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Abstract
The article presents the growth rates of cells of new lines obtained by inoculation-strains of the
culture of the endemic plant Ajuga turkestanica. Scientific research was conducted in 2022 in the laboratory
of biology of cultured cells of the Institute of Plant Physiology named after K.A. Timiryazev. The purpose
of the work: to obtain new tissue and cell culture lines in vitro of the endemic Ajuga turkestanica plant, as
well as to study the possibility of regulating culture growth and biosynthesis of secondary metabolism
products by the influence of various factors. The objects of the study are suspension cultures of Ajuga
turkestanica cells. Source material: callus strain Ajuga turkestanica (Regel) Brig. At21, received in 2016,
as well as ready-made frozen collection bases from the cryobank of the Timiryazev IGF of the Russian
Academy of Sciences. Research methods: Obtaining a suspension of cells from callus tissue; cultivation of
suspension cultures; determination of growth characteristics of the culture: the content of dry and raw
biomass in a liter of medium, the concentration of cells in the medium, the viability of the culture. The
results of the evaluation of the growth characteristics of suspension crops were obtained. Practical
significance: the obtained suspension cultures can be used for various biotechnological studies, such as the
production of biologically active substances, the study of secondary metabolism, the development of
biotechnological methods for the production of medicines.
Keywords: Ajuga turkestanica, endemic, in vitro, suspension, cultivation.

The plant kingdom is a rich source for the chemical and pharmaceutical industries. Plants
serve as suppliers of a wide range of medicinal substances. Phytoecdysteroids, which possess high
physiological activity, are of particular practical interest [1, 2].

Cell and tissue culture of higher plants aimed at obtaining biologically active substances is
a promising direction in modern biotechnology. Significant attention is paid to the production and
cultivation of cell cultures of endemic plants in vitro. One such plant is ajuga (Ajuga L.), or
bugleweed - a perennial subshrub plant of the Dicotyledon class, belonging to the Lamiaceae
family of the Ajuga genus [3-5].

Among the representatives of this genus, a significant place is occupied by Ajuga
turkestanica. The shoots of this plant are widely used in cosmetology and sports medicine [6-10].

Studies by scientists [11-17] on phytochemical analysis have shown that Ajuga turkestanica
contains a number of ecdysteroids, such as ecdysterone (B-ecdysone), cyasterone, ajugalactone,
ajugasterone B, 2,3-monoacetonide ecdysterone, turkesterone, 22-acetylcyasterone, 25-
hydroxyatrocastosterone A,  11-hydroxycyasterone,  turkesterone  22-acetate,  11-
hydroxysitosterone, 22-oxoturkesterone, 11-hydroxy-A24-capitasterone, and turkesterone 20,22-
acetonide. Additionally, it has been found that Ajuga turkestanica contains iridoids such as
harpagide and 8-O-acetyl harpagide [18, 19]. Oxosterols, sterols, and triterpenes (betulin and
barrigenol) have been identified by GC-MS method. Phenylpropanoids, essential oils, lipid-
soluble and water-soluble polysaccharides, and pectin substances have also been isolated from
Ajuga turkestanica [20, 21].

159


mailto:tynykulov@list.ru

MICROBIOLOGY AND VIROLOGY ISSN 2304-585X Ne2 (45) 2024  www. imv-journal.kz

The novelty of the scientific work lies in the cultivation of Ajuga turkestanica cells in vitro
within the field of tissue culture, providing opportunities for the introduction of this endemic plant,
its further cultivation, and the production of medicinal preparations with adaptogenic, anabolic,
and antioxidant properties in the medical and pharmaceutical industries of Kazakhstan.
Additionally, it may have potential significance for agricultural development through the breeding
of new plant varieties with improved traits. The hypothesis of the research revolves around the
possibility of successful cultivation and further investigation of the biosynthesis of bioactive
compounds, making Ajuga turkestanica an intriguing subject for medical and pharmaceutical
research.

The practical significance of the study lies in obtaining stable cell lines and optimizing
cultivation conditions, paving the way for the production of medicinal preparations with
adaptogenic, anabolic, and antioxidant properties. This can significantly enrich the arsenal of
medical treatments for various diseases and improve the quality of life. The research results can
also be applied to breeding new varieties of Ajuga turkestanica with enhanced traits, such as
disease and pest resistance, increased productivity, and crop quality. This contributes to
agricultural development in the region, enriching the variety of crops and creating new
opportunities for farmers and agricultural producers.

Materials and methods of research

The objects of the study were: suspension cell cultures of Ajuga turkestanica, callus strain
Ajuga turkestanica (Regel) Brig. At21, obtained in 2016, as well as ready frozen collection bases
from the cryobank of the Institute of Plant Physiology named after K.A. Timiryazev RAS RF.

The study was conducted in 2022 at the Laboratory of Cultivated Cell Biology of the K.A.
Timiryazev Institute of Plant Physiology (Russian Federation, Moscow).

Cell suspension was obtained from callus tissue, initially initiated on solid agarized nutrient
medium using the method of subculturing and sieving. Initially, callus tissue formed on the surface
of the explant, and then cells and cell aggregates were separated from it, resulting in a cell
suspension. Before subculturing, the primary culture was filtered through two layers of
cheesecloth to separate large callus tissue aggregates and remnants of the transplant. After that,
the culture was placed in a liquid medium with automatic stirring. Suspension cultures were grown
on Murashige and Skoog medium [22] supplemented with casein hydrolysate (0.5 g/l), inositol
(0.1 g/l), 3% sucrose, vitamins according to Staba, and phytohormones (2 mg/I kinetin and 3 mg/I
NAA for the collection strain; 1 mg/l kinetin and 2 mg/l 2,4-D for young strains).

To investigate the growth characteristics of the culture, the content of dry and wet biomass
per liter of medium, the cell concentration in the medium, and the culture viability were
determined. The biomass was dried to a constant weight at 60°C. To count the cell concentration
in the medium, 0.5 ml of suspension was incubated with 2.5 ml of a 20% solution of chromic acid
at 60°C for 15 minutes. [23].

The aqueous solutions for nutrient media were prepared by stirring on a laboratory magnetic
stirrer.

Additionally, the stock solutions were supplemented with casein hydrolysate (0.5 g/L),
inositol (0.1 g/L), 3% sucrose, Staba vitamins, and calcium pantothenate. The following cultures
were obtained for further extraction — lines: DBN 55-1, DNK 55-1, DNK 14a; as well as collection
bases were prepared from the collection strain of Ajuga turkestanica.

To determine the content of wet and dry biomass in 1 liter of medium, a fixed volume of
suspension (not less than 15 ml, in triplicate) was filtered through a filter paper using a Blichner
funnel under vacuum.

To assess the viability of cell cultures, a vital stain, phenosafranin (0.1% solution), was
utilized. This involved counting live (unstained) and dead (stained) cultured cells and aggregates
under a microscope (Figure 1) [24].
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B
Figure 1 — a) cell lines of 14a DNA Ajuga turkestanica and b) cell lines of 55-1 DBN Ajuga
turkestanica

According to the obtained results, the following parameters were calculated: growth index
(I, specific growth rate in the exponential phase (1), economic coefficient (Y), doubling time (1),
and productivity (P) of the studied cultures, using the following formulas [25]:

I = XoXmax — Xo; (1)

where Xmax and Xo represent the maximum and initial values of one of the growth criteria (in
this study, the content of dry biomass per liter of medium).

U =1, —17.lnX, —InXy; (@)
where Xz and Xz represent the values of the growth criterion (content of dry biomass per liter
of medium) at time points t2 and t1, respectively (calculated for the exponential growth phase).

=y /uY =X max —X0)/S; 3)

where Xmax and Xo represent the maximum and initial amount of dry biomass in the medium
(g/L), respectively, and S is the initial substrate concentration (sucrose) in the medium (g/L of
medium) [26].
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The data processing was carried out using Microsoft Office Excel software (Microsoft
Corporation, USA). The graphs represent the arithmetic mean values and standard deviations from
three replicates of subcultivation.

Results and discussion

To determine the increase in dry and wet biomass of cells of the investigated 12 lines in the
cell culture growth cycle, growth characteristics of the most prominent 3 lines of Ajuga
turkestanica were studied: 14a DNA, 55-1 DBN, 55-1 DNA. The obtained results, specifically in
the subcultivation cycle of the suspension culture of the Ajuga turkestanica strain under standard
cultivation in flasks, are presented in the figures. (14a DNA - Figures 2-5; 55-1 DBN - Figures 6-
9; 55-1 DNA - Figures 10-13).
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Figure 2 — Raw mass curve of cell lines 14a DNA
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Figure 3 — Dry mass curve of cell lines 14a DNA
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Figure 4 — Half logarithmic graph of growth of dry mass of cell lines 14a DNA
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Figure 5 — Viability of cell lines 14a DNA
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Figure 6 — Dry mass curve of cell lines 55-1 DBN
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Figure 8 — Half logarithmic graph of growth of dry mass of cell lines 55-1 DBN
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Figure 9 — Viability of cell lines 55-1 DBN
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Figure 10 — Raw mass curve if cell lines 55-1 DNA
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Figure 11 — Dry mass curve of cell lines 55-1 DNA
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Figure 12 — Half logarithmic graph of growth of dry mass of cell lines 55-1 DNA
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Figure 13 — Viability of cell lines 55-1 DNA

Based on the presented results of growth characteristics analysis, it can be concluded that all
studied cell culture lines of Ajuga turkestanica demonstrate high growth rates.

For cultures 14a DNA and 55-1 DNA, a typical sigmoid growth curve is observed, unlike
the 55-1 DBN line, where cell viability varies from 100% to 10% throughout the culture cycle.
The cells of culture 14a DNA decrease to 80% upon reaching the final phase, 55-1 DNA - to 50%,
and 55-1 DBN - to 10%.

In the growth curve with an S-shaped form, the 14a DNA cell culture line of Ajuga
turkestanica exhibits a lag phase of -5 days, which is attributed to the relatively high initial culture
density (2 g/L medium). The exponential growth phase based on dry weight lasts for 10 days,
followed by a deceleration phase of 2 days. The stationary phase is almost absent, and from day
22, the in vitro cell population undergoes a sharp transition into a degradation stage characterized
by increased cell hydration and decreased viability.

The duration of growth phases for the 55-1 DBN line is as follows: a lag phase of 7 days,
followed by an exponential phase of 7 days. The prolonged exponential phase is attributed to a
"step" observed in the growth curve (days 14-16). The appearance of this "step" is often caused by
the presence of two subpopulations of cells with different proliferative activity within the culture.
The stationary growth phase is also practically absent, with the degradation phase beginning
immediately after the deceleration phase. This is a characteristic feature of the growth curve of
Ajuga turkestanica cell culture.

For the 55-1 DNA line, the duration of phases and the absence of a stationary phase are quite
similar to the 14a DNA line. The appearance of a "step” in the growth curve (days 12-14) also
influenced the duration of the exponential growth phase, which lasted for 11 days. A less common
reason for such a growth curve shape could be extracellular substrate (sucrose) hydrolysis and
variations in the intensity of monosaccharide (glucose and fructose) utilization by the cells.

Based on the growth curves of the studied lines, the main growth characteristics were
calculated (Table 1).

Table 1 — Growth results of investigated culture cells by phases

Culture Growth phase
Lag phase Exponential Stationary Degradation
14a DNA 5 5-12 19-22 22 and more
55-1 DBN 7 7-12 19-22 22 and more
55-1 DNA 5 5-12 19-22 22 and more

Comparison of growth parameters of the investigated cell cultures, calculated based on dry
biomass, is presented in Table 2.
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Min M OF | Achievements Growth Specific Economic
Culture point dry per day M yax index (1) | s Zed( ) | coefficient (Y) Viability
0 mass of dry mass P K
55-1 DBN 0,21 10,97 22,00 51,24 0,50 0,36 0,49
14a DNA 0,12 17,26 16,00 142,83 0,82 0,57 1,07
55-1
DNA 0,10 14,13 14,00 140,30 1,04 0,47 1,00

Note: Xmax - maximum biomass accumulation (g/L), | - growth index, u - specific growth rate in
the exponential phase (day”-1), t - doubling time (days), Y - economic coefficient

Comparison of the obtained results with data from other authors on cell culture of Ajuga
turkestanica allows for assessing similarities and differences in the growth characteristics of the
investigated lines. The growth index (I) based on dry biomass exceeds 50 for all lines, indicating
a high productivity of the cell cultures. The specific growth rate () also falls within the range of
0.50-1.04 day”-1, and the doubling time of cell cultures (t) ranges from 5 to 7 days, indicating
rapid cell proliferation and healthy culture growth. The maximum biomass accumulation (Mmax)
surpasses 10 g/l, indicating high productivity of the Ajuga turkestanica cell cultures. The economic
coefficient (Y) for all investigated cell cultures also falls within satisfactory limits, confirming the
efficient utilization of the substrate (sucrose) and the potentially high economic benefit from
producing bioactive substances from Ajuga turkestanica. Thus, the obtained results suggest that
all studied cell cultures can be considered as well-growing, although each line exhibits specific
growth curve characteristics (duration of growth phases, presence of a “shoulder” in the
exponential growth phase).
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Conclusion.

Based on the obtained research results, the following conclusions can be drawn:

Growth Curves: All lines (14a DNA, 55-1 DBN) except 55-1 DNA exhibit an S-shaped
growth curve. Cell Viability: Cell viability during the cycle varies within the range of 10-80%.
Growth Phases: Lag Phase: Lasts for 5-7 days.Exponential Phase: Spans 9-10 days. Deceleration
Phase: Lasts 2-3 days. Stationary Phase: Virtually absent. Degradation: Begins from day 22.
Growth Characteristics: Growth Index (I) > 50. Specific Growth Rate (i) = 0.50-1.04 day”-1.
Doubling Time (1) = 5-7 days. Maximum Biomass Accumulation (Xmax) > 10 g/L. Economic
Coefficient (Y) = 0.36-0.57.

In conclusion, all A.turkestanica lines are well-optimized for growth, each exhibiting
specific characteristics in its growth curve. Overall, all studied cell cultures can be considered as
good growers.
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OCIMIK ’KACYIIAJIAPBIHBIH JAKBIJIBI IN VITRO AJUGA TURKESTANICA

Tyidin

Makanana sHAEMHKAIBIK ociMaik Ajuga turkestanica KyJbTypachbIHBIH IITaMMIApbI-€ry apKbLIbI
AJbIHFaH JKaHA CBI3BIKTAPIBIH JKacyllalapblHBIH ©Cy KepCceTKITepi KenTipiareH. FruibiMu 3eprreynep
2022 xbuibl K.A. TuMupsiseB aTeiHAarbl OciMIiKTEp (HU3HOIOTHACH HHCTUTYTHIHBIH MOJICHH JKacyIajiap
OMOITOTHACH  3epTXaHackiHma skyprisimmi. JXymeicTerH Makcarel: Ajuga turkestanica sHmeMHKAIIBIK
OCIMIIriHiH in Vitro TiHAEp MEH Xacylaiap MOACHHUETIHIH jKaHa JKeNiJiepiH aiy, COHAal-ak opTypii
(dakTopaapablH dCepiHEH MOJCHHUETTIH OCYIH JKOHE KahTaliamMa MeTa0OoJu3M OHIMICPiHIH OMOCHHTE3IH
peTTey MYMKIHAITH 3epTTey. 3epTTey HbICaHaaphbl ajuga turkestanica jkacylianapblHbIH CYCIEH3USIIBIK
JaKpuIaphl 0ok Tadbutanbl. bactamkel matepuai: 2016 xbutsl ansiarad Ajuga turkestanica (Regel) Brig
At21 xamnyc mrammsl, conaii-ak Peceit @enepanusicoiabiy PFA KA. TumupsizeB atbiagarsl OciMaikTep
(U3NOIOTHSACH WHCTUTYTHIHBIH KPHOOAHKIHEH JAMbIH MY3JaThUIFAaH KOJUISKIMSUIBIK Oazamap. 3eprrey
oaicTepi: KaJUTyC TiHIHEH jKacyllla CYCIIEH3USCBHIH ajly; CyCIIeH3Us JaKbUIIApbIH 6Cipy; MOACHHUETTIH ocy
CUIaTTaMajapblH aHBIKTay: Oip JIMTP OpTajarbl KYpFaK >KoHE IIMKI OMOMAcCaHbBIH MeJILIEpi, OpTaaarbl
JKacylia  KOHICHTpAIMsIChl, MOACHUETTIH  emipiieHairi. CyCHeH3WsUIbIK — JaKbUIAAPABIH — ©Cy
CUMaTTaMajapblH Oarajay HOTHXKeJepl alblHIBl. [IpakTHKaIbIK MaHBI3JBUIBIFBL aJbIHFAH CYCIICH3US
JAaKpUIIApbIH OHONIOTHSUIBIK OeliceHni 3aTTapabl aly, KalTaiama MeTaOonu3MIi 3eprrey, ASpuTiK
mpernaparTapabl OHIIPYAiH OMOTEXHOJIOTHUSIIBIK JIICTEPIH d3IpJiiey CHSIKTBI dPTYPJI OMOTEXHOJOTHSIIBIK
3epTTeyJiep YIIiH naiaanaHyra 6oaibl.

KinrTi ce3nep: Ajuga turkestanica, suaemuk, in vitro, cycrnensusi, ecipy.
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KYJbTYPA PACTUTEJIBHBIX KJIETOK IN VITRO AJUGA TURKESTANICA
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AHHOTaNUSA
B craTbe mpuBeIeHbI pOCTOBBIE [TOKA3ATENH KJICTOK HOBBIX IOIY4Y€HHbIX IIyTeM MHOKYJISLIUY JINHUH-
IITAMMOB KYJIBTYPBI SHIEeMUYHOTO pacteHus Ajuga turkestanica. Hay4nsie ucciaenoBanusi IpoBeicHbl B
2022 roay B 1abopaTopru OMOJOTHH KYJIBTUBUPYEMBIX KIEeTOK MHCcTHTYyTa prsnonoru pactenuit um. KA.
TumupsizeBa. Llenb paOoTHI: MOTyYEHNE HOBBIX JTUHUH KYJIBTYpPhl TKAHEH M KJIETOK In Vitro 3HIAEMUIHOTO
pacrenus Ajuga turkestanica, a Taxke U3y4eHHE BOSMOYKHOCTH PETYJISIIMU POCTA KYJIBTYpBl B OMOCHHTE3a
NPOAYKTOB BTOPUYHOTO MeTabOIU3Ma BO3JCHCTBHEM Pa3MUUHBIX (PakTopoB. OOBEKTaAMU HCCIIECTOBAHUS
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SIBJISIIOTCSL CYCIICH3MOHHBIC KYIBTYyphl KIeTOK Ajuga turkestanica. McXogHbI MaTepHa: KajTyCHBIN
mramm  Ajuga turkestanica (Regel) Brigq. At21, monxyuennsiii B 2016 romay, a TakKe TOTOBEIE
3aMOpPO’KCHHBIE KOJUICKITMOHHBIE 0a3pl m3 kpuobanka PP um. K.A. Tumupszea PAH P®. Metomabt
HCCIICIOBAHMUS: TOJTYYCHUE CYCIICH3MU KJICTOK U3 KaJUTyCHOM TKaHH; KYJIbTHBHPOBAHHE CYCIICH3HMOHHBIX
KyJbTYp; ONPEICICHHE POCTOBBIX XapaKTEPUCTHK KYJIbTYPBI: COJACPIKAHUE CyXOil U ChIpON OGHOMACCHI B
JIMTPE CpeJibl, KOHIICHTPAIIMS KJIETOK B CPE/e, HKHU3HECIIOCOOHOCTh KyIbTyphl. [10oay4eHbl pe3yabTaThl 10
OIICHKE POCTOBBIX XapaKTEPUCTUKAX CYCIIEH3MOHHBIX KyJIbTyp. [IpakTHUEeCKast 3HAUMMOCTD: TTOJTyYCHHbIE
CYCIICH3HOHHBIC KYJIbTYpbl MOTYT OBITH HCIOJB30BAHBI Ul PAa3IMYHBIX OHOTEXHOIOTHYECKHX
VCCIICIOBAHMIA, TAKMX KaK TIOJyYeHHE OHMOJOTHYECKH aKTHBHBIX BEIIECTB, H3YYEHHE BTOPHUYHOTO
MeTabos3Ma, pa3padoTka OMOTEXHOIOTHYECKUX METO/IOB MPOM3BOICTBA JIEKAPCTBEHHBIX MTPENapaToB.
Karwuesnie cioBa: Ajuga turkestanica, sanemux, in vitro, cycrieHsusi, KyJIbTUBHPOBAHUE.

PactutenbHblii Mup sBisgercs OOratblM HCTOYHHUKOM JMJIi XHMHUKO-(hapMaleBTUYECKOM
MPOMBINUICHHOCTH. PacTeHus CiyXaT MOCTAaBIIMKAMH IIUPOKOTO CIEKTpa JIEKapCTBEHHBIX
BellecTB. bonbiIoil mpakTuyeckuil UHTEpeC MPENCTaBISIOT (PUTOIKIUCTEPOUIbI, 00Ia1a01ne
BBICOKOM (DU3MOJIOTUUECKOI aKTUBHOCTHIO [1, 2].

Kynbrypa KkileTOK M TKaHeil BBICHIMX PACTEHUH C IIENIbI0 TMOJY4YEHUS OHOJIOTUYECKU
AKTHUBHBIX BEIIECTB - MEPCIIEKTUBHOE HANpaBlIeHUE COBPEMEHHOH OumorexHomoruu. bombimas
poOJib OTBOAMTCA pPabOTaM MO TMOJYYEHUIO M BBIPAIMBAHUIO KYJIbTYpP KJIETOK 3HIEMUYHBIX
pacteHuit in vitro. OMHUM W3 TaKMX pacTeHUi siBisseTcs arora (Ajuga L.) i KuUBy4ka -
MHOTOJIETHEE MOJYKYCTapHUKOBOE pacTeHue Kiaacca JBymonsusie (Dycotyledoneae), cemeiicta
I'yoonsernsie (Labiatae) nnu SIcnotkoBbie (Lamiaceae) pona XXusyuka (Ajuga L.) [3-5].

W3 nmpencraButeneit 3Toro poaa BaXKHOE MECTO OTBOJUTCS atore (KMBYUYKa) TYPKECTaHCKOM
(Ajuga turkestanica). ITobern maHHOTO pacTEHUs] HIMPOKO MPUMEHSIOTCS B KOCMETOJOTHH M
crioptuBHOM Meautune [6-10]. MccnenoBanus yuaensix [11-17] o GUTOXUMHUESCKOMY H3YIEHUIO
MOKA3aJM, YTO KUBYYKA TYPKECTAHCKAsl CONEPIKUT PSI/I SKIUCTEPOHUIOB, TAKUX KAaK IKIAUCTEPOH
(B-PxnM30H), NHMACTEpOH, AalOTaJaKTOH, arwractepoH B, 2,3-MOHOAIETOHWA JKIUCTEPOH,
TYpPKECTEpOH, 22-alleTUILMACTEPOH, 25-TUAPOKCHATPOTOCTEPOH A, ll-ruapokcuimactepos,
TypKecTepoH 22-amnerar, 11-THApOKCUCUIUCTEPOH, 22-OKCOTypKecTepoH, |l1-rumpoxcu-A24-
KallUTacTeEPoOH, TypkecTtepoH 20,22-anetoHnn. Kpome 3TOro BBISIBIEHO, 4YTO JKHBYYKa
TYpPKECTaHCKas COAEPIKUT HMPHUAOMIBI, Takue Kak raprarug u 8-O-anerwarapmarua [18, 19].
Metogom GC-MS wuneHTHPUUIUPOBAHBI OKCOCTEPOJIBI, CTEPOIBI U TPUTEPIIEHBI (OETYyTUH H
OGappurenoi). M3 >XKMBYYKH TYypKECTAaHCKOW Tak)Ke BBIIEICHBI (hEHUJITIPOIIAHOUIBI, d(PUPHBIC
Maclia, CIUPTOPACTBOPUMBIC U BOJIOPACTBOPUMEIE MOJIMCAXapUIbl, IEKTUHOBBIC BemecTBa [20,
21]. B arore TypKeCTaHCKOH MMEIOTCS YIJCBOIbI, OCIKH, CAIIOHUHBI, ()JIABOHOHM/IBI, YOUIbHBIC
BEIIIECTBa, TOpeuH, d3PUpHBIE Macia, acKOpOMHOBas Kuciota, BuTamuH K u napyrue. JKuBydka
o0yasaeT TOHU3UPYIOIMIMMH U aJalTOr€HHBIMU CBOWCTBAMHU, UMEET BBICOKUN aHAOOIMUYECKUN
3 PEKT 1 AaHTHOKCUIAHTHYIO M aJJallTOT€HHYIO0 aKTUBHOCTb.

HoBuzna wnHayuHoit pabotTel. MccrmemoBanus 10 KyJIbTHBHPOBAHUIO KJIETOK Ajuga
turkestanica in vitro B 00JacTu TKaHEBOH KyJIbTYphl JalOT BO3MOXXHOCTb MHTPOIYKIIMU 3TOTO
SHIEMHYHOTO PAacTEHUs, €ro JaJbHEWUIIEro KyJIbTUBUPOBAHUS U MPOU3BOJICTBA JIEKAPCTBEHHBIX
IpernapaToB ¢ aganTOreHHBIMH, aHAOONMMYECKUMH W AHTHOKCHIAHTHBIMU CBONCTBAMH B
MEAMIMHCKOW U (apMaleBTUYecKol mpomblinuieHHOcTH KazaxcraHa, Takke MOMKET HMETh
NOTEHIMAJIBLHOE 3HAYCHUE IS PAa3BUTHUS CEIbCKOTO XO03sCTBA uepe3 BHIBEJCHUE HOBBIX COPTOB
pacTeHui ¢ yIy4ylIEHHbIMU CBOMCTBaMHU.

l'umore3za wccnemoBaHUs 3aKIIOYaeTCss B BO3MOXKHOCTU YCHEIIHON KYyJIbTHUBAIMU U
JAIbHEWIIEM HCCIIEeOBAaHUM OMOCHHTE3a OMOJIOTHYECKH aKTHBHBIX BEIIECTB, KOTOPHIE JENIAI0T
Ajuga turkestanica wuHTEpecHBIM OOBEKTOM [UIS MEAUIUHCKUX | (hapMaleBTHUCCKUX
HUCCIIEJOBAHUMN.

[IpakTuyeckass 3HaYMMOCTh paboThl. Ilomydenue CcTaOWIBHBIX JIMHUM KIETOK H
ONTUMM3AIMS YCIOBHM KYJIbTUBUPOBAHMSI OTKPBHIBAIOT MYTh K MPOU3BOJCTBY JIEKAPCTBEHHBIX
MPEernapaToB C aJanTOTeHHBIMU, aHA0OIMYECKUMH ¥ aHTHOKCHIAHTHBIMHA CBOMCTBAMHU, YTO MOKET
3HAYUTENIbHO 00OraTUTh apceHall CPEeICTB MEIUIIMHBI Ul JICUeHUs Pa3jMYHbIX 3a00JIeBaHUN U
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ynqueHmI KadycCTBa KHU3HU. Pe?)y.]'H:TaTI:I HUCCICOI0OBaHUA MOI‘YT 6BITI> HpI/IMeHeHBI JJI
BBIBEJICHUS HOBBIX COPTOB pacTeHui Ajuga turkestanica ¢ ynydimieHHbIMH CBOWCTBaMH, TAKUMHU
KakK yCTOfI‘-IHBOCTI: K 60H€3H$IM 148 Bpe,Z[I/ITe.H}IM, IIOBBIIIICHHAs HpO,Z[yKTI/IBHOCTI: U KaducCTBO
ypoxasi. 9TO CIOCOOCTBYET Pa3BUTHIO CEIBCKOTO X035HCTBAa B PeTHOHE, 0OoraIiasi aCCOpPTUMEHT
KyIbTYp M  CO34aBas HOBBIE BO3MOXHOCTH Ui (epMepoB U  IPOU3BOJHUTEICH
CEIbCKOXO03AMCTBEHHOM MPOYKIIHH.

MarepuaJjbl 1 MeTObI UCCJIeI0BAHUT

OOBexTamu HcciIeJOBaHUHM ObUM CYCIIEH3MOHHBIE KYJIBTYPhI KJIETOK alor'M TYPKECTaHCKON
Ajuga turkestanica, kamrycusiii mramm Ajuga turkestanica (Regel) Briq. At21, moiy4eHHsIii B
2016 rony, a TaK)Xe TOTOBBIE 3aMOPOKEHHBIE KOJIJICKIIMOHHBIE 0a3bl U3 Kpuobanka MHcTUTyTa
¢dbusunonoru pacrenuit uMm. K.A. Tumupszesa PAH P®. UccnenoBanue npoBoauiau B 2022 roay B
JlaGopaTtopun OMOJOTHM KYIbTUBHUPYEMBIX KJeToK WHcTuTyTa pusmonoru pacrenuit um. K.A.
Tumupsizea (P®, r. Mocksa). CycneH3wi0 KIETOK TOJyYaJd W3 KaJUTyCHOM TKaHH,
IIPEABAPUTEIILHO MHULIMUPYEMOM Ha TBEPAOW arapu3OBAHHOW IHUTATEIBHON Cpele, METOIO0M
nepeceBa M mpoceuBaHus. CHayana Ha MOBEPXHOCTH JKCIIaHTa 0Opa3oBbIBalach KajUTycHas
TKaHb, a 3aTEM OT HEE OTICIUTUCH KIIETKU M KJICTOYHBIE arperarbl, B pe3ylbTare Moixyvaiach
KJeToyHas cycrnensus. [lepen nepeceBoM MepBUYHYIO KYIbTYpY (UIBTPOBAIN Yepe3 JIBa CIIOS
Mapiu JJIsL OTIEICHHs KPYITHBIX arperaToB KaTyCHOW TKaHU U OCTAaTKOB TpaHcIUiaHTara. [locne
3TOr0  KyJIbTYpy TOMEIIAIM B OKHAKYIO T[HTATeNbHYI0 Cpeay C aBTOMATUYECKUM
nepemenmnBanueM. CycrnieH3nOHbIE KyIbTYphl BelpamuBain Ha cpeae Mypacure u Ckyra [22] ¢
noOaBieHueM ruaponusara kazeuna (0,5 r/m), unosura (0,1 /1), 3 % caxapo3bl, BATAMUHOB 110
Craba u ¢putoropmonoB (2 mr/n kunetuHa u 3 mr/n HYK ans komieknuonHoro mramma; 1 mr/a
KuHEeTHHA U 2 Mr/11 2,4-]1 11s monoapix mtaMMoB). KynbTUBHpOBaHME MPOBOIUIIN B TEMHOTE IPH
26 °C, na xauanke (100 06./mMuH.), B Konb6ax oobemoM 250 Mt (30-40 MIT CycTIeH3HH B Konbe).

Jl1s uccrneioBaHusi pOCTOBBIX XapaKTEPUCTUK KYJIbTYpPhI OMPENENsId COJepKaHue CyXoHl U
CBIpOM OMOMAacchl B JUTpPE Cpellbl, KOHLEHTPAIMIO KJIETOK B Cpele U JKU3HECIOCOOHOCTh
KYIbTypsl. Buomaccy BeicymmBamu 10 mnoctosHHoro Beca npu 60 °C. Jlns moxcuera
KOHIIGHTpaluu KjieTok B cpene 0,5 mu cycneHsuu mHKyOmposamu ¢ 2,5 ma 20 % pactBopa
xpomoBoii kucnotsl ipu 60 °C B Teuerne 15 mun. [23]. TIpuroToBseMble BOJHBIE PACTBOPHI JUIS
MUTATENBHBIX CPE]] pa3MEIIUBaIH Ha 1a00paTOPHON MAarHUTHOW MEIIajKe.

Kpome sToro, B cToKoOBBIE cpeabl M00aBmsum ruaponusar kazeuna (0,5 r/i), unosur (0,1
/i), 3 % caxapo3ssl, BuTamuHsbl 1o Ctaba, Ca-maHToTeHAT.

B3BemmBanre 00pa3IoB U BENIECTB MPOBOIMIH Ha JIA0OPATOPHBIX JEKTPOHHBIX Becax GP-
603S.

bbuin monydeHsl crienyromme KyiabTypbl JUIsl AajdbHEHIIEro 3KCTPAarupoBaHUs — JIMHUU:
JObH 55-1, HHK 55-1, JHK 14a; a Ttakke NOPUTrOTOBICHBI KOJUICKIMOHHBIE 0a3bl U3
KOJUIEKIIMOHHOTO LITaMMa aloTu TYpKECTaHCKOM.

Jlnist onpenesieHus: CoiepKaHusl ChIpoi U cyxoil Gmomaccsl B 1 11 cpepl GUKCHPOBAHHBIN
00beM cycrieH3un (He MeHbIe 15 mi, B TpEX MOBTOPHOCTAX) (DUIBTPOBAIM Yepe3 OyMasKHBIN
¢GMIBTp ¢ MOMOIIbI0 BOPOHKU BIoXxHEpa, o/ BAKYyMOM.

s ompeneneHus XKU3HECTIOCOOHOCTH KYJbTYpP KJIETOK HCIOJB30BaIM NPHKU3HEHHBIN
kpacurensd (enocappanus (0,1%-b1i pacTBOp), METOJIOM IMOJICUETA JKUBBIX (HEOKPALICHHBIX) U
MEPTBBIX (OKpPAIICHHBIX) KYJIbTUBUPYEMBIX KJIETOK M arperaTtoB MoJi MUKPOCKOTIOM (PHCYHOK 1)
[24].
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b

Pucynok 1 — a) xinerku munuun 14a JIHK Ajuga turkestanica u 6) xinetku nununu 55-1 JIBH Ajuga
turkestanica

ITo moTydeHHBIM pe3yIbTaTaM pacCUMThIBATH HHACKC pocTa (1), yaenbsHyo CKOpOCTh pocTa

B OKCIOHEHIMaJIbHOW (aze (M), sxoHoMuueckuit koaddurment (Y), Bpems yaBoenus (r) u
MPOAYKTUBHOCTH (P) HCCIIeyeMBIX KYJIBTYP, HCIIOIB3Ys clieayromntie hopmyisr [25]:

I = XoXpax — Xo

rae Xmax # Xo — MakCUMaJbHOE M HayalbHOE 3HAYEHUE OJHOTO U3 KPUTEPHUEB pocTa (B
TaHHOU paboTe — cofiepaHue cyXxoil OromMacchl B JIUTPE CPeibl).

u=1t, —1nX, —InX;
rae X2 u X1 — 3Ha4eHusl KpUTepus pocTa (cojepKaHue Cyxonl OMoMacchl B JUTPE CPEbl) B
MOMCHT BPCEMCHU 2 u tl, COOTBETCTBCHHO (paCC‘-II/ITBIBaCTCﬂ 11 BKCHOHCHHI/IaJILHOﬁ (1)331:1

pocrta).

=1/ uY =(Xmax —Xo)/S
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re Xmax 1 Xo — MaKCUMaIbHOE U Ha4aJhbHOE KOJMYECTBO CyXOi GrmoMacchl B cpeae (1/1), S
— HavyaJIbHas KOHIIEHTpaIus cyocTpaTa (caxapo3bl) B cpene (T/1 cpenbl) [26].

OO0paboTKy HaHHBIX MPOBOAWIM Tpu momou mporpammel Microsoft Office Excel
(Microsoft Corporation, CIIIA). Ha rpadukax mnpeacTaBicHbl CpeaHHe apH(pMeTHUeCKue
3HAYEHUsI U CTAaHIAPTHBIC OTKJIOHEHHS M3 TPEX MOBTOPHOCTEH CyOKYIbTHBUPOBAHUSI.

Pe3yabTaTsl U 00Cy:KIeHUE

Jlnst onpeiesieHust IpUpPOCTa CyXOM U ChIPOM OMOMACCHI KIIETOK, UCCIEAYEeMbIX 12-TH JTMHUI
B I[MKJE BBIPAIMBAHKS KYJIbTYPhI KJIETOK OBUITH HCCIEIOBAHBI POCTOBBIC XapaKTEPHCTHKH
HanOosiee BeIACTUBINMXCS 3-X nuHuMi Ajuga turkestanica: 14a JIHK, 55-1 JIBH, 55-1 JIHK.
IMosydeHHbIe Pe3y/IbTaThl, @ UMEHHO B IIUKJIE CYOKYJIbTHBHPOBAHMS CYCIIEH3MOHHOU KYJIBTYPHI
Ajuga turkestanica mramma mpH CTaHZAPTHOM BBIPAIIMBAHUK B KOJ0ax, MPEACTaBICHBI Ha
pucynkax. (14a JIHK - pucynku 2-15; 55-1 JIBH — pucynku 6-19; 55-1 JTHK — pucynku 2-13).
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Pucynok 2 — Kpusas pocra cbipoit Mmacchl kietok qunnn 14a JIHK
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Pucynox 3 — KpuBas pocra cyxoit maccel kietok aunuu 14a JJHK
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Cyxoii Bec, mosyaorapupm
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Cyxoii Bec, mogyiaorapupm

CyTKH KyJIbTHBHPOBAHMS

Pucynok 4 — TTonynorapudgmudeckunii rpaduk pocra xierok auanu 14a JIJHK
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Pucynok 5 — YKuznecrnocobnocts kireTok simaun 14a JTIHK
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Pucynok 6 — Kpuast pocta ceipoit Macchl kietok nmuaun 55-1 IBH
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Pucynok 7 — Kpusast pocrta cyxoit macchl kinetok nmuaun 55-1 IBH
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Pucynoxk 9 — XKusznecnocodHoCTh KieTok Jinauu 55-1 JIBH
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Pucynok 12 — IMonynorapudpmMudeckuii rpaguik pocTa cyxoi Macchl KieTok guaun 55-1 JJHK
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Pucynok 13 — XusnecnocobHocTh knetok auauu 55-1 JIHK

[To nmpencraBieHHBIM pe3yIbTaTaM aHAJIN3a POCTOBBIX XAPAKTEPUCTUK MOXKHO 3aKIIOUUTH,
YTO BCE UCCIIEyeMbIe IMHUU KYJIbTYPhI KJIeToK Ajuga turkestanica umeroT BHICOKHE MTOKa3aTesln
pocra. lns kynetyp 14a JIHK u 55-1 JIHK xapakrepHa tunu4nas S-oOpa3Hasi KpuBasi pocTa, B
oTimume ot JuHUU 55-1 JIBH, *Kn3HecmocoOHOCTh KIIETOK B TeUEHHE IUKIa u3MeHsercs oT 100
1o 10% no kynsrypam. Knerku kynsTypsl 14a JIHK ymMeHbIIAIOT MO JOCTHMKEHUIO KOHEUYHOM
dazbr 1o 80%, 55-1 JJHK — no 50%, 55-1 IBH — no 10%.

B kpuBoii pocra ¢ S-o0paznoit ¢opmoit smHum 14a JIHK kymeTypbl kierok Ajuga
turkestanica nar-gasza umeer - 5 cyTok, 4T0 0OYCIOBIECHO JOCTATOYHO BBICOKOW HaYaIbHOM
IUIOTHOCTBIO KYJABTYPHI (2 I/71 cpeapl). DKCoHeHIanbHast da3a o cyxomy Becy anutcs 10 quei,
daza 3amenieHuss pocTa — 2 CyTKH, CTallMOHAapHas (aza MOUYTH OTCYTCTBYET, 3aTEM C 22-X CYTOK
HOMYJISALUS KJIETOK IN Vitro pe3Ko MepexoauT B CTaIUIO JIEeTPaIallii — MOBBIIIACTCSIOBOJHEHHOCTD
KJIETOK, CHUYKACTCSI UX JKU3HECTIOCOOHOCTb.

JmurensHOCTh (ha3 pocra nuHuE 55-1 JIBH oka3zamacek cienyromieii: nar-dasza — 7 CyToK,
JKCIOHEHIManbHas (aza — 7 cyrok. [IpmunHON NPOMOIKUTENHHOCTH 3CKIOHEHTHI SBIISETCS
«CTyTIEHbKa» B 3KCIIOHEHIUANbHOU (a3e pocra (14-16-e cyrku). [losiBiIeHNE «CTyNEHBKN) Yallle
BCEero OOYCIIOBJIEHO HAJU4YMEeM B KyJIbType JABYX CYONONyNALMHA KJIETOK C pa3HOU
nposinepaTuBHON aKTUBHOCTHIO. CTaroHapHas (pasza pocTa Takke NpaKTUYECKH OTCYTCTBYET —
¢aza gerpajanyy HaYMHAIACh HEMOCPEICTBEHHO 3a (ha30ii 3aMeIeHns pocTa. ITa 0COOCHHOCTh
POCTOBO¥ KpUBO# KyJIbTYphI KiieTok Ajuga turkestanica.

VY guaun 55-1 JIHK pmutensHOCTH a3 u oTCyTCTBHE (ha3bl CTAIMOHAPA JOBOJBHO CX0XKa C
muauedt 14a IHK. @daze pocra (12-14-e cyTku), 4TO MOBIMSIO M Ha JIUTEIBHOCTH (hazbl
9KCTIOHEHTHOTO pocta — 11 cyrok. bonee peakas mpuurHa 1mogo0HON (GOpMBI KpHBOMpoOcTa —
BHEKJIETOUHBIA TUAPOJIN3 cyOcTpara (caxapos3a) W pa3iuvHas MHTEHCHUBHOCTH HCIOJIB30BAHUS
KJIETKaMH TIOJTYY€HHBIX MOHOCAXapoB (TJIFOKO3bI U (PYKTO3HI).

Hcxonst M3 KpUBBIX pOCTa M3Y4aeMBIX JHHHMHA OBUTM pPacCUYMTaHbl OCHOBHBIE POCTOBBIC
XapakTepucTuku (Tadbmmia 1).

Tabnuna 1 — PocToBbIe IOKa3aTENN HCCIIEAYEMBIX KYIbTYP KIETOK 1Mo (hazam

KynbTypa ®da3za pocra
Jlardasza OKCIIOHEHITUATHLHAS CrauuonapHas Herpananuu
14a THK 5 5-12 19-22 22 U pajplie
55-1 IBH 7 7-12 19-22 22 ¥ nanelie
55-1 JTHK 5 5-12 19-22 22 U pajplie
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KJICTOK, PACCUUTAHHBLIX IIO

Kynbtypa M Max Cyrounsie | Mugekc | YmenpHas | OKOHOMH ITponyx
TOYKE | CYyXOM | JocThXKe pocta () | ckopocTs | deckuit TUBHOCTb
0 MacChl | HUS M yax (W Kod(uImeHt
Cyxoi (Y)
MacChl
55-1 IH 0,21 10,97 22,00 51,24 0,50 0,36 0,49
14a JIHK 0,12 17,26 16,00 142,83 0,82 0,57 1,07
55-1 JHK | 0,10 14,13 14,00 140,30 1,04 0,47 1,00

[Mpumeuanue: Xmax — MAKCUMAJIBHOE HAKOIJICHHE OroMacchl (1/71), | — uHaeKe pocTa, L — yaeabHas
CKOPOCTB POCTa B DKCIIOHEHIMANbHOU (ase (cyT.?), T — BpeMs yasoeHus (cyT.), Y — SKOHOMUYECKHI
KodppHLHeHT

CpaBHEHHE MONYYCHHBIX PE3yJbTATOB C JAHHBIMU JPYTUX aBTOPOB MO KYJIbTYpE KIETOK
Ajuga turkestanica mo3BOJISIET OIEHHUTH CXOJACTBO W Pa3IMYUsl B POCTOBBIX XapaKTEPHUCTHUKAX
uccnenyembix JuHuil. Manexce pocra (I) mo cyxoif 6momacce y Bcex jauHMi npeBbimaer 50, yto
yKa3bIBaET Ha XOPOUIYIO MPOYKTUBHOCTD KYJIBTYp KJIETOK. Y AeTbHAast CKOPOCTh POCTa (L) TakxkKe
B npenenax 0,50-1,04 cyt.-1, a BpeMs yaABOSHUS KyJIbTYpPbI KJIETOK (T) COCTAaBISIET 5-7 qHEH, YTO
CBHUJIETEJICTBYET O OBICTPOM Pa3MHOXKEHHH KJIETOK U 3JOPOBOM poCTe KyJIbTyp. MakcumanbHOe
HakoruieHne 6momaccel (Mmax) Boite 10 1/11, 9TO TOBOPUT O BBICOKOW MTPOYKTUBHOCTH KYJIBTYP
kIeTok Ajuga turkestanica. DxoHomuueckuit ko3duuument (Y) i BceX UCCIEAYEMBIX KYIbTYP
KJIETOK TaK)X€ HaXOJIUTCS B yJOBJIETBOPUTEIBHBIX MpEJenax, 4To MOATBepkAaeT 3 dekTuBHOE
UCIIOJIb30BaHUE cyOcTpara (caxapo3bl) M MOTEHLIUAIBHO BBICOKYIO SKOHOMHYECKYIO BBITOIY OT
IPOM3BOJICTBA OHOJOTMYCCKH aKTHBHBIX BemecTB u3 Ajuga turkestanica. Takum oOpazowm,
NOJIyYEHHBIE PE3YJIbTaThl MO3BOJISIOT 3aKIIOUYHUTh, YTO BCEU3YUECHHBIE KYJIbTYPhI KIETOK MOYKHO
CUMTATh XOPOIIO PACTYIIMMH, OJHAKO KaKJas U3 JUHUI uMeeT crneurduyHble 0COOEHHOCTU
POCTOBOM KpUBOW (ITUTENBHOCTH (ha3 pocTa, HATMYKE «CTYIMEHbKI» B SKCIIOHEHIIMAILHON (a3e
pocTa).

3akiroueHue

Bcee munun A. turkestanica, 3a uckmrouenuem JIHK 55-1, umeror cxoaHyto s-o0pasHyro
KPUBYIO POCTa. ITO TOBOPUT O TOM, YTO y HUX CXOXKHH MaTTepH pa3BuTHs. KU3HECIIOCOOHOCTh
KJIETOK B TeueHue 1ukia Bappupyercs oT 10% no 80%. D10 03HayaeT, 4TO HEKOTOPhIE KIETKU
MOTYT TIepeCTaTh PAaCTH WJIU MOTHOHYTH BO BpeMs pa3ButHs. Jlar-dasa, mpencrapisronias coOooi
HEepUO/T MOATOTOBKH KJIETOK K aKTUBHOMY POCTY, JUIUTCS 5-7 qHEN. DKCIIOHeHIMabHas (aza, mpu
KOTOpPOH MPOUCXOAUT AKTUBHOE YBEJIMYEHUE KOJMYECTBAa KJIETOK, miutcs 9-10 nueit. daza
3aMeJIeHHs], KOT/Ia POCT KIETOK 3ameyisiercs, anutcs 2-3 nus. CranmoHapHas ¢asza, Koria
KOJIMUECTBO JKUBBIX U MEPTBBIX KJIETOK BBIPAaBHUBAETCS, MPAKTUUECKH OTCYTCTBYET. Jlerpananus
KJIETOK HAYWHAeTCs TpUMepHO uepe3 22 nHsA. PocToBble XapaKTEpUCTHUKU KIETOK HUMEIOT
CIeMyIONIEe TIOKazaTenu: WHAEKC pocra (1) mpeBbimaer S50, yaenbHas CKOpOCTh pocTa (W)
cocrasisieT ot 0,50 no 1,04 nueii-1, Bpems ynBoeHus (t) coctaBisieT 5-7 AHEH, MaKCUMAaJIbHOE
HaKoIwieHne 6nomaccel (mmax) npeBsimaet 10 1/11, sSkoHoMudecKkuid Ko3PGUIUEHT (y) HaXOUTCS
B nuana3zoHe ot 0,36 mo 0,57. WMccnegoBaHusi MOKa3bIBAIOT, YTO BCE M3YUYEHHBIE KIJIETOYHbBIC
KyabTypsl A. turkestanica nposiBisiFOT BEICOKHE Ka4eCTBa CIIOCOOHOCTH M ONITUMH3ALUH K POCTY.
Pe3ynbraThl HCCie0BaHUs YKA3bIBAIOT HA TO, YTO KaXKas U3 KJIETOYHBIX JuHUE A.turkestanica
MMeEET CBOM crienuduieckue 0cCOOEHHOCTH KPUBOM pOCTa.
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