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0630p nocesileH dypaHOKyMapuHaM — KJIaccCy BEIIECTB, MPENCTaBISIIONIMX COOO0I COBMEIIEHUE TUPOHO-
BOTO, OEH30JIbHOTO U (hypaHOBOTO KOJIell, 001aAaI0IIMX CUCTEMOM COMPSIXKEHHBIX IBOMHBIX CBsI3eil (KOTO-
pasi B psifie cliydaeB MOXKET HapyliaTbesl). DTa rpyIina COeAMHEeHU I IIIMPOKO U3YYaeTCsl B HACTOsI1Iee BpeMs
Onaromapsi cBouM (hOTOTOKCUYECKUM U JIEKapCTBEHHBIM CBOMicTBaM. B pabore paccmoTpeHb! (hypaHOKy-
MapHHBI €CTECTBEHHOT'O ITPOUCXOXICHMUSI, BbIsiIBJICHHBIE B ceMeiicTBe Umbelliferae (3oHTHMYHBIE), MU Api-
aceae (CenpaepeitHbie), CTPYKTYPUPOBAaHO UX MHOTOOOpa3ue, onrcaHa UCTOPUS UCCIEN0BAHUS, U3BECT-
HbIE K HACTOSIIIEMY BpEMEHU 3Tarbl UX OMOCUHTE3a, a TAKXKEe HEKOTOPbIE MPUMEPHI MX OMOJIOTMYECKOI aK-
TUBHOCTU B PACTEHUM, B KYJIbTYPE KJIETOK U TIPU MEAUIIMHCKOM MCITOJIb30BAHUU.

KioueBblie ciioBa: Grosiornyeckasi akTUBHOCTb, OMOCUHTETUYECKME MyTH, (pypaHOKyMapuHbI, Apiaceae,

Umbelliferae
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BBEAEHUE

DdypaHOKYMapUHOBBIE COCIMHEHUSI — 3TO Kjace
XUMUUYECKUX BEIIECTB €CTECTBEHHOTO MPOMCXOXIIEe-
HUsI, M3BECTHBINM, MpeXme Bcero, (POTOTOKCHUIHO-
CTBIO psiia CBOMX IIpencTaBuTelieii (bepranteH, mco-
paJieH, KCaHTOTOKCWH). OHU BBI3BIBAIOT OXOTH Ha
KOXe IIo MeHCTBHEM YIbTPa(uOoIeTOBOTO M3ITyde-

Cokpamenusi: 4CL — 4-kymapat-koA-nurasa; 5-OH-XS —
5-OH-kcanToTrokcuHcuHTaza; AKPT1 — npenuntpancdepasa
Angelica keiskei; AS — anrenuiinacuHTasa; BMT — 6eprantosn-
O-meruntpancdepasa; C2'H — p-kymapounn-kKoA-2' TUAPOKCU-
naza; C4H — nuunHamat C-4-ruapokcuiasa; Cox-2 — IMKIIO-
okcureHasa 2; CpPT1 — npenunrtpancdepasa Citrus paradisi;,
CS — konymbuanetuHcuHTtada; FDA — Food and Drug Ad-
ministration, YrnpasieHue Mo KOHTPOJIIO KauyecTBa MULIEBbIX
OPOAYKTOB U JeKapcTBeHHBIX cpencTts, CIIIA; MS — mapme-
suHcuHTa3a; NF-kB — Nuclear Factor Kappa of activated B
cells; PSM — nicopaneH-5-moHookcureHasa; PAL — deHun-
alaHnHamMMuakimasa; PI3/Akt — dochaTuaunmHo3uTon-3-
kuHa3a; PS — ncopaneHcuHraza; P-UVA — ricopaneH-yabTpa-
¢uoneroBast Tepanusi; TNF — dakrop Hekposza omyxonu;
U6(8)DT (PT) — mumerunaumn audocdar:yméemndepoH
npeHuaTpaHchepassl Mo 6 win 8 nmojoxenuto; XMT — kcaH-
TOTOKCOJI-O-MeTuITpaHchepasa; XS — KCaHTOTOKCOJCUHTa-
3a; BUJIAP — Bcepoccuiickuit MHCTUTYT JIEKAPCTBEHHBIX U
apoMaTtuueckux pacrenuii; BUH PAH — Boranuyeckuii uH-
crutyt uMm. B. JI. Komaposa PAH.

Hus. 1o xumMu4ecKoit cTpykType (hbypaHOKYyMapUHBI
MPENCTABISIIOT CO00 KyMapuHOBOE JIBYXKOJIbLIEBOE
SIpO C MPUCOEAMHEHHBIM (QYpaHOBBIM KOJbIIOM
(puc. 1).

OCHOBHOI MUK “MOJbI” Ha UCcCliefOoBaHUS pypa-
HOKyMapWHOB mpuiiencs Ha 1960—70-e rr., Korma
OBbLJIM OTKPBITHI OOJibllIas YacTh M3BECTHBIX HbIHE
CTPYKTYP U yCTAHOBJIEHBI UX XUMUYECKUE CBOICTRA.
B Hactosiiiee Bpems ypaHoKyMapuHbl (OGeprarm-
T€H, McopajeH, UMIepaToOpuH, CHPOHINH, aHTeIU-
LIMH Y IP.) IIUPOKO UCCIEAYIOT KaK JIEKApCTBEHHbIE
BelllecTBa (JieueHe paKOBBIX U KOXHBIX 3a00JieBa-
HUH, UCIOJIb30BaHME UX AHTUCENTUUYECKUX, HEHPO-
MPOTEKTOPHBIX, OCTEONPOTEKTOPHBIX 1 AaHTUOKCU-
JMIAHTHBIX CBOMCTB).

MoHorpadum U cnpaBOYHUKU, CUCTEMATU3UDPY-
olMe U KiaccuuiMpylolie cBeaeHus o GypaHo-
KyMapuHax, akTUBHO u3aaBaiu B 1970-x u 1990-x rr.
(TMMpUMepbl OTEYECTBEHHBIX CMTPaBOYHUKOB — [1—3]).
ITocnenHss kpynHas 3apyoexHast padoTa, cucTeMa-
TU3UpYylollasd UHHOPMALIMIO MO MPUPOJHBIM KyMa-
puHaM, BKJIto4asi (hypOKyMapHuHbI, OIyOJIMKOBaHa B
2002 1. [4]. C pa3BuTHEeM MHTEpHETAa U 3JIEKTPOHHBIX
TEXHOJIOTUI MH(pOPMALIMS cTajla COOMpPaThCS B DIIEK-
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Puc. 1. Ba3zoBas cTpykTypa JuHeitHOro (rcopajaeHoBasi
CTPYKTYypa) Y yIJII0BOTO (aHTeIMLIMHOBAS UJIU U30-TICOpa-
JIEHOBasl CTPYKTypa) GypaHOKYyMapuHOB.

TPOHHBIE CIIELIMATU3UPOBAHHBIC XUMUUECKUE Ga3bl.
B HuX BKJIIOYEHBI JaHHBIE O CTPYKTYpax, CHEKTpax,
HAaMMEHOBAHUSIX, OUOJIOTMYECKOM AaKTUBHOCTU U
IpYTUX CBOMCTBax BellecTB. OgHAKO B U30BITKE UH-
dopmalM KpoeTcsl MpobiemMa: ucuye3aeT CUCTEM-
HOCTb, OOIIMIA B3IVIsIA Ha MPEACTaBICHHOCTh dypa-
HOKYMapHWHOB U UX MHOToOOpa3ue. CyllecTBYIOLINe
0a3bl He JAl0T MpeacTaBIeHUS O TOM, CKOJIbKO dypa-
HOKYMapUHOBBIX CTPYKTYp BCTpPEUYaeTcsl B MPUPOJIE,
KaKue U3 HUX MOTYT CUHTE3UPOBAThCS PACTEHUSIMU
CaMOCTOSITEJIbHO, a KaKMe TOJy4aroT TOJbKO UCKYC-
cTBeHHO. OTAENbHbBIE 3X€ 0030PhI MTOCBSIIEHBI Y3KUM
TeMAaTUKaM: KOHKPETHBIM BellleCTBAM WJIM pacTeHU-
SIM C JIeKapCTBEHHBLIMU cBoiicTBaMu. K HemaBHUM
0030paM, MOCBSIIIEHHBIM IIPUPOIHBLIM KyMapUHaM
(B TOM 4nciie pypaHOKyMapruHaM), MOXHO OTHECTH
0030pHI [5, 6], KOTOpBIE COAEpPKAT MHOTO MOJIE3HOM
nH(opMaIMK 0 MeToAax BhIACICHUS (PypaHOKyMa-
PUHOB, X Pa3HOOOPa3uu U GUOJIOTUYECKOI aKTUB-
HOCTU, OJJHAKO OHM HE COCPEIOTOUYECHBI Ha IIPUBSI3KE
¢ypaHOKYMapyMHOB K TaKCOHOMMYECKOM IIOJIOXKE-
HUIO BUJA.

Haubompliee KoMu4ecTBO BUJIOB pacTeHMI, Y KO-
TOPBIX OOHApYXKEeHbI (PypaHOKYMapHWHEI, IIPUHAJJIC-
XKUT K CEMEMCTBY 3OHTUYHBIX, XOTSI OHU BCTPEYalOT-
Cs M 'y IPYTUX CEMEHCTB pacTeHU. DTa MyOIuKaIus
orpaHu4YeHa TeMU CTPYKTypaMu, KOTOphIe BCTpeya-
IOTCSI UMEHHO Yy 30HTUYHBIX pacTeHuil. OmHUM U3
MIpeacTaBUTENe ceMeiicTBa 30HTUYHBIX SIBIISICTCSI
6opieBuK COCHOBCKOro. OTO pacTeHUE OTINYASTCS
OYeHb BBICOKOM MHBAa3MBHOCTBIO, BBLKMBAEMOCTBIO
u o6uomaccoii. UmMmeHHO ypaHOKYMapUHBEI oOecrie-
YUBAIOT €0 CIMTOCOOHOCTH BBI3bIBATH OTTACHBIE OXKOTU
Ha Koxe. OnHaKo IMpH BCeil OITaCHOCTU 3TOTO pacTe-
HUS PypaHOKYMapuHbl, KOTOPbIE B HEM COAEPKATCS
(GepramnTeH, McopajieH, KCAHTOTOKCUH, UMIlepaTo-
PVH, TUMIWHEUIAH ), IIMPOKO NPUMEHSIIOTCS 1 U3Y-
yaroTcs B ¢hapMalleBTUKE, HallpUMep, UIsT JIeUeHUS
KOXHBIX WJIW HEWpoJereHepaTuBHBIX 3a00JieBaHUM
(cm. pazgen 7). ITostomy GopiieBuk COCHOBCKOTO
MOXET OBITb HE TOJILKO OMAaCHbIM MHBA3MBHBIM pac-
TEHUEeM, HO TakKXe U MCTOYHUKOM JIEKAPCTBEHHBIX
COEIMHEHUM.

JlocTKeHUSI COBpEMEHHBIX TCHOMHBIX 1 METa00-
JIOMHBIX TEXHOJIOTUIA MO3BOJISIOT UCCIEA0BATh IIPO-
lecc cHuHTe3a (QYypaHOKYMapuHOB Ha TE€HOMHOM
ypoBHe (IIOMCK M aHHOTALMsI TeHOB CUHTE3a B pa3-
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JMYHBIX Bumax). O0beM 3HaHUIT O (hypaHOKYyMapu-
HOBBIX CTPYKTYpax, IPeACTaBIeHHbIX B OIpeAeieH-
HBIX TAKCOHAX pacTeHUIl, MO3BOJISIET IIEPEUTU K BO-
mpocaM CHUHTe3a M CBSI3aTb MeETabOJOMHbIE U
reHeTU4YeCKUE TaHHbIE.

Llens 0630pa — mpeacTaBiecHUEe UCTOPUUECKUX U
HOBEMIIIMX JAHHBIX O QypaHOKyMapHUHaX €CTECTBEH-
HOTO TIPOUCXOXIECHUS; CUCTEMATU3NPOBAHE CBEE-
HUI1 0 MHOTOOOpAa3nM CTPYKTYP, CUHTE3UPYIOLINXCS
B ceMelicTBe Umbelliferae, u onrcaHye u3BeCTHBIX K
HACTOSILIEMY BPEMEHU 3TAroOB U (P€PMEHTOB X OMO-
CUHTE3a, a TaKXKe XapaKTepHCTUKa OMOJIOrmYecKoit
aKTUBHOCTY (pypaHOKYMapUHOB 1 CIIOCOOOB MX ITPU-
MEHEHUSI B MEIULIMHE.

1. UCTOPHA U TEOTPA®UA N3YYHEHUA
OPYPAHOKYMAPHUHOB

McTopus uzyyeHust pypaHOKyMapruHOB OepeT Ha-
yaso eme B XIX B. [TepBbiM hypaHOKYyMaprUHOM, OT-
KpeITBIM B 1833 1., cran meiliuenanud [7], 3a HUM B
1839 r. 6epramnteH [8]. [TepBbIM YII0BBIM (DYypaHOKY-
MapuHOM, OTKPHITEIM B 1844 1., ObU1 aTaMaHTUH [9]
(puc. 2).

Ho 1930-x rr. uccinegoBaHus (pypaHOKyMapHuHOB
MPOBOAVIN B HEMELIKMX JIAOOPATOPUSIX, U OHU OBIITN
MOCBSIIEHbI YCTAHOBJICHNIO XMMUUYECKUX CBOMCTB U
cTpyKTyp 3Tux BemlectB. C 1930-x IT. K MccnenoBa-
HUSIM (bypaHOKYMapMHOB B JIEKAapCTBEHHBIX pacTe-
HUSIX MPUCOSAUHUIINCH SITTIOHCKHE MCCIIETOBATEIIN.
OCHOBHOM MK MU3y4eHUs1 (pypaHOKYMAapHHOB IIPU-
mresicst Ha 1960—70-¢ rr. ¢ pazButueM metonoB AMP
1 MacCC-CIIEKTPOMETPUU, IIO3BOJISIIOIINX YCTAHOBUTh
TOUHYIO CTPYKTYpY BelllecTBa. B 3TOT mepuon mmpo-
KOMAacIlITaOHble HCCIEIOBAaHUSI IIPOBOAWIMCH B
CCCP, Numnmu, Ermmnre, CkannmHaBum, KaHane,
HUcnannu, ®panuum, Htanum, Erunte, HWpane,
bonrapun, CIIA, Tlonbmie n YexocnoBakuu. Mc-
cnenoBaHust B CoBeTckoM Coro3e OCYILEeCTBIISITIUCH B
BUJIAP, BUH PAH, XaprkoBckoM papmaliieBTUUC-
CKOM MHCTUTYTE, B MHCTUTYyTax Y30eKuCcTaHa 1 pec-
nyoauK 3aKkaBKasbsl. B 3THUX cTpaHaX MHTEpeC K TeEMe
CBsI3aH C UCCIEAOBAaHNEM paCTeHUIT KaK ICTOYHUKOB
¢dapMalieBTUYECKOTO ChIphsi. B T€ TOMbl OBLIO BHIMY-
IIEHO MHOXECTBO CIIPAaBOYHUKOB MO (ypaHOKyMa-
pYHAM Y CIPaBOYHLIX ITyOoauKaumii [1, 2] u ycraHaB-
JIEHO OOJIBIIMHCTBO CTPYKTYP (PypaHOKYMapHUHOB.

B 1970—80-¢e rT. B KaHaacKoi (pabothl Steck W.,
Brown S.A. 1 np.) U UTaNbSIHCKON JIaAOOpaTOPUSIX
(pabotsl Caporale G., Dall’Aqua F. u ap.) (cM. ccbl-
KW B pasziene 5) 3aJIoKeHbl MapagurMaIbHbIe Mpel-
CTaBJICHUSI O IIYyTU OMOCcHHTe3a (pypaHOKYMApHUHOB:
OT 00l1lIero npealecTBeHHUKa ymMoemndepoHa ye-
pe3 ero IpeHWINPOoBaHNe M 0Opa3oBaHUe (PypaHOBO-
ro KOJIbIIa B JIEMETUJICYOepO3WH U OCTEHOJI, 3aTeM
yepes oKucyieHue (hypaHOBOTO KOJblia — K CTPYKTY-
paM rcopajieHa u aHreaunuHa (pasgen 5). OgHako, B
OTJINYME OT MHOTUX JPYTUX IyTeil OGMOCHUHTE3a, ITPO
®U3UOJIOTUS PACTEHUN Ne 7
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718 IITPATHNUKOBA

MyTh CUHTE3a (ypaHOKyMapUHOB U3BECTHO TIOBOJIb-
HO MaJio M UMelolIasicss UHPopManus He OObSICHSIET
CUHTE3a BCEr0 M3BECTHOIO MHOTOOOpa3us ¢ypaHo-

KyMapuHOB.

B XXI B. ¥ uccienoBaHusiM (ypaHOKyMapUHOB B
pactenusix npucoenuHmmch KOxuas Kopes (dap-
MalleBTUYECKHUE pa3pabOTKU U CO3MaHUS KOCMETH-
yecKux cpeactB), Typuust u MpaH (3HIeMUYHEIE JIe-
KapcTBeHHBIE pacTeHus). Ceifyac IMaepoM B U3yde-
HUM (pypaHOKyMapUHOB siBsieTcss KuTail, akTUBHO
HayaBIIWI ucciaeqoBaHus B 1990-x rr.

B HacTosiiiee Bpemsi OOJBIIMHCTBO MCCEI0Ba-
HUIi BeIyT HE B HAIIPaBJICHUHU MTOMCKA HOBBIX CTPYK-
TYp, @ B HalIpaBJICHUU MU3YYECHUST UX XMMUUIECKON U
OMOJIOTUYECKO aKTUBHOCTU. MeToJaMU CUCTEMHOI
OMOJIOTMM C MIPUMEHEHHEM 0a3 JaHHBIX U MOCTPOEe-
HHUI HeupoceTe (pypaHOKyMapWHBI HCCIEAYIOT B
KauyecTBE COCTaBJISIONIMX JIEKAPCTBEHHBIX CMeceid,
pPacCYMTHIBAIOT MUILICHU MX BO3IEHCTBUS B OPTaHU3-
Me. MHOXeCTBO HCCIe0BaHUM MOCBSIIIEHO UCTIOIb-
30BaHUIO TIPUPOAHBIX (hypaHOKYMAapUHOB B (papma-
HeBTUKe (CM. pasaelt 7). B yacTHOCTH, KCAHTOTOKCUH
(methoxalen) 3apeructpupoBaH FDA B kauecTBe je-
KapcTBeHHoOro npenapara (ANDA 202687). Psan dy-
PaHOKYMapMHOBEIX CTPYKTYp 3allaTeHTOBAaH B Kaye-
CTBE COCTaBJISIONINX JIEKAPCTBEHHBIX CPEACTB (MIpU-
Mephbl TaTeHTOB: OepranTeH M ncopaneH [10],
anresuuuH [11], chonmun [12], mmmeparopu [13],
ObsikaHTeauuuH [ 14], okcuneiinenanus [15], koaym-
6uananuH [16], Hotornrepoan [17]).

IMommbITKM HAJTAaANTH TPOM3BOICTBO (pypaHOKyMa-
PVHOB B OaKTEpUSIX WIN APOXKKAX [IOKA HEe JOCTUTIN
MOJIHOTO ycrexa BBUIY HeIOCTaTKa 3HaHWil o dep-
MEHTaXx IOJHOTO ITyTH MX OmocuHTe3a [18], omHako
yAaJIOCh CO3[aTh CUCTEMY OMOCHUHTE3a MX Tpelle-
CTBeHHUKa yMbemndepona [19].

2. PASBHOOBPA3ME ®YPAHOKYMAPHWUHOB

Xumuueckn (ypaHOKyMapuH TMpPENCcTaBIsIeT CO-
00I1 CTPYKTYpY M3 ABYX KOJIEll, K KOTOPOIi B TOM WJIU
WHOM T0JIOXKEHUN MPUCOENMHEHO (DypaHOBOE KOJIb-
o (puc. 1). B cemeiictBe Umbelliferae BcTpeyarorcs
¢dbypaHOKyMapuHBI JIMHEWHbBIE (TPYIITa IcopajeHa) u
YIJIOBBIE (TpYIIIia U30TICOpajieHa, OH XK€ aHTEeJIULIMH).
B penxux ciiygasix MOTYT BCTpeUuaThCsl APYTUe TUITBI
¢dypaHOKyMapuHOB [4], KOTOpEIE 31eCh, OMHAKO, MbI
HE paccMaTpUBaeM.

CraHmapTHOM, BCEMU IIPUHSITOM 1 UCIIOJIbL3YEeMO
HyMepaluu aToOMOB B MoJieKysie (hypaHOKyMapuHOB
HE CYIIIECTBYET; Psi aBTOPOB U TPy MPEANOYUTAIOT
HMCIOJIb30BaTh HyMepauuio, orimuHyio or IUPAC.
s neneit cpaBHeHUSsI CTPYKTYP JIMHEHHBIX U YTIJIO-
BBIX DypaHOKyMapHUHOB OoJiee HATISIAHOM MpeacTaB-
JISIeTCSl CUCTEMA C OTAeJIbHOW Hymepauueil ¢pypaHo-
BOTrO KoJiblia (puc. 1).

IMomabIil crmcok GypaHOKYMapUHOBEIX CTPYK-
TYD, BBISIBJICHHBIX K HACTOSIIIIEMY BPEMEHHU B ceMeii-

cTBe 30HTUYHBIX, cocTaBisieT bonee 400. OnHoit n3
3aja4 MPOBOAUMBIX HAMU MCCJICIOBaHUI SIBIsSIETCS
coznaHue 6a3bl (pypaHOKYMapHUHOB C yKa3aHUEM BU-
JIOB, U3 KOTOPBIX ObUIM BbIJEJIEHBI 3TH BEIIEeCTBA, 1
OTIeJIbHOTO CITpaBoYHKUKa. B taHHOM 0030pe OynyT
MOKa3aHbl TOJILKO HEKOTOPbIE TPUMEPHI [IJIsl OTpe-
JIeJIEHHBIX TUTIOB CTPYKTYP C LIEJbIO OTPA3UTh OCHO-
By pa3zHOOOpa3usl MPUPOIHBIX (ypaHOKYMapUHOB
(puc. 2).

Knaccudunimposate npupomHbie (pypaHOKyMa-
PWHBI MOXHO TTO psiAy CBOMCTB [1, 4].

2.1. JIuneiiHasg WM yriioBas cTpykrypa ()ypaHoKy-
mapuHoB. OCHOBaMU 3TUX 0a30BBIX CTPYKTYDP SIBJISI-
FOTCSI BEIIECTBA McopaieH (JIMHEWHBIN) U aHTEeTULIAH
(yrmoBoit) (puc. 1). B pacTeHusx KpaiiHe peaKko BBI-
SIBJISIIOTCSL APYTYe BapyuaHThl NPUKpPeTUieHus1 QypaHo-
BOTO KOJIblIa, KOTOPbIE 31eCh HEe paccMaTpurBatoTcs. Ha
puc. 2 ipuMepaMu YIJIOBbIX (hypaHOKYMapHUHOB SIB-
JISTIOTCST  KOJIyMOMaHEeTWH, JIMOAaHOPUIWH, C(OHIVH,
MUMIIMHEJUIMH, KOJTlyMOUaHaauH, aTaMaHTUH. OcTalb-
Hble ypaHOKyMapuHbI MPEACTaBISIOT COOOI MpU-
MEpPBI IMHEUHBIX CTPYKTYP (puC. 2).

2.2. JIpoitHaa uam onuHapHasi (AuruapogypaHoKy-
MapHHBI) CBA3b MEKIy CBOOOTHBIMH yriiepoaamu B ¢y-
PaHOBOM KOJIblle. DTa CBSI3b HyMepyeTcs Kak 2'—3' (110
npyroii cucteme 8—9). B xonme 6uocuHTe3a (CM.
pasgen 4) cHadana popMUpYIOTCS Turuapodypa-
HOKYMapuHbl, KOTOpbIE 3aTe€éM OKMCISIOTCS 10
IcopajieHa, aHTeJIUIIMHA U X TPOU3BOIHBIX. JIu-
ruapodypaHoKyMapuHbl U (GypaHOKyMapuHbBI
MOTYT MOAM(PUIMPOBATHCS HE3aBUCUMO APYT OT
npyra, oopasys pa3iM4yHble TPOU3BOAHbIE. [Ipu-
Mepbl TUTuaApodypaHOKYyMapuHOB Ha pucC. 2: Map-
ME3WH, MeinenanuH, ¢peiaMeanH, KOJyMOUaHeTUH,
JIMOAHOPUIWH, KOJIyMOMaHaOWH, aTaMaHTHH.

2.3. KomyecTBOo 3amMecTHTeNIeii B 0a30BOii CTPYKTYpe.
Ecnu 3a 6a30Byl0 CTPYKTYpy NPUHSTH CTPYKTYpPY
rcopajieHa WX aHTeJIMIMHA, TO B ceMeiicTBe Umbel-
liferae MOTyT OBITH TOJIBKO YEThIPE BapHaHTa MO KO-
JINYECTBY 3aMECTUTEJICH B HEil: MOJHOE OTCYTCTBUE
(IcopajeH M aHTeJMIUH, puUc. 1), ogHO3aMeIIeH-
HbIE, ABy3aMeIllcHHbIC U TpU3aMellleHHbIe CTPYKTY-
pbl (B OpPYyrux cemeicTBax BO3MOXHO UM OOJblile,
cMm. pazgen  3.9). Ilpumepamu omHO3aMEIIEHHOM
CTPYKTYpPBI JIMHEHHBIX (PypaHOKYMAapUHOB SIBJISIIOTCSI
BC€ BEILIECTBA, KPOME JIBy3aMElLEHHbIX: MeiLeIaHUH,
aJIJIOUMIIEPATOPUH, aTaMaHTUH (puc. 2). CTpyKTYpPHI C
TpeMsI 3aMECTUTEISIMU Y 30HTUYHBIX BCTPEYAIOTCS
pelnKo, U Ha pucC. 2 UX IPUMEPHI He TIPUBEIECHbI; YTJIO-
BbI€ TpHU3aMellleHHBIE CTPYKTYPhI B 3TOM CEMEMCTBE
He OOHapYKEHBI.

2.4. TTonoxkeHue 3aMecTuTeieil B 0a30BOii CTPYKTYpe.
VY 30HTUYHBIX 3aMECTUTENIN B (DYpaHOKYMapUHOBOIT
CTPYKTYp€ BCTPEUAIOTCS TOJBKO B UETHIPEX ITOJIOXKE-
HUSIX: 5-, 8- (Y YIJIOBBIX CTPYKTYp 6-), 2'-, 3". [Ipume-
paMU BEIIECTB C 3aMECTUTEISIMU B 5-TIOJIOXXEHUU Ha
pyC. 2 ABIIIIOTCS OeprarToi, oeprarrTeH, N30ITAMITH -
HEJJIMH, HOTOIITEPOJ, aJJIOUMIIEPATOPUH, alaToll,
®U3MOJIOTUS PACTEHUM Ne 7
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ocTpyToJ, 6eprantoi-O-IITIoKO3UI, MUMITMHEUINH.
BeiiecTBa ¢ 3amecTtuTesnieM B 8-ITOJIOKEHUU — M30-
MUMIOWHEIUIMH, aJIOMMIIEPaTOPUH, MMIICPAaTOPUH;
B 6-TIOJIOXEHUU — C(POHAWH U MUMIUHEIUINH. Ju-
TMIPOKCUKYMapuHAM CBOMCTBEHHBI 3aMECTUTENIN B
2'-TI0IOXKEeHUU — MapMe3uH, TeiliefaHuH, deaame-
IWH, KOJyMOWAaHETUH, IMOAHOPUIVH, KOJTyMOuaHa-
IuH. OOMHOYHBIN 3aMeCTUTENb 3' MpakTUYECKU He
BCTPEYAETCs, TOJBKO B IIPUCYTCTBUH 2'-3aMECTUTEIIS
(meitenaHWH, aTaMaHTUH) (puc. 2). B 0onbmmHCTBE
cllydyaeB ABy3aMelleHHBIX (DypaHOKyMapuHOB 3aMe-
CTUTEJIM BCTPEYAIOTCS MOIIAPHO B ITOJIOXEHUSIX S5- U
8-,u 2'-u 3'-. Ipyrue coyeranus (Harpumep, 5'u 2')
0OHAPYKUBAIOTCSA Y 30HTUYHBIX TOPA3I0 pexke.

2.5. Pa3nooOpa3ue 3amecTureieii. 3aMeCTUTENIN B
MoJieKyJie ¢ypaHOKyMapuHa JOCTaTOYHO Pa3HOO0-
pa3Hbl ¥ MOAYMHEHBI OINPEeAeIeHHON cucTeMe, o0y-
CJIOBJICHHOM X0a0M OuocuHTe3a (cM. pasaen 5). He-
MOCPEACTBEHHO € (hypaHOKYMapUHOBBIM SIIPOM 110
MOSIBJIEHUSI B O0OKOBOI 1IEeMX NEePBOro KUCIOPOIHOTO
aToMa KOHTaKTUPYIOT TPU Pa3HOBUIAHOCTHU 3aMECTH -
TeJieii: TUIAPOKCWUJ, MPEeHW]I, JUMETUIOKCUTPYIINa.
Kak y 1uHeliHbIX, TaK U y YIJIOBbIX (DypaHOKyMapu-
HOB (POPMBI C OMTHUM TUAPOKCUIOM OOHAPYKMBAIOTCS
yacTo (mpumep — 6epramntoit) (puc. 2). Jurnapoxcu-
¢dopMBI ¢ OTHOBPEMEHHBIM MPUCYTCTBUEM TUIAPOK-
CHJIOB B ITOJIOXKEHMSIX 5- 1 8- (5- 1 6- IS YIJIOBBIX) B
MPUPOJIE 10 HACTOSIIIIETO BPEMEHU HE BbISIBJICHBI.

IIpssmoe npeHunupoBaHue GypaHOKYMapHuHOBO-
o KOJIblIa (0e3 oIocpeIoBaHusI KMCJIOPOAOM) BCTpeda-
€TCsI JOBOJILHO PEIKO (ajutouMIiepaTopuH) (puc. 2), u
IIpY 3TOM HU pa3y He BCTpedaeTcsl B KAaUeCTBE €NUH-
CTBEHHOTO 3aMECTHUTEJISI; YIVIOBBIX IIPOM3BOIHbBIX Ta-
KOro tuma y 30HTUYHBIX HeT. [IpeHunmpoBaHHEIE
HaIMpsIMYIO CTPYKTYPHI Yallle MpeACTaBJICHbI B ceMeii-
ctBe Rutaceae. Mogudukanuu npssMoit IpeHUIIBHON
TPYMIIBI KpaiiHe peaKu.

Yepe3d IUMETUI-OKCUTPYIIY MPUCOECOUHSIIOTCS
3aMECTUTE]IA B MOJIOXKEHUE 2', TaKasl CTPYKTypa CBOM-
CTBEHHA AUTUAPOKCH(YpaHOKyMaprHAM 1 00yCIIOBJIe-
Ha xolIoM O0uocuHTe3a (cM. pasaen 4). [IpuMepsl Ha
puc. 2: MapMe3uH, KojlymMOuaHeTuH. B cocTaBe mneii-
LieJaHWHA, BEPOSITHO, HAXOIUTCI YK€ BOCCTAHOB-
JICHHasA AMMETUJI-OKCUTIDYIIIIA.

K xucmopomy ruapokKcuiia YITOMSHYTHIX BEIIIE
TPYIIT MOTYT OBITh TTPUCOECOMHEHBI CIICIYIONINE 3a-
MECTUTENIM, TIPUMEpPbl KOTOPBIX MpPEACTaBICHBI Ha
puc. 2:

— MmeTuibHag rpymnia (C1) — Haubonee 4acTo BbI-
ABJISIEMBIC COCAMHEHNS, BCTPECUYAIOTCA IMMPAKTUYCCKU
Yy BCEX BUIOB M B pa3HbIX ceMeiicTBax (OeprarrTeH,
cOHINH, U3OMMUMITUHEIUIMH, ITUMIIUHEIIVH);

— u3onpeHwibHasg rpynmna (C5) ¢ ee Mmoguduka-
LUSIMU — UMIEPATOPUH, KOJIyMOMaHaIUH, aTaMaH-
TUH, aJIaTOJ1, OCTPYTOJ (IToapasnei 3.6),

— repanuibHag rpynna (C10) — BcTpevaeTcs y He-
OOJILIIIOTO KOJIMYECTBA TPYIN pacTeHui (mpumep —
HOTOIITEPOJI, Y YIJIOBbIX OTCYTCTBYET);
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— TJIMKO3UIHbIE TPYNITbl — B OCHOBHOM, IITIOKO3a
(oepranTon-O-TII0KO3UI);

— IpyTHe 3aMeCTUTENH (HallpuMep, 6eH30MITbHAS
rpynmna (deraMenuH) M alieTUIbHas Tpyra (Ja1uoda-
HOPUIMH)) — BCTPEUAIOTCS PEAKO.

s monoxeHuii 5, 6 u 8 CBSA3b ¢ TUAPOKCUIOM
Bcerma mpocrtas 3¢bupHas, 1 nojoxeHuit 2' u 3'
CBSI3b C JVUMETUI-OKCUTPYIIITON TIOYTU BCETIa CIIOXK-
HO3(pUpHas.

K MonudunupoBaHHON NMpeHWILHON WU repa-
HWJIBHOM TIpylnaM MNPUCOEIUHSIIOTCS CJeayloliue
3aMECTUTEIN: TUAPOKCUI (OKCUTICHTIETaHWH TUIPAaT)
(puc. 3), aueTwsa, IpPeHWI M ero MoauduKaluu
(ocTpyToi) (puc. 2), MHOTIA — MOJIEKYJIBI CO CIEAYIO-
IIMMU BapUaHTaMU 110 KOJIMYECTBY aTOMOB YIJIepo/a:
C1 (amaron) (puc. 2), C3, C4, C12, C14, C18, rtonu-
aneTuiaeHsl ((halbKapuHINOI) U HOMOJTHUTEIbLHBIC
TIOKo3uAbl. Yepes MpocTyio 3(UPHYIO CBSI3b K Mpe-
HWJIBHOM TpyIine MPUCOEIUHSIOTCS TpeT(tert)-npo-
u3BogHbIe (aymaton) (puc. 2). Brop(sec)-mpoun3Bom-
Hble TIPUCOCAUHSIIOTCS Yepe3 CIOXHO-3(DUPHYIO
cBs13b (C2, C5, IMKO3U Ik, IpruMep: OCTpyToi) (puc. 2).
Jas yrimoBeIX (PypaHOKYMapUHOB MMOJOOHBIE CTPYK-
Typbl (C MOAM(UKALIUSIMUA NPEHUJIBHON TPYMIbI) B
TTOJIOKEHMSX 5 1 6 He CBOMCTBEHHBI, HO BCTPEYalOTCs
CJIOXHbBIE COYETaHUS TPYMIl 3aMeCcTUTENei B MOJo-
XKeHuu 2.

3amecTuTenn 0oJiee CIOXKHBIX CTPYKTYP C MOOU-
duKauMgIMU NpeAbIAYIINX 3aMeCTUTENEH Y 3OHTHUY-
HBIX TIPAKTUYECKHN He BCTPEUaloTCs (SIBJICHUSI TUMe-
pu3aly pacCCMOTPEHBI OTACIBHO).

2.6. IlpenuiabHble Tpymmbl M MX MOAH(pHUKAIMH.
JIBOiTHAS CBSI3b M3OITPEHONTHOMN 1 TepaHUIBHOM 11e-
MOYEK MOXET OKUCISATHCS U (OPMUPOBATH OKCHU- U
SIIOKCH-BapHaHThl (M30MMIICPATOPUH, OKCHUIICIIIe-
IaHWH, OKculleinemaHmH ruapar) (puc. 3). Pexe
BO3MOXHBI OKCO-BapWaHThl (M300KCUTICHIIETaHWH)
(puc. 3). ABoitHASI CBSI3b MOKET TAKXKE BOCCTaHABIIM-
BaThbCsl, 00pa3ys u3oBaiepaTHble (3-MeTUIOyTaHO-
BBI€) TIPOU3BOAHBIEC (aTaMaHTUH) (puC. 2).

CTpyKTyphl ¢ M30OPEHOUIHON OTBOMHOIM CBS3HIO
UMEIOT PO U30MEPOB, KOTOPHIE MOTYT IMEPEXOAUTH
npyr B npyra. CooTBeTCTBYOIIME TTPOU3BOIHbBIEC Ha-
3BIBAIOTCS aHTeNIAT (IeJIbTOMH ), TUIIAT (IIITPEHT eI~
aHMH) U CeHelMoHaT (MpaHYMMIuH) (puc. 3). AHre-
JIaT ¥ TUIJIAT TPYAHO pa3IuYMMBbI IIPU XUMHYECKOM
aHaIM3e, IJIs1 X MAeHTU(UKAIIMY HY>KHbBI CIIEIIAAIb-
HbI€ METOIVKY U CTaHAAPTHI. Yalle CTpyKTypy UaeH-
TUGUIUPYIOT KaK aHTeIaT, HeXeIU TUIJIAT.

HM3onpeHouaHbIE MMPOU3BOMHBIC B JIBY3aMeEIleH-
HBIX CTPYKTYpaX BO3MOXHEI B ITOTTAPHBIX ITOJIOXKEHM~
X 3amMectuTeneit 5- n 8-, mam 2' n 3'. 'epaHUIBHBIC
IMPOU3BOIHBIE U3BECTHBI TOJILKO JJISI OMHO3aMEIIeH-
HBIX CTPYKTYp. CTpyKTYyp ¢ OOJIBIIMM KOJIMYSCTBOM
3JIEMEHTOB B u3onpeHwibHoit 1enu (C15 unu C20)
He 0OHApYKEeHO.

2.7. Oauromepusanus pypaHokymapuHos. 1o rum-
POKCUJIBHBIM U KMCJIOPOAHBIM rpynnam (ypaHOKY-
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Puc. 3. Moauduxkauum u u3oMepust IPEeHWIbLHON! CBI3H.

MapuHBI MOTYT AUMEPU30BaThCS APYT C APYroM, 00-
pa3ysi OJIMTOMEPBHI 10 YETHIPEX MOHOMEPOB B LIETIOYKE
(OMpPUHBI, TPUPUHBI U KBAAPOPUHBI) (IPUMEPHI ABYX
OMpPUHOB IIpUBeAeHBI Ha puc. 2). [Ipu aToM numepu-
3alsl MOXET WATU KaK MO TMAPOKCUJIAM U30Mpe-
HuibHOM 1ienu (pecymryopun C), Tak U ¢ y9acTUEM
KETO-TPYIINBI B TUPOHOBOM KoJiblie (maypubupuH E)
(puc. 2). Onuromepusanys He 00sI3aTeJIbHO IPOMCX0-
JINT Yepe3 CoeNMHEHNE OMMHAKOBBIX MOJIEKYN (Haypu-
oupuH E: 1Be MOJIeKyIbl OKCUTICHIIETaHWH TUapaTa), B
LIEIIA MOTYT OBITh M pa3HBIe CTPYKTYPHI ((hecyMTyo-
puH C: okcurieiilienaHuH ruapar, repakiieHon). [pu
IMMEpU3alli BO3HMKAIOT HOBBIE CTEPEOAKTUBHBIE
LIEHTPBI U, TAKUM 00pa3oM, YBEJIUUMBAETCSI KOJTUYES-
CTBO 3HaHTHOMEpoOB. OnuroMepHble (QypaHOKyMa-
PMHBI OTKPBITHI JIUIIIb HEAABHO Y HEOOJIBIIIOTO KOJIU-
YeCTBa BUIOB, IJISI HEKOTOPBIX M3 HUX BHISIBJICHBI aH-
TUBOCIIAJIUTENbHEIC cBOiicTBa [20].

2.8. OcHOBHbBIE 3AKOHOMEPHOCTH B cTpoeHuu ¢ypa-
HOKYMAPMHOBBIX CTPYKTYP Y 3OHTHYHBIX PACTEHHH.
B cemeiicTBe 30HTMYHBIX MPUCYTCTBYIOT, B OCHOB-
HOM, CJICAVIOIIME CTPYKTYPHI: a) 1 miau 2-3aMeleH-
HEIE, 0) 5-, 8-, 2- omMHAPHBIC IPOM3BOAHLIC U B) 5- 1
8-, 2- 1 3- nBOIiHBIE MPOU3BOAHBIE. 3aMECTUTEUN
0oJbliIeii YaCThIO COENMHEHBI C OCHOBHBIM CKeJIETOM
yepes3 MPoCTyio 3(UPHYIO CBSI3b, MPsSIMbIe MPEHUJIb-
Hble pauKalibl 1OCTATOYHO penku. [MapokcuabHbie

MPOM3BOIHBIE 0A30BOT0 CKeJieTa BCTpeUYaroTcsl 3Ha-
YUTEIBLHO peXe METUJI-OKCOMPOU3BOAHBIX. JIUTUa-
POKCUIIBHBIX 5,8- (5,6) MPOU3BOMHBIX B IIPUPOIE HE
0OHapy:KeHO. YTJIOBbIE CTPYKTYPHI BBISIBIISIIOTCS pe-
Ke, yeM JIuHeliHble. OueHb MaJIo TPeHUIMPOBAHHBIX
BapMaHTOB YIJIOBEIX (hypaHOKYMapHHOB B 5- 1 6- TT0-
JioxxeHusix. CylliecTByeT MHOTO BUJIOB PACTEHU, I
€CTb JIMHENHbBIE MMPOU3BOIHBIC, HO HET YIVIOBBIX, TO-
IIa Kak oOpaTHBIi BapuaHT BCTpeuyaeTcss KpaliHe
peako. DTo NPUBENIO UCCIAEA0BATENEN K MBICIU, UTO
CUHTE3 YIVIOBBIX TTPOU3BOIHBIX BO3HUK B 3BOJIOILIUU
MO3e CUHTEe3a JIMHEMHBIX TPOU3BOHBIX U, BO3MOX-
HO, ObUI CJIEACTBMEM HapYILIEHUS MEXaHU3Ma CUHTe-
3a JUHEMHBIX TIPOU3BOAHBIX [21].

JIuHeliHbIM  dypaHOKYMapuHaM CBOCTBEHHO
rpeodiagaHie 5- M 8-IIPOM3BOMAHBIX, YIVIOBBIM —
2',3'-nmpou3BoAHbIX. MHOrooo6pasue M30NPEHUIb-
HBIX IPOM3BOIHBIX CBA3aHO C MOAUMUKALUIMU OOKO-
BBIX LIETEM, KOTOPBIE XapaKTepHbI U CTanuii Oerta-
OKHCJIEHUST KUPHBIX KUCIOT (TMAPOKCWIMPOBAHUE,
SMOKCUAUPOBAHUE,  OKHUCJIECHUE-BOCCTAHOBJICHUE
JIBOIMHBIX CBsI3€i). BO3MOXHO, B CMHTE3€ TAKHX ITPO-
M3BOIHBIX TAKXKE yJaCTBYIOT (PEpMEHTHI OKMCICHUS
JKUPHBIX KUCJIOT.

2.9 Orimuust ypaHokymapuHoB cemeiicrBa Um-
belliferae ot hypanokymapunoB apyrux cemeiicts. I1o-
muMo cemelictBa Umbelliferae ¢dypaHoKyMapuHBI
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BCTPEYAIOTCA TaKXKe U B APYIMX CEMEWCTBAX pacre-
HUit, HarpuMmep, B cemelicTBax Rutaceae, Fabaceae,
Moraceae, Asteraceae. B oCHOBHOM OHU IIpeAcTaBJIe-
HBl TeMM K€, YTO U Y 3OHTUYHBIX, OCHOBHBIMU
cTpykTypamu (5- u 8- 3aMelIeHHBIMU (DypaHOKyMa-
pUHAMM), OOHAKO €CTh M pa3iauuus. Tak, B ceMeli-
crBe Rutaceae psm cTpykTyp (ypaHOKyMapUHOB
MMEIOT 3aMECTUTEIM B ITMPOHOBOM KOJIblle (Takue
CTPYKTYPHI IIOJIHOCTBIO OTCYTCTBYIOT Y 3OHTUYHEIX),
Y LIMTPYCOBBIX HIMPOKO IIPEACTaBICHBI T€paHWII-
MMPOM3BOIHbBIE (TaKue KaK OepraMOTTMH 1M HOTOMTE-
pon) [4]. Kpome Toro, y PyToBbIX MOTYT BCTpeUaThCs
¢ypaHOKYMapuHBI C TPeMSI U YETHIPbMSI 3aMECTUTE-
JISIMM, a TakxKe pa3HOooOpasHblie TUMEPHBIC MPOU3-
BOIHBIC, B TOM YMCJIE OUMEPhl ¢ KyMapHMHOBBLIMU
crpykrypamu. Yaie, 4eM y 30HTUUHBIX, BCTPEYaloT-
Csl IpsIMble TIPEHWJIbHbIE POU3BOAHBIE (Y 30HTHUY-
HBIX IIOYTH BCE IIPESHWIbHBIE IPOMU3BOAHBIC CBI3aHbI
¢ stmpoM uepe3 Kucyiopon). OqHako aeTaabHas CUCTe-
MaTu3anuys pypaHOKyMapUHOB IPYTUX CEMEMCTB, KPO-
Me 3O0HTHMYHBIX, BBIXOOUT 3a pPaMKHU JaHHOrO 0030pa.
OobHapy:xeHne PypaHOKYMapHMHOB B JTATBHOPOICTBEH-
HBbIX TaKCOHAax IMpEArnoJaracT ciaydyaili KOHBEPreHTHOM
SBOIOLMM B OTBET Ha JaBJICHUE OKPYXKAIOILIEil Cpeabl
[5]. Yuactne KoHKpeTHBIX (DEPMEHTOB B CUHTE3€ pa3-
JIMYHBIX (pOopM (ypaHOKyMapWHOB U MyTU CUHTE3a
3TUX (pOpM ocTaroTcs c1ad0U3y4eHHBIMU.

3. BUIOBAA IMTPEACTABJIEHHOCTD

HaubGonee npencraBuTeIbHOM pabOTOM (MO KOJIU-
YeCTBY BUIOB pAacCTeHMIT), OTpaXKalolleil IperacTaB-
JICHHOCTh KYMapuUHOB U (pypaHOKYMapHUHOB B pas3-
HBIX TAKCOHOMUWYECKUX TPyTINax, sBJAsSIETCS CIIpaBOY-
HUK, onyosukoBaHHbIX B 1971 1. [2]. HaHHble,
MPUBEACHHbIC HIKE, B3SIThl U3 3TOTO CIIPABOYHUKA,
a TakxKe U3 MpearnojaracMoil Kk Oynyiieil myoianka-
1 6a3bl aBTOpa 0030pa.

Ko BpeMenu Hammcanust o63opa (moib 2023 1.) dy-
paHOKyMapWHBI OBITM OOHApYy:XEeHBI 0ojiee, 4eM B
500 Bugax 30HTUYHBIX, OOBEIMHEHHEIX B O0Jice YeM
B 100 ponoB. Hauborblliee pazHooOpa3ue QPypaHoOKy-
MapMHOB HaiineHo B Buaax TpuObl Selineae (172 Bu-
Jla, TJIaBHBIM 00pa3oM, B ponax Angelica, Seseli, Peu-
cedanum), 3a Heil Tordyleae (75 BUmoB, B OCHOBHOM,
B pone Heracleum) u Cachrys (58 BumoB, 1o 0oJiblieit
yacTu, B poaax Prangos u Ferulago). B Tpu6e Scandi-
ceae (ucciemoBaH 51 BuI, B OCHOBHOM BHMOBI poaa
Ferula) BeigBrIM Mano ypaHoOKyMapHMHOB, OTHAKO
NpaKTUYECKU Be3ae ObLI OOHapyXeH HUX IMpealle-
CTBeHHUK yMOeumpepoH. CaMbIM U3y4eHHBIM pac-
TeHueM (110 KOJIUYECTBY ITyOJIMKAIIMii) SIBISIETCS Jie-
KapCTBEHHOE pPAaCTe€HUE TPAAULIMOHHON KMUTalCKOM
MeInLHbI Angelica dahurica, B XOTOpOM HCCIIeIOBA-
Tean onpeaenunu cBoiire 120 pypaHoKyMapruHOBBIX
CTPYKTYD.

ITouTu Bce MccaenoBaHHbIE PaCTEHUSI ceMecTBa
Umbelliferae, conepxaiue ¢pypaHOKYMapuHBI, IIPU-
HauieXaT K allMOMIHOM cymnepkiiage. B ormenbHyo
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kiany Physospermopsis momagaeT ogHO M3 aKTUBHO
HCCIIeIyeMbIX JJeKapCTBEHHbIX pacTeHUl Notopterigi-
um incisum, KOTOpoe OTJINYaeTcss 00IbIINM Pa3HO00-
pa3ueM TepaHWJIMPOBAHHBIX ITPOM3BOAHBIX, OTCYT-
CTBYIOIIUX B IPYruX Kiiamax. EcTh TakxKe cOOOIIeHUSI
U O BBISIBJICHUU (pypaHOKYMapMHOB B APYTUX KJIagax
[2]. Hambomnee nccneqoBaHHBIMU OKa3aInCh JIeKap-
CTBEHHBIE U CEJIbCKOXO3SICTBEHHbIE pacTeHUsl: An-
gelica dahurica, Ammi majus, Apium graveolens, Cnidi-
um monnieri, Pastinaca sativa, Notopterigium incisum,
Petroselinum crispum v np.

Pacnpenenenue Tunos ¢pypaHOKyMapuHOB B pas3-
JIMYHBIX BUJAX CEMENCTBA MOXET OTpaXKaTh OPTaHU-
32110 UX OMOCUHTETUYECKUX ITyTeil U (PUTOTSHUIO
depmeHTOB (17151 ceMelicTBa Rutaceae u IMTPYCOBBIX
Takas paboTa yxe mpomeiaHa [22]). s cemeiictBa
3O0HTUYHBIX MO0OHast paboTa ellie TOJIBKO MPEICTOUT.

4. TEHETUMYECKHNE OCHOBbBI BUOCHUHTE3A
®OYPAHOKYMAPHUHOB

Iyt cunHTe3a dypaHOKyMapuHOB, MPUHUMAE-
MBIX ceiiuac KaK OCHOBHEBIE, yCTAHOBJICHBI B paboTax
KaHazckoi (padboter Steck W., Brown S.A. u np.) u uta-
JBSIHCKOI J1aboparopusix (pabotel Caporale G.,
Dall’Aqua F. u np.) B 1970-80-X I'T. (CCBUIKU CM. HIKE).

4.1. Cunmes ymbeanugheporna

IMpeamecTBeHHUKOM (PypaHOKyMapUHOB CUMTAa-
eTcsl KyMapuH ymoenandepoH. DTo BelleCTBO CUH-
TE3UPYEeTCs B NIMKUMATHOM MYTU U3 aMUHOKUCJIOThI
denmnananuHa (puc. 4). Ilox aeiictBueM dheHMIaIa-
HuHamMmuakimassl (PAJL, uim PAL) dennnananun
JIe3aMUHUPYETCSI OO0 KOPUYHOM KHUCIOTHI [23, 24].
ITocne aToro KopuyHasi KUCJI0Ta OKUCISETCS IIMHHA-
maT C-4-runpokcuia3zoii (C4H), oOpa3ys mapa-Ky-
MapoBYIO KMCJIOTY ¢ TUApoKcuiioM B C4-mmapa-1moJio-
XeHuH [25, 26]. 3ateM pepMeHT 4-KymapaT-KOA-JTH-
raza (4CL) mpucoemuHseT K KHUCJIOTHOM TpyIlme
kodepMeHT A [27]. Ha mocitenHeit pepMeHTaTUBHOMN
cTanuu GepMeHT p-KyMapoWI-KOA-2 TUIpOKCcUIasa
(C2'H) cHOBa OKMCIISIET KOJIBLIO, BCTpanuBasi TUAPOK-
cui B 2-nioyiozkenue [28—30]. B pesynbrarte mociemy-
IOLIIEH CIOHTAHHO IEPECTPONKIU MTMPOHOBOE KOJIBLIO
3aMBIKaeTcs U oOpasyeTrcss ymoOemmmdepoH (puc. 4).
bonee moapoOHyro neTaan3ainio U CBSI3b IIPUBEICH-
HBIX peakluii ¢ IPyruMU IIyTsIMU OMOcUHTe3a (ia-
BOHOUOB 1 IIMKWMATHOTO ITyTH MOXKHO HAalTU B pa-
6orax [19, 31].

Tunotesa, cornacHo KOTopoii mpu oO6pa3zoBaHUU
¢dbypaHOKYMaprvHOB BHaualJie CUHTEe3UpyeTcsl OeH30-
¢dypaHOBOE MPOU3BOAHOE, a 3aTEM 3aMbIKAETCs MU~
POHOBOE KOJIbLIO, ObljIa ONPOBEPTHYTA UCCICIOBaHU -
SIMU C WCIIOJIb30BAHUEM MEYEHBIX MpealleCTBeHHU -
koB [32]. B cBoeii mMKO3MIMpOBaHHONW (dopMe
(CKUMMUH) yMOemrdepoOH TPAaHCIOPTUPYETCS B JIN-
CTBSIX K MecTaM CHUHTe3a (ypaHOKyMapuHOB. 3/1eCh
OH JeTJImKo3mnupyercs [33].
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H,N PAL

dennnananud

4CL

napa-Kymapousi-CoA

2'4'-IuTMapOKCUKOPUYHAS

= C4H =
HOOC HOOC
OH

Kopuunas kucnora

napa-KymapoBas KMCIoTa

//\©\ ﬂ, = CaMOMpOU3BOILHO 324 6
CoASOC OH CoASOC N |
HO OH 0~ "0” 7 OH

VYMmbemmdepoH

kuciaora-CoA

Puc. 4. Cunre3 ym6emmudepona us ¢penmnanannia. PAL — denunanannnammuakimasa, C4H — nuaHamar C-4-Tuapokcu-
na3za, 4CL — 4-kymapar-koA-nurasa, C2’H — p-kymapouia-KoA-2’ ruapokcuiasa.

4.2. Cunmes dueudpoh)ypanokKymapuHoas,
Yen08020 U AUHEHH020 6A308020 cKerema

IMocnenyromumii myTh CUHTE3a PypaHOKYMapUHOB
pa3BeTBJIsIETCS Ha IyTh O0Opa3oBaHUs JIMHEWHOUN U
yriIoBoii opM (puc. 5). DTOT 3Tan 3aBUCUT OT TOTO,
KaKoe UMEHHO ITTOJIOKEHHE B MOJIeKyJie yMOeanude-
poHa OyneT mpeHuIupoBaHo — 6 wiu 8 [21, 33]. Ipu
MIPEHWINPOBAHUY 6-TIOJIOXKESHUST (EPMEHTOM ITHMeE-
THIanaua gugocdar:yMmoenmudepoH MpeHUITpaHC-
depaszoit (U6DT) obpasyercss KyMapuH JIeMETHII-
cy0epo3rH, a Mpyu MPEHUIUPOBAHUU 8-TIOJTOXKEHUS
(U8DT) — xymapuH octeHona [34]. 3aTem mon neii-
CTBUEM MapME3UHCUHTA3bI K KOJIyMOUaHETUHCUHTA3bI
MPEeHWJIbHAs LIETb U TMIPOKCU-TPYIINA 3aMbIKAIOTCS B
dypaHoBoe Konblio. OOpa3yoTcss MapMe3uH (JIMHEH -
HbI UTUAPO(PYpaHOKYMAprH) U KOJyMOUAHETWUH
(yrimoBoit puruapodypanokymaput) [21, 35]. ITocne
BTOTO MO AeicTBEeM (hepPMEHTOB IICOpajieH- U aHTe-
JIMIIMHCUHTAa3 (ypaHOBOE KOJIbLIO OKUCISIETCS U
“HocoBas TpyIa” OTIIEIUIAETCS, (hOPMUPYIOTCs Oa-
30BBIE CTPYKTYpPHI IICOpajieHa M aHreauuuHa [36].
B cuHTe3e rncopaneHOBbIX U aHTETUIIMHOBBIX CTPYK-
TYp YYaCTBYIOT (+)-2HaHTHOMEPHI MapMe3nHa B KO-
JymbuaHetuHa [21, 37].

B oT0it mermm xopomro wu3ydeHbl (GepMEHTHI
U6/8DT [38—42], a TakKe rcopajieH- ¥ aHTeJTNLINH-
cuHTasbl [43—47]. MapMe3nHCcHUHTa3a OOHapyXKeHa
TOJIBKO OITHA, IIPUYeM He B ceMeiicTBe 30HTUYHBIX, a
y Ficus carica, 1 TOMOJIOTOB €€ Y 30HTUYHBIX Ha AaH-
HEIIT MOMEHT He oOHapyxeHO [48]. CyluecTBoBaHME
KOJIYyMOWaHETUMHCUHTA3BI JKe TOJTBKO Mpenroaraet-
cs [31, 49]. ®epMeHTHI, B pe3y/IbTaTe KOTOPHIX 00pa-
3y1oTcs 2'- 1 3'-TIpOn3BOAHBIC TUTUAPOPYPAHOKYMA-
PUHOB, HEM3BECTHHI.

4.3. Moouguxauyuu 6azoeoeo sdpa

HanpHelimass mogudukanus (pypaHOKyMapUHO-
BOTO CKeJjleTa TMPOUCXOIUT 3a CUET TMAPOKCUIUPO-
BaHUI M MeTOKCUIMpoBaHUi (puc. 6a) [36, 50].

(Tem He MeHee, HE MCKJIIOYEH U MYyTb, B KOTOPOM
CHavaJja ruIpOKCUINPYeTCs MapMe3rH U JIUIIb M0~
TOM CUHTE3UPYIOTCS MTPOU3BOAHBIE TIcOpajieHa [51],
OIHAKO TIPEBAJIMPYET, MO-BUAMMOMY, OITMCAHHBIN
najgee B 3ToM paszaenie IyTh [52]). Baagane ocy-

3.4 6
2
0~ 0" X "~OH
YmMmbemmudepon
U6DT (PT) l USDT (PT)
L0
0~ "o OH 0) OH
HemeTnicyoepo3nH OcteHou
Msl
= H
o) o) (0] (0)
Mapmesun KonymGuanetun \"'H

H

Psl ASl
ISPy
0~ o O

(0]
=
o” O 0)
[Icopanen AHTEeIMIUH ‘=

Puc. 5. CuHTE3 mcopajeHa U aHTeJIUIIMHA U3 YMOeIu-
depona. U6(8)DT (PT) - numermnamumi audocdar:ym-
GemndepoH npeHuaTpaHcdepassl 1Mo 6 WiIn 8 MOIoXKe-
Huio, MS — mapmesnHcuHTaza, CS? — KoryMOMaHeTUH-
cMHTa3a runorerndeckas, PS — ncopanerncunrasa, AS —
aHTeJIMIMHCUHTA3A.
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Puc. 6. TuapokcuavpoBaHue U METOKCUIMPOBaHUEe 6a30BOro ypaHOKyMapuHOBOTO siipa. XS — KCAHTOTOKCOJICUHTA3a,
P5M — nicopanen-5-moHookcureHasa, BMT — 6epranton-O-metuntpancdepasa, 5S-OH-XS — 5-OH-kcaHTOTOKCMHCHH-
taza. XMT — kcaHToTOoKCON-O-MeTunTpaHcdepasa. 5,8-1MruapoKcurcopajieH B npupoze He ooHapyxxuBaercs. a) CuHTe3
JIMHEeMHBIX METOKCUJIMPOBAHHBIX TPOU3BOAHbBIX. 6) CUHTE3 YIJIOBBIX METOKCUIMPOBAHHBIX TPOU3BOIHBIX.

LIECTBJISIETCS  TUAPOKCUJIMPOBaHUE IIcopalieHa
(KCaHTOTOKCOJICMHTAa3a, XS, U MncopajieH-5-MOHO-
okcureHaza, PSM) [53, 54]. VU3BecTHHI (pepMEHTHI,
KOTOPBIE METOKCIJIMPYIOT TUAPOKCUIBHBIC IPOU3-
BomHble  (OepramToi/KCaHTOTOKCONI-O-MeTUITpaHC-
depaza, BMT/XMT) [55—60]. [Tocne MeTOKCHI-
POBaHUsI OIHOTO U3 TTOJIOXEeHUT (5 WK 8) MOXKET ru-
POKCWJIMPOBATBCSI IIPOTUBOIIONOXHOE (8- mau 5-),
COOTBETCTBEHHO (M3BecTeH (pepMeHT S-OH-kcaHTO-
TokcuHcuHTaza, S5S-OH-XS) [54]. O6pa3sytomuiics
TUAPOKCUI TakKkKe MOXET METOKCUJIMPOBATbCS W
CUHTE3UpOBaThCd M30MUMMNUHEIUH [50], cuHTe3
W30MMMINHEUIMHA BO3MOXEH U U3 5,8-TUTUAPOK-
curicopaieHa [61] (ogHaKo TmocieaHee BEIIECTBO B pac-
teHusix ceMeiictBa Umbelliferae He oOHapyXuBaeTcs).
Bo3MOXHBI TaK3Ke MPOLIECCHI 1EMETOKCUJIMPOBAHUS,
B pe3yjbTaTe KOTOPBLIX IICOpajieH oOpasyercss M3
KcaHTOoTOKcHHa nim 6eprarreHa [32]. [Ipeamonarae-

OU3NOJIOTUA PACTEHUN

ToM 70 Ne 7 2023

Masl cxeMa OMOoCHHTe3a 00iee MHOTOYHMCIICHHBIX Ba-
pUaHTOB (B TOM YHCJIe TUIIOTETUYECKMX), BKIIIOUAs
YIJIOBBIE Y1 M3OINEHTEHWIbHbBIE ITPOU3BOAHEIC, IIPU-
BoauTcs B pabote CamnpiriepoBoit 1 KomuccapeHko
[62]. BeposiTHO, MOTOOHEBII TTyTh UCHOJIb3yeTCS MPU
CUHTE3e¢ MPOU3BOAHLIX aHreauuuHa (puc. 66). dug
VIJIOBBIX TIPOM3BOIHBIX (PYyPaHOKYMAapUHOB HEN3BE-
CTEeH HM OAUH (pepMEeHT UX OuocuHTe3a. PaHee BbI-
JIBUTaach TUIIOTE3a O TOM, YTO YIJIOBbIE METOKCHIIb-
HBIE TIPOM3BOIHBLIE MOTYT CHHTE3MPOBATHCSI depe3
dopMupoBaHue ¢GypaHOBOro KOJbla Y METOKCHIIM-
POBaHHBIX KYMAapUHOBBIX ITPEIIIECTBEHHUKOB [63],
HO, HACKOJIbKO M3BECTHO, OHA IO CUX IOp HE MOJIy-
YKJIa IOATBEPKICHMSI.

ITpeHwnupoBaHHbIE MPOU3BOAHBIE OOpPa3yrOTCs
MOYTHU BCETA Yepe3 ICOPAJIEH, a HE Yepe3 MapMe3uH
[64, 65] vt ero Tpon3BomHBIe. Ho i1 3THX mpoliec-
COB U3BECTHBI JIMIIb OTIEJbHbIE (DEPMEHTHI, KOTOpPbIE
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Puc. 7. O6pa3oBaHue NPEHUJIUPOBAHHBIX IPOU3BOAHBIX (DYPaHOKYMapHMHOBOTO sipa (TUIoTeTu4YecKas cxema). a) Obpa3oBa-
HUE MPEeHUJIMPOBAHHBIX MPOU3BOIHBIX TUHEHHBIX (hypaHOKyMaprHOB. [IpuBeneH mpuMep TOJBKO MIJIsSi OAHOTO TUIIA TIPOU3-
BOIHBIX, C 3aMECTUTEJISIMU B 5-mios10KeHUU. [1pearnonoXuTebHO, TPOU3BOIHBIE C 8- U 5,8-3aMeCTUTENSIMUA CUHTE3UPYIOTCS
10 TOMY K€ MPUHLIMITY, ONHAKO (DEePMEHTBHI MOTYT OTJIMUATBCSI, TOCKOJIBKY S- U 8-T10JI0XeHUsT DypaHOKYMapUHOBOTO siipa He
nojHocThio uaeHTuYHbl. AKPT1 — npenuntpancdepasa Angelica keiskei, CpPT1 — npenunrpancdepasa Citrus paradisi [66].
6) O06pa3oBaHue MPEHWIMPOBAHHBIX MPOU3BOIHBIX JIMHEWHBIX (PypaHOKYMapUHOB. 5-METOKCU-6-TUIPOKCUAHTEIMLIMH Ha
MAHHBIA MOMEHT B MPUPOIE He OOHAPYKEH, HO MOXET ObITh TMIIOTETUYECKUM MOCPEIHUKOM B OMOCHHTE3€e. 6-METOKCH-5-
M30TMPEHWIbHBIX TPOU3BOIHBIX Y 30HTUYHBIX HE BBISIBJICHO.

OCYIIECTBJISIIOT IIPEHWJIMPOBAaHNUE W TePaHWIMPOBA- MAapMHOB OCYIIECTBIISIOTCS C ITOMOIBIO p450-11uTO-
HMe MOJIeKyJIbl [66] (puc. 7a). [Tyt 6uocunre3a mpe-  xpomoB: C4H, MS, PS, XS [31].
HUWINPOBAHHBLIX TMPOM3BOAHBIX AHTEIUIMHA, OTpa-

>KEHHBIN Ha pUCYHKE 70, SIBIISIETCS TUTIOTETUUECKIUM.
5. JOKAJIN3ALI A OYPAHOKYMAPHUHOB
Hpyrux ¢pepMeHTOB OMOCHHTE3a (PypaHOKyMapu-

. B TKAHAX U OPTAHAX PACTEHUN
HOB Ha CETONHAIIHMI NEHb HE BBIABICHO. MOXHO

MPENnoJ0XUTh, UTO UX TTIOUCK CJIeAyeT MPOBOIUTDH B KymapuHoBble 1 ¢hypaHOKyMapuHOBBIE COSAHE-
ceMeiicTBe p450-ITUTOXPOMOB, TIOCKOJIBKY HEe MeHee  HUS CIIOCOOHBI (DIIyOpecIIMpOBaTh U MOTYT OBITH 00-
YeThIpeX MOKAa3aHHBIX peaKIlnii CUHTe3a (ypaHOKy-  HapyXeHBI MOJ JIIOMUHECIEHTHBIM MHKPOCKOIIOM.
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DTa MeToanKa 0OHapyKeH!SI KyMaprHOB M (hypaHo-
KYMapUHOB MPpUMeHsIach ¢ 1960-X IT. IIs1 U3y4eHUs
JioKanu3auuu ¢pypaHOKYMapuHOB B Pa3JIMYHBIX Op-
raHax M TKaHsIx pacteHuit. @ypaHOKyMapuHBI OOHa-
PYXKMBaJIM KaK B HAA3€MHBIX, TaK U B IMMOA3EMHBIX Ya-
CTSIX PaCTeHUI: JTUCTBSIX, IUIoAaxX, KopHsx. [1pu aTom
bypaHOKyMapWHBI pa3TMIaInCh IO XUMITIECKOMY CO-
CTaBy U UMEJIM TKaHECTICIIM(PUIECKYIO JIOKATU3AIINIO.

B paGorax JleH1coBoii ¢ coaBT. [67—69] misa Tpex
pacTteHuii ceMelicTBa 30HTUIHBIX — Archangelica de-
currens, Hippomarathrum microcarpos (B UICTOUHUKE
microcarpum), Seseli campestre — OKa3aHO IPUCYT-
cTBUe (hPypaHOKYMapHMHOB B CEKPETOPHBIX KaHajiax
TUToAa BOKPYT 3apoibiia (CeTh MapadHIOKapITHBIX
KaHaJoB), B KYTHUKYJIe, B OAPEBECHEBIINX CTCHKAaX
COCYIVICTO-BOJIOKHUCTHIX ITYyJYKOB, a TaKXKe B CeKpe-
TOPHBIX KaHanax KopHd. [Ipn aTom cocTaB ¢dpypaHO-
KyMapWHOB B IJIOAAaX U KOPHSIX ObUT pa3inyeH.

®dnyopecueHnnio ¢GypaHOKYMAapyUHOB TaKKe Ha-
OJ1rofaIv B IPOBOISIINX MACISIHbBIX KAHATbIIAX, CBSI-
3aHHBIX C COCYIUCTBIMU ITyYKaMu 4depelikoB Hera-
cleum lanatum [70]. B a10ii paboTe OBLIO ITOKA3aHO,
4To (bypaHOKYMapuHBI HE TPAHCIIOPTUPYIOTCS II0
¢d105Me B JTUCTHSIX, MOCKOJIbKY MUTAIOIIASICS COKOM
pacTeHUii TJIsI He COIepXUT PypaHOKyMapUHOB, KaK
¥ BbIIeIIsIeMast Tieit XKuakocTh. C IIOMOIIbI0 UMMY-
HOTUCTOXUMMNYECKUX IKCIIEPUMEHTOB MOATBEPKIe-
HO IIPUCYTCTBUE (DepPMEHTOB CHMHTE3a (hypaHOKyMa-
pusoB (PAL u BMT) B snmaepMalbHBIX KJIETKAX U
SIUTEINATBHBIX KJIETKaX MACISIHBIX KAHAJIBLIEB, TIPU
sToM BMT skcnipeccupoBaiach B MacassHbIX KaHAJIb-
Iax B TeUYEHME BCETO BpeMEHH! XXN3HU pacTteHus [71].

®ypaHOKyMapyHBI 0OHAPYKUBAJIX HA TIOBEPXHO-
CTU JIUCTHEB, B AMUKYTUKYJISIPHBIX BOCKAX U HA CYXMX
wionax [72, 73]. IloaTBepXKneHo IIpucyTcTBUe hypa-
HOKYMapHWHOB Ha TMTOBEPXHOCTU 3apObIIIa U B JJIAH-
HBbIX KaHajaX TJIoaoB OopiieBUKoB H. lanatum wn
H. mantegazzianum. Ha 1unonax Angelica archangelica
MPOJAEMOHCTPUPOBAHO, YTO YeM OOJIbIlIE pa3Mep U
CTeTeHb 3PEJIOCTU 3apojblllia, TEM HUXE coaepKa-
Hue (pypaHOKyMapuHOB B Iutonax [74]. Ilpu sTtom B
CeMEHax, Ilie OTCYTCTBOBAJIMU 3apOJbliiiu, GypaHOKY-
MapuHBbl He ObLIM OOHapyxXeHbl [72], Torma Kak Ha
MOBEPXHOCTHU U B TKAHSIX 3apPOABIIIN COIepXKaIu (y-
paHokyMapuHbl Bcerna [73]. TkaHu mioma MMeIun
MeHbllIe QypaHOKyMapuHOB, YeM CEMeHa 1 TTOBEPX-
HOCTb (BHYTPEHHUI1 MHTETYMEHT ILJION0BOI O0OJIOUKN).
Kannycusle KynwsTyphl Pastinaca sativa v Daucus caro-
ta BbIIENSIN (ypaHOKYMapuHbl Ha IMOBEPXHOCTH
KaJTyCHBIX KJIETOK, B CYCIIEH3UOHHbBIX KYJIbTypax Ux
00pa3oBBIBAJIOCH OOJIBIIIE HA JABa IOpsAKa, YeM Ha
TBepaoMm arape [75].

Y Heracleum sosnowsky dypaHOKyMapUHBI JIOKa-
JIM30BaHbI OOJBIIEH YacTblO HAa MOBEPXHOCTU TPU-
XOM UM JPYTUX 3M0UJIePMajbHBIX KJIETOK, a TakKXe B
KJIeTKax cyosnuaepmuca. IlomoOGHas joxkanu3anus
o0ycnaBIMBaeT OBICTPBbIE (DOTOXMMUYECKHE OKOTH
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MMPU TPUKOCHOBEHUM K TIOBEPXHOCTU ITOKPBHITHIX
TpUXOMaMM opraHoB 6opieBrka CocHOBCKOTO [76].

HenaBHue uccliemoBaHusl, B KOTOPBIX Hapsay C
JIIOMUHECIIEHTHBIMM METOIaMM MCIIOJIb3YIOTCSI TaK-
XK€ MaccC-CIIEKTPOMETPUIECKIE, ITPOAEMOHCTPUPO-
BaJIl HaJIMUME B KOpHSX Angelica dahurica okono 40
¢ypaHOKYMapuHOBEIX KOMMOOHEHTOB. Iloka3zaHo,
4YTO comepxkaHue (pypaHOKyMaprHOB B INITABHOM KOp-
He BBILIIE, 4YeM B 00KOBbIX. OTMeueHO Hanuue pypa-
HOKYMAapHWHOB B IIepuaepMe, Kope U (p1o3Me NIaBHOTO
KOPHS, a B OOKOBBIX KOPHSIX — TOJILKO BO irosme [77].

Takum obGpazoM, ypaHOKyMapUHBI JIOKAIU3Y-
IOTCSI, B OCHOBHOM, Ha ITOBEPXHOCTU HAaA3€MHBIX Op-
raHOB WJIM B CEKPETOPHBIX KaHajax, OKPYXKarolInX
ceMeHa, COCYIMCTBHIX TKaHSIX KOPHEM M YepeIIKOB.
DepMeHTHI X CUHTE3a, O-BUANMOMY, PACIIOJIOXKe-
HbI TaM Xe [71]. TTlogoOHast JoKanu3amnusi CUHTE3a
(Ha TIOBEPXHOCTSIX OPTAHOB U B CEKPETOPHBIX BMe-
CTUJIMIIIAX) CBUAETEJILCTBYET O 3aIlIMTHOKM (DYHKIIUU
¢ypaHOKYMaprHOB B OpTaHU3ME PACTEHUSI.

JanpHUii 1 OJIVKHUIM TPpaHCIOPT BHYTPU pacTe-
HUS, a TaKXKe BHYTPUKIIETOUHBIN TpaHCIIOPT dypa-
HOKYMapWHOB Ha TaHHBIII MOMEHT MPaKTUYECKHN He
usydeH. CyliecTBOBaHUE BHYTPUKIIETOYHOTO TPaHC-
rnopTa ypaHOKyMapHUHOB MOATBEPXKIAETCSI TEM, UTO
depMeHTHI cuHTe3a (pypaHOKyMapMHOB OOHApPYKM-
BAalOTCS B pa3jIMYHBIX KOMIIApTMEHTaX KJIeTKU. Tak,
TCOpaJieHCUHTA3a JIOKAJIU3yeTCsl B SHIOIIa3MaTH-
yecKoM peTukyayMme [53], mpeHmn-TpaHcdepasbl — B
mnactugax [39—41], BMT obHapyXuBajach B IUTO-
3oie [58].

6. BUOJIOTUYECKOE 3HAYEHHUE
6.1. Poab pypaHoKymapuHos 8 pacmeHusix

C 0OMbIIOK CTENEHbIO BEPOSITHOCTU (hypaHOKY-
MapuHBbl UTPalOT B PaCTeHUSAX 3allIMTHYIO POJib, Ha
YTO yKa3bIBAET TAKXKE MX BblJE€HE HA TOBEPXHOCTD
3MUAEepMUCa U B CEKpETOPHbIe BMecTunIa. Hanbo-
Jiee U3BECTHOE CBOMCTBO (hypaHOKYMapUHOB ((hOTO-
TOKCUYHOCTb), BEPOSITHO, TAKKE CJIYXKUT JIJIsI 3a1IIUT-
HBIX LIEJICH.

6.1.1. ®oroTrokcuyHOCTb. BO30Y:XKneHHBIE YIbTpa-
duonerom (320—400 HM) hypaHOKYMapUHBI 0Opasy-
OT MOHOAIIYKThI ¢ MAPUMUINHOBEIMU OCHOBAHMUSI-
mu JIHK (co ctoponsl GypaHOBOTO I TUPOHOBOTO
koJsibla). OHu cBsa3beiBaloTes ¢ JJHK BogopogHbIMU
CBSI35IMU U CBsI3ssMu BaH-nep-Baanbca, Haubolsee
peakTuBHbI 5'-TpA-3'-nociaegoBareibHOCTH. MOHO-
aJayKThl CO CTOPOHBI (hypaHOBOTO KOJbllA MOTYT
OBITb IIOBTOPHO BO30YXHeHBI BTOPBIM Y®-(doTo-
HOM, B pe3yJibTaTe 4ero JIMHEHbBIe (pypaHOKyMapu-
HbI 00pa3yloT MeXXHUTEBbIE Kpocc-CBs3U. JlelicTBue
TcopajieHa YCWJIMBAeTcs ITof BiusHueM Y@, 4Tto
MpOSIBIISIETCS ¢ 3amepxkKoitf B 20—72 4. LilmToToKCcHy-
HOCTh BBICOKA Y TIcOopajieHa, OepranTeHa U KCaHTO-
ToKcuHa. [1pu s3ToMm nox AeiictBueM Y® ypoBeHb UX
(GOTOTOKCUYHOCTH U3MEHSICTCSI B Pa3HOM CTEIeHM.
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V nBy3aMmenmeHHOro (M30NMMMIMHEUIMHA), TepaHU-
JIMpOBaHHOIO (OepraMoTTUHA) WU YIJIOBBIX (bypa-
HOKYMapHHOB (POTOTOKCUYHOCTh 3HAYUTEJILHO ITO-
HIDKaeTcs. YIoBble (DypaHOKyMapWHBI WJIM HE 00-
JJagaloT (OTOTOKCUYECKMMM CBOMCTBAMU, WIU HE
00pa3yloT MHTEPHUTEBBIC CBSI3M, TOJIHLKO MOHOAI-
IyKTHI [78, 79].

Hapymrenne crpykrypsl JJHK npuBonut K Hapy-
LIEHUSIM €€ PeIIMKALMKY Y MOSBJIECHUIO MyTallvii, B
psie ciiydaeB — K pa3BUTUIO oItyxoJjieii. Bo30oyxneH-
HBIE COCTOSIHUS (bypaHOKYMAapUHOB MepeaaroT HEP-
MO KUCJIOpOLY, IIPpU 3TOM MOTYT OOpa30BBIBATHCS
CUHIJIETHBINM KMCJIOPOHA U CYNIEPOKCUA-aHUOH paay-
Kkan [80]. AKTuBHBIE POPMBI KMCIOPOAA CITOCOOHBI
MMOBpeXAaTh sIpa, OpraHeJUIbl, MeMOpaHbl U dep-
MEHTHI 3MUIePMalIbHBIX, TepPMaJIbHBIX U DHIOTEIM-
aJIbHBIX KJIETOK XKMBOTHBIX. OO0pa3oBaHUE IUITNIHBIX
MepPOKCUIOB MeMOpaH, TcopajeH-0eJIKOBbIX aaayK-
TOB U (DOTOIOBPEXICHUS MEMOpaH KJIETOK ITPeAIio-
JIaraloTcs JOMOJHUTEIbHBIMYA NPpUINHAMUA (POTOTOK-
cuuHocTtH [81]. CneacrBueM aeiicTBus pypaHOKyMa-
PVHOB SIBJISIIOTCSI CepPbe3HbIE OXKOTU 1 ITIOBPEXACHUS
Koxmu [82, 83].

6.1.2. AHTUMHKpOOHBIE, (DyHrMIMIHbIE U AHTHBH-
pycHble cBoiicTBa. [IpocThIMU B TOCTAaHOBKE U HE Tpe-
OYIOLLIMMU BEICOKOTEXHOJIOTUYHOTO 000PYIOBAHMSI SIB-
JISIIOTCSI 9KCTIIEPUMEHTBI, BBISIBIISIIONIME aHTHOAKTEPY-
aJlbHble M aHTMMUKPOOHBIE, a TakKe (DYHTMLIMIHbIC
cBoiicTBa (pypaHokyMapuHoB. [TosTomy nociie ¢oTo-
U IUTOTOKCUYHOCTH 3TO OIHU U3 HAanO0JIee N3BECTHBIX
X CBOICTB, KOTOpPBIC CTaJIM u3ydaTb ¢ 1950-x Ir. — ¢
MOMEHTa OTKPBITUS psaa (PypaHOKyMapUHOBBIX Be-
mecTB. B KadecTBe mprMepa MOKHO MPUBECTU Mac-
COBOE€ HcclienoBaHue: 33 KyMapuHOBBIX U DYypaHOKY-
MapUOBBIX COEOUHEHMsSI IPOTUB CEMU OaKTepHab-
HBIX, TPUOHBIX M BUPYCHBIX IIITaMMOB (Staphylococcus
aureus, Escherichia coli, Mycobacterium tuberculosis,
Microsporum lanosum, Candida albicans, Entamoeba
histolytica, Trichomonas vaginalis) [84], npu 3Tom 14
COCIVMHEHUI TII0Ka3aJd aHTUMUKPOOHYIO aKTUB-
HocTh. [IpogeMoHCTpUpOBaHa aKTUBHOCTHL (hesio-
NTepuHa MPOTUB CEMU OaKTEpUaTbHBIX M TPUOHBIX
mTaMMoB, Bkmodasi E. coli [85], KCaHTOTOKCHHA,
GepranTeHa, U3ONMMMITUHE/UIMHA IPOTUB S. aureus n
Candida albicans [86], npanuumruHa — ripotus C. al-
bicans [87].

Kaxk B cocTaBe pacTUTENIbHBIX 9KCTPAKTOB, TaK 1
BBIIEJICHHEIE B YMCTOM BHIe (ypaHOKYMapUHBI 00-
JIamaloT U aHTUBUPYCHBIMU CBoOlicTBamMu. Tak, mM-
TepaToOpuH IeiCcTBOBaJ IIPOTHUB BHpyca Tepreca
HSV-1 [88], okcuneitienaHnH IMOAABISUI PEIINKa-
o Bupycos rpunna HIN1 u HIN2 [89], a ricopa-
JICH Y aHTeJINIINH MOMaBISIA PEeITUKAIIUI0 TaMMa-
recriepsupycoB MHV-68, EBV u KSHV [90]. Bos-
MOKHO, (hypaHOKYMapUHBI SIBJISTIOTCST YaCThIO aHTH-
BUPYCHOTO MMMYHUTETA pacTeHMIA, OOHAKO TaKHe
WCCIIeMOBaHNs B OTHOIIEHUM PACTUTEIbHBIX BUPY-
COB HE MPOBOAUJIN.

IITPATHNUKOBA

6.1.3. Uncekrnmuasl. [1pucyrcTBue pypaHoOKyma-
PUHOB B PaCTEHUSIX 3HAUUTEIBHO CHUXKAET UX Moe1a-
HUE HaceKOMBIMU. Takue cBOIiCTBa ObLIM MOKa3aHBI
IS U30MMMMIIMHEIUIMHA, OeprarTeHa, n3ooeprarre-
Ha U NMUMIWHEJIMHA, KCAHTOTOKCUHA, TcopalieHa,
aHTeJULIMHA, iefinenanuHa [91]. Yriosbie pypaHo-
KyYMapyWHBI TOKAa3aJIu MeHbIINKN 3(PPEKT, a METOK-
CUWJIbHBIE U Oe3panuKaiabHble (pypaHOKyMapuHbl —
OoJice CUJILHEIN, YeM (pypaHOKYMapUHBI C U30IIpe-
HougHbIMU (C5) 3amectutensamu [92]. Ha npumepe
9KOJIOTUYECKUX B3aMMOOTHOIICHUM pa3IudHbIX
HAaCeKOMBIX 1 (PypaHOKYMapHH-COIEepKalllX pac-
TeHuit Pastinaca sativa i Heracleum, KoTopble SIBJISI-
I0TCSI UX KOPMOBOM 0a3014, MPOBEEH PSII UCCIIET0Ba-
HU TIpolieccoB KoaBomouuu [93—95].

6.1.4. Yuactue B OTBeTe Ha CTPECC U DJIUCHUTOPBI.
B oTBeT Ha TTopaHeHMe KOpHE U JMCTheB Petroseli-
num crispum [96] vnu nipu 3apaxeHun GUToGTOpPOit
nouex P. crispum [97] BOKpYT MOBPEXIESHHBIX yJacT-
KOB YBEJIMYNBAJIaCh aKTUBHOCTH (hepPMEHTOB CUHTE3a
dypanokymapuHoB (PAL, 4CL, BMT) u HakarinBa-
Juch ¢ypaHokymapuHbl [98]. CxomHble SBIECHUS
(HakoruIeHHS (ypaHOKYMapHMHOB M YBEJIMICHHE aK-
TUBHOCTM UX (DEPMEHTOB CHHTE3a) HaOJomaiud B
KyJIbTypaX KJIETOK MpU 0O0paboTKe METUIKacMOHa-
oM (P crispum [99]), IpOXKEBBIM 3KCTPAKTOM
(Glehnia litoralis [ 100]) 1 2IUCUTOPOM Ha OCHOBE BbI-
TSKKM U3 Tpubda utodTopsl (Ammi majus [101], Pso-
ralea coryifolia [102], P. crispum [103]). Takuum oOpa3om,
bypaHOKyMapUHBI SIBJISTIOTCST YACTHIO 3aIITUTHBIX peaK-
Uil pacTeHUsI Ha MOBpPEXIeHNE B pe3ybTaTe BO3-
TEeCTBUS TTATOTEHOB.

6.2. buoaoeuueckas akmueHoCmy YypaAHOKYMAPUHOB
onsa venoseka. Poab 6 meduyune

IIpumenenne ¢ypaHOKyMapWMHOB B MEIWIIMH-
CKUX LIeJIIX — Ype3BbIUaifHO OOILIMpPHAasI TeMaTrKa, Ha
3Ty TeMy eCTh IoApoOHBIe 0030pbl [5, 104—106].
B 3TOM 0030p€e MBI OTpaHUYNMCS TUIITL HEKOTOPBIMHA
MpUMepaMH.

6.2.1. Jleuenne KoKHbIX 3a0oneBanuii. C Hayasa
MX aKTUBHOTO HccienoBanus B 1950-x rr. pypaHOKY-
MapuHBI U3YYaIOTCS He TOJIBKO KaK BeIlleCTBa, HAHO-
csIllIMEe OXOTU, HO U KaK JIEKapCTBEHHbIE CpeACTBa
IS JIeYeHUsI KOXHEBIX 3a00eBaHuii. OMHUM U3 TIep-
BBIX TaKMX BEIIECTB OKA3aJICs KCAHTOTOKCHUH B Jieue-
Huu ncopuasa [107] u Butunuro [108]. B HacTosIee
BpeMsI IUIs1 JIeYeHUSI IIcopurasa HMCIIONb3YIOT IIcopa-
JeH-Y® Tepanuio (P-UVA), B KOTOpoil IpUMEHSIOT
TcopajeH, OepranTeH, KCAaHTOTOKCUH U CUHTETUYe-
CKUi1 aHaJIor, He BCTpevaroluiics B pacteHusx Um-
belliferae, TpuokcaneH (TpumerwiarcopaneH) [109].
ITpousBoagHbIE TcopajieHa MOI ASHCTBUEM YJbTpa-
duosera cTuMyJIMpoBanu npoarudepanunio u gudde-
peHIUPOBKY MeaaHouuToB [110], mHrmOupys neie-
Hue 6a3aibHbIX KJIeTOK [111]. DTo Xe CBOMCTBO MPO-
M3BOMHBIX IICOpaJieHa HCIIOJb3YeTCs IIpU JICYSHUU
sutuanro [112].
®U3UOJIOTUS PACTEHUN Ne 7
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6.2.2. IIpoTruBoomyxojeBass akKTMBHOCTb. lccie-
JoBaHUS (PypaHOKYMapMHOB KaK IPOTUBOONYXOJIe-
BBIX areHTOB BeayTcs yxke okoiyio 70 ynetT. B Haleii
CTpaHE OHM HAYaJHCh €Ile BO BTOPOI ITOJIOBHHE
1940-x rr. B BUJIAP. B pa6orax rpynnsl HukoHoBa
[113] 6BL10 coellaHO HaOIOASHME, YTO AHTUMUTOTH -
YyeCKM aKTHUBHBIC Ipelaparhl CcoaepxXaaud KapOo-
HWIBHYIO TPYIITY, HaXOISIIYIOCS B COMNPSIKEHUU C
OOHOI WJIM HECKOJIBKUMM JIBOMHBIMU CBSI3SIMU, B
YaCTHOCTH, JTaKTOHBI KYMapMHOBOM TPYMIIbI, Kap-
OOHMJIbHAS I'PYIMIa KOTOPBIX HAXOAMUTCS B COTIPSIKe-
HUU C TBOMHOM CBSI3bIO IIMPOHOBOIO KOJIbIIA U apO-
MaTUYECKUM SIAPOM. DTO 3aCTaBUJIO HCCIIedOBaTe-
JIeii oOpaTUTh BHUMaHME Ha I'PYNNY MPOU3BOIHBIX
rcopajieHa — (pypaHOKyMapuHOB. JlurnapodypaHo-
KyMapuHBI IefiICTBOBaJIA MpU 3TOM cjabee, 4eM Je-
TUIPUPOBAHHbBIE TPOU3BOIHbBIE, BEPOSITHO, M3-3a Ha-
pYLIEHUsI CONIPSIKEHHOCTU CBSI3€i, a BellecTBa C
METOKCWJIbHBIMM pagukKajiaMu — 3¢ eKTUBHEE Be-
IIECTB C TUAPOKCUIbHBIM WM aJIKUJIbHBIMU paau-
Kanamu. B mocnenyiomux paborax TOU Ke I'PyNIbI
[114] 661 MccnemoBaHbl 113 BUIOB pacTeHMiT n3 18
CEMEMCTB M IT0Ka3aHa BbICOKAsI IPOTUBOOMYXOJIEBas
aKTUBHOCTH (Ha KJIEeTKaxX aCLUTHOTO paka DpJimxa)
TSI DKCTPAKTOB 75 pacteHuii 1 11 MHINBUIYaTbHBIX
BEILIECTB.

M3ydyeHre aHTUMUTOTUYECKUX CBOMCTB U MeXxa-
HU3MOB LIUTOTOKCUYECKOTO IeiiCTBUST (DypaHOKyMa-
PMHOB C TeX MOp 3HAYUTENbHO paciuupuioch. Hadmio-
JlaJTi 3alIUTHBIE CBOMCTBA (DypaHOKYMapWHOB B CJTy4ya-
SIX JIEUKEMWU, TIIMOMBI, 3JIOKAYECTBEHHBIX OITyXOJEN
IPyau, IETKUX, TOYEK, TTIEYEHU, IIEUKU MATKU, IUYHU -
KOB, TIpocTathl U Ap. [106]. Cpeay MexaHU3MOB Jeii-
CTBUSI — MHAYKLMS anonTro3a, ayrogarus [115], Ha-
pYyIIEHUS KJIETOYHOTO LIMKIIA.

MuayKiys anmonTo3a NpoOUuCcXoauT yepe3 psil CUT-
HaJIBHBIX CUCTEM KJETKU U (haKTOPOB TPaHCKPHUII-
M, Ha KOTOphIE OKAa3bIBAIOT BIMSHUE (DPYypaHOKY-
MapUHOBBIE CTPYKTYpPHI. Tak, ¢ pa3BUTHUEM PaKOBBIX
U BOCHAJMTEIbHBIX TPOLIECCOB CBSI3aH SIEPHbII
dakrop kanmna (Nuclear Factor Kappa of activated B
cells, NF-kB). ®ypaHokymMapuHbl (HaripuMep, Ico-
panieH [116]) THrMOMPOBAIU aKTUBHOCTh 3TOTO (paK-
TOpa U MOCJeAyIolIe HeTaTUBHbBIC MPOLIECCHI, UM
BhI3bIBacMBle. DochaTnanIMHO3UTON-3-KUHA3HI
(PI3/Akt) nHaKTUBMPOBAJIU KacIia3bl U Apyrue dep-
MEHTEHI aIloITo3a; (pypaHOKyMapUHBI aKTUBUPOBAIN
9T (epMeHThl uyepe3 TmomaBieHue Pl3/Akt-myTtu
(HanmpuMep, KcaHTOTOKCcUH [117]). ®akTop pS53 mo-
IaBIISI pa3BUTHE OITYXOJICH, Hapyllas KIIETOYHBIN
LUK U CTUMYJIHUPYsd anonto3. dypaHOKyMapUHBI
YCUJIMBAJIY €ro KCIpeccuio (HarpuMep, UMIepaTo-
puH [118]). AKTUBMPOBAIMCH alIONTOTUYECKIE Kacma-
3b1, a KJIETOYHBII IIMKJT OCTaHaBIMBaJIcd B pase G1.

OcTaHOBKa KJIETOUHOTO LIMKJIA — TaKXe OOUH U3
MEXaHU3MOB IIUTOTOKCUYECKOTO AENCTBUS PypaHO-
KyMapuHOB. blIoKnpoBaHue MOXET MMPOUCXOAUTH Ha
pasHbix ¢azax (G2/M, G1/S) [104]. Hampuwmep,
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OepranTeH MHIMOWpPOBal UMKIWH Bl, yTo npuBonu-
JIO K 3a/lepKKe KJIeTouHoro 1ukia Ha ¢aze G2/M, a
3TO, B CBOIO OYepelb, HApyIIalao Mpoudepaluio u
BBI3BIBaJIO arronTo3 [119].

LluToToKkcHUUecKre CBOMCTBA MOKAa3aHbI KaK sl
JIMHeNHBIX (1icopaieH [120], 6epranrten [121], KcaH-
TOoTOKCHH [122], umnepaTopuH [123], m3ommmeparo-
puH [124], okcuneiinienanuH [125]), Tak 1 Wit yriio-
BbIX (aHTeqmuuuH [126]) dypaHokymapwHoB. Ilpu
9TOM aHTEJIMIIMH cYMUTaeTcs 6oJiee MepCreKTUBHBIM
B KayecTBe aHTUPAKOBOIO areHTa, IMOCKOJIbKY He
nMeeT TMTOOOYHBIX (POTOTOKCUUECKUX U KaHLIEPOTeH-
HBIX CBOICTB [126].

6.2.3. Kanneporennoctb. Hapsimy co cBoiicTBamu
LIUTOTOKCUYHOCTH, (pypaHOKYMapWHBI MOTYT OBITh
KaHIleporeHaMu. MHOTOJIETHUE UCCISAOBAaHUS IT0-
Kazanu, 4to uyepe3 15—25 et nocie PUVA-Tepanun
y HallIEHTOB MOIJIA Pa3BUBAThCS IJIOCKOKIIETOUHAS
KaplIMHOMAa, KaplMHOMAa 0a3ajlbHBIX KJIETOK U He-
MeJIaHOMHBIHM pak Koxku [127, 128].

6.2.4. Vcnosp30Bande B KOCMETHYECKHX KpeMax.
ITockonbKy OBLIO BEISIBICHO, 4TO (hypaHOKYMapUHEL
BIMSIOT Ha coAep:KaHuWe MeJaHMHa M Ipojmdepa-
LIMIO KJIETOK, €ro BhIpabaThIBAIOIINX, UX YaCTO HO-
0aBJISIIM B KOCMETUYEeCKMe KpeMa. MiMmepaTopuH 1
M30MMITIEPAaTOPUH CHIDKAJIU COAEpXKaHWE MeJlaHMHA
(B KJIeTKax MeJlaHOMbI B16) 1 MHrMOMpOBaIn B HUX
SKCHPECCUI0 TUPO3UHA3KI, TO3TOMY OBUIA MPEIJIo-
KEHbl KaK areHThl IJisg OoTOenmBaHuS Koxu [129].
Taxeke mogaBisIIOT CUHTE3 MeJlaHMHA (DeIIONTEeprH,
repakjeHVH, KOJyMOMaHagWuH W OKCHUIIeHIeTaHNH.
IIcopaneH, KCaHTOTOKCHH, W3ONMMIIMHEINH, Te-
paKJICHOJI, OKCHUIIeHIeNaHUH TUapaTr, ObsKaHTeIn-
LIH Y 30YJTUH, HA000POT, YBEINYMBAIOT CUHTE3 Me-
nmaamHa [130]. [TosToMy pypaHOKYMapUHBI UCITOTb-
30Bajid B KOCMETHMYECKUX KpeMax W ISl JIeYCHUs
putwmro [131]. OmHakKo, ITOCKOIBKY OHM HMEIOT
KaHIIEPOTeHHYIO U (POTOTOKCUIECKYIO aKTUBHOCTD, B
psiie a3uaTCKUX M eBPOIEHCKUX CTpaH colepxKaHue
¢ypaHOKYMapuHOB B KOCMETMYECKMX COCTaBax HeE
MpeBBIIIAET OIIpeneaeHHoro ypoBHsS [132, 133].
IIpemwioxxeHo TakKe ONpenesisiTh UX CoAepKaHUE MO
IIEeCTH MapKepam: OepranTeH, OepraMOTTHUH, Obsi-
KaHTEJIMKOJI, 3IIOKCUOEPraMOTTUH, M3OIIMMIIMHEII-
JuH U okcuneiuenanuH [133]. IIpu aToM HoTOMNTE-
pOJI BKJII0YAeTCsI B COCTaB KOCMETUYECKIX KOMITO3M -
onii [134] Kak areHT, CHWXaOIW coaep:KaHue
MeJIaHUHa.

6.2.5. HeiiponpoTtekTopbl. ONHOI U3 MPUYMH Heli-
ponereHepaTUBHBIX 3abojieBaHuil (Oosnesznu Ilap-
KMHCOHA U AJblreiiMepa) SIBASIETCSI XOJIMHEpIruye-
CKMI HEIOCTAaTOK B TKaHSIX MO3ra, CBSI3aHHBII, B TOM
yucjie, ¢ TMeperu30bITKOM alleTUIXOJMHICTepa3bl U
OyTUpMIXOJIUHACTEepa3kl. B psae nyoaukanuii ObL10
MOoKa3aHo, 4YTO (pypaHOKyMapuHbl HMIIEPaTOPUH,
okcurelenaHuH, 6epranteH, ncopajeH CroCOOHbI
WHTrUoupoBathb 3Tu pepmeHTsI [ 120, 135—137].
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6.2.6. 3amenntem acrporenos. MypaHokymapu-
HbI (8-TUIPOKCHU-5-METOKCHUIICOPAJIEH U aJlJIOM30-
MMITEPAaTOPUH) BHI3BIBAJIM 3CTPOTeHHBIN OTBET (MH-
IYKIWIO mIeJ109HOoM pocdaTassl AP) y KiIeTokK ¢ 3CT-
poreHoBbIM petnieritopoM (“Ishikawa cell line) [138].
Bkcnpeccust acTporeHoBoro petienropa o (ERo) s18-
JIAeTCsl MapKepoM paka rpynu. bepranren cHmkan
€ro 3KCIIPECCUIO0 yepe3 YOMKBUTUH-IPOTEaCOMHBIN
MyTh PEeryJsiliuu conepxxaHusi 6eynkoB [139]. Dep-
MEHTaTUBHAas aKTUBHOCTh PI-3 KuHa3bI B 3CTporeH-
3aBHMCUMBIX pakoBhIX KieTkax MCF-7 ycunuBanachk
mon, IefCTBMEM 3CTpaamojia; OepranTeH OcCalJIsuI
BAUSIHME 3cTporeHa [140].

6.2.7. AaTHocTeonopo3Hbie cBoiicTBa. Ilcopanen
ycuauBaeT mnpoaudepalnuio U auddepeHIannio
ocTeo0JIacTOB, MHruoupyer auddepeHInanmno u
aKTUBAIIMIO OCTEOKJIACTOB, CHITKAET BOCTAJICHUE M
YBEJIMYMUBAECT MPOJOIKUTEIBHOCTb XU3HU XOHIPO-
muToB IIpu ocreoaprputax [120]. CxomHBIMM CBOIi-
cTBa obyagaeT u 6epranTeH [121]. I'epakitenuH ycn-
JuBaeT nuddepeHIManunio ocTeo61acToB U MUHEpa-
JIN3AIINI0  ME3CHXUMAJIBHBIX CTBOJIOBBIX KJIETOK
[141]. Takmm o6pa3om, pypaHOKYMApUHBI paccMar-
pMBaIOTCSI KaK BO3MOXHBIE JIeKApPCTBEHHbBIC Bellle-
CTBAa JJIs1 IYEHUSI KOCTHBIX 3a00JIeBaHUM.

6.2.8 AHTHBOCHAJIUTEIbHbIE H HMMYHOMOIY.IMPYIO-
mue cBoiicTBa. P ypaHoKyMapruHOB, B TOM YHCJIE
JUMepHbIe, UHruoupoBanu cuHTe3 NO, y4yacTByIO-
1Iero B npoueccax Bocnanenus [20, 142]. dypaHo-
KyMapuHOBBIE CTPYKTYpPhI (aKTUBHEE BCETO Ipem-
IIIECTBEHHUK YTJIOBBIX (YpaHOKYMapUHOB OCTEHOJI
U S5-3aMelleHHbI (ypaHOKYMapUH UMIEPaTOPUH)
MHTUOMPOBAJIM aKTUBHOCTb HEUTPODUIIOB, ITPUBO-
JISIIYI0 K BOCHAJIMTEIbHBIM peaKlusM (BbICBOOOXK-
JIeHre aKTUBHBIX (hOpM KHCI0POIa U IpOoTeas3kbl dJ1a-
cras3nl) [143]. HomakeHnH MHTruOMUpoBan (pepMeHTHI
cuHTte3a NO, cuHTe3a npocramiaHauHa E2, mpoBoc-
MaJINTEIbHBIX HUTOKMHOB 1 CHIXKAJI BEIPAOOTKY APY-
rmx (akTopoB, BAMUSIOIINX Ha BocrnajeHue [144].
KonymMbuaHeTH MHIMOMpOBal BBIXOA TMCTaMUHA U3
TYYHBIX KJIETOK Y CHMKAJI YPOBEHb MHTEPJICHKIHOB
n ¢akTopa Hekpo3sa omyxoneii TNF-o, akcrnpeccuio
nukiaookcureHasel COX-2 [145, 146]. Konym6uana-
JIVTH IIPUMEHSIETCSI IIPH JICICHUM OCTe0apTpUTOB [ 147].

6.2.9. AHTHOKCHAAHTHAA AKTUBHOCTh. MHOTOYMC-
JICHHBIE pabOTHI MOCBSIIEHB aHTMOKCUIAHTHOM aK-
TUBHOCTU (ypaHOKYMapuHOB. XOTSI U B JOBOJIbHO
BBICOKMX KOHIICHTpAIUSIX, (ypaHOKyMapUHBI U30-
MUMIIHEIUITMH, TUMITUHEIJTMH, OepranTeH MoIaBIs -
JIU TIepeKHUCHOe oKucaeHue aunuaoB [148, 149]. Ok-
CUTIeHIIeMaHH W OKCUTIeHlleaHNH TUIpPAT, U30-
WMIIEpaTOPUH M KCAaHOTOKCHH TakXKe IToKa3aau
AHTHMOKCUIAHTHYIO aKTUBHOCTbB, XOTS U 6oJjiee clia-
Oy10, 4eM aKTUBHOCTh CHHTETUYCCKUX aHTHOKCH-
manToB [150]. OxkcurmeiienaHuH M WUMIIEpaTOPUH
CHITXAJTA BBICBOOOXICHNE aKTUBHBIX (DOPM KUCITO-
pomna [151]. AHTHOKCHMAAHTHASI aKTUBHOCTD ITOKa3aHa
TSI aJJIOU30UMIISpaTOpUHA U S-TUAPOKCU-8-METOK-
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curicopaneHa [152]. I1pu 3ToM 3KCTpaKThl pacTeHUIA,
U3 KOTOPBIX BhlJIeJIEHbl KOHKPETHBIE BEllleCTBa, OKa-
3BIBAJINCh OoJice 3(MOEKTUBHBIMA B IOAABJICHUU
OKMCJIMTEJILHBIX PeaKIii, YeM OTIeIbHbIC BElleCTBA
[148], T.e. apdekT MOXET CyMMUPOBATHCS, B TOM
yucie ¢ 9pdeKToM Ipyrux coequHeHuii HedypaHo-
KyMapuHOBOM MPUPOIHI.

7. BBIBOAbI M ITEPCITEKTHWBbI
NCCIEOAOBAHUU

DdypaHOKYMapHHBI IPEACTABISIIOT cO00i1 00IIMp-
HYIO TPYIIY CTPYKTYpP, UMEIOIIUX Pa3HOOOpa3HYIO
GUOJIOTUYECKYIO aKTUBHOCTh. HecMOTpst Ha MX 1M~
POKO M3BECTHYIO (POTOTOKCHUYHOCTD, BelllecTBa dy-
PaHOKYMapUHOBOM MIPUPOALI MOTYT ITPUMEHSITHCS B
MeIULIHE IS JIeYeHUST paKOBBIX M HelipoaereHepa-
THUBHBIX 3360}]683]—{1/[17[, a TaKXE KOXHBIX U KOCTHBIX
6o0ne3Heil. CaMbIMU aKTUBHBIMU B OMOJIOTUYECKOM
IUIaHE SIBJISIOTCS JIMHEHHBIe (ypaHOKYMAapHUHBbI,
UMeEIOIIe METOKCUJIbHbIE 3aMecTUuTeu. Pa3zH000-
pasue CTPYKTYp (PypaHOKYMAapUHOB IIPEICTaBIISIET
GOJIBIIOE TIOJIE IJISI UCCIEAOBAHUS CUHTETUYECKUX U
MeTabO0JIOMHEBIX TIPOILIECCOB.

Hnsa cemeiictBa Umbelliferae (Apiaceae) ceituac
IIPOBOIMUTCS COCTaBJICHHE MOAPOOHOIT 6a3bl, KOTO-
past o0ecIIeunT He TOJBKO CIIMCOK (hypaHOKyMapH-
HOB, KOIa-1100 oOHapy>kKeHHBIX B KOHKPETHOM pac-
TEHUHU, HO U CBSI3b META0OJIOMHBIX JaHHBIX C TaKCO-
HOMMYECKMM TIOJIOKEHEeM pacTeHus. B HacTosiiee
BpeMsI TIOSIBJISIETCST BCe OOJIbIIEe U OOJIbIIIe TEHOMHOM
MHMOPMALIMHK O pa3JIMYHBIX BUAAX PACTEHUIT, KOTOpas
OTJIMYAeTCs HEAOCTaTKOM aHHOTHupoBaHu:. [1omo06-
Has 0aza MOMOXET OOBEAMHUTh TAKCOHOMUYECKUE
(punoreHeTn4YeCKMe), METaOOJIOMHbBIE U TEHOMHbIC
JIaHHbIC YU YIYYIIMTh aHHOTAIIMIO HOBBIX TEHOMOB B
ob6iactn epMEHTOB U TPAHCKPUNIIIMOHHBIX (paKTO-
pOB, BOBJICUEHHBIX B OMOCHMHTE3 (pypaHOKYMapHUHOB.
ComnocTaBieHNUe HAJIMYNS BbISIBJICHHBIX CTPYKTYD Be-
IIECTB B PACTEHUSIX C U3BECTHBIMU MOCJIeI0BATE b~
HOCTSIMM T€HOMOB U OTHEJIbHBLIX T'€HOB ITI03BOJIAT
MIPOCJIEAUTh DBOJIOLMIO (PEepPMEHTOB, OOHAPYKUTh
BapuaHThI IIyTeil OMOCUHTE3a B pa3HbIX TAaKCOHaX
pacteHuii. Han6oJee nmepcrieKTUBHBIMU BO3MOXKHO -
CTSIMM SIBJISIIOTCSI IIPOTHOCTUYECKUE: BO3MOXKHOCTh
omnpeneJeHus M0 TeHOMHOW aHHOTallMU U IIPUCYT-
CTBMIO OIIpeeJIEHHBIX (DepPMEHTOB HAaJIMYUS TeX WIN
WHBIX BEIIECTB B paHee HEUCCIEIOBAHHBIX BUIAX
pacTeHuii, a 1o Habopy BEIIECTB — MPUCYTCTBUS pa-
Hee HeM3BEeCTHBIX (hepMEHTOB OMOCUHTE3a.

ABTOp BhIpaxaeT 0jlaromapHocTh JloraueBoii Ma-
pun OmutpueBHe (UIIIIN PAH) 3a mepBoHavab-
HyI0 uaeio padootel, [InmenoBy Muxauny I'eoprue-
Buuy (buonoruuyeckuii pakynbreT U1 boTaHnueckuii
can MI'Y) 3a KOHCynbTallMM MO CUCTEMATHKE 30H-
TnuHbIX, MaBpuHoii [Tonune (BUJIAP) 3a moMo1s B
OoLIM(POBKE MOJTHOTEKCTOBBIX COBETCKUX MyOJMKa-
it 1950-x rr., HacaeBy [llamcyTnuHy 3a moaroTos-
Ky PUCYHKOB.
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