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[TonydyeHne M XapaKTEPUCTUKA KaJJIyCHBIX U CYCIHEH3UOHHBIX
KYJIbTYp KIETOK sIKOpHeB ctentwomuxcsa Iribulus terrestris L. —
NPOAYLEHTAa CTEPOUAHBIX TJIMUKO3UIOB

Tomy4ens! kayurycHast ¥ CyCIICH3HOHHASI KYIBTYPBI KIICTOK Tribulus terrestris L. — 1eH-
HOT'O JICKAPCTBEHHOI'0 PacTEHUs, IPOLYLUPYIOIIEro CTepoUJHbIe NIHKO3H bl CeMeHa

T. terrestris, pacTeHUs] aMEPUKAHCKOH MOMy/ISLUH, OBLIN MCHOMB30BAHBI B KAYE€CTBE IKC-
mw1aHToB. MccneqoBaHbl 3aKOHOMEPHOCTH IOTYy4YEeHUS KyIbTYp KIETOK 9TOrO BUAA PacTe-
HHH, a TaKKe POCTOBBIE M OMOCHHTETHUECKHE XapaKTePUCTUKH TTOJyYEeHHBIX JIMHUIL. [To-
Ka3aHO, YTO ONTUMAIBHOM CPENoi AT MOTyUeHNs KAJLTyCHOH KyIbTYpPbI KJIETOK H €€ BbI-
pamuBanus sBisieTcs cpena MS, coxeprxamast 2,0 mr/n 2,4-J1 u 1,0 mr/a BAIL Cycnensu-
OHHasl KyJIbTypa KJIETOK, IT0Jy4eHHasl Ha )KUJIKOH Cpe/ie TOro XKe COCTaBa, XapaKTepH3yeT-
sl BBICOKUMHU POCTOBBIMU XapaKTEPUCTUKAMH (MAaKCHMAJIbHOE HAKOIJIEHHE CyXOi OHO-
Macchl — 110 13 1/, ylieibHAas CKOPOCTh POCTa B IKCIOHEHIMAIBHOM hase — 0,24 cyT ',
JKoHOMHUeCKHi kor(durment — 0,39), KoTopble COXPAHIIOTCS B POLECCe [UTUTEIBHO-
r0 cyOKyapTHBHpOBaHuUs (Oojee AByX jeT). OCyIIeCTBICHO BBIPAIINBAHHUE MOTyUYCHHOM

KyJIBTYPBI KJIETOK B OMOpeakTope J1adopaTopHOro o0beMa B IMONYNPOTOYHOM PEKHME.
[IpoBeneH CKpUHUHT NONYyUYEHHBIX KYJIBTYp KJIETOK Ha COAEP’KaHUE CTEPOUIHBIX ITIMKO3U-
JI0B. B KanmmyCHBIX KyImbTypax CTepOHIHbIE ITUKO3HBI 00HApyKeHbI He Opiin. B cycmen-
3HOHHOI KynbType Kietok Merogamu TCX n UPLC ESI MS noka3zano namane ¢ypocra-
HOJIOBBIX INIMKO3UI0B, KOJIMYECTBO KOTOPBIX YBEIMYMBACTCS [10 MEPE BBIPALIMBAHUS KYJlb-
Typsl. [lomyueHHbIe pe3yIbTaThl COMIACYIOTCSI C THTIOTE30l 00 aBTOCENEKIUU KIETOK, CO-
JIeprKaluX COeTHMHEHNS, CIIOCOOCTBYIONIHE PO epanuy KIeTOK in Vitro.

Knroueswie cnosa: KaJUTyCOI'€HE3, CTEPOUIHBIC TNIMKO31/Ibl, CYCIICH3UOHHAs KYJIbTypa KJIIETOK, AKOPIbI CTCIIOIIUECS, Tribulus

terrestris L.
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Kynbrypa KIIeTOK BBICHIMX pacTeHUH Tpagunu- anddepeHInpoBaHHbIX Kietok [1]. B OuorexHomno-
OHHO PacCMaTPUBAETCS KaK YHUKAJIbHAS OKCTIEPUMEH-  THU UCIOJIBb30BAHHUE KYJIBTYpPbI KIETOK PAaCTEHHH in
TaJIbHO CO3JaHHAs OWoJOruyecKas cUcTeMa, Ipel-  Vitro IpeiacTaBisieT co0ol 3PQeKTUBHBIN COCO0 mo-

CTaBIISIIOIIAsT COOOH TETepOreHHYIO

IMOMyJIAIUI0 JC-  JIYUYCHHSA DKOJIOTMYCCKH 4YHCTOIO BO300HOBIIIEMOTO

Xannel Mapust TepentbeBHa, Koukun Jmurpuii Bnagumuposuy, Tomuioa Ceetrnana BsiueciiaBoBHa, 'anumes bopuc Anekcanapo-
Bu4, CyxanoBa Enena Cepreesna, Kiromun Annpeit 'ennanseBuy, MBanos Urops Muxaitnosuu, HocoB Anexcannp Muxaiinosuu.

Cnucox coxpawenuii: BAIl — 6-6ensunamunonypus; 2,4-J1 — 2,4-nuxnoppenokcuykcyctas kucinora; HYK — a-nadTmnykcycunas
kucnora; TCX — ronkocnoitnas xpomarorpadus; UPLC ESI MS — ynsrpasddextuBHas sKUAKOCTHAS XpoMaTorpadus ¢ Macc-Crek-
TPOMETPHYECKUM JCTEKTHPOBAHUEM ITPU HOHHU3ALMHU DJIECKTPOPACTIBIICHHEM.

* ABTOp U1 IEPETIUCKH.



XAH/[bIu op.

PacTUTEIBHOTO CHIPbS C BBICOKUM COJIEPIKAHUEM Lie-
JIEBBIX OMOJIOTMYECKNU-aKTUBHBIX BEIIECTB HE3aBUCH-
MO OT KJINMaTHYECKUX U MOTOAHBIX ycinoBuit. [1pn Ha-
JIMYUU BBICOKOA((EKTUBHOTO IITAMMA-IIPO/yIIEHTa
9Ta TEXHOJIOTHS 00eCIeYNBaCT CO3aHUEe OPUTHHAIb-
HBIX IIPETapaToB, MOJyYeHHE KOTOPHIX Ha OCHOBE Tpa-
JTUITMOHHOTO CHIPBSI HEPEHTA0ETHHO MIIH HEOCYIIECT-
BUMO. B 3TOM acriexTe mepcreKTUBHON MOXET OBbITh
KyJbTypa KJIETOK JIEKAPCTBEHHOTO PACTEHHUS SIKOPLIEB
cremowmuxcs (Tribulus terrestris L.).

W3BecTHO, 9TO IKCTPAKTHI U3 ITUX PACTCHHUU
SIBIITFOTCST 0€30TIaCHBIM U 3P PEKTUBHBIM CPEICTBOM
[IPH JICUCHUH JKCHCKOHM CeKCyallbHOM TUCHYHKIINH, a
TaKKe UCIIOJIB3YIOTCS B KauecTBe adponusuaxa Juis
MY’K4UH [2, 3]. BogHblil akcTpakT 1. ferrestris Ipy Ha-
PYKHOM TIPUMEHEHHW TIPOSIBIISIET PaHO3aKUBIISIO-
mme cBoiicTsa [4]. Bo MHOTHX padoTax mokasaHo mpo-
THUBOOITYXOJIEBOE JICHCTBUE OMOIOTHYECKH aKTHBHBIX
COEIMHEHUH SKOPILIEB; B YaCTHOCTH, BOJAHBIM 3KCT-
paxt Tribulus ssp. Onokupyet nponudeparuio 1 uH-
QYIHAPYET aroInTo3 PAaKOBBIX KIETOK MEUeHH YesoBe-
Ka 3a c4eT MHruOupoBaHus curHaisHoro mytu NF-kB
[5—7]. Ha ocHoBe nHTaKTHOTO pactenus 1. terrestris
CO3JaH P JICKapCcTB U 0oJiee ABaAIATH HY TPULICBTH-
koB. B wacTHOCTH, JIekapcTBeHHBIE Tpenaparsl Tribes-
tane m Vitanone UCTIONB3YIOT IS JICUCHUST UMITOTCH-
1uy, a Tribusaponins u Xin-CAK Shutong — st Jie-
YEHUSI Cep/ICeIHO-COCYANCTBIX 3a0oneBanuii [§, 9]. B
HacTosilIee BpeMsl BhIITycK npenaparos Tribestane n
Tribusaponins nmpaxTHYECKH MPEKPaIIeH N3-3a OTCYT-
CTBHS CBHIPbS.

YcraHOBICHO, 4TO B OOJBIIMHCTBE CIy4yacs
Ouonornyueckasl akTHBHOCTb SKCTPaKTa SIKOpLEB 00y-
CJIOBIIEHA HAJTMYUEM OOITMPHOTO Ha0opa CTePOUTHBIX
muko3uaoB [6, 10, 11], OCHOBHBIMH arTHKOHAMH KO-
TOPBIX SIBIISIOTCSI TATOTGHUH, HEOTUTOTCHNH, TUTOTe-
HUH, HEOTUTOT€HUH, TeKOT'€HUH, HEOI'€KOT€HHUH, THOC-
TeHHH, XJIOPOT€HUH, PyCKOT€HUH U capcacarnoreHuH
[8]. CocTaB cTepOMIHBIX NNIMKO3UI0B HHTAKTHOIO pac-
TEHUS 3aBUCHUT OT apeasia mpouspactanus [12].

EcTb cBefieHNs 0 MONMy4eHNN KaTyCHBIX Kyib-
Typ sikopues [13—16]. B ogHoit U3 paboT nokazaHo
HAJIMYUE CIIUPOCTAHOJIOBBIX ITMKO3U/IOB B KaJLTyCax
Tribulus terrestris L. [14]. ComtacHO aHAIU3y TOCTYTI-
HOM JIUTEpaTyphl, CyCIIEH3UOHHAs KyabTypa 1. terrest-
ris paHee moiydeHa He Oblia. CUCTEMAaTUYECKHUE HC-
CJIEJIOBAHUS KYJIBTYp KJIETOK SIKOPLIEB CTEIIOIIUXCS
JIO HACTOSIIIETO BPEMEHH TaKXXe HE MPOBOIHIHCH.

TakuM 00pa3oM, METbI0 HACTOSIICH pPabOTHI
OBLIIO MMOTyUeHHE KAJTYCHBIX U CYCIIEH3MOHHBIX KYJIb-
Typ KIETOK 1. ferrestris, BbIACHEHHE 3aKOHOMEPHOC-
Tel KaJTyCOTe€HEe3a, a TaKXKe HCCIENI0BaHHE pPOCTO-
BBIX U OMOCHHTETHYECKUX XapaKTEPUCTUK MOIYUYCH-
HBIX KYJIBTYp KIJIETOK.

YCJIOBUS DKCIIEPUMEHTA

B xauecTBe IKCILIAHTOB OBUIM HCIIONIL30BA-
HBI ceMeHa pactenust Tribulus terrestris L. amepukaH-
cxkoit momyssiuuu (Forever Seeds Company, CIIA).
CemeHna mpombIBasd jerepreHToM TBUH-80 (Sigma,
I'epmanwnst) u crepunmzosanu 0,1%-HeIM pacTBOpOM
cynemsl (Sigma) B Teuenue S5 muH. [locne crepunuza-
UM MaTepuall OMOJIACKUBAIM, a 3aTeM TPEXKpaTHO
OTMBbIBaJIK B TeueHue 20 MUH B CTEPUIbHON JUCTUII-
nmupoBaHHOM Boje. [locie aToro cemeHa HCIoab30Ba-
JIM B KQ4€CTBE IKCIJIAHTOB, IOMEIIasi KX Ha arapu3o-
BaHHYIO MIUTATEIBHYO CPELy.

151 SKCTIePUMEHTOB MCIIOJIb30BAJH Cpexy
MS, npuUroTOBICHHYIO IO CTaHAAPTHOM MPOMHUCH
[17] ¢ mo6aBmenneM ruaponusara kazenna (0,5 r/m)
(Merck, I'epmanus), unoszura (0,1 /i) (Merck), 3%
caxapo3ssl (Merck) u arapa (0,5%) (Merck). Mcnomnb-
30BaJI 9 BAPHAHTOB CPEl, Pa3IMYAIOIINXCS 10 COCTa-
BY PETYJITOPOB POCTA, B KAYECTBE KOTOPBIX IPUMEHSI-
m o-HadTmnykeycHyto kuciory (HYK) (Merck) B
xoHreHTpanuu 0,2—2,0 mr/n, 2,4-muxioppeHOKCH-
yKcycHyto Kucnoty (2,4-J1) (Merck) B KOHIIEHTpaIuu
1,0—2,0 mr/m, kunetun (Merck) B KOHLEHTpauuu
0,15—1,0 mr/n u 6-6ensunamunonypu (BAII)
(Merck) B xonnerTparmu 0,15—2,0 mr/m.

KynbTuBupoBaHue npoBoaniIv B TEMHOTE IIPU
26°. Huxn cyOKyIbTUBUPOBAHMS TSI KAJTYCHBIX KY-
JBTYP KIETOK COCTABIISUT 4 HEll, ISl CyCIIEH3UOHHBIX
— 2 nen. Jlnst BeIpaliMBaHus KaJUTyCHBIX KYJBTYP UC-
nosip3oBany yamku [lerpu (d=60 mm), KaJutyc npw re-
pecese aenunu Ha 4—~6 yacteil. CyCrieH3MOHHBIE KY-
JBTYPBI KJIIETOK BBIPAIIMBAJIH B Koj0ax o0bemom 250
Mt (30—40 mu cycrieH3un B kosbe) Ha kavainke (100
00/MuH). J{ist mepeceBa MPUMEHSJIM COOTHOIICHUE
HMHOKYJIIOM—CBExXast cpeza, paBHoe 1:10.

AnmnaparypHoe BbIpallUBaHHe OCYIIECTBIIS-
1 B 7-mUTpoBOM JaboparopHoMm Ouopeaktope dup-
Mbl New Brunswick Scientific (pabouuii o0bem 5 1),
C MEXaHMUYECKUM IEPEMEIIUBAIOIIIM yCTPOHCTBOM
TUIIA «MOPCKOH BHUHT» (CKOPOCTb MEpPEMEIINBaHMS
200 o6/Mun). Jlms 6apOoTaka UCTIONB30BATN OPUTH-
HaJILHOE TOUYCYHOE adpUpylollee YCTPOHCTBO Ha
OCHOBE CHJIMKOHOBOT'O MIJIAHra C MHKPOOTBEPCTHUSI-
MH; UHTEHCHUBHOCTb a’pauuu cocrasisiia 1,0 n/mun
(0,2 0oObeM BO3Myxa/00BEM CpPENbBI/MUH), TEMITEPATY-
pa KyJIbTHBHpPOBaHUsA 26°.

JA71st XapakTepUCTHKU CyCIICH3MOHHBIX KYJIBTYD
OTIpEeNeIsUIN TaKHE TTapaMeTphl, KaK CoJep)KaHUe Cy-
X0 1 ChIpoit Omomacchl B 1 J1 cpe/ibl, KOHIIEHTPAIIHIO
KJIETOK B CPEJIE U JKU3HECTIOCOOHOCTh KYJIBTYPBI.

J1s1 onipeniesieHusl co/iepKaHNUs CHIPO M Cy-
X0ii 6uomacchl (GUKCHPOBAHHBII 00BEM CYCHEH3UH
(e menee 15 M1 B TpeX OBTOPHOCTSIX ) (PHIIBTPOBAIIN
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MOJIYUEHUE U XAPAKTEPUCTUKA KAJUIYCHBIX 1 CYCIIEH3MOHHBIX KYJIBTYP KJIETOK AKOPLIEB

MOZT BAKYYMOM 4epe3 OyMaskKHbBIH (QUIBTP C TOMOIIBIO
BopoHKU broxnepa. buomaccy BbIcymmBanu g0 mo-
CTOSIHHOM MacChl B TOKE TEIUIOTO BO3/yXa IIPH TeMIIe-
parype 30° [18].

Jlns momcueTa KoHIeHTparun KieTok (X) 0,5 Mo
cycrieH3un uHKyouposamu ¢ 2,0—2,5 vt 20%-Horo
pactBopa xpomoBoii kuciotsl (Merck) mpu 60° B Te-
yeHue 15—20 MUH B 3aBUCHUMOCTH OT BO3pacTa Cyc-
nens3uu [19].

Kn3HecnocoGHOCTh KYJIbTYP KJIETOK OIpe-
JIeJISUTN, UCTIONB3YSl TPHKU3HEHHBIN KpacuTelb eHo-
cadppanun (Merck) (0,1%-HbIil pacTBOp), MyTeM MO~
cYeTa JKMBBIX (HEOKpAIIEHHBIX) M MEpPTBHIX (OKpa-
HICHHBIX) KyJIbTUBUPYEMbBIX €IUHHL] I10J MHUKPOCKO-
oM [20].

[To momyyeHHBIM pe3yJbTaraM pacCUUTHIBAIN
napaMeTpbl 3PEKTUBHOCTH pOCTa KyJIBTYPbI: HHACKC
pocra (/), yaelbHYyI0 CKOPOCTb POCTA B 3KCIIOHEHILIU-
anmpHOM (haze (i), PKoHOMUYIeCKHHA Kod()PHUIHEeHT TT0
caxapose (Y), Bpems ynBoeHus (7), MIPOAYKTUBHOCTD
o cyxoii ouomacce (P).

J1s1 pacueToB MCHOJIB30BAJH CJeAyIOLIHe
dopmyasr [21]:

1= (Xmax_XO)/Xm

e X, . B X, — MakCMMaJbHOE N Ha4aJbHOC 3HaYe-
HUS COJZIepKaHMs CBIPOI WK CyXoi Grmomacchl B 1 11

CpC€abl, COOTBECTCTBCHHO,

W = (InX>—InX})/(t—1)),

rae X, u X; — conepxanue cyxoil ouomaccel B 1 1
cpellbl B MOMEHTBI BPEMEHU 7, U ¢;, COOTBETCTBEHHO
(paccunThIBAIM JUIS SKCIIOHEHIIMAIBHOH a3kl pocTa);

T =1n2/y;
Y= (mec_XO)/S,
rae X, . u X, — cM. Bblle, a S — HavajbHas KOH-

LeHTpalus cyocrpara (caxapo3bl) B Cpejie;
P — MakcuMalIbHOE 3HaueHUE.
Pi = ()(, _Xo) / (ti_to),

e X, u X;— conep:xanue cyxoii 6MoMacchl B Hauase
KYJILTUBUPOBAHUS U B MOMEHT BPEMEHH #;, COOTBETCT-
BEHHO.

AHaJN3 HAJUYHUSA B HCCIIeAyeMO KyJIbType
KJIETOK CTEPONJAHBIX ITUKO3MI0B TIPOBOAMIIH C I10-
MOIIBIO XpoMaTorpa(uu B TOHKOM CJIO€ CHITUKaresis
(TCX) (cm. HIxe) n ynprpadHHEeKTHBHON KHUIKOCT-
HOH Xpomarorpaguu ¢ Macc-CIEeKTPOMETPUYECKUM
JETEKTHPOBAHNEM ITPH MOHU3ALUH DIIEKTPOPACIIBLIE-
nuem (UPLC ESI MS).

Jlna npuzomoenenus npoo o6panu o 100 mr
TMO(GUIBHO BBICYLICHHOW OMOMACCHI KYIBTYp Kile-
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TOK, 3KcTparupoBain 70%-HeIM (110 00beMy) STHIIO-
BBIM CHMPTOM (COOTHOLIEHHE OMOMacca—pacTBOPU-
tens = 1:40 (Mmacca/o0bem) 3 pa3za mo 30 MUH MPH KOM-
HATHOU TeMIeparype IpH ASUCTBIN yasTpa3Byka (Y3B

«Cangup», Poccus). OObeanHeHHbIE CIUPTOBBIC K-
CTPAKTHI YIIAPHUBAIM JIOCYXa O]l BakyyMoM (55°) u
pactBopsuiv B Bojie. [ToirydeHHBIN pacTBOP HAHOCUIIU
Ha TaTpoH I TBeprodazHoii sKcTpakumu Supelcle-
an ENVI-18 (Supelco, CIIIA). 3arem narpos nocieio-
BaTeJIbHO MPOMBIBAIH BOJOU U 70%-HBIM 3THIOBBIM
cnupToM. CriupToBy0 (DPaKLUIO yIIapUBAIM 10CYXa
U TIOJIBEpraii aHAJIN3Y.

Jna ananuza memooom TCX ouULICHHYIO
(dpakuuio MKKO3UI0B pacTBopsun B sTanoine (70%)
1 50 MKJI IOTy4€HHOTO pacTBOpa HAHOCHJIM HA XpoMa-
torpaduueckyro mactuHky Kieselgel 60 (Merck).
@DypoCTaHOIOBbIE ITIMKO3U/IbI AIOUPOBAIN B CHCTE-
Me pacTBOpUTENeH XJIOpohOpM—METaHOI—BOMAA
(65:35:10 mo oObemy). XpomarorpaMmmbl IPOSIBIISUIIN
peaxtuBoM Dprnuxa (1%-HbIi pacTBOp mapaguMeTHII-
amuHoOeH3anbaeruaa (Merck) B cMecH KOHIIGHTpH-
poBaHHas comstHas kuciota (Merck)—wmeraHon
(Merck) = 34:66 06/00) ¢ TTOCIEIyIONTIM TIPOTpPEBa-
HueM minactuHku npu 100° B reuenue 3—35 muH. [pu
3TOM (PypOCTaHOJIOBBIEC [IMKO3UIbI OOHAPYKHBAIOTCS
B BHJIC MATEH KPACHOTO I[BETA.

Jia pa3neneHust CipOCTAaHOJOBBIX TIIMKO3H-
JIOB MCIOJIb30BAIN CUCTEMY 3THIAlleTaT—IICsIHAs
ykcycHasi kuciota—aoza (32:9:9 mo odbemy). Xpo-
MarorpaMMmbl IPOSIBISUIN 1 %-HBIM PacTBOPOM BaHU-
muHa (Merck) B cMecu 3TaHOJI—KOHIEHTPUPOBAH-
Has cepHas kucnota (Merck) (2:1 mo oobemy).

/s nposedenus UPLC ESI MS tipoGy pacTBo-
psmu B cMecH aneToHuTpun (Merck)—soma (50:50
10 00BbeMY ) ¥ (PHIIBTPOBAIIN Yepe3 HEHIOHOBOH (puitbTp
¢ mopamu 0,2 MM (Acrodisc, I'epmanmus).

UPLC ESI MS npoBoauinu Ha xpomarorpade
Waters Aquity UPLC (Waters, CLLIA). I1po6y B o6beme
0,5 mxn HaHocun Ha konoHky ACQUITY UPLC BEH
Phenyl (50x2,1 mmM, 1,7 mxm; Waters, Upnangus).
Temmeparypa kojoHku coctaBmsaina 40°, oobemHas
CKOPOCTB ITOTOKA MOABMKHON (pa3er — 0,4 mir/muH. B
KauecTBe MOABIKHON (a3l ucroib3oBany 0,1%-Hbri
(1o 06BemMy) pacTBOp MypaBbuHOM KUCIOThI (Merck)
B Boje U 0,1%-HbIi (10 00beMy) pacTBOp MypaBbH
HOW KHUCJIOTBI B aneToHuTpuie. Xpomarorpaduye
CKO€ pa3/ieJICHHe MPOBOINIIN B PEXKMME IPaHeHTHOM
anonMK. B mpornecce aHanm3a cOCTaB MOJBHKHOM
(ha3pl M3MEHSIIN CIESIYIOMNM 00pa3oM (KOHIIEHTPAITHST
aleTOHUTpUIIA, 00. %): 0—7 MuH — 19%, 7—17 MuH —
19—35%, 17—23 muH — 35—45%, 23—27 MuH —
45—55%, 27—33 mun — 55—65%, 33—33,5 mun
— 65—95%, 33,5—35 mun — 95%, 35—35,5 mun
—95—-19%, 35,5—37 — 19%.



XAHJIbl u op.

AHaJIN3 OCYWIECTBISUIN B PEKUME JCTEKIUH
TTOJIOKUTENBFHBIX HOHOB (amamnazoH m/z 100—1200)
IIpH CIEIYIOLIMX [IapaMeTpax Ipolecca: TeMIepary-
pa ucrouHuka monmzaumu — 120°, Temneparypa ae-
conpBau — 250°, HanpsKeHHe Ha Kanuuiape —
3,0 xB, HanpspkeHne Ha KoHyce BBoAa npoost — 30 B
¥ CKOPOCTH ITO/Ia9H a30Ta (1€ COMbBAIIIOHHBIN ra3) —
600 /4.

PE3YJIBTATBI U OBCYKIEHUE

B pesynbrare npoBENEHHBIX 3KCIIEPUMEHTOB
10 BIVMSTHAIO PA3IMYHBIX PETryIsSTOPOB pOCTa Ha Kal-
JycoreHe3 ObIJIO YCTAHOBJICHO, YTO KaJUTyCHBIE KYJb-
TYPbI HCCIIEAYEMBIX BUIOB AKOPLEB POPMUPYIOTCS
TOJIBKO Ha cpenie, copepaxareit 2,0 mr/n 2,4-J1 u 1,0 mr/n
BAIIL D¢dexkTnBHOCTS CHHTETHYECKOTO ayKchHA 2,4-]]
JUTSE MHAYKIAW KaJuTycoTeHe3a U3 SKOpIieB Obliia OIMu-
caHa u panee [14—16].

IlepBuuHBIi KaJlTycoreHe3 HauyMHAJICS HEMo-
CPEICTBEHHO U3 ceMsH Ha 10-e CyTKH KyJIbTUBHPOBA-
Hus 0e3 oOpazoBaHus KOpHEH u To0eroB. MIHTeHCHB-
HOCThH Kajurycorenesa coctasuia 20%. [lomydyennsie
KaJUTyCHBIE KYJIBTYPhl XapaKTepPH30BAJIUCH CBETIO-
JKEITHIM LIBETOM, PBIXJION CTPYKTYPOH U BBICOKOH CTe-
MEHBI0 OBOJHEHUS (puc. 1).

Ha cpene, comepxxameit HYK u BAIIL, B mep-
BbIC HEJICTH KyJIBTHBHPOBAHHS HaOII0an 00pa3oBa-
HUE Ha CEMEHaxX COMAaTHYECKUX IMOPHOUIOB, KOTO-
phlie morudanu Ko 2-my—-3-my naccaxy. OZHaKo npu
TepeBojie SMOPHUOTEHHBIX KYJIBTYp Ha Cpemy, Couep-
JKaIyro B KadecTBe aykcmHa 2,4-J1, M3 HUX TaKkKe
(hopmupoBasics Kamryc, Oau3kuii o Mopgooruye-
CKUM XapaKTepHCTHUKaM K KaJulycaM, MOJYyYCHHBIM
ucxonHo Ha cpeze ¢ 2,4-J1 u BAII. Ha ocranbHbIX Ba-
pHaHTax UCTONB3YEMBIX Cpell KaKhe-ITH00 POCTOBBIC
IMPpOUCCChI HE BLIABJICHBI.

B pesynbrare npoBeeHHBIX paboT ObLIa TOITY-
YeHa KaJUIyCHasl KyJIbTypa KIETOK SKOPLEB CTEII0-
wuxcs 1. terrestris, KOTOpast cOXpaHsija BBICOKHH poc-
TOBOW TIOTEHIMAN B TeueHune Oojee yeMm 30 mHUKIOB
CyOKybTUBUpPOBaHUs (0osiee JBYX JIET BBbIpallMBa-
HUsA).

Jyis moy4eHus CyCIeH3UOHHBIX KYJIBTYP KJle-
TOK B Ka4eCTBE JKCIUIAHTA WCIOJIH30BAIN 4-HeIelb-
HYyI0 KaJUTyCHYIO KyJbTypy IOCie 3-TO IHKJa BhIpa-
muBanus. Okoso 30 T KalTyCHBIX KIETOK (TI0 CHIPOi
Oromacce) moMelaid B JKUAKYIO Cpelly, UCTIONb3ye-
MYIO JUIs BbIpaluBaHus Kaurycos (MS, cogeprkaruas
2,0 mr/n 2,4-J1 u 1,0 mr/n BAIT), Ho 6e3 no0aBiacHus
arapa. Uepes 14 wnu 21 cyT KynIpTUBUPOBAHUS IOITY-
YEHHYIO TIEPBUYHYIO CYCIICH3UOHHYIO KYJIBTYpy Kie-
TOK HEepPECaKUBAJIM C Pa3HOU MJIOTHOCTHIO (CTENECHb
pasBenenus ot 1:5 o 1:10) Ha cBexyto cpexy. K 5-my

Puc. 1. KayutycHas KynbsTypa KieTok 1. terrestris

Fig. 1. Callus culture of T. terrestris cells

[IUKJTY BBIPAIINBAHUS OBIJI OTIPE/IETICH ONITUMATBHBII
PEKUM CyOKYJIETHBUPOBAHUS: UCIIOJIb30BaHUe 14-1HeB-
HOW KyJIBTYPBI M CTETIeHb ee pa3BeeHus B 10 pa3 (3 mi
nHOKymoMa Ha 30 MII cBexell cpenbl); HadaabHast
TUIOTHOCTH KYJIBTYPBI TIPH 3TOM COCTaBJIsJIa OKOJIO
1,5 r cyxoii 6momaccel Ha 1 1 cpesbl. [TonyueHHas cyc-
MEH3MOHHAS KYJIBTYpa KICTOK MMEJa JKEJIThIA IIBET,
coJieprkaia HeOOJBIINE arperarhbl KJIETOK MEPHUCTEMO-
MOJJOOHOTO THITA, OJIMHOYHBIE TTAPEHXUMOTIOI0OHbIE
Y yIUIMHEHHBIE KJIETKH, a TAKKe TPYIIEeBUIHBIE KIIET-
KN C 6OJ'IBIIII/IM KOJIMYECTBOM KpaxMaJIbHbIX 3C€PCH
(puc. 2).

B Teuenwue 8-ro nukia BeIpaniuBaHus ObLT IPO-
BEJICH aHaJ M3 POCTOBBIX XapaKTEPHUCTHUK MOIYYeH-
HOW CYCHIEH3UMOHHOW KYJIBTYphl KJIETOK I.ferrestris.

Puc. 2. CycnieH3noHHas KyJbTypa KIeToK 1. terrestris

Fig. 2. Suspension culture of 7. terrestris cells
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Puc. 3. lunamuka pocTa CyCIICH3UOHHOIT KYJIBTYPbI KIETOK 1. ferrestris IpU BBIPALLIMBAHUH B K0J16aX 00bemMoM 250 Mi1 B HOp-
ManbHO# (A) 1 omynorapudmudeckoii (B) crcreme KOopauHar: / — 4rCIIo KIEToK, - 10° ki/Mir; 2 — ceipast Macea, T/11; 3 — cyxast Mac-
ca -10, r/m; 4 — xu3HECTIOCOOHOCTD, %; 5 — cyxast Macca, In X/X); 6 — cwipast macca, In X/X,; 7 — uncino kietok, In X/ X, (X — Teky-
IIMe 3HAYCHUSI [TapaMeTpa B LIUKJIC KyJIbTHBHPOBAHMUS, a X)) — HavaJIbHbIC 3HAYCHMUS TapaMeTpa B IIMKIIC KyJIbTHBUPOBAHHSI; HauaIbHas

IUIOTHOCTB KyABTYpHI 1,5 1/i1)

Fig. 3. Dynamics of 7. ferrestris suspension culture growth in flasks (250 ml) in a normal (A) and semi-logarithmic (B)
coordinate systems: (/), number of cells - 10%; (2), fresh cell weight, g/L; (3), dry cell weight - 10, g/L; (4), vitality, %; (5), dry cell
weight, In X/Xy; (6), fresh cell weight, In X/Xj; (7), number of cells, In X/X, (X is current value of the parameter during culturing cycle,
and X is starting value of the parameter; initial culture density is 1.5 g/L)

Ha puc. 3 npuBenena nuHammka pocrta KyJIbTypbl Kile-
TOK B HOPMAJIbHOW U MONYJIOrapu(pMHUECKON cUCTe-
Max koopauHar. [Ipu aHanuse mpeacTaBlIeHHBIX KpU-
BBIX POCTA CIIElyeT OTMETHTh OTCYTCTBHE JIar-(pa3bl
[IPH Ha4aJIbHOM INIOTHOCTH KYJIBTYpPbI OT 1,5 /11 110 Cy-
xoit macce. [Ipon3BogHBIE POCTOBBIE XapPaKTEPUCTH-
KU MIPUBEZCHBI B Ta0. 1, U3 KOTOPOH cleyeT, 4To Ky-
JBTYPY MOKHO OTHECTH K XOPOILO pacTyIiel (Makcu-
MaJIbHOE HaKOTICHUE Cyxoi OrnomMaccsl 13 171, uHIeKe
poct [= 8,6, ynenbHasi CKOPOCTh POCTa B IKCIIOHEHITH-
aIbHOM (ase 1o cyxoit Guomacce — 0,24 cyT!, 5K0HO-
Mrgeckrii koadduimeHt ~ 0,4, POTyKTHBHOCTB T10 CYXOH
ouomacce — 1 r/n/cyt). CiiemyeT OTMETUTD, 9TO KY-
JBTYypa XapaKTepH3yeTCsl CTaOUIBLHBIM POCTOM, HE
CHIDKAIOLIMMCS B TeUeHue Oosiee ueM 2 JeT BhIpallu-
BaHUSI.

AnmnapatypHoe BbIpalllUBaHUE CYCIIEH3MOHHON
KYJIBTYPbI KJIETOK SIKOPIIEB CTENIONIUXCS OBLIO IPOBe-
JeHo B Oumopeakrtope (7-TMTPOBBIN J1ab0paTOPHBII
ouopeakrop New Brunswick Scientific) B momynpo-
TOYHOM PEXHUME C MEXaHHYECKHM IepeMeIlnBaHU-
eM. bbuto mpoBeneHo 3 1uKIIa BhIpALIUBAHUS; TTOTY-
YEeHHBIC Pe3yJbTaThI IpeIcTaBlIeHbl HA puc. 4. 3 nan-
HBIX SKCTIEPUMEHTOB CJIEyeT, YTO armaparypHoe Bbl-
palBaHue PUBEJIO K MOBHIILICHUIO POCTOBBIX XapaK-
TEPUCTHUK KyJbTypbl. Ecnu mpu KynbTHBHPOBaHMU
CYCIIEH3MHU KJIETOK B K0sI0axX MHJIEKC POCTa U YIellb-
Hasi CKOPOCTh pPOCTa IO CyXOH Macce COCTaBISUIIN 8,6
1 0,24 cyT™!, TO K TpeThbeMy LMKy BBIPAIMBAHUS B
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OHOpPEaKTOpe ITH MOKA3ATEIIN YBEIUYHIUCH J10 11,3
0,38 cyr !, coorsercTBeHHO (Tabu1. 2). Beicokue 10-
KazaTeJH pocTa KyJbTyphl KIETOK B OMOpeakTope 1o
CPaBHEHHIO C TAKOBBIMH B KOJIOAX MOTYT OBITh CBSA3a-
HBI C HHTEHCUBHOCTBIO a3panuu Kietok. CTporo jo-
Ka3aTh MOZOOHYIO 3aKOHOMEPHOCTD JOBOJBHO CIIOXK-
HO, OZIHAKO U3BECTHO, YTO KOHLIEHTPALHs PACTBOPEH-
HOT'O KHCJIOPOJa B IIPOLiecce KyJIbTUBUPOBAHUS B KOJI-
0ax CHMXKaeTcs, a B OMOpeakTope IMOJICPKUBACTCS
Ha IOCTOSHHOM ypoBHe 10—15% [22].

CKpHMHHHT 3KCTPAKTOB KJICTOK KaJUTyCHBIX KYJIb-
Typ MeToioM TCX He BBISIBUI B HUX CTEPOUIHBIX ITIH-
KO3MJIOB.

[Ipu npenBapuTeTbHOM (PUTOXUMHYECKOM aHa-
JIM3€ HKCTPAKTOB U3 OMOMACCHI IEPBUYHOM CYCIICH3H-
OHHOH KyJBTYpHI KII€TOK 1. terrestris (3-i—6-ii 1UK-
TBI KyJAbTHBHpOBaHusA) MetonoM TCX HuU crimpocTa-
HOJIOBBIE, HU (DypOCTAaHOIOBBIE TIIMKO3HUBI TAKXKE
o0HapyxeHbl He ObuA. OJHAKO MOBTOPHBIN aHAN3
yepes 6 mec BeipamiuBanus (12-i—15-# uuKIIbI BBI-
pammBaHus) MO3BOIHI OOHAPYXHUTHh (DypOCTaHOIIO-
BbI€ TVIMKO3HU/IbI B KyJIBTYypPE KJIETOK SIKOPLIEB CTEIIIO-
IIMXCS; Ha XpOMaTorpaMMax OB OOHapyX eHbsl 4
MATHA BEIIECTB, JAIOIIUX IOJIOKUTEIbHYIO peak-
ouio ¢ peaktuBoM Opauxa (puc. 5). Ilpu nanbhei-
LIEM BBIPAIMBAHUH CYCIIEH3MOHHOH KyIbTYpbl (60-
Jiee NBYX JIET) JOCTATOYHO CTaOWIbHOE OOpa3oBa-
HUE KaK MHHHMYM JBYX (ypOCTaHOJOBBIX TIIMKO3H-
JIOB COXPAHAJIOCH.
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Tab6numa 1
Table 1
PocToBble XapaKTepUCTUKH CYCIeH3UOHHOM KYJIbTYpbI KieToK Tribulus terrestris
NP BBIPALIUBAHUH B KOJI0aX
Parameters of growth efficiency of Tribulus terrestris suspension culture
in flasks
[TponsBoxHbIE TApaMeTPhI POCTa
Hexonble napaMeTpst pocta Derived parameters of growth efficiency
Initial parameters of growth W, cyr”! T, cyT M, T/ P, t/n/cyr
efficiency I Y
W, day! T, day Moy, /L P, g/L/day
KoHueHnTpauus KjIeTok B CycleH3un 7,7 0,29 2,39
Cell concentration in suspension
Chipast Ouomacca 8,1 0,24 2,89
Fresh cell weight 13,1 0,39 1.0
Cyxas Ouomacca 8,6 0,24 2,89
Dry cell weight

Ipumeuanue: | — MHACKC POCTa; L — yIEIbHAsi CKOPOCTH POCTA B 9KCIOHEHIUAIBHOH (asze pocTa; T— BpeMs YABOCHUS; Mynqax — MaK-
CHMaJIbHOE HAKOIUICHHE CyX0i OMoMacchl; ¥ — skoHOMHYecKuil ko uuueHT; P — npoayKTUBHOCT 0 CyXoi OHomacce.

Footnote: | — growth index; L — specific growth rate in exponential growth phase; 7- doubling time ; M - maximum accumulation of
dry cell weight; ¥ - economical coefficient; P — productivity of dry cell weight.

s unenTudukanym oOHApYKEHHBIX (ypo-
CTaHOJIOBBIX TTHKO3UA0B ObLT TipoBeneH UPLC ESI
MS-aHaiu3 3KcTpakTa U3 OMOMACCHI KYJIBTYPbI Kile-
ToK. [lokazaHo HanM4KMe MUKOB JABYX OCHOBHBIX cOe-
JUHEHUN CO BpEeMEHEM yIep>KuBaHud 5,6 u 5,9 MUH.
AHaIM3 Macc-CIIeKTPOB TOJOKHUTEIbHBIX HOHOB
9TUX COeAMHEHWH (Tali. 3) MO3BOJNWI 3aKIIOYHTH,
410 002 OHM UMEIOT B Ka4eCTBE arJITMKOHA THTOTCHUH
(Haymmume xapaktepHoro nona ¢ m/z 417) [23]. B momnb-
3y TOTO, YTO OOHAPYKEHHBIE J1Ba TIIMKO3U/1a OTHOCST-
¢ K (hypOCTaHOIIOBOMY DPSIIly, CBHIETEIbCTBYET HAJIH-

Puc. 4. [lunamuka pocra CyClICH3MOHHON KyJbTY-
PBI KIIETOK 7. terrestris Ipy anmapaTypHOM BbIpaIlBaHUN
B HOPMAJIbHOM CHCTEMe KOOPAMHAT: / — ChIpast Macca, I/JT;
2 —cyxas macca - 10, 1/11; 3 — KU3HecrnocoOHOCTh, %

Fig. 4. Growth characteristics of plant cell
suspension culture of 7. terrestris in normal coordinate
system during bioreactor cultivation (/), fresh biomass,
g/L; (2), dry biomass - 10, g/L; and (3), vitality, %

Dry cell weight (-10), fresh cell
weight, g/, vitality, %

YHe B MX MacC-CIEeKTpaX WHTEHCHBHOTO MOHA C M/Z
1065, KOTOPBIl COOTBETCTBYET MPOTOHUPOBAHHON MO-
JeKyJie TJIMKO3WAA, MOTEepsBIICH OCTAaTOK BOJBI
([M-H,O+H]"). TlogoOHoe siBleHHE BecbMa Xapak-
TEPHO UMEHHO JIJIs1 (PypOCTAaHOIOBBIX (DOPM CTEPOH/I-
HBIX TJINKO3HJIOB, B MOJIEKYJIaX KOTOPBIX TPHCYTCTBY-
eT nabuipHas momyanetanpHas C22-OH rpymnma
[23]. OTo npearnonokeHue NOATBEP)KIAET TaKKe MpH-
CYTCTBHE B Macc-CIIEKTpax 00OUX TIIMKO3UA0B HOHA-
ajyrykra [M+Na]* ¢ m/z 1105. AHanu3 0CKOJIOYHBIX
MOHOB (CM. Tab1. 3) MOKa3bIBAET, UTO 00a YKa3aHHBIC
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Tabnuma 2
Table 2
PocToBbIe XapaKTePUCTHKH CYCIIEH3UOHHO KYIbTYPbI KJIeTOK Tribulus terrestris
NPHU BbIPALIMBAHUM B OHOpeaKTope
Growth characteristics of Tribulus terrestris suspension culture growing in bioreactor
[Ipon3sBoaHBIC TAPAMETPBI POCTA
Homep | HMcxonnble mapameTpbl
UK pocTa Derived parameters of growth efficiency
Cycle Initial parameters W, cyt! T, CyT My, T/11 P, r/n/cyt
number | of growth efficiency r Y
KU, day’l T, day M, g/L P, g/L/day
1 CrIpas bnomacca 5,3 0,21 3,30
Fresh cell weight s
13,0 0,39 1,3
Cyxast buomacca 9,8 0,24 2,89
Dry cell weight
2 CrIpas brnomacca 10,3 0,37 1,87
Fresh cell weight
11,4 0,32 1,4
Cyxas 6uomacca 6,5 0,46 1,51
Dry cell weight
3 Ceipas buomacca 13,7 0,28 2,48
Fresh cell weight
13,8 0,42 1,2
Cyxas bmomacca 11,3 0,38 1,82
Dry cell weight

*(O003HaYECHUS CM. B IPUMEYaHUH K Ta0. 1.
*For designations, see footnote to Table 1.

Puc. 5. TCX sKkcTpakToB M3 OMOMACChl CyCHEH3UOHHOM
KYJBTYpHI KIIETOK 1. ferrestris: A— cranaapt (3KCTpakT gypocra-
HOJIOBBIX INIMKO3UAOB U3 OMOMAcChl KyIbTyphl KIeToK Dioscorea
deltoidea); B, C, D — dKcTpaKThl 13 GMOMACCHI KyJIETYPBI KIICTOK
T. terrestris: B — 15-ii ukn BoipamuBanusi, C — 45-if LUK BbI-
pamuBanus; D — 47-if Mk BeIpanuBanus; [—5 — 0003Have-
HUS (ypOCTAaHONOBBIX IIMKO3UAOB B TOPAJIKE YMEHBIICHUS UX
MOJISIPHOCTH

N

-
4
g

Fig. 5. Thin-layer chromatography of biomass extracts of

T. terrestris suspension cell culture: A, reference, a sum of

steroidal glycosides from Dioscorea deltoidea culture biomass;

B, C and D, extracts of T, terrestris cell culture biomass: B, 15"

i cycle of growth; C, 45" cycle; D, 47" cycle; I—35, designations of
furostanol glycosides in order of decreasing their polarity

T .

A B
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Tabnuma 3
Table 3

Pe3yabTaThl aHaIM3a MacC-CIIEKTPOB MOJIOKUTEIbHbIX HOHOB ABYX OCHOBHBIX CO€IMHEHHUIl,
00HapyKeHHbIX B O0UOMacce CyCIIeH3UOHHOM KyJbTYpbI KiIeTok 7. terrestris meronom UPLC ESI MS
Mass-spectrometry of positive ions of two main compounds detected in biomass of 7. terrestris

suspension cell cultures by UPLC ESI MS

Coennuenue

Compound
[M-H,O+HT",

Bpewms m/z

yIACPKUBAHHUS, MUH
Time of retention, min

Jlpyrue noHbl, m/z
[M+Na]*, m/z
Other ions, m/z

5,6 1065,5695

1105,5447 903,4985 [M-H,0-Hex"+H]"
741,4469 [M-H,0O-2Hex+H]"
579,3880 [M-H,0-3Hex+H]"

417,3363 [M-H,0-4Hex+H]*

5,9 1065,5592

1105,5492 903,5082 [M-H,O-Hex+H]*
741,4478 [M-H,0-2Hex+H]"*
579,3897 [M-H,0-3Hex+H]"

417,3444 [M-H,0-4Hex+H]"

* Iloreps ocrarka rexcosbl (CeHi1206, 162 [la).
* Loss of hexose residue (CsH120s, 162 J1a).

COETMHEHNUS HMEIOT B CBOEM COCTaBE IO YETHIpEe
ocTarka rekcos (HeirpanbHble notepu 162 Jla). Unen-
TUYHOCTh MacC-CIEKTPOB JBYX IIUKO3H/OB YKa3bIBa-
€T Ha TO, YTO OHH SBIIIOTCS n3oMepamu. s crepo-
WIHBIX TIINKO3H/I0B PACTEHUH M3BECTHO JIBa THIIA U30-
MepuH [8]: 1o CTpyKType arTuKoHa W/HiIH 1O CTpoe-
HUIO YIVIEBOAHBIX Lienell. ConocTaBieHe XpOMaTor-
padrUECKOro MOBEACHNS INIMKO3UI0B, O0OHAPYKEHHBIX
B OMoOMacce KyJlbTypbl KJIETOK SKOPILEB, C TAKOBBIM
JUIST I30MEPHBIX ITTUKO3UI0B TUOCTeHrHA [24] mo3Bo-
JSET MPENNoI0KUTh, YTO B JAHHOM CIyyae MMeeT
MECTO U30MEpUS [0 CTPYKTYPE arIMKOHA (BEPOSTHO,
peds uneT o 25R/S-n3omepax, T.e. IPOU3BOTHBIX TH-
TOT€HHMHA ¥ HEOTUTOTEHUHA).

Ha ocHoBaHnu cpaBHEHHS U3JI0KEHHBIX PE3Yib-
TaToOB C JAHHBIMM JIMTEPATYpH! [8] MOXKHO clenarh
NPEABAPUTEIIbHBIN BBIBOJ, YTO OOHAPYKEHHBIE TIIMKO-
3UIBI COOTBETCTBYIOT 25R/S-n30Mepam TeppecTpo3n-
Ha H, xoTopeIit panee ObUT BBIICICH M3 WHTAKTHBIX
pacrenuii T. terrestris. OgHaKO ISl TIOATBEPKIACHUS
3TOTO 3aKJIIOYCHUS] TPeOYIOTCS JOMOIHUTENbHBIC HC-
CJIEJOBAHUSI.

AHanu3upys 3aKOHOMEPHOCTH 00pa30oBaHUs
CTEPOUHBIX TIIMKO3UA0B MPHU JUIUTEIBHOM KYJIbTH-
BUPOBaHUM KIJIETOK SKOPLEB CTEIIOLINXCS in Vitro,
MOXHO MPEIIOJI0KNUTh, YTO UX 00pa3oBaHUE HAYH-

HaeTcs B pe3yJIbTare aBTOCENIEKINH KIETOK, COZepIKa-
mmx QypocTtanonoBsle rnko3uabl. [logobHoe pas-
BUTHE MOMYISALNN KJIETOK PACTEHUH i1 Vitro MOXKHO
OOBSICHUTH AaHTHOKCHIAHTHON aKTHBHOCTHIO (hypo-
CTaHOJIOBBIX TIIMKO3HJIOB, KOTOPAsi CIIOCOOCTBYET TPO-
mudepanyn KJIeTok. Panee cxomHoe siBieHre HaOmoaa-
JI1 B KYJIBTYPE KJIETOK AUOCKOPEH JIEIbTOBUTHOM [24].

Takum 06pa3om, BIIEpBbIE [IOTYUEHA CYCICH3H-
OHHAsl KyJbTYpa KJIETOK SIKOpLEB crentomuxcs. Oxa-
paKTepH30BaHbl 0COOCHHOCTH TIONYUCHHS KYJIBTYPBI
KIETOK 7. terrestris, OMUCAaHBI €€ POCTOBBIC XapaKTe-
puctuku. [IpoBeneHo anmaparypHoe BbIpallliBaHHE B
nmaboparoprom Oomopeaxrope. [lomydeH cTabuIbHBIH
cuHTe3 (PypOCTaHONOBBIX TITMKO3UIOB B CYyCIIEH3UOH-
HOU KyJbType KJIETOK ¥ IPOBEJCHA UX NPE/IBAPUTEIIb-
Hasl CTPYKTypHasi HACHTUDHUKALIUS.

Pabora BeIONTHEHA TIPH (GUHAHCOBOM TTOICPIK-
ke PH® (Nel4-50-00029 «Hayunble 0CHOBBI co3fa-
HUS HAIMOHAJIBHOTO OaHKa-1eMO3UTaPHsl JKUBBIX CHC-
teM. Hampasnenue “Pacrenus»”).
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Obtaining and Investigation of Callus
and Suspension Plant Cell Cultures of Tribu-
lus terrestris L., a Producer of Steroidal Gly-
cosides

Callus and suspension plant cell cultures of Tribulus ter-
restris L, a valuable medicinal plant producing steroidal glycosi-
des, have been obtained. The seeds of T ferrestris from an Ameri-
can population were used as explants. The regulation of cell cul-
tures obtaining and growth, as well as the biosynthetic characte-
ristics of the cell lines were studied. The combination of phyto-
hormones of 2,4-D (2.0 mg/L) and BAP (1.0 mg/L) was found to
be optimal for the callus induction and cultivation. The suspensi-
on cell culture obtained in the liquid medium of the same compo-
sition showed such high growth characteristics during the prolon-
ged cultivation (more than 2 years), as maximum accumulation of
dry biomass of 13 g/L, specific growth rate at exponential phase
of 0.25 day’], and economical coefficient of 0.39. A semi-conti-
nuous mode of cultivation was used to grow the plant cell suspen-
sion in a lab-scale bioreactor. The screening of steroidal glycosi-
des in the obtained cell cultures was carried out. In the callus cul-
tures, steroidal glycosides were not found. However, it was estab-
lished by TLC and UPLC ESI MS that the suspension culture con-
tained furostanol glycosides, and their amount increased during
the cultivation process. These results support the hypothesis of
the autoselection of cultivated cells that contain compounds pro-
moting their proliferation in vitro.

Key words: callusogenesis, steroidal glycosides, suspensi-
on plant cell culture, Tribulus terrestris L.
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