prova J, Dvoiak A, Subhanova I, Zelenka J, et al. Chlorophyll-mediated
changes in the redox status of pancreatic cancer cells are associated with its anticancer effects. Oxidative
Medicine and Cellular Longevity 2018;2018:1-11. https://doi.org/10.1155/2018/4069167

38.Vesenick DC, Aparecida De Paula N, Niwa A, Mantovani MS. Evaluation of the Effects of
Chlorophyllin on Apoptosis Induction, Inhibition of Cellular Proliferation and mRNA Expression of CASPS,
CASP9, APC and B-catenin. Current Research Journal of Biological Sciences 2012;4:315-22.

39. Xin H, Sim WJ, Namgung B, Choi Y, Li B, Lee LP. Quantum biological tunnel junction for electron
transfer imaging in live cells. Nat Commun. 2019 Jul 19;10(1):3245. doi: 10.1038/s41467-019-11212-x. PMID:
31324797; PMCID: PMC6642182

40.Yoon, H-E; Oh, S-H; Kim, S-A; Yoon, J-H; Ahn, S-G. Pheophorbide a-mediated
photodynamic therapy induces autophagy and apoptosis via the activation of MAPKSs in human skin cancer
cells. Oncol. Rep.,2013, 31, 137-14

41.Yrondi, A, Sporer, M, Peran, P, Schmitt, L, Arbus, C, Sauvaget, A. (2018). Electroconvulsive
therapy, depression, the immune system and inflammation: A systematic review. Brain Stimulation. https
://doi.org/10.1016/j.brs.2017.10.013.

42.Yu JW, Yang R, Kim YS. Differential cytoprotective effect of copper-and iron containing
chlorophyllins against oxidative stress-mediated cell death. Free Radical Research 2010;44:655-67.
https://doi.org/10.3109/10715761003733893

43.Zhang C, Wang X, Liu G, Ren H, Liu J, Jiang Z, Zhang Y. CRISPR/Cas9 and Chlorophyll
Coordination Micelles for Cancer Treatment by Genome Editing and Photodynamic Therapy. Small. 2023
Apr;19(17):e2206981. doi: 10.1002/smll.202206981

44, Zhang J, Wang W, Yang F, Zhou X, Jin H, Yang PY. Comparative proteomic analysis 1025 of drug
sodium iron chlorophyllin addition to Hep 3B cell line. Analyst 2012;137:4287-1026 94.
https://doi.org/10.1039/c2an35436e

Bubauorpaguyeckas ccbuIKa:

Haruesa @.C., Xangapuesa K.A., XagapueB A.A. CTpyKTypHBIE OCHOBBI KIMHUYECKOW 3 PEKTUBHOCTH XJI0poduiuia (0030p
nurteparypsl) // BecTHUK HOBBIX MEIHIMHCKHX TeXHONIOrHi. Dmexrpornoe m3nanue. 2025. Ned. ITyGmukamus 3-1. URL:
http://www.vnmt.ru/Bulletin/E2025-4/3-1.pdf (mara o6pamenns: 02.07.2025). DOI: 10.24412/2075-4094-2025-4-3-1.
EDN PNWBIW *

Bibliographic reference:

Datieva FS, Khadartseva KA’ Khadartsev AA. Strukturnye osnovy klinicheskoj effektivnosti hlorofilla (obzor literatury) [The
structural foundations of the clinical efficacy of chlorophyll (literature review)]. Journal of New Medical Technologies, e-
edition. 2025 [cited 2025 Jul 02];4 [about 9 p.]. Russian. Available from: http://www.vnmt.ru/Bulletin/E2025-4/3-1.pdf.
DOI: 10.24412/2075-4094-2025-4-3-1. EDN PNWBIW

* HOMepa CTPaHHWII CMOTPETh MOCIE BBIXO/A MONHOW Bepcuu xypuana: URL: http://www.vnmt.ru/Bulletin/E2025-4/e2025-
4.pdf

**unentudukarop 1 HaydHbix myoiukamuii EDN (eLIBRARY Document Number) Oyzer akTHBEH MOCie BBITPY3KH MOJ-
HoU Bepcuu xypHaina B eLIBRARY


https://elibrary.ru/pnwbiw
https://elibrary.ru/pnwbiw

