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Green synthesis of metal nanoparticles (NPs) using plant extracts is a nontoxic and
ecofriendly method as compared to chemical and physical methods. The produc-
tion of nanoparticles with plant extract usage has an important advantages. The
aim of our research was to establish the conditions for biogenic synthesis of silver
nanoparticles using extracts of the medicinal plants and in vitro cultures of medi-
cinal plants. Plant phenolic compounds with strong oxidation-reduction properties
can serve as reducing agents of metal ions to NPs. So for the technology of bio-
genic synthesis of NPs elaboration the most important stage is to choice the plant
which will play a role of «biofactory». The medicinal plants and in vitro cultures
of medicinal plants have been screened on the biologically active substances (BAS)
content, because BAS are the reducing agents for silver nitrate. The phenolic com-
pounds quantitative content screening have revealed that Silybum marianum,
Agastache rugosa, Melittis sarmatica and Digitalis purpurea are the best candidates
for NPs synthesis. The various factors affecting on the number of synthesized sil-
ver nanoparticles have been determined. These factors are: the concentrations of
silver nitrate and reducing agents, the time of synthesis, the temperature and pH
of reaction medium. The primary conditions for AgNPs synthesis in Agastache
rugosa, Silybum marianum, Melittis sarmatica and Digitalis purpurea extracts have
been established. The maximum yield of AgNPs in Agastache rugosa and Digitalis
purpurea extracts were observed at 24 °C, for Melittis sarmatica — at 35 °C and
for Silybum marianum extract — at 18 °C. The optimal conditions for AgNPs syn-
thesis — pH 9,0 and AgNO; concentration in solution — 1 x 102 M.

Key words: biologically active substances, callus cultures, in vitro cultures, medi-
cinal plants, nanoparticles.

Currently the field of nanotechnology concerned with the study, synthesis
and application of nanoparticles of pure elements and their compounds is
actively developing. Nanoparticles (NPs) (<100 nm) have a high biologi-
cal activity and are able to pass the membrane barriers of living organisms.
Silver nanoparticles (AgNPs) attract attention of researchers because they
are widely applied in the fields of electronics [1—3], industry [4—6] and
medicine [7, 8]. To obtain NPs on an industrial scale, the different phy-
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sical and chemical methods are being used. But these methods are poten-
tially dangerous to the environment. Nowerdays in vitro approaches are in
progress [9—11]. Therefore it is necessary to develop the environmentally
friendly and efficient methods for NPs production. In recent years new
eco-friendly «green» technologies for the biogenic synthesis of NPs are
began to develop. Living organisms are the «biofactories» in which NPs are
formed by the processes of soluble metal salts reducing [9].

The production of nanoparticles with plant extracts usage has an
important advantages. Low cost of cultivation, short production time, the
ability to regulate the required volume of products, and safety are make
plants an attractive platform for NPs synthesis [8, 9]. During the techno-
logy of biogenic synthesis of NPs elaboration the most important stage is
to choice the plant which will play a role of «biofactory». Plant phenolic
compounds with strong oxidation-reduction properties can serve as agents
for reduction of metal ions to NPs [8, 12]. Therefore the medicinal plants
are the best «biofactories» for the NPs production. But to obtain NPs on
an industrial scale a large amount of plant material is required. This prob-
lem will be solved with the help of biotechnology — in vitro and cell (cal-
lus) cultures may supply industry with plant material [13].

Various conditions are affecting NPs synthesis: silver ion concentra-
tion, plant extract temperature, pH, time of reaction [8, 12—19]. The pH
modification leads to natural phytoreagent’s charges changes in the extract
composition. The charges changes affect on phytoreagent’s ability to bind
and to reduce cations and anions of metals during the nanoparticles syn-
thesis and is reflected on NPs shape, size and yield [12, 20, 21]. Increase
of temperature promotes the increase of reaction rate and the efficiency of
NPs synthesis [15, 16]. So it is important to determine the influence of all
of this factors on NPs green synthesis.

The aim of our research was to define plants with high content of
BAS, and to establish the conditions for the biogenic synthesis of AgNPs
with medicinal plants extracts usage.

Methods

The study was performed in the Department of Biochemistry and Bio-
technology of Plants, the Central Botanical Gardens, National Academy of
Sciences, Belarus.

The objects of investigations were the medicinal plants and in vitro
cultures (Agastache rugosa Kuntze, Digitalis purpurea L., Melittis sarmatica
Klok., Silybum marianum (L.) Gaent) from the collection of the
Department of biochemistry and biotechnology of plants, the Central
Botanical Gardens, National Academy of Sciences, Belarus.

Melittis sarmatica and Digitalis purpurea viable seeds were sterilized
with 4 % chlorine solution for 25 minutes. After three successive rinses
in sterile distilled water, sterilized seeds were cultured on hormone-free
MS medium [22]. When seedlings reached 25—40 days old, the cotyle-
donous leaves and roots were excised from seedlings and then cultured
on MS-basal-medium. Cultivation was carried out at 10 h light/8 h dark
photoperiod and 25+2 °C.
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Agastache rugosa and Silybum marianum calli were obtained from
seeds. Agastache rugosa calli were cultured on solid MS basal medium [22],
supplemented with hormones: 0.5 naphthalene acetic acid (NAA) — 0.5
mg/L and BAP — 0.1 mg/L. Every 15—16 days calli cultures were sub-
cultured on a fresh medium. The 3-rd passage calli tissues were used for
further analyzes.

Silybum marianum calli were subcultured on the MS medium [22] with
the hormones addition: BAP (2 mg/L) and NAA (1 mg/L). Every 14—17
days calli cultures were subcultured on fresh medium. The resulting callus
cultures were used in further experiments.

The medicinal plants extracts preparation (for BAS content determi-
nation) was carried out according to [23] with our modifications. The
extraction procedure performed twice. 0.5 g of plant material were grinded
using mortar and pestle followed by addition of 15 mx 70 % (v/v) ethanol.
Extract was poured in a flask with a dephlegmator which was put in water
bath at 80—90 °C for 30 min. After that the extract was cooled at room
temperature and the precipitate was carefully collected and filtrated
through the «rapid» filter. The pellet was washed with 15 ml of 70 %
ethanol and the extraction procedure performed again. The obtaining
extract volume was 30 ml. The extract thus obtained was stored at room
temperature in the dark for further experiments.

In order to extracts preparation for NPs synthesis, leaves were washed
with Tween 20 and then by double distilled water for three times. 10 g of
leaves were grinded, and boiled with 100 ml of double distilled water at
60 °C for 10 min. After boiling process the extracts was filtered and super-
natant was used for experiments (NPs formation). Polyphenols content
were determined by [24]. Measurements were carried out on photocol-
orimeter SOLAR at wavelength of 765 nm in a 1-cm-thick cuvette.

0.03

0.02

ppmv

0.01

Silybum marianum  Agastache rugosa  Melittis sarmatica  Digitalis purpurea
root callus

Fig. 1. The total content of phenolic compounds (ppmv) in medicinal plants in vitro culture
(Silybum marianum, Agastache rugosa callus cultures, Melittis sarmatica, Digitalis purpurea in
vitro shoot cultures)

260 ISSN 2308-7099. Fiziol. rast. genet. 2019. T. 51. Ne 3



ECO-FRIENDLY NANOTECHNOLOGIES: SYNTHESIS OF SILVER NANOPARTICLES

TABLE 1. The total content of phenolic compounds in medicinal plants leaves (in-equivalent of gallic
acid)

No | Culture | Content, mg/g of fresh weight
1 Agastache rugosa 18.56+0.04
2 Digitalis purpurea 20.7840.01
3 Melittis sarmatica 19.37+0.02
4 Silybum marianum 20.1740.01

All analyzes were performed in triplicate, the results were statistically
processed using the computer program Statistica 7.0. Distinctions were
considered reliable for p < 0, 05.

Results and discussion

A great number of plant species are capable of NPs synthesizing [25]. The
first step of our investigation was to screen the medicinal plants and in vitro
cultures of medicinal plants on BAS content in order to define candidates
for NPs biogenic synthesis. The phenolic compounds quantitative content
screening have revealed that Silybum marianum, Agastache rugosa, Melittis
sarmatica and Digitalis purpurea are the best candidates for NPs synthesis.

Fig. 1 shows the total content of phenolic compounds in the extracts
of medicinal plants in vitro cultures. Table 1 shows the phenolic com-
pounds content in Silybum marianum, Agastache rugosa, Melittis sarmatica
and Digitalis purpurea leaves extracts. This extracts was found to be a good
reducing agents for silver nanoparticles synthesis.

To study the optimum factors for AgNPs synthesis, the experiments
were carried out at different conditions: AgNO, concentration in plant
extracts (1 x 107! M, 1 x 1072, M, 1 x 1073 M), pH (1, 3, 5, 7,9, 11) and
temperature (8, 18, 24, 35 and 45 °C). The effect of these parameters was
monitored by UV-vis spectrophotometer (Agilent 8453). The reaction was
carried out in the dark in order to avoid the AgNO,; photoactivation.
AgNO; bioreduction to silver ions was evaluated by the color of the solu-
tion changing.

As it is known from literature, when AgNO, is added to the extracts
it results into the colour changing (to brown) due to reduction of silver
ions. This color is attributed to surface plasmon resonance. So, the solu-
tion’s color changing indicates the NPs formation [12, 15, 26—29], and the
more brown color of a reaction mixture indicates a higher concentration of
nanoparticles [30].

As can being seen from the Fig. 2, the colors of reaction mixtures
were from yellowish-green to brown, depending on the extract nature
and AgNO, concentration in solutions. The results are in complete cor-
relation with that of reported by [26, 28]. We have got a maximum
AgNPs yield for Agastache rugosa and Melitis sarmatica in vitro cultures
in solution with 1072 M AgNO;, and for Silybum marianum and Digitalis
purpurea in vitro cultures with 1073 M AgNO, (Fig. 2). The similar
results were obtained by [31].
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Fig. 2. Reaction mixtures of in vitro cultures of Agastache rugosa (Ag. t.), Silybum marianum
(S. m.), Digitalis purpurea (Deg.) extracts at room temperature (18 °C) AgNO; concentra-
tion: 1 x 1071 M (@), 1 x 1072 M (), 1 x 107> M (c); K — control

TABLE 2. The time required for the maximum amount of silver nanoparticles forming in the
extracts of medicinal plants in vitro cultures with AgNOj; solution of 1 x 1072 M at room
temperature (18 °C)

Culture | Time, min
Silybum marianum (root callus) 13
Agastache rugosa (leaf callus) 10
Melittis sarmatica (shoot culture) 20
Digitalis purpurea (shoot culture) 16

The next investigated factor was the time required for the completion
of reaction. The reduction reaction and formation of NPs starts immedi-
ately after the addition of AgNO; to the plant extract. When the colour of
solution becomes constant, no silver salt was left for further reaction.
Biogenic synthesis of metal NPs in plant systems is a rather fast process. It
was shown that AgNPs were synthesized from an aqueous solution of sil-
ver nitrate in a leaf extract of Ocimum sanctum for 8 min [30].

The Table 2 presents data about the time required to form the maxi-
mum amount of silver nanoparticles in the extracts of medicinal plants in
vitro cultures (the time of extract color development).

In our study the optimum time required for the reaction completion
was from 10 to 20 min. The shortest time for color development (for max-
imum yield of AgNPs formation) was observed for Agastache rugosa (10
min) and Silybum marianum (13 min) in vitro cultures (Table 2). The data
obtained correlated with the higher content of reducing agents in these
extracts.

The pH of plant solution affects on the amount of nanoparticle pro-
duction and influenced on the rate of the reduction reaction [32]. It was
reported that pH is responsible for the formation of NPs and even the
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extracts coming from different parts of the same plant may have different
pH values which need further optimization for the efficient synthesis of
nanoparticles [32, 33]. It seems that pH affects on the amount of NPs pro-
duction and stability of them. The reaction mixture turned brown when sil-
ver was reduced, and the reaction mixture coloring accelerated when pH
increased.

The reduction of AgNPs was performed at pH 1, 3, 5, 7, 9, and 11
(pH was adjusted by using 0.1 N KOH and 0.1 N HCI). It have been
shown that the optimal pH for AgNPs formation (the maximum absorp-
tion of reaction mixtures) was observed at pH 9 (the highest color intensi-
ty). Similar results were obtained for Cydonia oblong seed and Cocos
nucifera coir extracts [29, 34].

Temperature might be one of the crucial factors affected NPs forma-
tion. As known from previous works [16, 35] by increasing reaction tem-
perature an increase in absorbance was observed, which can be due to the
increase in reduction rate, and production of colloidal silver NPs.
However, as experiments have shown, the effect of this factor on the effi-
ciency of NPs synthesis is largely depends on the plant culture. A number
of experiments with different temperatures of reaction mixtures (8, 18, 24,
35 and 45 °C) have been carried out. As a result it have been found that
the maximum yield of AgNPs in Agastache rugosa and Digitalis purpurea
extracts were observed at 24 °C, for Melittis sarmatica — at 35 °C and for
Silybum marianum extract — at 18 °C. Our data confirmed that with
increase of reaction temperature the production of colloidal silver nanopar-
ticles and reduction rate increased.

Conclusion. The medicinal plants and in vitro cultures of medicinal
plants have been screened on the biologically active substances (BAS) con-
tent. The data obtained made it possible to reveal 4 in vitro cultures of
medicinal plants from the CBG collection which extracts were found to be
a good reducing agents for AgNPs synthesis: Agastache rugosa, Silybum
marianum, Melittis sarmatica and Digitalis purpurea.

A green synthetic approach by using this extracts for AgNPs prepara-
tion have been developed and optimized. Thus, we have established the
primary conditions for AgNPs synthesis in Agastache rugosa, Silybum mari-
anum, Melittis sarmatica and Digitalis purpurea extracts. The maximum
yield of AgNPs in Agastache rugosa and Digitalis purpurea extracts was
observed at 24 °C, for Melittis sarmatica — at 35 °C and for Silybum ma-
rianum extract — at 18 °C. The optimal conditions for AgNPs synthesis —
pH 9.0 and AgNO, concentration in solution — 1 x 1072 M.

The authors are grateful to Kovzunova O.V. and Kuzovkova A.A. for
their help in the work.

REFERENCES

1. Colvin, V.L, Schlamp, M.C. & Alivisatos, A.P. (1994). Light-emitting diodes made from
cadmium selenide nanocrystals and a semiconducting polymer. Nature, 370 (6488),
pp. 354-357.

2. Wangand, Y. & Herron, N. (1991). Nanometer-sized semiconductor clusters: materials
synthesis, quantum size effects, and photophysical properties. J. Physical Chemis., 95
(2), pp. 525-532.

ISSN 2308-7099. ®u3uosorus pactenuii u renetuka. 2019. T. 51. Ne 3 263



O.V. CHIZHIK, V.N. RESHETNIKOV, I.P. KONDRATSKAYA

10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

264

. Wang, Y. (1991). Nonlinear optical properties of nanometer sized semi-conductor clus-

ters. Accounts of Chemical Research, 24, pp. 133-139.

. Schmid,G. (1992). Large clusters and colloids. Metals in the embryonicstate. Chemical

Reviews, 92 (8), pp. 1709-1727.

. Hoffman, A.J. (1992). Q-sized CdS: synthesis, characterization, and efficiency of pho-

toinitiation of polymerization of several vinylic monomers. J. Physical Chem., 96 (13),
pp. 5546-5552.

. Mansur, H. S. Grieser, F., Marychurch, M.S., Biggs, S., Urquhart, R.S. & Furlong, D.N.

(1995). Photoelectrochemical properties of “Q-state”CdS particles in arachidic acid
Langmuir-Blodgett films. J. Chemical Society. Faraday Transactions, 91 (4), pp. 665-
672.

. Klaus-Joerger, T., Joerger, R., Olsson, E. & Granquist, C-G. (2001). Bacteria as work-

ers in the living factory: metal-accumulating bacteria and their potential for materials sci-
ence. Trends in Biotechnol., 19 (1), pp. 15-20.

. Makarov, V.V. (2014). “Green” Nanotechnologies: Synthesis of Metal Nanoparticles

Using Plants. Acta nature, 6 (1), pp. 35-44.

. Mittal, A. K., Chisti, Y. & Banerjee, U.C. (2013). Synthesis of metallic nanoparticles

using plant extracts. J. Biotechnol. advances, 31, pp. 346-356. doi:10.1016/ j/.biotechadv.
2013.01.003.

Monaliben, Sh., Fawcett, D., Sharma, Sh., Tripathy, S.K. & Poinern, G.E.S. (2015).
Green Synthesis of Metallic Nanoparticles via Biological Entities. Materials J., 8, pp. 7278-
7308. doi:10/3390/ma8115377

Malabadi, R., Naik, S., Meti, N.T., Mulgund, G.S., Nataraja, K. & Kumar, S.V. (2012).
Silver nanoparticles synthesized by in vitro derived plants and callus cultures of Clitoria
ternatea; Evaluation of antimicrobial activity. Research in Biotechnol., 3 (5), pp. 26-38.
Egorova, E.M. (2011). Nanoparticles of metals in solutions: biochemical synthesis, prop-
erties and applications. (Extended abstract of Doctor thesis). Moscow [in Russian].
Monaliben, Sh., Fawcett, D., Sharma, Sh., Tripathy, S.K. & Poinern, G.E.S. (2015).
Green Synthesis of Metallic Nanoparticles via Biological Entities. Materials J., 8, pp. 7278-
7308.

Rodriguez-Leon, Er. (2013). Synthesis of silver nanoparticles using reducing agents
obtained from natural sources (Rumex hymenosepalus extracts). Nanoscale Res Lett, 8
(1), pp. 318. doi:10.1186/1556-276X-8-318

Lin, L. (2010). Nature factory of silver nanowires: Plant-mediated synthesis using broth
of Cassia fistula leaf. 162 (2), pp. 852-858. doi: 10.1016/j.cej.2010.06.023

Archna, H.R. (2016). Rewew on Green Synthesis of Silver nanoparticle, Characterisation
and Optimisation Parameters. International J. Research in Enginee ring and Technol.,
5(15), pp. 49-53.

Haverkamp, R.G. & Marshall, A.T. (2009). The mechanism of metal nanoparticle for-
mation in plants: limits on accumulation. J. Nanoparticle Research, 11(6), pp. 1453-
1463. doi:10.1007/s11051-008-9533-6

Marchiol, L., Mattiello, A., Poscic, F., Giordano, C. & Musetti, R. (2014). In vivo syn-
thesis of nanomaterials in plants: location of silver nanoparticles and plant metabolism.
Nanoscale Res Lett, 9 (1), pp. 101. doi:10.1186/1556-276X-9-101

Mostafa, M.H. (2014). Green synthesis of silver nanoparticles using olive leaf extract and
its antibacterial activity. Arabian J. Chemistry, 7(6), pp. 1131-1139.

Kumar, R. Choshal, G. & Goyal, M. (2017). A and Goyal M. Rapid Green Synthesis
of Silver Nanoparticles (AgNPs) Using (Prunus persica) Plants extract: Exploring its
Antimicrobial and Catalytic Activities. J. Nanomed Nanotechnol, 8 (4), pp. 4-8. doi:
10.4172/2157-7439.1000452

Rodriguez-Leyn, E. (2013). Synthesis of silver nanoparticles using reducing agents
obtained from natural sources (Rumex hymenosepalus extracts). Nanoscale Res. Lett.,
8(1), p. 318.

Murashige, T & Skoog, F. (1962). A Revised Medium for Rapid Growth and Bio Assays
with Tobacco Tissue Cultures. Physiol. Plantarum, 15 (3), pp. 473-497.

Horuzaya, V. (2008). State Pharmacopoeia of the Republic of Belarus. Minsk: Minsk
State PTK polygraph named, 2, 381p. [in Russian].

ISSN 2308-7099. Fiziol. rast. genet. 2019. T. 51. Ne 3



ECO-FRIENDLY NANOTECHNOLOGIES: SYNTHESIS OF SILVER NANOPARTICLES

24. Riedl, K.M. (2001). Tannin-protein complexes as radical scavengers and radical sinks. J.
Agric. And Food Chem., 49 (10), pp. 4917-4923 [in Russian].

25. Baker, S., Rakshith, D., Kavitha, K.S., Santosh, P., Kavitha, H.U., Rao, Y. & Satish, S.
(2013). Plants: Emerging as Nanofactories towards Facile Route in Synthesis of
Nanoparticles. Bioimpacts, 3 (3), pp. 111-117.

26. Shankar S., Ahmad, A. & Sastry, M. (2003). Geranium leaf assisted biosynthesis of sil-
ver nanoparticles. Biotechno. Prog., pp. 1627-1631.

27. Vanaja, M., Rajeshkumar, S., Paulkumar, K., Gnanajobitha, G., Malarkodi, C. &
Annadurai, G. (2013). Kinetic study on green synthesis of silver nanoparticles using
Coleus aromaticus leaf extract. Advances in Applied Sci. Res., 4 (3), pp. 50-55.

28. Aparajita, V. & Mohan, S. M. (2016). Controllable synthesis of silver nanoparticles using
Neem leaves and their antimicrobial activity. J. Radiation Research and Applied Sci., 9,
pp. 109-115. doi:10.1016/j.jrras.2015.11.001

29. Zia, F.N., Igbal, G.M. & Mehboo, S. (2016). Green synthesis and characterization of
silver nanoparticles using Cydonia oblong seed extract. Appl. Nanosci., 6(7), pp. 1023-
1029.

30. Braroo, K., Sharma, A.K., Thakur, M., Kasu, Y.A., Singh, K. & Bhori, M. (2014).
Colloidal Silver Nanoparticles from Ocimum sanctum: Synthesis, Separation and Their
Implications on Pathogenic Microorganisms, Human Keratinocyte Cells, and Allium
cepa Root Tips. J. Colloid Sci. and Biotechnol., 3, pp. 1-8.

31. Veerasamy, R., Zi Xin, T., Gunasagaran, S., Foo Wei Xiang, T., Chou Yang, E.F.,
Jeyakumar, N. & Dhanaraj, S.A. (2011). Biosynthesis of silver nanoparticles using man-
gosteen leaf extract and evaluation of their antimicrobial activities. J. Saudi Chem.
Society, 15, pp.113-120.

32. Mock, J.J. (2002). Shape effects in plasmon resonance of individual colloidal silver
nanoparticles. J. Chem. Physics, 116(15), pp. 6755-6759.

33. Iravani, S. & Zolfaghari, B. (2013). Green Synthesis of Silver Nanoparticles Using Pinus
eldarica Bark Extract. BioMed Res. Int., pp. 1-5. doi: 10.1155/2013/639725

34. Roopan, S.M., Rohit, Madhumitha G., Rahuman, A.A., Kamaraj, C., Bharathi, A. &
Surendra, T.V. (2013). Low-cost and eco-friendly phyto-synthesis of silver nanoparticles
using Cocos nucifera coir extract and its larvicidal activity. Ind. Crop Prod., 43, pp. 631-
635.

35. Cruza, D., Fale, P.L., Mourato, A., Vaz, P.D., Serralherio, M.L. & Lino, A.R. (2010).
Preparation and physicochemical characterization of Ag nanoparticles biosynthesized by
Lippia citriodora (Lemon Verbena). Colloids and Surfaces B: Biointerfaces, 81(1), pp. 67-
73.

Received 08.02.2019

BKOJIOTMYECKHUE HAHOTEXHOJIOTU: CUHTE3 HAHOYACTHUL CEPEBPA C
MCIOJIb30BAHUEM DKCTPAKTOB JEKAPCTBEHHBIX PACTEHUI

O.B. Yuxcux, B.H. Pewemnuxos, U.I1. Kondpaykas

LleHnTpanbHblii 60TaHUYecKUii can HanmoHanpHOM akagemuu HayK benapycu, MuHcK

3esieHbIll CMHTE3 HAaHOYACTHUIL METAJUIOB C MCMOJb30BAHUEM DPACTUTEJbHBIX 3KCTPAKTOB
SIBJISIETCSI HETOKCUYHBIM M 3KOJOTUYHBIM METOJOM IO CPaBHEHUIO C XUMHUYECKUMU U
dusnyeckumu Metofamu. [1pou3BOACTBO HAHOYACTHUIL C UCMOJb30BAHUEM PACTUTEIbHBIX
9KCTPAKTOB MUMEET BaxkHble MpeumyliecTBa. Llenplo Halllero ucciaenoBaHus ObUIO CO3IaHue
YCJIOBMI Ul OMOT€HHOIO CMHTEe3a HAaHOYACTHUIl cepedpa ¢ MCIOJb30BAaHMEM 3KCTPAKTOB
JIEKapCTBEHHBIX PACTEHUN U KYJbTYp JIEKAPCTBEHHBIX pacTeHWid in vitro. PacTuTenbHbIe
¢eHOIbHbIE COENMHEHMSI C CWJIBHBIMU OKHCIUTEIbHO-BOCCTAHOBUTEIbHBIMU CBOMCTBAMU
MOTYT CJIy’KUTb BOCCTAaHOBMTEJISIMM HOHOB MeETa/UIOB 10 HaHoyactull. [loatomy st
TEXHOJIOTUM OMOTeHHOI0 CMHTE3a HAHOYACTHUIl HauboJsiee BaKHBIM 3TANoOM SIBJSIETCS] BBIOOD
pacTeHus1, KOTOpoe OyIeT Urpath pojib «ouocadpuku». JlekapcTBEHHbIE paCcTeHUSI U in Vitro
KYJbTYpbl JIEKAPCTBEHHBIX PACTEHUI ObUTM TOABEPTHYTHI CKPUHUHTY Ha COIEpXKaHue
Ouonornyecku akTUBHBIX BelecTB (BAB), mockonbky BAB sIBisiOTCS BOCCTAaHOBUTEISIMU
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Ut HUTpaTa cepebpa. CKPUHUHT KOJIMYECTBEHHOTO COAEPKaHUsST (HDEHOTbHBIX COSTMHEHUIA
nokasaiu, uro Silybum marianum, Agastache rugosa, Melittis sarmatica v Digitalis purpurea
SIBJISIIOTCS. JIYYIIMMHM KaHAMAATaMU [UISE CUHTe3a HaHovacTWil. OTpeneieHbl pa3IuvHbIe
dakTopbl, BIUSMIONIME Ha KOJUYECTBO CHMHTE3MPOBAHHBIX HAHOYACTHI cepebpa. DTUMU
dakropaMu SIBISIOTCS: KOHIEHTpAallMM HUTpata cepebpa M BOCCTAHOBUTENCH, BpeMsl
CHHTe3a, TeMIlepatypa MU pH peaklIMOHHOW cpembl. YCTaHOBJIEHBI OCHOBHBIC YCJIOBUS
CHHTE3a HaHOYacTUIl cepedpa B IKCTpakTax Agastache rugosa, Silybum marianum, Melittis
sarmatica u Digitalis purpurea. MakcUMallbHBII1 BBIXOJ HAHOYACTHIl cepedpa B 3KCTpaKTax
Agastache rugosa w Digitalis purpurea nHabmonancs npu 24 °C, nna Melittis sarmatica — nipu
35 °C, mnst akcrpakta Silybum marianum — nipu 18 °C. OnTuMalbHble YCJIOBUSI CUHTE3a
Ha"ouactuy cepedpa: pH 9,0, konuenrpauus AgNO; B pactBope — 1 x 102 M.

Katouegoie cn06a: GUONOTMUECKN aKTUBHBIE BEIIECTBA, KAJUTIOCHBIE KYJIbTYpPHI, in vitro, je-
KapCTBEHHBIE PACTCHUsI, HAHOYACTHIIBI.

EKOJIOTTYHI HAHOTEXHOJOTI'il: CUHTE3 HAHOYACTUHOK CPIBJIA 3
BUKOPUCTAHHAM EKCTPAKTIB JiKAPCbKUX POCJTVH

O.B. Yuxcux, B.H. Pewemnixos, 1.1Il. Kondpayvka

LenTpanbHuit 6otaHiuHuit cang HailioHanbHOT akafaemii Hayk binopyci, MiHCbK

3eeHnii CUHTe3 HAHOYACTMHOK METaJliB i3 BUKOPUCTAHHSM POCIMHHUX €KCTPAaKTiB €
HETOKCUYHUM Ta €KOJIOTIYUHUM METOAOM IMOPIiBHSIHO 3 XiMiYHUMU i (Pi3BMYHUMU METOIAMU.
BupoOHUIITBO HAHOYACTMHOK i3 BUKOPUCTAHHSIM POCIMHHOIO €KCTPaKTy Ma€ BaXJIMBi
nepeBaru. MeTo HalIoOro AOCTIIXKEHHS OyJOo BCTAHOBJIEHHSI YMOB OiOT€HHOTO CHUHTE3Y
HAHOYAaCTUHOK Ccpibiia 3 BUKOPUCTAHHSIM €KCTPAKTiB JIIKapChbKUX POCIUH Ta KYJBTYp in Vitro
JiKapchkuX pociauH. OeHONbHI CIOJIYKM pPOCIMH i3 CHJIBHUMM OKWCHO-BiTHOBHUMU
BJIACTUBOCTSIMU MOXYTb CIYT'yBaTH BiTHOBHMKAaMM iOHiB MeTaJliB 1O HaHOYAaCTUHOK. OTXe,
JUISI TEXHOJIOTii po3poOKM OGiOT€HHOro CHHTE3y HAaHOYACTMHOK HAWBAXJIUBIIIMM €TarloM €
BUOIp POCIMHM, 110 BidirpaBaTuMme pojb «biohabpuKu». JIikapchKi POCIUHM Ta KYJAbTYpHU
JIIKApCbKUX POCJMH in Vitro OyJM JOCHiIXKEeHi Ha BMICT OiOJIOTiYHO aKTMBHUX PEYOBUH
(BAP), ockinbku BAP € BiTHOBIIOBAIbBHUMU PeUYOBMHAMMU TSI HiTpaTy cpibia. KinbkicHuit
CKPUHIHT BMIiCTy (D€HOJBHUX CIOJYK BUSIBUB, 110 HAWTIMIIMMU KaHIUAATAMU JJIS CUHTE3Y
HAHOYACTUHOK € Silybum marianum, Agastache rugosa, Melittis sarmatica i Digitalis purpurea.
BusHaueHO pi3Hi YMHHUKM, IO BIUIMBAIOTh Ha KiJIbKICTh CHHTE30BaHUX HAHOYACTUHOK
cpibsa. TakuMM YMHHUKAMU €: KOHLEHTpallii HiTpaTy cpibia i BiJHOBIIOBaJIbHMX areHTiB,
TPpUBAJIiCTh CHMHTEe3y, TeMmnepaTtypa i pH peakuiiiHoro cepenoBuila. BcTaHOBIEHO TOJ0OBHI
YMOBM JUJISI CHUHTE3y HAaHOYACTUHOK Cpibjia B eKCTpaKTax Agastache rugosa, Silybum marianum,
Melittis sarmatica 1 Digitalis purpurea. MakcUMaJIbHUI BUXili HAaHOYACTMHOK cpibja B
eKkcTpakrax Agastache rugosa i Digitalis purpurea cnioctepiraBcst 3a 24 °C, B Melittis sarmati-
ca — 3a 35 °C, B ekcrpakti Silybum marianum — 3a 18 °C. OnTumajabHi YMOBU CUHTE3Y
HaHoYacTMHOK cpibna: pH 9,0, konueHTpauis AgNO; B po3unni — 1 x 102 M.

Kntouosi crosa: 6i0JIOTiYHO aKTUBHI PEYOBMHU, KaJIOCHI KYJBTYpH, in vitro, Jikapchki poc-
JIMHU, HAHOYACTUHKU.
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