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TELOMERES
AND TELOMERASE

A. A. BOGDANOV

Telomeres are DNA-pro-
tein structures that cap
the end of eukaryotic
chromosomes. Telomeric
DNA typically consists
of numerous tandemly
repeated sequences which
are synthesized by
unusual RNA-contaning
enzyme, telomerase. The
consequences of alter-
ations in the telomere
length and the telomerase
activity for cell aging and
tumour growth are dis-
cussed in this paper.

Ha KoHYyax fIMHeAHbIX Xpo-
MOCOM 3yKapnOT Haxo4sT-
cs cneynann3npoBaHHble
AHK-6erikoBbie CTPYKTY-
pbl — Tesiomepsbl. Y 60sib-
WHUHCTBA OpraHNM3MoB Te-
nomepHas JHK npegcras-
JleHa MHOroYMcrieHHbIMU
KOPOTKUMU  [MOBTOPaMM.
Ux cuHTe3 ocyLyecTBsieT-
cs Heobbl4HbiM PHK-co-
Aepxawum  ¢hpepmMeHToM
Tesilomepason. B cratbe
obcyxparoTcs CBsA3b 4IN-
Hbl TE/IOMEPHbIX PalioHOB
XpPOMOCOM M aKTUBHOCTH
Tesiomepasbl C npoyecca-
MU cTapeHusi U 3ri10Kaye-
CTBEHHOro pocra.

TEJIOMEPDBI U TEJIOMEPA3A

A. A. BOIrJAHOB

MockoBckuii rocyfapcTBeHHbIN YHUBEPCUTET
um. M.B. JlomoHocoBa

Yurarenu cornacdarcsi ¢ yTBEpXKIEHUEM, UYTO Of-
HUM 13 BAXXHEUIIMX TOCTUXKEHUHN SKCIIEPUMEHTATbHOMN
OMOJIOrMM HAIIETo BeKa CTaJIO CO3aHUE METOIOB KYJIb-
TUBUPOBAHUSI KJIETOK XXUBOTHBIX U pacTeHuit in vitro. C
TTOMOMUIBIO 3TOT0 METO/A KJIETKU CaMbIX pa3HOOOPa3HbIX
TKaHEeW YesloBeKa MOXHO BbIpAllMBaTh HA CIIELIUATIbHO
Moa00paHHbBIX MUTATEIbHBIX Cpeaax, MOI00HO OaKTepH -
SIM WY IPYTUM OHOKJIETOYHBIM OpraHu3MaM. MHoOXe-
CTBO KJIETOYHBIX KYJIbTYp Y€JOBEeKa M3HAYAJIbHO TOJTY-
YEeHO U3 KJIETOK PAKOBBIX OIMyXOJei. DTU KJIETKU MOTYT
NIEJIUTBCS B KYJIbType HEOTPAaHUYEHHOE YMCIIO pa3 (Io-
3TOMY MX Ha3bIBalOT OECCMEPTHBIMU, WJIM UMMOPTAJIU-
30BaHHBIMU). brosioru goroe Bpemsi mpedbIBaIv B yBe-
PEHHOCTH, YTO B ONTHMMAJILHBIX YCJIOBUSIX OECKOHEYHO
JIOJITO MOTYT AEJIUTHCS 1 HOPMAJIbHbIE KJIETKU YeJI0OBeKa
U XUBOTHBIX (KaK B KYJIbTYpE, TaK U B OpraHU3Me).

Onnako B Havaje 1960-x ronoB JleoHapa Xeitdauk
YCTAHOBWJI, YTO B KJIETOYHBIX KYJIbTypax HOpMajibHbIe
JIUILIOUIHBIE (COMaTUUYECKME) KIETKM 4YeI0oBeKa CII0-
COOHBI IETUTHCS JIUIb OTpaHUYEeHHOE Yyuciio pa3. [Ipu
9TOM MpeeIbHOE YUCIIO IeJIeHUH (Ha3bIBaeéMOe TaKXKe
“mumutoM Xeldauka”) CUIbHO 3aBHCHUT OT BO3pacTa
WHAWBUAYYMA, KOTOPOMY 3TU KJIETKU U3HAYATbHO MPU-
Hajuiexanu. Tak, KJIeTKU, KOTOpble Opajiy Y HOBOPOX-
NIEHHBIX, AeaUIuCh B KysbType 80—90 pa3, ay 70-1eTHe-
ro yejaoBeka — TojibKo 20—30 pa3. JlocTurHyB “ammura
Xeii(puka”, KJIETKHU MePeXosIT B COCTOSIHUE OpsIXJIe-
HUs (KOTOPOE B aHTJIOSI3bIYHOM, a TeTeph 3a4acTyio U B
PYCCKOI1 JTuTepaTtype Ha3bIBaeTCs CEHECEHCOM, Senes-
cence), KOTOPOE XapaKTepU3yeTcsl pe3KUM U3MEHEeHU -
€M MeTaboju3Ma, U B TMEPBYIO OYEpe/b HApYylIEHUEM
perutukanuu JHK. Bemen 3a aTum coctosiHueM oObIY-
HO cJieayeT rudeib KJIETOK.

B anuBape 1998 ronga cpeactsa MaccoBoii MHGOpMa-
LI BO BCeM MUpe OyKBaJIbHO B30PBAIUCh COOOIIEHM-
SIMU O TOM, 4TO IPyTMIe aMePUKAHCKUX YUYEHBIX Y1aJIOCh
3aCTaBUTh HOpPMaJbHbIE KJIETKU YeJOBeKa MPEeoI0IeTh
“mumut Xekdamka” modTu BaBoe. BMecTo TOro 4To0h!
COCTapUThCS U YMEPETh, KIIETKU MPOAOJIKAIU NETUTHCS
U BBITJISAENU 1oHbIMU. [Ipu 3TOM NpeBpallleHus ux B
PaKOBbIE KJIETKU (TO €CThb 37I0Ka4eCTBEHHOI TpaHchop-
Mallun) He TIPOMCXOIUJIO: TI0 BCeM MPU3HAaKaM KJIETKH,
MOTEPSIBIIME CIIOCOOHOCTb CTAPUTHCS, OBLIN HOPMAaJTb-
HbIMU. B razeTax HeMenJIeHHO MOSIBUIUCH CTaThU C 3a-
rojloBKaMu Bpojie “IeHeTMKu YTKHYJIUCh B GeccMep-
tne”, “JlekapcTBa OT cTapeHMsT OyayT JOCTYIIHBI, KaK
aciupuH”’, “TabaeTKH OT CTApOCTU CTAHOBSITCS peaib-
HOCTbIO” Y T.II.

YTo e Mpou30IILI0 Ha caMoM jiesie? YueHble U3 1abo-
paropwuii Ixxeppu [letist, Bynpunra Paiita, paboTatoiue



non marpoHaxkeM GupMbl “JIkepoH KopropeuiiH”
(“Geron Corporation”), ¢ IOMOIIBIO U3SIITHBIX TeHE-
TUYECKUX MaHUNYJISIIWAM 3acTaBUIM B HOPMaJIbHBIX
KJIeTKax yejoBeka paboTaTh epMeHT TeoMepasy, ak-
TUBHOCTb KOTOPOIA 10 3TOr0 ObL1a HYJeBOii. Tesomepa-
3a yJacTBYeT B O0Opa3oBaHUM TEJIOMepP-CIeIIMaTbHBIX
CTPYKTYD, PACIIONIOXKEHHBIX Ha KOHIIAX JIMHEWHBIX XPO-
MOCOM 3yKapuoT. Takum 06pa3oM, 0OHOBJIEHUE TEJIOMED
W CTaJIO TIPUYMHOM CIAaCeHUST KJIETOK OT ONPSIXJICHUS.

MHI elle BepHeMcs K 9TOl 3aMevaTe/IbHOI paboTe.
A BHauaJjie 6osiee TOAPOOHO pacCKaxkeM O TOM, YTO Ta-
KO€ TeJIOMephI U TeJoMepasa.

TEJIOMEPbI

Bo MHOrMXx coBpeMeHHBIX YYeOHUKaX TeJoMepamMu
Ha3bIBAIOT CITELIMAIN30BaHHbIC KOHIIEBBIC PalOHBI JIN-
HeliHol xpomocomHoit JTHK, cocrosinne u3 MHOro-
KpPaTHO TTOBTOPSIIOIIMXCSI KOPOTKUX HYKJIEOTUIHBIX
rocjie0oBaTeIbHOCTEH. DTOo orpenesieHre HerojHoe. B
COCTaB TeJIOMep BXOIAT TaKKe MHOTHE OEJTKU, CIIeIIH-
¢duuecku cBs3biBaoIrecs ¢ resoMepHbiMu JHK-mo-
BTOopamu. Takum oOpa3om, TeJloMephl (Tak Xe, Kak U
BCE Ipyrue paiioHBl XPOMOCOMBI 3YKapHOT) TTOCTPOECHBI
n3 aesokcuHykieonporernoB (JAHII), To ects xKom-
muiekcoB JIHK c 6enkamu.

CyliecTBOBaHME CIEUUATbHBIX CTPYKTYpP Ha KOH-
ax XpoOMOCOM OBIJIO ITOCTYIMpoBaHo B 1938 romy Kimac-
CHKaMHU TeHeTUKH, JJaypeataMu HobGeneBckoit mpemMuu
Bbap6apoii Mak-Kinunrok u [epmanom Ménnepom. He-
3aBUCHUMO APYT OT Apyra OHU OOHApYXWIH, 4To ¢par-
MEHTALKSI XPOMOCOM (IO IEICTBHEM PEHTIEHOBCKOTO
00Jy4eHUsT) W TIOSBJICHUE Yy HMX JOTOJTHUTEIBHBIX
KOHIIOB BEAYT K XPOMOCOMHBIM MepecTpoiikaM U Je-
rpagauru XpoMocoM. B coxpaHHOCTH OCTaBaIUCh IV
00J1aCTH XpOMOCOM, TIpPUJIETAIONINE K MX €CTECTBEHHBIM
KoHIIaM. JIMIIIeHHbIe KOHIIEBBIX TEJIOMED, XPOMOCOMBI
HAYMHAIOT CJUBATLCS C OOJIBIION YacTOTOM, YTO BEIeT
K TSDKEJbIM TeHeTuYeckKuM aHoMamusM. CrienoBatesib-
HO, 3aKJTIOYMJIM OHU, €CTeCTBEHHbIE KOHIIBI JIMHEWHBIX
XpPOMOCOM 3alllUIIEHBI CIeIIMAIbHBIMUA CTPYKTYPaMH.
I. Ménnep npenioxXuna Ha3blBaTh UX TeJloMepaMu (OT
rped. TeJ0C — KOHEeIl U MEPOC — YacTh).

B nocenyoiime robl BbISICHUIOCH, UTO TEJIOMEPbI
HE TOJIbKO TPENOTBPAIIAIOT AETpafalvio U CIUSHUE
XpOMOCOM (M TEM CaMbIM TOJAEPXKUBAIOT LIETOCTHOCTh
TeHOMa XO3sIUCKOM KJIETKH ), HO U, TTO-BUIUMOMY, OTBET-
CTBEHHBI 3a MPUKPETUIEHUE XPOMOCOM K CHelMaTbHOM
BHYTPUSIIEPHOM CTPYKType (CBOEOOPa3HOMY CKeJeTy
KJIETOYHOTO $7pa), Ha3bIBaeMOM SIIEPHBIM MaTPUKCOM
(puc. 1). Takum obGpa3oM, TeJIOMEPBI UTPAIOT BAXKHYIO
pOJIb B CO3IaHUY cTieU(UUECKO apXUTEKTYphI U BHY-
TpeHHEW YIMOPSIOUYeHHOCTH KJIETOYHOTO siapa. boiee
TOTO, MBI ITOKaXEM, YTO HAJIMUME Ha KOHIIAX XPOMOCOM
crneuuanbHoil TesioMepHoit JJHK mo3Bosisger pemuTsb
TaK Ha3bIBaeMylo MpobJieMy KOHILIEBOI HeaOoperuiuKa-
uuu JHK.

Tenomepnas JIHK normnaina B mojie 3peHust MOJIeKy-
JISPHBIX OMOJIOTOB CPAaBHUTEJIBHO HEIaBHO, KOTa Obl-
JI1 pa3paboTaHbl 3(hGHEKTUBHBIE METOIBI OTIPEIeIEHUS

BOrJAHOB A.A. TENOMEPbI U TEJIOMEPA3A

Puc. 1. Jlokanndauusa TenomMep B KIIETOYHOM sape 1
Ha MUTOTMYECKMX XpOMOCOoMax 4venoBeka. N3o6pa-
>KEHUS MOJTYYEHbI C MOMOLLLbIO PSTYOPECUEHTHOMN MUK~
pockonuu. GnyopecueHTHYI0 METKY XeNnTo-3e/1eHO-
ro ueTta HecyT cneuuduyeckme 6enku Tenomep;
JHK B xpomocomax okpalleHa B KpacHbIN UBeT: a —
nHTepdasHoe S4p0o, U3 KoToporo 06paboTKom HyK-
neaszamMmu yganeHa ocHoBHas yactb JHK. CeeTawme-
CSl TOYKN TeNIOMEPHbIX OENKOB PACMOJSIOXKEHbI TaMm,
rae HaxoaMTCS SAEepPHbI MaTPUKC; 6 — MUTOTUYECKME
XPOMOCOMBbI. XOPOLLIO BUOHO PacnonoXeHne Teno-
MEp Ha MX KOHLLAaxX

TOCIEOBATEIbHOCTA HYKJICOTUAOB B HYKIEMHOBBIX
kuciorax. IlepBeIMu 00beKTaMU UCCAEIOBAHUSI ObLINA
OITHOKJIETOYHbIE MpocTeiiliue (pecHUYHast nHOYy30pust
TeTpaxnMMeHa, B YaCTHOCTH ), IIOCKOJIbKY M3-3a 0COOEH-
HOCTE# CTPOCHUS SIIEPHOTO M XPOMOCOMHOTO aIapa-
Ta OHU COAEPXKAT HECKOJbKO NECSITKOB ThICSIY OYEHb
MEJIKMX XpOMOCOM M, CJIeloBaTebHO, MHOXECTBO Te-
JIOMep B OJTHOM KJIeTKe (sl CDaBHEHMUSI: Y BBICHINX DY~
KapyoT Ha KJIETKY IPUXOIUTCS MEHEe CTa TEJIOMED).

MHOrokpaTHO IOBTOPSIIOIIMECS OJIOKU B TEJIOMEp-
Hoit IHK mpocTeiiiimx cocTosIT BCEro JIMIIb U3 Iec-
TH—BOCbMU HYKJIEOTUAHBIX OCTaTKOB. [Ipn aTOM OMHA
uens JAHK cuibHO oboraliieHa ocraTkaMy I'yaHUIOBOM
kucyioTel (G-6oraTasi 1ieTb; y TeTpaXUMeHbI OHa MOCT-
poeHa u3 6;0koB TTGGGG), a koMIIJIeMeHTapHas ek
nenb JJHK cooTBeTcTBEeHHO oOoraieHa OcTaTKaMu
LIUTUAWIOBOM KHUCIOThI (C-60raras Liemb).

Y apoxckeit ToBTOPSIONINECs OJIOKU B TEIOMEPHOM
JHK 3ameTHO qIMHHEe, 4eM Y MPOCTeHIINX, 1 3a4ac-
TYIO HE CTOJIb peryisipHble. KakoBo xe ObL10 ynuBie-
HUE YYEHbIX, KOTJa 0Ka3ajoch, uTo TeinomepHas JHK
yenoBeka rmoctpoeHa u3 TTAGGG-0J10K0B, TO €CTh OT-
JIMYAETCsI OT IIPOCTEMIIIMX BCETO JIMILb OAHOM OYKBOIi B
noBrope. bosee Toro, uz3 TTAGGG-610Kk0B 1TOCTpOe-
Hbl TetomepHbie JIHK (BepHee, ux G-6orarbie 1LeIu)
BCeX MJICKOTUTAIONINX, PEITUINi, aM(puouit, NTUI 1
pb16. Ctob ke yHuBepcaieH TeiaomepHbiii JJHK-mo-
BTOP Y paCTeHMi1: HE TOJIbKO Y BCEX Ha3eMHbBIX PAaCTeHUH,
HO Jlaxke y MX BecbMa OTHAJeHHBIX POICTBEHHUKOB —
MOPCKUX BOIOPOCJICH OH MPeNCTaBIeH MOCIeI0BATEIb-
HocTbio TTTAGGG. Bpouem, yIuBJISITLCS 31€Ch OCO-
OeHHO HeYeMy, TaK Kak B TesjomepHoii JIHK He 3akonu-
pOBaHO HUKaKuX 0eJKOB (OHA HE COIEPKUT IEHOB), a Y



BCEX OPraHU3MOB TEJIOMEPHI BHITIOJHSIIOT YHUBEPCAJIb-
Hble QYHKIIMU, pedb O KOTOPHIX Iiia Bhire. [IpaBna,
KaK 3TO 4acTo ObIBaeT B XKMBOI IpUPOJIE, U3 ITOTO 00-
1IEro MpaBuiia eCTh PeKUe, HO BaXHbIe UCKITIOUEHUSI.
Hamnb6omee n3BectHoe n3 Hux — tenomepHast JHK mio-
ToBO# Myxu ipo3oduutbl. OHa IpecTaBIeHa He KOPOT-
KHMMM TTOBTOPAaMM, a PETPOTPAHCITO30HAMM — TTIOJBUXK-
HBIMU TE€HETUYECKMMM 3JieMeHTaMu (ToapoOHee o
TOJBMKHBIX TEHETUYECKUX 2JIEMEHTaX U POJId PETPO-
TPaHCITO30HOB B 00pa30BaHUU TEJIOMEP CM. B CTATBSIX
B.M. Itazepa “IomosornyHasi reHeTU4ecKasi peKOM-
ouHanus” u “IeHeTnyeckasi peKoMOMHaIUs 6e3 ro-
MOJIOTMH: TIPOLIECCHI, BEAYIINE K TTIepecTpoiikKaM B Te-
HoMme” n B.A. [Bo3neBa “IlomBmxuas JIHK sykapuor.
Y. 1-2” B “CopocoBckoM O06pa3zoBarenbHOM 2KypHa-
ne” (1998. Ne 7, 8).

OueHb BaxkHast XapakTepucTuka tejomepHbix JJHK —
¥X IJIMHA. Y JelloBeKa oHa KojeoneTcs ot 2 1o 20 ThIC.
rnap OCHOBaHMH (T.1.0.), 8 Y HEKOTOPBIX BUIOB MBIIIEH
MOXET JOCTUTaTh COTEH T.II.O.

Bbu10o 3amMeueHo, 4To y MHOTMX BUIOB JIBYCITUPAJIb-
Has teniomepHast JIHK Ha camom KoH1e conepkuT of-
HOTSDKEBOHM “XBOCT”. DTOT OMHOTSLKEBOI pallOH Tes0-
mepHoit JIHK mnpexncrasieH ee G-0oraToil Lenbio U
3aKaHYMBAETCS CBOOOMHON 3'-TMAPOKCUIIBHOM TpyII-
noit. COOTBETCTBEHHO O€JIKM TeJIoOMep MPUHSATO MO/ -
pa3nensaTh Ha iBe TPYIIbl: OEIKU, KOTOPbIE CBSI3aHBI C
onHoTsikeBoi TetomepHoit JIHK, u 6enku, cBsizaHHbIE
¢ neytsekeBoit [IHK Tenomepsl. DT 6e1Ky u3yvarorcs
BeCbMa MHTEHCUBHO, HO 3HAEM Mbl O HUX €lle MaJjo.
Het comHeHUi1 B TOM, 4TO TeJIOMEPHBbIE O€JIKU y9aCTBY-
0T BO BceX (YHKIUSAX TeJIoMep, MOMACPXUBAasT UX
CTPYKTYpY U perynupys niavuHy tenomepHoi JIHK (kak
Mbl YBUIVMM HUXeE, JIMHA TeJOMEp — Ype3BblYaliHO
BaXXKHBIM MapaMeTp). YCTaHOBJIEHO, YTO HEKOTOPhIE U3
0EJIKOB, aCCOILMUPOBAHHBIX C JBYCIHPAIbHON TeEJO-
mepHoit JIHK, perynmupyioT akTUBHOCTH OMpeaeseH-
HBIX TEHOB, TTOBBILIAS WU MOAABISIS UX 9KcTpeccuio. B
KayecTBe MpUMepPa MOXHO MPUBECTU IPOXKEBOW Oe-
ok Raplp. Oror JJHK-cBsi3bIBatouii 6e10K, Heco-
MHEHHO, MPUHUMAET Y4acThe B PETYJISILIUM IJIMHbBI Te-
nomepHoit [THK. B To Xe Bpems, maxe Oymyuum B
COCTaBe TEJIOMEPbI, OH YYaCTBYET B aKTUBALIMU U pell-
peccuy TPaHCKPUIILIUM. DTO 03HAYAET, YTO UBMEHEHUSI
WX HapylIeHUsI B CTPYKTYpe TeJIOMEP MOTYT 3aTparu-
BaTh HE TOJbKO UX COOCTBEHHbIE (DYHKIIMU, HO U BKC-
MPECCUI0 XU3HEHHO BAXHBIX T€HOB, HAXOMSIIUXCS B
Ipyrux pailoHax xpomocoM. Kpome Toro, BaxkHble 111
nojyiepkaHusl OOIIEeH CTPYKTYpbl XpOMOCOM OEJKK1
pacnonaraiorcsa Ha JIHK, HemocpencTBEeHHO IpHMEI-
Karollel K TeJIOMepHOU (MHOIIa ee Ha3bIBaloT CyOTes10-
mepHoit JIHK).

TEJIOMEPbI, A. OJIOBHUKOB W MPOBJIEMA
“KOHLEBOW HEAOPEMMUKALUN OHK”

WsBectHo, uyro JHK-monumepasnl, cuHTE3Upys
noyepHiolo tenb JHK, mpoynThiBaloT poauTeIbCKyIO
1IeTb B HaIIpaBJIeHUU OT ee 3'-KoH1Ia K 5'-KoHity. CooT-
BETCTBEHHO JOYEPHSIS IIeTTb CUHTE3UPYETCS B HAIIpaB-

sneHun 5' — 3'. B MpOTUBOIOI0XHOM HaIlpaBJIeHUU
cunre3 nernu JJHK ¢epmeHT Karanm3upoBath HE MO-
xeT (puc. 2). Kpome Toro, JHK-nmonumepasa HaunHa-
€T CUHTE3 TOJIbKO co crienranbHoro PHK-mpaiimepa —
kopoTtkoit PHK-3aTpaBku, kommieMmeHntapHoit JITHK.
Ilocne oxonuanms cunte3a JHK PHK-mpaitmepsr
YIAJSIIOTCS, a TIPOIYCKM B OJHOM M3 TOYEPHUX Lieneit
JHK zamonusrorca JHK-nmommmepasoit. OgHako Ha
3'-konue JJHK Takoii mpomnyck 3aroiHeH ObITh HE MO-
XKeT, ¥ To3ToMy 3'-KoH1eBble yuacTku JJHK ocrarorcs
ONHOTSKEBBIMU, a MX 5'-KOHIIEBbIe YYaCTKU — HeI0-
peruiMpoBaHHbIMU. OTCIOAA SICHO, YTO KaXXIblil pa-
VHA peIIMKallMu XpOMOCOM OylIeT MPUBOAMTH K MX
ykopoueHuto. [ToHsITHO, YTO Mpex /e BCEro A0IKHA CO-
Kpaiarhbcs JHa teaoMmepHoii JTHK.

IlepBrIM Ha mpobieMy “KOHIIEBOM HemoperuiuKa-
mun JJHK” obpatun BHuManve A.M. OJIOBHUKOB B
1971 ropy. OH BbICKa3aJl TMIIOTE3y O TOM, YTO MOTEPSI
KOHIIeBbIX TtocienoBatenbHocTeit JJHK BeiencTeue nx
HeIOpeTUIMKaluu BeleT K CTapeHUI0 KJeTKUu. MHbIMKu
cJIOBaMM, TIPEANoJarajoch, 4YTo Mpolecc YKOPOUeHUs
TeJOMEP U €CTb TOT YaCOBOM MEXaHU3M, KOTOPbI OIl-
penenseT peIUIMKATUBHBLIN ITOTeHIHal “cMepTHO”
KJIETKM, U KOT[Ia JUIMHA TeJIOMEP CTAHOBUTCS YIPOXKalo-
1IIe KOPOTKOM, 3TOT MEXaHW3M IpeaoTBpallacT aajib-
Helimee geyieHre KieTku. A.M. OJ10BHUKOB IIPEAIIOI0-
KWJI TaKKe, YTO B HECTaperolIrux KieTKax (a K HUM
KpPOME PaKOBBIX OTHOCSITCSI 3apOJIbIIIEBbIE, CTBOJIOBBIC
U Jpyrue TeHepaTHBHBbIE KJIETKW) TOJIKHA CYILEeCTBO-
BaTh CNIELIMAIM3UPOBAHHAS (hepMEeHTAaTUBHASI CUCTEMA,
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Puc. 2. Cxema, nnnoctpupytowias BO3HUKHOBEHNE
HeJoPEenIMUMPOBAHHOIO 5'-KOHLA TIMHENHOM XPOMO-
COMbI U CUHTE3 Ha 3TOM KOHLLEBOM y4acTKe TesloMep-
Hon AHK ¢ nomoLwubio Tenomepassbl



KOTOpasi KOHTPOJIUPYET U MOIePKUBACT IJIMHY TEJIO-
mepuoit JIHK.

Tunotesa A.M. OnoBHUKOBa Halllla yOeauTeIbHOE
MOATBEPXKIEHUE B IOCIeAylole roabl. Bo-nepsblx,
OBbLUIO YCTAaHOBJIEHO, YTO TEJIOMEPbl HOPMaJIbHBIX (TO
€CTb OOpPEeYCHHBIX Ha CTapeHMe) KIETOK NeHCTBUTETEHO
yKopaunBaoTcsa Ha 50—60 HYyKJI€OTUIHBIX 3BEHbEB ITPU
KaXJIOM KJIETOUYHOM JieieHuu. Bo-BTophix, B 1984 rony
3. biakbepH u 3. Ipaiiaep Boiaeaiv hepMeHT, KOTO-
PBIi C TOMOIIBIO MEXaHW3Ma, OTIMYHOTO OT MEXaHU3-
Ma peakiivii, Jexamux B ocHoBe perumnkauuu JHK,
cuHTesupyet TeaoMepHyo JJHK. Dtor depmeHT ObLT
Ha3BaH TeJOMepa3o.

KAK PABOTAET TEJIOMEPAS3A

HTaK, ocHOBHOE Ha3HaUYeHUE TeJIOMepa3bl — CUHTe-
31MpOBaTh TaHAEMHO IoBTOpsIoNIecs cerMeHTol JITHK,
u3 KoTopbix coctout G-uenpb teaomepHoit JJTHK. Ta-
KHUM 00pa3oM, oHa oTHocuTcs K kinaccy JJHK-monmme-
pas3, Impu4eM 0Ka3alloch, 4To TeJloMepasa — 310 PHK-
3apucumasg JIHK-nonuMepasa uiau obpatHass TpaHC-
kpuntaza. @epMeHTHI 3TOTO Kjlacca, CUHTE3UPYIOINe
JAHK na PHK-marpuiax, ouyeHb XOpOIIO M3BECTHBI
MOJIEKYISIpHBIM OnojyioraM. OHU 3aKOIUPOBAaHBI U CO-
JIepKaTCs B peTpOBUpYcax (HalmpuMep, B BUPyCe UMMY-
HomeduUIIMTa 4YeoBeKa, BbI3bIBAIOIIEM 3a00JeBaHUE
CIINdom) u cayxat nist cunteda JJHK-konuit ux re-
HOMOB, KOTOPBII B peTpoBupyce npeacrapieH PHK. B
KJIETOUHOM reHOMe 00paTHbIE TPAaHCKPUIITAa3bl 3aKOI-
POBaHbI B PETPOTPAHCIIO30HAX.

PHK, ucrnonbs3yemas TesioMepasoit 1uisi CUHTE3a Te-
nomepHoit JIHK B kauecTBe MaTpUIIbl, BXOIUT B COCTaB
aTOro epmMeHTa. B 3TOM YHMKaJIbHOCTD T€JIOMEpPa3bl:
Ha ceroJiHs 3To eAuHcTBeHHas usBectHast PHK-conep-
XKarias oopaTtHas TpaHCKpuITasa. Teinomepasuslie PHK
V Pa3HBIX OPTaHW3MOB CWJIBHO Pa3INdaloTcs IO JTUHE
U cTpyKType. Teasomepasnl rpocreiiiux conepxxat PHK
miHO#M B 150—200 HYKJIEOTMIHBIX OCTaTKOB (H.O.),
nnuHa TesoMepasHoit PHK uvenoseka — 450 H.0., B TO
BpeMsI KaK TeJloMepasa APOXKel COIepKUT aHOMaJTbHO
mnrHHYI0 PHK (okono 1300 H.0.). Kak 1 1106as apyrast
PHK xnerku, renomepasznas PHK obimanaer cnenugu-
YeCKO BTOPUYHOM U TPETUYHOM CTPYKTYpOii. Bropmnu-
Hasl CTPYKTypa M30JMPOBaHHOI TeiaomepasHoit PHK
JIOCTOBEPHO YCTAaHOBJIEHA TOJILKO IS TeJloMepas Ipo-
creiimux. IIpocTpaHCTBEHHAs! CTPYKTypa TejloMepas-
Hoit PHK B cocTaBe hepmeHTaTUBHOTO KOMILJIEKCA ITO-
Ka ellle HeU3BeCTHA.

MarpuuHblii y4acTOK TpeNCTaBleH B TeJloMepas-
Hoit PHK Tonbko onuH pa3. Ero ajavHa He mpeBbIlIaeT
IUTMHY NIBYX TOBTOpOB B TenomepHoit JIHK, koTopbie
OH KOIMPYET U KOTOPBIM OH, pa3yMeeTcsl, KOMILTIEeMEH-
TapeH.

Tak kak Tenomepasa cuHTe3upyeT cermeHTsl JIHK,
TTOBTOPSIIOIIMECS] MHOTO Pa3, UCTIONb3YsT TOJbKO OJUH
cermeHT cBoeit PHK, ona nomkHa 061a0aTh CHOCOOHO-
CThIO TIepuoaMYecku (ITOc/ie 3aBeplIeHUs] CUHTe3a
KaXxJoro ToOBTOpa) Mepemellatb (TpaHCIOLUUPOBATh)
MaTpUYHBIM y4acTOK B paiioH 3'-KOHIIa CUHTE3upye-
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moii retomepHoit JIHK. Mctounrkom sHeprum mist Ta-
KOTO TepeMelleHusl, To-BUIMMOMY, CIYyKUT caMa pe-
aknusg cuHTe3a mHernu TenomepHoit JITHK, mockonbky
JI€30KCHHYKJIe03unTprudochaThl — CyoOCTpaThl 3TOM pe-
aKIIMU — BBICOKODHEPIreTUYECKME BEIECTBA.

Ha puc. 3 uzodpaxeHa ob1IeNPUHSITAs CXeMa MeXa-
HU3Ma CUHTE3a TeJIOMEPHBIX ITOBTOPOB, KaTajJu3upye-
Moro Teomepasoii. Ha mepBoii craguu Tenomepasa Ha-
xomut 3'-koHel TenomepHoit JJHK, ¢ KoTopbIM 4acTh
MaTpu4yHoro ydactka teaomepasHoii PHK oGpasyer
KOMILJIEMEeHTapHBIi KoMmIuiekc. [1pu aToM Tenmomepasa
ncIoab3yeT 3'-koHell xpoMocomHoit JIHK B xagecTBe
npaiimepa. Janee HacTymaet ouepens PHK-3aBucumoit
JHK-moamMepas3Hoii akTUBHOCTH TejoMmepasbl. OHa
obecriedyuBaeTcsl CreluaqibHON CyObenUHULENH Teao-
Mepasbl, KOTOpasi 1o YCTPONWCTBY CBOETO KaTaJuTU4eC-
KOTO LIEHTpa BO MHOTOM CXO/iHA C OOpaTHBIMU TpaHC-
KpUIITa3aMU PETPOBUPYCOB M PETPOTPAHCIIO30HOB.
Korna cunre3 JJHK-moBTOpa 3akaHymBaeTcs, mpouc-
XOIUT TPAHCJIOKALIMS, TO €CTh MepeMelleHe MaTPUIIbI
U OEJIKOBBIX CyObeAMHUI] (pepMeHTa Ha 3aHOBO CUHTE-
3MpoBaHHbIN KoHell TeJoMepHoit JAHK, u Bech nmkn
TTOBTOPSIETCSI BHOBb.

3HaKOMCTBO Jlaxke C BeCbMa CXeMaTUYHbIM OINUcCa-
HUEM MeXaHMW3Ma TeJOMepa3HOi peakluu (CM. puc. 3)
TIPUBOIIUT K 3aKJTIOYCHUIO, YTO TBYMsI KOMITOHEHTaAMU —
obpaTHOI TpaHCKpunTa3oir u TeinomepasHoit PHK —
IUTSl ee OCYIeCTBJIeHUsT 000MTUCH Henb3sl. HeT comHe-
HUI B TOM, YTO B €r0 COCTaBe NOJIKHBI ObITh CyObeau -
HUIIA, OTBEYAlOIIas 3a MOMCK U CBSI3bIBaHUE 3’-KOHIIA
XPOMOCOMBI (1 BBIITOJTHSIONIASI TAKMM 00pa3oM CBOe00-
pa3Hy10 SIKOPHYIO (DYHKIIMIO); CyObeAUHHUIIA, OTBETCT-
BEHHasl 3a TPaHCJIOKAIIMIO; CYObeANHULIbI, CBSI3bIBAIO-
e IpoaykT peakiuy (ogHoTsoKkeBylo JIHK). B coctaBe
TeJoMepa3bl OOBIYHO OOHApY:XMBaeTcs U OeJIKoBasi
CcyObenMHUIIA C HYKJIEa3HON aKTMBHOCTbIO, KOTopas,

a Cssa3blBaHWE TENOMEPI

GGGTTAG

Xpomocoma 5 AUCCCAAUC Tenon;ae(asHaﬂ
dGTP
dTTP
3 dATP 5
6 3noHrauus
GGGTTAGGGTTAG
5 AUCCCAAUC
| \
B TpaHcnokauus
GGGTTAGGGTTAG
5 AUCCCAAUC

Puc. 3. OCHOBHbIe 3Tanbl CMHTE3a OAHOrO TENOMEP-
Horo JHK-noBTopa Tenomepason



MO-BUAUMOMY, OTHIETIISIET OT 3'-KOHIIa TeJIOMEpPHOM
JAHK omuH 3a mpyruM HEeCKOJBKO HYKJICOTUIOB IO TeX
Mop, TOoKa Ha 3TOM KOHIIE He OKaxXeTcsl MocjaenoBa-
TeJTbHOCTb, KOMIUIEMEHTapHAsl Hy>)KHOMY YJacTKy MarT-
puyHoro cermeHTa TeomepasHoit PHK. Btu cyobenu-
HUIBI TeJIOMepasbl, BHITIONHSIONINE pa3HOOOpa3HbIe
¢yHkuuu B xoxe cuHTe3a G-menu teaoMmepHoit JJHK,
“300pakeHbl Ha pUC. 4, HA KOTOPOM MIpUBEIEeHA TUIIO-
TeTh4YecKasi CTPYKTypa TeJloMepasbl npoxckeit. HyxHo
elle pa3 MOMYepKHYTh, YTO TIOJTHBIN GEJTIKOBBIN COCTaB
depMeHTa He U3BECTEH 10 CHX TTOP HU B OTHOM ClyJae.
IToatomy B Tabi. 1 MpuBeACHBI XapaKTEPUCTUKU TOJIb-
KO XOpOIIO M3YyYeHHBIX OEJIKOBBIX CyObEIUHWI] He-
CKOJIBKUX TeJIOMepas.

Ilupokoe pacpocTpaHeHHE TeIOMepa3 CPeau Y-
KapvOT FOBOPUT O TOM, YTO ME€XaHU3M CHHTEe3a TeJIO0-
mepHoit IHK, KoToprelid MBI HabII01aeM y COBpeMEH-
HBIX OpraHM3MOB, BO3HUK OYeHb AaBHO. boiee Toro,
35BOJIIOLIMOHHO-TE€HETUYECKUI CPaBHUTEJIbHbIN aHAIU3
HYKJICOTUIHBIX MOCJIEAOBAaTEIbHOCTENl T€HOB KaTalll-

a

TUUYECKUX CYOBEIMHUIL TeJIoMepa3 U APYTUX 0OpaTHBIX
TPaHCKPHIITA3 TTOKA3BIBACT, YTO STOT MEXaHU3M MOT CY-
IIIECTBOBATD €111€ 10 TIOSIBJIEHUST TIEPBBIX yKapuoTHJe-
CKUX KJIETOK.

C-uens TenomepHoit IHK cunTe3npyercs ¢ momo-
mblo oobryHoM JAHK-nonuMepassl (cM. puc. 2). Ilo-
3TOMYy 3'-KOHILIEeBO# yyacTok G-liernu, Ha KOTOPOM, T10-
BUAMMOMY, TiepBoHauaibHO Obuta PHK-3aTpaBka, B
KOHEYHOM HTOTE OCTAETCS B OJHOTSDKEBOM COCTOSTHUU
(TO €CTb B IPUHLIMIIE OH TOTOB K TOMY, YTOOBI TE€JIOME-
pa3a HapacTWIa Ha HEM HOBBII TIOBTOD).

TEJNIOMEPAS3A, PAK U CTAPEHUE

PaccmoTpuM naHHble o mirHe TeaoMepHoit JITHK u
aKTMBHOCTH TeJIoMepasbl B Pa3JIMYHbIX KJIETKAX Yeslo-
BeKa, IIpUBeACHHEIC B Ta0I. 2.

Bricokasi TeoMepa3Hasi akTUBHOCTb HaOJtonaeTcst
B IMOJIOBBIX KJIETKAX YeJIOBEKA B TEUEHUE BCEil €T0 KU3HMU.
COOTBETCTBEHHO UX TEJIOMEPBI COCTOSIT U3 HaubOIblLIe-
ro yucya JIHK-1moBTopoB 1 cofep:Kat Bce He0OXOAUMbIe

6

Puc. 4. TvnoTteTnyeckas cTpykTypa TenomMmepasbl gpoxokeit no A.B. MeTpoBy: a — HykneasHas cyobeamHmnua (3) tenome-
pasbl “06bepaeT” 3'-koHeL, xpomocomHol AHK, TemM cambiM npeBpalLaeT ero B nparimep ans AHK-nonrmepasHoi peak-
umu; 6 — cuHte3 AHK-nosTopa Ha PHK-maTtpuue. 1 — obpaTtHas TpaHckpunTasa, 2 — TenomMmepasHasa PHK, 3 — Hykneasa,
4 - “akopHas” cybbeanHuua, 5 — cybbeanHuua, CBA3biBaloLasi BHOBb CUHTE3UPOBAHHYI0 oaHOTsxeByo JHK, 6 — kom-
nnemeHTapHbli PHK-AHK-komnneke, 7 — gpyrue cy6beanHuLbl TeoMepasbl

Tabmmna 1. XapakTepuCTUKU HEKOTOPBIX OETKOBBIX CYyObEAMHUIL TeJIOMepa3 pa3IMuHbIX OPraHU3MOB

OpraHnusm Benox | /mmHa, a.x. | Macca, kDa DyHKIyst
Wudbyzopus Tetrahymena thermophila| Tt-TERM 1117 133 OG6paTHast TpaHCKpPUIITa3a
p80 807 80 Bsaumoneiicteyet ¢ p95 u TenomepasHoit PHK
p95 943 95 B3aumozeiicTByeT ¢ 0JJHOLIETTIOUYEYHOI TeoMep-
Hoit JIHK
Wudbyzopus Euplotes aediculatus pl23 1031 123 OO6paTHasi TpaHCKpUIITa3a
Hpoxcku Saccharomyces cerevisiae EST2 885 103 O6paTtHas TpaHCKpHIITa3a
Mpie Mus musculus MTERT 1090 130 OO6parHas TpaHCKpUIITa3a
TP1 2652 240 Amnasor p80
Yenosek Homo sapiens HTERT 1060 127 OO6paTHasi TpaHCKpUIITa3a
TP1 2627 260 Amnajor p80 (BO3MOXHO, IIPEIOXPaHSIET TEJIOME-
pasnyio PHK ot nerpagannmu B coMmaTH4eCKUX
KJIETKaX)




Ta6muua 2. Jnuna tenomepHoii JJHK 1 akTMBHOCTH TeJloMepasbl B KJIETKAX YeI0BeKa

Turm kietoxk Tenomepsl, T.I.H. TenomepasHasi aKkTUBHOCTb
ITonoBeie 15-20 Bricokast
ComaTtuueckue 10—12 npu poxXaeHNUM, YMEHBIIAIOTCS C BO3pacTOM OTCyTCTBYET
PakoBbie 4-6, 10—15 Ipucyrcteyer B 80% ciyyaeB

OeJIKY 711 HOpMAaJIbHOM ITponudepauy KIeTOK. AHa-
JIOTUYHAsI CUTyallusl HaOMIOAaeTcs] W IJIsl CTBOJIOBBIX
Ki1eToK. HalloMHMM, 4TO CTBOJIOBbIE KJIETKU IENSITCS
HeorpaHuyeHHO a0jro. OMHAKO y CTBOJOBOI KJIETKHU
BCerla eCTh BO3MOXHOCTbD JIaTh JBE TOUYEPHUE KIETKH,
OHAa M3 KOTOPBLIX OCTaHETCS CTBOJIOBOI (“OeccMeprt-
HOI1”), a Apyrast BCTYIUT B IIpoliecc AudhepeHIIMPOBKU.
Bnaronapst 3ToMy CTBOJIOBBIE KJIETKU CITYXKAT TTOCTOSTH-
HBIM MCTOYHMKOM Pa3HOOOPAa3HBIX KJIETOK OpraHU3Ma.
Hanpumep, cTBOJIOBbIE KJIETKM KOCTHOTO MO3Ta HaloT
Hayajio TeMOIo33y — Mpolieccy 00pa3oBaHUsl KIJIETOK
KpOBH, a U3 0a3aJIbHBIX KJIETOK 3MUAEpMUCa TTPOUCXO-
IIAT pa3HOOOpa3HbIe KIETKU KOXHOro rmokposa. Kak
TOJIbKO TIOTOMKH TOJIOBBIX MJIM CTBOJIOBBIX KJIETOK Ha-
yyHaloT 1 depeHInPoBaTLCS, AKTUBHOCTD TeJIOMepa-
3bI MaJaeT ¥ UX TeJIOMEePhl HAYMHAIOT YKOpaunBaThCs. B
KJIeTKax, muddepeHIIMpoBKa KOTOPBIX 3aBeplieHa, ak-
TUBHOCTD TeJIOMepasbl MafaeT 10 HyJs, U, KaK MBI YXe
OTMEYaIM, C KAXKIbIM KJIETOYHBIM JIeIeHUEM OHU C He-
U30€XXHOCTBIO MPUOJIMKAIOTCS K COCTOSTHUIO CEHECEH -
ca (TmepecramoT IeIuThesI). Beiem 3a aTuMm HacTymaet
KpU3UC, U OOJNBIIMHCTBO KJIETOK morudaior (puc. 5).
DTa KapTUHa XapakTepHa Ul MOJaBISIONIEro 00b-
IIMHCTBA U3BECTHBIX KYJIbTYP KJIETOK 3yKapuoT. OmgHa-
KO ¥ 37IeCh €CTh PeIKKe, HO BaXKHbIC MCKITIOUCHUST: Te-
JioMepa3Has aKTUBHOCTb OOHApyXMBaeTCsSd B TaKHUX
“CMepTHBIX” KJIeTKaX, KaK Makpodaru 1 JISHKOLIUTHI.
HenaBHo ObUIO yCTaHOBIEHO, YTO HOPMAJIbHBIE CO-
MaTUYeCKMe KJIETKU TOTOMY JIMILIEHBI TeJIOMepa3HO
aKTUBHOCTH, YTO B HMX ITOJTHOCTBIO TTOIAaBJicHA 3KC-
Ipeccusl reHa ee KaTaJIMTUIECKOU CyObeaMHMIBI (00-
paTHO# TpaHCKpUMTa3bl). Jpyrue xe cocTapisioliue
TeJloMepasbl, BKIodas TeiaoMepasHylo PHK, obpasy-

[AnnHa Tenomep

(T.M.H.)
3apoapliieBbie KNeTkn
TeﬂomepaaHaﬂ aKTUBHOCTb NPUCYTCTBYET
M5
HopwmarsbHble coMaTnyeckme KneTkm
TenomepasHaﬂ aKTUBHOCTb OTCYTCTBYET
PakoBble kneTku
TenomepaaHaﬂ AKTUBHOCTb
-7 L npucyTcTByeT
L OKpU3NCHbIE KNETKUN
02-4 ¢ TenomepasHasi akTUBHOCTb
OTCYTCTBYET

.
”J'IJAMMT“ Kpnauc Yucno
Xeiidnvka KNETOHHBIX
nenexHui

Puc. 5. Cxema, nnnoctpupyouias Ces3b ANMHbI Te-
nomepHon JHK n aktmBHOCTM Tenomepasbl C 0CO-
OEHHOCTSMM KNIETOYHOIO AENEHNS Pa3NYHbIX TUMOB
KNeToK
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J0TCS B 9TUX KJIETKAX, XOTS U B MEHBIINX KOJIMYECTBAX,
YeM B UX “OeCCMepTHBIX” MPapOAUTEISIX, HO IIOCTOSIH-
HO (WM, KakK TOBOPSIT, KOHCTUTYTUBHO). OTKpbITHE
atoro BaxHoro ¢dakra JIx. [lleem, B. Paiitom u ux co-
TPYAHUKAMU U CTAJIO OCHOBOM JIJISI TOM CEHCALIMOHHOM
paboThI MO MpeoqoJeHUIO “TuMuTa Xeidauka”. [eii-
CTBUTEJBHO, BCE OCTAJIbHOE ObLIO YK€ JEJI0M TEXHUKU
(XOT$S1 MU OYEHDb HETIPOCTOIA).

B HopMasbHBIE cOMaTUYECKWEe KJIETKU ObLT BHECE-
HbI T€HbI TeJIOMEpPa3HOW OOpaTHON TPaHCKPUITA3bl C
TTOMOIIIbIO CIIEUATbHBIX BEKTOPOB, CKOHCTPYMPOBaH-
Hbix u3 BupycHbIX [IHK. YpoBeHb aKkcnipeccuu reHa B
9YKapMOTUYECKOM KJIeTKE 3aBUCUT OT MHOTUX (paKTo-
pPOB, B TOM UYMCJie OT O0eJKOB — (haKTOPOB TPAHCKPUII-
LIMM, CBS3BIBAIOIIMXCS CO CIEeLMATM3UPOBAHHBIMU
yuactkamu JIHK, pacrnonoxeHHBIMUA B XpOMOCOME I10
COCEJICTBY C 9TMM TeHOM. [€eHOMBI BUPYCOB, KOTOPBIM
HYXXHO OBICTPO Pa3MHOXMTHCS B KJIETKE-XO35IMHE, He-
cyt B cebe yyactku JIHK, cmocoGHBIe BO MHOTO pas
YCWIMTb 9KCIIPECCHUIO TOTO MW UHOTO reHa. Mccieno-
BaTe/v 103a00TUIUCH O TOM, YTOOBI B UX KOHCTPYKIIY-
SIX TeH TeJIoMepa3HOl 00paTHOM TPaHCKPUMTA3bI YeJI0-
BeKa OKa3ajcs B OKPYXEHUU MMEHHO TaKMX y4acTKOB
BupycHoit JIHK. Pe3yabTathl X 3KCIIEPUMEHTOB MOX-
HO CYMMMPOBATh KPaTKO: KJIETKM, B KOTOPBIX TeJIOMe-
paza rojaepxxuBaia JUIMHy TeJIoMep Ha YpOBHE, Xapak-
TEPHOM JUTSI MOJIOZIBIX KJIETOK, TTPOIOJIXKAIN AETUThHCS 1
TOrma, Koraa KOHTPOJIbHbIE KJIETKU (0e3 TeJaoMepasbl)
NPSIXJICTIU U yMUpau.

B aT0if M aHaJIOrMYHOM el paboTax 0COOEHHO TIlA-
TEJIbHO KOHTPOJIMPYETCS OTCYTCTBUE B KYJIbTYpe KJIETOK
PaKOBBIX KJIETOK'. 3BECTHO, UTO KJIETKM GOJIBIIMHCTBA
HCCJIEIOBAHHBIX HA CEroJIHS PAKOBBIX OITyXO0JIei Xxapak-
TEPU3YIOTCSI JOCTATOYHO BBHICOKOM aKTUBHOCTBIO TEJIO-
Mepasbl, KOTopas TOAIEPXKUBAeT JUIMHY TeJOMep Ha
IIOCTOSIHHOM YPOBHE (CM. TaOJI. 2). DTOT ypoBeHb 3a-
METHO HUXE, YeM, HallpuMep, y SMOPUOHAIbHBIX KJle-
TOK, HO OH JOCTaTOYEH, YTOObI 00ECEYNUTh Oe3rpaHny-
HOE JIeJIeHWE PaKOBBIX KJIETOK B Ky/ibType. CyliecTByeT

' B npoliecce MOArOTOBKM HACTOAIIEH CTaThbU K MeYaTH B Ha-
YUYHOI TUTEepaType MosIBUIOCh HECKOJILKO CTaTeid, B KOTOPhIX
CKENTUYECKH OLIEHUBAIMCh PE3YJIBTAThI CEHCALIMOHHOM pado-
THI TIO TIPEONOJICHUIO “MMUTa Xeipauka”. ABTOPOB KPUTH-
KOBaJI IJIaBHBIM 00PA30M 3a TO, YTO OHU HE TPUBEJIU YOI~
TEeJIbHBIX I0KA3aTeJIbCTB OTCYTCTBHUSI PAKOBOTO TIEPEPOKACHHUS
KJIETOK C “OXMBIIIEi” Tesomepasoii. B Havane 1999 rona te xe
aBTOPBI OMYOJIMKOBAIM MOAPOOHYIO CTaThlO, B KOTOPOI OHU
MIPUBOISAT TaKue N0Ka3aTeabCcTBa. OHU COOOLIMIN TAKKE, YTO
HOpMaJIbHbIE KJIETKU C aKTUBHO TesioMepa3oii BMecTo 50—60
npouun 6onee 220 nMKIOB AesieHus. bosiee Toro, oHM akTH-
BUPOBAJIM TeJIOMepasy B KJIE€TKAX XUBBIX MBILLIEH, U HU Y O/~
HOM M3 HUX HE BO3HUKJIO 3]I0KAY€CTBEHHBIX OIMYXOJIEN.



THUIIOTE3a, y KOTODOfI HEMaJIO CTOPOHHUKOB, IIPEAIIO-
Jlararomasd, 4YTo InoTepsa TeJ'[OMCpEBHOfI AaKTUBHOCTHU CO-

MaTUYeCKUMU KIJIETKaMM COBPEMEHHBIX OPraHM3MOB
ecThb OJaronpuoOpeTeHHOe B TIPOLIECCE IBOJMIOLIMU
CBOICTBO, yoeperaroliiee UX OT 3J10Ka4eCTBEHHOTO Tie-
PEPOKIECHMS.

CpaBHUTEIbHO HEOOJIbIIAS IJIMHA TeJoMep Y 00JIb-
IIMHCTBA PaKOBbIX KJIETOK HABOAUT Ha MBIC]Ib O TOM,
YTO OHU MTPOMCXOAAT U3 HOPMAJIbHBIX KJIETOK, TOCTUT-
WX MPEAKPU3UCHOTO cocTosiHMS. Kak MBI yXXe oTMe-
qaJid, 3TO COCTOSIHME XapaKTepU3yeTcsl HapylleHUueM
PeryJisiliMi MHOTMX OMOXMMUYECKHUX peakiuii. B Takux
KJIETKaX MPOUCXOJST MHOTOUMCIIEHHbIE XPOMOCOMHBIE
MePECTPONKM, KOTOPBIE B TOM YKCJIE BEAYT U K 3JI0Ka-
4yeCTBeHHOI TpaHchopMaluu (6oJiee IToaApoOHO O IPo-
HUCXOXIEHUM 3/T0KAaYECTBEHHBIX OIYXOJIEi CM. B CTaTbe
I'N. A6eneBa “Yro Takoe ormyxoiib”: CopoCcoOBCKUit
O6pasoBatenbHblil KypHan. 1997. Ne 10). BosbimmH-
CTBO 3TUX KJIETOK MOTUOAIOT, HO B YaCTU U3 HUX B pe-
3yJIbTATE CIyYaWHBIX MyTALLMHA MOXET aKTUBUPOBATbCS
MOCTOSIHHASI 9KCIIPECCHSI TEHOB TeJIoMepasbl, KOTopast
OymeT MoMIepKMBaTh [UTMHY TeJIOMEp Ha YpOBHE, He-
00XOOMMOM U JOCTAaTOYHOM I UX (PYHKLIMOHUPOBA-
Hus (cM. puc. 5).

Hexkotopoe Bpemst BbI3bIBaJI HEIOYMEHUE TOT (DaKT,
YTO TIPUMEPHO TISITasl YaCTh MPOAHATIM3UPOBAHHBIX pa-
KOBBIX OIyXOJIeil U KJIETOK BOOOIIe He coiepkana ak-
TUBHOI Tesomepasbl. OKa3anoch, OIHAKO, YTO JJMHA
TeJIOMEpP B HUX TOIJIEPXKMBAETCs Ha JOJKHOM YPOBHE.
TakuM o6pa3om, B 3TUX KJIeTKaX IECTBYET Apyroii (He
TeJIoMepa3HbIli, a CKopee peKOMOMHAIIMOHHBI) MeXa-
Hu3M obpaszoBaHusi teiaomepHoir JIHK (cM. crartbio
B.M. Inazepa “lomosiornuHasi reHeTUYECKasT PEKOM-
onnHamus”: CopocoBckuii O0pa3zoBaTeTbHbBIN 2KypHall.
1998. No 7). MHbIMM cllOBaMU, TaKHe€ KJIETKM HAXOMSIT-
Csl B TOM K€ PsIly UCKJTIOYEHUI U3 TTpaBUJjIa, YToO U APO-
3o0¢una.

BMECTO 3AKIJTIOYEHUA

Kakwue xe mpakTuueckue BbIBOAbI CJIEAYIOT U3 TOTO,
YTO Ha CETOAHSIIHUU NEeHb YAaloChb Y3HAThb O CBSA3U
MEXIY aKTUBHOCTBIO T€JIOMEpPa3bl, PAKOBBIM POCTOM U
crapeHueM kJietok. Kasanoch Obl, OHUM JjiexXaT Ha Mo-
BEPXHOCTH: HE XOUelllb CTapeTh — aKTUBUPYI TeJoMe-
pasy; xo4ellb YOUTh paKOBYIO ONyXOJb — yOeil B Heil
CHauajia TeJloMepasy.

JlerkoBecHOCTh TIEPBOTO BHIBOAA (2 MMEHHO €ro
MOJAXBAaTUIM CPEACTBA MAcCOBOW MH(popMauuun) ove-
BUIIHA: MEXIY KYJbTYPOM KJIETOK M KJIETOYHOM TKa-
HbIO, a TeM 0oJiee OPraHU3MOM IUCTAHLIUSI OTPOMHOTO
pa3mepa. Emnie He mpuiiio BpeMsi Bcepbe3 00CyXaaTh
Mpo0JieMy MOJTyYeHUs TPAHCTEHHBIX OPTraHOB YeJIoBeKa
IJIS TIepecagkKu UX OOJIbHBIM JIOASIM (XOTSI TEOpeTUdec-
KM 3TO, KOHEYHO, BO3MOXHO). A TJIaBHOE, IMPOLIECC
cTapeHMs He TOJIbKO OpraHu3Ma, HO U KJIETKY — 3TO UC-
KJTIOYUTENIBHO CJIOXHBIA KOMIUIEKC WM3MEHEHUI BO
MHOXeCTBe OMOXMMUYECKUX peaKlUil, U ero Bpsia JI1
MOXHO TTOBEPHYTh BCTISITh, BO3/IEMCTBYS TOJIBKO Ha Ka-
KYI0-TO OJTHY U3 HUX. B TO ke Bpems CyIIecTBYIOT BIOJI-

He peayibHbIe TJIaHbl aKTUBUPOBATh TEJIOMEPa3y B KIIET-
KaxX KOXH, KOTOPYIO II€PEeCakKMBAIOT ITallMEHTAM C
CUJIBHBIMU OXKOTaMH, U TeM CaMbIM aKTMBUPOBATh MX
poct. Miu mombiTaThecsl TEM XK€ MyTeM “OMOJIOAUTH”
KJIETKM CETYATKU I1a3a, B3sIB UX y MALlMEHTa, CTPaJaro-
LIETO ITOMYTHEHWEM CETYAaTKM (A 3TO IIMPOKO PACIIPO-
CTpaHeHHOe 3a00JIeBaHME Y TOXKIIBIX JIIOIEH, BEAyIEe
K CJICTIOTE), ¥ 3aTeM BEpHYTh Ha3a/l.

Yro ke KacaeTcs pa3paboTKU METOIOB U30MpaTelb-
HOT'O MOJAABJIEHMS TEJIOMEPA3HO aKTUBHOCTU B PaKko-
BBIX OIYXOJISIX, TO ceiiyac 3TO BaKHOE HallpaBjieHUE B
TTOVICKE HOBBIX CPEICTB GOPHOBI CO 3T0KaYECTBEHHBIMU
3abosneBaHusIMU. [1oka GOJIBIIMHCTBO pabOT CBSI3aHO C
UCTBbITAHUEM WHTUOUTOPOB OOpaTHBIX TPAHCKPUIITA3
(KaTaIuTUIeCcKrX cyobeauHuIl TeJjoMmepas). OTbIT 60pb-
651 co CIIWIoM, rae meITaloTCs pelInTh aHAJIOTUYHYIO
3amady, TOBOPUT O TOM, YTO ONpeAeSeHHbIE HaIe Kbl
HailTh Takoe JieKapcTBO ecThb. [JlaBHasi TpyaHOCTDb 3a-
KJII0YaeTcsl B TOM, YTO KaTaJIUTUYecKasl CyObeanHUIIA
TesroMepassl — 3T0 ogHa u3 JJHK-nmommmepas u ncko-
MBIif UIHTUOUTOP JOJIKEH OBITh HampaBieH UMEHHO Ha
tesomepasHyto JAHK-cuHTe3upytonyto akTMBHOCTb. B
MPOTMBHOM cJlyyae OH OyleT TOKCUYEH JIJIsi HOpMaJib-
HBIX KJICTOK.

Bonee mepCreKTUBHBIMU KaXyTCs HEOABHO II0-
SIBUBILIMECS pabOThI, B KOTOPBIX OMMCAHO N30UpaTesTb-
Hoe moaaBieHue TeaomepasHoii PHK, Bwi3biBarolee
rubesib PaKoOBBIX KJIETOK B KYJIbType. B HOpMaJlbHBIX
KJIeTKax, KaK 3TO Mbl OTMEUaJIu BhIIIE, TeJoMepa3Hast
PHK cunHTe3upyercs, HO 3TU KIETKU JIUIIEHBI TeJIOMe-
pa3HoOIl aKTUBHOCTU M, CKOpee BCEro, TeJoMmepasHasi
PHK uM He HyXHa.

M3ydyeHure TOHKOM CTPYKTYpPhI TEJIOMEP U MEXaHU3-
Ma JEWCTBUS TeJIoMepa3 HaXOAUTCS €Ille TOJIbKO B Ha-
yajpHOU cTagny. OmHAKO OHM IIPUBJICKAIOT K cede or-
POMHBIM MHTEpec HcclemoBaTeneii, padoTalolnxX B
CaMbIX pa3HBbIX 00JAaCTSIX OMOJOTMU W MEIULIMHBI, U
31ech yxXe B OyvKaiiiiee BpeMsi MOKHO KIIaTh HOBBIX
MHTEPECHBIX OTKPBITHI.

ABTOp BBIpaxaeT OyaromapHoctb A.B. IletpoBy 3a
TIOMOIIB B IIOATOTOBKE PUCYHKOB K 3TOI CTaThe.
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Pe3rome

B 5py BBICOKOTEXHOIIOTUYHON MEIUIIMHBI YY€HBIM TPEA0CTABISIETCS BOSMOKHOCTh OTKPHIBATh paHee Hen3-
BECTHBIC MEXaHWU3MBI Pa3BUTHS, TEUCHHUI W UcXoja 3aboneBanuii. K TakuM BBICOKOMH(POPMATUBHBIM METOJIaM
OTHOCHUTCSI HCCIIEIOBaHNE aKTUBHOCTH TEJIOMEPa3bl U U3MEPEHHUE JUTHUHBI TEIOMEP IPH THIIEPTOHNYECKON OOJIE3HH.
W3MeHeHue JUIMHBI TETOMEp B KJIETKaX OTPaKaeT MPOIECCH Pa3BUTHSA U ACTPATAINH KISTKH, a TAKXKE ITAITbI e
JKU3HEHHOTO [KKJa. M3yueHne reHeTHIecKuX /Ie(heKTOB B TEJIOMEPaxX U MEXaHU3MOB BOCCTAHOBIICHHSI TEIIOMEP
UMEIOT OOIIBIIIOe MPAKTHYECKOe 3HaYeHHE B MOJXOAaX K JICUSHHIO M B MPOTHO3€ TEUSHHS TUIIEPTOHUYECKON
Oone3nu. MaMepeHne JIUHBI TeToMep JEUKOIMTOB MepUPEpUIeCKOil KPOBU MOXKET CIYKUTh CKPUHHHTOBBIM
METOJIOM UCCIIEIOBaHMSI JIJIsl TPOTHO3a, MOHUTOPUHTA, TeHETHYECKOTO KOHCYIBTUPOBAHUS 1 JICUSHHS TIAIIUEHTA.
ITo cocTosiHUIO TemOMep MOXKHO OIEHHTh TaKXKe PUCK Pa3BUTHS U MPOTHO3 MPHU TMIIEPTOHUYECKON OOJIe3HU.
OmnpeneneHue JUTMHBI TEJIOMEpP B JMHAMUKE 3a00JI€BaHUS MO3BOJSAET OICHUTH dPPEKTHBHOCTH TPOBOAMMOTIO
nedeHus. B maHHOM 0030pe paccMaTpuBaIOTCs MOJIEKY/ISIPHBIE MEXaHU3MBbI JISHCTBHSI TEIIOMEP U TeIOMEpaskl, a
TaKKe Maro(pU3NOIOTrHUYECKIEe MEXaHU3MbI HapyIIEHUs] BOCCTAHOBJICHHUS TEIOMEp U aKTUBHOCTH TEJIOMEPasbl,
KOTOPBIE IPUBOJIAT K Pa3BUTHIO THIIEPTOHHUYECKOM OOIE3HHU.

KuaroueBsbie ciioBa: TeoMepa, TeoMepasa, THIepToHuYecKas 00J1e3Hb, CTapeHNE.

The modern conception of the proper role of telomeres
and telomerase in pathogenesis of hypertension
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Abstract

In this era of high-tech medicine, scientists have the opportunity to discover previously unknown mechanisms
of development throughout the course and outcome of the disease. These methods include a highly informative
study of telomerase activity and telomere length measurement in hypertension. The change of the telomere length
in cells reflects the processes of the development and degradation of cells, as well as the stages of their life cycle.
The study of genetic defects in telomeres and telomere repair mechanisms are of great practical importance for
treatment approaches and making prognosis in hypertension. Measurement of telomere length of peripheral blood
leukocytes may serve as a screening method for the prediction of examination, monitoring, genetic counselling

YIK.616.12-008.331.1



JEKIINSA

Aprepianiag
TUIIEPTCH3NA

and treatment of a patient. As telomeres can help in estimating risks in hypertension, determining the length of

telomeres in the course of the disease to evaluate the effectiveness of the treatment is of great importance. This

review discusses the molecular mechanisms of telomeres and telomerase, as well as pathophysiological mecha-

nisms, disorders, recovery of telomerase activity, and telomere that lead to the development of hypertension.
Key words: telomeres, telomerase, hypertension, ageing.

Cmamus nocmynuna 6 pedaxyuro. 22.08.13. u npunama k nevamu: 30.08.13.

Beenenne

B 1938 roay reneruku bapbapa Maxk-KiunTtok u
I'epman Memiep HE3aBUCUMO APYT OT JApyra yCTaHO-
BWJIM, 4TO (hparMeHTalrsi XPOMOCOM U TIOSIBICHHE Y
HUX JIOTIOJTHUTENBHBIX KOHIIOB BEAYT K XPOMOCOMHBIM
nepecTpoiikaM M Jierpajanuu XxpoMocoM. B coxpan-
HOCTH OCTAalOTCs JHUIIb 00JJaCTH XPOMOCOM, IpH-
JIeTalole K UX €CTeCTBEHHBIM KoHIaM. JIumeHHbIe
KOHLIEBBIX TEJIOMEP, XPOMOCOMBI HAUMHAIOT CIIMBATHCS
¢ OonplIeil 4acTOTOH, YTO BeAET K (OPMHPOBAHUIO
TSKEJIBIX T€HETUYECKUX aHOMAJIMM. YUeHbIE MPHIL-
JU K BBIBOAY, YTO €CTECTBEHHBIE KOHIIBI JIMHEHHBIX
XPOMOCOM 3allMIIEeHbI CTIENUAIbHBIMU CTPYKTYPAMH.
I. Mennep npeniokui Ha3bIBaTh UX TeIoMepaMu (0T
rpeu. «telos» — KoHell U «meros» — 4acTh). C Toro
BpeMEHH MPOOIEeMOii U3yUYeHHUs POJIH TeoMep U dep-
MEHTa TeJoMepa3bl B KIETOYHOM IMKJIE 3aHUMAIINCh
MHOTHE Y4EHbIE, YTO MO3BOJMIIO HAKOTIUTh HEMaJbIi
00beM 3HaHUI 110 ITOMY BOIIPOCY.

Bo MHOTrHX COBpeMEHHBIX y4eOHHKax TelloMe-
paMH Ha3bIBAIOT CHELHUAIN3UPOBAHHbBIE KOHIIEBHIE
paloHbBI TMHEWHON XPOMOCOMHOHN J€30KCUPUOOHY-
xinenHoBo#l kucnotsl (JJHK), coctosmieii u3 muoro-
KPaTHO MOBTOPSIIONINXCA KOPOTKHUX HYKJIEOTHUIHBIX
rnocJyenosarenbHocTedl. OHAKO 3TO ONpenesieHue
HeroJsiHoe. B cocTaB TeoMep BXOAAT Takke MHOTHE
Oenku, crienu(UIecKd CBA3BIBAIOLINECS C TEIOMEp-
vbeiMu JIHK-noBTOpamu. Takum oOpaszom, Tenome-
pBI (Tak ke, Kak U APyrue XpoMOCOMBI 3yKapHoT)
MOCTPOEHBI U3 J€30KCUHYKJIEONPOTENI0B, TO €CTh
rxommiekcoB JIHK ¢ Genkxamu (puc. 1). Tenomepusie
ITOBTOPBI — BeChMa KOHCEpBAaTUBHBIE MOCIIEI0BATENb-
HocTu. K nmpumepy, HOBTOpPHI BCEX TO3BOHOYHBIX CO-
ctoAaT u3 mectu Hyki1eoTu10B (TTAGGG)n, moBTOpHI
Bcex HacekoMbIx — u3 nATH (TTAGG)n, moBTOpHI
oonpmmHcTBa pacteHnit — u3 cemu (TTTAGGG)n.
Jmnuna tenomepusix [JHK y yenoBeka konebnercs ot
2 1o 20 TeICSY map HYKJICOTHUIHBIX OCTATKOB (T.H.II.),
a Yy HEKOTOPBIX BHUJIOB MBIIIEH MOXET JOCTUTaTh /10
COTeH T.H.II. [1].

bnaromaps Hanmuuuio B TeIoMepax yCTOHUYHMBBIX
ITOBTOPOB KJIETOYHAsl CHCTEMa penapanuy He MyTaeT
TEJIOMEPHBIM y4aCTOK CO CIy4YallHbIM pa3pblBoM. Ta-
KHUM Ty TeM 00eCTIeunBaeTCs CTAOMIBHOCTH XPOMOCOM:
KOHEIl OJTHOM XpPOMOCOMBI HE MOYKET COEAMHUTHCS C
paspeiBoM apyroii [2]. Kpome sToro, cpean 0CHOBHBIX

(yHKLHUH TeIIOMEp MOXKHO BBIIEIUTH CICAYIOLINE:

1. Mexanuueckue. Teromepbl yuacTBYIOT B pUKca-
LIUU XPOMOCOM K SAEPHOMY MaTPHUKCY. DTO BasKHO [
MIPABUIILHON OPHUEHTAIIMHM XPOMOCOM B SIJpE, U JAHHOE
00CTOATENBCTBO OCOOCHHO MPOSIBISIETCS] B Melo3e.
Ha 3urotennoii craguu npoassl Meiio3a MpOUCXOIIT
HalpaBJeHHbBIE TIEPEMEIIEHNs KOHIIOB XPOMOCOM Ha
MOBEPXHOCTH SIIEPHON MEeMOpaHbl TaK, YTO KOHIIBI
TOMOJIOTHYHBIX XpPOMOCOM CMBIKAIOTCS, U C HUX Ha-
YHHAETCS CIIapuBaHue (KOHBIOTALUs) STHX XPOMOCOM
CTPOT0 OHOPOJHBIMU YUaCTKAMH.

2. Crabunuzanuonnbie. A) Ecium B kieTke
HeT Tenomepasbl (unu ALT), To Hammume Teromep
MpefoXpaHAeT OT HEAOpPEIINKAlUH FeHETHYECKHU
3Hauumeie otaensl JJHK. B) Ecnu ke B kiteTke ecth
TeJIoMepa3Hasi aKTUBHOCTb, TO MOABIIAETCS €IIe O/lHA
BO3MOKHOCTb — CTa0MJIM3a1us KOHIIOB Pa30pBaHHbBIX
xpomocoM. Tak, Ipu cirydaifHOM pa3pbIBE XPOMOCOMBI
oOpasyrtcs (pparMeHThI, Ha OJHOM HIJIW Ha 000UX
KOHIIaX KOTOPBIX HET TEJIOMEPHBIX MOBTOPOB. B 0T-
CYTCTBHE TEJIOMEPa3bl 3TH (YParMEeHTHI IPETEPIICBAIOT
CIIMSHUE U JeTpalalulio, 4YTo OJOKUPYET KIETOUHBIN
LUKJ U BeJeT KJIETKy K rudenu. B mpucyTrcTBum xe
TeJIoMepa3bl K MECTaM pa3pbIBa MPUCOEAUHSETCS Te-
nomepras JJHK. Dto crabunusupyer XpoMOCOMHBIE
(hparMeHTHI 1 103BOJISIET UM (DYHKIIMOHUPOBATS.

3. BiausiHHe HAa DKCIPECCHI0 TeHOB. AKTHB-
HOCTb F'€HOB, PACIIONIOKEHHBIX PSIIOM C TETOMEpPAMU,
cHmKeHa (perpeccupoBaHa). Takoit a¢dexT yacto
0003HayaeTcs Kak TPAaHCKPUIILMOHHOE MOJYaHHUE,
WK cailieHcuHT. [Ipn 3Ha4uTeNbHOM K€ YKOPOUEHU N
TesoMep APQEKT MONOKEHHSI TPOIATaeT U IPUTEIIO-
MEpHbIE I'€Hbl aKTHBHPYIOTCS.

4. «CuetHas» (pyHknmsa. TeroMepHbIe OTIEINbI
JHK BrIcTynaroT B KayecTBE 4acCOBOIO YCTpOHCTBa
(peruinkomeTpa), KOTOPOE OTCYUTHIBAET KOJIHMUYECTBO
JICJIEHUH KJIETKH MTOCJIe NCUE3HOBEHUS TeJIOMEpa3HON
akTUBHOCTH. [Ipryem ropasno BaskHee JUIsl KIETKU HE
TO, CKOJIBKO JIEJIEHUI YK€ MPOIIO0, a CKOIBKO eIl
OCTaJIOCh JI0 KPUTHYECKOTO YKOPOUEHUS TEIOMEPHI.
IToaTOMy MOXHO CKa3aTh, 4TO TEJIOMEpPBI — 3TO
«YCTPOMICTBa», ONPEAEIAIONINE KOJIUYECTBO AETEHUH,
KOTOpBIE CHIOCOOHA COBEPIIUTH HOpMalibHasi KJIETKa
B OTCYTCTBHE TeloMmepasbl. JlocTuras KpuTHYECKH
KOPOTKOW JJIMHBI, TEJIOMEPHI TEPSAIOT BO3MOXKHOCTh
BBITIOJIHSATD BCE (MJTM MHOTHE) U3 BBIILIETIEPEUUCICHHBIX
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Pucynok 1. Cxema cTpoeHusI TeJIOMePHI B COCTaBe PucyHnok 2. YkopoueHue y4acTKOB TeJI0Mep B IIPO-
XPOMOCOMBI mecce JeJeHHs COMAaTHYECKOI KIeTKHN

Pucynok 3. Tesiomepa3HbIii KOMILJIEKC M er0 KOMIIOHeHTHI (o0paTHas tpanckpunrtasa-TERT, PHEK
rKommoHeHTHI-TERC, 6eok nuckepun) [7]

Pucynok 4. Cxema, MILJIIOCTPUPYIOLIAS CBSI3h AANHBI TeomepHoii JHK
U CTelleH! aKTHBHOCTH TeJIOMePa3 Pa3jIuYHOI0 THIIA KJIETOK
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¢bynkumii. Hapymaercst KIeTOYHBIH UK U, B KOHEY-
HOM CueTe, KJIeTKa MOrudaeT.

Tenomepaza — 3to PHK-3aBucumas JHK-
nojuMepasa (Mim odparHast TpaHckpunTasa). OCHOB-
HO€ Ha3HA4YCHHUE 3TOr0 (pepMEHTa — CHHTE3MPOBAThH
TaHJIeMHO moBTOpsitouecs cermeHtsl JIHK, u3 ko-
TOPBIX coCcTOUT 1iernb Teaomeproit JITHK. B 0ObuHbIx
(comarmueckunx) KiIeTKaxX, U3 KOTOPHIX B OCHOBHOM
U COCTOUT OpraHU3M, TelloMepas3a «He paboTaery,
MI03TOMY TEJIOMEphl MPHU KakJO0M JIeIEHUH KIETKHU
YKOPAUMBAIOTCS, YTO B KOHEUHOM HUTOTE MPUBOAMUT K
cocrosiHHIO ee «apectay (cell senescence — crapenue,
JPSIXJICHHE KJIETKHM ), KOT/Ia KJIeTKa OOJIbIiIe He CriocoOHa
nenuThes (puc. 2).

B sMOpHOHAIBHBIX U TOJUTIOTEHTHBIX CTBOJIOBBIX
KJIETKax Oyarogapsi SKCIpeCcCcruu TeIoMepasbl MoIaep-
YKUBaeTCs MMOCTOSHHBIN YPOBEHb JIUHBI Tesomep. Te-
JIoMepasa CyIEeCTBEHHO IKCIIPECCHPOBAHA B ATHX KIIET-
kax. Kpome Toro, moBbIIIEHHBIE YPOBHU TEJIOMEpPa3hl
cojiepKarcs B TeMOTIOITHYECKHUX CTBOJIOBBIX KJIETKaX,
B aKTUBUPOBaHHBIX T-TuMQonuTax u B OOJBIIMHCTBE
OIIYXOJIEH YeJIOBEeKa.

CtpyKTypa TeroMepasbl U COCTABISIONINX ee 0er-
KOB BIIepBbIe onucana npodeccopom Cropaagakecom
U ero KoyyieraMu. B cocTaB TenoMepasbl BXOIAT: OeTIOK
TERT (k0oTOpbIit UMEET IOMEH, TOMOJIOTMYHBIN 00pat-
HOH TPaHCKPUIITA3e), TeIoMepa3Hasi puOOHYKIIEHHOBAsI
kuciora (PHK, hTR wiu TERC) u quckepus (puc. 3).
JBe cyObenuHUIBI PepMeHTa TeIoMepas3bl KOJUpY-
IOTCSl IBYMS pa3nuuHbiMu reHamu. Komumpyrommit
peruon s TERT umeer muny 3396 aMUHOKHUCIIOT,
TERT conepxut 1131 aMUHOKHCIOTY. DTOT OellOK
(monexynsipHas macca > 100 x/I) mo cBoeit cTpykType
HarloMuHaeT (GopMy pyKaBHUIIBI, KOTOpas MO3BOJISICT
eMy MPHUKPEIUIATHCS K XpPOMOCOME M JJOOABIATh K HEl
y4acTKH TEJIOMEep, COCTOSIIME U3 OAHOM IENOYKH.
TERT 3axBatsiBaeT TERC (umeromuit nmnny 451 Hy-
KJICOTH]T), KOTOpasi He TpaHcaupyeTcs, octaBasick PHK
[3, 4]. Tenmomepasa cunresupyet Tenomepusie [JHK-
MOCJIEeNOBATEILHOCTH, UAYyIIKE OT 5 K 3’ KOHILY 110 Ha-
MIpaBJIEHUIO K OKOHYAaHUSIM XpoMocoM. Perymupyemoe
BoccTaHoBiieHHe xpoMocomHoi JIHK HeoOxomumo,
YTOOBI KOMIIEHCUPOBATh YKOPOUEHHE, KOTOPOE BO3HHU-
KaeT B pe3ysbTare akTUBHOCTH HyKJI€a3bl U HEMOJTHOMN
koHneBor JIHK-permmukanuu. MHOTOKOMIIOHEHTHAS
CHUCTEMa «TOMEOCTa3a TeJIoMep» IMpeaoTBpallaeT, ¢
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OJTHOM CTOPOHBI, Upe3MEPHOE YIIIMHEHNE TEIOMep, a C
JIPYTOi CTOPOHBI, — KPUTUYECKOE YKOPOUEHHUE, KOTO-
poe MoxeT npuBecTH K ojomkam JIHK u HecTaOuib-
HOCTH TeHoMa. HecMoTps Ha ydacTue TeroMepassl B
Mpolieccax BOCCTaHOBIIEHHUS JITUHBI TEJIOMEp B KayKI0M
KJIETOUHOM IIMKJIE, BOCCTAHOBJIEHHE B COMAaTHYECKUX
KJICTKaX, B OTJIUYHE OT 3MOPHOHAIBHBIX CTBOJIOBBIX
KJICTOK, HE SIBJISCTCS MOJIHBIM, U OOJBIIMHCTBO CO-
MaTHYECKUX KJIETOK C KaXIbIM ITUKIIOM PETUTMKAITIHI
TEPAIOT YYacTKH TesioMep. Jii1Ha TeoMep yMeHbIaeT-
cs1 ¢ Bo3pactoM. Hanbosee HHTEHCUBHOE COKpaIlleHHEe
JUTUHBI TEJIOMEp Yy UeJI0OBEKa MPOUCXOIUT B MEPBBIC
TOJIbI )KU3HHU (B CBS3M C MOTPEOHOCTSIMH OpraHu3Ma B
pocte) unoce 60 JeT (B CBS3H C HAPYIICHUSIMU MeXa-
HHM3Ma BOCCTaHOBJICHUS Tesiomep) [ S, 6]. B-mumdormTs
COCTABJISIIOT UCKJIIOYEHHE M3 ITOTO IpaBuia. YIJIU-
HEeHHE TeJoMep B B-xietouHol nuHUH TUM(OIUTOB
OTpakaeT HEOOXOAMMOCTh IKCTEHCHUBHOTO JEIeHUS
9TUX KJIETOK (00yCIOBIEHHOTO OCOOCHHOCTSIMH UX
(YHKIUI — KIIOHAJIBHOM CEKpelunei, a Tak)Ke CHHTe-
30M U MPOIYKITUEH aHTUTEN ). AKTHBAIUS TEIOMEpa3bl
3aIyCKaeTCs [0 MPUHITUITY 00paTHOM CBSI3U B OTBET Ha
yKOpOYeHHue JUTMHBI Tesomep. OTHAaKO 3TOT MEXaHU3M
MMeEeT IpeJieN BO BCeX KJIeTKaxX, C TeUEHUEM BpEeMEHH!
MIPOUCXOANUT CHIYKCHUE aKTUBHOCTH TEJIOMEPA3bl U, KaK
CJIE/ICTBHE, — YMEHBIIIEHHUE CPeIHEH JUTMHBI TEJIOMEp, a
TaKXe YMEHbIIIEHHE BO3MOKHOCTH €€ BOCCTaHOBJICHHUS.
Takum 00pa3om, cozaeTcst 6apbep JUIsl OMyXOJISBOIO
nepepokIeHUs KIeTKH [5].

«/3HamuBanne» TEIOMEp UrpacT BAXKHYIO POIb
B IIpel0TBpallleHuH HecTabuiabHOCTH reHoMa. Korma
JUTMHA TEeJIOMEpP B COMAaTHYECKOM KJIEeTKE TOCTUTaeT
KPUTHYECKOTO YKOpoueHHs (MeHee 2 K0), HacTymaer
pe3koe U3MeHeHne MeTadoIn3Ma KJIETKH, U B TIEPBYIO
ouepenp Hapymenue pertukanuu JJHK, 3amyckarorcst
MEXaHM3MBbl KJIETOYHOIO CEHECEHCa M arornTo3a, 3a
KOTOPBIM ClietyeT Tuoenb kieTku. [lepuon ot kputuie-
CKOT'O YKOPOYEHHS TEJIOMEp J10 THOEIH KIETKH MOXKET
JUTUTHCS] B TCUCHHE HECKOJIBKUX MECSIICB U JaXKe JIET.
Kietka TepsieT cnocoOHOCTh A€TUTHCS, HO MOXKET CO-
XpaHsATh META0OMUYECKYI0 aKTHBHOCTh. AKTHBAIIHS
TEJIOMEepa3bl B COMATUYECKON KIIETKE, UMEIOIIEH KpHU-
TUYECKYIO JUTMHY TEJIOMEp, MPUBOAUT K OIYyXOJICBOH
TpaHc(OPMAIIUH ITOH KIIETKH.

[TosioBbIE KJIETKH MMEIOT HaWOOJBIIYIO TEJIOME-
pa3Hyl0 aKTUBHOCTH B TCUCHHUE BCEH >KU3HU (TabI.).

Tabruya

JUIMHA TEJIOMEPHOM JTHK 1 AKTUBHOCTH TEJIOMEPA3BI B KJIETKAX UEJIOBEKA

Tun kierox

Tesiomepsbl, T.H.IL

Tesomepa3Hass aKTUBHOCTD

ITonoBsie 15-20 Bricokas
Comarmnueckue 10-20 mpu poXKeHUHU, YMEHBIIAIOTCS C BO3PACTOM OtcyTcTByeT
PaxoBsbie 4-6, 10-15 IIpucyrcryer B 80 % cirydaes
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Ux Temomeps! coctosT U3 Hanbombiero yncia JJHK-
MIOBTOPOB M COJICPIKAT BCE HEOOXOAUMBIC OCJIKH ISt
HOpMaJIbHOW Mpoiudepaniy KIeToK. AHaJIOTHYHAs
CUTyalusi HaOJIIogaeTcs M 'y CTBOJIOBBIX KieTok. Ha-
MIOMHHM, YTO CTBOJIOBBIE KJIETKU JENATCS HEOTPaHU-
yeHHO A0aro. OJHAKO y CTBOJOBOM KIETKU BCErna
€CTh BO3MOYKHOCTh JaTh JIBE JIOUEPHHUE KICTKH, OJHA
13 KOTOPOU OCTAaHETCsI CTBOJIOBOM («OECCMEPTHOIY ), a
Jpyras BCTynuT B iponece quddepenunposku. biaro-
Japsi STOMY, CTBOJIOBBIC KJICTKH CITYKaT TIOCTOSHHBIM
MCTOYHHKOM pa3HO0Opa3HbIX KIETOK opranusma. Kak
TOJIBKO TIOTOMKH TIOJIOBBIX M CTBOJIOBBIX KIIETOK HAauH-
HaroT JuddepeHpoBaTbes, akTHBHOCTD TelloMepas
najaeT U UX TEJIOMEpPhl YKOpaunBaroTcsa. B kieTkax,
nuddepeHIUpOBKa KOTOPBIX 3aBepIlieHa, aKTHBHOCTD
TesoMepas najgaet 10 Hyis. C KaxIbIM JIeIeHHEeM OHH
Hen30eKHO MPUOIMIKAIOTCS K COCTOSIHUIO CEHEeCeHCa,
TO €CTh MepecTaloT AenuThes. [Tocie sToro 60apIMH-
CTBO KJIETOK norudarot (puc. 4). Takast kKapTuHa Xapak-
TEpHA JJIs1 OONBIIUHCTBA KJIETOK SYKapHoT [1].

Takum 00pa3om, MOJBO/ISI UTOT BBIIIECKAa3aHHOTO,
CTaHOBUTCS OYEBUAHBIM, YTO OMONOTHUECKAsT (DYHKIHS
TENOMEp BBIXOIUT 33 PAMKH 3aIUTHI KOHIIOB XPOMOCOM
OT JIerpaJiallii ¥ IMEEeT BECOMOE 3HAYCHHUE B IPOIECCe
CTapeHHUs KIETKH.

LECTURE

Tesomepbl M rUNepTOHUYECKAs 00JIe3Hb

B mocnennue roasl aKTHBHO M3ydaeTcs BOMPOC
B3aMIMOCBSI3M MEXy JUTMHOM TeJIOoMep U PHUCKOM Ha-
CTYTUICHHSI CEePACUHO-COCYIUCTRIX 3a0omeBanmii. OT
JUTMHBI TEJIOMEP 3aBUCUT BpeMs HaCTYTIIEHHS TTporiecca
cTapeHus KieTku [7]. B To e BpeMs 1 MOBBIIIIEHHOE
aprepuansHoe napieaue (A/Jl) sBisieTcs xapakTepHOi
gepToii ctapenws [8]. BO3HUKIIO mpeAnoaoKeHe, 9T
CYIIECTBYET CBA3b MEXKAY JITMHON TEIIOMEP M YPOBHEM
A/l BBHy TOTO, UTO BBISIBJICHA 3HAYMTEIHHAS OTPHIIA-
TeJbHAs KOPPEISAIHS MEXK/ITY YPOBHEM CHCTOIINIECKOTO
KPOBSIHOTO JABJICHUS W JUTMHOM TEJIOMEp y JIHII C ap-
tepuansHoi Tuneprensuei (Al) [9]. Cymmupys oty
MH(POPMAIIHIO, MOXKHO MTPEATIONOKUTH, YTO YKOPOUCHNE
TeJOMep, BbI3bIBASI U3MEHEHHS (DEHOTHITNIECKOM IKC-
MIPECCHU B KIIETKaX COCY/IOB, MOXKET CIIOCOOCTBOBATh
pazButuio Al

Al' — onuH M3 caMBIX BaXXHBIX (PAKTOPOB pHCKa
Pa3BHUTHS CEPICYHO-COCYANCTHIX OCTIOKHEHNH H CMEPT-
HOCTH. J|0CTaTOYHO XOPOIIO M3YYEHBI MEXaHU3MBI
peMoJieTMpOBaHus coCyaAuCcToM cTeHku npu Al onHako
MOJIEKYJISIPHBIE OCHOBBI aHOMAJINY TIPY TUTIEPTOHUYE-
CKO OOJIE3HH 710 KOHIIA HE OTPE/ICTICHBI.

Ha pucynke 5 npeictaBieHbl pe3ysbTraThl HCCIIEN0-
BaHUI, TPOBOAMBIIUXCS HA dKUBOTHBIX U B ITOMYJISIIUN

Pucynok 5. T'unmoreTnueckas Mogei> U3MEHEHHUH TeJI0Mep
¥ TeJI0MePa3bl Ha PA3JIUYHBIX CTAMUIX PA3SBUTHSA THIEPTOHNIECKOI 00Ie3HU

KpEICcE co crioHTaHHOI AT ITamuenTsic I'B, IMarmenTsi ¢ I'B
KPBICEL CO CITOHTaHHOIT Al 5

; . olee KOPOTKIe

-AKTHBAINLA TETOMEPA3EL B THMYILALR
. . e TeIOMePEL B TelKOIIITax
apTepPHATbHOIL CTeHKe Z€30KCHKOPTIKO CTEPOHA
- VBemriertie ameTaroM Hep emrennbrii Bonpoc:
PO eparmm B3arnio cBA3b MEKITY
TTATKOMEBIIIEUHEBIX KTeTOK AKTIBHOCTb TeTOMePaskl AKTHBHO CTBIO TETOMEpa3bl,
CPeTHETO CTIOA CTEHKI CHIDKEHA B SHIOTeNHATEHBLX AMHHOIT TenoMep H
AOPTEL KIIeTKaxX-TIpeIilecTBeHHITKAX COCTOAHHEM COCYJHCTOI
(DomIee KOPOTKILE TEILOMEPHL?) crenxu mpu I'B
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Ipumeuanue: AI' — aprepuanbhas runeprensus; ['b — runepronnueckast 601e3Hs.
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O0onpHBIX A, KOTOpBIE MOKa3bIBAIOT B3aUMOCBS3b
MEX/1y JUIMHOM TeloMep M aKTUBHOCTBIO TE€JIOMepa3hbl
Ha pa3IMYHBIX CTaUAX Pa3BUTHUSA THIEPTOHUYECKON
Oone3Hu.

Ying Cao u coasropsl (2002) ycTaHOBHIIH, YTO B
aopte (HO He B IPYTUX Opranax!) KpbIC CO CHOHTAHHOM
TUIepTeH3MeH, TeroMepa3a n30upareIbHO aKTHBH-
pyeTcs U TeJIoMephl YAJIUHAIOTCS (B €CTEeCTBEHHBIX
ycloBusix U B nmpobupke) [10]. AkTuBanus TeroMepas
C MOCJENYIOMHUM YIJIUHEHHEM TeJoMep B IIIaJIKO-
MBIIIEYHBIX KJIETKaX CPEJHEro CJIosi CTEHKH aopThI
CTUMYJIUPYET AucOajaHC MEX]Iy aronTO30M KIJIETOK
U UX nposrdepanyeii, 4To B CBOIO 04epe/Ib MPUBOIUT
K PEMOJICIIMPOBAHUIO COCY/IOB MPH TEHETHUECKH 00Y-
cnoinenHoil Al [To MHEHHIO aBTOPOB, UIMEHHO 3TOT
MEeXaHU3M MpPEeCTaBIsAeT co00i MOTEeHIINAIbHO HOBYIO
TepaneBTHYECKyI0 MUIIEHb pu Al

Gema Pérez-Rivero u coasrops (2006) ananusu-
poBaiM BiIMsAHUE JeUIHUTA TeJIOMepa3bl U yKOpoUe-
Hue tenomep Ha AJl y mbimeit [11]. Bee npouenypst
ObUTH BBITIOJHEHBI Ha 6-MECSYHBIX MbIIax. B Tpex
IKCIICPUMEHTAIILHBIX TPYNIax ObUIM HCIOIb30BAHBI
MbIH quKoro tuna (WT), MbIIIN epBoro moKoJIeHus
(Gl) — ¢ oTcyTCTBHEM aKTUBHOCTH TEIOMEpa3bl U
0e3 3HAYUTETHLHOTO COKPAICHHS TEJIOMEp, U MBIIIH
TpeThero noxonenus (G3) — NuIleHHbIE AKTUBHOCTH
TeJoMepasbl ¥ CO 3HAYUTEIbHBIM YKOPOUEHHEM TEJI0-
Mmep. Kaxxnas rpynna umena oJJMHaKOBOE KOJUYECTBO
0co0eil My»CKOTo M EHCKOTO 1osia. MBIIN rpymIbl
G1 moka3anu yBeIu4eHrEe ypOBHS CUCTONNYECKOTO AJ|
(CA D) o cpaBHeHuto ¢ mblttamu rpymnmsl WT. B rpym-
rie G3 B cpaBHenuu ¢ rpynnamu WT u G1 yBenuuninocs
kak CAJl, tak u nuacromudeckoe AJ[ (IAJ). 3atem
aBTOPBI HCCIIEIOBAHNUS MMOMBITAINCH OIPEICIUTh POJIh
Ba30aKTUBHBIX SHIOTEIHAIBHBIX (aKTOPOB B I'eHE3e
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AT cpenn mbimeit rpynn G3 u WT. Meimum o6enx
TpyMI OKa3aJli aHAJOTHYHbIE OTBETHl HA alleTUIIXO-
nH, NG-HUTpO-L-apruHuH METUIIOBBIN dHp, aHTHO-
ten3ud Il u mo3apran (4T0 HE MOATBEPKIACT IIABHON
ponu naHHBIX (pakTopoB B renese Al y Temomepasa-
nedunuTHeIX Mbiei). [Tokazarenu cpennero AJl B
rpynne G3 (B ominuune ot Mblimed rpynnsl WT) He
YBEJIIMYMIIUCH TOCJIE CTUMYJSAINU dHAOTEINHOM- |
(OT-1). [Ipu neueHnn 603eHTaHOM (HECEICKTUBHBIM
AQHTArOHUCTOM SHJIOTEIMHOBBIX perenTopoB Thna ETA
u ETB) nokazarenu cpeanero Al CHU3HIUCH TOJIBKO B
rpynne G3. Konuentpauusg OT-1 (Tak ke, Kak U KOH-
HEHTpAaIus SHI0TeIMHKOHBEPTHpYoLIero hepmeHTa-1)
B IJIa3Me KPOBH U Moue ObLia Bhilie B rpynme G3, yem
B rpynne WT. Takum o6pa3oM, pe3yisraThl HCCIe0Ba-
HUS TIO3BOJTWJIN aBTOPaM TMOATBEPANTH CYIIIECTBOBAHNE
IPSIMOM CBSI3H MEKAY JeUINTOM TeIOMEpasbl U pa3-
BuTHeM Al B camoMm fiene y Tesomepasa-iepUIuTHBIX
MBILIEH OMpenestoTess 0ojiee BBICOKUE TOKa3aTeNH
AJl, yem y mpieit rpynmnsl WT. JlanHbIe HccienoBaHus
TaK)kKe YKa3bIBalOT Ha TO, YTO 3HJIOTEINHKOHBEPTH-
pyroumii epMEHT BBICTYNAaeT B Ka4eCTBE OHOTO M3
(hakTOpOB, OTBETCTBEHHBIX 32 BBICOKUH ypoBeHb AJl.
C MoMOIIbIO 3THX TAHHBIX aBTOPHI IPEATIONATraoT, YTO
Je(UIUT TeJoMepasbl U YKOPOUCHUE TEIOMEP MOKET
BBI3BATh M3MEHEHHUSI B ()CHOTUIIMUECKOM DKCIPECCHU
9H/IOTEIMHKOHBEPTHPYIOLIEro gpepmeHTa-1 B KiIeTkax
COCY/IOB C TIOCJIETYIOIINM MOBBIIIEHHEM YPOBHS ITUP-
kynupytoero OT-1 u passutuem Al

I'pynmna yuensix Bo mase E. Jeanclos mpoBoguia
uccneposanue (2000), ocHOBHOM 3amadeit KOTOPOTO
SBJISIIOCH YCTAHOBJIEHUE CBSA3M MexX Iy ypoBHeM CAJL,
JAJl, mynbcoBOTO NaBieHUs U JUIMHOM Tenomep [12].
B uccrnenoBannu yaactBoBaiu 98 310pOBbIX OIM3HELIOB
(10 map MOHO3UTOTHBIX U 39 Map IU3WUTOTHBIX OJH3-

Pucynoxk 6. B3aanmMocBA3b MeKIy AJIMHON TeJIOMeP U BeJIUYUHOM IMyJIHCOBOTO TaBJIEHU S




TUICPTCH3UA LECTURE

PucyHnok 7. BsaaumMocBs3s MekIy BO3paCcCTOM U AJINHOM TeJioMep y Mmy:kuuH (a) u skeHiuH (b)

Pucynok 8. B3aumMocBs3b Me:KQy CKOPOCTHIO IYJIbCOBOI BOJHBI
M IJIUHON TesoMep y My:kuuH (a) u skeHuiuH (b)

Ipumeyanue: CPIIB — ckopocTh pacnpocTpaHEHUs MyIbCOBOI BOJIHBIL.

Pucynok 9. B3saumMocBsa3b MeKIy BeITUUNHOIN MyJIHCOBOTO JaBJIEHUS
M JJIMHOM TeoMep y myskunH (a) u skeHmuH (b)
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HeroB). M3yuanuck o0pasubl JJHK Oenbix KpoBSHBIX
tenen (JeikoruToB). Bo3pacTt HCHIBITYyeMBIX OBUT OT
18 no 44 net. ABTOpPHI YCTAaHOBWIIM, YTO TOKa3aTeNu
MyJBCOBOTO JIaBJICHUSI 00pPaTHO KOPPENUPYIOT C AJTH-
HOH TeyioMep B OEJIbIX KPOBSIHBIX Telbliax (puc. 6).
Bonee Toro, xoppensuus JUIMHBI TEJIOMEP U IMYJIbCO-
BOTO JIaBJIcHHs Obllla He3aBHCHMA OT M0JIa, TO €CTh C
BBICOKOW BEpPOSTHOCTBIO MOJKHO TPEAIONIOKHUTH, YTO
o0a mapaMmeTpa UMEIOT HaclleyeMblid xapakrep. Tak-
K€ YCTaHOBJIEHA MOJOKUTEIbHASI KOPPEIALHUS TITHHBI
TeJOMEp B JICHKOIUTAX Nepudepuueckoil KpoBu ¢
OA u orpuniatenbaas — ¢ CAJl, 9To TOATBEPKIAET
OTPUIIATEIBHYIO CBSI3b MEXKJYy IJIMHOU TEJIOMep U
TyJbCOBBIM JIaBICHUEM.

A. Benetos u coasropsl (2001) B cBoeM Huccienona-
HUU TaKXKe ONPEIeIIsIN ATUHY TeJIOMep B JIeHKOIIUTax
nepugepudeckoit kposu U AJl, KoTopsie ObLIH acco-
LIMUPOBAHBI C TIOKA3ATENIAMU KECTKOCTH COCYIMCTOMN
CTEHKH (IyJIhCOBOE JABJIEHHUE M CKOPOCTh pacIpo-
CTpaHEHUs MyJbCOBOI BOJIHBI) Y AIIUEHTOB, KOTOPHIE
HE MPUHUMAaJIM aHTUTUIIepTeH3UBHbIE penapatsl (120
MY>KUMH U 73 KEHIIUHBI, CpeAHnH Bo3pacTt 56 + 11 ner)
[13]. [Ipu BHeceHUHM MOMPaBKHU Ha BO3PaCT JUIMHA
TesioMep Oblla OONbIIE Y KEHIIMH, YeM Y MYKUHMH:
8,67 + 0,09 npotus 8,37 + 0,07 k6, p = 0,016 (puc. 7).
JliuHa TesioMep KoppenrpoBalia co CKOPOCTBIO MYIIbCO-
BOI BOJIHBI U y MYXUUH, 1 Y KeHIIIUH (puc. 8). B To e
BpeMsI [TOKa3aTeN! MyJILCOBOTO IaBIEHUS KOPPETUPYIOT
C ITTMHOM TeJIoMep TOJBKO Yy MYK4uH (puc. 9). nuHa
TeJoMep He KOppeIrpoBajia ¢ MHIEKCOM MaccChl Tena,
YPOBHEM OO0IIETO XOJeCTEpPrUHA, YaACTOTOH CeplIeuHbIX
COKpAIlIEHHH 1 IToKa3aTeneM JUIONPOTENHOB BEICOKOI
IIJIOTHOCTH.

B nanHOM HccnenoBaHUM TOCTaTOYHO MAJIBIN pas3-
Mep BBIOOPKH (OCOOCHHO KEHIUH). TeM He MeHee
HaOJIo/IeHNE 32 TCHACPHBIMH Pa3NYUsIMU B JIUTHHE
TeJoMep MO3BOJISIET YCTAHOBUTDH, UTO CBSA3H MEXKIY
JUTMHOM TeJToMep U MoKa3aTeIsIMH )KECTKOCTH COCY/IH-
CTOH CTEHKU HE MOTYT OBbITh OIMHAKOBBIMH y MYKUHH
1 skeHIMH. CorllacHO pe3ysibTaraM MHOTOUHCIIEHHBIX
paHee IPOBEJACHHBIX HCCIIEIOBAHMUI, ’KECTKOCTh CTEHOK
KPYTHBIX apTepuil (C OLIEHKOW MyJIbCOBOTO JaBJICHUS
U CKOPOCTH PaclpOCTpaHEHUs MYJIbCOBON BOJIHBI)
SIBIISIETCS (JEHOTUTIOM OHMOJIOTHYECKOTO CTapeHHs ap-
TepUalibHOW cucTeMbl. HecMOTps Ha OTpULIATENIbHYIO
KOPPEJIALUIO JJTMHBI TEJIOMEp ¢ BO3PACTOM HE3aBUCHMO
OT T10J1a, IPU MYJIBTUBApUAaHTHOM aHasu3e A. Benetos
u coaBropamu (2001) ycTaHOBIEHO, UYTO YMEHBIIICHUE
JUTMHBI TEJIOMEP CIIOCOOCTBYET YBEJIMUEHHIO TYJIBCOBO-
'O IaBJIEHUS U CKOPOCTH PacpOCTPaHEHUs MyJIbCOBOM
BOJIHBI TOJIBKO Y MYKUHH.

BOJIBIIMHCTBO COBPEMEHHBIX TEOPHUM CTapeHUs
SIBJISIIOTCSL TIPOAOJIKECHUEM TEOPHUH, KOTOpYIo B 1956
roay npeanoxkuin Harman [14], u moctyaupyioT To,
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YTO OKHUCIHTENbHBIH CTPECC CIAYXUT OCHOBHBIM
(haxTOpOM, OMpEneNIIOUIUM TPOAOIKUTEIBHOCTh
JKU3HU (TaK Kak OH SBJISETCS KIIOYEBBIM DIIEMEHTOM
3a00JIeBaHUI CEPCUHO-COCYIUCTONH CHCTEMBI), H, B
KOHEYHOM HMTOTE, IPUBOJIUT K CMEPTH JIIOEH U Jpy-
rux muexonurtarmux [ 15, 16]. [Ipornecc BocnaneHus,
KOTOPBIH, KaK MPaBUIIO, CBSI3aH C OKUCIUTEIbHBIM
CTPECCOM, TaKXKe SBIISCTCS BaKHBIM DJIIEMEHTOM B
>ku3HU yenoBeka [ 17]. C 3Toii TOUKHU 3peHws, MPOIIeCcC
CTapeHus, B KOHEUHOM CYETe, MOKET OBITh CBSI3aH C
OKHCJIMTENIbHBIM CTPECCOM U BocrajieHueM. B cBoro
ouyepe]ib, Y4eHBIM YIaJI0Ch MMPOCIEIUTh CBSI3b MEXY
TUIIEPTOHUYECKON OO0JIe3HBI0, PE3UCTEHTHOCTBIO K
WHCYJIMHY ¥ OKHCIUTENbHBIM cTpeccoM [ 18—-20]. buo-
MapKepbl, KOTOPbIE UCIOIB3YIOTCS JUISl OIIPEIeIeHHS
PEe3UCTEHTHOCTH K MHCYJIMHY, OKHUCIUTEIHLHOTO CTpeC-
ca M Impoliecca BOCTaJIeHHs B KITMHUYECKHUX YCIIOBHSIX,
B 3HAUUTEIBLHOHN CTETICHH OTPAKAIOT META00JINYEeCKHE
Y BOCTIAJIUTEIILHBIE COCTOSTHUS HA MOMEHT 0TOOpa 00-
pasuoB. Bonpoc o ToM, CylecTBYOT Ji OMOMapKephl,
KOTOpPbIE (PUKCHPYIOT COBOKYITHOE TIOKU3HEHHOE Bpe-
Ms1 OKHCJIMTEIBLHOTO CTpecca U BOCIAJIEHNUsI, OCTaeTCst
OTKPBITBIM. HeKoTOpbIe yueHbIe MPeAIoNararT, 4To
OJTHUM M3 TAaKUX OMOMapKepOB SBISETCS AJIMHA TEJIO-
Mep JEHKOIUTOB.

S. Demissie u coaBtopsl (2006) yTBepKIaloT,
YTO MHCYJIUHOPE3UCTCHTHOCTh M OKHCIHTEIbHBIN
CTpECC CBSI3aHBI C YCKOPEHHBIM YKOPOUYCHUEM JTHHBI
TemoMmep B JeikoruTax [21]. ABTOPBI MOATBEPAUIN
B3aMMOCBS3b MEXAY JJIMHOW TEIOMEP JEHUKOLIMTOB,
PE3UCTEHTHOCTBIO K HHCYJMHY, OKUCIUTEIBHBIM CTpeC-
coM u Al B uccrnenoanuu npuHuManu yyactue 327
MY>K4HH CO CpEeTHUM Bo3pacToM 62,2 roa (auamnazoH
40-89 ner). YcTraHOBIIEHO, UTO JUTMHA TEIOMEP 00paTHO
KOPpPEIHPYET C BO3PACTOM, OOpaTHO KOPPEIUpyeT ¢
TOME0CTaTHUeCKOW MOJIENbIO OLIEHKH HHCYJINHOPE3H-
CTEHTHOCTHU Y MH/IEKCOM CUCTEMHOTO OKUCIUTEIHLHOTO
ctpecca. IIpu cpaBHEHNHN y4YaCTHHKOB MCCIIEIOBAHUS C
UX CBEPCTHUKAMU (Y KOTOPBIX OTMEYaJIHCh HOpMallb-
Hble nokazatenu AJl) y 6oibpHbIX Al JuinHa Tenomep
KOpode, 4YeM y JIMIl ¢ HOpMaJlbHBIM ypoBHeM AJl (y
v ¢ AT — 5,93 + 0,042 k0, y U1 ¢ HOpMaJTbHBIMH
nokazaresnssmu AJl — 6,07 + 0,040 k0, p = 0,025).
B coBokynHOCTH 3TH HaOIIOACHUS MO3BOJIAIOT MPE-
MOJIOXKUTB, 4TO a) AL, MOBBINICHHAS PE3UCTEHTHOCTD K
WHCYJIMHY U OKHCIIMTENBHBIN CTpecc CBA3aHbI ¢ Oosee
KOPOTKOH JIJTMHOHW TesioMep JIeHKOIUTOB; 0) Oosee
KOpOTKasl JUIMHA TeJIoMep JerKkonuToB y auil ¢ Al" Bo
MHOTOM CBsI3aHa C PE3UCTEHTHOCTHIO K MHCYJIMHY.

[Tono6Hoe nccneoBanue npoBesa rpymmna y4eHbIx
Bo raBe ¢ Annette L. Fitzpatrick (2007). ABTopsI HOMBI-
TaJIUCh YCTAHOBUTB CBSI3b MEXKY JUIMHOU TEIOMED JIEH-
KOIIUTOB M OTJEJBHBIMU CyOKITMHHYECKUMHE CEpICUHO-
COCYIMCTBIMH 3a00JIeBaHHSAMHU/(PaKTOpPaAMU pHCKa



TUICPTCH3MS

CEePCYHO-COCYIUCTHIX 3a0osieBanuil. B ncciienoBannu
yuactBoBasio 419 yenosek (cpemuuii Bo3pact — 74,2
roja), CpeHsis JUINHA TEeIOMep JICUKOIIUTOB Y KOTOPBIX
cocTaBsiia 6,3 Teicsuu nap ocHoBaHui. [1o pesynsraram
MPOBE/ICHHOTO HCCIICJIOBAHUS, YCTaHOBJIEHA 00paTHast
KOPpEJALUS MEXAY IJIUHOW TEeJIOMEp JIEUKOLUTOB U
PHCKOM Pa3BUTHS CaXapHOTO JHabeTa, CTETEHBIO MOBBI-
HICHHS] yPOBHSI ITFOKO3bI KPOBH, CTETICHBIO TIOBBIIICHHUS
JA/l, cTeneHbo yBenMueHuUs TOIIMHBI MHTUMa-MEIna
COHHBIX apTepHii, ypoBHEM HHTepiielknHa-6. OTMeueHo,
YTO Y MOJIOJIBIX YUYACTHHKOB HCCIIEJOBAHUS KKI0€ CO-
kpamienue renomep Ha 1 000 Hykineotunos (1 kunobasa,
K0) accouuupyeTcst ¢ TPOWHBIM YBEIMYEHHEM pHCKa
uHpapkra muokapzaa (OP 3,08, 95 % noseputenbHbIi
untepBan 1,22-7,73) u uncynsra (OP 3,22, 95 % no-
BepuTenbHBIA MHTEpBan 1,29-8,02). Takum oOpaszom,
pe3ynbrarel uccnenoBanus Annette L. Fitzpatrick u
COABTOPOB €IIe Pa3 MOATBEPKAAIOT TUIIOTE3Y O TOM,
YTO YKOPOUCHHUE TEIIOMEP MOXKET OBbITh CBS3aHO C MPO-
[eccaMy CTapeHHs Yepe3 MEXaHU3MBbI C y4acTHEeM OKHC-
JIMTETHHOTO CTPECCa, BOCTIANICHHUS K IPOTPECCHPOBAHUS
CEep/ICUHO-COCYTUCTBIX 3a00JIeBaHUH.

3akrouenme

Taxum 0Opazom, fanbHelIee H3ydeHHEe aKTHBHOCTH
TenoMepasbl M JUTUHBI TEJIOMEp TPH THIIEPTOHNYECKOM
0O0JIE3HH MTO3BOJIUT Pa3padoTaTh COBPEMEHHBIE MOIXO/IBI
K JICUCHUIO, MOHUTOPHUHTY 3a0oieBanus. [1o cocTosiHmIO
TeoMep Bpad MOXKET OLICHUTh PUCK Pa3BUTHS THIIEPTO-
HUYECKOH 0OJIE3HH, IPOTHO3 TEYSHUSI M UCX0/1a 3a00J1e-
BaHUS M OLICHUTH d(PPEKTUBHOCTH MPOBOAUMOTO Jieue-
Hus. Kpome Toro, n3yueHne reHeTHIeCKUX HapyIeHHH
TenoMepasbl U TEIOMEpP, BOSHUKAIOIIHX 01 BIUSHAEM
9K30T'€HHBIX (DaKTOPOB, MO3BOJUT BO3/ICHCTBOBATH Ha
(hakTOpBI prICKa pa3BUTHsI 3a00JICBaHUIA U pa3paboTaTh
Mepbl TPO(MIAKTUKN PAa3BUTHSI THIIEPTOHIUYECKON 00-
JIC3HH, a TAK)KE BBISIBUTH TPYIITIBI PUCKA PA3BUTHUS 3TOTO
3aboneBanus. VccnenoBanusi B 00JacTH MEXaHU3MOB
(YHKIIMOHUPOBAHHUS TEJIOMEP U TEJIOMEPa3bl SIBISETCS
MEPCICKTHBHBIM HaITPaBICHUEM JUIsl pa3paOOTKK HOBBIX
JIEKapCTBEHHBIX MPENaparoB B KapAUOIOTHH.

Koudaukt uaTEpecOoB. ABTOPHI 3aABIAIOT
00 OTCYTCTBUU MOTEHIINATHHOTO KOHMJINKTA
UHTEPECOB.
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B npeacrapiieHHOM 0030pe KPaTKO ONMCAHBI COBPEMEHHBIE MPEACTABJIEHHS 0 MEXaHU3MAaX PEryJIsiuf aKTHB-
HOCTH TesioMepa3bl (MPeuMYIIeCTBEHHO TeloMepa3bl YesioBeka). PaccMOTpeHb JIOKAIM3anus KOMIIOHEHTOB
TEJIOMEePA3HOro KOMILIEKCA B KJIeTKe M MPOsIBJIEHUS] AaKTUBHOCTH (hepMEHTA, He CBS3aHHBIE C YIJIMHEHNEM Te-
Jomep. Onucanbl 32a00J1€BaHUS YeJIOBEKA, CBI3aHHbIE C MOHWKEHHOI AKTUBHOCTBIO TeJIoMepPa3bl, KOPOTKHUMHU
TeJIOMepaMH ¥ YCKOPEHHBIM YKOpauuBaHHeM Tejiomep. JleTaabHo 00CYKIAIOTCS BO3MOKHOCTH AKTHBAIMU
TpaHckpunuuu reda ATER T pa3anaHbIMU NPUPOAHBIMH U CHHTETHYECKMMH COEIMHEHUSIMH, a TaKxkKe (P eKTbI
Tpanc(ekuun akTUBHOrO reHa ATERT B KiieTku. DK30reHHas akTuBanusa TpaHckpunuuu rena ATERT npuso-
JIUT K MOBBIIIEHUIO NPOJIM(EePATUBHOIO NMOTEHIHANA KJIETOK, YTO MOXKET MCIO0JIb30BaThC B KJIETOYHOI Tepa-
. Heo0XoaumMo 0TMETHTD, YTO MOBbIIIEHHas IKcnpeccusi reHa ATER T, 0co0eHHO PH ero TpaHCAYKIUHA, MO-
JKeT MPUBOJUTD K MAJIMTHU3AIUM KJIETOK, YTO HEO0OXO0IMMO YYMTHIBATH NPH BHIOOPE CNOCO0Aa AKTUBAIIMHU TEJI0-
Mepasbl B JIe4eOHBIX HeIaX.

Karouesvte caosa: Tenomepasa yeioBeka, aKTUBATOpbI TesiomMepasbl, red hTERT.

POSSIBILITIES AND EFFECTS OF TELOMERASE ACTIVATION, by N. A. Kovalenko™, D. D. Zhdanov’,
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Moscow, 117997 Russia). In this review we briefly describe recent knowledge of telomerase (predominately human
telomerase) activity regulation mechanisms. We also point telomerase complex components localization in cells
and discuss the enzyme activities that are independent of telomere elongation. The paper includes the overview
of human diseases correlating with reduced telomerase activity, short telomeres and rapid telomeres shortening.
We describe in details the possibilities of exogenous #TERT gene transcription activation by different natural
and synthetic compounds as well as #TERT gene transfection effects. Such exogenous activation cause increas-
ing proliferative potential of the cells and might be used in cell therapy. It must be noticed that elevated h”TERT
gene expression, especially in the case of hTERT gene transfection, might be the cause of cell malignesation. In
this regard strict constraining criteria in medical application of different methods of telomerase activation must
be developed.

Keywords: human telomerase, telomerase activators, A”7TERT gene.
DOI: 10.7868/50026898413040071

BBEJIEHUE TOM YHCJIE M Y UEJIOBEKAa, TEJIOMEPHI UMEIOT IJINHY 2—

30 T.I.H. ¥ COCTOSIT U3 ABYXLIEIMOYEYHbIX TeKCaHyK-

Ha KOHIax XpOMOCOM BCeX 3YKApUOTUYECKUX U neoruanbix 1moBTopos 5'-(TTAGGG),-3', KoTophie
HCKOTOPBIX IIPOKAPUOTUYCCKUX OPraHU3MOB C JIA-  3akaHYMBAIOTCS Ha 3'-KOHIIE OJHOLIETIOYEYHOM IT0-
Heinoii JIHK pacnionoxensr JIHK-6enkoBble KOM-  cnenoBaTenbHOCThIO U3 50—300 H. [1, 2]. 3a Kaxablii
TUTEKCHI — TEJIOMEPHI. Y TTO3BOHOYHBIX JKUBOTHBIX, B IIUKJI pEeTUIMKAIIMU IJTMHA TeJIOMEp YMEHbBIIIaeTCsI Ha

IMpunsareie cokpamenus: TR — tenomepasnas PHK (telomerase RNA); HSP — 6enok terutoBoro moka (Heat Shock Protein);
siPHK — kopotkue unrepdepupytomme PHK (short interfering RNA).
*31. moyTa: vartala@yandex.ru



BO3MOXHOCTHU N DOPEKTHI AKTUBALIMN TEJIOMEPA3DI

50—200 H., 9TO OTpaHUYMNBACT YMCJIO PEIUIMKAIINM, K
KOTOPBIM CITOCOOHBI T€ WM MHBIE KJIeTKU (“IIpenen
Xeiipauka) [3]. HekoTopble KJIETKM MOTYT HOAAEP-
>KUBATh JJIMHY TEJIOMEP C TTOMOIIbIO (DepMeHTa TeI0-
Mepa3bl, aKTUBHOCTh KOTOPOI YBEJIMYMBACT MpPeAc
Xetidiunka, a, caeaqoBaTeIbHO, U TTpoIuepaTuBHBIN
MOTEHLIMAJ KJISTKU.

Tenomepasza — BBICOKOMOJIEKYJISIPHBIN (OKOJIO
1000 x/Ia y TO3BOHOYHBIX) pUOOHYKIECOPOTEHUTHBIN
KOMILIEKC — CUHTE3UPYET TEJIOMEPHbIE MOBTOPHI Ha
KOHIIaX JIMHEUHBIX XPOMOCOM W MOMIAEPKUBAET
CTPYKTYpY TeJoMep B KjeTkax [4]. s mposiBieHust
¢epMEeHTAaTUBHOM aKTUBHOCTHU N Vitro TOCTaTOYHO
JIByX OCHOBHBIX KOMITOHEHTOB TEJIOMEPa3HOTO KOM-
mwiekca: ooparHoii TpaHckpuiitassl (TERT, telomerase
reverse transcriptase) u TenomepaszHoit PHK (TR, te-
lomerase RNA), comepxaiieil MaTpUIHBIA Y4acTOK
IUII CUHTE3a TeJIOMEPHBIX IOBTOPOB. AKTUBHOCTb
depmMmeHTa in vivo 00ecrieurBalOT Takke MHOTOUYUC-
JIEHHbIE JOIOJHUTEIbHbIE KOMIIOHEHThI TeJloMepas3-
Horo Komriuiekca [5]. Tak, 6enok nuckepuH (dyskerin,
DKCI1 — dyskeratosis congenita), y4acTBYIOIIMII BO
B3aUMOJENCTBUM OTIEJbHBIX KOMIIOHEHTOB TEJIOME-
pa3bel u JJHK, obecneunBaet jgokanuzauuio TR u,
BO3MOXHO, BCEr0 TEJIOMEPA3HOI0 KOMILIEKCA B TEJb-
nax Kaxans. Ilanmeponst HSP90 (Heat Shock Protein
90), a umenno: HSP90a1 [6] u Genok P23, HeoGxo-
auMbl 11 npucoeauHeHns: TERT K npyrum KoMIio-
HEHTaM KOMILJIeKca U MoIep>XKaHUs BCeil CTPYKTYPbI
Tesiomepasbl. [TocienHuii U3 rj1aBHbIX KOMIIOHEHTOB
TeJloMepa3bl — acCOLMMPOBAHHBINA C TeJoMepa3oi
oenmok TEPI1 (telomerase-associated protein 1), kak
MoJiaraioT, TakXke OOecreuyrBaeT TpPaBUIbHYIO KOH-
¢dopmMalirio TeoMepasbl, ONocpeysl B3auMOAEeUCTBUS
MEXy OCHOBHBIMM €€ KOMITIOHeHTaMu. Ha ypoBeHb
TeJIOMEpa3HOU aKTUBHOCTH, 6€3yCIIOBHO, BIUSIOT TaK-
’Ke TeJIOMepHBIe O€JIKW, MJIA OCIKU IIeJITEePUHOBOTO
KOMILJIeKca, KOTOpbIe yYacTBYIOT B 0Opa3oBaHUU U
MoAIEp>KaHUU 0COO0M CTPYKTYPhl KOHIIOB T€JIOMe-
pbol — T- u D-nietenb, KOTOpbIE 3alMIIAIOT XPOMO-
COMBI OT pacIlio3HaBaHWSI CHUCTEMOW penapaiuu
JHK B KauecTBe yyacTka, coaepKallero moBpexae-
HUe. beJky meJITepuHOBOTO KOMILUIEKCA YYaCTBYIOT
B PEryJsliMM CUHTE3a TeJloMep Tejiomepas3on [7—
11]. Ha ypoBeHb TenoMepa3HOIl aKTUBHOCTU BIAMUSIET
PHK, koTopast cuHTe3upyeTCsl Ha TEJIOMEPHBIX MO~
cnenoBaTenbHOCTsIX (TERRA) [12], a Takke Oenkm,
BOBJIEUEHHbIE B PETUIMKALIMIO U OCYIIIECTBIEHUE IPY-
TMX XXKM3HEHHO BaXKHBIX (DYHKIIUI B KJIETKE.

DYyHKIIMKM KaTaTUTHIeCKON CYObeTUHUITBI TEI0-
mepassl — TERT — He orpaHMYeHBI yIJIMHEHUEM Te-
nomep. YcranosieHo, uTo hTERT (TERT genoBeka)
CTaOWJIM3UPYET TEJIOMEPHI, BBI3BIBACT YCUIICHHE TIPO-
JMdepaln KJIETOK U TTOBBIIIIEHUE NX KU3HECITOCO0-
HOCTH, y4aCTBYET B PETYJISALIUN SKCIIPECCUUA HEKOTO-
PBIX TEHOB, a TakKXKe B PETyJIsIIIUM OTBETa Ha ITOBpe-
xnenue JIHK [13, 14]. B onpiTax in vivo mokas3aHo,
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gro mrsa cuHTte3a rnepsoit nenu JHK TERT moxer
ncrionb3oBaTh padnnuHbie PHK [15], kak 1 mj1s1 cuH-
te3a apyxuernodeyHeix PHK (muPHK) [14], Te.
hTERT o6Gnamnaer aktuBHocthio PHK-3aBucumoii
PHK-nonumepasbl 1 hTR-He3aBucuMoit oopaTHoit
TpaHckpunTasbl. [Ipoaykramu PHK-nonnMepasHoit
akTuBHocTU sBisitoTcss nUPHK, B pesynbsrate mpo-
IIECCUHTAa KOTOPBIX 00pa3yloTcs MaJjibie UHTepdepu-
pyromne PHK (siPHK), Biustrolye Ha TpaHCKPUITITA-
OHHYIO aKTUBHOCTb T'eHOB-MUIlleHel [14]. MuUTOXoH-
npuanbHass hTERT wcrnonb3yeT B KayecTBe MaTpULIbI
PHK-xomMnoneHT sHImopuboHykieassl [ 14]. Ee aktus-
HOCTh He CBf3aHa ¢ ymamHeHueM Teiaomep (MTIHK
MMeEET KOJbLIEBYIO CTPYKTYPY U HE COIEPXKUT TEJIOMEP-
HBIX ITOBTOpOB). B MuToxoHnpusax Het TR, HO oHU co-
nepxat 10—20% xinerounoit hTERT, octanbHbie 80—
90% naxonsres B sinpe. B hTERT o6HapyKeHbI curHa-
Jbl SICPHOU U MUTOXOHIAPUAIBHOU JIOKAJIMU3ALINU.
MutoxonapuanbHasgs hTERT cegzana ¢ JHK u B
OOBIYHBIX YCIOBUSIX 3aIIUIIACT €€ OT BO3ICCTBUS pa3-
JIMYHBIX TMOBpexaaromux areHToB [15]. Ilpenrmonara-
eTcs, 4To epMEHT MOXKET MPUHUMATh y9acTue B pera-
paumu nospexaenuit MTIHK [15]. Ha BHyTprKieTou-
Hoe pacnpenenaeHue U akTuBHOCTh hTERT Bausitor
crienuUIecKue CTUMYJIbl U TIOCTTPaHCJSILIMOHHAS
momudukanus (pochopmwmpoBanue u aepocdopu-
mmpoBanue) [16, 17]. hTERT mnosblaer ycToiuu-
BOCTb KJIETOK K XMMMOTeparieBTUUECKUM CPelICTBaM 1
MPOANONTOTUYECKHM CTUMYJIaM, OJIOKUPYsI, TO-BUIU-
MOMY, MUTOXOHIpHAJIbHBIN ITyTh arionTo3a [14, 18].

Takum obpazom, B TERT mMeroTcss CTpyKTypHI,
OTBETCTBEHHbIE 3a €€ JIOKAJIU3AIUI0 U TakKrue PyHK-
umu, Kak cuHte3 TeaomepHoit JIHK, cunte3 PHK Ha
PHK-marpuie, ycuiaeHue KIETOYHOM Itposudepa-
1MUY, TOJIaBJIEHE aIloITo3a, Peryysiiys OTBeTa Ha Io-
Bpexnenue JIHK, yBennueHne cpoka KM3HM KIIETKH.
MexaHU3Mbl, HEOOXOAMMBbIE JJ151 BBITIOJIHEHUS OTAEJIb-
HBIX (DYHKIIWI, M3YyYEeHBI He IOJIHOCTHI0. OCOOEHHO
WHTEPECHBIM TIPEACTABIISIETCS CONPsKEHME TTposiude-
patuBHOTO 3ddeKTa ¢ MPONOLKUTETEHOCTBIO XXU3HU
KJICTKU ¥ DHEProodecIicyeHUEM.

Perynsiiiuy ypoBHSI TeJIOMEPA3HO aKTUBHOCTH
MMOCBSILLIIEHBI MHOTHE 3KCIIEPUMEHTAJIbHBIE PA0OTHI U
HECKOJIbKO 0030poB [5, 19—-21].

AKTUBHBII TeJIOMEpa3HbIii KOMIUIEKC BKIIIOYAET
HECKOJIBKO O€JIKOB, 3KCITPECCUSI TEHOB KOTOPBIX KOH-
TPOJIUPYETCSI HA YPOBHE TPAHCKPUIIIIAU U STTUTEHETH-
yecku. MPHK »Tnx 6e1KoB MOryT moaBepraThCs
aJIbTepHATUBHOMY CIJIaiiCUHTY, a caMu OeJIKU — MO-
CTTPAHCSLIMOHHBIM MOAM(PUKALIUSIM. AKTUBHOCTb
TeJoMepas3bl 3aBUCUT U OT OEJIKOB IIEJITEPUHOBOTO
KOMILJIeKCca, HampuMep OT TaHKMpas3bl, U OEJIKOB,
YYacTBYIOIIMX B MUTPALIMU TEJIOMEPa3bl B OTpele-
JIeHHblE KOMITApTMEHTHhI KJIeTKU. B cBOI0O ouepenp,
CUHTE3 U aKTUBHOCTb 3TUX OEJIKOB TaKXe MojBepra-
10TCcs peryasguuu. OaHako IS IPOsIBJIEHUS TeJloMe-
pa3HOl aKTMBHOCTU JOCTATOYHO IKCIPECCUU TeHa
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TERT. Ocob6eHHO HY:KHO OTMeTUTh, uTO0 TERT Mo-
JIYJIMPYeT SKCIPECCUI0 MHOTUX T€HOB, KOHTPOJIUPY-
omux pocrt [22, 23].

B mnpencraBieHHOM 0030pe MBI TONBITAIMCH
0000I1IUTh JaHHBIE O BO3MOXHOCTU aKTUBAlLlUU Te-
JloMepasbl (TIPEeUMYIIECTBEHHO TeJIoMepa3bl YeJloBe-
Ka), a TaKKe OMOCHMHTEe3a OTMIEJIbHBIX KOMIIOHEHTOB
TEJIOMEPA3HOr0 KOMILIEKCAa Pa3IMYHBIMU 3K30TeH-
HBIMU COETMHEHUSIMU.

AKTUBHOCTDB TEJIOMEPA3BI ITPU
PA3JIMYHBIX PU3NOJOTI'NMYECKUX
N ITATOJIOTUYECKHX COCTOSAHUAX

Tenomepsl yKopaumBaioTCs IIPU KaxKIOM IIUKIIE
peIuIuKalnmu. YKopaunBaHUE JJIUHBI TEJIOMEP 0 5—
8 T.II.H. BBI3BIBACT MEPEXO KIIETOK B COCTOSTHUE Pe-
TUTMKATUBHOT'O CTapeHUsI, IIpU KOTOPOM HaOII01aeTCs
3aMeUIeHUE WU TI0JIHAsl OCTaHOBKA IpoJiudepauu,
a aKTUBALMSI TeJIOMepasbl YBEJIMYUBACT ITPOHOJIKU-
TEJILHOCTb XXM3HU KJIeTOK [24]. HopMaJibHbIe KJIETKU
3apojiplllia, 3MOPUOHAIbHbIE W APYIME CTBOJIOBBIC
KJIETKH, KPOBETBOPHbIC KJIETKW, aKTUBUPOBAaHHbIC
JUM@OLUTHI, KJIETKU 0a3aJIbHOTO CJI0SI KOXXU, BOJIO-
CSIHBIX (DOJIJIMKYJIOB M TOHKOTO KMIIICYHHUKA CIIOCO0-
HBI TOAAEPXKUBATh JJIMHY TEJIOMEP C ITOMOIIBIO TEJIO-
Mepasbl. B OOJIBIIMHCTBE COMAaTUYECKUX KIIETOK Ye-
JIOBEKa TeJioMepas3a JIM0O BOBCe HEaKTHBHA, JMOO
MMeeT HEeBBICOKYIO aKTMBHOCTH (B ¢pubOpobiiacrax,
TKaHU MOJIOYHOM XeJie3bl, B KIeTKax IedeHu) [4, 13].
Temomepasa aktTuBHa B 85—90% oOITyX0JI€BbIX KJIETOK
[25]. U3 npuBeaeHHBIX B 0030pe [26] HaHHBIX BUIHO,
4YTO MOUCKY CIIEHU(PUIECKUX UHTUOUTOPOB TEJIOME-
pa3bl U U3YYEHUIO UX BIUSHUS Ha POCT OMYXOJIEBBIX
KJIETOK U BbDKMBAEMOCTh XXMBOTHBIX ITOCBSIILIEHBI
MHorue pabotsl. HekoTopble MHTMOUTOPHI ITPOXOAST
JMOKJIIMHUYECKWE U KITMHUYECKUE UCTIBITAHUS B Kave-
CTBE IPOTUBOOITYXO0JIEBBIX CpeAcTB [27, 28].

IIpexaeBpeMeHHOE pEIUIMKATUBHOE CTapeHue
KJIETOK MOXKET BbI3bIBATbCAd HAPYLICHUAMU B (1)Op—
MUPOBAHUY aKTUBHOTO TEJIOMEpPa3HOTO KOMILIEK-
ca, B pe3yJbTaTe 4ero B COMaTUYECKUX KIJIeTKaxX, He
006J1agarIInX TeJIOMepa3HoOl aKTMBHOCTHIO, 00pa-
3YIOTCSI KOPOTKHUE TEJIOMEpHI. YCKOpeHUEe YKOpadr-
BaHMSI TEJIOMEP TaKXKE MOXET CIIYXKUTh IPUYNHOMN
Pa3BUTHS HEKOTOPBIX MATOJIOTHTYECKUX COCTOSTHUIA.

CrapeHue opraHM3Ma MOXHO OIpeIeJITh KaK ce-
pHIO BO3PACTHBIX (PUBUOJOTUIECKUX W3MEHCHUIA,
KOTOPBIE CHIKAIOT (PYHKITMOHATBHBIEC BO3MOXHOCTH
opranm3ma. Ha MoOJIeKyJISIpHOM ypOBHE CTapeHHe
CBSI3aHO CO CHIDKEHHWEM aKTUBHOCTH XpOMaTWHA U
omocuHTe3a OenkoB. CoOrjlacCHO OTHOM W3 TEOPHIi,
cTapeHre OpTaHU3Ma CBSI3BIBAIOT CO CTapeHUEM KiTe-
TOK 1 ¢ GYHKIIMOHUPOBAHNEM CHCTEMBI TEJIOMEPBHI—
tenomMepasa [29]. K aTomy, BeposiTHO, MOXKXHO 100a-
BUTh 3HAYMMOCTh DHEPTETUYECKOTOo OOecIeueHUs
KJIETOK, T.€. COCTOSIHUS Y KOJIMYECTBA MUTOXOHIPUIA,

B peryJsiiuv (PYHKIIMOHUPOBAHUS KOTOPHBIX y4acT-
Byetr TERT [15].

YcKopeHHOe cTapeHHe KaK KJIETOK, TaK M BCEro
opranu3Ma HabGmomaeTcs mpu cumHIpoMe BepHepa
(Werner syndrome). CauraeTcs, 4YTO B OCHOBE I1aTO-
reHe3a STOrO CHHApPOMA JIeXaT HapylIeHUs TeHa
ATP-3aBucuMoii xennkassl — (pepMeHTa, YIACTBYIO-
niero B perapaumu u pervmkauuu JHK. Ognako
npu cuHApoMe BepHepa mpoucxoauT Takxke ycKope-
Hue ykopaunBaHud Teomep [30, 31]. dpyroe peakoe
3abo0JyieBaHUE, CBSI3aHHOE C MPEXKICBPEMEHHBIM CTa-
peHueM (3aMellJIeHre pocTa, 00JIe3HHU CYCTaBOB, MOP-
IIMHUCTOCTh KOXH, paHHee pa3BUTHE aTepoCKiIepo3a
M TIP.) ¥ COKPAIIEHUEM MTPOIOKUTEIbHOCTY XKU3HU —
cuHapoMm XatumHcoHa—Iundopaa (Hutchinson—Gil-
ford syndrome). Tenomepbl B (pubOpobiacTax TaKUX
OOJTBHBIX O0JIee KOPOTKHUE, YEM Y 3MOPOBBIX JIUI] TOTO
ke BoapacTa [32]. [Tpu cunapome Jlayna (Down’s syn-
drome) Takske HaOJIIOmAeTCsT paHHee CTapeH!e CO BCe-
MM €TrO XapaKTepHBIMU TIPOSIBICHUSIMU, BKITIO9ast 60-
JIe3Hb AJblreiiMepa, M YCKOpeHe YKOpauMBaHMS Te-
gomep B mumdpormtax [33]. Ilpemmonaraercs, dro
YKOPOUEHHBIE IO KPUTHUIECKOW IJTMHBI TEIOMEphI
BHOCSIT BaXXHBIN BKJIAI B pa3BUTHE HEKOTOPHIX (hopM
arutactuyeckoir aHemuu [34] u aHemuu PaHKOHU
(Fanconi’s anemia) [35].

C HeIoCTaTOYHOUM aKTHMBHOCTBIO TeJloMepasbl
CTBOJIOBBIX KJIETOK CBSI3aH PSIIl BPOXKIEHHBIX TATOJIO-
ruii. Jluckeparo3s (dyskeratosis congenita) — Hacien-
CTBEHHOE 3a00JIEBAaHNE KOXMU C MOUKWIOOEPMHUEHN,
JIEUKOTIAKMEN CIIM3MCTON ODOJOYKM pTa, TUCTPO-
¢dueil HOTTEeN, NaTOHHO-TIOAOIIBEHHBIM TUTICPTHUI -
pO30M, 3aKYIIOPKOM MJIM aTpPE3UeM CJIIE3HO-HOCO-
BbIX KAHAJIOB U MIPOrPECCUPYIOLIEH alljIacTUYeCKOM
aHemueit. Paznuuaror X-cuerieHHYI0 gopMy, Ipu
KOTOpPOi MyTalluM B T'€HE AMCKEepUHaA HapylualoT
cOOpKyY TeJIoOMepa3HOTO KOMILJIeKca, U ayTOCOMHO-
JTOMWHAHTHYIO (pOpMY, OOYCIOBICHHYIO MyTallU€EH,
3arparuBatouieit H/ACA-nomen hTR. Berpeuaror-
cs Takke myTanuu B reHe ATERT [36, 37], KoTophie
MPUBOJSAT K CHUXKEHUIO TEIOMEPA3HOW aKTUBHOCTU
B CTBOJIOBBIX KJIETKAX W, KaK CJIEIICTBUE, K TTOSIBJIC-
HUIO B COMAaTUYECKUX KJIETKAX YKOPOUYEHHBIX TEJTO-
mep [38].

YKOpoUeHHbIE TeJIOMepbl OOHAPYKEHbI B JIEHKO-
uTax rnepudepudyeckoil KpoBu OOJILHBIX TMIIEPTO-
HUeM, TIPU UHCYJTMHOPE3UCTEHTHOCTH, OKUCTUTEIb-
HOM cTpecce [39], a TakKe y TTOXKWIBIX JIIoAei, 0Co-
OCHHO TIpM PHUCKE XPOHWYECKOM HIIeMUM Ccephaia
[40], ocTteomnopo3se y xkeHIIUH [41], IIMTEIILHOM BO3-
IEeUCTBUM CTpecca M XPOHWUYECKMX MHGEKIIMOHHBIX
3a0oneBaHIIX [42]. CITOCOOHOCTh UMMYHHBIX KJIE-
TOK YCUJIMBATh TEJIOMEPa3HYIO0 aKTUBHOCTB ITOAABIISI-
€TCsI TOPMOHOM CTpecca — KOpTU30JI0M. [ImuTenbHoe
noJaepXXaHUue BBICOKOTO YPOBHSI 3TOTO TOpMOHA B
KPOBM HCTOIIACT UMMYHHYIO CUCTEMY U TOBBIIIIAET
MPeIpactooKeHHOCTh K Pa3IMYHBIM 3a00JIeBaHU-
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am [43]. TTockobKy YKOpPOUYEHHEBIC TEJIOMEPHI acco-
LUMPOBAHBI CO CTApEHNUEM, MHOTMMM BO3PAaCTHBIMU
U JIPYTUMMU TIATOJIOTUSIMUA, BO3MOXKHOCTb YBEJIUUYUTD
TeJIOMEpPa3Hyl0 aKTUBHOCTD U, CJIEIOBATEIbHO, I -
HY TeJIOMep BbI3bIBaeT O0JIbIIION nHTEpec [24, 42, 44].

OHAOTEHHAS PEIYJIALIUA
TEJIOMEPAZHOU AKTUBHOCTU

TenomepasHass akTUBHOCTb 3aBUCUT OT KOJIUYE-
cTBa (hepMeHTa B KJIETKE, YTO BO MHOTOM OMpPEAEsi-
€TCsl YPOBHEM 3KCIPECCUU TE€HOB, MPEXIIE BCErO re-
HOB KOPOBBIX cyOobeauHull Teaomepasbl (ATERT wn
hTR), npeAacTaBICHHBIX B TEHOME YeJI0BeKa TOJbKO
onHoit konueii. Bpems nmonyxusuu hTERT (24 9) ro-
pazno kopoue, yeM y hTR (5 gHeit) [19], koTopast Ha-
XOJIUTCS B KJIETKE U B OTCYTCTBHE T€JIOMEPa3HOM aK-
TUBHOCTH [45]. BTO, BO3BMOXHO, AaeT sinepHoii hTR
KOHKYpPEHTHBIE ITpenumylecTBa nepea npyrumu PHK
U peajiu3almio B sIIpe UMEHHO TeJIOMepa3HOM aKTUB-
Hoctu TERT. MHaue roBopsi, pa3HOOOpa3HbBIE IIPO-

aeieHns aktuBHocT TERT 3aBucdT, B mepByto oue-
penb, oT akcrpeccuu reHa ATERT. TToka3aHo Takxe,
yTO BBejeHue reHa 4 TERT B KJIETKU NPUBOAMT K I10-
SIBJIECHUIO B HUX TEJIOMEPA3HOU aKTUBHOCTU U obec-
neurBaeT BeinonHeHue npyrux ynkuuii TERT.

B perynsium skcrnipeccuu reHa A TERT ydacTByIOT
MHOTUE (haKTOphl TpaHCKpunuuu (Tadauua). Heko-
TOpble (aKTOpPhI, CTUMYJMPYIOIINE SKCIPECCHUIO
hTERT, moryT akTUBMpPOBaTh OHKOreHbI. Hammpumep,
dakrop STAT3 (Signal Transducer and Activator of
Transcription), KoTopslii pochopuyinpyeTcss KuHa3a-
mu Src u Jak, mpu B3auMoaeitcTBuu MeMOpaHHEBIX pe-
LEenToOpoOB ¢ (pakKTOpaMu pocTa U MUTOKMHAMU aKTH-
BUpPYeT HerocpeacTBeHHO ATERT B HOpMalIbHBIX U
omyxojieBbIx KieTkax, mpudem STAT3 MoxeT akTu-
BUPOBAaTh U OHKOTE€HHI [46]. AMIUTMIUKALIAI XPOMO-
COMHOro Jiokyca, Kotopbiii koaupyer hTERT wnu
hTR, KoppenupyeT ¢ MOBBIIIEHUEM YPOBHS aKTUB-
Horo ¢epMeHTa B KJIeTKaX 1 MX OHKOTpaHCc(opMau-
ei1 [47, 48].

Perynsinust skcripeccuu reHa ATERT v akTUBHOCTHU TeJIOMepasbl*

IMo3uTuBHAsI PETyISIIs

HeratuBHas perysiims

TpaHCKPUITIIMOHHBIN Y TTOCTTPAaHCKPUTIIIMOHHBIN YPOBEHB

daxtop TpaHCKpUTIIIUM Sp 1 B3aMMOAEHCTBYET C MSATHIO
GC-60kcamu B mpomotope A TERT

[TpoaykT oHKOreHa c¢-Myc (roMOJIOT OHKOT€Ha V-myc BU-
pyca MueJIoMTOMaTo3a) B3aumoneiictsyer ¢ E-0okcamu
npomotopa hTERT — CACGTC

ER (penienitop acTporeHoB) o 1 3

NF-«B (anepnsrii dakrop kB) tpancaktusupyet hTERT

USF (BpHIICIEKAIINN CTUMYIUPYIOIUi dpaktop) 1 u 2
B3aumoeiictyet ¢ E-6okcamu B mpomotope hTERT

E6 (6enok E6 manmuimomMaBupyca yeaoBeKa TUIa 16) akTh-
BupyeT h TERT uepe3 E-60kcel 1 GC-00KChI mpOMOTOpa
LANA (accolmupoBaHHBIM € JJATEHTHOCTBIO SIIEPHBIIA aHTU -
TeH repriecBUpyca, aCCOIIMMPOBAHHOTO ¢ capkoMoii Karrorr)
aktuBupyet A TERT tipu B3aumoneiictBuu ¢ SP1 B ipoMoTope
STAT3 (mepeHOCYMK CUTHAJIa Y aKTUBATOP TPAHCKPUIILIMI)
aKTUBHUpYeT aKcrnpeccuto reHa A TERT ipu B3auMoneicTBUA
C KOHCEHCYCHOI MOC/IeI0BATEIbHOCTBIO B €0 IPOMOTOPE
TTCNNNGAAA (Tpu caiita), ortocpeayeT BIUsTHIE (DaKTo-
POB pOCTa, IMTOKUHOB (MHTEPJIEHKUHOB 6 1 2), OHKOTEHOB
MetunupoBaHue nmpoMoTopa 2 TERTHa yyactke —441...—218.
MetummpoBanme 3K30Ha 1

OmyxoeBslii cynipeccop WT1 (B3auMoaeicTByeT ¢ IpoMo-
TopoM reHa A TERT)

®axTop CTCF (B3auMoaeicTByeT ¢ 3K30HaMu 1 u 2 reHa
hTERT)

MetunupoBanue [JIHK B obimactu Kop-nipomotopa A TERT
AntucmeicioBasi PHK TERRA (coaepXuT TesioMepHbIE U
cyOTelIoMepHBIe TTocieaoBaTeIbHOCT, MHrnoupyet PHK-
KOMITOHEHT TeJIoMepa3bl)

AnsrepHaTuBHBIN TpaHCKpUNT hTERTa (TpaHcsius ¢
stoii MPHK mpuBomnT K 06pa3zoBaHMIO OeJIKa CO CHUXKEH-
HOI aKTUBHOCTBIO)

ITocTTpaHCAAIIMOHHBIN YPOBEHD

Kunaza Akt (bochopunrpoBaHre MOBHIIIAET AKTUBHOCTh
TeJI0OMepas3bl)

benok TCABI (ocyiectpisieT nepeHoc PHK-kommoHneHTa
TeJIoMepashbl B SIIPO)

benok TPP1 (mmpeamnonoXuTeIbHO y4acTBYET B JOCTaBKe
TeJoMepasbl K TeJIOMepaM 1 YBEJIMYMBAET MPOLIECCUBHOCTD

TeJIOMEPa3bl)

Kunaza c-Ab1 (bochopunupoBaHue NpuBOAUT K TPEX-
KPaTHOMY CHIDKEHUIO aKTUBHOCTH)

YoukButuHupoBaHue ¢ momoiibio MKRN1 npuBoaut k
Jerpagaly TeJoMepasbl

BzaumoneiictBue CHIP (C-koHIIeBOI fOMeH OejiKa, B3an-
mopeicTByroliero ¢ Hsc70) ¢ TeroMepa3oil BhI3bIBAET €€
MOJIMYOMKBUTUHUPOBaHNE

* Mcnonb3oBaHbl gJaHHble [5, 19, 21, 46, 50—53].
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AxTuBHUpoBaTh 3Kcripeccuto reHa ATERT moryrt
MIPUPOIHBIE PEryJSITOPHBbIC TMENTUAbLI, HaIpuMep
KOMILJIEKC TIeNTUI0B anudu3za [49].

M3BectHO, uTo MeTpoBanue JJHK mpuBoauT K
CHIDKEHUIO 3KCIIpeccuu TeHoB [54]. OmHako Bus-
HUE 3TOM SIIMTeHETNYEeCKO MOaAU(pUKAIIMK Ha TpaH-
ckpunuio reHa 4 TERT HeoTHO3HAYHO M 3aBUCHUT OT
PAaCIOI0KEeHMS CAaUTOB METWINPOBaHu:. Tak, He BbI-
SIBJIEHO B3aMMOCBSI31 MEXTy CTEIIEHbIO METUJIMPOBa-
HUs ydyacTka pasmepom 550 rm.H. rena A TERT (—500...
+50) 1 ypoBHEM 3KcIipeccuu 3Toro reHa [55]. Iunep-
METWIMpOBaHue yuyactka —441...—218 B mpoMoTope
reHa A TERT o6HapyXXeHO BO BCEX KJIETOYHBIX TUHM-
sIX, 00JIaJaroIIMX TeJIOMEPAa3HOU aKTUBHOCTHIO, a BO
BCEX HETaTUBHBIX MO TeJIoMepas3e odopasiax oTMeue-
HO TMTOMeTUINpoBaHue 3Toro yyactka [50]. [Tpuuun-
HBbI 3TOTO SIBJIEHUS He ycTaHoBJeHbl. [To3aHee moka-
3anu, 4yto reH ATERT ycrienliHO 3KcIpeccupyeTcs,
eciu 00JIaCTh €T0 KOp-IIPOMOTOpA OCTAeTCSI HEMETH -
JIMPOBAaHHOI. DTa 00JIaCTh MPEACTABISIET COOO0I yda-
crokreHa hTERT (—160... —80), comepxamuii Tpu U3
YeThIpeX CaiTOB CBsA3bIBaHU:A (hakTopa Spl — akTm-
BaTopa TpaHcKpunnuu reHa ATERT [19, 51]. Dkc-
npeccust reHa A TERT 3aBUCAT OT METHJIMPOBAHMS HE
TOJIBKO €ro IIPOMOTOPHOI 00J1aCTU, HO U KOAUPYIO-
LIUX MOCcea0BaTeIbHOCTEN. DK30HbI 1 1 2 3TOTO Te-
Ha coaepKaT cailTel cBsi3biBaHUsI MHruouropa CTCF
[52]. Ecau 3T mociaenoBaTeIbHOCTU METUINpOBa-
HbI, TO CBSI3BIBAHME WHTUOUTOpPA MPOUCXOAUT C
oueHb HU3Kol 3¢pdexkTuBHOCThIO. Eciu xxe JTHK B
palioHe caliTOB CBSI3bIBAHUSI TUTIOMETUJIMPOBaHA, TO
dakrop CTCF B3aumopeiictByer ¢ reHoM ATERT,
4TO MPUBOAUT K MOAABICHUIO TPAHCKPUIILIUU [S1].

MPHK A TERT onBepraercst TKaHeCIeIM(pUIHO-
My cIUlaiicuHry. Bcero maeHTU(GULIMPOBAHO OKOJIO
10 BapuaHToB crinaiicuira MPHK A TERT. Han6onee
YacTO BCTPEYaloTCs BapuaHThI o (mejrerus 36 I.H. B
9K30He 6) 1 B (meneumst 182 1m.H. B 9k30Hax 7 U 8, UH-
cepuus 36 1.H.), TpUYeM aKTUBHEINA (pepMEHT KOIH-
pyeTcsi MoOJIHOpa3MepHbIM TpaHcKpunToM. Hekoto-
poeie BapuaHTel MPHK A TERT Takke TpaHCIMPYIOTCS,
HO MpU 3TOM CHUHTE3UPYIOTCS Oesiku, obsamaroline
MEHbIIIell KaTaIuTUYEeCKONW aKTMBHOCThIO. BapuaHThbI
CITTAfICHTA O U [3 BBITIOJTHSIIOT, BEPOSITHO, PETYJISITOP-
Hble PYHKIIMM, OHU UHTMOWPYIOT aKTUBHOCTD TEJIOME-
pasbl MPU €€ MOBBILLIEHHOU IKCIPEecCu B HOpMasb-
HBIX 1 OIYXOJIEBbIX KJIETKaX, MO-BUAUMOMY, NOAJIEP-
>KMBAIOT JUIMHY TEJIOMEpP, a TakXKe OCYIIECTBISIOT U
nHele ¢yakuuu, npucyue hTERT. Ha skcnipeccuro
reHa 4 TERT BnusioT TpaHchopMupyroruii aktop 31
(TGF-B1) u c-Myc, KoTopblii cCTaOUIU3UPYET [3-Bapu-
aHT cruialicudra. bosee mogpooHo crutaiicuar MPHK
hTERT obcyxnaercs B 0630pe [53].

DKCnopT TeaoMepasbl U3 KJIETOYHOIO siIpa MpU-
BOJIUT K CHMDKCHUIO B HEM TeJIOMEpPa3HOM aKTUBHO-
CTU. DTOMY NPOTUBOACHCTBYET THpo3uH@ochaTasa
Shp2, cnocoOCTBIONIAsI TEM CaMbIM ITPOIJICHUIO X3~

HU KieTKu. B mntorurazme Shp2 ygacTByeT B MOIYJISI-
1IMU KJIETOYHOTO POCTa, Pa3BUTUS, TKAHEBOIO BOCIMA-
JIeHusI, XeMoTakcuca. B sape tuposnHdocdaTasza ac-
COLIMMPOBaHa C aKTUBATOPOM TPAHCKPUIILIMU OEJTKOM
STATS. Takum ke criocobom Shp2 3aTpyaHSIET BBIXO/I
hTERT u3 MutoxoHApuii 1 3aMejisieT CTapeHue, UH-
OyLIFpyeMOe aKTUBHBIMU (hopMaMu KUciiopona [56]. B
YCJIOBUSIX OKWCJIUTEIBHOTO CTpecca Colep>KaHWe
hTERT B MmutoxoHapusix Bo3pacraert [13, 15]. B orcyT-
CTBHE TeJIoMepas3bl CTPYKTYypa MUTOXOHIAPUIN Hapy-
11aeTcsl, a coAepKaHue CBOOOIHBIX PAIUKaJIOB B HUX
yBeauuuBaetcs [15]. IIpeanosaraercs, 4To TeaoMe-
pa3a y4yacTBYeT B PEryJisiliiu 4Yuciia MUTOXOHIPUIA B
KiIeTKe. B OOBIUYHBIX YCIOBUSX (PEPMEHT 3allUINACT
mMtIHK oT moBpexxneHmit u TeM caMbIM IOIIEeP>KIBa-
€T CTa0WJIbHOE KOJIMYECTBO OpraHesl B KjeTke. B
YCJIOBUSIX OKUCUTEIBLHOTO CTpecca MUTOXOHAPUU C
nospesxaeHHon JIHK rmonseprarorcst nerpagamym [57].

Ha nokanmnzanuro TenoMepasbl OKa3bIBaeT BIIUSTHIE
oM YHKIIMOHAIBHBIN 0€JIOK HYKJICOJIMH, OCHOBHASI
(byHKIIMSI KOTOPOTO COCTOUT B PETYJISILIMA TPAHCKPUTII-
i puoocomuor JIHK. HykireonH ygyacTByeT Takke
B CO3peBaHUM PUOOCOM U TPAHCIIOPTE KOMITOHEHTOB
prboCcoMBI U3 siapa B uuToIuiasMy [58]. Brot dpocdo-
MPOTEUH CBSI3bIBAET BECh TEJIOMEPA3HBIN KOMILICKC
nocpeacTBoM 0e10K-6eKoBbix 1 PHK -0e1koBbIX B3a-
umMoaencTeril. B HopMaabHbIX GUOpOOIaCcCTaX TEIOME-
pa3a BMECTe C HyKJICOJIMHOM JIOKAJTU3YETCS B SIAPBIIITKE
[59]. DyHKIMM, CTPYKTypa U IIOCTTPAHCIISILIMOHHbIC
MoanGUKalMY HYKJICOJIMHA MOAPOOHO PacCMOTPEHBI
B 0030pe [58]. IIpuBeneHbl JaHHBIE O TOM, YTO B siIpe
HYKJIEOJIMH YYacTBYET B PETYJISILIUM KJIETOYHOTO LIMKJIA
¥ TPAHCKPUIILIMY MHOTHX T€HOB, B CTAOMIN3AIIN Te-
JoMep (ITyTeM CBS3bIBAHUSI C OJHOLIEITOYEUHBIMU
G-0oraTbIMM y4aCcTKaMM ), a TAKKE B PEIUIMKATUBHOM
cTapeHU" KieToK. BHe gmpa >ToT 6elloK cIrocodeH
B3aMMOJICMICTBOBATh CO MHOTMMU OenkaMu. OH pery-
JIMpYeT aKTUBHOCTb (DAKTOPOB TPAHCKPUIILMU U
MMPOTEeMHKUHA3, BIUSIS TaAKMM 00pa3oM Ha Ipoaude-
paumio KiaeTokK. B MIMKO3MIMPOBAaHHOM COCTOSTHUU
HYKJICOJIMH o00pa3yeT KJacTepbl Ha TMOBEPXHOCTU
KJIETOK U BBINOJIHSIET pelenTopHbie pyHKuuNU. C ero
yJyacTUEM ITPOUCXOIUT Tiepeladya CUTHaIoB (PaKkTo-
POB POCTa ¥ IMTOKUHOB, a TAKXKE SHAOLIMTO3 BUPYC-
HBIX 6eJKOB [59].

Cpenu 0eJKOB IIEITEPUHOBOIO KOMILIEKCA C aK-
TUBHOCTBIO TeJIOMEpa3bl HANOOJIee TECHO CBSI3aHa TaH-
kupaza — nom(ADP-pubo3o)nonmmmMepasa. YuiiHe-
HUE TeJOMEp, KaTaIM3UpyeMoe TeJoMepas3oil, UHTU-
oupyetcs 6enkoM TRF1, cBA3bIBaIOIINM TEJIOMEPHBIE
noBTopHI (telomere repeat binding factor 1). Tanku-
pa3a 1 (TNKS1) momm(ADP)-pu6ozmnupyer TRF1,
YTO TIPUBOAUT K OTIEIEHUIO 3TOTO Oejika OT TeJoMeD,
KOTOpbI€ CTAHOBSITCS AOCTYITHBIMU LIS B3aUMOJEH-
CTBUSI ¢ TejaoMepas3oil. B cBoro ouepenpb, (pyHKIIMS
TNKSI1 perymupyertcs myrem pochoprInpoBaHUsI PO-
lo-riono6Hoit kuHazoit 1 (Polo-like kinase 1 — Plkl)
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[60]. OTMeudaeTcst mpsiMast KOppeJIsILMOHHAs CBSI3b
Mexny skcrpeccuein reHoB TNKSI n hTERT, nipn
9TOM YPOBEHb 3KCIIpeCCUM OOOMX T'€HOB YBEIUYEeH
npu pake [61]. HakoruieHbI moKa3aTeabCTBaA B IOIB3Y
TOTo, 4YTO BO MHOTUX KjeTkax TNKSI1 (1, BeposTHO,
TNKS2) sBisieTcsi OCHOBHBIM KOMIIOHEHTOM CHTI-
HaJibHOTO TTyTH Wnt/B-KateHuH [62, 63]. MHrubupo-
BaHue TNKSI1 yckopsieT yKopauuBaHUE TeIOMeED,
BbI3BAHHOE TOJaBJIEHUEM TeJOMEpPa3HOl aKTUBHO-
ctu. Bce 2To mo3BosisieT npeanoiaraTh, 4YTo MpyU OH-
KOJIOTMUYECKHUX 3a00oieBaHUsIX HanboJsiee yCIelHoi
OyaeT KOMOMHUpPOBaHHAs Tepanus, HallpaBJICHHAS
Ha MHTMOMpPOBaHUE aKTUBHOCTU 000MX (pepMEHTOB
[64]. Tankupassl 1 1 2 — (pepMeHTHI, y4aCTBYIOIINE
B MOCTTPaHCISIMUOHHON Monudukanuu. TaHKupa-
3bI MOTYT B3aUMOAECTBOBATh C PA3INIHBIMU O€JI-
KaMW, BIUSITh Ha MIPOTEKaIOIIe B KIETKE MPOIleC-
Cbl, B TOM 4YMCJ€ Ha IIepeMEIIeHHE peLenTopa
GLUT-4, yto oTpaxKaeTcs Ha CTUMYJIUPYEMOM MH-
CYJVHOM TIOTJIOIIEHUHU TJIOKO3bI KJIEeTKaMu, T.€. Ha
9HepreTMyeckoM Metabosmame. TaHkupasbel 1 u 2,
BEPOSITHO, B3aUMO3aMEHSIEMBbI B cllydae B3aUMOICH-
ctBusi ¢ TRF1 u IRAP (insulin-responsive aminopep-
tidase) [65]. Onqnako Hamnure y TNKS1 HeKoTOpBIX
CTPYKTYPHBIX OCOOEHHOCTEH MO3BOJISIET CIeUMdU-
YeCKM BIUATH (HampuMep, MHTMOUpOBaTh) UMEHHO
Ha 3TOT pepMeHT [66]. TakuM oOpa3oM, TaHKMpa3a
Kak caMma 1o cebe, TaK U BMECTe C TeJIoMepa3oid MO-
XEeT CIYXUTh MUIIEHBIO IS IIPOTUBOOITYXOJIEBOIA
Tepanuu. YBeIUYeHUE TeIOMEPa3HO aKTUBHOCTH U
napajuieIbHOE MOBHIIICHNE YPOBHS TaHKMPA3bl C €€
pa3zHOOOpa3sHBEIMU 3P PeKTaMu, 0OCOOCHHO Ha DHEp-
reTUYeCcKuii MeTaboan3M, U MPUBOJIUT, BOSMOXKHO, K
“yIyJIIEeHUIO Ka4eCcTBa XXN3HU~ KJISTKU, O YeM OyIeT
CKazaHo jJaJjiee.

HekoTopbie 0coOOeHHOCTH MeTaboaMn3Ma, TMMOTEeH-
LYallbHble (PAaKTOPbl PUCKa Pa3BUTHUSI OITYXOJIEBBIX
3a00J1eBaHUI CITOCOOCTBYIOT aKTUBALlUU TeJoMepa-
3bl WJIM CTUMYJIMPYIOT ee 6UocuHTe3. beok JenTtuH
1 ero MeMOpaHHBbIe peLENTOPbl UrPAIOT LICHTPaIb-
HYIO POJIb B PETYJISIIUM MacChl Tejla, a dKCIIPEeCCUsi
reHa JIeTITuHA KoppeaupyeT ¢ akcrpeccueit ATERT.
CurHaJjbl JIETITUHA TEePeJaloTCs MPEeUMYIIECTBEHHO
gyeped JAK/STAT (Janus-activated Kinase/signal
transducers and activators of transcription), 4TO
IPUBOINUT K MOBBILICHUIO 3KcTipeccuu reHa ATERT
Y TIPOAYKIIMY TAKUX BAXKHBIX PETYISITOPOB KIIETOU-
HOTO LIMKJIa ¥ BBIKMBA€MOCTH KJIETOK, KaK LIMKIIMH
DI, ¢c-Myc u cypBuBMH. B onmocpenyemoii rentu-
HOM peryaguumn skcrnpeccun hATERT ydacTtByioT
takke Myc/Max/Mad, 4To B psie ciydaeB CBI3aHO
C aleTUJIUPOBAHMEM TUCTOHOB B MPOKCUMAaJbHOM
yyacTke npomoropa reHa hTERT [67].

XonectepuH (B COCTaBe JIMIOIPOTEUHOB) U €ro
cnelnrduyecKruii MoBepXHOCTHBIN perentop — C, —
BOBJICUCH B peryJsiiunio TpaHckpumiuuu A TERT B mo-
HOHYKJICApHBIX KJIeTKaxX IeprudepruieckKoil KpoBU

MOJEKVYIIAPHAS BUOJIOTUA Ne 4

ToM 47 2013

JenoBeKa. AKTUBAIIMs 3TOr0 pelenTopa IPUBOAUT K
nojaBieHMIO 3Kcnpeccuur reHa hTERT B pe3ynbrate
penpeccuu reHoB c- Myc u PPARy (peroxisome prolif-
erator-activated receptor-y), Koaupymoliero gakrop
TPaHCKPUIILIUU, BOBJIEYEHHBII B PETY/ISIINIO aIUTIO-
reHe3a, roMeocTasa IJIIOKO3bl, a TaKXKe KJIETOYHOM
InuddepeHIUPOBKM W Tipoiudepalni, 3KCIPECCUuun
MHOTUX TeHOB, CBSI3aHHBIX C KaHIIepOreHe30M [68, 69].
CrnenoBaTeIbHO, CYLIECTBYET 0OpaTHasl CBSI3b MEXIY
AKTUBUPOBAaHHEIM PELIEIITOPOM XOJIECTEPHUHA U DKC-
npeccueit reHa hTERT [68].

Takum obpazom, Ha akcnpeccuto i TERT BausiioT
ornpeaeaeHHble METa0OJIUTHI, MPUYEM ITpeUMYyIle-
CTBEHHO DHEPreTUYECKOTO U JUIMTUAHOIO OOMEHa.

Bo3MoOXXHO, CyIIeCTBYIOT He TOJBKO O0II1e, HO U
TKaHeclneunGUIHbIE MEXaHU3Mbl AKTMBALIMUA 3KC-
npeccuu reHa ATERT. Hanpumep, B CD8" T-n1um-
(hoLTaxX afeHO3MHIe3aMHA3a TTOBBIIIAET SKCIPeC-
cuto reHoB CD28 u hTERT, a aneHo3WH, HalIpOTUB,
CTUMYJIMpYeT CHMKeHue comepxanuss CD28, mame-
HUE YPOBHSI TeJIOMEpa3bl U YCKOPEHUE KJIETOYHOIO
crapenus [70].

INpenmosaraeTcsi, YTO aKTUBUPOBATH TEJIOMEpa3y
U €€ KaTaJIMTUYECKYI0 CYOBbeAMHMUILY, 00JadarolIylo
3HAYUMBIMUA CaMOCTOSITeJIbHBIMU OMOJIOTMYECKUMU
AKTUBHOCTSIMU, MOXXHO BO3JEMCTBYS HAa SKCITPECCUIO
reHa ATERT n cdopmupoBaHue GepMeHTAaTUBHBIX
KOMIUIEKCOB, a Takke Ha jgokainm3anuio TERT u ee
B3aMOZACMCTBUE C APYTUMU KOMITOHEHTAMM KIIETKU.

TMOBBIITEHUE TEJIOMEPA3HOM
AKTUBHOCTH C ITOMOIIIbIO
OK30OI'EHHbBIX COEAMHEHUU

YcraHOBJIEHO, YTO (PUTOTOPMOHBI 00JIAJAIOT CITO-
COOHOCTBIO CTUMYJIMPOBATh TEJIOMEPA3HYI0 aAKTUB-
HOCTb. AyKCHH (MHIONMIYKCYCHASI KMCI0Ta) MHOYLIM-
pYET TeJIoOMepa3Hylo aKTUBHOCTD B TEX OpraHaX pacTe-
HHI, TAe OHA OOBIYHO OTCYTCTBYeT. CIIOCOOHOCTH K
WHAYKIINA CBsI3aHa ¢ MoguduKalieil ayKCMHOM OeJl-
Ka, peryJimpyroliero TpaHckpunuuio reHa TERT [71].

Ha ypoBeHb TemoMepa3HOM aKTUBHOCTHU Y Y€JIO-
BeKa BIMSIeT CUHTETUYECKUI TIEITTUI 31U TaIoH (Ala-
Glu-Asp-Gly), mepBuyHast CTpyKTypa KOTOPOIO CO-
OTBETCTBYET CTPYKType IIENTUIOB 3nupu3a. DTOT
TMIEeTITUI, CBA3BIBaeTCSI C IpomotopoMm reHa ATERT
[49]. Drutanon aktuBupyeT reH ATERT B KyIbTUBU-
pyeMBIX (peTabHBIX (pOpobdIacTaxX YesioBeKa, B KO-
TOPBIX 3TOT T'eH OOBIYHO HE 3KcIIpeccupyercs. B
KJIeTKax, o0paboTaHHBIX 3MUTAJIOHOM, IJIMHA TEJIO-
Mep yBelIudeHa TpuoOan3uTenbHo Ha 33%. Takue
KJIETKHU CITOCOOHBI K 0oJiee JJIUTEIbHOM npoaudepa-
LMU, IpeBbIlIatolIei npeaea Xedauka, 6e3 nposiB-
JIeHUIi MPU3HAKOB OHKOTpaHchopmanuu [72, 73].

B pesynbrate sMnmpuyeckoro CKpUHMWHIa akKTH-
BaTOPOB TeJIoMepa3bl OOHAPYXKMJIM, UTO ITOJIOOHOM
aKTMBHOCTBIO 00JIaiaeT HUKIoacTpareHos (cycloas-



KOBAJIEHKO wu np.

wan] O

LuknoacrpareHon (a) u acrparanosun 1V (6).

tragenol-CAG, TAT-2), BbIOEJIeHHbIA U3 pacTeHUS
Astragalus membranaceus, TpUMeHsIEMOr0 B KUTali-
ckoit meauuinHe. TAT-2 sBasieTcsl arTMKOHOM, TPO-
M3BOIHBIM acTparano3unaa IV (pucyHok), oH ObICTPO
MPOHUKAET B KJIETKU MyTeM MaccMBHON auddy3uu,
KaK MoKa3aHo Ha KyJIkTUBUPYEMbIX KJieTKax. B Muk-
pocomax IieuyeH! Kphic 1 yesioBeka TAT-2 mogBepra-
€TCSl MOHOTUJIPOKCUJIMPOBAHUIO U OKHCJIEHMIO, a
MPOAYKThl OKUCJIeHUs1 ruapokcunupytorcsa. Ilocie
MHKYyOaluu ¢ MUKpocoMaMu B TeueHue 30 MUH He-
MeTabOoJIM3MPOBaHHBIM ocTaeTcs Jjaumb 10—20%
TAT-2 [74].

M3BecTHO, 4TO B TMpOllECCeE UMMYHHOIO OTBETA B
T- n B-mumdonmTax Bo3pacTaeT TeJloMepa3Hasl aK-
TUBHOCTE [75, 76]. Oxa3zanock, yto aktusaTop TAT-2
MOXET 3aMe[JIITh yKOpauuBaHUE TEJIOMEDP, MOBbI-
aTh PEIJIMKATUBHBIM TOTEHLIMAI WM WMMYHHbIC
¢yakum CD8*T-nmuM@onnToB: NIPOAYKIINIO IIATO-
KMHOB W XEMOKMWHOB, MNPOTUBOBUPYCHYIO aKTUB-
HOCTb. Takoe AelicTBUE OCOOEHHO BbIPaXXEHO B CITy-
yae CD8*T-knerok, nmoayyeHHbIX oT HIV-uHdpuum-
POBaHHBIX UHIUBUIOB. 3BecTHO, yTO T-1MMGbOLIMTBL
HIV-uHpumpoBaHHBIX TEPSIOT CIIOCOOHOCTh K IIPO-
Judepalu, U CBSI3aHO 3TO UMEHHO C aKTUBHOCTBIO
TeJloMepasbl, TaK Kak KOHKYPEHTHbIA UHTMOWUTOD Te-
nomepasbl GRN163L, nocienoBareIbHOCTh HYKJIEO-
TUIOB KOTOPOTrO KOMILIEMEHTApHa MaTpUYHOMY
ygactky hTR, mperrsircTByer adpdpexkram TAT-2 [77].
Okaszajoch, yTo TAT-2 NMOBBIIIAET SKCIIPECCHUIO TeHa
hTERT ¢ WCHOAb30BAHUEM CUTHAJBHOIO IIyTU
MAPK/ERK (mitogen-activated protein kinase/ex-
tracellular regulated kinase). TAT-2 BiusieT Takke Ha
noctrpaHcisiruoHHoe pochopuimpoBanue hTERT,
KOTOpOoe aKTUBUpYeT hepMeHT [77].

WHTepecHO, YTO cTadbMIM3alUsI JJIMHBI TEJIOMED,
MOBbIIIIEHUE TTPOJUdEPATUBHOIO MOTEHIIUANA, YBE-
JUYEHUE TEJIOMEPA3HOM Y MPOTUBOBUPYCHOM aKTHUB-

HOCTHY HaOJIIONAIOCh TaKKe MPU TPAHCIYKIIMU TeHa
ATERT B T-mumdponutser HIV-uHuUImpoBaHHBIX
uHAUBUAOB [78].

BroineneHo Takke HECKOJIbKO aHaJIOroB ITMKJIO-
actpareHona. [Tokazano, yto actparano3us IV okasbi-
BAaET TMOJIOKUTETbHOE NEHCTBUE MPU UILIEMUU TOJIOB-
HOTO MO3ra M cepaia KpbIc [79], peryJmpyeT ypoBeHb
IJIFOKO3bI B KpoBHU [80], MposIBIIsSIET KapAMOIPOTEKTOP-
HYIO aKTUBHOCTH [81], ogHakKo He M3BECTHO, KaK 3TU
(bakTOpBI CBSI3aHBI C aKTHUBaIEl TeTOMepa3bl.

TA-65® — akTUBaTOp TeJOMEpa3bl, TAKXKE BBIIE-
JICHHBIU U3 pacTeHust A. membranaceus, AHAYIIUPYET
akcripeccrio reHa ATERT, 10303aBUCUMO YBEJINYH -
BaeT TeJIOMEPA3HYI0 aKTUBHOCTb U JNIMHY TEJIOMED B
HeoHaTaJIbHBIX KepaTUHOLIMTax 1 pndpobdiacrax ye-
noseka [82]. TA-65® criocobeH yBeIUuMBaTh CPE-
HIOIO JUIMHY TEJIOMEP M YMEHbIIATh JOJII0 KpUTHUYE-
CKM KOpPOTKMX Tejiomep M moBpexnenuit JJHK B
dubpobdnaacrax Mbiu. TA-65® He MOBBLIILAET TeJIO-
Mepa3Hyl0 aKTUBHOCTb U HE YUIMHSIET TeJIOMEphI B
(hbubpobsacrax Mbiiieit ¢ HokayroM reHa mTERT. Y
MbllLei, nonydyasix TA-65®, ynydianoch cocTosi-
HME KOXM U KOCTeli, BO3pocya TOJIEPAHTHOCTb K TJTIO-
Ko3e. YacTora 3710KaueCTBEHHBIX 3a00JIeBaHUI TMPU
3TOM He BoapacTana [83]. Y mopeii, MpUHUMAaBIINIX
TA-65® (10—50 Mr exeIHEeBHO B TeueHue 3—6 Mec) u
HaOJII0AaBIINXCSl B TEUEHUE ToJa, YIydlllaIMCh MOKa-
3aTeJIM UMMYHHOW CHUCTEMBbI: YMEHbIIAIOCh KOJrUYe-
CTBO craperomux LuToTokcndeckux (CD8*/CID28™)
T-1uMbOLIMTOB U HaTYpaIbHbIX KUJUIEPHBIX KJIETOK,
3HAYMTEJIbHO MEHbIIIE CTaJIO KJIETOK C KOPOTKUMU
TeJIOMEpaMU, XOTsI CPEAHSIS JJIMHA TeJIOMep He U3Me-
Huiach. bojnee BbipakeHHbIE U3MEHEHUSI OTMEUEHbI
Y CEPONO3UTUBHBIX B OTHOIIIEHUU LIUTOMETAIOBUPY-
coB UHIUBKIO0B. HeraTuBHBIX U3BMEHEHUI BbISIBIIE-
Ho He ObL10. IIpeanoiaraeTcst mpoBeaeHUE KOHTPO-
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JIMPYEMBIX PaHIOMM3UPOBAHHBIX MCITBITAHWIA, Ha-
MpaBJIEHHBIX HAa OLIEHKY CIIEUM(PUIHOCTH JEACTBUS
TA-65 Ha yenoBeka [82].

ITeHucrenH — u30(IaBOH, BBIICJICHHBIN U3 COU,
JIyTOBOTO KJIeBepa U APYrux pacTeHuit, oonanaet bu-
TO3CTPOTEHHOU aKTUBHOCTBIO. [EHUCTENH peryaupy-
eT TpaHckpurnuio reHa A TERT [84]. Ha kneTkax pa-
Ka TIpeACTaTeIbHOM XKeJle3bl ITOKa3aHO, YTO B HU3KUX
KOHIICHTPAIINSAX TEHUCTEWH TTOBBIIIAET TeJIOMepas-
HYIO aKTUBHOCTb, a B BEHICOKUX — TTOIABIISIET €e.

PecBepaTpo, KOTOpBIM 60TaT KpacHBI BUHOTPAL
U PSII APYTUX PaCTeHUI, OTHOCUTCS K (PUTOATIEKCU-
HaM, BellecTBaM (eHOJbLHOU MPUPOIbI, 3alUIIal0-
IIMM pacTeHUsI OT rpuOHoM nHpeKnu. PecBepaTpon
BJIMACT Ha INMOCTTPAHCIALIMOHHYIO MOILI/I(I)I/lKaIJ,I/IlO n
JIOKaJIM3alUIoO TeJIoMepa3bl, UHTUOUpPYeT (hepMEHT B
OMYyXOJEBBIX KJIETKAX U YBEJIMUYUBAET €r0 aKTUBHOCTh
B IpeIlIeCTBEHHUKAX SIUTEINAIbHBIX U 9HIOTCIN -
aJIbHBIX KJIeTOK [85—87].

IIpenapaTsbl U3 TPYHITBI CTATUHOB, MMPUMEHSIEMbIE
JIJISI CHYDKEHUSI YPOBHSI XOJIECTEpHUHA MPU aTepOCKIIe-
po3e, 3aMeIISIIA YKOpauyBaHUE TEIOMED B JISMKOLIM-
Tax TieprdeprudecKoil KpoBU OOJILHBIX, aKTMBHOCTh
TeJoMepasbl IIPY 3TOM He usydanu [88].

Takum oOpa3om, BIMSIHUME Ha TeJIOMEpPa3HYyIO aK-
TUBHOCTBH MOXET 3aBUCETh KaK OT J03bI BEILECTBA, TAK
Y OT HaIlpaBjeHUsI U cTaguu AudGepeHIMPOBKU Kle-
TOK. MOXHO COTIJIaCUTBCSI C aBTOpamMu o03opa [89],
YTO, BEPOSTHO, CYIIECTBYET BOBMOKHOCTD PETYIISILINN
TEJIOMEPA3HOI aKTUBHOCTA TIPM TIOMOIIM JIeKap-
CTBEHHBIX CPENICTB, OJHAKO OY€Hb MHOTOE EIIIE TTPE/I-
CTOWUT BBISICHUTb.

TPAHCIYKIWS TEHA hTERT

I1epen xneTouHOI Tepalreil CTOSAT 3aHa4U ITIOBBI-
IICHUST CIIOCOOHOCTU TKaHel K pereHepalunu, a Tak-
Xe IIOJIydeHMsT HeOOXOAMMOTO KOJMYeCTBa KIIETOK
HY>KHOTO (heHOTHUIA IS 3aMEIICHUS ITOBPEXASHHBIX
KJIETOK 1 KJIETOK-TIEPEHOCYMKOB JJIsI HAaIIPaBJICHHOM
JIOCTaBKM HYXKHBIX IeHOB. bobllie HameXXIbl CBSI-
3bIBAIOT C MCIIOJIb30BAaHUEM BEIIECTB, CTUMYJIUPYIO-
X TEJIOMEPA3HYIO aKTUBHOCTD, JIMOO ¢ TpaHCHEK-
el KaTAIUTUIECKON CyObeTUHUIILI TSIOMEPA3HhI.

Me3eHXUMHbIE CTBOJIOBbIE KJIETKM  4ejloBeKa
(hMSC) 061a1al0T CHOCOOHOCTBIO K OCTEOICHHOIA,
aaUMOTeHHOW W XOHIPOTreHHOM nuddepeHIUPOBKe
MIpU ONIpEeAC/ICHHBIX YCIIOBUSIX in Vivo U in vitro. OgHaKO
B KOCTHOM MO3Te, 00BIMHOM nctouHnke hMSC, ux co-
nmepxkaaue He TipeBbiaeT 0.01%, a BeIpaIliMBaHUIO B
KYJIBTYpe MellaeT PeIUIMKAaTUBHOE CTapeHue C Iazie-
HUEM TejoMepasHoii akTuBHocTH [90, 91]. ¥V KynbTH-
BupyeMmbix hMSC nipenen Xeiidauka paBex 40 ynBoe-
HUSIM, Jlajiee KJIETKU TepsTIoT MpordepaTUBHBIN 1T0-
TeHIMaJI U CHOOCOOHOCTh K auddepeHIIMpoBKe [92,
93]. Tpancodexkuus reHa ATERT ¢ TOMOILBIO PETPO-
BUPYCHOTO BEKTOpa B psifie CIydaeB IPUBOAMWIA HE
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TOJIBKO K X€J1aeMOMY POCTY KJIETOK, HO U K UX OHKO-
TpaHchopMalium [94]. OnHaKO B HEKOTOPBIX CIydasix
yIaBaJIOCh COXPaHATh MCXOAHBIA (DEHOTUN KIIETOK
npu TpaHchekiuu reHa ATERT B cocTaBe peTpOBU-
PYCHOTO BEKTOpa U MPU JJTUTEILHOM KYJIBETUBUPOBA-
Huu [95]. YcremHbIM 0OKa3ajloch MCITOJIb30BaHUE
JIeHTUBUpYcHoro BekTopa. [TonydeH kiaoH hMSC, B
KOTOPOM B TeUEHUE IJTUTEIbHOTO BPEMEHM COXpaHsI-
JIach BKCIIPECCUsI TeHOB-CYNpPeccopoB (T.e. UCXOM-
HbIi (EeHOTUN) M CHOCOOHOCTh K ITOCJEIyIOLIei
g depeHIUPOBKe, KaK U 'y UICXOAHBIX KIIeTOK [94].
B npyrom onbiTe uMMopTanu3oBaHHble MSC, cyie-
CTBOBAaBIIIME B KYJIBType B TeUueHMe 6 Hem 1 6osee, Co-
xpaHsau TepBuYHbI deHotun (CD34-, CD45-,
SH2*(CD105), SH3*(CD73). BuyrpuBeHHOE BBee-
HUE TaKUX KJIETOK XXUBOTHBIM C UIIIEMUYECKHUMU IO~
BPEXJEHUSIMU TOJIOBHOIO U CIIMHHOTO MO3Ta OKa-
3BIBAJIO TepareBTUYecKuii a3ddexr [96]. MHorue
KJIEeTKHU, KaK U3BECTHO, OTBEYAIOT Ha TpaHCHEKIIUIO
reHa ATERT moBbllleHUEM pPENJMKAaTUBHOTO MO-
TeHlIMajJla, CIOCOOHOCTU K Aud@epeHIIUPOBKEe M
PE3UCTEHTHOCTU K MOBPEXIAIOUIUM BO3IEHCTBUSM
(ocTeobJiacTbl, HEUPOHBI U UX MPEAIIECTBEHHUKMU,
SMUTEIUATbHbIE KJIEeTKU, XOHAPOILIMTHI, KJIETKU KO-
pbl HAATIOYEYHUKOB, KEPATUHOLMTBI, TATMEHTHbBIA
SMUTEINUI CETUAaTKU TJ1aza, GrudposIacTbl, Kapauo-
MUOLIMTHI, LIUTOTOKCUYecKue T-TuMdouThI, re-
MOMO3TUYECKHUE CTBOJOBbIE KJIETKU, FeNaTOLUThI,
XOJIAaHTUOIUTHI, CKEJIETHBIE MUOLIUTEIL 1 1p.) [42].

B hMSC, skcnipeccupytoniux reH #TERT B cocta-
BE PETPOBUPYCHOTO BEeKTOpa, BbIsABIEHO 20 OEJIKOB,
coliepXaHne KOTOPHBIX OTINYaI0Ch OT COJIEPKAaHUSI B
ncxogabix hMSC Ha omnpeneeHHBIX CTaausIX PocTa
(TIpoleaImx onpeaecHHOE YMCI0 YIBOSHUI MO-
MyJISIIUN ). DKCOpecCrs TeHOB OOJIbIIIE YaCTU STUX
GeJIKOB TaKKe M3MeHsIach. MI3MeHeHUs1 3aTparu-
BaJiu OCJIKM, BEINOJHSIOLIME pa3InYHble QYHKIINN:
Ca-cBg3BIBaloOIINe, CTPYKTYpPHBIE OCJIKM, IIarepo-
HBI, yJacTBYIOIIME B (DOJANHTE IPYyrux OCIIKOB, aH-
TUOKCUJAHTHBIC OCJIKM, OCJIKH1, CBSI3aHHBIC C TPaH-
CKpMIIIUEN, TpaHCISILMEN, MeTaboIM3MOM, 00pa3o-
BaHMEM DHEPITUM U C TpaHCAYKILUel curHana [97].

MOKXHO OTMETUTH HEKOTOPBIE OCOOEHHOCTH, Ha-
OyronaeMble B pALE caydaeB MPU TPAaHCAYKLWW TeHa
hTERT.

HMmMMopTanuzaliusi IIUaJbHBIX KJIETOK OOOHSI-
TEeJIbHON JIYKOBUIIBI YeJIOBeKa IOCTUTalach IyTeM
TpaHchekuu reHoB BMI11 (polycomb ring finger on-
cogene) 1 ATERT. Tomynsuust KJIeTOK, TpaHCHULI-
poBaHHbIX TeHOM 7ERT, Oblia MeHee OTHOPOIHOM
CO 3HAYMTEITHLHBIM KOJIMYECTBOM CTapEIONINX U IT0-
KOSIIITUXCST KJIETOK, TOTAA KaK KJIETKU, TpaHCHUITI-
poBaHHBIE ogHOBpeMeHHO reHamu BMI1 n hTERT,
COXPaHSUITM WMCXOOHBIM KapWOTHUII, T€HETUIECKYIO
CTaOMJIBHOCTH U YPOBEHb MapKepOB KJIETOUYHOTO CTa-
peHus (T.e. MpoarudepaTUBHBIN MOTEHLMAT) IaxKe
nocie 300 nHeit KynsTuBUpoBaHuUs [98].
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NmMmopTranu3oBaHHbIe TeHOM ATERT KneTku Ko-
pbl HaAINOYEYHUKOB OKa3aJUCh TPUTOAHBIMU IS
MPOBEICHUSI 3aMECTUTEbHON Tepanuu agpeHansK-
TOMUPOBAHHBIM MbIIIAM C UMMYHOAE(HUIIMTOM.
Tpancdexuus Toabko reHa ATERT He conmpoBoXaa-
JIach OMyX0JIeBOM TpaHchopMalieilt U yBeIUdeHUEM
9KCIIPECCUU OHKOT€HOB, HO MPUBOAWJIA K U3MEHE-
HUIO0 aKTUBHOCTU JAPYTMX F€HOB, a KJIETKU CTAHOBU-
JUCh OoJjiee YCTOUYMBBIMU K Pa3IUYHBIM BO3IEH-
ctBUsIM [99].

Bsenenue rena hTERT B KyJbTUBUpPYEMBIE HOP-
MaJibHbIe (pUOpoOIacThl Jerkoro u kiaetku HepG2
OKa3bIBaJIO TepaneBTUYECKUIl 3(hheKT U mpeayrpe-
KIAJI0 OCTPOE MOBPEXICHUE KJIETOK TaKUMU TOK-
CUYHBIMHM BEIIECTBAMMU, KaK YEThIPEXXJIOPUCTBINA yI-
nepon, D-ramakro3zamuH u ap. [100].

Ien hTERT, xongupylolyii aKTUBHYIO M HEAKTHB-
HYI0 (MyTaHTHYIO) KaTAJIMTUYECKYIO CYObEIUHUILY Te-
JioMepas3bl 4YejioBeKa, BBOAWIM MblaM. Okas3aioch,
YTO Y XMBOTHBIX, cofepxkalux aktuBHy10 TERT, yBe-
JIMYWJIACh TIPOMOKUTENIbHOCTh YKW3HU. YCWICHUE
nposudepai HabJIIoAaIU B OITbITaX C KYJIBTUBUPYE-
MBbIMU KapAWOMUOLIUTAMU, TpaHCHhUIIMPOBAaHHBIMU
aktuBHo TERT [101]. CorinacHo HEKOTOPBIM COO0-
LLIEHUSIM, B KJIETKax, He 00JIafalolux TeJoMepa3sHoi
aktuBHOCTBIO, hTERT BoBJIeuYeHa B OTBET Ha ABYXIIE-
noueuHble pa3peiBel JJTHK [102]. IlokazaHo, 4tO
nponykuuss TERT ycmamBama pocT KIETOK M HUX
npoaudepalnio He3aBUCUMO OT 3JOHTAllUU TEJIO-
mep [103]. CaenyeT OTMETUTDH, UYTO MHOTHUE IIpE.I-
CTaBJIEHUS O Pa3HOOOPa3HbIX (PYHKIIMSAX KATATUTH-
YyecKoil CcyObemuMHUIIbl TejloMepa3bl MOSIBUJIKCH
Onaromapst 3KCIEpUMEHTaM, B KOTOPBIX KIJIETKHU
TpaHcuumpoBaiu reHoM TERT nubo MCIoab30-
BaJI TPAHCTEHHBIX XKUBOTHBIX. ¥ TPAaHCTEHHBIX MbI-
et mpu ceepxmnpoaykiiuy mTERT Bo3zHuKaau omy-
XOJIW MOJIOYHON XKejie3bl — WMHTpa’NMuTeIuaIbHbIe
HeoIUIa3uu, Mepexoisiine B JajibHeillleM B MHBa-
3UBHBIN pakK [ 104], yTo SBHO CBA3aHO HE C YIIMHEHU-
€M TeJloMep. Y MBIIIEN TeJIOMeEpHI JUIMHHEE, YeM Y Ye-
noseka [105], mosTomMy mociie reHeTUIeCKO MHAKTH-
BallUM TeJoMepas3bl MOTYT HOPMaJIbHO CYIIIECTBOBATh
YeThIpe ITOKOJICHMUSI ITOTOMKOB 3TUX MbIei [106].
Kpome Toro, HopmaabHble COMaTUUECKUE KIETKU Mbl-
et cogepkaT akTuBHYIO Teaomepasy [107]. IToka-
3aHO, YTO Karajnutuueckasa cyopenmanna mTERT
aKTUBUPYET IKCIIPECCUIO T€HOB, BOBJEUYEHHBIX B
CUTHaJIBbHBIA IyTh Wnt, 1 TaKUM 0Opa3oM BIIUSIET
Ha npoaudepalmio kiaetok [108, 109].

BoamoxxHo, yTo TERT BiusieT Ha KJIE€TOYHYIO IPO-
Judepalio npy MOMOILLIM Apyroro MexaHusma. Ha-
npumep, TpaHcayKiysa ATERT BeI3pIBaeT yBeIUUCHNE
npoivdepaluid SMUTETUATBHBIX KJIETOK MOJOYHOM
xenesnl yenoBeka (HMEC), nameHss1 ypoBeHb TaKMX
peryJISITOPHBIX OeNkoB, Kak mukiauH D1, A2, E2E
pRB, mipryem 111 3TOro HEOOXOAUM HEIMOBPEXKICH-
HbIM Katanutudeckuii nomeH TERT [14].

ManurHuzanuio KJIeToK MOXHO OOBbSICHUTH YBe-
JIMYEHUEM J103bl KCIIPECCUPYEMOIO IeHa 1 SKTOIIM-
yecko akcripeccueit reHa mTERT. Tlpenmonaraer-
¢, yro TERT mMoxeT cTUMyIMpoBaTh pOCT OITyXOJIe-
BBIX CTBOJIOBBIX KJIETOK, U 3Ta (PyHKIIUSI HE 3aBUCUT
oT ¢yHKIMM noaaepxaHus teaomep [110]. TTponau-
(hepanvio CTBOJOBBIX KJIETOK M MX MaJWMTHU3ALWIO
npu ceepxnpoaykumu TERT, mo-suaumMomy, MOXXHO
o0bsicHUTh B3aumonericteueM TERT ¢ dakropom
TpaHckpuniuuu BRG1, B pe3ynbrare KOTOPOTro pemMo-
TyUpYeTCsl CBSI3bIBaHME [3-KaTeHWHA U BKITIOUASTCS
Wnt-curHaiuzaius, xapaktepHasi 1151 CTBOJIOBBIX U
onyxoneBbix kieTtok [111]. Kpome toro, TERT,
MPEANOIOXNTEIbHO, B3aMMOACHCTBYET C TEM Ke
TIPOMOTOPHBIM 3JIeMeHTOM, 4YTo 1 BRG1 n akTnBu-
pyeT curHajabpHbIM myTh Wnt [108, 109].

Takum oOpa3oM, akTMBALIMSI TETOMEPAa3bl B pa3-
JIMYHBIX KJIETKAX TpU TpaHcaykimu reHa TERT ipu-
BOIUT K MIPOTHBOPEUYUBBLIM pe3yjbTaTaM. DTU NMpo-
TUBOPEYMSI COXPAHSIOTCS Jaxe B IMpakTUYeCKu
UAEHTUYHBIX OMbITaX, B KOTOPbIX B Pa3HbIX TKaAHSX
TPAHCTEHHbBIX MbIIIEH MOCTOSHHO 3KCITPECCUPYET-
cs1 3k3oreHHBIN TeH TERT. B omanx padorax [112]
Y TaKMX MBI HAOIIOOAT Pa3BUTHE TTIOYCYHOM Ma-
TOJIOTUM, CBSI3aHHOHN C ycujeHueM mposndepauuu
TMOYCYHBIX MOAOLIMTOB U aKTUBalMeit Wnt-curHaim-
3allMy, YTO HE 3aBUCEJIO OT YUIMHEHUS TeaoMep. B
JIPpyrux padotax He OOHapyXUBaIY ITOYEYHOM (1 Ka-
Koli-nmnbo npyroi) maronoruu, a TERT Bnausiia Ha
YBEJIUYEHUE TIPOMOJLKUTEIbHOCTA KU3HU >KUBOT-
HBIX, YX 300pOBbe 1 oMoJioxkeHue [113]. Dtu acpdek-
ThI OBLITA CBSI3aHBI C YINIMHEHUEM TeJIOMEep B pe3yiib-
taTe a3kcnpeccuu TERT.

PaCHpOCTpaHﬂlOTCﬂ JIX BBIBOJAbI O ITPaKTHUYCCKU
HerocpeacTBeHHOM ydacTtuu Ttesomepasbl (TERT) B
MaJIMTHU3allMM Ha CUTyallMuM, KOrja J1o3a dKCIpec-
CUPYEeMOTO reHa He TIPEeBBIIIeHA, U IKCIIPECCUS reHa
KOHTPOJIUPYETCSI OOBIYHBIMU KJIETOYHBIMU MEXaHU3-
MaMHu, ellle MPeACTOUT BbISICHUTh. OT 3TUX BbIBOIAOB
U KOHKPETHBIX YCIIOBUI, KOTOPBIE TIO3BOJIVIIA OBl U3-
0exaTh MaJIMTHU3ALMU KJIETOK TPU aKTUBALIMU Te-
JioMepasbl, 3aBUCUT BO3MOXKXHOCTb MCHOJb30BAHUS
TeJloMepasbl B KIMHUYECKUX LIESIX.

PesynbraThl onbiToB 1Mo nepeHocy ATERT B pas-
HbI€ KJIETKUA W OTIBITOB, ITPOBEAECHHBIX HAa TPAHCTEH-
HBIX XKUBOTHBIX, TTO3BOJISIIOT CIEIaTh HEKOTOPHIE BhI-
BO/JIbI:

1) B HacTosillee BpeMsl MCIIOJb3YIOTCSI pa3HbIe
crocoObl TpaHcAyKLMK ATERT, v Kaxablii 5KCIIepr-
MEHT YHUKAaJIEH;

2) myTeM TPaHCOYKIIMH yIAaeTCS BBI3BATh IIOSIBIIC-

HME WM YBEJIUWUYECHUE TEJIOMEPA3HOM AKTUBHOCTU B

KJIETKaxX C pasjMYHbIM (PEHOTUIIOM, MOBBICUTH UX

npoaudepaTuBHBIA TTOTEHIMAT W YCTOMYUBOCTH K
MOBPEXIAIOLINM BO3AEHCTBUSIM;
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3) nyrem TpaHcaykuuu TERT mocturaercss M-
MOpTaIn3alus 1 npojudepalus KJIeTOK, YTO B PsiIe
CJIydyaeB CITOCOOCTBYET MX MaJIUTHU3AIMU. DTO CTa-
BUT TI0J, BOIIPOC BO3MOXHOCTb MCHOJIb30BAHUS Ta-
KUX KJIETOK JJIsI pereHepaluu (T.e. KJIETOUHOM Tepa-
nuu) in vivo. Bo3MOXHO, UCKIIOUEHUE MPEACTaBIISI-
IOT CJIy4yay MMMYHHOI peaKiIMy Ha OeJIKM BEKTOPHBIX
BUPYCOB, TIPUBOASIINE K JIUMUHALIMA UMMOPTaJIN-
30BaHHBIX KJIETOK;

4) tpanckpunnus reHa A TERT, a Takxke Konupye-
Masi UM KaTaJuThdecKasi CyObeqUHMIA TeJIOMepa3bl
BJIMAIOT KaK Ha COACPKaHMEC N aKTUBHOCTbH KOMIIO-
HEHTOB TeJIOMEpPa3HOTO KOMILJIeKca, TaK U Ha 3KC-
MPECCUI0 MHOTUX T€HOB;

5) skronuyeckas skcrnpeccus TERT MoXeT BbI-
3BaTh U3BMEHEHME B pacripefieleHr O0eika B KJIeTKE U
B ME€papXyuM PEryJIsITOPHBIX BAUSHUU Ha (YHKIIUU
KaTaJIUTUYECKOU CyOBEeAUHUIIBI.

W3BecTHO, 4TO UISI MHTUOMPOBAHUS aKTUBHOCTHU
TeJIoMepa3bl AJOCTATOYHO MCKIIOYUTH U3 TEJIOMEpas3-
HOIo KOMIUJIEKCa OJUH M3 €TI0 KOMIIOHEHTOB, Hallpu-
mep HSP90 [28], Torna Kak rmpu aKkTUBaIMK 9KCIIPeC-
cumn onHoro reHa 4 TERT Bo3MOXHa peakTUBaIIMS
Bcero komruiekca. CorinacHo 6osiee paHHUM [114—
116] u nocnennum maHHbIM [14], umenno hTERT
OKa3bIBAaCT aHTUAMONTOTUYECKOE ACUCTBUE U MOBBI-
IIIaeT BBIXKMBAeMOCTh KJIETOK JIaXKe B OTCYTCTBUE Te-
noMepasHoil aktuBHocTu. beimok hTERT crocoben
CTUMYJIMPOBATh 3KCIIPECCUIO HE TOJIbLKO KOMITOHEH-
TOB TEJIOMEPA3HOTO KOMILJIEKCA, HO 1 IPYTMX TCHOB.
MexaHnn3Mbl BaustHUS sKcrpeccuu reHa A TERT Ha
AKTUBHOCTh JAPYTUX TEHOB M3YYE€HBI HETOCTATOYHO.
Mopnynsiiys KJIETOYHOM Mpoindepaliiy OIoCpeay-
€TCsI, BEpOSITHO, TAK3Ke MaJIBIMHU MHTEeP(EepUpyIONIN-
mu PHK, iponzBogabeiMu ponykToB PHK -3aBncu-
moit PHK-nmommmepasnoit aktmBHoct TERT.

3AK/TIOYEHUE

[lepBoHAaYaIbHO Ka3aja0Ch, YTO ACUCTBUE WHIU-
OMTOpPOB TEJIOMEPAa3HOl aKTUBHOCTH, HE3aBUCHUMO
OT X MeXaHU3Ma, IPUBOAUT K OMTHOMY U TOMY K€ pe-
3yJIETATy — YKOPAUMBAHUIO TEJIOMED U MTOCIIeIYIOIEiA
rubenu kieTok. IIpenronaraercs, 470 CIOCOOHOCTh
YKOpauMuBaTh TEJIOMEPHI, B IIEPBYIO OYepeab, MOXKHO
HCIIOIb30BaTh B Tepanuu onyxoJjieit. [IpuMeHeHMIO
UHIMOUTOPOB TEJIOMEPA3HON AKTMBHOCTU [IOJLKHO
MpeaIIeCTBOBATh N3ydeHUe X HUZNKO-XUMUUECKUX
CBOWCTB U CIIeIM(UIYHOCTHU IEHACTBUS, TaK KaK Hau-
OoJiee cneuMpUUIHbIC COEAMHEHUST OYIyT, O-BUIU-
MOMY, 1 MEHEE TOKCUYHBIMMU.

BrnioHe BepOSITHOW TIpeaCTaBIISIETCS BO3MOXK-
HOCTh HEOTHO3HAYHOI'O OTBETA KJIETOK Ha IIpUMEHe-
HUE aKTMBaTOPOB TeJloMepas3bl. Pa3nmuus B KiieTou-
HOM OTBETE MOTYT OBbITh CBSI3aHBI C TEM, UTO pa3HbIe
KJIEeTKU WU 00JadaloT pasHBIMU PETyISTOPHBIMU
MeXaHU3MaMU MOAACPKAHUS CITTIOCOOHOCTH K ITPOJIH-
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depamu B 3aBUCMMOCTH OT TUTIA M cTeneHn Tudde-
PEHLIMPOBKY, WJIN CIIOCOOHBI aKTUBUPOBATh TaKUe
MexaHu3Mbl. OCOOEHHO Cepbhe3HbI€ OITaceHUs BO3-
HUKalOT Npu TpaHcaykKuuu reHa ATERT, mipexne
BCETO, TIOTOMY, YTO SKCITPECCUSI 3TOTO reHa CIocoOHa
YCUJIUBATh BKCIIPECCUIO IPYTUX T'eHOB, YYacTBYIO-
LIMX B TIpojudepalu KJIeTKHU, a TakXke, MPearnoao-
XKUTEeNbHO, “Momuaiiero” reHa 4 TERT KieTK1-X0351-
uHa. Takum o6pa3zoM, yBeJUYeHUE N03bl 3TOr0 reHa
MOXKET CO3[aTh NPEANOCHUIKK IJIsSI MaJIUTHU3ALNU.
Heo6xomnMocTh B BEIpAaOOTKE CTPOTMX U HAAEKHBIX
KpUTepreB 0e30MaCHOCTU TMPUMEHEHUS aKTUBAaTO-
poB TelloMepalbl U TpaHcayKuuu reHa A TERT Hyx-
JIaeTcsl, TI0-BUAUMOMY, B IITIMPOKOM OOCYXKICHUU.
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IPPEKT AKTUBAIIUU TEJJOMEPA3bI U MOAYJIAIUU JJIMHBI TEJIOMEP
XUMHNYECKUMM COEIUHEHUSMU PACTEHUM

Bepesyuxknii M.A. dypHoBa H.A. Pomanrteea I0.B. IllepemerneBa A.C.
Komaposa E.J. MarBuenko Y.A. 3enuna U.B.

DI'BOY BO «Capamosckuii 20¢y0apcmeentbiil MeOuyuHckutl ynugepcumem um. B.1. Pazymosckozo Munzopaea
Poccuuy, Capamos, e-mail: berezutsky6l@mail.ru

B o0030pe mpeacTaB/ieH AaHAIN3 IKCNEPHUMEHTANBHBIX W OTYACTH KJIMHHYECKHX JAHHBIX II0 HCCJIEIOBAHMIO
3¢pdexTa akTHBaNUH (epMeHTa TeJoMepa3bl I MOAYJISAIUH JJMHBI TeJI0Mep XUMHYECKUMH COCJUHEHHUSAMH U
IKCTPAKTAMH PACTeHHi. YKOpOuYeHHe TeJoMep CYUTAeTCs B HACTOslliee BpeMsl BaxkHedmmMm akTopom,
YCKOPSIIOIMIMM KJIETOYHOE CTapeHHe M NPUBOAAIIMM K BO3PacTHOH AHCGYHKIUM BceX TKAHeidl M OpPraHoB.
YANUHATH TeJoMephl cnocodeH (epMeHT TejioMepa3a. B cBsI3M ¢ 3TUM aKTHBANMs TeJOMepa3bl U MOLYIALUS
JJIMHBI TeJOMep SIBJAIOTCA NOTEHIUAJIBHOW CTpaTerueii B mpouecce peBepCHPOBAHUSI CTAPEHHs 4eJIOBeKa.
HccnenoBanusi ObLIM NIpoOBeJdeHbl HA KYJAbTYPaX KJIETOK Pa3jMYHbIX JHHUH, JA00PATOPHBIX KMBOTHBIX H,
YaCTHYHO, HA 100poBoJbLAX. Pe3yabTaThl NOKa3a/14, YTO NPUPOAHBbIe (apMaKoJIOrHYecKre cpeacTBa 00J1a1a0T
IIMPOKUM Ha00poM 3(¢eKToB: OJHOBPEMEHHOH AKTHUBALMHU TeJOMepa3bl M MOAYJSINUM [JHMHBI TeJioMep,
AKTHBAIMU TejoMepa3bl 0e3 BJIMSIHHS Ha JIMHY TeJiOMep, YBeJH4YeHUsl JJIHHbI TeloMep 0e3 aKTHBALUU
TeJIoMepa3bl, HHTHONPOBAHMS M AKTHBALMH TeJI0Mepa3bl OTHUM U TeM ke COeJHHEHHEM B 3aBUCHMOCTH OT /J103bI.
B cBsi3M ¢ TeMm, YTO aKTHBAalUs TeJOMepasbl TECHO CBSi3aHA C NpolieccaMH KaHIEporeHesa, B 003ope ocoGoe
BHUMAaHMe YyJeidsieTci NPHPOAHBIM cpeacTBaM, 00/aJal0IUM OMHAPHBIM JeliCTBHeM — CHOCOOHOCTBHIO
AKTHBHPOBAThH TeJoMepa3y W OJHOBPeMeHHO MHIMOMPOBATH NpoLecchl KaHueporeHesa. /lejaerca BbIBOJ, YTO
NMOJy4YeHHbIE Pe3yJbTAThl OTKPbLIBAIOT XOPOIIUE MePCHeKTHBBI CO3AaHMS HOBBIX 0€30MACHBIX AHTHBO03PACTHBIX
npenaparos.

THE EFFECT OF TELOMERASE ACTIVATION AND MODULATION OF TELOMERE
LENGTH BY CHEMICAL COMPOUNDS OF PLANTS

Berezutsky M.A. DurnovaN.A. RomanteevaYu.V. SheremetyevaA.S. KomarovaE.E
MatvienkoU.A. Zeninal.V.

FGBOU VO «Saratov Sate Medical University named after V.I. Razumovsky Ministry of Health of Russia», Saratov,
e-mail: berezutsky6l@mail.ru

Thisreview presents an analysis of experimental and partly clinical data on the study of the effect of telomerase
enzyme activation and telomere length modulation by chemical compounds and extracts of plants. Telomere
shortening isnow consider ed to bethe most important factor accelerating cellular aging and leading to age-related
dysfunction of all tissues and organs. The telomerase enzymeis ableto elongate telomeres. Therefore, telomerase
activation and modulation of telomere length is a potential strategy in the process of human aging reversal. The
studies have been carried out on cell cultures of various cell lines, laboratory animals and, in part, on volunteers.
The results showed that natural pharmacological agents have a wide range of effects. simultaneous activation of
telomerase and modulation of telomere length, activation of telomerase without affecting telomere length,
increasing telomer e length without activating telomerase, and inhibition and activation of telomerase by the same
compound in a dose-dependent manner. Since telomerase activation is closely connected with the processes of
carcinogenesis, special attention in this review is paid to natural remedies with a binary effect- the ability to
activate telomerase and inhibit carcinogenesis at the same time. It is concluded that the results open up good
prospectsfor design and development of new safe anti-aging medicines.

B nmnocnemnue gecaTwiaeTHs 3HAYUTEIBHO BO3pOC HHTEPCC K pa60TaM B o0Onactu
PEBEPCUPOBAHUA HPOLECCOB CTAPCHUA YCIOBCKAa W CO3OAHHUA 3(b(I)CKTI/IBHBIX AHTHBO3PACTHBIX

npenaparoB [1]. Hapopnas MeauiiiHa Ha MPOTSDKCHUH HECKOJBKHX THICSYETICTHH 3aHMMANach



IIOMCKOM M NPOBEPKONl HA MEIUIMHCKON NpPaKTUKE JIEKAPCTBEHHBIX PACTEHHM, 3aMeUISIOIINX
nporecchl crapeHus. K HacToseMmy BpeMEHHM y psAla pacTeHUil, MpUMEHSEMbIX B HAapOTHOMN
MEIULMHE, KCIIEPUMEHTAIBHO YCTAaHOBJICHO HAJIMYUE PA3IMYHBIX aHTUBO3PACTHBIX A (PEKTOB, a HA
OCHOBE OTJICJIbHBIX BU/I0B CO3[1aHbl YHUKaJIbHbIE IIPENapaThl, BIUAOIINE HA IPOLECCH cTapeHus. B
YaCTHOCTH, HE TOJIbKO Ja0OpaTOpHbIE, HO U KIMHUYECKHE MCCIe0BaHUs MOATBEPANIN HAINYHUE Y
HEKOTOPBIX COOPOB TPAJAMIIMOHHOW KHUTAMCKOW METUIIMHBI CBOUCTB Oosee 3(pQexkTuBHO, UYeM
NpUMEHSEMbIE B HACTOSIEe BpeMs Npenaparbl, BO3ACWCTBOBATH HA NPOTEKAHHWE TaKHX
HEU3JIeYMMbIX BO3PACTHBIX HEHpoJereHepaTHUBHbIX 3a00jeBaHUM, Kak Ooje3HH AJjblreiimepa u
[Tapkuncona [2]. Xopomme NEpCreKTHBb B Pa3padOTKE METOMOB TEPalNHU STHX CCHHIbHBIX
HelpoiereHepaTUBHBIX 3a00JI€BAHNH ITOKA3aIM XUMUYECKHUE COSTUHEHHS, COACPIKAIINECs B MICTO/IE
toukommctHOM (Polygala tenuifolia Willd.) [3] u opxunee ractponuu Beicokoit (Gastrodia elata
Blume) [4]. OnHako elne AECSITKU JICKAPCTBEHHBIX PACTCHUH TPAJAUIMOHHON MEIUIIMHBI MOTYT
paccMaTpUBaThCs B KaUyeCTBE KaHIUAAaTOB, HA OCHOBE KOTOPbIX OyyT co37aHbl HOBbIE 3(h(heKTHBHBIE
AHTHUBO3PACTHBIE TIPENapaThl.

Takue BakHEHIIHE MPOLIECCH (PYHKITMOHUPOBAHHS KIIETOK, KaK UX CIOCOOHOCTH JIEIUTHCS,
nudQepeHIpOBaTLCS U pereHepupoBaTh, BO MHOTOM ONPEAEISAIOTCS JUIMHOM KOHLEBBIX Y4aCTKOB
XPOMOCOM — TeJIOMep, KOTOpbIe 00E€CIeUNBAIOT UX LEIOCTHOCTh U CTaOMIbHOCTh. B GonblIMHCTBE
HOPMAaJIbHBIX KJIETOK TEJIOMEPHI CTAHOBSITCSI KOPOUE C KaXAbIM KJIETOUHBIM AesieHueM Ha 50—-200 nmap
HYKJICOTUIOB H3-3a MPOOJIEMBI PEIUIMKALMU KOHIIOB, YTO B HTOre NPUBOIUT K HeoOpaTumoin
OCTaHOBKE KIETOYHOro mukia [5]. VYkopoueHue TeloMep CYMTACTCS B HACTOSIICE BpeMsl
BaOXHEHIIMM (DaKTOPOM, YCKOPSIOIIUM KJIETOYHOE CTapeHHe U NPUBOJAIIMM K BO3PACTHOU
mrcYHKITNH BCeX TKaHeH 1 opraHoB. VccreqoBaHus TIOKa3alii, 9TO KOPOTKast JJTMHA TEIIOMEP TECHO
CBsI3aHA C CePACYHO-COCYTUCTHIMH 3a00JIEBaHUSIMH, HHCYJITOM, PaKOM, apTPUTOM, OCTEOIIOPO30M,
KaTapakToi, n1uabeToM 2-ro Tuma, MCUXMUYECKUMM 3a00yieBaHMSAMM M JeMeHuuei [6]. Mmerorcs
UHTEPECHBIC JJAHHBIC O CBSI3H YIOTPEOJICHNSI HAPKOTUKOB U YKOPOUCHHs TeJomep [7]. Y cTaHOBIEHO
TaKXke, 4TO OT JUIMHBI TEJIOMEP 3aBHCAT CIIOKHOCTh M A(()EKTUBHOCTH JICYEHUS HEKOTOPHIX
BO3PACTHBIX 3a00JICBaHMii, B YaCTHOCTH BO3PACTHOM MaKyJIsIpHO# nereHepanuu [8]. B cBs3u ¢ atum
U3yYyeHHE MPOLECCOB MOAYJSALUHN JUIMHBI TEJIOMEp NpEeACTaBIseT OONbIION TEOpEeTHUECKUH u
NPAaKTUYECKUH MHTEpec Ui HCCllefoBaTeNlell pa3lnyHbIX oOjacTedl OMOJIOTMHM U MEIMLIMHBL, B
MIEPBYIO OYepe/ib TAKUX, KaK T€POHTOJIOTHS U OHKOJIOTHSI.

YamuHATE  TeNmoMepsl  crocoOeH  QepMeHT TelmoMepa3a —  CHEeIHaTM3HPOBAHHBIN
PUOOHYKJIEONPOTENHOBBIN KOMILJIEKC, BAXKHEHIITUM KOMIIOHEHTOM KOTOPOTO SBIISIETCS TeJIOMEpaszHas
obpatHast TpaHckpumnTa3a denoBeka (hTERT), kartamusupyromasi CHHTE3 HOBBIX TEJIOMEPHBIX
nmoBTopoB Ha ocHoBe madiona PHK. VYcranoneno taxke, uro hTERT Bemonuser MHorme

HETCIIOMCPHEIC (bYHKHI/H/I, KOTOPBIC TOXE HEIMOCPCACTBCHHO CBA3aHBI C IMPOLECCAMH CTAapCHUIA



KJIETOK: 3ammuinaer wmuToxoHapuansHyio JIHK, yBemnumBaer MemOpaHHBI TOTEHIHAI
MUTOXOHJAPHH, cHIKaeT ypoBeHb A®DK, uHrubupyer wunaykuuio anontosa. IlokazaHo, uTo
TeJioMepasHasi oOpaTHasi TPAHCKPHIITAa3a YBEIWYMBAET MPOIU(PEPAaTHBHBIN MOTEHIMATI CTBOJIOBBIX
KJIETOK HE3aBMCHUMO OT €ro (BYHKIMU YAIHHEHUs Teaomep [9]. AKTHBHOCTh TEIOMEpa3bl SBIIACTCS
BBICOKOW Ha paHHUX CTAaIUSX BHYTPUYTPOOHOIO pa3BUTHsI YeJIOBEKa M 3HAYUTEIHLHO OFpaHUYCHA B
OOJIBIIMHCTBE HOPMAJBHBIX KJIETOK B3POCIOIO YEJIOBEKA, KPOME MYXKCKUX MOJOBBIX KJIETOK M
AKTUBUPOBAHHBIX JieWkouuToB [10]. DOKCnepUMEHTaNbHO YCTAaHOBJIIEHO, YTO MOBBIIICHHUE
AKTUBHOCTH TeJIOMEpa3bl MOXXHO HMHAYLUHPOBATh C IOMOIIBI psAa HK30T€HHBIX XHMHYECKHUX
COEJMHEHUH, KaK CHHTCTHYCCKHX, TaK M MPHPOJHOro mpoucxoxiaenus [11]. B cBasu ¢ stum
aKTUBALMs TEJIOMEpPa3bl U MOIYJSLUS JJIMHBI TEJIOMEpP SBISIOTCS MOTEHIMAIBHON cTpaTerued B
IIPOLIECCE PEBEPCUPOBaHUS CTapeHMs uenoBeka. OnHAKO TeloMepa3a UM ypOBEHb €€ DKCIpeccuu
MOTEHIIMAJIBLHO TECHO CBSI3aHbl C MOOOYHBIMH OTpHUIATeNbHBIMH Jddekrtamu. W3BecTHO, YTO
aKTUBHOCTBH TeJoMepasbl U ocobeHHo ee cyobenuuuiibl hTERT B pakoBbIX KIIeTKax B HECKOJIBKO pa3
BBIIIIE, Y€M B HOPMaJbHBIX [12].

B mpensigymem o063ope [13] Mbl moApOOHO OMUCHIBAIM CIOCOOHOCTh 3KCTPAKTa KOPHS
actparaia nepenonvaroro — Astragalus membranaceus (Fisch. ex Link) Bunge, ero otaenbHbIX
KOMITOHEHTOB (TIOJIMCaxapu/Ibl, aCTparago3ul, HMKI0aCTPOreHO, aJIKaIOuIbl), a TAKXKE CO3JaHHOTO
Ha ©X ocHoBe mnpemapara TA-65 (Telomerase activalor-65) akTuBHpPOBaTH TeJIOMEpasy H
YBEIIMYMBATH JUIMHY TenoMmep. Janubiii 3¢ dext Obl1 modydeH He TOIBKO B pe3yibTare OObIION
CepUU IKCIEPUMEHTOB Ha KYJIbTYypax KJIETOK, HO ¥ B IBYX KIMHUYECKUX uccieqoBanusx. OcoOeHHO
BaXHO, 4YTO OKCTpakT Astragalus membranaceus, a Takke OTACIbHBIE €ro KOMITOHEHTBI
OJTHOBPEMEHHO TOKa3aJli CIOCOOHOCTh BBI3bIBATh HWHAYKIIMIO allONTO3a, OCTAHOBKY KJIETOYHOI'O
LMKJIa, TOJaBJIeHNE Ipoinudepanuy, WHIMOWPOBaHUE MUTPALIMK, WUHBA3UU U aHTHOTEHE3a PAKOBBIX
kiaerok [14]. TlomydeHHble pe3yabTaThl JAETAIOT AKTYaJbHBIM IMOWCK JAPYTHX COCIMHEHHIA
MPUPOTHOTO IPOUCXOXKACHUS C TOJOOHBIM OMHAPHBIM JICHCTBHEM, a TAK)KE COEIMHEHUH, CTIOCOOHBIX
MOJYJIUPOBaTh JUIMHY TesloMep Oe3 yBeJIMYeHUs aKTUBHOCTH TeJIOMepa3bl. JKCIIEPUMEHTAIbHBIC
WCCIIEIOBaHMs TOCIEAHUX JIET MO3BOJWIN BbIIBUTH MOAOOHBIE A((DEKTHl y psala XUMHUYECKHX
COEIMHEHUI1, SKCTPAKTOB U COOPOB pacTEeHUH.

J¢upHbIe Macaa

B skcniepumente Ha kietkax auHUM K562 (XpoHndeckas MUeNOreHHas JIeHKeMHUsl YeloBeKa)
ObLT0 M3ydeHo AevicTBue 31 Buma 3UPHBIX Macell, BBIIEICHHBIX U3 Pa3IMUHbIX pacTeHuil. Kietku
MOJIBEpraJii BO3AEUCTBUIO MIEPEKUCH BOJOPOA, YTO MPUBOJIMIO B OTCYTCTBHE J100aBICHUS Macel K
YMEHBILIEHUIO JJIMHBI TeroMep npumepHo Ha 40%. [TapamiensHo KiieTku 00padbaThIBAINCh MaCIaMH
B cyOTokcuyeckoi konmentpanuu (0,005%) B Teuenue 48 dacoB. Pe3ymbrarhl mokazaid, 4TO
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KOMITOHEHTOB) TIPUBEJIO K BOCCTAHOBJICHHUIO IJIUHBI TesoMep nmpuMmepHo Ha /0% 1o cpaBHEHHUIO C
KoHTposieM. OcoOblii MHTEpec BBI3BIBACT TOT (HakT, YTO JAaHHBIA 3(dekr ObuT CBA3aH HE ¢
noBeimieHueM skcnpeccun TeHa hTERT, koaupyromero KaTtaluTHYeCKyl0 CyObEAMHUILY
TeJoMepasbl, a ¢ moaaBiecHHeM cymnpeccopa minHbel Tenmomep TRF-1 (TERF-1). Takum oGpasom,
yBEJIMYEHUE JUIMHBI TeIoMep ObLIO JOCTUIHYTO ©O€3 YBEIMYEHHUs aKTUBHOCTU TEJIOMepasbl U
CBSI3aHHOTO C JTUM IIOBBIIICHHEM pHUCKa HMHAYLHpOBaHHs KaHieporeHesa [15]. Kpowme Toro,
spupHoe Macino Oazwiarka OOBIKHOBEHHOTO 00JIaJaeT MOJATBEPKACHHOW IMPOTUBOPAKOBON
aKTUBHOCTBI0. OHO MOKa3a10 CUJIbHBIN [IUTOTOKCUYECKUH 3P PEKT B IKCIIEPUMEHTAX Ha KJIETOUYHBIX
JMHUAX paka Imeiiku matku yenoBeka (Hela), smutenuanbHol kKapiiuHoMbl ropTanu yenoBeka (HEp-
2), o»mbOpuoHanbHbIX (uOpodmacroB Meimm (NIH 3T3) [16], wHBa3uBHOW a/JeHOKAaPLUHOMBI
MIPOTOKOB MOJIOYHOH skene3bl uenoBeka (MCF-7), aneHokapIIiHOMBI MOJIOYHOM JKEJIe3bl YeIOBeKa
(MDA-MB-231) u rinuo6iactomsl yenoseka (U-87 MG) [17].

IMoaucaxapuabl

[Monucaxapuasl asruis kutaiickoro (Angelica sinensis (Oliv.) Diels), koTopslii mpuMeHsieTcst
B KuTae He TOJNBKO KaK JIGKAPCTBEHHOE, HO M KaK IMHUIIEBOE PACTEHHE, WCCIECAOBAIM HA MBIIIAX,
KOTOPBIX TOJBEPIJIM PEHTTEHOBCKOMY OOJyYeHHIO. DTO MIPUBOJMIO K YMEHBIIEHUIO [UIMHBI
TesoMep (ONpeAessuid MPpH MOMOIIM Cay3epH-OJOTTUHIA) U CHUXKEHUIO aKTUBHOCTH TeJIOMEpasbl
(ompenensuin npu nomomi TRAP-PCR) B remonosTuueckux CTBOJIOBBIX KileTkax. [lepopasibHoe
BBEJICHHE BO BpeMsi OOJIydeHHs MOJIMCaXapyuI0B 3HAYUTEIBHO WHTHOMPOBAJIO YMEHBIIICHUE JTHHBI
TEIOMEp U MOBBIIIAIO AKTUBHOCTH Testomepasbl [18]. Tlpu 3ToM nonucaxapuabl JaHHOTO PaCTCHUsI B
APYTUX 3KCIEPHUMEHTaX MHIYLUPOBAIH aIllONTO3 KJIETOK paka MOJIOYHOIT xene3b [19].

B skcmiepriMeHTe Ha MBITIIAX ¢ MOJIENBIO TIOJOCTPOTO CTAPEHUsI, KOTOpast ObliIa MHAYIIMPOBaHA
BBeZicHreM D-ramakTossl, mosnmcaxapuasl ucranxe mycteiaHoro (Cistanche deserticola Y.C. Ma)
JIOCTOBEPHO MOBBICHJIM aKTHBHOCTbH TEJIOMEpa3bl B KIIETKaX cep/ua u roaosHoro Mosra [20]. Boausrit
HKCTPAKT 3TOT0 pacTeHHsl, OoraTelii monucaxapuiamu, okasaics 3((eKkTuBeH B MpouUIaKTHKE
KoJIopeKTaibHOro paka [21]. Tlomucaxapuasl Ipyroro mapasuTHUECKOrO PACTCHUS — IIUHOMOPHS
mkyHrapckoro (Cynomorium songaricum Ruprecht) B cxoaHBIX 10 METOAMKE SKCIECPUMEHTAX, TIe
MOJIeJIb CTapeHHsl co37aBajach MpPHU IMOMOIIM BBeAEHUS D-ranakTo3bl, 3HAYUTEIBHO IMOBBICHIN
aKTUBHOCTh TEIIOMEpa3bl B KIETKaX CEMEHHHKOB [22], a Takke YBEIMYWINA UIMHY TeJIoMep
(ompenensu METOIOM THOPUAM3AINN U XEMIUTIOMUHECIICHITNH) B KJIETKaX KPOBH U MO3Ta MBIIIICH
[23].

d1aBoHOUIBI

dnaBoHOUBI TopsiHKH KopoTKoHOTo# (Epimedium brevicornu Maxim.) B sxciepuMeHTe Ha
SMOpPUOHANIBHBIX TUIUIOMAHBIX (QUOpoOIacTUYECKUX KieTKaxX JIerkux uenoBeka (2BS) mpossuiu
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TEJIOMEPHBIX PECTPUKIIMOHHBIX (ParMEHTOB), HO MPH 3TOM HE BHI3bIBAINM aKTUBALIMH TEIOMEPa3bl
(onpenensuin metomom TRAP) [24]. Cymma ¢uaBoHonmoB Mosouas npusemuctoro (Euphorbia
humifusa Wild.) npu Bo3aelcTBUM Ha KIETKU MOJIOBBIX OPraHOB M MO3Ta CTaphIX MBIIICH BbI3BaJa
aKTHBU3AI[MI0 B HHUX TelioMepasbl [25], a NpEeHWIMPOBAHHBI XaJKOH — TaparokapnuH E,
BBIJIEJICHHBIN U3 3TOT0 pacTEHUs, IPOJEMOHCTPUPOBAI 3HAYUTENIbHYIO IUTOTOKCHYHOCTH (IC50 mpu
19,6 uM) B otHOIIeHNH Ki1eTOK JIuHUKM MCF-7 (MHBa3uBHAs aJleHOKApPIIMHOMA MPOTOKOB MOJIOYHOM
’KeJe3bl yenoBeka) [26)].

HuTepecHo, YTO Y HEKOTOPBIX COEIMHEHUI NaHHOW TPYIIbl KOHEYHBIH 3 PEeKT 3aBUCUT OT
KOHIIEHTpaluu BeuecTa. [Ipumepom siBisieTcst n30(hIaBOH T€HUCTEUH, COJEPKAIINICS BO MHOTHX
MPEJCTaBUTENIAX ceMeiicTBa OOOOBBIX M JAPYTrUX PACTCHUSAX. BBICOKME KOHIIGHTPALUU 3TOTO
COEMHEHUS OJIOKMPYIOT aKTUBHOCTH TEIOMepa3bl, a HU3KKE, HA000pOT, MOBHIIIAIOT. B yacTHOCTH, B
JKCIIEPUMEHTE Ha KJIETKaX paka Mpe/IcTaTeabHoi xeine3bl uenoeka InHuuil DU-145 u LNCaP nu3zkue
U (pU3NONOTHYECKH IOCTHKHMbIE KOHILeHTpauuu reHuctenHa — 0,5 u 1 MxkM — mnoBblIanu
aKTUBHOCTb T€JIOMepa3bl IpuMepHo B 1,5 pasa, a npu koHuenTpauusax 10—100 mxM oHa 3HaUUTEIBHO
CHIDKajach. [IoBblllIeHNE aKTUBHOCTH TEJIOMEPa3bl B IaHHOM 3KCIEPUMEHTE HE BIMSUIO Ha JUTMHY
tenomep [27].

Apyrue coexuHeHust

B rpymnme TpUTEpHEHOBBIX TIHMKO3UJOB BHIPAKEHHOE BIMSHUE Ha TEJIOMEpasy W JTUHY
TeJIoOMep OKa3blBaeT T'MH3eHO3UuJ Rgl, comepxarumiics B KOpHSIX >KEeHblIEHS Hacrosiuero (Panax
ginseng C.A. Mey.). B n1Byx sKkcriepuMeHTax Ha KJIeTKax GpuOpoOIacTOB YeloBeKa, HCKYCCTBEHHOE
CTapeHHe KOTOPhIX OBLIO BBI3BAHO 00paboOTKO#l Tper-bByrunruaponepokcuaom [28] u 8-
METOKCHUIICOPAJICHOM COBMECTHO C BO3JeHCTBHEeM yibTpaduonera [29], mnpenBapureibHas
oOpaboTka rMH3eHO3uI0M Rgl mpuBoamia K akTUBallMM TEIOMEpa3bl U 3aMEJJICHHIO YKOPOUEHUS
TEJIOMEP.

dpakius TPUTEPIICHOB, BhIAEICHHas U3 IeHTe/uTbl asuarckoi (Centella asiatica (L.) Urb.),
yBEJIMYHIIa aKTUBHOCTH TeJIOMepasbl (M3mepsutn ¢ nmomoiisio Habopa PCR-ELISA (Sigma-Aldrich))
B MOHOHYKJICApPHBIX KJE€TKax Inepudepruueckoil KpoBH dYelloBeKa B 8,8 pa3a IO CpaBHEHUIO C
HeoOpabOTaHHBIMM KJI€TKaMH. MHTepecHo, YTO 3TO OKa3ajloCh 3HAUYMUTENBHO BBILIE MOAOOHBIX
rokaszaTesiei, MOJIydeHHBIX B JAaHHOM 3KclepuMeHTe, y mpenapara «TA-65», 0 KOTOpoM Mbl
ynomuHasd Bo BBemeHun [30]. DkcTpakT 3Toro pacteHus mHruOupoBanm Ha 50% ykopodeHue
TenoMep B KyibType Kierok wiekonutaromux Jmauid HEK293 w 3T3L1 no cpaBHeHuro c
KOHTPOJIEM, a TakXe YBEIWYHJI CPEIHIOK MpPOJIODKUTEIBHOCTh JKM3HH camuoB Drosophila
melanogaster na 23,9%, a camok — Ha 12,6%. B skcrniepiMeHTe Ha KJIeTKaX paka JIETKOTO YeIoBeKa
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KHCJIOTa W a3MaTHKO3UJI — B HETOKCHYECKMX KOHIIEHTPALUMSIX WHIMOMPOBAIN WHIYITUPOBAHHYIO
MOHU3HUPYIOUIMM U3TYyYCHUEM MHUTPAIIUIO ¥ HHBA3UIO KJIeTOK [31].

IKCTPAKTHI JIEKAPCTBEHHBIX PacTeHU

B psine paboT mpuBOAATCS CBEAEHUS JIMIIB IO 3KCTPAKTAM PACTEHHIA; NPH 3TOM ITOKa HE
YCTaHOBJICHBI TPYIIA BEMIECTB MM KOHKPETHOE COCTMHEHHE M3 HUX COCTaBa, HEIMOCPEICTBEHHO
OTBEUAIOIIUE 32 BBISBICHHBIC dPQeKThl. DKCTPAaKT KopHel nuHanxyma bynre (Cynanchum bungei
Decne.) 3HaYnTEeNbHO yBEIMYHI aKTUBHOCTh TEJIOMEpa3bl B KIIETKaX MBIIICH C MOJICIBIO CTapeHHS,
UHIYIMPOBaHHOTO BBegeHueM D-ramakro3sr [32], a naBa smmMmepa H3 3TOrO pacTeHHs —
muHaHOyHrelreHuHsl C m D — gBISAIOTCS MEpCHEKTUBHBIMH COCTUHEHHMSIMU NpPU  JICYCHHH
Menyuto0sacToMbl U apyrux Hh-3aBUCHMBIX 3710Ka4eCTBEHHBIX HOBOOOpa3oBanuii [33]. DKkcTpakt
KOpHeBHIIa KyreHbl cubupckoit (Polygonatum sibiricum Delar. ex Redoute) moBbICHII aKTUBHOCTD
TEOMepas3bl B KJIETKAaX IOHAJ W MO3Ta MBIIICH ¢ MOJENIbI0 UCKYCCTBeHHOTrO crapenus [34]. Ilpu
3TOM MOJHMCAaXapuipbl, CoJep)Kaliuecs B OOJBIIOM KOJMYECTBE B IKCTPAKTE 3TOTO PACTEHHUS,
MHTUOMPOBAJIH MPOIIECCHI KaHIIEPOreHe3a B AKCIICPUMEHTax Ha KieTkax tuaun RAW264.7 [35]. B
uccienoBaHuK 1N Vitro Ha knerkax nuanu Hela skctpakT kopHe#t Butannu cHoTBopHOi (Withania
somnifera (L.) Dunal) B kontientpaiuu 10—50 mMr / MJI MOBBICHI aKTHBHOCTh TeJIoMepasbl Ha 45%
[36]. KopHu BUTaHHU CHOTBOPHOM MIPH 3TOM CYUTAIOTCS OJAHUM U3 JYYIINX IPUPOIHBIX CPEICTB JUIs
npOoQUIAKTUKY M JICYCHHS PA3IHYHBbIX (OPM paka; MpUYeM NpPU TEpaluH paka MPeacTaTeIbHOM
JKeJe3bl M JIETKHX XOPOIIUi ((GEKT OTMEYaeTcsi Jake Ha TO3JHHX CTaIusX. DKCTPAKT IUIOIOB
tepmunanuu xebysna (Terminalia chebula Retz.) B skcniepumente Ha kietkax juaun HEK-N/F
nokasain 3¢ (eKT HHruOMpPOBaHMS MpoIiecca YKOPOUYeHUs Teaomep. B wacTHocTH, He 00paboTaHHbIe
IKCTPAKTOM KIETKH B TPOIEcCe KYIbTUBHUPOBAHUS YMEHBINWIM TejaoMmepbl ¢ 12,0 Thic. map
HYKJIEOTHI0B 10 7,9 ThIC. map, a B KJIETKaX, KOTOpble HENpPEpPHIBHO 00paldaThIBaid HKCTPAKTOM,
TEIOMEPhI YMEHBILIHIKCH JIUIIB 10 9,6 ThIC. ap [37]. DkcreprMeHTaIbHBIC HCCIIEIOBAHHS TOKA3AIH,
YTO HKCTPAKT IUIOJIOB 3TOTO paCTEHHS 00JIa1aeT aHTUKAHIIEPOTEHHOM aKTHBHOCTBIO MTPH KapIITHOME
[38], paxe Toncroi kummku [39], rpyau, npeacraTensHoi xenessl [40] u ap.

3HAYUTENIBHOTO YBEJIMYEHUS cpeqHeil anuHbl TenoMmep (28 kp mo cpaBHenuto ¢ 22 kp B
KOHTpOJIbHOH rpyme (P<0,05) yaanock 1oOUThCs MPH MCIOJIB30BAHUU SKCTPAKTA TPABBI TIOPTYIIaKa
oropoxnoro (Portulaca oleracea L.) mpu BBemenuu 10361 10 MI/Kr B JeHb caMiiaM MbIiieid 3-
MECSYHOTO BO3pacTa; akTUBHOCTh TejoMepassl Takke Obuta yBenwuena (P<0,05) [41]. Dkcrpakt
crebneit yukapuu kwuraiickoit (Uncaria sinensis (Oliv.) Havil.) unrubuposan Bo3pacTHOE
ykopouerue Tenomep y kierok suHun HEK-N/F; mpu sToM HenpepbsiBHOE BBEIACHHE TAHHOTO
IKCTPAKTa B J103€ 3 MKI/MJI MPHUBEIO K YBEIHUYCHHUIO MPOJOJDKUTEIBHOCTH KHU3HU ITUX KIETOK B

KynabType Ha 201% [42]. Dkcrpakt nucTheB ruHKro jaBynonactHoro (Ginkgo biloba L.) B mo3e 25



mr/n 3HauuTensHO (P<0,05) yBemuumMia aKTHBHOCTH TEJIOMEpa3bl B JHIOTEIHAIBHBIX KJIETKaX-
MPE/IIECTBCHHUKAX uepe3 curHaibhblil myTh Pl3k/AKt [43].

Coophbl JieKapCTBEHHBIX PaCTeHH

bbun nosy4yeHsl JaHHbIE IO cOOPY, IPUMEHSIEMOMY B TPAJUIIMOHHON KUTaHCKON METUIIMHE,
— «Qilianshupi» (4 xommonenTa). MccinenoBanust MpOBOAMIKCH HA Kpbicax jauHud Wistar, KoTopbiM
ObuIa CO3/1aHa MOJIENIb XPOHMYECKOTO aTpPO(PUUECKOTr0 TacTpUTa, CUUTAIONIETOCS MPEAPaKOBBIM
3a00JIeBaHUEM KEITYJIOYHO-KUIIIEYHOTO TpPaKTa. DTO TPUBEIO K YMEHBIICHHWIO CPEIHEH IITUHBI
TeJIOMep B KJETKaxX CIM3UCTOW OOOJOYKH >Kenmyaka (OMpelesisiyii METOJOM THOpUAN3alUu U
xeMuitoMuHecteHipn) Ha 10 Kbp u cuiibHOMY MOBBIIICHHO AKTHBHOCTH TeJIOMepasbl (M3MEPsUTH C
nomoineto Habopa Telo TAGGG Telomerase PCR ELISA PLUS (Roche)) no cpaBHeHHio ¢
HOpPMaJbHOU rpynmnoii. B rpyrmre, koTopas mpu 3TOM Hojlydaia BBICOKYIO 1103y cbopa (2 1/mi) B
TedeHue 15 Hezenb, ObIO 0OTMEUEHO CHIIbHOE HHTMOMPOBAHNE YKOPOUECHHUS TEIOMEP; OHO COCTABUIIO
Bcero 2 kbp mo cpaBHEHHIO C HOPMAaJbHOM Ipynmoi. AKTUBHOCTH TeJIOMEpas3bl MPH 3TOM Oblia
CHIDKEHA U HE3HAYUTEIbHO OTJIMYAIaCh OT IMOKa3aTes e HopMaIbHOM rpymisl [44)].

OcoOblli  WHTEpPEC  MPEICTABISAIOT  KIMHUYECKHE  HUCCICIOBAHHMS  HMHAMMCKOTO
oMoaxkuBaronero coopa «Amalaki Rasayanay (3 kommonenra). [lns uccnenoBanus Obu1H BEIOpaHbI
116 310pOBBIX, HEKYPSIIUX U HE YIOTPEOISIOMIUX alIKOT0JIb MYXYHUH-T00POBOJIBIIEB B BO3PACTE OT
45 no 60 ner. O npuanManu «Amalaki Rasayanay mo 45 r pa3 B IeHb Ha NPOTSHKCHUU 45 THEM.
Ha 0-i1, 45-ii u 90-i1 1eHb B MOHOHYKJICAPHBIX KJIETKaX MepHUPepuvecKoil KpOBU aHAIM3WPOBAIH
aKTHBHOCTh TesoMepassl (Meronm TRAP) wu amuHy Tenomep (komuuectBeHHbId I[IIP-merton).
Pesynbratel mokazanu 3HauuTenbHOe yBenuueHue (p<0,001) axTUBHOCTH TelmoMmepasbl IO
CpPaBHEHUIO C TPYIION, mMpuHUMaBIeH mane6o. Haubompiee yBenueHne HaOMIOAaIOCh Y JTH01eH
B Bo3pacte 45-52 roxa. [Ipu aTom He ObUIO 3apUKCHPOBAHO U3MEHEHUS JUTMHBI TE€JIOMEp, YTO, O
MHEHHIO aBTOPOB HCCIeT0BaHusI [45], MOXeT OBITh CBSI3aHO C KOPOTKUM TieproioM HabmoaeHus (90
JHEH), B TO BpeMs KaK JaHHBIA COCTaB CJEAyeT MPHUMEHSTh B TEUCHHE IJIUTEIBHOTO MEepHoja
BpPEMCHH.

3akio4eHue

TakuM 00pa3oM, SKCIEPUMEHTHl Ha KYJIbTypax KIETOK, JaOOpaTOpHBIX >KUBOTHBIX U
OTJIENbHBIE KIMHUYECKHE UCCIICIOBAHMS TTO3BOJIMIM BBISIBUTH 3HAYUTEIBHOE YHCIO XHUMHUYECKUX
COCIMHEHMH, a TaKKe IKCTPAKTOB U COOPOB pacTEHUM, KOTOPhIE 00Jaal0T CBOMCTBAMU BIIHMATH HA
aKTUBHOCTH TEJIOMEpPa3bl U JUTMHY TeJoMep. MIHTepecHO, 9To IpH 3TOM OHH MPOJEMOHCTPHPOBAIIN
IIUPOKUHA M pazHOoOOpa3HbId crekTp 3()(EeKToB: OTHOBPEMEHHOW AaKTHUBAlMU TelOMepasbl H
MOJYJISAIINH JUTHHBI TEIOMEP, aKTUBAIIUHU TeJIoMepasbl 0e3 BIUSHUA Ha JIUHY TEIOMEp, YBETHUCHUS
JUTMHBI TeJloMep 0e3 aKTHBAIMU TEeJIOMEpasbl, HHTHOMPOBAHUS M aKTUBAIUU TEIIOMEPa3bl OJTHUM H

TEM KE€ COCIJUMHCHHUEM B 3aBHCHMOCTH OT JO3bI. Ba)KHO, 4TO MHOI'M€ M3 3THX CPCIACTB IMOKa3ajlIn



pasznuunbie 3G (HEKTH HHrHOUPOBAHUS MPOIECCOB KaHIeporeHesa. [lomobHoe OuHapHOe AeiicTBHE
MMPpUPOAHBIX COCI[I/IHCHI/Iﬁ ACJIaCT BO3MOXHBIM  HCIIOJIb30BAHUC TPUPOAHBIX MOAYJIATOPOB
TCJIOMCPA3bl B pa3JINYHbIX 06HaCTHX MCIUIIUHBI U, B YaCTHOCTHU, OTKPBIBACT NCPCIICKTHBLI CO3aHUSA
HOBBIX 0€30MaCHBIX AHTUBO3PACTHBIX MPENAPATOB IS YIIYUIICHUS Ka4eCTBA U TPOIOJKUTEIIBHOCTH

KHU3HH 4YCJIOBCKaA.
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B 0030pe mpencTaBieH aHaNM3 ITyONMKAIMMA, IOCBSIIEHHBIX BBIBICHHIO OHOJOTHYECKOM aKTHBHOCTH,
KOMITOHEHTHOTO COCTaBa, ()apMakKOJIOTHIECKHX CBOMCTB M TEPAIEBTHYECKOTO MOTEHIMAA Pa3MIHbBIX
komrioHeHToB pacrenus Withania somnifera. Tlpu moAroroBke HacToOAIEH MyOIMKAIMKM HCMONB30BAINCH
CTaThM B U3/IaHUSX, BKIOUYeHHBIX B PubMed, Scopus$lposenennsiii ananus mokasai, uto B cocrase Withania
somnifera mpucyTCTBYET MIMPOKHHA CHEKTP OMOJIOTMYECKH AKTHBHBIX BEIIECTB. aJKaJOWIBI, CTEPOHIIHBIC
coefiuHeHust  (BUTAHOJMBI), CANOHHWHBI, AMHHOKHCIOTBI ¥ Jpyrue. B HccleoBaHusaX — ObUIH
MPOJEMOHCTPHPOBAHBI POTHBOBOCIIAUTENBHBIH, AHTHOKCHIaHTHBIH, AHTUOMOTHIECKHH,
MPOTHBOOITYXOJIEBbIM, AHTHIENPECCAHTHBIN, AHTHANAOETHIECKUH, aJaNTOreHHBIH, TenaToMPOTEKTOPHBIH
a¢dexrsr. O630p nokazain, uro Withania somnifera o6namaer TepaneBTHIECKUM MOTEHIIUAIOM U MOXKET OBITH
MEPCIIEKTUBHBIM BHIIOM CHIPbS TS pa3pabOTKH cpesicTB, 3QPEKTHBHBIX MIPH PAa3IMIHBIX 3a00IE€BAHMUSIX.
Knmouesvie cnosa: Withania somniferapapmakorsosusi, GHOJIOrHYECKast AKTHBHOCTD, PACTHTENIBHBIE PECYPCHI,
KOMITOHEHTHBIN COCTaB, ()apMaKoJIOrHYECKHEe CBOWCTBA, BUTAHOJIH]IbI, TEPAIIEBTHYECKHNA MOTCHIIHAT.

BBEJEHUE

YacToTa NprUMEeHEHHs PaCTUTEIBHBIX PECYPCOB B KAYECTBE TEPANIEBTUIECKUX CPEACTB
IIpU PA3JIMYHBIX OTKIIOHCHUAX B COCTOSAHHUU 3I0POBbA MOBLIMIACTCA C KaKABIM I'OAO0M.

CoBpeMeHHBIE (apMaleBTHUECKHE TMpenapaTsl JIOMKHBI OBITh JKOHOMHYECKH
BBITO/IHBI, Oe30macHbl, 3 (PEeKTHBHBI ¥ 00IaJaTh IMUPOKAM CIIEKTPOM AeicTBus. [loaTomy
0oJbII0E BHUMAaHHE YIESIETCs OUCKY M BBEJICHHIO B (DapMalleBTHKY HOBBIX HCTOYHHKOB
6I/IOJ'IOFI/I‘IGCKI/I AKTHUBHBIX BCIICCTB.

B pesynbrare u3ydeHHs M CHCTEMaTH3aIlMM JAHHBIX OTEUYECTBEHHBIX U 3apyOEKHBIX
MCTOYHUKOB JIUTEPATyphl MO COCTOSHHIO Pa3BUTHS PHIHKA PACTHTEIBHBIX IIPETapaToB,
BbIFBJICHA TCHACHLMWA POCTa HOTpe6HOCTI/I HACCJICHUA B JICKAPCTBCHHOM PACTUTCIIHBHOM
CBIPbE B Cpe/IHEM exeroHo Ha 17,8 %.

YacToTa IpUMEHEHUS JIEKApCTB PACTUTEILHOTO POUCXOXKIeH!U B Poccuu 1o rpyrmam
3abonmeBannii (B yOBIBAIOIIEH  IMOCIIENOBATENILHOCTH) — CIIEAyIONIas:  3a0o0JIeBaHMs
neixatenbueix myted, LUHC, JXKT, medeHu, KemTdHOTO Iy3bIps, CEPACYHO-COCYIUCTHIC
3a00J7I€BaHUs,  HECTICNM(HUIECKOE  MOBBILICHHE  WMMYHHTETa,  T'HHEKOJIOTHMYECKHE
3a00JIeBaHus, peBMaTHYECKHE 3a00JIeBaHus (CPEICTBA Il BHYTPEHHEro npuMeneHus) [1].



3anoposxyerko A. A., Cy6omsinos M. A.

OmHUM W3 TEpCIEeKTUBHBIX PACTUTENBHBIX pECypcoB, ¢ OoratbiM Habopom
OMOJIOTMYECKH  aKTHBHBIX  BEIICCTB, OOJIANAIONIMX  BBICOKUM  TEPAIECBTUYCCKUM
noreHmmaoM, asisierca Withania somnifera.

B cBs3u ¢ BbIeCcKa3aHHBIM HeJIb JTAHHOTO 0030pa: MPOAaHATM3UPOBATh KOMIIOHEHTHBII
COCTaB, OMOJIOTHUYECKYI0 aKTUBHOCTh M TeparneBTHuecKuii moteripan Withania somnifera.

[Ipn moaroToBke HacTOSIIEH MyOJIMKAIMK HCIIONB30BAINCH CTAaTbU B H3JAHUSX,
BKJTIOYeHHBIX B PUbMed, ScopudinyOuna noucka myoaukaiuii cocrasuia 15 sier, Takxke
B 0030p OBLI BKJIIOYEH psijl O0Jiee paHHUX PabOT, COOTBETCTBYIOLINX TEME UCCIICOBAHUS.
Hdns  orbopa mnyOnukanuii ObUIM BBIOpAaHBI CTaThH, OTBEYAIOIIWE TPEOOBAHHIM
PaHIOMU3UPOBAHHBIX KIIMHUYECKUX HCCIIEJOBAHHH.

Withania somnifera L. (cuHOHMMSBI: amiBaraHia, CypaHKaH, 3UMHSS —BHIIHS,
WHJMICKUI JKEHBIIICHb) — JICKAPCTBEHHOE pacTeHHue cemeiictBa Solanaceae, B m300mimu
BCTpeJarolieecss B CyOTponuueckux pernonax mupa. Adpuke, Cpemmsemaomopse, [pu-
Jlanke, [Takucrane u Mannu. B TpaguioHHON atOpBeAMYECKON METUIIMHE KOPHH U JIUCThS
JIAHHOTO PACTCHHUSI CYMTAIOTCS HE3aMEHMMBIMH H3-32 BBICOKOTO TEPAlleBTUYECKOTO M
HYTPHULIEBTHYECKOrO MOTSHIMANA JUIS JICYSHUs pa3inyuHbIX 3aboneBanuii [2]. Knuanueckue
M JOKIMHMUYECKWE WCIBITAHMA TIOKa3ald TIOTEHIMA]  DPAcTeHHs B  JICYCHUH
renaToTOKCUYHOCTH, HEBPOJIOTHUECKUX PACCTPOMCTB, TPEBOXKHOCTH, Oose3nu [lapkuHcoHa,
UMMYHOJIOTUYECKUX 3a00JIeBaHUil M TUrepiunuaeMuu. [U1oapl  cojepkar 3HaYUTENbHOS
KOJIMYECTBO CAIIOHMHOB, a JIUCTHS 00JIaIaf0T CBOMCTBAMH, OTITYTUBAIOIINMHI HACEKOMBIX.

1. KOMIIOHEHTHBI COCTAB WITHANIA SOMNIFERA

duroxumuuecknii anamu3 Withania somnifera sesiBun Hanmmuwe (hapMakoIOTHIECKU
AKTHBHBIX CTEPOMHBIX JIAKTOHOB, HAa3BaHHBIX BHTaHONMHAamu [3]. Butanun, rpyrma
AITKaJION/IOB, BBIACIEHHBIX W3 KOpHeH pacTteHwsi, cocraBnsier 38 % or obmero Beca
ankaonnoB. OCHOBHBIMM BHTaHOMMAAMH, BbIeneHHsiMuA n3 Withania sonnifera 8 Uaouy,
Opun BuTaHONMA D w BuTadepuH A, KOTOpBIE TMPOSIBISUTH TPOTHUBOOITYXOJIEBBIE U
[MTOTOKCHYECKHE CBOWCTBA [4—6]. B H0omonHeHNe K aTKaIoNIaM PaCTeHHE TAKKE COMEPIKUT
CTEPOH/IbI, CATIOHUHBI, (PCHOJILHBIC COSIMHEHMUS, (DITABOHOU/IBI, PUTO(EHOIIBI U TJIMKO3HUIBL:

* AnKajowjpl — AallBaraHJIWH, aHATWTPWH, aHa(epHH, KYCKOTHIPHH, TPOIWH,
U30TICIUICTHEPHH, TICEBJ/IOTPOIIVH, 3-TUTJIOMIOKCTPOIIVH, 3-TpONHJITHIIIOAT,
JUTH3OTICIIETHEPHH, TUTPUH, Me30aHadepHuH, XOJIWH, COMHHU(EPUH, BUTAHWH, BUTAHAHWH,
XEHTPUAKOHTAH, BU3aAMHH, BATACOMHUH H JIP.

* CrepouHbIe COCTUHEHHS — DPrOCTAHOBBIC CTEPOUJIHBIC JIAKTOHBI: BUTAQEpUH A,
BUTaHONMUABI A-Y, BUTacOMHU(EpHUH-A, BUTAaCOMHUINEHOH, BuTacoMmHHU(epors A-C,
BUTAHOH U JIp.

e Canonunsl —curonnnosun VI u VIII.

e Bura"omuas! —cutoungo3ug IX u X.

e Buranomuansle riuko3uasl —suranosugsl I, 1, 1, 1V, V, VI u VI

* AMWHOKHCJIOTEI, BUTAHHOJ, AIMICTCPHUIITIHKO3M/IBI, KpaxMall, peaylupyroInii
caxap, XaHTPeaKOTaH, JTyKUTOJI, Kelle30.

MeuiuHCKAE  CBOMCTBA — allKAJIOWIOB  XOPOIO  WM3BECTHBI, OHU  SIBIISIOTCS
CUJIbHOJICHCTBYIOIIUMYA OCHOBOM JIJISI CO3JIaHWSI MHOTHX, €CIIM He OOJIBIIUHCTBA,



BMONOIMMYECKAA AKTUBHOCTb U TEPAMNEBTUYECKUW...

(hapmanieBTryeckux npenaparoB 3a nocienuare 100 ner. MHOrue aHaNbreTHKH, TAKUE KaK
MopdUH U KoJewH, ObUTH MOJYyYeHbl W3 pacTEHHWH, U Ha MX OCHOBE ObLIM Pa3pabOTaHBI
MeHee BBI3BIBAIOIINE NPUBBIKAHUE BEUIECTBA, KOTOPBIC HCIIONB3YIOT MPH CEPACYHBIX
JBIXaTeNbHBIX Hapymenus. OHIM U3 HanOoJee pacipOoCTPaHEHHbIX aJKAJIOHIOB SBISIETCS
HHUKOTHH, TIOJTy4aeMbIi U3 TA0aYHOTO PACTEHHUS U COJIEPIKAIIMICS B CUTapeTax U cUrapax.

OCHOBHBIMH BUTAHOJIMAAMH, KOTOpbIE OBUTH BBIJEICHBl XUMHYECKUM IyTEM,
sBisitorcs Butadepua A u sutadepud D. DTu 1Ba M30i1Ta SIBIAIOTCS CTEPOUIHBIME; OHU
NPEACTaBISIOT COOOH >KUPOPACTBOPHUMBIE OpPraHMYECKHE COCAMHEHHS, KOTOpBIE JIETKO
CHHTE3HMPYIOTCS B OpraHM3Me M MOTYT (PYHKIIMOHHPOBATh KaK CHUTHAIIbHBIC MOJICKYJIbI,
BO3JICHCTBYIOIINE HA KIETOYHBIE MEMOPAHBl. DTN XapaKTEPUCTUKH ITOMOTAIOT OOBSCHUTD
MHOTHE MPOTUBOBOCHAMTENILHBIC U 00e300MBatone cBoiicTBa, cs3anHbie ¢ Withania
somnifera, kak W Te, KOTOpbIE COJEPIKATCS B JPYTUX AaJTKAJIOUIHBIX PACTUTEIBHBIX
COCIMHEHUM.

2. BUOJIOTHYECKAS AKTUBHOCTb WITHANIA SOMNIFERA

PaznuuHble 9acTH pacTeHus, TaKHe KakK JHMCThbS, KOPHH, LIBETHI, KOpa M cTeOeb,
TPaJUIMOHHO HCIOJIB3YIOTCS IS JICYeHUs] MpoOJieM C cepAlleM, pa3HbIX BHIOB 0OIH,
3a00JIeBaHUM MEUYEHH, TUXOPAIKH, PECTUPATOPHBIX HHGEKIUH, paH, 138 U 3a00JICBaHU,
CBS3aHHBIX C HapyIICHWsIMH B paboTe MMMyHHOW cucTembl. JleueOHBI moTeHIHan
pacTeHuil, UCIONB3yeMbIX B TPAIUIHOHHBIX CHCTeMax MequiHbl (YHaHUH U AropBele),
ObUT BO MHOTOM OOYCJIOBJIIEH OWOJIOTHYECKH AaKTUBHBIMH BELIECTBAMH, TAKHMH Kak
ATKAJIONIBI, CTEPOHIBI, (hEHOIBI, (PITABOHOUIBI U T.11.

2.1 lIpoTuBOBOCHAINTEIbHAS AKTUBHOCTH

[TpoTHBOBOCTIATMTENBHBIA TTOTEHINAN CIHPTOBOIO IKCTPAKTA LEIBHOTO PACTECHHS
ObUT M3ydeH M OKazaics Ooyiee 3HAUMTENBHBIM, YeM Jake y CTaHJapTHOTO IMperapara
THJIPOKOPTH30HA, B OCHOBHOM H3-3a MPUCYTCTBHS CTEpOMIOB. Jlpyroe wucciemoBaHHe
NOKA3aJI0, YTO PACTEHHE BBHI3BIBAJIO J10303aBHCHMOE IIOJIABICHHE MAaKpOIJIOOyJIMHA B
CBIBOPOTKE KpPOBH KpBIC, YTO CUMTAETCSA IIOKa3aTeJIeM IPOTHBOBOCHIAIUTEILHOM
aKTMBHOCTH [7]. AHAJIOTMYHBIM 00pa30M BOJHO-CITIUPTOBOM PACTHTENBHBIH 3KCTPAKT
00J1a/1a)1 3HAYUTENBHON POTHBOBOCTIAINTEIBHOW aKTHBHOCTBIO OJIarojapsi BATAHOJIUIAM
U aJIKaJOM/1aM IPOTHB JeHaTypaun Oeska in Vitro.

MHoroo0emaronuii  IPOTUBOAPTPUTHBIN TOTEHIMA OBbLI HKCCICIOBaH IyTEM
CTaOMIIM3al aKTUBHOCTH JIM30COMAaJIbHBIX (epMeHTOB. BBeneHne mopoiika KOpHs B
no3e 600 Mr/kr maccel Tena KpbicaM C apTPUTOM, HHIYLHUPOBAHHBIM KOJUIATCHOM,
3HAYMTENFHO YMEHBINANO TSDKECTh apTpUTa C  YIydlleHHeM (YHKIHUOHAILHOTO
BOCCTaHOBJICHUS JIBUTATENIbHOH aKTUBHOCTH M PEHTTEHOJIOTHYECKOTO IOKa3aTels.
Butadepun A, skcTparMpoBaHHBIH W OUHIICHHBIH u3 KopHed Withania somnifera
MIPOSIBIISUT POTHBOBOCIIAIMTENBHYIO aKTHBHOCTD, BO3JeHCTBYs Ha 1uctenH-179 IKKB u
uaruOupys  aktuBaimioo NF-kB. Pesynmbrarthl OBUIM  CONOCTaBUMBI C  JCHCTBHEM
CTaH/IapPTHOTO npenapara, CYKIIHATa HaTpUs THAPOKOPTH30HA.
[IpoTuBOBOCHANMTENBHBIM TMOTEHIMAN PACTEHHS TaKKe MOXET OBITh 00yCIOBIEH
nponudepanueid TMMGOIUTOB U 3aMEAJICHHON TMIIEPYyBCTBUTEILHOCTHIO B 3aBUCIMOCTH
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OT MOJIEJIM BOCHAJIIEHUS, TAKOW KaK apTpUT, HHAYLIMPOBAHHBIN aJbIOBAHTOM, BbI3BaHHbIN
KapparnHaHOM, U MOJIENTb BOCTIAJIEHHSI TPAHyJIEMBI XJIOMIKOBBIX Tpany [8].

2.2 AnantoreHnniii ekt

Kinuunyeckne uccaenoBaHus ¢ 3KCTpakTaMu KopHei u simctheB Withania somnifera
TaK)Ke TIOKa3aJi BIPaKEHHBIC aHTHCTPECCOBbIC U aganTorenHbie 3¢ ekt [9]. 3BecTHO,
uyro kommoHeHThl Withania somnifera momnepKuBalOT M OKa3bIBAlOT OJIarOTBOPHOE
BIMSIHUE HAa (YHKIHMIO HAIIIOYCYHUKOB, MOBBINIAIOT YCTOHYMBOCTH K CTPECCY, OTYErO
JIAHHOE pacTeHHE YacTO YIIOMHHAETCS KaK <«aJanToreH». PacTeHus, CUHTAIOIINECS
a/IalITOreHAMH, HCTOPUYECKH MCIIOIb30BATIKMCH CIICAYIOIUM 00pa3oM:

* J1)i1 BOCCTaHOBJICHUS )KU3HEHHBIX CHJI Y OCJIA0JICHHBIX U CJIA0BIX JIFOJICH;

¢ A YBCJIWYCHUSA OLIYIICHUSA BHCpI‘I/IH;

* JUIA yIYYIICHUS YMCTBEHHOW U (PU3NYECKON pabOTOCIIOCOOHOCTH;

¢* Ui NpeAoTBpallCHUs HETaTHBHBIX HOCHCI{CTBHﬁ CTpecCa U YCWICHHA PCaKIUU
opranusma Ha ctpecc [10].

B BOIHOM CIENOM WCCICJOBAHUM Ha JIOASX y HCIBITYEMBIX C XPOHHYECKHM
cTpeccoM, NMPUHHMMABIIKMX 3amareHToBaHHbIH sKkcTpakT Withania somnifera (Sensoril),
HaOJIIOaIOCh  3HAYMTEJBHOE CHIDKCHHE IIKaJIbl TpPEeBOrM [ aMWIBTOHA, YPOBHS
CBIBOPOTOYHOTO KOpTH30sa, C-peakTHBHOro Oe€jKa, YacTOThI IyJIbCa U apTepHaIbHOrO
JIABJICHUsI, a TaKXe 3HauuTenbHOoe moBblmieHre ypoBHs DHEA-S um remornoOuwHa B
CHIBOPOTKE TI0 CpaBHEHMIO ¢ rpymnod 1iane6o. Kpome Toro, HaOIoaIMCh
JI0303aBHCHMBIE PEAKI[MU B CHW)KCHUH YPOBHS [IFOKO3bI B KPOBU HATOIIAK M YIYYIICHUH
YPOBHSI JIUITHIOB B CBIBOPOTKE KpoBH [11].

AI[aHTOF CHHBIC PACTCHUSA B OCHOBHOM HMCIIOJIB3YIOTCA AJId YCUJICHUSA UMMYHHOI'O OTBETA
YEJIOBEYECKOr0 OpraHM3Ma, KOHTPOJIMPYEMOrO YPOBHEM TOPMOHOB CTpecca B KPOBH.
IenbHblii pacTuTesbHbIA SkcTpakT Wthania sormnifera mpu BBenmeHuu MOABEPIKEHHBIM
CTpeccy KUBOTHBIM CHIDKAET YPOBEHb TPUOYJIMHA B MOYE, YTO CTUMYJIUPYET (PU3NUECKOE H
NICUXMYECKOE 3/I0POBbE, TMOBBIIIACT COMPOTHBISIEMOCTh OpraHM3Ma M YBEJINYMBACT
HPOIOJDKUTENIBHOCT JkKM3HK [12]. Bblia uccnenoBana 1 0OHapy)KeHa BaKHAs POJIb PACTEHHUS
B CHHEPrUYecKOW aKTHBamMU IU(OEpPEeHIMATFHOIO pelenTopa raMMa-aMHHOMACIISTHOM
KUCJIOTBI KaK MOTCHUHHUAJIBHOTO ITYTHU JJIA aOallTOICHHBIX W HEBPOJIOTMYCCKUX paCCTpOfICTB
(TpeBora, HepBHOE HCTOIICHHE, OSCCOHHMIA W T.JI.) y Mblueid. CraHaapTU3UPOBAHHBIH
OYMIICHHBI JKCTPaKT W3 KOpHEH pacTeHHsi ObLI KCCIEOBaH HAa aAHTHUCTPECCOBYIO
aKTHUBHOCTh, JIAKTATJCTUIPOTCHA3y, CHIBOPOTOYHYIO KpeaTMH(POCHOKHHA3Y, YPOBCHb
KOPTHKOCTEPOHA B CHIBOPOTKE KPOBH U MEPEKUCHOE OKUCIICHUE JIMITHIIOB B CHIBOPOTKE KPOBH
camioB kpeic [13]. Tlo pe3ynbpraTam wuccienoBaHHs ObUIM CIETAHBI BBIBOJBI KAacaTEIbHO
CBOJCTB B OTHOIIICHWH XPOHUYECKOTO CTPeCcca, THIEPIIIMKEMHIHN, KOPTHKOCTEPOHA B ILIa3Me
MY>KCKOH CEeKCyaJlbHOW AMCQYHKIMHU y CaMIIOB KpbIC JIMHUK Buctap. Pesynbrarer mokazanu,
9TO OSKCTpakT KOpHs (KoHieHTpamuu 25 u 50 MI/KT) TPOSIBISUT  3HAYHUTEIBHYFO
AHTUCTPECCOBYID W QJIANTOTCHHYK0  aKTUBHOCTh  NPH  BBI3BAHHBIX  CTPECCOM
UMMYHOJIOTHYECKUX HApYIICHUSIX Y SKCIIEPUMEHTAIBHBIX )KUBOTHBIX [14].

2.3 [IpoTuBOONYyX0JIeBasi AKTUBHOCTH
Butanonuzel, Beigenennsie 3 Withania somnifera, maruGupoBamy pocT pakoBBIX
KJIIETOK B LIEHTPAJIbHONW HEPBHOM CHCTEME, JIETKUX, MOJIOYHOH »eJle3€ M KIETOYHBIX
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JIUHUSIX TOJCTON KUINKH. BBUIO HMCCIeIoBaHO, uTO BUTAQEPUH A 3HAYUTENBHO CHUKAI
POCT KJIETOUHBIX JIMHHW paka MOJIOYHOM KeJie3bl W TOJCTOW KHIIKH M Jenai 3To Ooiee
¢ ¢deKTHBHO, HYeM W3BECTHBI MPOTHBOOMYXOJEBBIA MpemapaT JOKCOPYOHIIWH.
brokupoBanne  aktuBaumu  NF-KB  Moxer  BkiIOYaTh  MHAyLUpYEMbIE — HJIH
KOHCTUTYTUBHBIC MCXaHU3MbI MOJAABJICHUA, KOTOPBIC MPUBOAAT K YCWJICHHIO aIlOIITO3a4,
MHIHOMPOBAHMIO MHBA3UH M OCTEOKIacToreHesa. Buranomun D, BbIeneHHBIN U3 THUCTHEB
Withania somnifera nposiBisiii aHTHICHKEMHYECKYI0O aKTHBHOCTh. AHTHICHKEMHYECKas
aKTUBHOCTh BHTaHONMMAa D Oblla omocpeoBaHa HAaKOIUICHHEM LiepaMuIa Tocie
AKTUBAIMM HEUTpaJbHOH COUHMOMHENTNHA3bI-2, KOTOpas, B CBOIO OYepe[b, YCHUIIMBAJIA
aroINTOTHYECKYI0 aKTUBHOCTB OITyXOJIEBBIX KIIeTOK [15].

B omHOM wmccnemoBaHuu ObUIa NPOBEJEHA OIEHKAa MUTOTOKCHYHOCTH 50 Y%#H0Tr0
3TaHOJIOBOTO JKCTPaKTa KOPHS, CTEOJS M JIMCThEB IN VItrO0 B OTHOIIEHWH PA3TMYHBIX
JUHUHA PAaKOBBIX KJIETOK YEIOBEKa, HANPUMEp IPOCTaThl, JIETKHX, TOJCTON KHIIKH U
HelipobmacToMbl. BbIIo 0O0HApYy)KEHO, YTO 3TAaHOJOBBIA DKCTPAKT JHCTHEB IPOSIBIISIET
Ooiee CHIBHYIO MPOTHBOOIMYXOJIEBYIO aKTUBHOCTh B OTHOIICHHH PakKa MpeIcTaTelbHON
JKeJIe3bl W TOJICTOW KHIIKH, YeM IKCTPaKThl KOpHEH u ctebneil. MexaHu3M, examui B
OCHOBE TIPOTHBOOITYXOJE€BOH AKTHBHOCTH, 3aKIIOYaeTCs B 3aMeVICHHH (EepMEHTOB
UKJIOOKCUTEHa3bl, Mponu(epaliu OIMyXOJEBbIX KIETOK W MEPEeKUCHOTO OKHCIICHHUS
JMIUIOB TIyTeM HWHruOupoBaHus aktuBauuu saepHoro dakropa-kf (NF«B) Ha
resernyeckom ypoBHe [16]. Burtadepun A TakKe TPOSBILI AHTHAHTHOTCHHYFO
aKTHBHOCTB IN VIVO, MHTHOUPYS (PaKTOPbI TPAHCKPHUIILUK Ui POCTa HIOTEIUATBHBIX
KJIETOK COCY/IOB B OYE€Hb HU3KUX KOHIIEHTparusx [17].

3. TEPAIEBTUYECKHI MOTEHIIUAJ WITHANIA SOMNIFERA

Cpemu Jpyrux JIeKapCTBEHHBIX pacTeHuii cemeiictBa Solanaceae (ITacnéHoBbie)
Withania sormifera HewsMeHHO NpUBJIEKAET WHTEPEC HCCIenoBaTeNiell Onaromapst CBOEH
YHUBEPCATIBHOCTH, TPAJAUIIMOHHOMY TEpareBTUUECKOMY MPUMEHEHHIO H (DapMalieBTHYECKIM
CBOMCTBaM. OKCTPaKThl JAaHHOTO pAcTeHHs C YCHEXOM IPUMEHSIOTCS NpH Teparnvuu
pasnMyYHbIX 3a00JICBaHMI, TAKMX KaK paK, apTpUT, 1uabeT, acTMa, TeMOPPOii, sI3BbI, FeNaTHT,
pasnMyYHbIe BUIIBI BOCHAICHHH. Pe3ynbTaThl MHOIOYMCIICHHBIX JOKIHHHYECKHX HCIBITAHUH
TIOATBEPAMIINA IUPOKHIHA CIEKTP 1EeNICOHBIX CBONCTB PACTEHMS, TAKUX KaK aHTUJICTIPECCUBHOE,
AHTHOKCHJIAHTHOE, AHTUOAKTEPHAIHOE, MNPOTHBOIPHOKOBOE, MPOTHBOBOCIIATUTEIBHOE,
Kap/IMONPOTEKTOPHOE, TeMaTonpOTeKTOPHOE W THIOIJIMKEMUYeckoe neiicTBue. JlaHHbIe
HCTIBITAHUA TMPOBOAWIMCH Ha KUBOTHBIX MOICIIAX (MI)IHII/I, KpPBICBI U KpOHI/IKI/I), n B
a0CoTIOTHOM OOMbIIMHCTBE ObLTH yereniHbl [18]. HayuHas nuTeparypa CBHICTENBCTBYET O
HPOTHBOOITYXOJICBOM TIOTCHIIMAJIE PACTEHUs] B OTHOIUCHMH PA3JIMYHBIX JIMHUA PaKOBBIX
KJICTOK, KOTOPBIM TIPHUITHCHIBACTCSI TPYIE aJIKAIOHIOB, HA3bIBACMBIX BHTAHOJIUIAMU.
CDJ'IaBOHOI/I,HI)I, KOTOPLIC COACPIKATCA B 3TOM PACTCHHH, YKPCIUIAIOT MBIIIIBLI U 3aMEIJIAIOT
crapenne. Wthania somnifera okasbiBaeT comeiicTBHE B COKPAIICHHHM MBIIICYHBIX OEIKOB,
obecrieunBasi UICATbHYI0 €CTECTBEHHYIO aHaOOIMYECKYIO MOMOIIb Ui crioptcMeHoB [19].
KopHu pacteHus mokasaiy MOTEHIIHA IPOTHB 00CECCHBHO-KOMITYJILCHBHOTO PacCTPONCTBA,
OJHAaKO aKTUBHBIC q)HTOXI/IMI/ILICCKI/IC BCHICCTBA, OTBETCTBCHHLIC 3a 3TY AKTHUBHOCTb, 10 CHUX
1op HeW3BeCTHBI. B cTaThe, omyOsmkoBanHo# B xypHasie Phytotherapy Researgl2011roxny,
ObUI0O OOHApY)KEHO, YTO BOAHBIA 9KcTpakT kKopHs Withania sommifera o6Gmiamaer
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CIIOCOOHOCTBIO HMHIMOMPOBATH O0pa30BaHKE 3pEibIX P-aMIIOUIHBIX (HUOPHLT N Vitro.
AmusioniHbie OJISIIKKA yYacTBYIOT B pa3BuTuu Oosie3Hn AnbireriMepa. CyIIecTByeT ocTpast
HEOOXOMMOCTh B BBIJICJICHUHM (DHUTOXMMHYECCKUX BEIIECTB I Pa3pabOTKH KOMMEPYECKHX
IpernapaToB Ui JIGYCHHS OOCECCHBHO-KOMITYJIbCHBHOIO — pAacCTpOWCTBA M JIPYTHX
TICUXUYECKUX PACCTPOMCTB, M HEKOTOPBIE UCCIIEIOBATENH BhIIBUral0T KoMroneHTsl Withania
somnifera kak HanboJsiee MepcrieKTUBHBIC B 3TOM Hanpasiiennd. Jxcrpakt Withania somnifera
M3y4aeTcsl TAKXKE B KAYECTBE JIGKAPCTBEHHOTO CPEJICTBA ISl JICYCHHUSI MYXKCKOTO OECILIoNus,
YCIIOKOUTEIIBHOT O, YKPCIUIAIOIICTO KOCTH u MbIIIIbI, TUITOJIMITMACMHUYCCKOI'O u
HPOTHBOIHAOETHYECKOTO CpecTBa. HeoOXomauMbl JanbHEHINE KIMHAYECKHUE HCIIBITAHUS
Pa3MYHBIX 3KCTpakToB yacTeit pactenus Withania somnifera mst paspabotku 3dhekTHBHBIX
¥ GE30MaCHBIX JICKAPCTBEHHBIX MPEAPaToB.

3AK/IIOYEHHUE

Takum 00pa3oM, 0030p pe3yJIbTATOB HCCIICIOBAHUI KOMIIOHCHTHOTO COCTaBa MU
ouonornueckoi aktuBHocTr Withania somnifera mokasas, 4To Ha SKCIIEPUMEHTAIBHBIX
MOJIeNAX 3a00JIeBaHNI Y KUBOTHBIX, 4 TaK)Ke B KIMHMYECKMX HcciemoBanusx Withania
somnifera u e€é akTHBHBIC BEIECTBA MPOSBWIN OJArOTBOPHOE BO3JCHCTBHE HA TEYCHHUE
psifa 3a00IeBaHMM.

Burtanonuaer  u gpyrume  kommnonentel  Withania  somnifera  sustorcs
MEPCIEKTUBHBIMUA OHMOJOTMYECKH AKTHBHBIMHU BEINECTBAMHU JUIS JICYSHUS ITHPOKOTO
CreKTpa 3a00JIeBaHUNl — B TEPBYI0 OYepelb BOCHIAIMTEILHBIX M HEWPOICTeHPATHBHBIX.
Bbicokasi MPOTHBOBOCTIATIMTEbHAS M aallTOTeHHAs. aKTUBHOCTh komroHenToB Withania
somnifera gokaszana Kak B yCJIOBHSAX N Vitro, Tak 1 iN ViVO. DTH AaHHBIE TAIOT OCHOBY IS
apryMeHTalMid HEOOXOJMMOCTH TPOBEICHUS JalIbHEHIINX HCCIACIOBAHUN, a TaKKe
YKa3bIBAlOT Ha BAKHOCTh M aKTyaJbHOCTh M3yYCHHUS] MHUINCHEH M MEXaHU3MOB JEHCTBHUS
Ouonornvecky akTUBHBIX BemiectB Withania somnifera npu pazinudHbIix 3a00J1eBaHUSX.
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Withania somnifera is one of the perspective plants resources withicla set of

biologically active substances with a high theréipguotential. The purpose of this review: to
analyze the composition, biological activity andrdpeutic potential dfithania somnifera.
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When writing this work, articles in publicationscinded in PubMed, Scopus were
used. The depth of the search for publications ¥&agears, and a number of earlier works
corresponding to the research topic were also dieclun the review. For the selection of
publications, articles that meet the requiremehtarmdomized clinical trials were selected.

Withania somnifera L. (synonyms: ashwagandha, suranjan, winter chdngian
ginseng) is a medicinal plant of the Solanaceaeilfarfound in abundance in the
subtropical regions of the world: Africa, the Megtitanean, Sri Lanka, Pakistan and India.
In traditional Ayurvedic medicine, the roots andves of this plant are considered
indispensable due to their high therapeutic andanatitical potential for the treatment of
various diseases. Clinical and preclinical stuti@ge shown the potential of the plant in
the treatment of hepatotoxicity, neurological disos, anxiety, Parkinson's disease,
immunological diseases and hyperlipidemia. Thetdreontain a significant amount of
saponins, and the leaves have properties that ireqsaits.

Phytochemical analysis ofWithania somnifera revealed the presence of
pharmacologically active steroidal lactones caligtianolides. Vitanin, a group of alkaloids
isolated from the roots of the plant, makes up 38f%he total alkaloid weight. The main
withanolides isolated froithania sornifera in India were withanolide D and withaferin A,
which exhibited antitumor and cytotoxic propertigs.addition to alkaloids, the plant also
contains steroids, saponins, phenolic compouraisyribids, phytophenols, and glycosides.

A review of the results of studies on the compositand biological activity of
Withania somnifera demonstrated that in experimeanal models of diseases, as well
as in clinical studieswithania somnifera and its active substances showed a beneficial
effect on the course of a number of diseases.

The analysis showed th#lfithania somnifera contains a wide range of biologically
active substances: alkaloids, steroid compoundthd@wolides), saponins, amino acids,
and others. Studies have demonstrated anti-inflantpa antioxidant, antibiotic,
antitumor, antidepressant, antidiabetic, adaptagd@patoprotective effects.

Withanolides and other components dfithania somnifera are perspective
biologically active substances for the treatmentofvide range of diseases, primarily
inflammatory and neurodegenerative ones. The highirflammatory and adaptogenic
activity of Withania somnifera components has been proven both in vitro and vo.vi
These data provide a basis for arguing the neetuftrer research, and also indicate the
importance and relevance of studying the targetsraechanisms of action &fithania
somnifera biologically active substances in various diseases

Keywords: Withania somnifera, pharmacognosy, biological activity, plant resesc
component composition, pharmacological propertigéfanolides, therapeutic potential.
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Abstract

When studying the formation of secondary metabolites in the microclones of medicinal plants, it was found
that in vitro the peculiarities of polyphenols accumulation characteristic of intact plants are preserved. Plant ex-
tracts obtained from microclones of plants Astragalus Dasyanthus Pall, Withania somnifera L. Have a high cyto-
toxic effect on human cancer cells.
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AHHOTANNA

IMpu n3y4uennn 06pa3oBaHmsi BTOPUYHBIX META00IUTOB B MHKPOKJIOHAX JICKAPCTBEHHBIX PACTCHUI BBISICHIIIN
YTO B YCIOBHSAX iN VItrO COXpaHstOTCS 0COOCHHOCTH HAKOIUICHHS MOJIU(CHOIOB, XapaKTePHBIC [T HHTAKTHBIX
pacTeHuil. PacTUTeNIbHBIC DKCTPAKTHI, OMYICHHBIC 3 MUKPOKIOHOB pactenuii Astragalus Dasyanthus Pall, With-
ania somnifera L. oka3sIBatOT BEICOKOE IIMTOTOKCHUYECKOE ICHCTBHE HA PAKOBBIC KIIETKH YEIOBEKA.

Keywords: Dioscorea nipponica Makino, Astragalus Dasyanthus Pall, Withania somnifera L. phenolic
compounds (Polyphenols), flavanes, flavanols, Microclonal reproduction, cytotoxic effect

KarodeBsble ciioBa: THMOCKOpes, acTparall, alllBaranjaa, KyJIbTyphl iN Vitro, MUKPOKJIOHBI, BTOPUYHBIH MeTa-
6OJ'II/I3M, HOJ'II/I(I)GHOJ'ILI, OHoIOrHUecKast AKTUBHOCTBH, HTUTOTOKCUYHOCTh

duToTepanus SABIAETCS HEOTHEMIEMOW YacThbIO
COBPEMEHHOW MEIWIHWHCKON MpakTUKH, a ¢purodap-
MAaKOTHO3MS — OJHOH W3 OCHOBHBIX (hapMaleBTHYe-
CKUX HayK, M3Yy4arolledl pacTUTENbHOE ChIpbe IS
Hay4YHOW MEIMLMHBI, B TOM YMCJE U BETCPUHAPHOM.
OcobeHHocT MeTaboJin3Ma PacCTHTENBHOTO Opra-
HHU3Ma, IJIe [IOMHUMO peaklHid MepBUYHOTO OOMEHa,
CUHTE3MPYIOTCSI pa3sHOOOpa3HbIe BEIIECTBA BTOPUY-
HOTO ITPOUCXOXKACHUS, 00J1a1at01IHe BEICOKOM OHM0JI0-
THYECKOW aKTHBHOCTBIO, KaK pa3 M 00yCIaBINBAIOT
o0IMpHOE TepaneBTHYECKOE AEHCTBHE X IKCTPAK-
THUBHBIX BeUIECTB. PacTeHus conepxkar ype3BbIYailHO
Pa3sHOOOPAa3HBIH CHEKTP BEIIECTB BTOPHIHOTO MPOHC-
XOXJIEHHSI, KOTOPBII HACIUTHIBAET HECKOIBKO NECST-
KOB ThICSIY HHIUBUAYaIbHBIX COCTUHEHUH, Cpeau KO-
TOPBIX HauboJee pacpOCTPaHEHHBIMHU SBIAIOTCS (e-
HOJIbHBIE coenuHeHus (OnodmaBanoumsr). Ilupokoe
NpUMeHEeHne NOoIu(EeHO0IOB B (hapMaKoJIOTHH B Kade-
CTBe OMOJIOTMYECKH aKTHBHBIX BEIIECTB OCHOBAHO Ha
CIIOCOOHOCTH K OKHCJIEHHUIO ¢ 00pa30BaHUEM XHHHBIX
¢opM, 4YTO oOmpeneNseT WX TenaTONpOTEKTOpPHBIE,
HEHPOPETyIATOPHBIE, KaWISIPOYKPEIUISIONIIE, JKel-
YETOHHBIE U TPOTHBOOITYXOJIEBBIC U APYTHE CBOMCTBA
[1].

OnHUM W3 IEPCIIEKTHBHBIX HATIPaBJICHUH OHOTEX-
HOJIOTHH SIBJIIETCSI COXpaHEHHE OMOpa3HOO0pasus pea-
KX, JEKapCTBEHHBIX, a TAKXKE NCUE3aArONINX (hOpM pac-
TEHHH U CO3/JaHNE HA UX OCHOBE TCHETHYECKUX OaHKOB
in vitro. B cTporo KOHTPOIUPYEMBIX YCIOBHSIX iN Vitro
pu MOJII/I(I)I/IKaL[I/II/I IMUTATCIIbHBIX CPC] W BHCHIHUX
YCIIOBUM KyJIbTUBHUPOBAHUS, BO3MOXKHO TOOUTHCS Iie-
JIEBOM HAIPaBJIEHHOCTH B CHHTE3€ ONPEAEIEHHBIX IIPO-
JQYKTOB BTOPHUYHOTO MeETa0OJM3Ma PaCTHTEIbHBIMU
kyaetypamu [2]. Kpome TOro, 3KCIEpHUMEHTAIBHO
YCTaHOBJICHO, YTO HE TOJBKO JenuddepeHImpoBaH-
HBIE, HO U Ju((epeHINpPOBaHHbBIE KICTKH, HAIIPHMED,
MHUKPOKJIOHBI COXPAHSIOT CIIOCOOHOCTD K CHHTE3Y CO-
eWHEHH, B TOM YHCJIe W (PCHOJBHOU MPHUPOIHI, Xa-
PaKTepHYIO ISl MHTAKTHBIX pacTeHui. JJanHoe duzno-
JIOTHYECKOE CBOMCTBO SBIAETCS 0a30BOM OCHOBOM A
TCXHOJIOI'MU TOJYUCHUA KIIOHHMPOBAHHBIX paCTeHI/Iﬁ -
MMPOAYHUCHTOB ICHHBIX 6I/IOJ'IOFI/I‘IeCKI/I AKTHUBHBIX BEC-
HIECTB.

[lepcrieKTUBHBIMY [UIs1 H3YYEHHSI BTOPHYHOTO Me-
TaboNM3Ma, B TOM YHUCIIE U B CTPOTO KOHTPOJIMPYEMBIX
YCIIOBHSAX iN VItro, IBISIOTCS TaKUE PACTEHHS, KaK JTHO-
cKopes, acTparan u amBaranaa. OcoOeHHOCTH BTOpHY-
HOT'O METabO0JIM3Ma B CTIOCOOHOCTH K 00pa30BaHuUIo 00-
raToro CHeKTpa BEIIECTB, B TOM 4HCIE U (PEHOIBHOU
IPUPOJIBI, 00YCIIABINBACT IIMPOKOE TEPATIEBTHUECKOE
JeWCTBHE HKCTPAKTUBHBIX BEIIECTB yKa3aHHBIX pacTe-
Huit [3].

B MenuuuHCKOM IpakTUKE IpenapaTsl Ha OCHOBE
JTMOCKOPEH MPUMEHSIOTCS ISl TePAaliy U PO IIIaK-
TUKHU aTEPOCKIIEPO3a COCY/IOB FOJIOBHOTO MO3TI'a U Cep-
JIEYHO-COCYIUCTOM CUCTEMBI B COUETAaHUH C THIIEPTO-
HUYECKOH OoJie3HBbIO, M ylydmeHus (QyHKOIUH H
MIPOBE/ICHUS UMITYJIbCOB K cepauy. V3 acrparana mo-
Jy4aroT HACTOW JJIsl JIeYeHHs HadalbHBIX (OPM TH-
MEPTOHNYECKO OO0JIe3HU, HEIOCTaTOYHOCTH KPOBO-
oOpamieHnst ¥ OCTPHIX IJIaMepyoHe(PHUTOB, KOTOPHIE
00agaroT aHTUQYHTUIUIHEIMU CBOWcTBaMH. PacTte-
HUS aIlIBaraHbl Ha IPOTSHKEHNU HECKOIBKHX ThICSUe-
JIETUH NPUMEHSIOT B HAPOAHOW MEAUIIMHE MIPU Jiede-
HUH QU3NOIOTHYECKHX 3a00J€BaHNH, BRI3BAHHBIX OK-
CHUIATHBHBIM CTpeccoM. B aroBepaudecKko MeaIUIInHE
alIBaraHja CYMTAIOTCS OJHOW M3 CaMbIX HEHHBIX U
OCHOBOIIOJIATAIOLIHX KYJIbTYP, 00JIaJAI0INX UMMY-
HOMOJYJTUPYIOIUMH U OMOJAKUBAIOIUMH CBOM-
cTBaMH. JTO 00YCJIOBJICHO TE€M, UYTO BO BCEX YACTAX
pacteHus (JINCThSIX, KOpe, 103X, CeMeHax, U B O0JIb-
HIel CTEeNeHu B KOPHE) CHHTE3UPYIOTCS Pa3HOOOpas-
HBIE BEI[ECTBAa BTOPUYHOTO MeTabonu3ma — noiude-
HOJIBI U UX TJIMKO3UABI, CAlIOHWHBI, CTEPOUIHBIC JIaK-
TOHBI, OJINTOCAXapUAbl, BHTAaHONHZI, a TaKxKe
cBoOOHBIN BUTadepuH A (armukoH), 00JamaroIIuit
UTOTOKCHYECKUM JACHCTBHEM.

Crnenyer OTMETHTH, YTO HM3Yy4EHHE BTOPHUYHOTO
MeTabosIn3Ma UMEET Ba)KHOE 3HAUCHHE HE TOJBKO IS
¢uTohapMaKOTHO3MH, HO U JJIS UCCIICAOBAHHUU 10 CO-
XpaHEeHHI0 OMOpa3Ho00pa3us, TaK Kak MOJU(EHOIBI
OKa3bIBalOT HEIMOCPEACTBCHHOC BJIMAHHC Ha YCIICHI-
HOCTh BBEJICHHS PACTEHHH B KyJIBTYpY iN Vitro. Mccre-
JIOBaTEISIMA HEOJHOKPATHO OTMEYasoCh, YTO 3TH Be-
IIECTBA MOTYT OKa3bIBaTh KaK CTUMYJIUPYIOLINH, TaK U
nHruOupyrommii 3gdext Ha npoueccs MopdoreHesa.
Tak, HarpuMep, CoAEPKAIIMXCSA B NCXOJHBIX IKCIUIaH-
Tax BEIIECTBA (DEHOIILHOM IPUPOBI, TPUBOIAT K MHTH-
OMPOBaHMIO POCTOBBIX MPOIECCOB HA 3Tale BBEACHUS
9KCIJIAHTOB [IEHHBIX JICKAPCTBEHHBIX DPACTCHUH B
KyJabTypy in vitro [4]. Takue KyJIbTypsl B JalbHEHIIIEM
MOTYT OBITh UCTIONIB30BaHBI 11 BOCIIPOU3BOJICTBA pac-
TeHHﬁ-peFeHepaTOB T€HETHUYCCKU UJICHTUYHBIX UCXO/-
HOMY BHUAY, a TAKXKC CIYKHUTb UCTOUYHHUKOM YHHKaJIb-
HBIX OHMOJIOTHYECKM aKTHBHBIX BEIIECTB UIsi (hapma-
LEBTUYECKON MpOoMBbIIIIeHHOCTH. OHAKO JaHHBIX 00
00pa3oBaHUM W JIOKAJIM3alUH, (PEHOJIBHBIX COEIUHE-
HUA B pPACTCHUsX, OOJIQNAIOIIMX JICKApCTBEHHBIMU
CBOWCTBaMH HE MHOTOYHUCIICHHO.

HecmoTpst Ha 3HagUTENbHBIE OTIINYHS MOphOdH-
3MOJIOTHYECKNX XAPAKTEPHCTUK ITHUX LEHHBIX pacTe-
HUH, WX OOBEIMHSIET BBICOKAs OMOCHHTETHYECKAs
CITIOCOOHOCTH K 00pa30BaHUIO BTOPUYHBIX COCIHHE-
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HUH, B TOM 4uciie ¥ (PEeHOJBHON MPHUPOAIHI - OHodia-
BaHOMJ0B. Kak M3BecTHO, OMOCHHTE3 U HAKOIIJICHUE
BTOPUYHBIX COEIWHEHUH, OTINYAETCS IUIACTUYHO-
CTHIO U 3aBUCHT HE TOJBKO OT BHOBOI MMPHHAIJIEK-
HOCTH PAaCTeHHH, €ro OpraHa 1 CTaJuy OHTOTeHe3a, HO
U OT YCJIOBHIA TIPOU3PACTAHUS pacTeHusI [5)].

B cBsi3u ¢ TeM, UTO B IMTEpaType MPAKTUUECKH OT-
CYTCTBYIOT JIaHHbIe 00 O0Opa3oBaHMM BTOPHYHBIX Be-
IIIECTB B MUKPOKJIOHAX JIEKapPCTBEHHBIX pacteHuii Di-
oscorea, Astragalus Dasyanthus Pall, Withania somnif-
era L. To menpi0 HAIEr0 HCCIEIOBAHHS SIBISUIOCH
u3yueHne MOP(HOreHETHIECKOro MOTSHIMATA JaHHBIX
pacTeHUil U yCTAaHOBIICHHE OMOJOTHMYECKOW AKTUBHO-
CTH WX DKCTPAKTOB iN Vitro, B KauecTBe MOTEHIIHAID-
HBIX HICTOYHUKOB JICKAPCTBEHHBIX MTPENapaToB, IpUMe-
HSIEMBIX M JJIsl BETEPUHAPHON MEIUIMHBI.

MeToabl 1 MaTepuaIbl

MarepuasioM ansi pabOThl CIYKHJIH pacTeHHs
nrockopen kaBkasckoit (Dioscorea caucasia Lypsky),
actparana (Astragalus Dasyanthus Pall) u amBaranpt
(Withania somnifera L.). B xauecTBe 3KCIJIaHTOB HC-
MOJIb30BAIM CEMEHa, MOOErH, MOYKH, JTUCTOBbIE IIa-
CTHHKH ¥ MHOTOJIETHUE KITyOHH, KOTOPBIE KYJIbTUBH-
pOBaK HA MUTATENbHOM cpene Mypacura u Ckyra, co-
nepkamieil BemtectBa ¢ nurtokuuuHoBoi (BAII, 2ip,
kurerud (0,5 -1,0 mr/m)) u aykeunosoit (HYK 0,5-1,0
mr/n, UMK u UYK 1-7 mr/m) aktuBHOCTBIO. Pactu-
TENIbHBIA MaTepuain BhIPAILMBAIN B YCIOBHSX CBETO-
BOW KOMHATBI, I/ie MOJICPKHUBANacCh TeMIlepaTrypa
25+2°C, 16-t1 yacoBoii (oronepuo], oceelieHne oe-
JIBIMU JIFOMUHECLIEHTHBIMA Jamiiamu OSRAM L 36/25
C MHTCHCUBHOCTBIO OCBelIeHUs 3,5 ThIC. JK. JIJis1 yKoO-
PEHEHHST MUKPOIIOOEroB UCIOIb30BAId MOAUDHUIIUPO-
BaHHYIO MUTATENbHYIO cpeay Mypacure u Ckyra, co-
JIepIKallylo 2 HOpMbI MaKkpoCOJIed, a TaKXkKe caxapo3y
201/n u UYK 1 mr/m.

Jus m3BieueHns (EHONBHBIX COSAWHCHHH H3-
MEJIbYEHHBI pPACTUTENbHBI MaTepuall 3KCTParupo-
Banu ropstunM 96%-HbIM 3TaHONIOM. B 3KCcTpakTax
CHEKTPOPOTOMETPUUESCKUM METOJOM OMPEACISIN CO-
Jiep KaHre CYMMbI PACTBOPUMBIX (DEHONIBHBIX COEINHE-
HUM, ()1aBaHOB (KaTeXWHbI U MPOAHTOLMAHHUIMHBI) U
(hmaBoHOJ10B. KamGpoBOYHBIE KPUBBIE CTPOHIIH T10 PY-
tuHy U (-) -amukatexuny [6]. Ha rpadukax mpeacras-
JIEHBI CpeHUE aprU(PMETHIECKHE 3HAYSHUS U UX CTaH-
JIAPTHBIE OTKJIOHEHHSI.

Jns ompeneneHus OUTOTOKCHYECKOro 3dderrta
PACTHUTENBHBIX DKCTPAKTOB Hcnonb3oBanu MTT-tect.
Paboty npoBouinu B 96-1yHOuHOM MuteiiTe. B kaxmayio
JIYHKY BHOCHJIM PaKOBBIE KJIETKU B KonmmyecTse 2* 104
K1/myHKy ¥ go0asisin 100 MK mUTaTENbHOM Cpebl U
nHKyOupoBanu B TeueHue 1 vaca. JInoduiabHO BBICY-
IIEHHBIE CIIUPTOBbIE HKCTPAKTHI pacTeHUH-pereHepaH-
TOB (alBaransl U acrparana) pactsopsuin B DM SO no
koHueHTparuu 5000 MKr/mi, mocie 4ero MpoBOIMIIN
pa3baBiieHre pactBopa 10 50 MKI/MII U MOTyYCHHBIC
KOHLICHTPALlMK B JTAJIbHEHIIEM HAHOCWJIN Ha PaKoOBbIE
KJIeTKH yenoBeka. K comepxumoMy Kakaoi JIyHKH J10-
6aisumn o 25 mxit MTT (4 mr/mi B PBS), kotopstit
MepBOHAYAIBEHO OBLT IPOQIIIFTPOBAH, TTOCIE YETO TPO-
Boawn wHKyOanuio B CO2-mHKyOaTope B TeueHue 4
gacoB. [Tocne 3Toro B kaxkayro JIyHKy 1o6asiisuin o 50
Mk SDS (20% SDS na Boge ¢ 0,02 N HCI unmu HSO4)
Y MHKYOHMPOBAIN B TEUEHUH HOYH. 3aTeM U3MEPSIIN OIl-
THYECKYI0 IUIOTHOCTH HA CIEKTPOQOTOMETpe MpH
quinHe BostHbl 570 1 650 HM. B xauectBe 0ObekTa nc-
cienoBaHus Oblia B3sTa JUHUS KileTok M-Hela (anm-
TEJIMOW/IHAS KapIIMHOMa HIEHKH MaTKH 4YeJIoBeKa, Cy0-
muans Hela, xion M Hela, xomnekmus WHcTHTYyTA
muronorun PAH, Cankr-IlerepOypr). B koHTpOosEHOM
BapuaHTe SKCTPAKTHl HE BHOCHIIH.

PesynbTaTtsl n 00cyxneHus

Iockoneky pactenus (Dioscorea caucasia
Lypsky. Astragalus Dasyanthus Pall, Withania somnif-
era L.) oTHOCATCS K LEHHBIM HCYE3AIOIIMM BHIAM U
UMEIOT OTPaHWYEHHBIH apean pacpoCTpaHEeHHs B IIPH-
poze, To OoIbIIoe TPaKTHIECKOe 3HAYCHUE MpUodpe-
TaeT MOJyYeHHE KyJIbTYp iN Vitro, Kak BO3MOXHBIX HC-
TOYHHMKOB OMOJIOTHYECKH aKTHBHBIX BEILECTB U JIEKap-
CTBEHHBIX IIpenaparosB. Moaudunmposas
TOPMOHAJIBHBIH COCTAB IMUTATEIILHON CPeJIbl, MBI IOOH-
JIMCh U3MEHEHHs MOP(O(HU3UOIOTHUECKHUX IIPOLIECCOB,
KOTOpbIE MPOSBISUIMCH B ()OPMHUPOBAHUH KaJUTyCHOM
TKaHU B OCHOBAaHMH ITEPBHYHOTO IKCIUIAHTA C OJHOBpE-
MEHHOH pereHepauueid pacteHuil. MHUKPOKIOHBI BO

BCEX CIydYasx XapaKTepH30BAJIHCh MHTEHCHUBHBIM PO-
ctoM, (OpMHUPOBaHHMEM MOIIHOW Hag3eMHOW Ouno-
Macchl U BBICOKMM KOI((PHUIUESHTOM pa3MHOKEHUS
(Puc.1).

A B C

D

Puc. 1. A - muxpoknon ouockopeu, B - 0b6pazosanue MUKpoKiIyOHel Ha MUKPOKIOHe OUOKOpel,
C - popmuposanue mukpokionos aweazanovl - D u acmpaeana
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OpnHOM 13 OCHOBHBIX 3371a4 HAllIMX UCCIIEI0BaHUI
OBLIO BBISICHEHNE 0COOCHHOCTEH HAKOIJICHUS] B MUKPO-
KJIOHaX JJMOCKOpPEH COeIMHEHMH (pEeHOIBHON TPUPOJIBL,
00J1a1a10IINX BBICOKOM OMOJIOrMYeCKON aKTHBHOCTBHIO.
Panee Hamu OBUTO IOKa3aHO, YTO MAKCUMAJIBHOE CO-
Jep)KaHue TOIM(EHONIOB B PACTEHHAX ANOCKOPEHH
ObLIO B KITyOHSX, (OCOOEHHO B JHCTHAX) [7].

[Tpn u3ydenun HeHONBHBIX COeANHEHNH B pacTe-
HUSIX OBIIO MOKA3aHO, YTO NPU BBEACHUH B KYIbTYpY
in vitro, y MEKpPOKJIOHOB JAHOCKOPEH, TaKXke, Kak U y
WHTAKTHOTO PAacTEHHs, CoAep kaHue OMogaBaHOUIOB
OBLIO BBIIIE B ITOJ3EMHBIX OpraHaX — MHUKPOKITYOHSX.
OHH XapaKTepHU30BAIHICh JOCTATOYHO BBICOKUM COZEP-
JKaHUEM DPACTBOPUMBIX (DEHOJBHBIX COEIMHEHUH 0

100,00
80,00
60,00
40,00
20,00 .
0,00 B
nooer MHOT0JIETHHE
KOPHEBHINA

53,4 mr/r cBexeli Macchl, TAe 10415 (hr1aBaHOB U QiaBa-
HOJI0B cocraBisia 18% u 43%, coorBercTBeHHO. Of-
HAKO CIIOCOGHOCTD K CHHTE3Y BTOPHYHBIX COCIMHEHMUI
B MHKPOKJIOHAX Oblila HIDKE, 4EM Y MCXOTHBIX TKAHEH.
DT0 cornacyercs ¢ MHOrOUYHCIEHHBIMHU JaHHBIMH, CBH-
JIETENTBCTBYIOMIMMH, YTO B YCIOBHSAX 1N Vitro coxpams-
eTcs MICHTHYHAs TEHACHIUS K CHHTE3Y BTOPHYHBIX
COETMHEHNUH, XapaKTEPHBIX ISl MHTAKTHBIX TKAHEH, HO
B MeHee BeIpaxkeHHo# crernenu (Puc. 2) [8].

Kax criemyeT u3 aHam3a JIMTEpATypPHBIX HCTOYHH-
KOB, pacrenus amBarauas! (Withania somnifera) u act-
parana (Astragalus) B komIIIekce BTOPHYHBEIX META00-
JIMTOB TPEBATUPYIOT TaKHe BEIECTBa, Kak mMoshde-
HOJIBI, O0JIa/IAloNIne IPOTUBOPAKOBON aKTUBHOCTHIO

[9].

MHKpOK.ﬂyﬁHI/I KOPHU MUKPOKJIOHOB

B cymmapHoe cofiepKaHne pacTBoOpUMbIX GeHONbHBIX COeAMHEHWI MT/T CBEXKel Macchl

B cogepiKaHve GpnaBaHOB Mr/T CBeXel macchbl

B coaepKaHue $pnaBaHOMI0B Mr/T CBEXKel Macchbl

Puc. 2 Cymmaproe cooepoicanue pacmeopumvix QeHonbHbIX coeQuHenull, Prasanos u Qrasanonios 8 UHmMaxKm-
HbIX PACMEHUsAX OUOCKOPeU U UHUYUUPOBAHHBIX U3 HUX MUKDOKIOHAX

[TosTOMy M3yueHME NEHCTBHS 3KCTPAKTOB JaH-
HBIX PACTEHHI Ha PaKOBBIE KJICTKH YEJIOBEKa, SBIISCTCS
aKTyaJbHBIM HAaIlPaBICHUEM M MOXET CIY)KHTh KOC-
BEHHBIM TIPU3HAKOM OMOCHHTETHYECKOH CIIOCOOHOCTH
pacteHuit Kk 00pa30BaHMI0 BTOPHUYHBIX BEIIECTB 00Ja-
JAIOIUX HE TOJIBKO OHOIOTMYEeCKOH aKTUBHOCTBIO, HO
1 LUTOTOKCHYECKUM ACHCTBHEM.

B MUKPOK/IOHbI allBaraHgbl
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50 mKr

250 mKr

KOHL,eHTPaLuUa 3KCTPAKTOB

B pabore Obiia M3ydYeHA IIUTOTOKCHYHOCTH JKC-
TPAaKTOB, TIONYYEHHBIX W3 PACTCHHUA-PETCHEPAHTOB
alBaraHjipl U actrparajga. Pe3ynpTaThl MCClIEJOBaHUMA
MPE/ICTABICHBI HA PUCYHKE 3.

B MWUKPOK/IOHbI acTparana

maam =
500 mkr

1000 mkr

Puc. 3 Bﬂuﬂnuepawzuqublx K'OHL[eHmpal[tulZ pacmumellbHblX OKCMpaKknioe aueazamowvl u acmpaeana Ha
IHCUBHECTIOCOOHOCTb PAKOBbIX KIIEMOK 4YejloeeKkda
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B pesyinbTare npoBeeHHBIX HCCIIeI0BaHHUI OBIIO
YCTAHOBJIEHO, YTO PAaCTHTENBHBIE JKCTPAKTHI, IOJTY-
YCHHbBIC U3 PACTCHUII-PErCHEPAHTOB AIlIBATAH/IBI U ACT-
parana, TpH Pa3HBIX KOHIEHTPAIMAX OOJIANAI0T pa3-
JMYHOM LHUTOTOKCHYHOCThIO. Kak cienyer u3 mouy-
YEHHBIX  PE3yNbTaTOB,  Majble  KOHUEHTpPAIUU
skcTpakToB (50 MKr/mi1) ObLIM HE TOKCHYHBI JUIS HC-
CJIE/TyeMBIX PAaKOBBIX KIJIETOK, O YeM CBUJCTECIbCTBYET
100%-Hoe MX BBDKMBAaHWE IPH UCIOJIB30BAHHUHU JBYX
U3y4aeMbIX SKCTpakToB. OJJHAKO, T0 MEPE MOBBILICHUS
KOHLIEHTPAI[MH TUTOTOKCHYECKUH d(PPEKT IKCTPAKTOB
HaYMHAI TPOSBIATHCS. J{Jsl SKCTPAaKTOB aliBaraHbl,
yke mpu KoHIeHTparmu 250 MKr/Mi HaOIrOamu TH-
Oems Oomee 40% pakOBBIX KIIETOK, a MPH KOHIICHTpPa-
mu 500 MKT/M ¥ BEIIIE THOEITH PAKOBBIX KIETOK ObLIa
B mpenenax 90-95%.

Uro kacaeTcst 9KCTPAKTOB acTparaia, TO HanOoIb-
el [UTOTOKCHYHOCTBIO 00Jagany 3KCTPAKThl MpPHU
konueHTpaiu 1000 MKr/i, Korjga BBKUBAEMOCTh UC-
CJIeJIyeMBIX PaKOBBIX KJIETOK coctaisuia meHee 10%,
NPU 3TOM KOHLEHTpauu 3kctpakTa 500 MKI/n Tarke
XapaKTepU30Balach BBICOKUM IHUTOTOKCHYECKHM d(-
(exToMm.

Ha ocHOBe M31I0’KEHHOTO BBIINIE, MOYKHO 3aKIIIO-
YHUTh YTO MUKPOKIJIOHBI HCCIIEIOBAHHBIX PACTEHUH 00-
JAIal0T BBICOKOM CIIOCOOHOCTBIO K OMOCHHTE3Y 0OJh-
[Ier0 YUCa pa3HOOOPa3HbIX (PEHOTBHBIX COEANHEHUI,
YTO, HECOMHEHHO, UMEET BXKHOE MPAKTUYECKOE 3HA-
YEeHHE KaK MMOTEHIUAIbHBIM UCTOYHHK LIEHHBIX OHOJIO-
THYECKH aKTHBHBIX BEIIECTB Uil (PapMUHIYCTPHUH.
[puuem B ycioBusx iN Vitro mpu o6pazoBaHuu GHO-
(h1aBOHOMIIOB COXpAHSIETCs OpraHocnenupUIHOCTb,
XapakTepHas Uil MHTaKTHBIX pacTeHWd, HO B MeHee
BBIP@KCHHOH cTeTleHn. bruoxuMuueckue TaHHbIe HaX0-
JISIT TIONTBEPIKACHHUE U B IINTOTOKCHUECKHUX MCCIIEI0Ba-
Husx. Hamwm uccienoBanums moxkasainy, 4TO BTOPUYHBIC
MeTabOoJIUTHI MOTYT OKa3bIBaTh HE TOJIHKO HHTHOUPYIO-
muit 3¢ (EeKT Ha pOCT PaKOBBIX KIJIETOK YEJIOBEKa, HO U
MOTYT OBITH CTHMYJISATOPaMH pPa3IH4YHBIX Mopdodu-
3MOJIOTMYECKUX TMPOIIECCOB, O YEM CBHICTEILCTBYET
PSLI IMTEpaTypHBIX ucTounnkos [10,11].
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AHTNOKCUJAHTHAA AKTUBHOCTb CYXOI0O SKCTPAKTA NOA3EMHbIX
OPFAHOB ASTRAGALUS MEMBRANACEUS U ETO ®PAKLIUN

Anna Anexceesra Toponosa', Inveupa Toxmoxoesna bamoyvipernosa’, Januun Hukonaesuu Onennukos’,
Jlapuca Maxcumosna Tanxaesa’, /lapuca Huxonaesna Illanmanosa’, Cepeeti Mameeesuu Huxonaes 2
('"MEcTnTYT 061Ielt M 9KCIIepuMenTanbHOl buonorn CO PAH, r. Ynan-Yne, gupexrop - 1.6.H., npod. JLJL. YoyryHos,
OT/ie/T OMOIOrMYecKy aKTUBHBIX BEIlleCTB, 3aB. — I.M.H., tpo¢. C.M. Hukomnaes; *VpkyTcKkas rocygapcTBeHHast aKajeMust
MIOC/IEANIUIOMHOTO 00pa3oBaHusi, peKTop — I.M.H., npo¢. B.B. llnpax, kadexpa knnumdeckoir papMaKoIOTuM, 3aB. —
I.M.H., npo¢. H.B. Beprnan)

Pesrome. IIpoBefieHO McCIeoBaHNe aHTUOKCU/JAHTHO aKTMBHOCTY CYXOrO 9KCTPAKTa KOPHeil acTparaja IeperoH-
vatoro (Astragalus membranaceus (Fish.) Bunge) u BbiieNleHHbIX 13 Hero (ppaxumit ¢ IpUMeHeHMeM METOHOB in Vitro.
YcTaHOBJICHO, UTO CYXOll 3KCTPaKT A. membranaceus obnagaeT BbIpaKeHHOI MHAKTUBYPYIOLIE)l aKTUBHOCTBIO B OTHOLIIE-
Hym pagukanos JOIII, cynepokcna-paamnkanos ¥ MOJIEKY/I OKCHAIa a30Ta. BoLaBieno Hamrume Fe?*-xenaTnpyroneit akTuB-
HOCTM M CHOCOOHOCTH K 3alliTe OMOMIOrMYecKoro cyocTpaTa OT IePEeKUCHOTO IOBPEKIEeHSL.

KimoueBbie cnoBa: Astragalus membranaceus, aHTUOKCUIAHTHAsT aKTUBHOCTD, [JDIIT, cymepokcup-pagyuKaibl, OKCHU
as3orTa.

ANTIOXIDANT ACTIVITY OF EXTRACT FROM ASTRAGALUS MEMBRANACEUS
UNDERGROUND PARTS AND ITS FRACTIONS

A.A. Toropova', E.T. Batotsyrenova', D.N. Olennikov', L.M. Tankhaeva', L.N. Shantanova’, S.M. Nikolaev"?
('Institute of General and Experimental Biology SB RAS; *Irkutsk State Medical Academy of Continuing Education)

Summary. The antioxidant activity of Astragalus membranaceus extract and its fractions using in vitro methods was
investigated. It was found that the remedies shown expressed antioxidant activity, including inactivating of DPPH free
radicals, superoxide-radicals and NO molecules. The Fe**-chelating activity and the ability to protect a biological substrate
against peroxidative damage has been revealed.

Keywords: Astragalus membranaceus, antioxidant activity, DPPH, superoxide-radicals, nitrogen oxide.
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ITpo6reMbl XMMIIECKOI PETY/ISILNU OKUCTUTEIBHOTO CTpec-
Ca U MOUCK 6MOIOrMYECKM AKTUBHBIX BELECTB, 00IaaoX aH-
TUOKCU/IAHTHO aKTVBHOCTbIO, HAXOAATCS B LIEHTpe BHUMaHUA
UcCrIefioBaTesiell pasAMYHbIX HAIPABIEHUIT 3KCIIepPUMEHTalb-
HOIT Oyornoruu u MeguuuHsel [3]. B dusuonorndeckux ycmosmsax
OKIIC/TUTE/IbHO-BOCCTAHOBUTE/IbHbIE IIPOLIECCHI, 0becrednBao-
Ijye SHepreTnyecKyue MOTPeOHOCTI KIeTOK U YTUIN3ALNIO0 KIC-
JI0pOfia B TKaHAX, KOHTPONMUPYIOTCA PETyAATOPHBIMMU CUCTEMa-
MU, HOffepKMBAOIMMNU COaTaHCHPOBAHHOE B3aVIMOJEVICTBIE
peaxiit 06pasoBaHMA HMPORAYKTOB OKCUAALMY VM AHTUOKWUCIIN-
TenbHBIX (akTopoB. HapyieHue 3TOro B3aMMOIENCTBUS, CO-
MIPOBOXKJAEMOTO AKTUBAaLMeNl CBO-
60IHOpaaMKa/IbHBIX IIPOLIECCOB 1 Ha-
KOIIEHVeM IPOJYKTOB IepeKUCHOTO
OKIC/IEHN:A NUIINJIOB, pacCMaTpuUBaeT-

Pe3ynbrarsl 1 06cyKaeHe

B MopenbHBIX cUCTeMax in Vitro, B KOTOPBIX IPOUCXOJY-
Jla TeHepalusA CBOOOIHBIX pafIMKaJIOB, CYXOJl 9KCTPakKT A.
membranaceus v ero GppakiLy IPOSBIIANN BbIPa)KEHHbIE aHTH-
OKCUJaHTHbIE CBOIICTBA (Tab. 1).

Veranosneno, uro CIA obmagaer aHTMpa/:[MKaanoﬁ AKTUB-
HocThI0 B OoTHOmeHn DPPH-papmkama - IC, = 60,0 mMKr/mir.
Han6onpiunit BKIag B MpOsiBIIeHNE JAHHOTO BI/IJIa AKTUBHOCTH
uccrexyemoro putocpescTsa BHoCUT Xnopodpopmuas (IC, =52,1
MKr/mMn) u otunmaneratHas dpaxmm  (IC, =58,1 MKI‘/M}I)

Tabnuua 1

AHTI/IOKCI/IHaHTHa}I AKTUBHOCTD CYXOI'O 3KCTpaKTa Astragalus membranaceus

u ero ¢paxmmit, IC, |

€A B Ka4€CTBE YHUBEPCATIPHOTO MeXa- 06 DPPH-metop, | CBA-meTops, | XJM-metopn, | Fe? 0,” NO
HU3Ma IIOBPEXAEHUA 6uonmornuecknx bEKT MKI/Mn MKr/mn MKr/mMn mr/mn MKI/mn MKr/mn
MeM6paH> JIeKalero B OCHOBE psfa | C3A 60,0+1,4 20,111 494,2+7,2 4,93+0,12 | 500,0+7,2 |2424+5,0
TIATOTOTMIECKMX TPOLECCOB [9]. BF 277,1+£4,2 57,0£2,1 182,2+5,7 2,844£0,11 | 714,0£8,1 > 5000
[Tpumenenne CUHTETUYECKUX | WF > 5000 15,3+£0,8 1903,0+£32,7 | 6,42+0,28 | 500,0+7,2 | > 5000
AHTUOKCUJIAHTOB YaCTO OC/IOXXHAETCA | HF > 5000 83,1+2,5 3466,0+41,3 | - > 5000 401,0+ 11,0
nobounsiMu  addexramm, moITOMY | CF 52,1%1,1 22,1+1,3 153,4+4,4 2,05+0,12 | > 5000 993,1+32,8
BCe Oosblllee BHUMaHUE ynensaerca | EF 58,1+1,4 34,1+1,4 355,746,2 6,85+0,32 | 430,0£7,0 [9132+22.2
NPUPOIHBIM, B YACTHOCTU pacTUTeb- | AK?® 4,8+£0,2 - 50,8+1,2 0,15£0,01 101,0+£3,2 | 1140,0+34,2
HBIM aHTUOKCUJAHTAM, oOnmamaomuM | MoHon? | 45,1+1,4 1,7£0,1 - - - -

HU3KOJl TOKCUYHOCTBIO I OTCYTCTBU-
eM 10604YHBIX 3QQEKTOB Ipy -
TeJIbHOM nipueMe [3].

OO6BEeKTOM HACTOALIETO MCCIENO-
BaHVIA ABJIACTCS CYXOJ 9KCTPAKT IOf-
3€MHBIX OpraHoB A. membranaceus n
BBIJI€/IEHHBIX 113 HETO (paKIuiL.

Ilenpro HacTOsAEl PAOOTBHI SAB/SETCS OLpefie/ieHIie aHTNOK-
CHUIAaHTHOJ aKTMBHOCTH CYXOTO 3KCTPaKTa IOJ3eMHbIX OPIaHOB
A. membranaceus u ero ppaxumil B 9KCIEPUMEHTAX in Vitro.

Has, EF - sTumaneratnas; ®

MaTepManm " ME€TObI

PacTuTenbHOE ChIpbE — IIOfI3eMHbIe OpraHbl A. membranaceus
OBIO COOPAHO B OKPECTHOCTH I. YIaH- Y3 (ceHTA6ps 2011 rog).
It mormydenns cyxoro akcrpakra A. membranaceus (COA) us-
MeJIbYeHHOE ChIpbe 9KCTparnposanu sTanonom 60-70%, cimpro-
BO€ M3BJIeYeHIe KOHIIEHTPUPOBA/IN [0 BOZHOTO OCTaTKa U BBI-
CyluBanu B Bakyyme. [ljist monmydenns Gpakipit Cyxoit 9KCTPaKT
A. membranaceus CYCIEHMPOBa/IN B BOfie B cooTHOIenun 1:10,
HOJTYYEeHHYI0 CYCIIEH3MIO MOfiBEprajy SKUKO-(PasHOI IKCTpaK-
LIMM TeKCAaHOM, X/IOPO(OPMOM, STU/IALIETATOM 1 Oy TAHOIOM.

AHTHMpaJIMKa/JbHYI0 AaKTMBHOCTD OIPENEI/IM C HpUMeHe-
HueM DPPH-metoza [8]. AHTMOKCHJaHTHYIO aKTMBHOCTD OLje-
HUBA/IM 110 CTEIeHM BIVSHUA UCCIenyeMoro GUToCpencTsa Ha
AMHAMUKY IepPeKUCHOI Aerpamauny (-kaporuna (CBA-merton)
B cucreme oneuHosas kucnora-JMCO-H,O, [7]; siuanue nc-
CIefyeMOTO CpefiCTBa Ha CBA3bIBAHME CYNEPOKCUIHBIX aHMOH-
pajukanos (O,”) — B HEIH3UMATIIECKOI CUCTeMe QeHasNH Me-
rocynbdaT/HAH [5]; Fe’*-Xemarupyomuiyo aKTHBHOCTD OIpe-
Iesm peHaHTPOIMHOBBIM METOIOM [4]; CBA3bIBaHME MOJIEKYII
okcnpa asora (NO) — HUTpOIPYCCUAHBIM MeTOfIOM [6]. Brmsanue
A. membranaceus m ero (pakiuii Ha IMPOLECC IEPeKNCHOTO
oxucnenns munuyos (ITOJI) usyyamu B MOJEIbHOI CHCTEME CO-
Iep>Kalleil CYCIIeH3MI0 JKeITOYHbIX sumonporennos (KJIII-
MeTOf). BemnumHOl aHTMOKCHMAHTHON aKTUBHOCTHM CUUTAIN
KOHI[EHTPALNIO UCCTeRyeMbIX GUTOCPEICTB, HEOOXONUMYIO /L
nHrubuposanus (cBassiBauysi) 50% peakTUBHBIX 4YacTul [2].
Bce sKcIepuMeHTbI IPOBOAMIN B TPEXKPATHOI IIOBTOPHOCTH.

B pabote mcrnonmpsoBamy monon (Sigma) ¥ acKOpOMHOBYIO
kucnory (AK) (Sigma). CrexrpooTromMeTpryeckie 1ccuenoBa-
HYs IpoBOAMIN Ha criekrpodoroMerpe UV-Vis-mini (Shimadzu)
B KBapIL[eBbIX KIOBETAX C TOJIIIVHOI HOIJIONIAOIEro c1ost 10 MM.

Koppe/siioHHblil aHa/mn3 MPOBOAWIN C IPUMeHEHVeM ITa-
keta nporpamm Advanced Grapher ver. 2.11 (Alentum Software
Inc.), craTUCTUYECKY0 06pabOTKY — COINIACHO PeKOMEHMAINAM

[1].

JINTEPATYPA

1. [lepppenv K. CTaTuCTHKA B aHAIUTUYECKOI XUMMUI. — M.,

Ipumeuanus: DPPH-meron — aHTMpaauKaabHasg aKTUBHOCTDb B oTHoeHun JJPIITe, CBA-meTop —
AHTMOKCUJIAHTHASA aKTUBHOCTL B CuCTeMe (B-KapoTuH-onmenHosas kucnora-H O,-ITMCO, XKIJIII-meTon
— AQHTUOKCH/IAaHTHAs aKTMBHOCTH B OTHOIIeHun HakoruteHust TBK- AKTHBHDIX HPOJIYKTOB, Fe?* -
Xe/IaTUpPYIolas aKTMBHOCTD, O+
Kyn okcupa asora (II); d)paKm/m BF - 6yranonbhasa, WF - Bognas, HF - rexcanosas, CF - xnmopodopm-
- BEIeCTBO CPaBHEHNA.

FeZ+
— CBA3bBIBAHNE CYIIEPOKCHUI-aHVIOH pagMKaia, NO - cBs3bIBaHUE MOJTE-

IToxaszaHo, 4TO (uUTOIpenapar MPOABIAT CIOCOOHOCTHIO K 3a-
1[yTe 6110IOrMYECKOT0 CYyOCTpaTa OT EPEKIICHOTO TOBPeXAE€HILT
(CBA-metop). AHTHOKCH/IAHTHAS aKTUBHOCTD CYXOT0 9KCTPAKTa
A. membranaceus, onpenenernas MmetogoM CBA, cocrassier 20,1
MKr/M1. [I7151 MoHOa (Ipernapar CpaBHeHMsI) JaHHbIIT [I0Ka3aTe/lb
cocraBu 1,7 mxr/mn (IC_=1,7 MKr/mi1). AHTMOKCUTAHTHAS aK-
tuBHOCTb (CBA-MeTOJ) BBIIeTIEHHBIX (pakumit Bospacraia B
pany: Bonnas (IC, =15,3 mxr/mn) > xn1opodpopmHas > aTuaIle-
TaTHAs > 6yTaHOIIbHaH > rexcanosas (IC, = 83,1 mxr/mm).

Cyxoit akcTpakT A. membranaceus U ero (bpakmxm VHTH-
6uposamm ob6pasoBanue TBK-akTMBHBIX HPORYKTOB in vitro.
AHTUOKCUJAHTHAS aKTUBHOCTH UCCTIENYEMEIX CPENICTB BO3pac-
TaeT B pagy: xmopopopmuas (IC, = 153,4 Mxr/mm) > 6yTaHOD-
Has > STUIalleTaTHasA > A. membranaceus > BOJIHAsI > TeKCAaHOBAs
(IC,, = 3466,0 Mxr/m1).

i’[pm M3y4eHUY BIUAHMSA UCCIIENyeMOTO CPEICTBA I €10 ¢dpak-
LU Ha PAJ aKTUBHBIX (’popM xucmopona (O, u NO) u monbr
Fe?* BBIABIIEHO, YTO CYXOJl 9KCTPAKT A. membranaceus obnasmaer
CIIOCOOHOCTDIO K MX MHAKTUBALVMN. B aKcIlepuMeHTe ycTaHOBIIe-
HO, UTO MCCTIeffyemoe ¢durocpencTBo obnasaer ymepernoir Fe*-
xenmarupymoiei akusHOCToIo (IC, =4,9 mMr/mi).

B oTHOLIEHUM K CYNepOKCH- aHMOH panvkanaM Habmofa-
7ach yMepeHHas BbIpaKeHHOCTb peiicTeus CIA (IC,=500,0
MKr/M). JIyis1 Ipertaparta cpaBHEHMsI — aCKOPOMHOBOII KI/ICIIOTIJI,
NAHHBI 1TOKa3aTenb coctaBua 101,0 Mxr/mit. [laHHBIT BUJ ak-
TUBHOCTI MCCIERYEMOTo pUTOCPEICTBA 0OYCIOB/IEH, BEPOSTHO,
HPUCYTCTBYEM (DEHONbHBIX COENVHEHMIA, O YeM CBUJETENIbCTBO-
Bas TOT (hakT, yro Harbosburas O - - CBA3bIBAIOLIAS AKTUBHOCTD
XapaKTepHa /ISl 3TWIALle TaTHON (f)paKuMM (IC,,=430,0 mxr/m).

Cyxoit akcTpakT A. membranaceus HpO}IBIIH}'I BBIP)KEHHYIO
crocobHocTbio K cBaAsbiBanuio Monekyn NO (IC, =242,4 mkr/
MJI), IPeBOCXOJALIEl TAKOBYIO IIperapaTa CpaBHEHUSA — acKop-
6unosoit kucnots (IC, =1140,0 Mxr/m).

Takum 06pa30M, nonyquHbIe TaHHBIE CBUJETETbCTBYIOT O
TOM, 4TO CYXOJi 9KCTPAKT I10/I3eMHBIX OpraHoB A. membranaceus
u ero ¢pakiyy 06/1ajal0T CIOCOOHOCTHIO K BOCCTAHOB/ICHUIO
OMOIOrNYecKNX CyOCTPATOB, IPOSIB/IAIOT BRIPAKEHHOE aHTIPA-
IVMKa/JbHOE JIeVICTBYE VM MHIMOUPYIOT MpOLiecC HepeKUCHOI fie-
rpafaiyu B-KapoTuHa. Pe3yrbTaThl IpOBeIeHHBIX MCCIe[OBAHMIT
JAI0T OCHOBaHMeE pacCMaTpUBaTh UCCIefyeMoe pUTOCpecTBO B
KauecTBe IIOTEeHIIMATbHOTO aHTMOKCUIAHTHOTO CPeJICTBA, XapaK-
TEepPU3YIOIIEroCA MPUCYTCTBUEM psAfa OMOTOTMYeCK) aKTHBHBIX
BelIleCTB, HPeCTaBUTeNEN KIacCOB (PeHOMbHBIX COENMHEHNIT U
[IO/TVICaXaPUIOB.
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AuHoTanus. [Ipy n3y4eHn MUKPOKIIOHOB M KaJUTyCHO# TKaHU JIGKAPCTBEHHBIX PACTCHUIT BBISICHUIIN, YTO B YCIIOBUSIX iR Vitro
COXPAHSFOTCS (DYHTHIMIHAS aKTUBHOCTD M IATOTOKCUYHOCT, MPHCYIIAsi HHTAKTHBIM PACTCHUSM. PacTHTENBHBIC SKCTPAKTHI,
MOJTYYCHHBIC M3 MUKPOKJIOHOB pacTeHuit Astragalus Dasyanthus Pall, Withania somnifera L., oxa3piBaiu 0ojiee BBICOKOE IIH-
TOTOKCHUYECKOE JISHCTBHE Ha PAKOBBIE KIIETKH YEJIOBEKa, YeM IKCTPAKTHI, TIOJyUSHHbIE U3 KaLTyCHOW TKaHU. DyHruImaHas
AKTUBHOCTB YKCTPATUBHBIX BEIIECTB MUKPOKJIOHOB TaKXKe ObLTa BBIIIIE, YeM KAJLTYyCHBIX KYJIBTYP.

Summary. In the study of microclones and callus tissue of medicinal plants it was found that fungicidal activity and
cytotoxicity inherent in intact plants is preserved in vitro. Plant extracts obtained from microclones of plants Astragalus
Dasyanthus Pall, Withania somnifera L. have a higher cytotoxic effect on human cancer cells than extracts obtained from
callus tissue. The fungicidal activity of extractive substances of microclones was also higher than that of callus cultures.

BBenenue

bnaromaps (hU3MOTI0T0-OMOXUMHUYECKUM
OCOOCHHOCTSAM  PAaCTHTEILHOTO  MeTaboym3-
Ma, IJIe TIOMUMO PEaKIui MEePBHUYHOIO OOMe-
Ha, CHHTE3UPYIOTCS pa3HOOOpa3HbIC BEIIECTBA
BTOPUYHOTO TPOUCXOXKICHUS, OOJIaIaroIIne
BBICOKOH OMOJIOTMYECKOH AaKTHUBHOCTBIO, IIe-
7eOHBIC CBOMCTBA PACTEHUN IIUPOKO HMCTIOJb-
3yloTcs B ¢uTorepanuu. PacteHus oOpa3yroT
Ype3BBIYAHO Pa3HOOOPA3HbIN CIEKTP BTOPUY-
HBIX BEIECTB, OOYyCJIaBIMBAIOIINUX OOITUPHOE
TEpaneBTUICCKOE JEHCTBUE UX DKCTPAKTUBHBIX
BemecTB. B ¢durodapmakornozum — omHON U3
OCHOBHBIX (papMalleBTHUECKUX HayK, H3ydaro-
e pacTUTENbHOE ChIphe ISl HAy4YHO Menu-

I[MHBI, B TOM YHCIIC U BETEPUHAPHOMN, N3BECTHBI
rernaTornpoTeKTOPHbIE,  HEHPOPEryIsSTOpHbIE,
KalWISIPOyKPETUIAIONINe, KeTUerOHHbIe U TPO-
THUBOOITYXOJIEBbIE M MHOTHE Apyrue CBOWCTBA
PacTUTENILHOTO ChIPbs [1].

Kak npaBuno Hambonee 1eHHbIe A QUTO-
(bapMaKOTHO3UU PACTEHHUS XapaKTEePHU3YIOTCS
OTPaHUYEHHBIM apeajoM M crheuu(puuecKuMu
YCIIOBUSIMU MPOU3PACTAHUS U OTHECEHBI K Ma-
JIOYMCIIEHHBIM HCYE3aI0UINM BUAaM. B cBs3u
C 9TUM, OJHHMM U3 MEPCIEKTHBHBIX HaIpaB-
JeHU OMOTEXHOJOTUU SIBJSETCS COXpPaHEHUE
Ouopa3zHoOOpazust PpPeaKuX, JIeKapCTBEHHBIX,
a Taike ucuezarommx ¢GopM pacTeHHH U CO3-
JaHWEe Ha HUX OCHOBE T'€HETUYECKUX OaHKOB
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in vitro. YCIEIHO PEUIUTb 3Ty 3a]a4y I103BOJIS-
€T NPUMEHEHHE MEeToJa KJIOHAJIBbHOIO MMKpO-
pa3MHOXeHUs, Onarojapss KOTOpOMY B Kpart-
Yailline CPOKM BO3MOXKHO IOJIyYUTh OOJIbIIOE
KOJIMYECTBO paCTEHUI-pereHeparoB reHeTHye-
CKHM WJEHTUYHBIX MCXOJAHOMY BHUIY IpPH Orpa-
HUYEHHBIX pecypcax MCXOIHOI0 Marepuaa.
Kpome Toro, pacturenbHble KYJIBTYpBI in Virto
UCIOJb3YIOTCSI B OMOTEXHOJIOTMH HE TOJBKO
B KQU€CTBE MOJIEJIbHOTO 00BEKTA, HO B KAUECTBE
MCTOYHHMKA LIEHHBIX OMOJIOIMYECKH aKTHBHBIX
BEUIECTB, KOTOpbIE YCHEIIHO IPHUMEHSIOTCS
B (hapManeBTUYECKON MPOMBIIICHHOCTH, a TaK-
e U1 U3y4eHUs1 BTOPUYHOro MeTabonusma [5].

[lepcneKTUBHBIME OOBEKTaAMH JUIA H3y4e-
HUS BTOPUYHOIO MeTabojau3Ma, B TOM YHUCIIE
U B CTPOTO KOHTPOJIUPYEMBIX YCJIOBMSX in
Vitro, SIBJSIIOTCSL TAKUE PACTEHMsI, KaK acTparal
(Astragalus Dasyanthus Pall.)) w amBarannua
(Withania somnifera L.). OcOO€HHOCTH UX BTO-
pu4HOro Meraboaus3Ma M CHOCOOHOCTh K 00-
pa3oBaHUIO OOraToro CHeKTpa BEIIeCTB, B TOM
griciie U ()EHOIBHOU MPHUPOJIBI, 00YCIIaBIUBACT
LIMPOKOE TEPANEBTUYECKOE AEHCTBHE IKCTpaK-
TUBHBIX BEIIECTB YKa3aHHBIX pacTeHuu [4].
AcTparan comepXHT (raBaHOUIbI, KyMapUHBI,
TPUTEPIICHOUIHbIE CATIOHMHBI, MOJUCAXaPHIbI
U MHMKpOIeMeHThl. Ha ero ocHoBe momydaroT
HACTOM JUI JICYCHHUS HadalbHBIX (OpM rumep-
TOHUYECKON OO0JEe3HH, HEIOCTATOYHOCTH KPO-
BOOOpAIleHUs] M OCTPBIX TIIaMepyOHE(PHUTOB,
OTMEYECHO (YHTHUIMIHOE JelicTBue. PacTeHus
alBaraHibl Ha IMPOTSKEHUM HECKOJIbKHX Tbl-
CAYENIETUM NPHUMEHSIOT B HAPOJHOM  MeEIu-
LIMHE IpU JIeueHUU 3a00JIeBaHUl, BBI3BAaHHBIX
OKCHJIaTUBHBIM CTPECCOM. AIIBaraHiia TakKxke
M3BECTHA IO/ HECKOJIIBKMMM JIPYTMMH Ha3Ba-
HUSMH, TaKUMH, KaK WHIUHACKUN KCHBIICHb U
3UMHSS BUIIHA. B atoBepauueckoi MeauLuHe
pacTeHus alBaraHbl CYNTAIOTCS OJHOM U3 ca-
MBIX LIEHHBIX U OCHOBOIIOJIATAIOIIUX KYJIBTYP,
o0MaaonmMx UMMYHOMOJYIHPYIOIIUMH, pe-
TE€HEPATUBHBIMU U OMOJIAXKUBAIOLIUMU CBOM-
CTBaMH. DTO OOYCJIOBJIEHO TEM, YTO BO BCEX
qacTsaX pacTeHus (JIUCThbAX, KOpe, I10jax, ce-
MEHax, U B OOJbIIEHl CTEIEHU B KOPHE) CHH-
TE3UPYIOTCSl pa3HOOOpa3HblEe BEILIECTBA BTO-
pUYHOTO MeTabonu3Ma — MOMH(EHONBl U UX
[JIMKO3U/Ibl, CATIOHUHBI, CTEPOUIHBIE JIAKTOHBI,
OJINTOCaxapubl, BATAHOJIN, a TaKXKe CBOOOI-

Hbll BUTadepuH A (amMkoH), 0OIaTarOIIHA
UTOTOKCUYECKUM JIecTBUEM [8].

[ToMumMO oOmMMCaHHBIX BBIIIE TepareBTUYEC-
CKHX JICUCTBUH, C JABHUX BPEMEH 9TU PACTECHHUS
M3BECTHBI B BETEPHUHAPHH KaK BeChMa SJI0BUTHIE
pacTeHus ISl MacyUINXCsl )KUBOTHBIX, KOTOPBIE
CTIOCOOHBI MPUYUHHUTD 3HAYUTEIILHBIA YKOHOMHU-
YeCKUH yep0 U OT HeTOCPEICTBEHHOM THOeH
JKUBOTHBIX. 3a49aCTYI0 Y )KUBOTHBIX OTMEYaeT-
csl mpucTpacTue K acrparairy. OHE ¢ OOIBIINM
YAOBOJIBCTBHEM MOEJAIOT acTparall, BBIMCKUBAs
ero B TPABOCTOE, HECMOTPSI Ha MATOJIOTUYECKHUE
MOCIIEICTBUSL U BBICOKYIO CMEPTHOCTH BCIE/-
cTBHE OoTpaBiieHHs. JKHUBOTHBIE, OTPABUBILIHECS
acTparajaom, CTAaHOBSITCS allaTUYHBIMH, BSUTBIMH
C mporpeccupyromieir obmeit cnadbocTeio, Ha-
OnrofaeTcs yrHETEHUE JAbIXaHUs, MOTEPs ToJo-
ca, Kalleib, CKpeXeT 3y0aMu W 3aTpyJaHEHHUE
MPOTJIATHIBAaHUS KOPMA.

TOKCHKOJIOTHS SIIOBUTBIX PAaCTEHHHM TECHO
CBsi3aHa ¢ OMOJIOTMYECKMMU HayKamMHu — OoTa-
HUKOH, (u3nonorueii 1 OMoXuMuei pacTeHuH,
a TaK)kKe BeTEpPUHAPHBIMU TUCIMILIMHAMHU, TIpe-
JKJIe BCEro, ¢ KOPMOIPOU3BOACTBOM U KOpMIIE-
HHUEM CeJIbCKOXO35HCTBEHHBIX JKUBOTHBIX.

Takum 00pa3oM, U3ydeHHE BTOPUYHOTO Me-
TaboNM3Ma pacTeHU MMEET BaXKHOE 3HAYCHUE
HE TOJBKO JUIst (pruTO(hapMakorHO3UU, HO U JJIS
TOKCHKOJIOTHH C TeNbl0 obecrieueHus dPdex-
TUBHOTO M 0€30MaCHOr0 KOPMOIIPOU3BO/CTBA.
Kpome Toro, BropuuHbie METaOOJIMTHI pacTte-
HUI OKa3bIBAIOT HEMOCPEICTBEHHOE BIMSIHUE
Ha YCIIEUTHOCTh MPOBEACHUS UCCIIEIOBAaHUI Ha
KYJIBTYype in virto. Takue KyJIbTypbl B JaJbHEH-
[IeM MOTYT OBITh MCIOJIB30BaHBI IS BOCIIPO-
M3BOJICTBA PACTCHUI-PETEHEPATOB TEHETUYECKU
UJICHTUYHBIX HCXOAHOMY BHIy, a TaKXe CIy-
KUTh UCTOYHUKOM YHUKAJIBbHBIX OHOJIOTMYECKU
aKTHBHBIX BEIIECTB Ui (hapMaleBTUYECKOM
MIPOMBIIUICHHOCTH [6]. OqHaKO JaHHBIX 00 00-
pa3oBaHUM COEAMHEHUH, 00namaromux QyHIu-
IUJIHBIMA ¥ LUTOTOKCHYECKUMHU CBOMCTBaMU
B UHTAKTHBIX PACTEHUSX U B KYIBTYpax in vitro,
HE MHOTO.

B cBs3u ¢ Tem, 4TO B JIUTEparype MpakTh-
YECKHU OTCYTCTBYIOT JIaHHBIE 00 0Opa3oBaHUH
BTOPUYHBIX BEIIECTB B MHUKPOKJIOHAX JIEKap-
CTBEHHBIX pacTeHuil Astragalus Dasyanthus
Pall v Withania somnifera L., TO TIelIbI0 HAIIETO
HCCIICIOBAaHUA SIBIISUIOCH H3ydeHHe Mopdore-
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HETHYECKOTO MOTEHIMANIa JAHHBIX PACTCHUN U
YCTaHOBJICHHE OMOJIOTMYECKON aKTHBHOCTH HMX
3KCTPAKTOB [N Vitro, B Kaue€CTBE MOTEHLHAIb-
HBIX MCTOYHHUKOB BBICOKOI()(EKTUBHBIX JIEKap-
CTBEHHBIX NpENnapaToB, MPUMEHIEMbIX U IS
BETEpUHAPHON METUIIMHBI.

MeToabl 4 MaTepHaJIbI

Marepuanom aisi paboThl CIYKHIM pacTe-
Husi actparana (Astragalus Dasyanthus Pall)
u amBaravnsl (Withania somnifera L.) npous-
pacTaloux B MPUPOAHBIX YCIOBUSAX M Ha TEp-
puropun [maBHoro Ooranmueckoro caga PAH
(MockBa). B kauecTBe HKCIUIAaHTOB HCIIOJNb-
30BaJId CEMEHa, MOOerw, MOYKU U JIHCTOBBIC
IUTACTHHKH, KOTOpBIE KYJIHTUBHPOBAIU HA IH-
tarenbHOM cpene Mypacura u Ckyra, couep-
JKamed BemiecTBa ¢ UUTOKMHUHOBOM (BAII,
2ip, xunetud (0,5 -1,0 Mr/m)) u ayKCMHOBOWA
(HYK 0,5-1,0 mr/n, UMK u UVYK 1-7 mr/mn)
aKTUBHOCTBIO. PacTuTenpHblii Marepuain Bbl-
palmMBalii B yCIOBUAX CBETOBOM KOMHATBI, ITIE
noJiIep kuBaiach Temreparypa 25+2°C, 16-
4acoBOHU (OTONEPUO]], OCBEIICHHE OETIBIMU JTIO-
MmuHecneHTHbIMU JlamnamMu OSRAM L36/25
C MHTEHCHBHOCTBIO OCBEUICHHs 3,5 ThIC. JIK.
JUis yKOpEeHEeHHsI MHKpPOIOOEroB HCIIOIb30Ba-
T MOAM(PHUIMPOBAHHYIO MHUTATEIBHYIO CPEmy
Mypacure u Ckyra, coiaepkaiiyr 72 HOPMBI
Makpocosei, a Takxke caxaposy 20 r/mn u UYK
1 mr/m.

Jliss ompeneneHusi MUTOTOKCHYECKOTO (-
(dexTa pPacTUTEIBHBIX SKCTPAKTOB HCIIONIB30-
Bau MTT-tect. Pabory mpoBomwim B 96-my-
HOYHOM IUIelTe. B KaXaylo JIyHKYy BHOCWIH
paKoBbIe KJIETKH B KonmuecTBe 2*104 kietox/
nyHka, 1o6apmsuie 100 MK TUTaTeILHON CPEIbI
U MHKyOupoBanu B Teuenue 1 ygaca. JInoduis-
HO BBICYIICHHbIE CIIUPTOBBIE SKCTPAKTHI pac-
TEHHUH-PEreHepaHToB (AIIBaraHbl U acTpara-
na) pactBopsuii B DMSO 10 KOHIIEHTpaiuu
5000 mKr/mi, mocie 4ero MpOBOIMIMA pa3z0aB-
JeHue pactBopa 10 50 MKI/MII M MOJIy4eHHbIE
KOHIEHTpAIlMM B JaJbHEHIIEM HAHOCHUIM Ha
paKoBbIe KIETKH deioBeka. K comepxumomy
KKI0M JyHku aoOaBims mo 25 mxn MTT
(4 mr/mn B PBS), KoTOpBIit IepBOHAYAIBHO OBLT
npoUIBTPOBAH, MOCIE Yero MPOBOAMIN UHKY-
6auuto B CO2-uHKybarope B TeueHue 4 4acos.
[Tocne 3TOro B KaXkayro JIYHKY J00aBISUIN 110

50 mxa SDS (20% SDS na Boge ¢ 0,02 N HCI
win H SO,) n nHKyOMpOBai B TEUYCHHE HOYM.
3areM H3MEpsUIM ONTUYECKYH IIJIOTHOCTH Ha
cnekrpodoromerpe npu JuMHE BONHBI 570 U
650 M. B kadecTtBe 0OOBEKTa HCCIEHOBAHHUS
Obuta B3aTa nuHUS Kietok M-Hela (3nurenu-
OMJHAs KapLUMHOMAa ILIEHKM MATKU YeJIOBEKa,
cyonmunust HeLa, knon M HeLa, komnekius Wn-
cruryta mutonorun PAH, Cankr-IlerepOypr).
B KOHTpOJIBHOM BapuaHTE 3KCTPaKThl HE BHO-
CHJIH.

Omnpenenenne QYHTUIMIHON aKTHBHOCTH
pPacTUTEIbHBIX 3KCTPAKTOB MPOBOAWIN Ha Y-
CTOU KyJIbType rpuboB pona Fusarium, B 4acT-
Hoctu Fusarium culmorum (mramm M-10-1,
BBIJICJICHHBIN U3 pacTeHui neHuisl, 2009, Mo-
CKOBCKast 0011acthb) u Fusarium sporotrichioides
Sherd (uramm OP-14-1, BbIIETICHHBIN U3 pac-
tenuit mmeHunsl, 2014, OpraoBckas 00JIacTh).

JlaHHbIe ITaMMBI OBUTH BBIJICJICHBI U HJICH-
TU(UIMPOBAHBl COTPYIHUKAMH J1abopaTopuu
mukosnoruu Mucruryra puronaronorun PAH.

Jnst SKCneprMEHTa HCIIONIb30BaIM  KUBBIE
KyJbTypbl TpuOOB pona Fusarium L. (Fusarium
culmorum, Fusarium sporotrichioides), nmatein-
HO XpaHMBUIMECS B XOJOAWIBHHUKE IIPU TEMIIE-
parype +4°C, mepBOHaYaJ bHO pPa3MHOXKAJIM Ha
MUTATEIbHOU CpeJle, COEP/Kallel MUHEPAJIbHbBIE
conu 1o miporcu MC, He conepxarieii purorop-
MOHBI. BplpammBanu rpu6sl B yamkax Ilerpu B
YCIIOBUSIX CBETOBOM KOMHAThl IIPU TEMIIEpAType
25°C, 16-yacoBoM (oTonepuose, Py UHTCHCUB-
Hoctu cBeta 3000 nk. [lepecanky ocyiecTBIsIIM
IIpY HEOOXOMMOCTH Ha 5-7 CYTKH B JJAMUHAPHOM
6okce. PactBopennsiii B DMSO cyxoii pactu-
TEJIBHBIA OCTATOK, IIOJIYYEHHBIA U3 JKCTPAKTOB,
JOOABIISUTH B COCTAB MUTATEIBHOM Cpe/Ibl yXKe 1M0-
CJI€ €€ aBTOKJIaBUPOBAHUSI.

Konuenrtpamus skctpakra cocraBwia 30,
60, 100 mr/n. Koutponem ciyxwuna cpena 6e3
OKCTPAKTa, a TaKK€ YHUCTBIH PpPacTBOPUTEIND
(DMSO). ®yHrunugHyr akTHUBHOCTb pacTH-
TEJIbHBIX AKCTPAKTOB OIPENEISUIN 0 POCTY
mutenuii rpuba. s 3Toro Ha 7-€ CyTKH KyJb-
TUBHUPOBAHUS [TPOBOIUIIN U3MEPEHUE AUAMETPa
rpuba B AByX IUIOCKOCTSIX.

Pe3yabTaThl M 00Cy:KAeHUSA
ITockonbKy pactenus Astragalus Dasyanthus
Pall, Withania somnifera L. oTHOCSTCS K IICH-
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HbIM HEMHOTOYMCJEHHBIM BHUIAM U HMEIOT
OTrpaHUYEHHBIN apeall paclpoCTPaHEHUs B IpU-
pozre, TO OOJbIIOE INPAKTUYECKOE 3HAUYCHHE
npuoOpeTaeT MoydeHue KylubTyp in Vvitro, Kak
BO3MOKHBIX UCTOYHUKOB OMOJIOIMYECKH aKTUB-
HBIX BEILECTB U JIEKAPCTBEHHBIX IIPENaparos.
M3BECTHO, YTO KaJUTyCOI'€HE3 SIBIISIETCSI CIIOXK-
HBIM IPOILIECCOM, KOTOPBIM HEMOCPEICTBEHHO
3aBUCHUT OT IPUMEHSIEMBIX TOPMOHOB, UX KOH-
LIEHTPALIUY, TUIIA IEPBUYHOIO 3KCILIAHTA U UC-
cienyeMoro reHoruna. OTMe4YeHbl HEKOTOphIE
0COOEHHOCTU U 3aKOHOMEPHOCTH B CIIOCOOHO-
CTH JIUCTOBBIX AKCIUIAHTOB K KaJIJIyCOT€HE3Y.
Kak mpaBuiio, 3TOT mpouecc HauuHAICA C Ie-
pudepuitHOil 30HBI JIUCTa, a TAaKXKe B MeCTax
npukperieHus dyepeuika. Ilo mepe KynbTuBu-
poBaHus TudGepeHIIMPOBAHHbIE KISTKH JHCTA
MOJHOCTBIO TpeBpamainch B aeauddepennu-
pOBaHHBIE U OBLIO OTMEYEHO aKTUBHOE (POPMH-
pOBaHUE KaJULyCHOM TKaHU.

HccenenoBanus mokasanu, 4T0 IOPMOHAJIb-
HBbI COCTaB IHTATEIBHOM Cpeabl IPUBOILUII
K HM3MEHEHUI0 MOP(PO(PHU3HOIOTHIECKUX IPO-
IIECCOB, KOTOpPbIC MPOSIBISLIMCH B (OPMHUPOBA-
HUU KaJUTyCHOU TKaHU B OCHOBAHWUHU IIEPBUYHO-
ro SKCIUIAHTA C IOCJIEAYIOLIEH pereHepanuei
pacTeHUid, B UHIYKUUU PA3BUTHS MEPHUCTEM.
MUKpOKIIOHBI BO BCEX CIIy4asiX XapaKTepu30Ba-
JMCh MHTEHCUBHBIM POCTOM, (hOPMHUPOBAHUEM
MOIITHOM Ha/I36MHOM OMOMacChl U BHICOKUM KO-
s dunmenTom pasmuoxkenus (Puc.1 A-F).

D E

Ha ocHOBaHMM MHOTOIIJIAHOBBIX HCCIEN0-
BaHUH MO BIMSHUIO PA3IUYHBIX PETYISATOPOB
pocTa Ha KJIIOHAJIbHOE€ MUKPOPa3MHOKEHHUE U3Y-
YaeMbIX PAaCTCHUN ObUIN YCTAaHOBJICHBI HAMITy4-
IIM€ COYETaHUsI TOPMOHOB U MX KOHIICHTPAIIUH,
NPUBOAIINE K MaKCHMallbHOMY TMposindepa-
TUBHOMY 3 dexTy. [ 5TUX pacTeHHi BICOKUI
KO3 (UIIMEHT pa3MHOKEHUS, WHTEHCUBHBIN
pPOCT Ma3yIIHBIX MEpPHCTEM H (HOPMHUPOBAHUE
XOPOIIIO Pa3BUTHIX MOOETOB OBLIM OTMEUEHBI Ha
cpene, conepxkanieit BAIT 0,5 mMr/n B coueTanuu
¢ YK 0,5 mr/n. Kpome Toro, [jIsl amBarasibl
BBICOKHE TOJOKUTEJIbHBIE PE3YyNbTaThl ObUTH
MOJYYEHBbI U HAa Cpejie, COAepIKallel mpenapar
Hporm (0,01 mr/m).

Kak cnemyer u3 aHanmsza JMTEpaTypHBIX HC-
TOYHUKOB, ISl pacTeHuid amBaranas! (Withania
somnifera) u actparana (Astragalus Dasyanthus
Pall) B xommiekce BTOPUYHBIX METa0OIMTOB
NPEBATUPYIOT TaKUE BEIECTBA, KaK MOIH(EHO-
761, 00aaromye B TOM 4ucie (pyHIHIUIHBIM
JIEMCTBHEM U IPOTHBOPAKOBOM aKTUBHOCTHIO [ 7].

[ToaTromy wu3ydeHHE NEUCTBUS SKCTPAKTOB
JAHHBIX PAcCTEHU Ha PAKOBBIC KIETKH YeJI0-
BEKA, SIBIISITHCS AKTyaJbHBIM HAIlpaBICHHEM MU
MOXET CIY>KUTh KOCBEHHBIM IPH3HAKOM OHO-
CUHTETUYECKOM CIIOCOOHOCTHU pacTeHuii K 00pa-
30BaHMIO BTOPUYHBIX BEUIECTB 00IAa0IUX HE
TOJIBKO OMOJIOTMYECKON aKTUBHOCTBIO, HO U IIH-
TOTOKCUYECKUM JielicTBreM. B Hamieit pabote
Obula M3y4eHa IUTOTOKCHUYHOCTH 3KCTPAKTOB,

F

Puc. 1. A — xayutycHast TakaHb aliBarasipl, B — perenepanus pacteHuii Ha KaJuTycHOM TkaHM amBarazpl, C, D — mukpo-
KJIOH amBaradibl E — kajulycHas TKaHb acTparaia, F — MUKpOKJIOH acTparaia
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IIOJIyYEHHBIX U3 PACTCHUI-PErCeHEPAHTOB alllBa-
raHjipl ¥ acrparajia, a TakKe KaJUIyCHOM TKaHU
amBarasasl (Puc 2).
B pesynbrare mpoOBENEHHBIX HCCIEIOBAaHUN
OBLJIO yCTAHOBJIEHO, YTO PACTUTEJbHBIE SKC-
TPaKThbl, IIOJIy4YCHHbIE W3 pPaCTCHUH-pErcHe-
pPaHTOB alllBara”jabl U acrparaja, IIpu pa3sHbIX
KOHIEHTpAIMAX OO0JaJal0T Pa3IUYHOM LUTO-
TOKCHYHOCTBIO. Kax CICAYCT U3 IIONy4YCHHBIX Puc. 2. BnusiHue pa3auuHbIX KOHIIEHTPAITUN pacTUTENhb-

pE3yJIbTATOB, MaJIbIC KOHIICHTPAIINH SKCTPAKTOB HBIX 9KCTPAKTOB MHKPOKIIOHOB allIBaraH/bl M acTparana
(50 MKr/mut) OBLITH HE TOKCUYHBI JUIS HCCIIETye- Ha KU3HECTIOCOOHOCTH PAKOBBIX KJIETOK YENIOBEKA

MBIX PaKOBBIX KJIETOK, O YEM CBHUJETEIbCTBYET
100%-Ho€ uX BBDKMBAHUE IIPU UCIOIb30BAaHUU
JIBYX M3y4aeMbIX SKCTpakToB. OHAKO, IO Mepe
MOBBIIIEHUS] KOHIICHTPALUU IUTOTOKCHYECKUI
3pdEeKT SKCTPAKTOB HAUYMHAT IPOSBISATHCS.
JUisl 5KCTPAKTOB amIBaraHabl, yXKe Mpu KOHICH-
Tpauuu 250 MKr/mu Habronanu Tubens Oonee
40% pakoBbIX KJIETOK, @ IPU KOHIEHTpALUU
500 MKr/m u BbIIIe THOEIb PAKOBBIX KIETOK
obu1a B mipesenax 90-95%.

Yro kacaeTcst SKCTPAKTOB acTparaia, TO Hau-
OonblIeil MUTOTOKCHYHOCTBIO OOJIafalu JKC-
TpakThl npu KoHIEeHTpauuu 1000 MKkr/i, korna
BBDKHMBAEMOCTh HCCIIEAYEMBIX PAKOBBIX KIETOK
coctapisiia meHee 10%, mpu 3TOM KOHIIEHTpa-
1uu dkcrpakta 500 MKI/n Takke XapakTepuso-
BAJIaCh BBICOKMM LIUTOTOKCHUECKUM 3(PPEKTOM.

Tak kak HamOONbIIEH UTOTOKCUYHOCTHIO
oOJiazany pacTeHUs] — PEreHepaHThl alllBaraH-
Ibl, OBIJIO TIPUHSATO pEIIeHUe UMEHHO Ha KYlb-
Type KaJTyCHOM TKaHU 3TOTO PAaCTEHUS MPOCIIe-
JUTh U3MEHEHUS IUTOTOKCHYeCKoro ddekra B
HenepPepeHIIMPOBaHHBIX KIIETKaX. Pe3ynprars
HAIlIUX MCCIICJOBAaHUN PACTUTEIBHBIX IKCTpPaK-
TOB, TOJIyYE€HHBIX M3 KaJUIyCHON TKaHH, CBH-
JeTEIbCTBYIOT, YTO IIMTOTOKCUYECKHH 3(hdexT
ObLT c/1a00 BBIPAXKEH M MaKCHUMasibHasi THOeIb
paKkoBbIX KJIETOK (He Oonee 24%) Obliaa oTMeue-
Ha JIMIIb [IPH CaMbIX BBICOKUX KOHIICHTPALUAX
skcTpakra — 5000 mxr/mi (Puc. 3). O Tom, 9to
Ha OCHOBE MPOIYKTOB BTOPUYHOTO METabOoIu3-
Ma pacTeHUil IMOMy4yaroT BBICOKOA(D(EKTUBHBIE
JIEKapCTBEHHBIE MPETapaThl JJs YCHEIHON Te-
panuu OHKOJIOTHUECKUX 3a00JIeBaHMM, HE pa3
C000IIIaTIOCh B TUTEpATypE.

[TonydyeHHble pe3ylbTaThl MOTYT CIIY>KUTh
KOCBEHHBIM TIPU3HAKOM, XapaKTePU3YIOIUM
OMOCUHTETUYECKUM MTOTEHIUAN KYJIBTYp in Vitro
K 00pa30BaHUIO MPOIYKTOB BTOPUYHOTO CHHTE-

Puc. 3. BustHue pa3mimgHBIX KOHIICHTPAILIUHA PACTUTEITh-
HBIX 9KCTPAKTOB MUKPOKJIOHOB 1 KaJTyCHOM TKaHH allIBa-
TaH/bl HA KMU3HECTIOCOOHOCTh PAKOBBIX KIJIETOK YETIOBEKA

3a. BplsBIeHHbIE 0COOEHHOCTH KJIETOK K CHH-
Te3y BTOPUYHBIX METaOONIUTOB, OOJIATAOIIMX
[IUTOTOKCUYHOCTBIO, OOYCJIOBJIEHBI TEM, YTO
B KJIETKaxX IEJIOr0 PAacTEeHUs BTOPUYHBIE MeTa-
00uTHI 00pa3yroTcs B cTporo nuddepeHiu-
POBAHHBIX KJIETKaX W 3TOT MPOLIECC HAXOTUTCS
MOJ KOHTPOJEM pETYISITOPHBIX CHCTEM pac-
TUTENBHOTO opranu3ma. MHoe aeno oOCTouT ¢
nenuddepeHIupOBaHHBIMU KIETKaMH (KaJlTyc-
Hasl TKaHb), KOTOpPbIE MOCTOSIHHO JETSTCS U He
nepexondr B AuddepeHInpOBaHHOE COCTOSHUE.
BcnenctBue yero B KaJulyCHOW TKaHU OMOCHH-
T€3 psiia BTOPUYHBIX META00IUTOB MOXKET OBITh
HUBEJIMPOBAH, BIUIOTH JO €ro MOJIHOTO TepMU-
HupoBaHus. O0 W3MEHEHWU U YTHETEHHUU BTO-
PUYHOTO MeTaboIM3Ma KAJITyCHBIX TKaHEH elle
HECKOJIbKO JECATWJIETUH HazaJ Ccoo0IaIoch
B HaydyHoHU auteparype [3]. ComtacHO MHOTO-
YHCIIEHHBIM HCCIIEIOBAHUSAM, JAHHBIM MpOIleC-
COM MOXHO 3(Q(PEKTUBHO YHPaBIAThH, U3MEHSS
YCIIOBUSL KYJAbTUBHPOBAHMUS, HallPUMEp, XUMHU-
yeckue (pakTopbl MUTATENBHOM cpedbl (MUHE-
pasbHbBIE COIU, TOPMOHBI), GU3NYECKHUE BHEIII-
Hue (QakTophl (CIEKTpalIbHBIA COCTAaB CBETa U
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Puc. 4. BnustHue pa3IMyHbIX KOHIICHTPAIIMIA SKCTPAKTOB alliBarauibl Ha poct Fusarium culmorum, mrramm M-10-1: a —
OKCTPAKT, MOTYUYSHHBIH U3 KAJLTYCHOW TKaHU, O — SKCTPAKT, TIOYYESHHBIN M3 pACTEHUI — pereHepaHTOB

Te3y BTOPUYHBIX COCAMHCHHUH, 00JaTaromux
BBICOKOW ITUTOTOKCHUYHOCTBIO M (PYHTHITUTHOM
AKTUBHOCTBIO, YTO, HECOMHEHHO, MMEET BaXK-
HOE MPAKTUYECKOEe 3HAYCHUE KaK MOTCHITHATb-
HBIM MCTOYHHUK IICHHBIX OMOJOIMYECKH aKTHB-
HBIX BemecTB sl hapMuHayctpuu. [lpudem B
YCIOBUSX in Vitro Ipu 00pa3oBaHUM OWOJIOTH-
YECKH aKTUBHBIX BEIIECTB COXPAHSIETCS CTICIH-
(UYHOCTH, PUYPOUYEHHAS K OPTraHU30BaHHBIM
TKaHSIM WHTAKTHBIX PACTCHHI, HO B MEHEE BhIpa-
YKEHHOU cTeneHu [2]. Yka3aHHbIe CBOMCTBA pac-
TUTETBHBIX TKaHEH, MPOU3PACTAIONINX B CTPO-
ro0 KOHTPOJIHPYEMBIX YCJIOBHSIX, HAXOMST TOJ-
TBEPXKJCHUE W B IIUTOTOKCHYECKUX HCCIEI0-
BaHMSX, Korma naenuddepeHnnpoBaHHbBIC Kaj-
JYCHBIC KYJIBTYpPhl OTJIMYAIUCh HAWUMEHBIITNM

€ro MHTEHCUBHOCTb, pH mnurareabHO cpensl,
TEMIEepaTypHbIA PEKUM BBIPAIIMBAHUS) WU
co3/1aBasi CTPECCOBBIE YCIIOBHS (IIPUCYTCTBUE
(dakTOpoB aOMOTUYECKON M OMOTHYECKOW IMPH-
poIibI).

Kpome Toro, Hamm wuccienoBaHus TIOKa-
3a]ld, YTO H3y4aeMble SKCTPAKThI 00JaJaroT
aHTU(YHTUIMTHONW aKTUBHOCTBIO, KOTOpas 3a-
BUCUT OT HCTOYHHMKA IOJYYCHHS SKCTPAKTa,
€ro KOHIIGHTPAIIMH, a TaKKe OT HCCIEIYEeMOro
mramma ¢urtonaroreHa. Tax, ObLJIO yCTaHOB-
JICHO, YTO HCCIeIyeMble SKCTPAKThl OKa3allu
pa3IMYHOE TOKCHYECKOEe JIEHCTBHE HA POCT MH-
uenusi rpuda Fusarium culmorum n Fusarium
sporotrichioides Sherd. CrnenyeT OTMETUTb, YTO
HKCTPAKTHI, TMOJyUYCHHBIE U3 KaJUTyCHOM TKaHH,
oOnagany MeHbIIel aHTU(QYHTHIUIHON aKTHB-
HocTblO (Puc. 4), mo cpaBHEHHUIO ¢ 3KCTpakTa-
MM, TTOJTyYeHHBIMH U3 PACTEHUI-PEreHePaHTOB.
[Tpuyem naHHAs OTBETHAS! PEAKIMS U3y9aeMBbIX
dutonaroreHoB (Fusarium  sporotrichioides
Sherd, Fusarium culmorum) Ha NeHACTBHE IBYX
HKCTPAKTOB PA3JIMYHBIX BUIOB PacTEHUH OblIa
IpaKTHYeCcKH onnHakoBoi (Puc 5).

3akiouenne
Ha 0CHOBE M3/I0XEHHOTO BbILLIE, MOKHO 3a- Puc. 5. BiysiHue pacTUTENbHBIX 3KCTPAKTOB MUKPOKIIO-

KJIFOYMTh YTO KYJIBTYPBI 171 Vi{ro HCCICIOBAHHbIX HOB aIlBaraH/ibl M acTparaia B KoHueHTpauusx 100 mMr/i
pacteHuii 001a1al0T CIOCOOHOCTHIO K OMOCHH- Ha poCT MUIEUs rpuOoB pona Fusarium L.

AKTyasibHBIE BOIIPOCHI BeTeprHapHoi Ononorun Ne 2 (42), 2019



DAPMAKOJIOI'YUA U TOKCUKOJIOTI'UA

s dexrom. Hammm nccienoBanus mokas3aiu, 9To
BTOPUYHBIE META0OIUTHI MOTYT OKa3blBaTh HE
TOJIBKO MHTHOMpYromuii 3pdext Ha pocT pako-
BBIX KJICTOK Y€JIOBEKa, HO U MOTYT OBbITh CTHU-
MYJIATOPaMH Pa3InYHbIX Mopdoduznonornye-
CKUX TPOIIECCOB, O YEM CBHJIETEIBCTBYET DA
JUTEpaTypHbIX UCTOYHUKOB [9,10].
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scientific reports

Associations of green tea, coffee,
and soft drink consumption

with longitudinal changes

in leukocyte telomere length

Inhae Sohn®?, Chol Shin®?* & Inkyung Baik ®**

Whether beverage consumption is associated with longitudinal observation of telomere length
remains unclear. We evaluated the association of green tea, coffee, and soft drink consumption with
6-year changes in leukocyte telomere length (LTL). The study included 1952 participants who provided
whole blood samples for LTL assays during the baseline (year 2011-2012) and follow-up (year 2017-
2018) periods and reported baseline information on consumption of green tea, coffee, and soft drinks.
Robust regression analysis was used to analyze the association adjusted for potential confounding
variables. In the results, an inverse association between green tea consumption and LTL changes
from baseline, which indicate telomere shortening, was found; regression coefficient [95% confidence
interval] was -0.097 [- 0.164, - 0.029] for participants who daily consumed at least 1 cup of green tea
compared with non-consumers (p value =0.006). This association was stronger among women (versus
men) and younger participants aged 50-64 years (versus older). However, a positive association
between soft drink consumption and LTL shortening was observed among women (p value <0.05).
Coffee consumption was not associated with LTL changes. These findings suggested that green tea
consumption may be protective against telomere shortening reflecting biological aging whereas
coffee and soft drink consumption may not.

Telomeres consisting of repeated DNA sequences (TTAGGG) are known to play a role in protecting the ends of
human chromosomes from fusions and degradation. As cells replicate, telomere length shortens due to the end-
replication problem leading to cellular senescence!?. Recently, many epidemiological studies measured leukocyte
telomere length (LTL) as a useful marker of biological aging and accumulating data showed an inverse association
between LTL and chronological age®. Some studies have provided data on the association of LTL with obesity,
diabetes mellitus, hypertension, cardiovascular diseases, dementia, and cancer, including all-cause mortality*~.

It was reported that LTL is influenced by genetic and lifestyle factors, including diet and alcohol
consumption!®13, A few studies showed a significant association of LTL with the consumption of beverages,
such as tea'?, coffee!, and sweetened beverages'>'®. These associations were analyzed in cross-sectional data
while longitudinal data regarding changes in LTL are still limited. There is one intervention study which has
observed LTL changes with beverage consumption as an exposure and found increased LTL in obese women with
two-month green tea supplementation'”. Although this study used a high dose of supplementation equivalent to
at least 10 cups/day of green tea for a short period, it provides primary data to support the association between
green tea consumption and longitudinal changes in LTL. Based on previous epidemiological studies reporting
the significant associations of mortality with green tea and coffee consumption'® as well as with LTL changes'*?,
it is worthy to investigate the link between these beverages and LTL changes in terms of exploring implications
for lifestyle factors related to longevity.

The present study, which was embedded in a population-based cohort study, conducted repeated assays of
LTL and aimed to investigate the association of green tea, coffee, and soft drink consumption with cross-sectional
LTL and longitudinal changes in LTL during a six-year period among middle-aged and older Korean men and
women. Furthermore, it evaluated whether the association results are different according to age groups and sex.

!Department of Foods and Nutrition, College of Science and Technology, Kookmin University, 77 Jeongneung-ro,
Songbuk-gu, Seoul 02707, Korea. *Department of Internal Medicine, Korea University Ansan Hospital, 123
Jeokgeum-ro, Danwon-gu, Ansan 15355, Korea. **email: chol-shin@korea.ac.kr; ibaik@kookmin.ac.kr
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Results

Characteristics, including beverage consumption status of the study participants, were compared across the
tertile groups of LTL changes (Table 1). According to higher tertiles indicating greater LTL shortening, baseline
values were greater whereas follow-up values of LTL were less. Participants with greater LTL shortening were
more likely to be males and current smokers and consumed less green tea (p value for trend <0.05). Compared
with participants in the first and second tertiles, those in the top tertile tended to have less consumption of green
tea and brewed coffee but consumed greater amount of instant coffee and soft drinks. Those in the second tertile
showed greatest consumption of other types of tea.

Cross-sectional and longitudinal associations between beverage consumption and LTL. A
supplemental table shows results regarding the association between beverage consumption and cross-sectional
observations for LTL (Supplemental Table S1). No significant association between beverage consumption and
baseline LTL was observed. In the multiple model for follow-up LTL, participants with green tea consump-
tion>7 cups/week showed longer LTL values compared with those who did not drink green tea (p <0.05).

Table 2 presents regression coeflicient estimates and their 95% confidence intervals (95% CI) for the associa-
tion between beverage consumption and longitudinal observations for LTL. As shown, green tea drinkers showed
less LTL shortening during the six-year period compared with nondrinker (p <0.01). After further adjustment
of the baseline LTL in the multiple model, this significant association was not changed (data available upon
request). No significant association was observed for other beverages.

Stratified analyses by age groups and sex for the longitudinal association between beverage
consumption and LTL.  Results of the association between beverage consumption and LTL changes strati-
fied by age groups are shown in Table 3. As shown, a significant inverse association between green tea consump-
tion>7 cups/week and LTL shortening was solely observed among participants younger than 65 years (p <0.01).
However, no significant association was observed among older participants. Because this null association might
be partly due to a small number of those with 65 years or older, we re-analyzed data using 60 years as a cutoff
point of age and observed similar results (data available upon request). Other types of beverages consumed were
not associated with LTL shortening.

Tertile of changes in leukocyte telomere

All participants length
Variables [median] 1st tertile 2nd tertile 3rd tertile | p value for trend
Number of participants (%) 1952 (100) 650 (33.3) 651 (33.4) 651 (33.4)
Baseline and follow-up LTL data
LTL changes' -0.03+0.54 | [-0.02] |-0.58+0.37 |-0.02+£0.10 |0.52+£0.38 | <0.001
Baseline LTL 1.08+0.40 [0.98] 0.86+0.25 0.97+0.22 1.40+0.46 | <0.001
Follow-up LTL 1.10£0.40 [1.02] 1.44+0.43 0.99+0.23 0.88+0.25 | <0.001
Baseline data of characteristics
Age, years 58.1+£6.9 [56.0] 58.4+7.0 58.0+6.8 57.8+6.7 0.12
Men, % 50.0 46.3 50.5 53.2 <0.05
Low income?, % 17.0 18.9 16.3 15.9 0.16
Employed, % 349 30.9 37.2 36.6 <0.05
Body mass index, kg/m? 24.7£3.0 [24.6] 24.7£3.0 247429 24.8+3.0 0.80
Current smoker, % 12.5 9.9 13.5 14.0 0.02
Current alcohol drinker, % 48.7 45.4 50.2 50.5 0.06
Physical activity, met-h/day 40.9+6.3 [40.0] 40.9+5.9 40.7+6.4 41.1+£6.6 0.65
Presence of hypertension, % 34.1 33.7 335 35.2 0.57
Presence of diabetes mellitus, % 18.1 17.9 18.0 18.4 0.78
White blood cell counts, thousand/uL 51+1.5 [4.9] 50+1.5 51+14 52+1.5 0.06
Beverage consumption, cup/week
Green tea 1.8+£6.2 [0] 2.1+6.2 20+7.4 1.4+45 0.04
Other types of tea’ 0.27+2.81 [0] 0.19+1.61 0.49+4.34 0.14+1.51 0.77
Brewed coffee 25+7.1 [0] 2.5+7.0 3.0+7.9 2.1+£6.2 0.38
Instant coffee 89+11.6 [7] 8.6x11.5 89+11.5 9.4+11.9 0.80
Soft drink 0.17+1.46 [0] 0.16+£1.75 0.13+0.86 0.20+1.60 0.61

Table 1. Characteristics of the 1952 participants according to tertile groups of six-year changes in leukocyte
telomere length. Values are mean + standard deviation or %. ' Changes were calculated by subtracting the
follow-up value from the baseline value of telomere length (baseline value — follow-up value) and its positive
value indicates telomere shortening. *Monthly household income less than 1,500,000 won (approximately
equal to 1300 dollars). *Black tea, oolong tea, and other teas.
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Beverage consumption Age, sex, WBCC adjusted model | Multiple model*

Types Categories N? Estimate? (95% CI) Estimate® (95% CI)
None 1505 | Reference Reference

Green tea <7 cups/week 227 —0.024 (- 0.090, 0.043) —0.021 (- 0.089, 0.044)
>7 cups/week 220 -0.094 (- 0.161, - 0.027)° - 0.097 (- 0.164, — 0.029)°

Others’ None 1910 | Reference Reference
>1cup/month |42 —0.054 (- 0.199, 0.090) —0.052 (- 0.197, 0.093)
None 1563 | Reference Reference

Brewed coffee <14 cups/week | 217 0.035 (- 0.033,0.103) 0.037 (- 0.031, 0.105)
>14 cups/week | 172 | - 0.030 (- 0.106, 0.045) ~0.030 (= 0.105, 0.046)
None 755 Reference Reference

Instant coffee <14 cups/week | 518 —0.001 (- 0.054, 0.052) —0.001 (- 0.054, 0.053)
>14 cups/week | 679 —0.009 (- 0.061, 0.043) —0.012 (- 0.064, 0.041)

Soft drink None 1870 | Reference Reference
>1cup/month | 82 - 0.009 (- 0.115, 0.096) —0.008 (- 0.113, 0.098)

Table 2. Association between beverage consumption and 6-year changes' in leukocyte telomere length. CI
confidence interval, WBCC white blood cell counts. ' Changes were calculated by subtracting the follow-up
value from the baseline value of telomere length (baseline value — follow-up value) and its positive value
indicates telomere shortening. 2Number of participants. *Regression coefficient estimate. “Model adjusted
for age, sex, monthly household income status, employment status, body mass index, smoking status, alcohol
consumption status, physical activity, white blood cell counts, and presence of hypertension or diabetes
mellitus. *Black tea, oolong tea, and other types of tea. °p value=0.006.

Beverage consumption ModeP’ for <65 years Model’ for > 65 years
Types Categories N? Estimate* (95% CI) N? | Estimate* (95% CI)
1578 374

None 1198 | Reference 307 | Reference

Green tea <7 cups/week 189 —0.003 (- 0.075, 0.070) 38 —0.118 (- 0.292, 0.055)
>7 cups/week | 191 | —0.114 (- 0.185,- 0.042)° |29 | 0.052 (- 0.147,0.252)

Others’ None 1542 | Reference 368 | Reference
>1 cup/month | 36 —0.112 (- 0.268, 0.043) 6 0.154 (- 0.263, 0.571)
None 1222 | Reference 341 | Reference

Brewed coffee <14 cups/week | 197 0.031 (- 0.041, 0.102) 20 0.167 (- 0.069, 0.403)
>14 cups/week | 159 —0.042 (- 0.120, 0.036) 13 0.047 (- 0.242, 0.336)
None 586 | Reference 169 | Reference

Instant coffee <14 cups/week | 414 0.007 (- 0.053, 0.066) 104 | - 0.039 (- 0.165, 0.088)
>14 cups/week | 578 - 0.009 (- 0.066, 0.048) 101 | -0.034 (- 0.172,0.104)
None 1504 | Reference 366 | Reference

Soft drink

>1cup/month |74 —0.013 (- 0.123, 0.097) 8 —0.153 (- 0.531, 0.224)

Table 3. Age-stratified association between beverage consumption and six-year changes’ in leukocyte
telomere length. CI, confidence interval. !Changes were calculated by subtracting the follow-up value from the
baseline value of telomere length (baseline value — follow-up value) and its positive value indicates telomere
shortening. 2Number of participants. *Model adjusted for sex, monthly household income status, employment
status, body mass index, smoking status, alcohol consumption status, physical activity, white blood cell counts,
and presence of hypertension or diabetes mellitus. *Regression coefficient estimate. *Black tea, oolong tea, and
other teas. °p value=0.002.

Table 4 presents results stratified by gender for the association between beverage consumption and LTL
changes. A significant inverse association between green tea consumption =7 cups/week and LTL shorten-
ing was shown among women only after adjusting for potential confounding variables (p <0.05). Although no
association for soft drinks was observed among all participants in Table 2, a significant positive association was
observed among women (p <0.05). In contrast, an insignificant inverse trend was examined among men. For
other beverages, no significant association was observed.
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Beverage consumption Model’ for women Model’ for men
Types Categories N? | Estimate* (95% CI) N? | Estimate®* (95% CI)
976 976

None 737 | Reference 768 | Reference

Green tea <7 cups/week 140 | —0.088 (- 0.176, 0.001) 87 0.075 (- 0.028, 0.178)
>7 cups/week 99 —0.104 (- 0.206, — 0.001)° | 121 | —0.083 (- 0.173, 0.006)

Others® None 953 | Reference 957 | Reference
>1cup/month |23 - 0.027 (- 0.228,0.175) 19 —0.098 (- 0.309, 0.114)
None 738 | Reference 825 | Reference

Brewed coffee <14 cups/week | 142 | 0.037 (- 0.052, 0.126) 75 0.044 (- 0.067, 0.154)
>14 cups/week | 96 —0.029 (- 0.135, 0.076) 76 —0.034 (- 0.144, 0.076)
None 476 | Reference 279 | Reference

Instant coffee <14 cups/week | 311 | —0.010 (- 0.080, 0.060) 207 |0.014 (- 0.070, 0.098)
>14 cups/week | 189 | —0.021 (- 0.104, 0.063) 490 | - 0.009 (- 0.079, 0.060)

Soft drink None 953 | Reference 917 | Reference
>1 cup/month |23 0.230 (0.030, 0.431)° 59 - 0.095 (- 0.217, 0.027)

Table 4. Sex-stratified association between beverage consumption and six-year changes' in leukocyte telomere
length. CI confidence interval. ' Changes were calculated by subtracting the follow-up value from the baseline
value of telomere length (baseline value — follow-up value) and its positive value indicates telomere shortening.
*Number of participants. *Model for leukocyte telomere length adjusted for age, monthly household income
status, employment status, body mass index, smoking status, alcohol consumption status, physical activity,
white blood cell counts, and presence of hypertension or diabetes mellitus. *Regression coefficient estimate.
>Black tea, oolong tea, and other teas. ¢p value <0.05.

Discussion

In this study, we evaluated six-year changes in LTL among 1952 Korean adults and its association with beverage
consumption, including tea, coffee, and soft drinks. In our findings, daily consumption of green tea was inversely
associated with LTL shortening, a change from baseline to follow-up values, whereas soft drink consumption
was positively associated with it. In particular, these associations were more evident among women than among
men. This association for green tea consumption was also significant among participants younger than 65 years.
Additionally, consumption of coffee and other types of tea was associated with neither cross-sectional values
nor longitudinal changes of LTL.

An earlier epidemiological study reported a positive association between tea consumption and cross-sectional
values of LTL'. Although further data for the association between varied types of tea and LTL are limited, the
beneficial effects of green tea, oolong, and black tea, which are favorably consumed worldwide, have been well
described?!~?. These teas contain polyphenols, tocopherols, ascorbic acid, carotenoids, phytochemical com-
pounds, and minerals such as Cr, Mn, Se, or Zn. Specifically, green tea contains catechins, which are poly-
phenolic compounds classified as flavonoids, showing robust antioxidant properties?, gallic acid, and other
phenolic acids®. Polyphenol epigallocatechin-3-gallate (EGCG), one of the most abundant catechins found in
green tea, is a component with antioxidant and anti-inflammatory properties?®* . Furthermore, compounds with
antioxidant properties scavenge reactive oxygen species (ROS) and nitrogen species and chelate redox-active
metal ions, which are involved in Fenton and Haber-Weiss reactions. These scavenging properties are essential
because ROS attacks the G triplets in telomeres, leading to DNA cleavage and telomere attrition**~°. Thus, anti-
oxidant properties of green tea may delay telomere attrition by protecting telomeres against oxidative damage.
As another mechanism, the impact of green tea compounds on telomerase may contribute to the maintenance
or elongation of telomeres. According to an in vitro study, EGCG increased chromosomal instability (CIN) in a
dose-dependent manner, reportedly correlated with telomere shortening, in colon adenocarcinoma cells, but it
decreased CIN in normal colon epithelial cells, proposing different effects of EGCG on normal and malignant
cells®'. In normal cells, EGCG may inhibit telomere shortening by modifying the mechanism of telomere biology,
for example, by upregulating telomerase activity. An intervention study demonstrated that obese women with
green tea supplementation had increased LTL, possibly reflecting telomere lengthening'”. Our study found a
significant association between green tea consumption and LTL changes, in particular LTL lengthening, among
women only. Biological mechanisms underlying the differential associations by sex are not fully understood. It
has been suggested that men have faster attrition of telomere length than women partly due to the association
of sex hormones in telomere maintenance and oxidative stress’, and thus there may be sex-specific effects of
green tea on this association.

Some investigations reported conflicting data regarding the association between coffee consumption and
LTL'"'2%, For example, a cross-sectional study showed no association'!, while others observed a positive
association!>*. The present longitudinal study observed a significant association between soft drink consump-
tion and LTL shortening in women. An earlier animal data* indicating that soft drink consumption induces
oxidative stress may explain a biological mechanism underlying this association.
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Study limitations should be considered when interpreting our findings. Telomere length was assessed in
leukocytes rather than somatic cells in this study. Because it was reported that telomere shortening rates were
similar in leukocytes and somatic cells®, LTL has been a valuable marker of biological aging. However, based
on longitudinal changes in LTL, telomere lengthening has been proposed to be limited to hematopoietic cells®.
We used the baseline information of beverage consumption as an exposure in this study because its follow-up
information was unavailable. Under the assumption that the baseline information of beverage consumption is
sustained during the study period, we analyzed its association with longitudinal changes in telomere length. Thus,
the exposure of beverage consumption might be less accurate probably due to non-differential misclassification
leading to weak or null associations. Thus, further investigation on coffee consumption and other beverages,
except green tea, is warranted. In addition, unadjusted residual confounding factors including diet and dietary
supplementations, which we were unable to observe in this study, might lead to weak or null associations.

The study findings can also be generalized to Korean adults of similar ages. Nevertheless, further studies
including participants with varied ethnicities and age ranges are warranted. The strength of our study includes
using a large sample size from the general population, a wide range of confounding variables, and the longitudinal
observation method of LTL adopted.

Therefore, based on our findings, we suggest beneficial effects of green tea consumption and potentially disad-
vantageous effects of soft drink consumption on LTL shortening, which may reflect accelerated biological aging.

Methods

Study design and participants. Study participants were from an ongoing population-based prospective
cohort study, a part of the Korean Genome Epidemiology Study. Detailed information on the study design and
procedures is available in a previous study’”*. Briefly, eligible study subjects were selected based on a two-
stage cluster sampling method using the information of residential district and demographic characteristics and
identified by telephone contact. They were invited to visit the Korea University Ansan Hospital on a designated
date between June, 2001 and January, 2003. Finally, 5012 participants were enrolled at baseline and have been
followed up biennially since February, 2003. At baseline, trained researchers conducted a questionnaire-based
interview and comprehensive health examination, including anthropometric assessment, blood pressure (BP)
measurement, and bio-specimen collection. The questionnaire inquired about participants’ demography, medi-
cal history, health conditions, and lifestyle including smoking and alcohol drinking, and dietary intake. During
the follow-up period, similar interviews and health examinations were repeated although food frequency ques-
tionnaire was not included after 2011. The Human Subjects Review Committee at the Korea University Ansan
Hospital approved all study procedures and protocols, and participants signed an informed consent form during
every visit (IRB number: ED0624). All methods were performed in accordance with the Declaration of Helsinki
and local guidelines and regulations concerning the ethics of human research.

For the present study, initial investigation on beverage consumption, as an exposure, and LTL, as an outcome,
was conducted between February, 2011 and November, 2012 (the baseline period). Then, repeated measurement
of LTL was conducted between February, 2017 and December, 2018 (the follow-up period). Thus, longitudinal
changes during six years between initial assays and repeated assays of LTL were observed. As recorded, 2314
cohort members completed the interview and health examination and their initial LTL were assayed. Among
84% of them, the follow-up assay of LTL were completed. Thus, 1952 participants were included in the analysis.
General characteristics, except age, between participants and nonparticipants were similar.

Beverage consumption. Information on green tea, coffee, and soft drink consumption was collected dur-
ing the baseline period using a caffeine food frequency questionnaire (C-FFQ), but it was not updated during the
follow-up period. C-FFQ inquired consumption of 18 beverage categories, including brewed coffee, three types
of instant coffee, green tea, black tea, oolong, two types of instant hot chocolate, two types of regular coke, diet
coke, two types of carbonated drinks, two types of energy drink, and two types of processed milk with the infor-
mation on quantified consumption frequency (one standard serving size for beverage is defined as one paper
cup of 190 mL) consumed over the past year. This questionnaire was constructed based on the Fred Hutchinson
Cancer Research Center Caffeine Questionnaire®. We calculated average consumption per week for each bever-
age and generated categories considering the number of participants in each category; none, 0-14 cups/week,
and > 14 cups/week for brewed and instant coffee; none, 1-6 cups/week, and>7 cups/week for green tea; then
none and > 1 cup/week for other types of tea or soft drinks.

Measurement of leukocyte telomere length. Relative LTL was measured using quantitative real-time
polymerase chain reaction*. Genomic DNA in leukocytes was extracted from peripheral blood samples col-
lected during the baseline and six-year follow-up periods, using a QIAamp DNA blood mini kit (Qiagen, Hilden,
Germany). Then, purified DNA samples were diluted and quantified using a NanoDrop 1000 spectrophotometer
(Thermo Fisher Scientific, Wilmington, DE, USA). Subsequently, the ratio of telomere repeat copy number to
the single-copy gene copy number (36B4 gene encoding acidic ribosomal phosphoprotein) was determined
using the iQ Multi-Color Real-Time PCR Detection System (Bio-Rad, Hercules, CA, USA). The final concentra-
tions of the PCR reagents were 1x SYBR Green SuperMix (Bio-Rad), 50 ng of DNA, 0.2 uM of telomere prim-
ers (forward, 5-GGTTTTTGAGGGTGAGGGTGAGGGTGAGGGTG A GGGT-3'; reverse, 5'-TCCCGACTA
TCCCTATCCC TATC CCTATCCCTATCCCTA-3) and 0.3 uM of 36B4 primers (forward, 5'-CAGCAAGTG
GGAAGGTGTAATC C-3'; reverse, 5'-CCCATTCTATCATCAACGGGTACAA-3'). Reactions were conducted
using telomere and 36B4 primers in the same 96-well plate, and each plate included a reference DNA sample.
Finally, a four-point standard curve was established to transform the cycle threshold to nanograms of DNA. In
a quality control test, coefficient of variation values were 4.4% for the intra-assay and 7.6% for the inter-assay
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when 34 duplicate samples were run in two batches. To evaluate reproducibility, we obtained Pearson correlation
coeflicients; 0.97 (p <0.001) for 34 duplicate samples, 0.98 (p <0.001) for 17 duplicate samples in one batch, and
0.95 (p <0.001) for 17 duplicate samples in the other batch. To calculate six-year changes in LTL, a change from
baseline to follow-up values indicating LTL shortening for each individual was calculated.

Potential confounding variables. On the basis of previous studies related to main exposures and
outcomes'>!, we considered age, sex, body mass index (BMI), income status, smoking status, alcohol con-
sumption status, physical activity, and presence of diabetes mellitus or hypertension as potential confounding
variables. In this study, the baseline information on these confounding variables was used. Body weight and
height were measured to the nearest 0.1 kg and 0.1 cm, respectively, to calculate BMI (kg/m?). Smoking status
was categorized into four groups; nonsmoker and current smoker (<10 cigarettes/day, 11-20 cigarettes/day,
and >20 cigarettes/day). Alcohol consumption status was also categorized into four groups; nondrinker and
current drinker (<15 g/day, 15-30 g/day, and > 30 g/day). To assess physical activity, participants were asked to
report hours spent in a typical day in sleep and five categories of activity intensity (sedentary, very light, light,
moderate, vigorous), for each of which specific activities were listed. A total metabolic equivalent (MET) score
was calculated by multiplying hours spent by a MET value (1.0 for sleep or sedentary, 1.5 for very light, 2.4 for
light, 5.0 for moderate, and 7.5 for vigorous activity), which was an average of MET values of specific activities
listed for each category*!, and summing up the total. The presence of diabetes mellitus or hypertension was
determined if one of the following criteria was met: use of hypoglycemic medications or fasting plasma glucose
levels>126 mg/dL or postprandial glucose level>200 mg/dL; use of hypertension treatment medications or
systolic BP > 140 mmHg or diastolic BP >90 mmHg.

Statistical analysis. Descriptive statistics, chi-square test, and analysis of variance (ANOVA) were used to
compare participants’ characteristics according to the categories of LTL changes. The Cochran-Armitage trend
test and linear trend analysis in ANOVA were performed to obtain p values for trend. To analyze the association
between beverage consumption and LTL changes, a robust linear regression model was used because the distri-
bution of the dependent variable, which had negative and positive values and zero, was skewed due to outliers.
In multiple models, age, BMI, and physical activity were treated as continuous variables and sex, monthly house-
hold income, smoking status, alcohol consumption status, and the presence of hypertension and diabetes mel-
litus as categorical variables. We confirmed no missing data for continuous covariates and created an additional
group for missing data of categorical covariates. Further analysis stratified by sex and age groups (age <65 years
and > 65 years) was also conducted. All tests were based on a two-sided level of significance, and SAS, version 9.4
software was used (SAS Institute, Cary, NC, USA).

Data availability
Datasets are available in a funder- mandated (website of the Korea Disease Control and Prevention Agency:
https://is.kdca.go.kr/).

Received: 25 July 2022; Accepted: 12 December 2022
Published online: 10 January 2023

References
1. Harley, C. B,, Futcher, A. B. & Greider, C. W. Telomeres shorten during ageing of human fibroblasts. Nature 345, 458-460 (1990).
2. Li, L., Lejnine, S., Makarov, V. & Langmore, J. P. In vitro and in vivo reconstitution and stability of vertebrate chromosome ends.
Nucleic Acids Res. 26, 2908 (1998).
3. Miiezzinler, A., Zaineddin, A. K. & Brenner, H. A systematic review of leukocyte telomere length and age in adults. Ageing Res.
Rev. 12, 509-519 (2013).
4. Valdes, A. M. et al. Obesity, cigarette smoking, and telomere length in women. Lancet 366, 662-664 (2005).
5. Demissie, S. et al. Insulin resistance, oxidative stress, hypertension, and leukocyte telomere length in men from the Framingham
Heart Study. Aging Cell 5, 325-330 (2006).
6. Aviv, A. Telomeres, sex, reactive oxygen species, and human cardiovascular aging. J. Mol. Med. 80, 689-695 (2002).
7. Grodstein, E et al. Shorter telomeres may mark early risk of dementia: Preliminary analysis of 62 participants from the Nurses’
Health Study. PLoS ONE 3, 1590 (2008).
. Blasco, M. A. Telomeres and human disease: Ageing, cancer and beyond. Nat. Rev. Genet. 6, 611-622 (2005).
9. Cawthon, R. M., Smith, K. R., O’Brien, E., Sivatchenko, A. & Kerber, R. A. Association between telomere length in blood and
mortality in people aged 60 years or older. Lancet 361, 393-395 (2003).
10. Andrew, T. et al. Mapping genetic loci that determine leukocyte telomere length in a large sample of unselected female sibling
pairs. Am. J. Hum. Genet. 78, 480-486 (2006).
11. Nettleton, J. A., Diez-Roux, A., Jenny, N. S, Fitzpatrick, A. L. & Jacobs, D. R. Dietary patterns, food groups, and telomere length
in the Multi-Ethnic Study of Atherosclerosis (MESA). Am. J. Clin. Nutr. 88, 1405-1412 (2008).
12. Lee,]. Y, Jun, N. R, Yoon, D., Shin, C. & Baik, I. Association between dietary patterns in the remote past and telomere length. Eur.
J. Clin. Nutr. 69, 1048-1052 (2015).
13. Shin, C. & Baik, L. Associations between alcohol consumption and leukocyte telomere length modified by a common polymorphism
of ALDH2. Alcohol. Clin. Exp. Res. 40, 765-771 (2016).
14. Chan, R., Woo, J., Suen, E., Leung, J. & Tang, N. Chinese tea consumption is associated with longer telomere length in elderly
Chinese men. Br. J. Nutr. 103, 107-113 (2010).
15. Tucker, L. A. Caffeine consumption and telomere length in men and women of the National Health and Nutrition Examination
Survey (NHANES). Nutr. Metab. 14, 10 (2017).
16. Leung, C. W. et al. Soda and cell aging: Associations between sugar-sweetened beverage consumption and leukocyte telomere
length in healthy adults from the national health and nutrition examination surveys. Am. J. Public Health 104, 2425-2431 (2014).
17. Nonino, C. B. et al. Green tea supplementation promotes leukocyte telomere length elongation in obese women. Nutr. Hosp. 35,
570-575 (2018).

o

Scientific Reports |

(2023) 13:492 | https://doi.org/10.1038/s41598-022-26186-y nature portfolio



18. Teramoto, M., Muraki, L., Yamagishi, K., Tamakoshi, A. & Iso, H. Green tea and coffee consumption and all-cause mortality among
persons with and without stroke or myocardial infarction. Stroke 52, 957-965 (2021).

19. Duggan, C. et al. Change in peripheral blood leukocyte telomere length and mortality in breast cancer survivors. J. Natl. Cancer
Inst. 106, dju035 (2014).

20. Goglin, S. E. et al. Change in leukocyte telomere length predicts mortality in patients with stable coronary heart disease from the
heart and soul study. PLoS ONE 11, 0160748 (2016).

21. Cabrera, C., Artacho, R. & Giménez, R. Beneficial effects of green tea—A review. J. Am. Coll. Nutr. 25, 79-99 (2006).

22. McKay, D. L. & Blumberg, J. B. The role of tea in human health: An update. J. Am. Coll. Nutr. 21, 1-13 (2002).

23. Gardner, E. J., Ruxton, C. H. S. & Leeds, A. R. Black tea—Helpful or harmful? A review of the evidence. Eur. J. Clin. Nutr. 61, 3-18
(2007).

24. Rice-Evans, C. Implications of the mechanisms of action of tea polyphenols as antioxidants in vitro for chemoprevention in humans.
Proc. Soc. Exp. Biol. Med. 220, 262-266 (1999).

25. Bhagwat, S., Haytowitz, D.B. & Holden, ].M. USDA Database for the Flavonoid Content of Selected Foods, Release 3.1 (2012).

26. Juskiewicz, J. et al. Extract of green tea leaves partially attenuates streptozotocin-induced changes in antioxidant status and gas-
trointestinal functioning in rats. Nutr. Res. 28, 343-349 (2008).

27. Dona, M. et al. Neutrophil restraint by green tea: Inhibition of inflammation, associated angiogenesis, and pulmonary fibrosis. J.
Immunol. 170, 4335-4341 (2003).

28. von Zglinicki, T. Oxidative stress shortens telomeres. Trends Biochem. Sci. 27, 339-344 (2002).

29. Oikawa, S. & Kawanishi, S. Site-specific DNA damage at GGG sequence by oxidative stress may accelerate telomere shortening.
FEBS Lett. 453, 365-368 (1999).

30. Saretzki, G. & Von Zglinicki, T. Replicative aging, telomeres, and oxidative stress. Ann. N. Y. Acad. Sci. 959, 24-29 (2002).

31. Ni, ], Guo, X., Wang, H., Zhou, T. & Wang, X. Differences in the effects of EGCG on chromosomal stability and cell growth between
normal and colon cancer cells. Molecules 23, 788 (2018).

32. Barrett, E. L. B. & Richardson, D. S. Sex differences in telomeres and lifespan. Aging Cell 10, 913-921 (2011).

33. Liu, J. ], Crous-Bou, M., Giovannucci, E. & De Vivo, I. Coffee consumption is positively associated with longer leukocyte telomere
length in the Nurses’ Health Study. J. Nutr. 146, 1373-1378 (2016).

34. El-Terras, A. et al. Carbonated soft drinks induce oxidative stress and alter the expression of certain genes in the brains of Wistar
rats. Mol. Med. Rep. 13, 3147-3154 (2016).

35. Daniali, L. et al. Telomeres shorten at equivalent rates in somatic tissues of adults. Nat. Commun. 4, 1597 (2013).

36. Wang, C.]. Y. et al. Dissociation of telomerase activity and telomere length maintenance in primitive human hematopoietic cells.
Proc. Natl. Acad. Sci. USA 102, 14398-14403 (2005).

37. Baik, L. & Shin, C. Prospective study of alcohol consumption and metabolic syndrome. Am. J. Clin. Nutr. 87, 1455-1463 (2008).

38. Kim, Y., Han, B. G., KoGES group. Cohort profile: The Korean Genome and Epidemiology Study (KoGES) consortium. Int. J.
Epidemiol. 46, €20 (2017).

39. Fred Hutchinson Cancer Research Center. Nutrition Assessment Shared Resources: Caffeine Questionnaire (Fred Hutchinson Cancer
Research Center, Seattle, 2022). https://www.fredhutch.org/en/research/divisions/public-health-sciences-division/research/nutri
tion-assessment.html#short. Accessed 30 June 2022.

40. Cawthon, R. M. Telomere measurement by quantitative PCR. Nucleic Acids Res. 30, e47 (2002).

41. Ainsworth, B. E. et al. Compendium of physical activities: An update of activity codes and MET intensities. Med. Sci. Sports Exerc.
32, $498-504 (2000).

Author contributions
C.S. and I.B. conceived the projects, constructed research conception and design, and produced data. I.S. and I.B.
analyzed data, interpreted results, and prepared the manuscript. All authors critically reviewed the manuscript.

Funding

This study was supported by a fund (2011-E71004-00, 2012-E71005-00, 2017-E71001-00, 2018-E7101-00) by
research of Korea Disease Control and Prevention Agency and by National Research Foundation of Korea Grant
funded by the Korean Government (NRF-2019R1A2C2084000).

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/
10.1038/541598-022-26186-y.

Correspondence and requests for materials should be addressed to C.S. or I.B.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Scientific Reports |

(2023) 13:492 | https://doi.org/10.1038/s41598-022-26186-y nature portfolio



SCIENTIFIC O % 3V

REPg}RTS

SUBJECT AREAS:
PLANT BIOTECHNOLOGY
BIOLOGICAL TECHNIQUES

Received
22 August 2014

Accepted
24 December 2014

Published
23 January 2015

Correspondence and
requests for materials
should be addressed to
L.H. (huanglugio1@
126.com)

*These authors
contributed equally to
this work.

Analysis of the age of Panax ginseng
based on telomere length and telomerase
activity
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Traditional Chinese Medicine, College of Resources, Beijing Normal University, Beijing, People’s Republic of China 100875, 4State
Key Laboratory of Plant Cell and Chromosome Engineering, Institute of Genetics and Developmental Biology, Chinese Academy of
Sciences, Beijing 100101, China.

Ginseng, which is the root of Panax ginseng (Araliaceae), has been used in Oriental medicine as a
stimulant and dietary supplement for more than 7,000 years. Older ginseng plants are substantially
more medically potent, but ginseng age can be simulated using unscrupulous cultivation practices.
Telomeres progressively shorten with each cell division until they reach a critical length, at which point
cells enter replicative senescence. However, in some cells, telomerase maintains telomere length. In this
study, to determine whether telomere length reflects ginseng age and which tissue is best for such an
analysis, we examined telomerase activity in the main roots, leaves, stems, secondary roots and seeds of
ginseng plants of known age. Telomere length in the main root (approximately 1 cm below the rhizome)
was found to be the best indicator of age. Telomeric terminal restriction fragment (TRF) lengths, which
are indicators of telomere length, were determined for the main roots of plants of different ages through
Southern hybridization analysis. Telomere length was shown to be positively correlated with plant age,
and a simple mathematical model was formulated to describe the relationship between telomere length
and age for P. ginseng.

for thousands of years as a stimulant and dietary supplement’. In European and American countries,

ginseng phytomedicines have been used to increase physical and mental performance, provide resistance
to stress and disease, and prevent exhaustion for decades®. Ginseng plants begin flowering in their fourth year, and
the roots can live for hundreds of years after maturing at 4-6 years of age. The older the root, the higher its
medicinal value because of the higher concentration of ginsenosides, which are the active chemical compounds in
ginseng™*. However, chemical analyses often require gram quantities of dried ginseng material, and it is difficult to
extract such quantities while leaving the ginseng intact; thus, chemical analysis greatly decreases the ginseng’s
value. Therefore, effective methods for identifying the age of ginseng roots are urgently needed to improve quality
control and protect the interests of ginseng consumers.

Telomeres, which are specialized structures at the physical ends of eukaryotic chromosomes that consist of
highly conserved, repeated DNA sequences™®, shorten with each round of DNA replication’ ' because DNA
polymerases cannot completely replicate linear DNA molecules. In gymnosperms, telomere length can be used to
predict the future replicative capacity of cells''*>. Highly significant correlations between telomere length and age
have been observed in humans®'?, Australian sea lions'*, martins and dunlins'® and different stages of barley®.
Therefore, telomere shortening can be used as a marker of cell replication and aging. Telomerase activity has been
detected in plants using a polymerase chain reaction (PCR)-based telomerase repeat amplification protocol
(TRAP) assay'’. Telomerase appears to be developmentally regulated in plants, which is similar to what occurs
in humans'®. These reports indicate biological correlations between telomere length and age. However, plant
telomeres are maintained by telomerase. Telomere lengths remain stable in tomato leaves'®, whereas they change
cyclically, lengthening and shortening with age, in the needles of Pinus longaeva®. After the first plant telomere
sequence was cloned from Arabidopsis®', nearly all plant telomeres were found to consist of the heptanucleotide

G inseng, which is the root of Panax ginseng C.A. Meyer (Araliaceae), has been used in Chinese medicine
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Figure 1| In Situ Localization of TTTAGGG Telomeric Motifs on P.
ginseng Chromosomes. The the digoxigenin—dUTP nick tag sequence
(CCCTAAA); telomeric probe was hybridized with adventitious root of P.
ginseng metaphase chromosomes and counterstained with propidium

iodide.

repeat (TTTAGGG)n***. Arabidopsis-type repeats have also been
found in P. ginseng®*. However, researchers have not yet ascertained
whether Arabidopsis-type repeats are located in telomeres or their
relationship with age.

In this study, we combined traditional identification methods and
measurements of telomere length in ginseng plants of known age.
Preliminary investigations indicated that telomere length was slightly
positively correlated with the age of the ginseng plant. Analysis of
telomerase activity in different parts of the plant further revealed that
the main root was the most active meristematic region. Therefore, we
used this tissue to evaluate telomere length. Determination of telo-
mere terminal restriction fragment (TRF) lengths in P. ginseng speci-
mens of different ages demonstrated that the telomeres in the main
roots showed a significant increase in TRF length with plant age that
could be used for age estimation for 2-8 years.

Results

Fluorescence in situ hybridization to determine telomere sequences.
The telomeres of most higher plant species are composed of the
repeated sequence (TTTAGGG)n. To investigate P. ginseng telomeres
comprising the same repeat, we using the complementary end
digoxigenin-labeled, telomere-specific oligonucleotide (CCCTAAA);
as a probe to perform in situ hybridization. Hybridization signals
visualized as green fluorescence demonstrated that Arabidopsis-type
telomeric sequence repeats, (TTTAGGG),, were located in the chro-
mosomes of P. ginseng (Fig. 1).

Growth rings in the roots of P. ginseng from Ji'an. The paraffin
sections of P. ginseng rhizomes of different ages collected from Jian
revealed distinct growth rings in the xylem of secondary roots, and the
number of growth rings in the main root was consistent with an age of
1-6 years (Fig. 2). However, microscopy analysis showed that the growth
rings of the ginseng specimens did not precisely reflect age after 6 years.

Telomeric activity of different ginseng tissues. A representative
TRAP analysis image that was used to quantify telomerase activity
is shown in Fig. 3. Average telomerase activities in various tissues and

Figure 2 | The growth rings in the ginseng root of 1 ~ 6 years.

(A), (B), (C): 1 year ginseng root, 2 year ginseng root, 3 year ginseng root,
Bar = 1000 pm; (D), (E), (F): 4 year ginseng root, 5 year ginseng root, 6
year ginseng root, Bar = 500 pm.

different stages of plant development were assayed using TRAP, and
the results indicated that the main root showed the highest average
telomerase activities of all of the examined tissues. Because
telomerase can lengthen telomeres, and the activity of telomerase

Figure 3 | Developmental Regulation of Telomerase Expression in 5
years P. ginseng. Telomerase activities in various tissues and different
stages of plant development were assayed by TRAP, using 47F as the
forward primer and PTelC3 as reverse primers. Lanel: tap root; Lane2:
leaves; Lane3: stems; Lane4: root tips; Lane5: seeds.
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C

25 «
2
T 20
=
[ ¥}
-]
215
Tt
[-F}
g
S 10
8 — -
® e ¢ o —
-> e
g 5
o
-

0

A B c D F G H I J

Figure 4 | Anatomical observation of 5 years P. ginseng by tangential cryosectioning. Aseries of 400-um-thick tangential cryosections (A) ~ (J) was
taken for each sample: tissues at different stages were isolated by tangential cryosectioning; (B): Telomerase activities in various tissues and different stages
of plant development were assayed by TRAP, using 47F as the forward primer and PTelC3 as reverse primers; (C): Densitometric quantization revealed

higher relative telomerase activity (relative units) in cambiums.

may be correlated with age, the main roots were used for further
analyses.

Tangential cryo-sectioning of 400 pm sections of samples from 5-
year-old P. ginseng tissues, followed by densitometric quantitation of
telomerase activity (in relative units), revealed the highest telomerase
activity in the cambium and adjacent zones of differentiating sec-
ondary xylem (Fig. 4).

Analysis of TRF lengths in ginseng of different ages. DNA
fragments were analyzed through DNA gel blot hybridization
using the (CCCTAAA); oligonucleotide as a probe. A representative
Southern blot image that was used to quantify TRFs is shown in
Fig. 5a, b, where the hybridization signals represent telomeric
regions. The autoradiograph was scanned and imported as a TIFF-
format image to measure TRF length. The location of the peak
intensity could not be accurately determined by eye. Therefore, an
easy-to-use system that was able to determine the distributions of
telomeric regions based on copy number and calculate statistics was
employed. The unbiased TRF measure software Telotool” was used
to measure the TRF lengths of ginseng roots. A plot of the relative
telomere copy number versus molecular weight was created, which
provided the user with a realistic picture of the actual distribution of
telomeric lengths. The measurements of TRF length for each sample
using Southern hybridization was repeated three times.

We investigated the correlation between TRF length and plant age
using P. ginseng samples of known age from Ji’an and Fusong. First,
DNA fragments were analyzed through Southern hybridization

using the (CCCTAAA); oligonucleotide as a probe for telomeric
DNA (Fig. 5a). Although observations made by eye are not precisely
accurate, this easy-to-use method is convenient and allowed rapid
analysis of the telomeres of ginseng roots by determining copy num-
ber®. A general model for age-related TRF length in ginseng was
introduced. Eleven models were simulated using SPSS 20.0 software,
and the most suitable linear fitting curve was determined. The
obtained results satisfied the 83% confidence limits (R* = 0.832, F
= 79.029, Sig. = 0.000), and it was found that TRF length was
significantly positively correlated with age after 3 years (Fig. 5b),
which indicated that TRF length could be maintained via telomerase
activity as tissues developed. Based on these results, we propose a
mathematical model through which telomere length can be used to
predict P. ginseng age:

y=0.827x+8.231,

where, x is age, and y is TRF length.

Discussion

Scientific identification of the potency of traditional Chinese medi-
cines is crucial to ensure their authenticity and effectiveness.
Authenticity can be assured based on several factors: the geographic
origin or cultivation source of the species; proper harvesting and
processing methods; and growth stage®”. These factors are all import-
ant for the quality of Chinese herbal medicines. Because bioactive
secondary compounds accumulate as medicinal plants such as P.
ginseng, Salvia miltiorrhiza and Coptis chinensis age, older plants
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Figure 5 | Southern hybridization images used for measurement and quantization of TRF length. Lane M: DNA Molecular Weight Marker 11,
Digoxigenin-labeled (Roche). Numbers 2, 3, 4, 5, 6, 8 means different years of P. gensing samples collected from the city of Ji’an, Jilin province, China. B:
Data fitting results and the trend of variation of TRF length with different ages. Overall, average TRF length increased with ages in main root (The

following 1 cm of “ginseng lutou”).

usually serve as better medicinal herbs. However, in the pursuit of
economic efficiency, a number of inappropriate strategies, including
the use of growth hormones and swelling agents as well as continual
transplantation, have been employed to simulate age. Therefore, the
quality of Chinese herbal medicines is difficult to determine. This
study aimed to establish a reliable and effective method for identify-
ing the age of ginseng that complements traditional methods of age
determination.

Gymnosperms and dicotyledonous angiosperms generally
undergo primary and secondary growth, whereas monocots usually
lack secondary growth. The retention of stem-cell-like meristematic
cells plays a critical role in perennial longevity*®. Stem-cell-like mer-
istematic cells are located in the cambium. Accordingly, when envir-
onmental conditions change periodically, associated with different
growing seasons, the cambium cell cycle is activated, and the tissue
layers form rings (termed growth rings) during each individual per-
iod of growth. Arx, Schweingruber and Dietz*** indicated that
growth rings could be an effective biomarker for estimating age in
the roots of dicotyledonous perennial herbs. In the present study,
growth-ring characteristics were clearly present in 1- to 6-year-old
ginseng top roots. However, when the ginseng specimens were older
than 6 years, dry, decayed channels emerged within the cambium
rings, making the growth rings difficult to distinguish and influence
age estimation. Therefore, this method can only be applied over a
minimum age range, and a new marker was required for estimation
of the age of older ginseng samples.

Telomere length and telomerase activity are useful biomarkers for
age prediction in animals and plants®'~** due to their close association
with cell proliferation. However, it was unclear whether telomerase
activity is related to the mechanisms maintaining stem cells in mer-
istems. Our analyses of several P. ginseng tissues showed that telo-
merase activity was highest in the cambium. Telomerase expression
in plants is very similar to that in humans. In plants, telomerase
activity is highest in the meristem and reproductive organs, whereas
there is little or no activity in the endosperm, leaves and stems'”. In
Ginkgo biloba, tissues with a high percentage of dividing cells also
exhibit high levels of telomerase activity, which is consistent with our
results®"**. We found that the sampled tissue had a substantial impact
on the age estimation in P. ginseng. The main root samples contained
most of the organized cambium and annual growth rings. We found
that telomere length in the main roots was positively correlated with
plant age. However, due to sampling limitations, ginseng plants of

older ages were difficult to sample. Therefore, our mathematical
model is only suitable for a certain range of ginseng ages.

A study that examined TRF branch length in detail suggested that
telomere branch lengths increase with age to some extent in G.
biloba®*, in accord with the results of the present study. Our ana-
lyses indicate that ginseng telomere length increases significantly
with age; however, in contrast to the progressive shortening of
TRFs observed in somatic cells as animals aging, telomere length
and telomerase activity change in different patterns during plant
development. Telomere lengths have been observed to be stable in
tomato leaves in four-week-old to six-month-old plants'®, and they
do not significantly change during plant ontogenesis or leaf sen-
escence in Melandrium album'® and Arabidopsis thaliana® or during
cyclical changes of lengthening and shortening in size associated with
age in Pinus longaeva®. Furthermore, telomeres do not shorten dur-
ing increased tissue differentiation from embryonic to adult stages in
Hordeum vulgare’® and Pinus sylvestris”’, whereas they show
decreased lengths during Betula pendula tissue culture®, while
increased lengths are observed with age in G. biloba®'. These results
suggest that the relationship between telomere length and plant
development is complex and may be affected by the species and lines
involved as well as environmental stress and telomerase and stem cell
activities. The present study indicates that telomere length in the top
roots of P. ginseng increases with age, as observed in the leaves and
calli of G. biloba®"*. Interestingly, many studies show that ginseno-
side Rg1, which is one of the main biologically active components of
ginseng, can decrease telomere shortening and reinforce telomerase
activity in delayed hematopoietic stem cells and reduce senescence in
human somatic cells****'. Similar results were found for a G. biloba
extract, which significantly augmented endothelial progenitor cell
telomerase activity to prevent the cells from entering senescence*.
These results imply that the increase in telomere length with age

Table 1 | The Ginseng samples collected from two different districts

Age (year) 2 3 4 5 6 8
Fusong J J / / ] |
Ji‘an J J J J y y

Ginseng samples of known age were collected from the Ji’an and Fusong districts of Jilin Province,
China, in mid-August, 2010 and 2013. The samples were taxonomically identified by Prof.
Shiquan Xu, Institute of special animal and plant science, Chinese Academy of Agricultural
Sciences. All samples consist of 3 individuals every year.
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observed in ginseng and ginkgo may be related to the bioactive
components of these plants, which may maintain telomere length
by the telomerase mechanism or/and the ALT mechanism. The cor-
relation between telomere length and telomerase activity in P. gin-
seng that was demonstrated here suggests that telomere length and
telomerase activity might play essential roles in directly or indirectly
regulating the life span of P. ginseng.

Methods

Sample collection. Ginseng samples of known age were collected from the Ji’an and
Fusong districts of Jilin Province, China, in mid-August, 2010 and 2013 (Table 1).
Samples of the main root (1 cm below the rhizome, known as “ginseng lutou” in
China), leaf, stem, secondary root and seeds were frozen in liquid nitrogen and stored
at —80°C until use.

Chromosome preparation and in situ hybridization. Adventitious roots was
induced from calli of P. ginseng by cultured in the MS rooting medium for 14 d.
Adventitious root tips were used as a source of metaphase chromosomes, and the
digoxigenin-dUTP nick (Roche, Penzberg, Germany) tag sequence (CCCTAAA)5
was used as a chromosome probe, as previously described®. Slides were removed
immediately after immersion in 1 X PBS (containing 0.2% Tween) and dipped in 1 X
blocking buffer (Boehringer, Ingelheim, Germany) at 37°C for 30 min. After drying,
each slide was placed in 50 X blocking buffer containing 2 pl of a FITC-conjugated
anti-digoxin antibody (anti-Dig FITC, Boehringer, Ingelheim, Germany), covered
with a 22 X 22 mm coverslip, and incubated in a dark, wet box at 37°C for 60 min.
The slides were then washed three times (5 min each) in 1 X PBS (containing 0.2%
Tween) at room temperature. After the slides were dried, 12 pl of the anti-fading
agent VECTASHIELD® (Vector Lab, California, USA) containing 1 pg/ml
propidium iodide (Life Technologies, California, USA) was added slowly to cover the
coverslips. Different filters in a DMRXA fluorescence microscope (Leica
Microsystems, Wetzlar, Germany) were then used to observe the red chromosomes
and yellow-green hybridization signals. An air-cooled digital (CCD) camera was
employed, and the input of images into a computer was performed using Leica QFISH
software to adjust the contrast and brightness.

Paraffin sectioning. Fresh roots of P. ginseng were harvested, and samples were
collected 1 cm from the root tip and fixed with FAA solution (70% 90:5: 5 ethanol:
formaldehyde: acetic acid), then vacuum infiltrated and dehydrated through
increasing alcohol concentrations. Next, the sections were embedded in paraffin, and
the preparations were baked on an HI1220 flattening table and sectioned using an
RM2265 rotary microtome (Leica Biosystems, Nussloch, Germany) to a thickness of
10-15 pm. The samples were subsequently baked for more than 24 h, then
deparaffinized, stained with a safranin—fast green or phloroglucinol-HClI reagent,
mounted with neutral gum and observed and photographed using BH-2 optical and
LG-PS2 stereo microscopes (Olympus, Tokyo, Japan).

Hand sectioning. One-centimeter samples from the tips of fresh P. ginseng roots were
sectioned at a thickness of approximately 1 mm. One drop of phloroglucinol-HCl
was used to develop color, and a scanner was employed to image the samples.

Tangential cryo-sectioning. A series of 40 pum-thick tangential sections were
obtained for each sampled section as described by Uggla & Sundberg*, with some
modifications. Regenerated tissues at different stages were isolated through tangential
cryo-sectioning at —20°C with a Leica CM1850 Cryostat (Leica Biosystems,
Nussloch, Germany). Cryosections of regenerated tissues from the same root and
stage were collected in a 1.5 ml microfuge tubes, immediately frozen in liquid
nitrogen and stored at —70°C.

Determination of telomerase activity. Total protein was harvested from
approximately 5.0 mg of freshly ground, fine powder from each sample. Telomerase
activity was measured as previously described*” using the TRAP assay. Plant extracts
containing telomerase were prepared according to Fitzgerald', and the total protein
content in the extracts was determined*. The oligonucleotides 47F (5'-
CGCGGTAGTGATGTGGTTGTGTT-3') and PTelC3 (5'-
CCCTAAACCCTAAACCCTAAA-3") were used as forward and reverse primers,
respectively, in the TRAP analysis'®.

DNA extraction and Southern hybridization analysis. The TRF length, which is the
gold standard for telomere length, was determined through Southern hybridization
analysis*”. Root samples were placed in a mortar and ground to a fine powder using a
pestle and liquid nitrogen. Then, genomic DNA was prepared from each sample using
the hot CTAB method*® and subsequently purified by treated with RNase (New
England Biolabs, Massachusetts, USA) and Proteinase K (Merck, Darmstadt,
Germany). The concentration of the isolated DNA and the ratio of the absorbance at
260 nm to 280 nm (A,e/A,sp ratio) were measured using a NanoDrop ND-1000
spectrophotometer (Gene, Hong Kong, China). Approximately 20 pg of each DNA
sample was then digested for 12 h with Taq"I, and the digestion products were loaded
into the lanes of a horizontal, 6.5 X 10 c¢m, 1% agarose gel and electrophoresed in 1 X
TAE buffer for approximately 6 h at 90 V at room temperature with buffer
recirculation. To measure and quantify the TRFs, Southern hybridizations were

performed with the DIG High PrimeDNA Labeling and Detection Starter kit IT
(Roche, Penzberg, Germany) as previously described**° using an end digoxigenin-
labeled complementary telomere-specific oligonucleotide probe (CCCTAAA);.
Measurements were repeated three times, and TRF lengths are reported as the mean
+ standard deviation.
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Effect of Dietary Sberian Ginseng and Eucommia on Broiler Performance,
Serum Biochemical Profiles and Telomere Length

S H. Sohnf, . S Jng, Y. S Moon, Y. J Kim, S H. Leg Y. H. Ko, S Y. Kang and H. K. Kag
Department of Animal Science & Biotechnology, Jinju National University

ABSTRACT The Sherian ginseng and Eucommia are a kind of medicind plant with powerful anti-oxidant activity. An ex-
periment was conducted to investigate the effect of Siberian ginseng lesf and Eucommia leaf at level of 0.5% and 1% per feed
in Ross commercia broiler for 4 to 35 days of age on performance, organ weight, blood biochemica profiles and telomere quantity.
Chickens consuming diets containing 1% Siberian ginseng had higher feed conversion ratio than the other treated chicken during
experimental period whereas no sgnificant differences were detected in body weight, weight gain and feed intake. The weight of
bursa of fabricius was sgnificantly increased in chickens with dietary supplementation compared with chickens fed control but this
was not seen in liver, spleen and thymus. In blood biochemical profiles, chickens with dietary supplementation had higher con-
centration than chickens fed control in triglyceride, cholesterol and glucose. The concentration of aspartate aminotransferase, aanine
aminotransferase, dbumin and total protein, however, was not significantly different between dietary supplemented chickens and
control chickens. The relative amount of telomeric DNA of lymphocytes in chickens with dietary supplementation was significantly
higher than that of control chickens but the difference was not found in liver, heart and testis tissues. In conclusion, dietary
supplementation of Sberian ginseng and Eucommia in broiler improved immune activity and telomere length without decreasing

chicken growth performance.

(Key words : Sberian ginseng, Eucommia, anti-oxidant, tdlomere, growth performance, brailer)
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Table 1. Formula and chemical composition of basa diets

Diets
Items
Starter Finisher
Ingredients (%)
Corn 38.26 44.28
Whesat 20.00 20.00
Whesat bran 5.00 4.00
Animal fat 220 3.00
Corn gluten 4.00 4.00
Soybean medl (44% CP) 23.00 16.50
Rapeseed medl 150 2.00
Fish med 1.00 1.00
Meat medl 200 2.00
SAt 0.20 0.23
Cdcium carbonate 0.40 0.20
Tricdcium phosphate 140 1.60
Lysine (liquid) 0.46 0.66
Methionine 013 0.12
Choline-HCl - 0.01
Vitamin premix* 0.20 0.20
Mineral premix® 0.20 0.20
Maduramycin-+nicarbazine 0.05 -
Antibiotics 0.0133 0.001
Chemical compasition (%)

Crude protein 21.00 19.00
Ether extract 4.80 520
Crude fiber 4.30 3.90
Crude ash 5.00 4.90

! Contained per kg: Vit. A 5,500,000 1U; Vit Ds 1,500,000 IU; Vit
E 15,000 mg; Vit K 800 mg; thiamin 1,000 mg; riboflavin 4,000
mg; niacin 25,000 mg; biotin 30 mg; folic acid 500 mg; pan-
tothenic acid 5,000 mg; pyridoxine 1,500 mg; Vit B> 15 mg; Cu
12,000 mg; Fe 35,000 mg; Zn 25,000 mg; Co 150 mg; | 500
mg; Se 120 mg; Mn 38,000 mg.
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Table 2. Effect of dietary supplementation of Siberian ginseng and Eucommia on growth performance, feed intake and feed conversion

ratio in broiler chickens

) Trestments
e Control 0.5% Sberian ginseng 1% Siberian ginseng 0.5% Eucommia 1% Eucommia
Initid BW 69.38+ 0.72 7014+ 0.69 69.38+ 0.49 69.69+ 0.59 7000+ 064
4~21 days
BW (g) 807.29+ 11.78 81119+ 42.37 77406+ 49.21 799.38 + 13.88 78069+ 9.8
Gain (g) 737.92 + 11.98 74105+ 4206 70469+ 49.08 729.69 + 13.83 71969+ 923
F (g 111896 + 17.42° 130596+ 65.88" 128861+ 77.36" 1226.29 + 30.38" 110063+ 19.86°
FCR 152+ 0.0% 177+ 006 184+ 004 168+ 0.02° 153+ 004
22~35 days
BW 203500+ 4655 201679+ 5454 189391+ 4593 201484+ 2.28 197375+ 56.14
Gain 122771+ 3661 120560+ 8172 111984+ 4163 1215.47 + 20.42 118406+ 49.65
Fi 173594+ 5614 177441+ 5857 1797.88+ 9053 1623.28 + 50.02 181557+ 75.06
FCR 142+ 006° 150+ 008" 163+ 013 134+ 003 155+ 007
4~35 days
Totd gain 196563+ 4683 194664+ 5432 182453+ 4593 1945.16 + 27.66 190375+ 55.83
Tota FI 285490+ 64.83 312952+ 12294 3135.69 + 183.85 2844.38 + 57.83 2962.81 + 12511
Totd FCR 146+ 0.04° 161+ 005° 172+ 010° 146+ 002° 156+ 006

! Jtem; BW (Body weight), Gain (Weight gain), FI (Feed intake) and FCR (Feed conversion ratio).
47¢ Values with different superscripts differ significantly among trestments (P<0.05).
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Table 3. Effect of dietary supplementation of Siberian ginseng and Eucommia on organ weights in broiler chickens

Trestmants
e Control 0.5% Sberian ginseng 1% Sberian ginseng 0.5% Eucommia 1% Eucommia
-------------------- % (organ weight/body weightx100) --------------------
Liver 226+ 0.10 235+ 025 226+ 011 220+ 0.08 230+ 0.15
Spleen 013+ 001 015+ 0.03 012+ 0.02 015+ 0.02 0.13+ 0.02
Thymus 025+ 0.02 0.36+ 0.08 0.30+ 0.03 0.42 + 0.06 036+ 0.04
Bursa of fabricius 018+ 002 025+ 0.02° 026+ 0.03” 024+ 002° 031+ 0.04°

3 vaues with different superscripts differ significantly among treatments (P<0.05).

ATl Hlal -2 A (P<0.05) o2 F7tEon, =
AE H7FE7F tizo] v dAukA

IR J D A o= A O O T 1}
N L
(i

AZ TS PAJshe 22 o|tHRibati &, 2006). W}

ezs) Bl £% Folgo|A] o]l AV7F F& # &

o] 7154 AT AA R e AL g H R

et Aoz 7 ey 9 T30 Foizt e W

Az-g sl mlf A FFE vAE AR AR
A=y

Lo e 4

0% Fasl $A)

e Fe ol EAee A9 e

2 g
S oe ¥ £ Fold e &
2ol B3k Ak Tadle 49 Bk, A

AZRE 42 % Ul dbumin, AST,

shaps e vz

ToF AT 2t ALl Bszd A5 eIt v
triglyceridest T Z&Ttol] H]&) 7FA| @241 1% 2o A f
o] F(P<0.05) 2.2 =7 Vet o, choleterd> F% A2
T7F o2 Al@ Tl vlsl =4 et 8% gluocose
< YA 24 H7t g7 BFeA tixTol Hls) @A
3] =7 YERGTHP<0.05). o] 9} 22 A¥= )zl H]E)
1AE Fod771 7 Ashe AR F duA] dirtel] &
gite] dAs] F7HE Folnt o]y eAd 3 T
o] Fo7} A 9 e=81E tiAE Bt 243 sl A
2 A=, o] gk A1 7] %o WMW% =5
o

m{n o

0 oy2 o do & N

7} Qg Eolo} & Aow Ar. 2t 3
ME 3% 54 B A RN E BE xaa%
Aol7} R Aom Yeht A $2e 7h e

4
$5 ol A9 geld Ak 8o 239 o
= 7

O 2 2 |o ofy i rN'

P
o]

01?19 ru'r‘ l'N

Table 4. Effect of dietary supplementation of Siberian ginseng and Eucommia on blood biochemica profiles in broiler chickens

Treatments

fem Control 0.5% Shberian ginseng 1% Siberian ginseng 0.5% Eucommia 1% Eucommia
Albumin (g/dL) 12+ 003 12+ 004 12+ 005 13+ 006 13+ 009
AST (IU/ 2L) 305.1+ 2501 309.2 + 2546 302.7 + 16.81 3330+ 1561 330.7 + 2546
ALT (U zL) 36+ 030 33+ 042 34+ 037 40+ 022 39+ 051
Total protein (g/dL) 38+ 024 33+ 011 34+ 009 34+ 019 40+ 031
Triglyceride (mg/dL) 193+ 151° 198+ 128 204+ 33F 260+ 243" 239+ 203°
Cholesterol (g/dL) 1477+ 594 1600+ 6.45% 1699+ 9.41% 1820+ 6.66° 1817 + 14.65°
Glucose (mg/dL) 2169+ 564° 256.0 + 10.76* 2541 + 634° 2531+ 883 253.9 + 15,66

3 vaues with different superscripts differ significantly among treatments (P<0.05).
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Table 5. The relative amount of telomeric DNA in intephase nuclei of the tissues in broiler chickens at 35 days

Treatments Control 0.5% Sberian ginseng 1% Siberian ginseng 0.5% Eucommia 1% Eucommia
Bload 2.72+0.06° 290+ 004 292004 2.85+0.04% 2.76 £ 0.04%°
(n=700) (n=700) (n=700) (n=600) (n=700)
Liver 2.25+0.06 2.36+0.04 2.38+0.04 2.31+0.06 2.32+0.07
(n=150) (n=150) (n=150) (n=150) (n=150)
L 2.22+0.06° 2.26+0.05® 2.33+0.04° 230+ 0.04% 2.32+0.05
o (n=150) (n=150) (n=150) (n=150) (n=150)
Heart 230+ 004 2.37+0.07 240+0.24 2.36+0.04 237+0.04
(n=150) (n=150) (n=150) (n=150) (n=150)
Testis 233+004 236+ 0.04 2.37+0.03 2.32+0.05 233+0.04
(n=150) (n=150) (n=150) (n=150) (n=150)

3 vaues (Means+ SE) with different superscripts differ significantly among trestments (P<0.01).
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Description
BACKGROUND OF THE INVENTION

[0001] The presentinvention relates to a method of increasing the length of a telomere in an animal cell. The invention
is practiced by administering an aqueous extract of an Uncaria species to an animal.

[0002] A telomere is a region of repetitive DNA sequence at the end of a chromosome, which protects the end of the
chromosome from truncation and from fusion with a neighboring chromosome. Accordingly, telomeres provide stability
to linear DNA molecules (Greider, CW (1990) BioEssays 12(8):363-369). The telomeric TTAGGG repeat sequences
capping the ends of chromosomes have been shown to shorten during replicative ageing of normal cells (Harley et al.
(1990) Nature 345(6274): 458-460).

[0003] Telomeres are consumed during cell division, but are replenished by the action of the enzyme telomerase
reverse transcriptase. Human somatic cells without telomerase gradually lose telomeric sequences as a result of incom-
plete replication. Various methods for increasing the length of a telomere in a cell are known in the art (Joeng et al.
(2004) Long lifespan in worms with long telomeric DNA. Nature Genetics 36(6): 607-611; Bodnar et al. (1998) Extension
of life-span by introduction of telomerase into normal human cells. Science 279(5349): 349-352). These methods primarily
rely on increasing the activity of telomerase. For example, a study that looked at normal human cells over-expressing
the human telomerase catalytic subunit demonstrated elongated telomeres as a result of enhanced telomerase activity
(Bodnar et al., supra) As distinguished from the present invention, these prior art methods do not provide a means of
enhancing DNA repair in combination with a method of increasing the activity of telomerase, or otherwise increasing
telomere length.

[0004] Methods for measuring telomere length are well known in the art and are described, for example, in Cawthon,
RM (2002) Nucleic Acids Res. 30(10): e47, Harley et al. (1990) Nature 345: 458-460, O'Callaghan and Fenech (2011)
Biological Procedures Online 13:3, USPN 5,489,508 (West et al., issued February 6, 1996), and USPN 5,741,677
(Kozlowski et al., issued April 21, 1998). Any method of measuring telomere length can be used in the present invention.
[0005] Any nucleated cell type may be used for the purpose of measuring telomere length. Lymphocytes and buccal
cells are commonly used, as they are easily obtained from patients (O’Callaghan and Fenech (2011) Biological Proce-
dures Online 13:3). Peripheral leukocytes are also commonly used for telomere length assessment (Aviv et al. (2011)
Nucleic Acids Research 39(20): e134). As described herein, the terms "peripheral leukocytes" and "white blood cells"
are used interchangeably. Genomic DNA isolated from the nucleated cell type of interest is used to measure telomere
length. Methods for isolating genomic DNA are well known in the art.

[0006] AC-11®, formerly known as C-Med 100®, is a hot water extract of the bark of the plant Uncaria tomentosa. Its
characterization and method of preparation are described in U.S. Pat. No. 6,039,949 to Pero (issued March 21, 2000).
Animal and human studies have demonstrated a beneficial effect of AC-11® on enhancing DNA repair and immune
function (Sheng et al. (2000) J. Ethnopharmacol. 69: 115-126; Sheng et al. (2001) Phytomedicine 8(4): 275-282).
[0007] U.S. Pat. No. 6,039,949 to Pero discloses a water soluble extract of an Uncaria species, as well as a method
for preparing it. The reference further discloses oral administration of the extract to rats. The reference does not, however,
contemplate a method of lengthening the telomeres or otherwise manipulating or maintaining telomere length. Likewise,
the reference does not contemplate measuring telomere length.

[0008] Sheng et al. (2001, supra) disclose oral administration of C-MED-100 (a water extract of Uncaria tomentosa)
to twelve healthy adult human volunteers. The doses tested were daily doses of 250 mg and 350 mg, for 8 weeks. A
decrease of DNA damage and an increase in DNA repair was seen in both supplement groups when compared to an
untreated control group. The reference does not disclose a method of lengthening telomeres and does not contemplate
measuring telomere length before and after administration of the supplement.

[0009] Lamm etal. (2001, Phytomedicine 8(4):267-274) disclose oral administration of C-MED-100® at a dose of 350
mg X 2 times daily for two months, to human volunteers. Study participants supplemented with C-MED-100® were tested
for their ability to respond to a 23 valent pneumococcal vaccine as compared to an untreated control group. Statistically
significant immune enhancement was observed for those in the supplemented group. The reference does not disclose
a method of lengthening telomeres and does not contemplate measuring telomere length before and after administration
of the supplement.

[0010] U.S. Pat. No. 7,955,626 to Pero (issued June 7, 2011) discloses non-topical administration of a purified quinic
acid alkyl ester or a carboxy alkyl ester. The reference discloses a water extract of Uncaria tomentosa, as well as further
purification of the extract by thin layer chromatography to obtain carboxy alkyl esters (CAE). The invention is not directed
to administration of a composition comprising quinic acid. Moreover, the method of the invention does not require the
inclusion of quinic acid (in the free acid form or a salt thereof) because the invention is specifically directed to administering
a pharmaceutical composition comprising an effective amount of an ester, either a quinic acid alkyl ester or a carboxy
alkyl ester, meeting specified criteria. Furthermore, the reference does not disclose measuring telomere length and does
not contemplate increasing the length of the telomeres.
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[0011] U.S. Pat. No. 8,372,449 (Pero, Ronald W., issued February 12, 2013) describes a method of non-topical
administration of a pharmaceutical composition comprising a purified and isolated compound selected from the group
consisting of quinic acid and a quinic acid salt. The invention is directed to a method for enhancing the response to
tumor formation and/or growth in a mammal in need thereof. The pharmaceutical composition is administered in an
amount effective to inhibit TNF-a production or to induce apoptosis of white blood cells, where said quinic acid and said
quinic acid salt may form an ammonium salt and/or chelate thereof having a bioassay efficacy using IC5, in HL-60 cells
of approximately 500n.g/ml or less. The disclosure indicates that the bioactive agent of C-MED-100® (a water extract
of Uncaria tomentosa) in vivo is not quinic acid lactone, but rather is quinic acid and its salts, including its ammonium
salt. The in vivo working examples pertain to oral dosing studies in mice and rats, with administration by gavage in rats
and via the drinking water in mice. Treatment of mice with C-MED-100® resulted in an increased number of spleen cells,
due to the prolongation of lymphocyte half life. In rats, quinic acid (QA) and its ammonium salt (QAA) were about as
effective as C-MED-100® at reversing doxorubicin-induced leukopenia. The reference reveals that daily oral doses of
C-MED-100® between 250-700 mg have proven efficacious in humans with regard to enhancing anti-inflammatory, DNA
repair, immune stimulation, and anti-tumor processes. This reference does not contemplate a method of lengthening
the telomeres or otherwise manipulating or maintaining telomere length. Likewise, the reference does not contemplate
measuring telomere length before or after administration of quinic acid, a quinic acid salt, or C-MED-100®.

[0012] The bioactive component in AC-11®, formerly known as C-MED-100®, is reported to be quinic acid lactone
(USPN 6,964,784, issued November 15, 2005). Moreover, the bioactive agent in vitro is quinic acid lactone (USPN
8,372,448, issued February 12, 2013), while the in vivo bioactive agent is quinic acid (USPN 8,372,449, issued February
12, 2013).

[0013] U.S. Pat. No. 8,974,839 to Giampapa (issued October 16, 2014) discloses a multi-component supplement
composition comprising a water extract of Uncaria tomentosa, which is disclosed as being a DNA repair complex. The
supplement of the invention also comprises a telomere maintenance complex. However, the water extract of Uncaria
tomentosa is not disclosed as being a telomere maintenance complex. The reference does not contemplate a method
of lengthening the telomeres or otherwise manipulating telomere length. Likewise, the reference does not contemplate
measuring telomere length.

[0014] U.S. Patent Application No. 2017/0128355 to Giampapa et al. (published May 11, 2017) discloses a method
of topically applying a multi-component composition comprising a water soluble extract of an Uncaria species. The
reference does not contemplate a method of lengthening the telomeres or otherwise manipulating or maintaining telomere
length. Likewise, the reference does not contemplate measuring telomere length.

[0015] U.S. Pat. No. 5,656,665 to Yu et al. (issued August 12, 1997) discloses a method for visibly reducing a skin
wrinkle and for reversing the effect of aging on human facial skin by topically applying to the wrinkle and/or affected
facial skin quinic acid or quinolactone. A wide variety of preparations are contemplated. The working examples are
directed to testing the various compositions in 90 human volunteer subjects, by topical application to the skin. This
reference does not contemplate a method of lengthening the telomeres or otherwise manipulating or maintaining telomere
length. Likewise, the reference does not contemplate measuring telomere length before or after administration of quinic
acid or quinolactone. The reference does not disclose administering a water extract of Uncaria tomentosa to a subject
or a cell. Moreover, there is no mention of an extract of Uncaria tomentosa. The reference is limited to topical application
and does not contemplate other modes of administration.

[0016] U.S. Patent Application Publication No. 2015/0338387 to Ehrenkranz (published November 26, 2015) discloses
a method for monitoring and adjusting a biometric, such as aging. The method of the invention comprises administering
to a subject a supplement selected to affect the state of the selected biometric. The supplement may be formulated for
oral administration. Among a long list of possibilities, the supplement may be an extract of Uncaria tomentosa and the
biometric analyte, among a long list of possibilities, may be telomere length. The reference does not include any working
examples, nor does it specifically mention using an extract of Uncaria tomentosa to increase the length of a telomere
in a cell by administration of the extract to a mammal. Moreover, the reference does not specifically disclose a water
extract of Uncaria tomentosa.

[0017] U.S. Patent Application No. 2014/0079836 to McDaniel (published March 20, 2014) discloses a method for
modulating the activity of the gene maintenance process in order to influence the length and/or structural integrity of the
telomere in living cells. Quinic acid is disclosed as an exemplary lifespan altering compound. The method of the invention
is specifically directed to contacting a cell, tissue, organ, or organism with quinic acid, or an analog or derivative thereof.
Quinic acid is disclosed as being naturally found in the coffee cherry. The disclosure contemplates lengthening telomeres,
as well as modulating the activity or level of at least one of the telomere length maintenance genes or modulating the
activity or level of telomerase. This reference does not contemplate using a water extract of Uncaria tomentosa for any
purpose. There is no mention of an Uncaria species. The reference does not specifically point to quinic acid as modulating
the length of the telomere in living cells. There are no working examples pertaining to quinic acid or telomere lengthening
in an organism. Working examples directed to telomere length maintenance are provided, but these are in vitro exper-
iments (cells in culture) examining the effects of green tea extract, coffee cherry extract, and idebenone.
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[0018] It has now been shown by Applicants that administration of an aqueous extract of an Uncaria plant to a subject
results in telomere lengthening.

SUMMARY OF THE INVENTION

[0019] The present invention relates to a non-therapeutic method of increasing the length of a telomere in an animal
cell. The invention is practiced by administering an agueous extract of an Uncaria species to an animal in an amount
and for a period of time sufficient to increase the length of said telomere, and measuring the length of said telomere
before and after administration of said extract. In a preferred embodiment, the method of the invention is directed to
increasing the length of a telomere in a mammalian cell, said method comprising administering an aqueous extract of
an Uncaria species to a mammal, or a mammal in need thereof, in an amount and for a period of time sufficient to
increase the length of said telomere, and measuring the length of said telomere before and after administration of said
extract. Said preferred embodiment comprises the steps of:

a) measuring the length of one or more telomeres of a cell sample from the subject;

b) administering to the subject an aqueous extract of an Uncaria species in an amount and for a period of time
sufficient to increase the lengths of said telomeres in said cells of said subject;

¢) re-measuring lengths of one or more telomeres, wherein if the telomeres have not lengthened, administering is
continued; and

d) said method resulting in lengthening of said telomeres.

[0020] As such, itis a first object of the present invention to provide a method of increasing telomere length in a cell,
said method comprising administering to a subject an aqueous extract of an Uncaria species in an amount and for a
period of time sufficient to increase the length of a telomere in a cell of said subject.

[0021] Itis a further object of the present invention to provide a method of increasing telomere length in a cell, said
method comprising orally administering to a subject a daily dose of about 200 mg to about 700 mg of an aqueous extract
of an Uncaria species for a period of time sufficient to increase the length of a telomere in a cell of said subject.

[0022] Itis a still further object of the present invention to provide a method of increasing telomere length in a cell,
said method comprising administering to a subject an aqueous extract of an Uncaria species in a pharmaceutically
effective amount and for a period of time sufficient to increase the length of a telomere in a cell of said subject, wherein
said Uncaria species is Uncaria tomentosa.

[0023] Itis a still further object of the present invention to provide a method of increasing telomere length in a cell,
said method comprising orally administering to a subject a daily dose of about 200 mg to about 700 mg of an aqueous
extract of an Uncaria species for a period of time sufficient to increase the length of a telomere in a cell of said subject,
wherein said Uncaria species is Uncaria tomentosa, wherein the period of time sufficient to increase the length of a
telomere in a cell of said subject is at least one year, and further wherein said aqueous extract comprises a minimum
of 8% carboxy alkyl esters (CAEs) (weight/weight (w/w)).

[0024] Itis a still further object of the present invention to provide a method of increasing telomere length in a cell,
said method comprising orally administering to a subject an aqueous extract of an Uncaria species in an amount and
for a period of time sufficient to increase the length of a telomere in a cell of said subject, wherein said aqueous extract
of an Uncaria species is provided as a capsule, tablet, liquid, or gel, and wherein said Uncaria species is Uncaria
tomentosa. The capsule, tablet, liquid, or gel may be provided as a time-release formula or extended-release formula.
[0025] Itis a still further object of the present invention to provide a method of increasing telomere length in a cell,
said method comprising orally administering to a subject a daily dose of about 700 mg of an aqueous extract of an
Uncaria species for a period of time sufficient to increase the length of a telomere in a cell of said subject, wherein said
Uncaria species is Uncaria tomentosa, and said subject is a human. In a preferred aspect said subject is in good health.
Itis a still further object of the present invention to provide an aqueous extract of an Uncaria species for use in increasing
the length of telomeres in a cell of a subject having Alzheimer’s disease, Parkinson’s disease or cancer.

[0026] These and other objects, aspects and features of the present invention will be better understood from the
following detailed description when read in conjunction with the examples described herein.

BRIEF DESCRIPTION OF THE DRAWINGS
[0027]
FIG. 1 Telomere length of a human study participant, subject HV, before treatment and after treatment, at timepoints

of one year and two years. Treatment was carried out by oral administration of an aqueous extract of Uncaria
tomentosa formulated into a capsule, at a daily dose of 700 mg. The standard curve provides average telomere
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lengths for the general population at different ages.

FIG. 2 Telomere length of a human study participant, subject EL, before treatment and after treatment, at timepoints
of one year and two years.

FIG. 3 Telomere length of a human study participant, subject DB, before treatment and after treatment, at timepoints
of one year and two years.

FIG. 4 Telomere length of a human study participant, subject LC, before treatment and after treatment, at timepoints
of one year and two years.

FIG. 5 Telomere length of a human study participant, subject RC, before treatment and after treatment, at timepoints
of one year and two years. This subject stopped using AC-11®, for 4 to 5 months, during the second year of the
study, in accordance with their doctor’s request.

FIG. 6 Telomere length of a human study participant, subject LM, before treatment and after treatment, at timepoints
of one year and two years.

FIG. 7 Telomere length of a human study participant, subject KC, before treatment and after treatment, at timepoints
of one year and two years.

FIG. 8 Telomere length of a human study participant, subject BD, before treatment and after treatment, at timepoints
of one year and two years.

FIG. 9 Telomere length of a human study participant, subject MM, before treatment and after treatment, at timepoints
of one year and two years. This subject stopped using AC-11®, for 4 to 5 months, in accordance with their doctor’s
request.

FIG. 10 Telomere length of a human study participant, subject JIM, before treatment and after treatment, at timepoints
of one year and two years.

FIG. 11 Telomere length of a human study participant, subject LCR, before treatment and after treatment, at time-
points of one year and two years.

DETAILED DESCRIPTION OF THE INVENTION

[0028] Methods for administering a plant extract to an animal, thereby delivering the plant extract to a cell of the animal,
are well known in the art. Standard delivery means are contemplated. Accordingly, the plant extract may be formulated
into a delivery means such as a capsule, tablet, liquid, gel, lotion, cream, or ointment to facilitate a desired dosing
regimen. The plant extract may be administered orally, topically, or via a transdermal patch. The delivery means, par-
ticularly a capsule, tablet, liquid, or gel may be provided as a time-release formula or extended-release formula.
[0029] Methods for measuring telomere length are well known in the art and are described, for example, in Cawthon,
RM (2002, supra), Harley et al. (1990, supra), O’Callaghan and Fenech (2011, supra), USPN 5,489,508 (West et al.,
issued February 6, 1996), and USPN 5,741,677 (Kozlowski et al., issued April 21, 1998), as well as the examples
provided herein. The quantitative polymerase chain reaction (QPCR) of Cawthon, RM (2002, supra) is a fluorescence-
based assay that uses a primer pair where each primer is designed to allow DNA polymerase to extend from its 3’-end
when it is hybridized to telomere hexamer repeats, but not when it is hybridized to the other primer. Any method of
measuring telomere length can be used in the method of the present invention.

[0030] The agueous extract of Uncaria tomentosa used in the examples set forth herein below has been well charac-
terized in over 20 years of research (see e.g., US Pat. No. 6,039,949 to Pero, RW, issued March 21, 2000 and US Pat.
No. 8,372,449 to Pero, RW, issued Feb. 12, 2013). The aqueous extract was spray dried onto a carrier element, such
as maltodextrin, to obtain a commercial product comprising a minimum of 8% (w/w) carboxy alkyl esters (CAESs), with
the concentration of CAEs ranging from 8-10% (w/w), as described in US Pat. No. 8,372,449 (supra) and Sheng et al.
(2001, supra). This product is also known as AC-11®. The examples described herein were carried out using capsules
containing 350 mg of AC-11® prepared in this manner.

[0031] AC-11® has been subjected to rigorous toxicological studies (Sheng et al. (2000) J. Ethnopharmacology 69:
115-126). No acute toxicity was observed in rats given a series of single oral doses of the product up to a dose of 8 g/kg
body weight or human volunteers given a daily dose of 5 mg/kg for six consecutive weeks. Rats treated daily with U.
tomentosa extracts at the doses of 10-80 mg/kg for 8 weeks or 160 mg/kg for 4 weeks showed no signs of acute of
chronic toxicity (Sheng et al., 2000, supra). Furthermore, the bark of the U. tomentosa vine is harvested from the wild,
specifically the Amazonian rainforest. This is the starting material for the hot water extraction process. No solvents other
than water are used in the extraction process. Moreover, AC-11 has an exemplary microbiological profile and an un-
blemished safety record in over 15 years of commercial use. The toxicological screening assays used to evaluate the
safety profile of AC-11 are well known in the art (see e.g., Hasnisa et al. (2017) J. Trop. Agric. and Fd. Sci. 45(1): 111-119;
Zhang et al. (2017) Fundam. Toxicol. Sci. 4(2): 45-56; and Parasuraman, S. (2011) J. Pharmacol. and Pharmacother-
apeutics 2(2): 74-79).

[0032] The present invention relates to a non-therapeutic method of increasing the length of a telomere in an animal
cell. Said method comprises the steps of:
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a) measuring the length of one or more telomeres of a cell sample from the subject;

b) administering to the subject an aqueous extract of an Uncaria species in an amount and for a period of time
sufficient to increase the lengths of said telomeres in said cells of said subject;

c¢) re-measuring lengths of one or more telomeres, wherein if the telomeres have not lengthened, administering is
continued; and

d) said method resulting in lengthening of said telomeres.

[0033] In a preferred embodiment the animal is a mammal. In a further embodiment, the animal is a rodent, including
a mouse or rat. In a further embodiment, the animal is a primate, including a human.

[0034] In some embodiments, the subject is a human having a disease or disorder, such as Alzheimer’s disease,
Parkinson’s disease, or cancer. In other embodiments, the subject is a human in apparent good health. It is a still further
object of the present invention to provide an aqueous extract of an Uncaria species for use in increasing the length of
telomeres in a cell of a subject having Alzheimer’s disease, Parkinson’s disease or cancer. In a preferred embodiment
said use is in a method which comprises the steps of:

a) measuring the length of one or more telomeres of a cell sample from the subject;

b) administering to the subject an aqueous extract of an Uncaria species in a pharmaceutically effective amount
and for a period of time sufficient to increase the lengths of said telomeres in said cells of said subject;

c¢) re-measuring lengths of one or more telomeres, wherein if the telomeres have not lengthened, administering is
continued; and

d) said method resulting in lengthening of said telomeres.

[0035] In a preferred embodiment of the method of the invention, the extract is administered orally and the dose is
about 700 mg/day. In other embodiments, the dose ranges from about 200 mg/day to about 700 mg/day. In some
embodiments, the daily dose is about 350 mg. In other embodiments, the daily dose is about 250 mg. Oral dosing in
rats demonstrated an LD5, > 8g/kg (Sheng et al. (2001) J. Ethnopharm. 69: 115-26). Given the high level of tolerance
demonstrated in rats, a dose of 10 g/day administered to a subject is contemplated, up to a dose that falls below the
level that would be toxic to the subject. Likewise, while a dose of 200 mg/day is contemplated to be effective to increase
the length of a telomere in a cell of a subject, when administered for a sufficient period of time, doses below 200 mg/day
are also contemplated when effective to increase the length of a telomere in a cell of the subject, when administered for
a sufficient period of time. The doses described herein refer to an extract comprising 8-10% (w/w) CAEs.

[0036] In a preferred embodiment, the period of time sufficient to increase the length of telomeres in cells of a subject
is a time period of up to one year. In other embodiments, the period of time sufficient to increase the length of telomeres
in cells of a subject ranges from about 6 months to about 2 years. In some embodiments, regular dosing, including daily
dosing of the Uncaria extract, is continued for the life of the subject. The duration of treatment can vary widely and still
resultinincreasing telomere length. One of ordinary skillin the art with this disclosure having been reviewed can determine
a pharmaceutically effective dosage to result in telomere lengthening.

[0037] In a preferred embodiment, the frequency of dosing is once daily. In other embodiments, the dosing frequency
is twice daily. In still other embodiments, the dosing frequency ranges from at least once daily to at least once monthly.
The Uncaria extract may be administered once daily, twice daily, once every other day, once every third day, once a
week, or once a month. In still other embodiments, a transdermal patch is applied once every other day or once a week
and delivers the extract to the subject over an extended period of time. Accordingly, the dosing frequency can vary
widely and still result in an increase in telomere length.

[0038] Ina preferred embodiment, the subject’s telomeres are measured before administration of the extract and after
a period of time sufficient to increase the length of a telomere in a cell of a subject. In other embodiments, samples are
taken from a subject before administration of the Uncaria extract and at various timepoints during the treatment period.
Samples may be preserved and telomere length may be assessed any time after obtaining the sample. In some em-
bodiments, the samples are collected, preserved for a period of time, and then subjected to measurement of telomere
length after all samples have been obtained from the subject.

[0039] Ina preferred embodiment, the Uncaria extract is formulated for oral administration, as a capsule, tablet, liquid,
syrup, or gel. In other embodiments, the Uncaria extract is formulated for topical administration, as a lotion, cream,
ointment, or gel. In another embodiment, the Uncaria extract is formulated for systemic administration, as a transdermal
patch.

[0040] In a further preferred embodiment of the method of the invention, the Uncaria species is Uncaria tomentosa.

EXAMPLES

[0041] The examples that follow illustrate aspects of the invention and provide one of ordinary skill in the art with a
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complete description of how to make and use the present invention, and are not intended to limit the scope of what the
inventors regard as their invention nor are they intended to represent that the experiments below are all or the only
experiments performed. Rather, these non-limiting examples provide specific methodology useful in practicing the in-
vention.

EXAMPLE 1

[0042] AC-11® Human Pilot Study: The Impact of AC-11® on Telomere Length in an Aging Population

[0043] The average person’s telomeres shorten each year in adulthood. That fact is reflected in the bold line on each
of the figures. A pilot study of 11 human volunteers measured telomere lengths before treatment with AC-11® and after
treatment, at timepoints of one year and two years. Treatment was carried out by oral administration of an aqueous
extract of Uncaria tomentosa formulated into a capsule, at a daily dose of 700 mg. The extract comprised 8-10% CAEs
(w/w). The telomeres of all 11 subjects increased in length, sometimes dramatically. FIGS. 1-11 provide both the actual
telomere length (in kilobases) and the percentile scores of each subject for a clear visual illustration. The results were
surprising and unexpected. The only exceptions were two subjects (RC and MM) who stopped using AC-11®, each for
4to 5 months, in accordance with their doctor’s request (FIGS. 5 and 9). Theirs were the only telomeres which shortened.
Note that, it is normal for people in the study to have lost from 2 to 5% in their telomere length at their given ages during
the course of the study, if left untreated.

[0044] A pattern has emerged among 4 of the 5 people whose baseline scores started well below the mean. Each
score went up slightly in year 1, and then skyrocketed in year 2. This finding may reflect a delayed response to telomere
length repair in people with poorer telomere health. While another commercial product (see USPN 7,846,904, issued
December 7, 2010) proposes to lengthen telomeres by augmenting telomerase, without repairing DNA damage, this
approach is questionable since increasing a cell’s capacity to divide without decreasing DNA damage would be expected
to increase the chances of accumulating cell mutations and epigenetic changes, which could lead to cancer. Without
adequate repair, cells would replicate with an increased accumulation of damaged DNA, which can have a negative
impact on health, aging, and disease. The biological effects of AC-11® address this issue in that it both lengthens
telomeres and cellular life span while at the same time improving the natural DNA repair process.

[0045] The highest scoring patient went from an average telomere length to the 91st percentile in year 1, and then
tapered to 92% in year 2.

[0046] In orderto ensure compliance, AC-11® was delivered to each patient on a monthly basis. The selected sample
was a fairly homogenous sample: older, wellness oriented individuals with no known disease, ethical, and they paid for
their own telomere testing. AC-11® was provided free of charge to each individual.

[0047] Whole blood was drawn from each subject, at appropriate timepoints, processed, and analyzed by SpectraCell,
thereby providing unbiased data collection. Nucleated white blood cells were separated from whole blood and used to
measure telomere length. Genomic DNA was isolated from the white blood cells and telomere length was evaluated
according to the gPCR method of Cawthon, RM (2002, supra). The results were surprising and unexpected. Although
the statistical sample is small, a clear and strong trend emerged in year one and continued into year two (see Table 1).
Changes in telomere length is normally a very slow process, and is normally a shortening process (see standard curve
in Figs. 1-11).

Table 1. Telomere lengths for each subject before oral dosing and after one year and two years of 700 mg/day oral
administration of an aqueous extract of Uncaria tomentosa. Subjects RC and MM stopped using AC-11®, for 4to 5
months, in accordance with their doctor’s request. Abbreviations: kb = kilobases.

Subject Baseline (kb) Year 1 (kb) Year 2 (kb) Change (kb)
HV 5.68 6.09 7.24 +1.56
EL 4.57 4.57 5.52 +0.95
DB 7.71 8.16 8.48 +0.77
LC 6.4 7.98 8.06 +1.66
RC 6.02 6.55 6.36 +0.34
LM 5.15 5.37 7.44 +2.29
KC 6.01 7.06 7.63 +1.62
BD 5.67 6.62 7.74 +2.07
MM 6.89 6.62 7.11 +0.22
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(continued)

Subject Baseline (kb) Year 1 (kb) Year 2 (kb) Change (kb)

JM 7.27 7.7 7.67 +0.40

LCR 5.2 5.45 6.8 +1.60
EXAMPLE 2

Toxicity Studies

[0048] Oral AC-11®, administered to rats in doses of 40, 80, or 160 mg/kg/day for up to 8 weeks did not result in any
significant changes in food consumption or weight gain. Single oral doses up to 8 g/kg did not result in deaths or signs
of acute toxicity. Thus, an LDgg > 8g/kg in rats has been reported (Sheng et al. (2000) J. Ethnopharm. 69: 115-26). Rats
given 5 to 160 mg/kg of oral AC-11® showed no significant differences in liver, kidney, and spleen weights. One study
did note that rats that were administered 80 mg/kg of AC-11® plus doxorubicin had a significantly increased mean heart
weight coefficient (4.4%) when compared to animals that only received doxorubicin (0.386% = 0.034 vs. 0.369% =
0.022). However, there was no significant difference in mean heart weight when AC-11® plus doxorubicin treated animals
were compared to untreated controls. Histopathological examination of tissues obtained from rats treated with 5 to 160
mg/kg/day of AC-11® for up to 8 weeks did not reveal an increase in pathological changes.

Claims

1. A non-therapeutic method for increasing the length of telomeres in a cell of a subject comprising the step of using
an aqueous extract of an Uncaria species.

2. The method according to claim 1, comprising the steps of:
a) measuring the length of one or more telomeres of a cell sample from the subject;
b) administering to the subject an aqueous extract of an Uncaria species in an amount and for a period of time
sufficient to increase the lengths of said telomeres in said cells of said subject;
c¢) re-measuring lengths of one or more telomeres, wherein if the telomeres have not lengthened, administering
is continued; and
d) said method resulting in lengthening of said telomeres.

3. The method according to any one of claims 1 or 2, wherein said aqueous extract is administered orally.

4. The method according to any one of claims 1 to 3, wherein the amount of said aqueous extract ranges from about
200 mg/day to about 700 mg/day, and further wherein said aqueous extract comprises a minimum of 8% weight/weight
(w/w) carboxy alkyl esters (CAES).

5. The method according to any one of claims 1 to 4, wherein the amount of said aqueous extract is about 700 mg/day.

6. The method according to any one of claims 1 to 5, wherein the subject is a human.

7. The method according to any one of claims 1 to 6, wherein said aqueous extract is formulated into a delivery means
selected from the group consisting of a capsule, a tablet, a liquid, a syrup, and a gel.

8. Themethodaccordingtoany one of claims 1 to 7, wherein said agueous extract is formulated into a transdermal patch.
9. The method according to any one of claims 1 to 8, wherein said Uncaria species is Uncaria tomentosa.
10. The method according to any one of claims 1 to 9, wherein said subject is in good health.

11. The method according to any one of claims 1 to 10, wherein said period of time sufficient to increase the lengths of
said telomeres in cells of said subject is at least 6 months.
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12.

13.

14.

15.

16.

17.

18.

The method according to any one of claims 1 to 11, wherein said period of time sufficient to increase the lengths of
said telomeres in cells of said subject is at least 1 year.

The method according to any one of claims 1 to 12, wherein the transdermal patch delivers said extract to the subject
over an extended period of time.

An aqueous extract of an Uncaria species for use in increasing the length of telomeres in a cell of a subject having
Alzheimer's disease, Parkinson’s disease or cancer.

The aqueous extract for use according to claim 14, wherein said use comprises the steps of:

a) measuring the length of one or more telomeres of a cell sample from the subject;

b) administering to the subject an aqueous extract of an Uncaria species in a pharmaceutically effective amount
and for a period of time sufficient to increase the lengths of said telomeres in said cells of said subject;

¢) re-measuring lengths of one or more telomeres, wherein if the telomeres have not lengthened, administering
is continued; and

d) said method resulting in lengthening of said telomeres.

The aqueous extract for use according to any one of claims 14 or 15, wherein the amount of said aqueous extract
ranges from about 200 mg/day to about 700 mg/day, and further wherein said aqueous extract comprises a minimum
of 8% weight/weight (w/w) carboxy alkyl esters (CAES).

The aqueous extract for use according to any one of claims 14 to 16, wherein said aqueous extract is formulated
into a delivery means selected from the group consisting of a capsule, a tablet, a liquid, a syrup, a transdermal patch
and a gel.

The aqueous extract for use according to any one of claims 14 to 17, wherein said Uncaria species is Uncaria
tomentosa.
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The roots of Vicatia thibetica de Boiss are a kind of Chinese herb with homology of medicine and food. This is the first report
showing the property of the extract of Vicatia thibetica de Boiss roots (HLB01) to extend the lifespan as well as promote the
healthy parameters in Caenorhabditis elegans (C. elegans). For doxorubicin- (Doxo-) induced premature aging in adult mice,
HLBO1 counteracted the senescence-associated biomarkers, including P21 and yH2AX. Interestingly, HLBO1 promoted the
expression of collagen in C. elegans and mammalian cell systemically, which might be one of the essential factors to exert the
antiaging effects. In addition, HLBO1 was also found as a scavenger of free radicals, thereby performing the antioxidant ability.
Lifespan extension by HLBO1 was also dependent on DAF-16 and HSF-1 via oxidative stress resistance and heat stress
resistance. Taken together, overall data suggested that HLBO1 could extend the lifespan and healthspan of C. elegans and resist
Doxo-induced senescence in mice via promoting the expression of collagen, antioxidant potential, and stress resistance.

1. Introduction

Aging is a process which includes loss of physiological integ-
rity, impaired functions, and increased vulnerability to death.
The well-known hallmarks of aging include telomere attri-
tion, loss of proteostasis, mitochondrial dysfunction, cellular
senescence, and stem cell exhaustion [1]. In recent years,
some antiaging interventions like SA-f3-gal-activated pro-
drugs and senolytics have appeared [2-4]. Several senescence
biomarkers such as SA-B-gal, P16™"**, P53, P21, and

yH2AX have been widely used to evaluate the effects of anti-
aging interventions [5, 6]. Damage accumulation of extracel-
lular matrix (ECM) proteins is called a missing hallmark of
aging, which has recently drawn an increased attention [7].
Age-related changes of the components of the ECM (colla-
gen, elastin, MMPs, cathepsins, etc.) could disrupt the
homeostasis of tissue microenvironment and facilitate the
age-related pathologies [8, 9]. Therefore, the deterioration
in ECM integrity has been implicated in many age-
dependent diseases, such as diabetes, cancer, chronic liver
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diseases, and cardiovascular diseases [9-11]. Interestingly, it
was shown that the cells in a proper microenvironment could
live significantly longer than those in the original environ-
ment [12, 13], which also demonstrated the importance of
ECM maintenance.

Collagens are the most abundant ECM proteins in the
organism and major structural proteins of the ECM [14].
The structural changes and degradation of collagen are asso-
ciated with bone and cartilage deterioration, skin wrinkling,
and cardiovascular and respiratory malfunctions [15]. More-
over, it has been shown in the studies that the increased col-
lagen expression is a shared feature of multiple conserved
longevity pathways including Caenorhabditis elegans (C. ele-
gans) [11]. Promoting the biosynthesis of collagens during
the lifetime is required and beneficial for the healthy aging
and longevity in C. elegans [11]. Furthermore, deficits in
matrix metalloproteinases 14 (MMP14), which are involved
in collagen degradation and ECM remodeling, lead to prema-
ture aging, short lifespan, and aging in mice [16]. Taken
together, all these findings suggest that strategies for promot-
ing the collagen and ECM function systemically may be
widely applicable in delaying aging. However, interventions
which promote collagen and ECM function are rarely
reported.

Because of fast reproduction, short life cycle, and con-
served sequence with human genes, C. elegans was widely
used in antiaging drug candidate screening and novel target
finding [17, 18]. Moreover, many compounds, which were
discovered to have antiaging effects by the lifespan screening
on C. elegans, also showed similar effects in the mouse model
[19-21]. In our previous work, we screened our in-house
1,386 marketable drugs by testing their effect on the lifespan
of C. elegans and antihypertensive drug verapamil was found
to have an antiaging effect [22]. Herein, in this study, we
screened 836 extracts of Chinese herbal medicine which have
been used for a long time in humans. After several rounds of
lifespan tests, the extract of Vicatia thibetica de Boiss roots
(HLBO1) was selected for further study based on its activity
(Figure 1). The root of Vicatia thibetica de Boiss is a kind of
herb with homology of medicine and food, suggesting that
HLBO1 has a great potential to be developed for its antiaging
potential with high safety.

The common chemotherapeutic drug doxorubicin
(Doxo) has a proven effect of inducing senescence and liver
toxicity in rodents and humans [23]. In our study, Doxo-
induced premature aging mice were selected as the animal
models for evaluating the antiaging pharmacological effect
of HLBO1 via biomarkers of aspartate aminotransferase
(AST), alanine aminotransferase (ALT), P21, and yH2AX.
Then, the mechanisms of HLBOl were studied with the
emphasis on collagen expression, antioxidative ability, and
stress resistance.

2. Materials and Methods

2.1. Preparation of HLBOI Extract. 10kg of dried roots of
Vicatia thibetica de Boiss was crushed with a shredder,
decocted with distilled water for 3 times at 80°C with a
solid-liquid ratio of 1:10, 90min each time. Thereafter,
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extracts were combined, decompressed, and concentrated.
This protocol resulted in 4.55kg extract (HLBO1), and the
calculated yield was 45.5%.

2.2. C. elegans Maintenance and Strains. Strains were cul-
tured on nematode growth medium (NGM) agar plates at
20°C. C. elegans strains used in this study included the follow-
ing (name, genotype, and origin): N2, C. elegans wild isolate,
CGC; CF1038, daf-16(mu86) I, CGC; PS3551, hsf-1(sy441) 1,
CGC.

2.3. Lifespan Analysis. Live Escherichia coli strain OP50 was
used as the food source. Worms were synchronized and
transferred to NGM agar plates at L4 stage. We set control
and HLBO1-treated groups, with approximately 100 worms
per group. To avoid progeny hatching, 50 ug/mL of 5-
fluorodeoxyuridine (FudR) was added to the agar plates from
day 0 to day 10. Worms were treated with HLBO1 (200 yg/mL
or 400 ug/mL) only for the first 10 days. Worms were
counted every day and transferred to the fresh plates every
3 days until all the worms were dead. Worms which exhibited
exploded vulva phenotype and crawled off the plate were cen-
sored. Three replicate experiments were conducted. The log-
rank (Mantel-Cox) test was used to calculate the P values.

2.4. Thrashing Assay. Thrashing assay was conducted as
described previously [24]. Wild-type worms were cultured
on NGM plates as per the lifespan assay protocol. 20-30
worms were prepared for control and HLBO1 (200 pg/mL)
treatment groups, respectively. One worm was removed in
an M9 buffer drop on an NGM plate without OP50 bacteria
and allowed to adapt for 30s. Then, we counted the number
of thrashes for 30 seconds. Any change in the midbody bend-
ing direction was referred to as a thrash [25]. Thrashes were
counted on days 3, 8, and 13. Three replicate experiments
were conducted. A two-way ANOVA along with the Sidak
multiple comparisons test was used to calculate P values,
and error bars represented SEM.

2.5. Pharyngeal Pumping Assay. Pharyngeal pumping assay
was conducted as per previously reported protocol [26].
Wild-type worms were cultured on NGM according to the
lifespan assay protocol. 20-30 worms were prepared for the
pharyngeal pumping assay for control and HLBO1
(200 ug/mL) treatment groups. On days 1, 3, 5, 7, 9, and 11,
the pharyngeal pumping rate was tested by quantifying the
contractions of the pharynx over a period of 30 seconds.
Three replicate experiments were conducted. A two-way
ANOVA along with the Sidak multiple comparisons test
was used to calculate P values, and error bars represented
SEM.

2.6. Bacterial Growth Assay. Bacterial growth assay was con-
ducted as described previously [27]. Initially, a single colony
of OP50 was inoculated in LB media and cultured at 37°C.
For each group, 30 uL of bacterial culture (ODg;, = 0.4) was
dropped to an NGM plate and cultured at 20°C. Bacteria were
washed off using 1 mL M9 buffer, and OD,, was measured
every 12h, with M9 buffer as the blank control. OD was
assessed using a Hitachi U-2910 spectrometer with a
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Wild-type C. elegans N2
836 Chinese herb medicine extracts .
Lifespan extension
~30 worms/conc. (200 pug/mL
(200 pg/mlL) 150
70 Chinese herb medicine extracts
Lifespan extension

>15%

~60 worms/conc. (200 ug/mL)

14 Chinese herb
medicine extracts
~100 worms/conc.

(200, 400
ug/mL)

HLBO1

Lifespan extension > 15 %
P value < 0.001

The extract of Vicatia thibetica de Boiss roots

Vicatia thibetica de Boiss

The roots of Vicatia
thibetica de Boiss

FIGURE 1: A Chinese herbal medicine library-based phenotypic screening led to the discovery of HLBOI.

10 mm quartz cuvette. Three replicate experiments were con-
ducted. An unpaired t-test was used to calculate the P values,
and error bars represented SEM.

2.7. Mouse Experiments. Male C57BL/6] mice were pur-
chased from Beijing Vital River Laboratory Animal Technol-
ogy Co., Ltd. (Beijing, China). Mouse experiments were
conducted at Shanghai SLAC Laboratory Animal Co., Ltd.
(Shanghai, China), permit number: SYXK (Shanghai) 2017-
0008, contract no: SLAC2020072806. Animal procedures
were carried out according to the National Institutes of
Health (NIH) guidelines. Mouse experiments were con-
ducted as per the previously described protocol [28]. We
have tried three doses of Doxo (2mg/kg, 5mg/kg, and
10 mg/kg) to induce premature aging in adult mice. Among
them, the dose of 5mg/kg we selected showed both a high
survival rate and significant aging indexes. C57BL/6] mice
(10 weeks, male) were employed to evaluate the efficacy of
HLBO1 in vivo. In the blank group (n = 10), mice were treated
with saline. In the Doxo group (n = 15), mice were intraper-
itoneally injected with 5 mg/kg Doxo twice on day 0 and day
10 to induce aging. In Doxo-HLBO1 groups (n =15, each
group), the Doxo-treated mice were administered intragastri-
cally with HLBO1 (two groups: one received HLBO1: 1.2 g/kg
and another group received HLBO1: 2.4 g/kg) by intragastric
route from day 16 to day 37 (Figure 2). The doses of
HLBO1 were set by referring to the dose of Seselopsis extract
in an antifatigue effect [29]. Mice were administrated with

the same volume of extracts in 1.2 g/kg and 2.4 g/kg groups.
The mortality rate of mice after Doxo and HLBO01 treatment
was recorded. Thereafter, mice were sacrificed on day 38.

2.8. Test of AST and ALT Level. Plasma sample of treated and
untreated mice was collected and spun for 20 minutes at
3000rpm. The supernatant was collected and sent to
KingMed Diagnostics, Shanghai, China, for AST and ALT
measurement. The level of AST was tested according to the
protocol of aspartate aminotransferase (ASTL) (Roche). A
9 uL supernatant was incubated with 40 4L R1 and 17 uL
R2 and placed at 37°C for 10 min. Then, the absorbance of
NADH (A =340nm) was tested. AST could catalyze the
transfer of amino groups between L-aspartate and 2-
ketoglutaric acid and then generate L-glutamic acid and oxo-
butanedioic acid. Under the catalysis of malate dehydroge-
nase (MDH), oxaloacetic acid reacts with reduced
nicotinamide adenine dinucleotide NADH to form NAD".
The oxidation rate of NADH is proportional to the catalytic
activity of AST. The level of ALT was tested according to the
protocol of alanine aminotransferase acc. to IFCC (ALTL)
(Roche). A 9uL supernatant was incubated with 59 uL R1
and 17 uL R2 and placed at 37°C for 10 min. Then, the absor-
bance of NADH (A =340 nm) was tested. L-Alanine and 2-
ketoglutaric acid were catalyzed by ALT to form pyruvic acid.
Under the catalysis of lactate dehydrogenase, pyruvic acid and
NADH produce L-lactic acid and NAD™. The oxidation rate of
NADH was proportional to the activity of ALT. Therefore,
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levels of AST or ALT could be calculated by absorbance of
NADH (A = 340 nm). An unpaired ¢-test was used to calculate
the P values, and error bars represented SEM.

2.9. Quantitative Real-Time PCR. The samples of wild-type
worms, liver, and kidney were prepared, and their RNA was
extracted from them using the Total RNA Kit (OMEGA, Bio-
Tek). Then, reverse transcription was conducted using
Hifair® 1st Strand ¢cDNA Synthesis SuperMix for qPCR
(gDNA digester plus) (Yeasen, 11123ES10) by LongGene
A200. Hieff UNICON® Universal Blue qPCR SYBR Green
Master Mix (Yeasen, 11184ES03) was used to perform qPCR
(BIO-RAD, CFX96). Three replicate experiments were con-
ducted. An unpaired ¢-test was used to calculate the P values,
and error bars represented SEM.

2.10. Western Blot. Protein was extracted from cells, liver,
and kidney using RIPA lysis buffer (Yeasen). Protein extracts
were quantified by the BCA Protein Quantification Kit (Yea-
sen). For yH2AX, 12% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) was con-
ducted to separate the protein bands, and then, proteins were
transferred from gel to the PVDF membrane, blocked with
5% milk powder in TBST for 1 hour. Membranes were incu-
bated with specific antibodies for yH2AX (ab81299, Abcam)
and tubulin (ab6160, Abcam). For collagen, 8% SDS-PAGE
was run. Membranes were incubated with specific antibodies
for GAPDH (60004-1-lg, Proteintech) and Collagen I
(ab260043, Abcam). Then, immunocomplexes were detected
by Peroxidase-Conjugated Goat Anti-Rabbit IgG (H+L)
(33101ES60, Yeasen), Peroxidase-Conjugated Goat Anti-
Rat IgG (H+L) (33301ES60), and Peroxidase AffiniPure Goat
Anti-Mouse IgG (H+L) (33201ES60, Yeasen) followed by
enhanced chemoluminescence (New Cell & Molecular Bio-
tech). The membrane was finally photographed by imaging
techniques (Tanon-4600SF). Image] was used to quantify
the intensity.

2.11. RNA-seq. Wild-type worms of control and HLBO1
(200 pg/mL) groups were cultured according to the lifespan
assay. At day 10, worms were collected for RNA-seq in
Shanghai Majorbio Bio-pharm Technology Co., Ltd. Data
was analyzed using the free online platform of Majorbio
Cloud Platform. The accession number for RNA-seq
reported in this paper is GEO: GSE168322.

2.12. Collagen Assay. Collagen assay was conducted as
described previously [30]. Wild-type worms from the control
and HLBO1 (200 ug/mL) groups were cultured according to
the lifespan assay. At day 10, worms were collected and
washed by M9 for three times. Thereafter, collagen levels
were measured by detecting hydroxyproline using the
Hydroxyproline (HYP) Content Assay Kit (Solarbio,
BC0250) according to the manufacturer’s instructions. Three
replicate experiments were conducted. An unpaired ¢-test
was used to calculate the P values, and error bars represented
SEM.

2.13. Cell Viability Assay. Human embryonic lung fibroblast
MRC-5 cells were cultured in MEM (Gibco) supplemented
with 10% fetal bovine serum (Gibco), 1% sodium pyruvate
(BI), 1% NEAA (BI), and 1% penicillin-streptomycin (Yea-
sen). Human skin fibroblast CCC-ESF-1 were cultured in
DMEM (Gibco) supplemented with 10% fetal bovine serum
(Gibco) and 1% penicillin-streptomycin (Yeasen). Cells were
maintained in an incubator at 37°C under 5% CO,. For test-
ing cell viability, cells were seeded into a 96-well plate at 1
x 10* cells per well and treated with varying concentrations
of HLBO1 (6.25, 12.50, 25.00, 50.00, 100.00, and 200 yg/mL)
for 48 h. After that, CCK8 solution was added to the wells
and incubated at 37°C for 2h. Thereafter, absorbance was
measured at 450nm using a microplate reader (BioTek
Instruments, Synergy, H1). Three replicate experiments were
conducted. An unpaired ¢-test was used to calculate the P
values, and error bars represented SEM.

2.14.  2,2-Diphenyl-1-Picrylhydrazyl ~ (DPPH)  Radical
Scavenging Assay. DPPH radical scavenging assay was con-
ducted as described previously [31]. 100 4L HLBO1 of differ-
ent concentrations were incubated with 100 4L of 200 uM
DPPH solution in a 96-well plate. The plate was incubated
at room temperature for 30 min, away from any source of
light. Then, absorbance was measured at 517nm. A blank
without DPPH addition was prepared and measured for each
sample in a similar way. DPPH radical scavenging ability (%
)=[(Ag = A,)/A,] * 100. Ay and A, represent the absorbance
of the control and the sample, respectively. Three replicate
experiments were conducted.

2.15. Measurement of Reactive Oxygen Species (ROS) Level. 2'
,7'—dichlorodihydroﬂuorescein diacetate (DCFH-DA) (Yea-
sen) was used to detect the ROS level. DCFH-DA is a ROS
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sensor that gets deacetylated by intracellular esterases to
release a nonfluorescent compound (DCFH), which is later
oxidized by ROS into 2',7'-dichlorofluorescein (DCF) emit-
ting green fluorescence that could be detected by fluorescence
microscope to indicate the intracellular ROS levels [32].
Worms were cultured according to the lifespan assay. For
the whole worms, ROS level determination was conducted
by the previously described method [33]. About 30~40
worms of the HLBO1 (200 yg/mL) group and control group
were, respectively, collected at day 6 and washed three times
by M9 buffer. After that, the worms were incubated with
50 uM DCFH-DA in the M9 for 30 min. Fluorescence was
measured after that by an inverted fluorescence microscope
(Nikon Eclipse Ti2 microscope) at 100x magnification. Ima-
ge] was used to quantify intensity. Three replicate experi-
ments were conducted. An unpaired t-test was used to
calculate the P values, and error bars represented SEM. For
worm lysis solution, ROS levels were detected as described
previously [34]. About 500 worms of the HLBO1 (200 pg/mL)
group and control group were, respectively, collected at day
6, and washed by M9 buffer for three times to eliminate the
bacterial contamination. After that, worms were washed by
PBS once in a 1.5 mL tube. These worms were frozen in liquid
nitrogen immediately and then thawed immediately at room
temperature. Thereafter, sonication (UXI, JY92-IIN) was
used to further lyse these worms. Lysates were centrifuged
(12,000 rpm at 4°C for 15min) to obtain the supernatants.
Supernatants were quantified by the BCA Protein Quantifi-
cation Kit (Yeasen). Next, a supernatant containing 50 ug
protein and 200 4L of 250 uM DCFH-DA in PBS were incu-
bated together and scanned using a fluorospectro photome-
ter (Techcomp, F-4700) immediately. The ROS level was
determined by the fluorescence intensity. Three replicate
experiments were conducted.

2.16. Statistical Analysis. All quantitative data are presented
as the means + SEM. Statistical analyses included unpaired
t-test, log-rank (Mantel-Cox) test, and two-way ANOVA
along with the Sidak multiple comparisons test. All figures
were generated using GraphPad Prism 6 and Microsoft
Office.

3. Results

3.1. HLBOI Extends Lifespan and Healthspan of C. elegans. To
examine the antiaging effects of HLBO1, we first analyzed the
lifespan extension of C. elegans after treatment with HLBO1.
Compared to the control group, treatment with 200 yg/mL
HLBO1 led to a lifespan extension by 14.79% (*P < 0.05) in
C. elegans and that with 400 ug/mL HLBOl by 9.61%
(****P <0.0001) (Figure 3(a), Table S1). Based on the
above, we chose the concentration of 200 ug/mL for further
studies. We further monitored the age-dependent changes
of aging biomarkers to assess the physiological status of
aging in C. elegans. The effect of HLBO1 on the motility of
C. elegans was evaluated by counting the body bends times
every 30 seconds on day 3, day 8, and day 13 of adulthood.
HLBO1-treated groups showed a more intense swinging
motion, especially on day 8 (*P<0.05) (Figure 3(b)).

Pharyngeal pumping assay of C. elegans also showed that
HLBO1 treatment did not have any adverse effect on the
pumping rate (on days 1, 3, 5, 7, 9, and 11) and promoted
healthy parameter on day 11 significantly (*P <0.05)
(Figure 3(c)). The above results showed that HLB01 not
only extended the lifespan but also promoted healthspan
and physiological parameters in C. elegans. Furthermore,
the cell viability test in human fetal lung fibroblasts cells
(MRC-5) was investigated, and the results demonstrated no
cytotoxicity of HLBOl even at a high concentration of
200 pug/mL (Figure SI).

Next, to evaluate whether HLBO1 increased the survival
of C. elegans by reducing the bacterial growth, we examined
the growth of bacteria (Escherichia coli, OP50) treated with
HLBO1. Bacterial growth was found not to be inhibited by
HLBO1, which suggested the lifespan extension of HLBO1
was not due to the inadequate food provision (Figure 3(d)).

3.2. HLBO1 Counteracts Doxorubicin-Induced Aging in Mice.
We further studied the antiaging effect of HLBO1 in mam-
mals. The mortality rate of mice in the Doxo group (n = 15)
and Doxo/HLBOI (2.4 g/kg) group (n = 15) was 13.3%. There
were no mice that died in the blank group (n = 15) and Dox-
o/HLBO1 (1.2g/kg) group (n=15). As a drug with strong
chemical toxicity, Doxo increased the plasma levels of AST
and ALT, which are known biomarkers for liver damage.
HLBO1 counteracted the Doxo-induced elevation of plasma
AST (1.2g/kg, N.S;; 2.4 g/kg, P=0.0692) and ALT (1.2 g/kg,
*P <0.05; 2.4g/kg, N.S.) (Figures 4(a) and 4(b)). Moreover,
aging-related P21 and yH2AX were detected. Compared with
the Doxo group, HLBO1 decreased this transcriptional upreg-
ulation of p21 in the liver remarkably (1.2 g/kg, N.S; 2.4 g/kg,
***P <0.001) (Figure 4(c)). Excitingly, HLBO1 downregu-
lated the protein levels of yH2AX in the liver (1.2 g/kg, P =
0.0594; 2.4 g/kg, **P <0.01) (Figure 4(d)). Together, these
results demonstrated that HLBO1 is effective in reducing
Doxo-induced aging along with the upregulation of AST,
ALT, p21 mRNA, and yH2AX protein levels.

3.3. HLBOI Promotes Collagen Expression in C. elegans and
Mammalian Cell. To decipher the mechanism of HLBO1-
mediated antiaging effect, we used RNA-seq to analyze which
process was altered by HLBO1 in C. elegans. Kyoto Encyclo-
pedia of Genes and Genomes (KEGG) analysis showed that
the longevity-regulating pathway was dramatically changed
(Figure 5(a)). Gene Ontology (GO) enrichment analysis
and classification showed that HLB01 mainly affected the
collagen-based extracellular matrix (Figure 5(b)). We further
examined transcriptional level changes of collagen genes via
quantitative real-time polymerase chain reaction (qRT-
PCR) analysis and found that mRNA expression of col-12,
col-77, and col-138 was significantly increased in HLBOI-
treated worms (Figure 5(c)). Moreover, we also observed
the increased level of collagen in HLBO1-treated worms as
detected by the level of hydroxyproline, compared to the con-
trol group (***P < 0.001) (Figure 5(d)).

In order to explore the collagen level in mammalian cells,
we chose a strain of human skin fibroblast (CCC-ESF-1) for
evaluating the collagen-promoting ability of HLBO1. In the
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F1GURE 3: HLBO1 extends lifespan and healthspan of C. elegans. (a) HLBO1 increased the lifespan of C. elegans (wild-type) at 200 ug/mL and
400 pg/mL. (b) HLBO1 promoted the ability of body bends of wild-type worms, significantly on day 8. (c) HLBO1 increased the pharyngeal
pumping rate of wild-type worms significantly on day 11. (d) HLBO1 did not reduce bacterial growth. The log-rank (Mantel-Cox) test was
used to calculate the P values in (a). A two-way ANOVA along with Sidak multiple comparisons test was used to calculate P values, and
error bars represented SEM in (b) and (c). Multiple ¢-tests were used to calculate the P values, and error bars represented SEM in (d). *P

<0.05; ****P < 0.0001.

first place, we conducted a cell viability assay to evaluate
appropriate concentrations of HLB01. HLBO1 showed no
toxicity to human skin fibroblast and had no influence in cell
proliferation of human skin fibroblast except at the concen-
tration of 200 ug/mL (Figure 5(e)). In order to avoid the
influence of cell proliferation to collagen level, we tested col-
lagen protein levels in human skin fibroblasts at concentra-
tion of 50ug/mL but not 200ug/mL in human skin
fibroblasts. As a result, western blotting of collagen also
revealed that the protein levels of collagen (type I) are much
higher in the HLBO1-treated group than in the control group
(****P <0.0001) (Figure 5(f)). In summary, we found an
antiaging extract which promoted collagen protein levels
both in vitro and in vivo. These results suggested that the
antiaging effect of HLBO1 is related to the upregulation of
collagen.

3.4. HLBOI Decreases Oxidative Stress in C. elegans. Next, we
tested the radical-scavenging effect of HLBO1 to evaluate its
antioxidant  property in  wvitro. HLBOl  showed
concentration-dependent DPPH radical scavenging ability
(Figure 6(a)). Next, to examine whether the antioxidative
capacity is maintained in vivo, we tested the ROS level via
the DCFH-DA assay in C. elegans. Compared to the control
group, the ROS level in whole worms of the HLBO1-treated
group was significantly decreased on day 6 (***P <0.001)
(Figures 6(b) and 6(c)). The ROS level was detected by
another protocol also wherein worm lysis solution of differ-
ent groups was collected, respectively, incubated with
DCFH-DA, and detected by a fluorospectro photometer. It
was observed that the ROS levels gradually increased with
the time, but the level of the HLBO1-treated group was lower
than the control group (Figures 6(d) and 6(e)). Therefore, it



Oxidative Medicine and Cellular Longevity 7

0.0692 N.S
_ ET N.S. e %
400 100
A ]
e . y
300 80 " A v
n
~ ] A
= o Toze
=200 % =) 5 .
= 2
< “ah " A % 5 wd o " A
A mgm A
YYVVSIR A ¢ < u Y v
100 © vy é‘ “lo Yy
20 o
0 T T l\ I\ 0 T T T T
N o % ) NG o D D
S 3§ N NG S S N g
F 9 &% 3 F P \,v% )
o >
> > S S
< P P <P
Y S
A & &
QO"V Qo‘v Qo,,Vo QOA"O
(a) (b)
2
3
<
&
LE
[
2
=
)
&~
()
4 - Liver
£
Doxo Doxo 5 4 " 0.0594
Blank Doxo HLBO01 HLBO1 & _—
(1.2 g/kg) (2.4 g/kg) % L
=
g 24
) L = A
Tubulin = I
=
3 o 1
SR = = A Y
0 -
yH2AX
0 T T .\ T
F 3] ) \@o
%\’bo 0‘%’ ,»Qé b»q‘\’
’ O
N %Q\
3 N3
%gb 49?2\
QO QO

(d)

F1Gure 4: HLBO1 counteracts Doxo-induced premature aging in adult mice. (a) HLBO1 intended to counteract the Doxo-induced elevation of
plasma AST levels. (b) HLBO1 (1.2 g/kg) significantly counteracted Doxo-induced elevation of plasma ALT levels. (c¢) HLBO1 (2.4 g/kg)
decreased the Doxo-induced increase of p21 mRNA level. (d) HLBO1 (2.4 g/kg) downregulated Doxo-induced increase of yH2AX
expression. An unpaired ¢-test was used to calculate the P values, and error bars represented SEM in (a-d). *P < 0.05; **P < 0.01; ***P <
0.001; N.S.: not significant.
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Ficure 5: HLBO1 promotes collagen expression in C. elegans and a mammalian cell. (a) KEGG analysis between the control and HLBO01-
treated groups in C. elegans revealed that HLBO1 mainly affects the longevity-regulating pathway. (b) GO enrich analysis between the
control and HLBO1-treated groups in C. elegans revealed that HLBO1 mainly affected the collagen-based extracellular matrix. (c) HLBO1
upregulated the expression of collagen-related genes (col-12, col-41, col-63, col-77, col-138, and col-175) in C. elegans. (d) HLBO1
(200 ug/mL) increased the expression of collagen in C. elegans by detecting the level of hydroxyproline. (e) The cell viability of HLBOI in
human skin fibroblast (CCC-ESF-1). (f) HLBO1 (50 ug/mL) upregulates the expression of collagen type I in human skin fibroblast. An
unpaired ¢-test was used to calculate the P values, and error bars represented SEM in (c-f). *P <0.05; **P <0.01; ***P <0.001; ****P <

0.0001.

could be inferred that HLBO1 decreased the oxidative stress
and showed antioxidative ability in C. elegans.

3.5. HLBOI Enhances Stress Resistance of C. elegans via HSF-1
and DAF-16. Since HLBO1 can extend the lifespan of C. ele-
gans and decrease the ROS accumulation during aging, the
related longevity signal pathway was explored. We found that
HLBO1 failed to extend the lifespan in the daf-16 mutant
(Figure 7(a)). Additionally, we also found that HLBO1
increased the mRNA levels of superoxide dismutase (sod)
genes including sod-2, sod-3, and sod-4 (*P<0.05, *P<
0.05, and ****P < 0.0001), which are the downstream target
genes of DAF-16 and encode antioxidant enzymes
(Figure 7(b)). These results suggested that HLBO1 increases
the lifespan of C. elegans via activation of DAF-16 and its
downstream antioxidant genes.

HSF-1 mainly regulates the expression of heat shock pro-
tein (hsp) genes to resist the heat stress. We found that

HLBO1 treatment no longer extended the lifespan in the
hsf-1 mutant (Figure 7(c)). In the HLBO1-treated group, hsp
genes including hsp-16.2, hsp-16.41, and hsp-70, were upreg-
ulated (***P<0.001, ****P<0.0001, and *P<0.05)
(Figure 7(d)). Together, these results suggested that HLB01
extends the lifespan of C. elegans related to HSF-1 and
increases the heat stress resistance.

4. Discussion

The root of Vicatia thibetica de Boiss has medicinal and edi-
ble value in northwestern Yunnan Province for many years
[35, 36]. Homology of medicine and food makes it a potential
herbal medicine with high safety. Here, we analyzed the effect
of HLBO1 on the lifespan and the healthspan including pha-
ryngeal pump and swing of C. elegans. As per our knowledge,
this is the first report investigating the lifespan-extension and
health-improving effect of HLBO1 (Figure 3). Not limited to
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worms, we evaluated antiaging effects in Doxo-treated mice.
As the most efficient anthracycline antibiotics used in che-
motherapy, Doxo can destroy the cancer cells by blocking
the action of the enzyme topoisomerase-II, which prevents
the repair of DNA molecules to damage the cell [37]. The
senescence-activating effect of Doxo may involve the short-
ening of telomere length, inhibition of topoisomerases,
inducing nucleosome instability, and damaging to DNA
[38, 39]. Many works reported that Doxo-induced senes-
cence showed an upregulation of P16™? L1a, IL6, FOXO4
foci, and AST [28]. Doxo also induced the upregulation of the
p21 mRNA level in the liver, which is a cyclin-dependent
kinase inhibitor and consistently upregulated in response to
different aging stimuli [40]. Here, we reported HLBO1 could
neutralize the Doxo-induced upregulation of AST, ALT,
p21 mRNA, and yH2AX protein levels (Figure 4). yH2AX
accumulation is a mark of double-strand DNA breakage
which subsequently stimulates the expression of the cyclin-
dependent kinase inhibitor P21, an essential mediator of
senescence-associated cell cycle arrest [41, 42]. Our results
suggested HLBO1 counteracted nuclear DNA damage by acti-
vating the DNA damage repair pathway, which subsequently
alleviates cell cycle arrest and liver damage in Doxo-induced
premature aging. Pharmacological evaluation in senescent
mice makes HLBOI an antiaging candidate for human health.

Next, in order to further explore the mechanism of the
antiaging effect induced by HLBO1, transcriptome sequenc-

ing was conducted. It was found that HLBO1 significantly
upregulated the transcription of collagen genes and pro-
moted collagen levels in C. elegans. Besides, HLBO1 also pro-
moted the expression of collagen type I in human fibroblast
(CCC-ESF-1) (Figure 5). It is well-known that collagens are
the most abundant and significant ECM proteins in the
organism and tissues [14]. A previous study has showed that
enhancement of collagen production and ECM remodeling
are essential signatures for longevity in worms [11]. The
decline in collagen production during aging was observed
across the species [30]. For instance, senescent human
hepatic stellate cells (HSCs) have reduced the expression of
collagen mRNA and protein [43, 44]. Since the enhancement
of collagen production can delay aging and promote longev-
ity [11], the increased expression of collagen induced by
HLBO1 might be one of the essential factors which was
responsible for the longevity-promoting property of HLBO1.
In addition, our findings also suggested that HLBO1 could
be developed as a natural substance which could promote
the collagen and ECM function systemically to exert its anti-
aging effects.

At present, researches have showed that excess ROS in
the organism could cause lipid peroxidation, DNA damage,
and changes of proteins, and the oxidative damage caused
by ROS was the main factor leading to the aging of the organ-
ism [45]. In order to reduce oxidative damage, several studies
have been conducted to develop antioxidants [46, 47]. The
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F1GURrE 7: HLBO1 enhances stress resistance of C. elegans via HSF-1 and DAF-16. (a) HLBO1 did not extend the lifespan of daf-16 mutant
worms. (b) HLBOI upregulated the DAF-16-targeted genes (sod-2, sod-3, and sod-4). (c) HLBO1 did not extend the lifespan of hsf-1
mutant worms. (d) HLBO1 upregulated the heat shock protein-related genes (hsp-16.2, hsp-16.41, and hsp-70). The log-rank (Mantel-Cox)
test was used to calculate the P values in (a) and (c). An unpaired t-test was used to calculate the P values, and error bars represented
SEM in (b) and (d). *P < 0.05; **P < 0.01; ****P < 0.0001; N.S., not significant.

roots of Vicatia thibetica de Boiss have diverse components
including umbelliferone, bergapten, ferulic acid, apigenin,
B-sitosterol, daucosterol, and flavonoid [35, 48], which led
us to test the antioxidative ability of HLBO1. We found that
HLBO1 has the free radical scavenging and ROS reducing
ability (Figure 6). It means that the antiaging effect of
HLBO1 is related to the antioxidant pathway to some extent.
It is well known that DAF-16 is a transcription factor known
to regulate the oxidative stress tolerance and extend the life-
span in C. elegans [49]. Many DAF-16 target genes encoding
proteins have been predicted to protect the cells from oxida-
tive stress [50, 51], and they are related to HSF-1 which has
been known to activate the expression of stress resistance
genes for promoting longevity in C. elegans [52]. We
explored the signal transduction mechanism related to stress
resistance. The results showed that the lifespan extension in
C. elegans induced by HLBO1 is DAF-16 and HSF-1 depen-
dent. HLBO1 upregulated the downstream genes of DAF-16
and HSF-1 to enhance the oxidative stress resistance and heat

stress resistance (Figure 7). Although insulin/insulin-like
growth factor-1 signaling implicates collagen remodeling in
longevity in C. elegans [11], the relationship between DAF-
16 and collagen is unknown. Therefore, whether HLBO1 pro-
motes the expression of collagen dependent on DAF-16
needs to be further explored.

5. Conclusion

After lifespan screening of 836 extracts from Chinese herbal
medicine in C. elegans, HLBO1 was selected for antiaging
studies. We for the first time discovered that HLBO1 extended
the lifespan and healthspan of C. elegans as well as neutral-
ized the Doxo-induced premature aging in adult mice. Anti-
aging effects of HLBOl were mediated via upregulated
collagen, antioxidant ability, and stress resistance, indicating
HLBO1 is beneficial for aging and aging-related disease and
could be further developed as a potential Chinese herbal
medicine for antiaging in the future. However, the
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interrelationship in collagen upregulation, antioxidant abil-
ity, and stress resistance is unclear, and how these three anti-
aging mechanisms work in Doxo-induced premature aging
mice needs further exploration.
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Ashwagandha
Enhances
Telomerase Activity

L4KL

THEORY:

Ashwagandha (Withania somnifera
Dunal) has been used for millennia as a
rasayana or “life extender” in Ayurveda.
Researchers are studying how to extend
healthy lifespan, including looking at some of
the physiological factors that may accelerate
the aging process, specifically, the degradation
of telomeres. While ashwagandha has been
suggested to increase longevity, there is only
limited scientific evidence to support the
claim. Could ashwagandha’s anti-aging effects
be attributed in part to an ability to enhance
telomerase activity?

OUTCOME:

PARAMETERS:

Human Hela cells were
maintained in DMEM, supplemented
with 10% fetal bovine serumin a
humidified incubator. Cells (40%-60%
confluency) were treated with various
concentrations—10 pg, 50 pg, 100 pg,
500 ug, 5 mg—of ashwagandha root
extract (as KSM-66 Ashwagandha from
Ixoreal Biomed). Cells were collected and
centrifuged, and detection of telomerase
activity assayed using the PCR-based
telomeric repeat amplification protocol
(TRAP assay).

Ashwagandha root extract powder, at a concentration of 4 %
a only 10 ug to 50 pg, increased telomerase activity by 5

upon 72 hours
of exposure.

There was a dose-dependent increase in telomerase activity up to P
50 pg/ml, after which activity started decreasing as the preparation

is a powder suspension.

Telomerase activity was highest between 50 ng and 5 ug of total
protein of cell extract, with 2 pg as the ideal protein concentration

in this study.

i |

Researchers concluded: “Ashwagandha root extract is able to enhance
telomerase activity,” and suggest it should be evaluated under various
/Q adult onset disease conditions for its holistic protective effect.

NIZ IMPACT:

zR Aging-associated telomere shortening is well documented, while
" A telomerase, which is needed to maintain telomere length through
replication, is essential for healthy life.! Several factors, including stress,

aggravate the senescence process through telomere shortening.?

As ashwagandha exerts anti-stress activities, its ability to enhance
telomerase activity suggests it may indeed function as a “life extender”
v Y by supporting the body’s natural processes.
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