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DEVELOPMENT OF PROTOTYPES

OF THERAPEUTIC AND PROPHYLACTIC
ANTIOXIDANT AGENTS BASED

ON NATURAL BIOLOGICALLY ACTIVE
COMPOUNDS OF TROPICOGENIC
REPRESENTATIVES OF ORCHIDACEAE JUSS.

Introduction. Plant extracts and bioactive substances (BAS) of natural origin possess a high biological activity
and a low toxicity, therefore they are widely used in cosmetic, pharmaceutical, and food industries.

Problem Statement. Nowadays, about 50% of all medical drugs, dietary supplements, and herbal medicines
are produced from natural sources, so the search for plants with a high content of BAS, the development of bio-
technologies for BAS production, and the design of composites providing the most ef fective use of BAS are of
great importance.

Purpose. The purpose is to study tropical orchids collection for identification of plants with a high BAS con-
tent; to develop a procedure for growing promising species in vitro; to design drug prototypes on the basis of plants
extracts, nanosized silica, and gelatin biopolymer.

Materials and Methods. The extracts prepared from orchids leaves, silica, and gelatin have been used as
auxiliary components for composites synthesis. Spectrophotometric, chromatographic, quantum-chemical, anato-
mo-morphological, phy-siological-biochemical, and biotechnological methods have been used in the research.

Results. The species of orchids, which contain a significant amount of BAS with high antioxidant properties
have been identified, the main components of orchids extracts have been distinguished. Sterile cultures of selected
species have been obtained, protocols for their cultivation in vitro have been developed. Two types of bioactive
composites have been prepared, the interaction of extracts components with silica surface and gelatin molecules
has been studied. It has been shown that the materials composed of silica and orchid extracts possess a high stora-
ge stability and a prolonged desorption of several BAS, while the materials based on extracts, silica, and gelatin
ensure gradual release of all the extracts components.
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Conclusions. The orchids are valuable sources of natural antioxidants. The designed composites are promising
in terms of producing drug formulations for prolonged release of antioxidants.

Keywords: Orchidaceae Juss. extracts, polyphenolic compounds, nanosized silica, gelatin, and bioactive com-

posites.

Comprehensive study of plant extracts is one of
the priorities of modern research in the field of
biology, as evidenced by Scopus data at the end of
2019 (194,735 research publications with the
keyword "plant extracts"). The rate of use of her-
bal medicines and food formulations based on raw
plant materials continues growing rapidly around
the world [1, 2]. According to the Global Indust-
ry Forecast, in 2019, the market of plant extracts
amounted to USD 23.7 billion and, by 2025, it is
expected to get to USD 59.4 billion [3].

Plant extracts are a valuable source of natural
antioxidants (AO), in particular, flavonoids and
phenolic acids, which are widely used to inhibit
or to slow down free radical / oxidative processes
[4, 5]. The recent decline in medicinal plant po-
pulations and environment degradation, on the
one hand, and the growing demand of the cosme-
tics, pharmaceutical, and food industries for effi-
cient and inexpensive natural AOs, on the other
hand, require the selection of available raw mate-
rials and the development of optimal biotechno-
logical processes. In the context of creating tech-
nologies for obtaining efficient and cheap AOs, an
important point is the initial selection of plants
that are potentially promising in terms of the ext-
raction of bioactive products. The development of
technological processes for rapid biomass growth
is also essential for solving the problem of obtai-
ning BAS on an industrial scale. It is possible to
increase phytomass and quantitative content of
biologically active substances in it by creating spe-
cial conditions for cultivation of representatives
of the studied species ex situ and in vitro.

According to the data of scholarly research li-
terature, the current range of formulations with
plant extracts in the pharmaceutical market of Uk-
raine is insignificant and is mostly represented by
liquid dosage forms with a limited list of original
raw medicinal plant materials: chamomile flowers,
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sage leaves, yarrow herb, and marigold flowers [8].
Therefore, the search for raw plant materials rich
in natural AOs and the creation of new formula-
tions based on plant extracts in various dosage
forms remains relevant.

The purpose of this research is to identify po-
tential producers of BAS among botanical speci-
mens of the orchid collection of the Gryshko Na-
tional Botanical Garden of the NAS of Ukraine,
to develop a technology for in vitro accumulation
of their biomass, to create prototype formulations
based on extracts from plants of the orchid family,
nanosized silica, and gelatin.

The research has been done within the frame-
work of the targeted comprehensive interdiscip-

Table. Study of Extracts of Species from Dendrobium Sw.
Collection of the NBG of the NAS of Ukraine

Number
of DPPH Orisi
Flavonoid| radicals frllglnt
Taxon content, inhibited otp ail
% by the extract sampie
during

30 min, %
Dendrobium aphyllum| 1.172 16 «— ex situ
(Roxb.) C.E.C.Fisch. | 0.806 12 « invitro
Dendrobium nobile| 1.860 28 «— ex situ
Lindl. 1.274 12 — invitro
Dendrobium chrysan-| 1.674 82 «— ex situ
thum Wall. ex Lindl. 1.071 12 «— invitro
Dendrobium phalae-| 1.274 38 «— ex situ
nopsis Fitzg. 1.065 17 «— invitro
Dendrobium draconis| 1.736 61 «— ex situ
Rehb.f. 1.330 29 — invitro
Dendrobium monili-| 1.110 51 «— ex situ
Jorme (L.) Sw. 1.020 32 — invitro
Dendrobium linguella| 2.243 31 «— ex situ
Rehb.f. 1.589 14 — invitro
Dendrobium lomato-| 0.952 45 «— ex situ
chilum Seidentf. 1172 43 «— invitro
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Fig. 1. Sterile cultures of the studied orchid species: 7 — Dendrobium lomatochilum Seidenf.; 2 —
Dendrobium moniliforme (L.) Sw.; 3 — Dendrobium henryi Schltr.; 4 — Dendrobium linguella Rchb.f.;
5 — Dendrobium anosmum Lindl.; 6 — Dendrobium bellatulum Rolfe; 7 — Dendrobium chrysanthum
Wall. ex Lindl.; 8 — Dendrobium draconis Rchb.f.; 9 — Dendrobium nobile Lindl.; 10 — Dendrobium

phalaenopsis Fitzg

linary research program of the NAS of Ukraine
Molecular and Cellular Biotechnology for Medi-
cine, Industry, and Agriculture (approved by Reso-
lution of the Presidium of the NAS of Ukraine
dated 11.02.15 No. 22) and the President's grant
to DSc for research 2019.

To search for valuable genotypes of plants with
the highest content of biologically active sub-
stances, a collection of tropical orchids has been
screened, valuable compounds have been extract-
ed and identified, and their antioxidant proper-
ties have been described.

According to the results of screening, species
whose plant extracts have shown high antioxi-
dant properties have been identified. Particular
attention is paid to 16 samples of extracts con-
taining flavonoids. The content of flavonoids has
been determined with the use of test reactions
with aluminum chloride solution. The antioxi-
dant properties of the extracts have been studied
by the DPPH test [9]. The results of biochemical
screening of some orchid species are presented
in Table.

Having analyzed the results obtained on the
quantitative characteristics of extracts of the stu-
died species of orchids, one can note that in the
case of the plants from greenhouses, the content
of active substances in them, as a rule, is higher
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than in the case of cultivation in aseptic culture.
The only exception is D. lomatochilum, for which
extracts from the plants grown in vitro have a
higher content of flavonoids. Four samples of the
plants grown ex situ and one sample of the plants
grown in vitro have shown a fairly high antiradi-
cal activity as they inhibit more than 50% of free
radicals of DPPH. In most cases, the plants grown
ex situ have higher antioxidant properties than
the plants grown in vitro. In the case of D. aphy!-
lum and D. lomatochilum, the extracts of plants
grown ex situ and those of plants grown in vitro
have almost the same activity in the reaction with
DPPH.

The composition of plant extracts of the stu-
died orchid species has been analyzed by the high
performance liquid chromatography (HPLC) and
the mass spectrometry (MALDI) methods. It has
been found that the main classes of biologically
active substances are flavonoids, hydroxycinna-
mic and hydroxybenzoic acids. In the extracts,
flavonoids are represented mainly by flavonols
and flavones. Quercetin, kaempferol, isoramne-
tin, apigenin, and luteolin have been found to be
the most common aglycones of certain flavonoids.
Derivatives of anthracene and phenanthrene, al-
kaloids, coumarins, furanocoumarins, and terpe-
noids have been detected as well. Catechin has
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Fig. 2. Original silica (a) and composite with extract of Dendrobium nobile Lindl. ();

SEM, x100 000

been found in the extract of D. chrysanthum (ex
situ). It has been established that, in general, more
active substances are accumulated in the phyto-
mass of the plants grown in greenhouses, while
the content of hydroxycinnamic acids is higher in
the plants grown in aseptic culture.

In parallel, a bank of axenic cultures of promis-
ing valuable species of the orchid family (Fig. 1)
has been created. Based on the analysis of biolo-
gical features of the plants and the specifics of
their natural growth, due to the observations of
the annual cycle of growth and development of
generative plants in the greenhouse culture, the
researchers of the NBG of the NAS of Ukraine
have managed to select methods for sterilization
of primary explants and to determine optimal
ways for introducing each experimental species
in the in vitro culture. The prescriptions of nut-
rient media for the first and subsequent stages of
their reproduction in the conditions of aseptic
culture have been developed. A set of measures to
obtain viable seeds of several experimental spe-
cies has been implemented; procedures for their
further sterilization have been designed. The ini-
tial stages of growth and development of juvenile
plants of experimental species in vitro have been
described. Based on the plants used in the experi-
ments, a bank of axenic cultures has been created.
It may be used to obtain pharmaceutically valu-
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able compounds and be involved in programs for
restoration of populations of these species in situ
or for exchange by dilectus.

Based on the plant extracts and excipients (na-
nosized silica and gelatin biopolymer), two types
of composite materials with antioxidant proper-
ties have been developed. The interaction of the
components of the extracts with the silica surfa-
ce and with gelatin molecules has been studied.

According to the results of morphological and
structural studies, it has been shown that the
composites obtained by adsorption / deposition of
the plant extracts on the surface of nanosized sil-
ica almost completely retain its initial dispersity
and consist of particles with a size of 20—30 nm
(Fig. 2).

With the use of the IR spectroscopy and quan-
tum chemical methods, the formation of bonds
between silanol groups of silica and OH groups of
the components of the extracts has been estab-
lished, the desorption of biologically active sub-
stances from the composite surface into the etha-
nol solution has been studied. The obtained re-
sults have proved that different phenols differ
significantly from each other by interaction with
silica nanoparticles and are desorbed into solu-
tion at different rates. It has found that for differ-
ent groups of phenols the length of hydrogen
bonds between the OH groups of molecules and
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the silanol groups of silica, as well as the free ad-
sorption energy differ significantly (0.17—0.28 nm
and —56—54 kJ / mol). In this case, the presence
of a phenolic ring with two adjacent OH groups
in the structure of BAS molecules ensures their
strong interaction with the silica surface.

The antioxidant properties of the extracts and
composites based on extracts and nanosized silica
stored throughout the year have been studied.
Based on the identified differences in the values
of antiradical activity against DPPH for the ori-
ginal extract and the composite based on it (Fig. 3),
it has been found that the adsorption of plant ex-
tract components on the surface of silicaimproves
their stability and extends their shelf life.

The obtained results have laid foundation for
the use of nanosized silica as a carrier of BAS whi-
le developing prototype formulations.

To create formulations with prolonged action,
a method for obtaining silica-gelatin materials has
been proposed. It allows the introduction of bio-
logically active substances or plant extracts during
their preparation [10]. It has been shown that sili-
ca-gelatin materials are characterized by less swel-
ling in aqueous solutions as compared with gela-
tin films and, accordingly, have a lower rate of de-
sorption of active substances. To obtain therapeu-
tic and prophylactic agents with prolonged action,
the active extracts have been introduced into
silica-gelatin materials in the form of thin films.
In such materials, silica plays the role of a kind of
crosslinking agent that forms additional bonds
with gelatin molecules, slows down the swelling
and dissolution of the material in the aqueous
medium, and enables the controlled release of the
active substance. Some active substances contai-
ned in the plant extracts may act as crosslinking
agents and provide additional slowdown of swell-
ing, facilitation of dissolution of materials, and
prolongation of the antioxidant action. It has been
found that high concentrations of flavonoids in
silica-gelatin suspensions may affect the interac-
tion of silica and gelatin through reducing the
silica-induced effect of slowing down the swel-
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Fig. 3. Kinetic curves of inhibition of DPPH radicals in the
reaction with original extract (7) and with composite based
on it (2)

ling of films and desorption of incorporated sub-
stances. The free Gibbs energies for the interac-
tion of the flavonoid quercetin, gelatin, and silica
with each other have been calculated. The ob-
tained data have confirmed the possibility of the
effect of quercetin adsorption on the silica surface
on the interaction of silica and gelatin.

As a result of screening of the NBG collection
of tropical orchids, some species containing a sig-
nificant amount of BAS have been identified.
Phenolic acids and flavonoids have been shown to
be the main components of orchid extracts.

Axenic cultures of selected species have been
obtained and methods for their in vitro cultiva-
tion have been developed. It has been found that
the orchids grown in vitro, under certain cultiva-
tion conditions, may accumulate more BAS than
the plants grown ex situ.

It has been shown that the presence of two ad-
jacent hydroxyl groups in the phenolic ring of hyd-
roxycinnamic acids or in the B-ring of flavonoids
contributes to a stronger interaction of such com-
pounds with the silica surface. The use of nano-
sized silica as an excipient in the creation of com-
posites contributes to the stability of biologically
active substances that are part of the extracts and
extends their shelf life.
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A method for obtaining silica-gelatin materials | tion has been created. It provides uniform release
has been proposed. It allows introducing BAS, | of all components of the extracts into the solu-
while producing the materials. tion, slowdown of the flavonoid desorption, and

A prototype formulation with prolonged ac- | prolonged action of antioxidant compounds.
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PO3POBKA ITPOTOTUIIIB JIIKYBAJIbBHO-ITPODITAKTUYHUX
3ACOBIB AHTUOKCUAAHTHOT JIIT HA OCHOBI

MMPPOAHNX BIOJIOITYHO AKTMBHUX

CIIOJIYK TPOIIIKOTEHHUX ITPE/ICTABHUKIB ORCHIDACEAE JUSS.

Beryn. Pocaunni ekcrpaktu i 6ioaktusHi crionyku (BAC) pupogHOro noxo/asKeHHs XapaKTepusyoThesl BUCOKOIO 6i0J10-
IYHOI aKTUBHICTIO 1 HU3BKOIO TOKCUYHICTIO, 1110 00YMOBJIIOE IX IIUPOKE 3aCTOCYBAHHSI B KOCMETUYHIiT, (hapMalieBTuuHiii Ta
Xap4oBiil IPOMHUCTIOBOCTSIX.

IIpoGaemaruka. Ha coorozni 6isist 50 % BCix MeAMYHKX TIPENApaTiB, XapuoBUX J106ABOK Ta JIKaPChKIUX 3ac06iB BUTOTOB-
JISTIOTH 3 TIPUPOHOI CUPOBUHM, TOMY aKTYaJIbHUM € MOIIYK POCIHH 3 BICOKMM BMicTtoM BAC, po3pobka GioTexHOMOrii iX
OJIepKaHHsI i CTBOPEHHST KOMIIO3UTIB, AKi 3a0€311e4yi0Th HaiiOiabll e(heKTHBHE BUKOPHCTAHHS AIF0UYNX PEYOBUH.
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Mera. Bup4enns kKoekii TpOMiKOTeHHUX OPXIAHNX /IS BUSBJIEHHS POCAWH 3 BUCOKMM BMmictom BAC. PospoOka mpo-
1e/lypy BUPOIYBAHHS IIEPCIIEKTUBHUX BUIIB in vitro. OepsKaHHs POTOTUIIIB JIKAPChKUX 3ac00iB HA OCHOBI POCIUHHUX
€KCTPAKTIB, HAHOPO3MIPHOTO KpeMHe3eMy Ta GioIoIiMepy JKeJaTHHy.

Marepiaiu it MeToau. EKCTPaKTH rOTYBaJIH i3 JINCTSI OPXiIHUX, SIK IOTOMIZKHI KOMIIOHEHTHU JIJISI CTBOPEHHST KOMITO3UTIB
3aCTOCOBAHO KpeMHe3eM i xeratui. Bukopucrano criekrpodoToMeTpuyHi, Xxpomarorpadidii, KBAHTOBO-XiMiuHi, aHATOMO-
MopoJioriui, hiziosoro-6ioximMiuHi Ta 6i0TEXHOMOTIUHI METOIM.

PesyabraTu. Buasieno Buan opxizeii, ki MictaTb 3Hauny Kinbkictb BAC 3 BUCOKMMM aHTMOKCHAAHTHIMU BJIACTHBOC-
TSIMU; BUSHAYEHO OCHOBHI KOMIIOHEHTU €KCTPAKTIB OpxigHuX. OJIep:KaHO CTEPUIIbHI KyJIBTYPH BifiOpaHX BUJAIB Ta PO3PO-
6JIEHO TIPOTOKOJIN IXHBOTO KYJIBTUBYBAHHS i1 0itro. BUroToBIIEHO /iBa THIIN GI0AKTUBHUX KOMIIO3UTIB, BUBYEHO B3AEMO/III0
KOMIIOHEHTIB €KCTPAKTIB 3 TIOBEPXHEIO KPEeMHe3eMy Ta MoJleKyJiaMu skejatuny. [lokasano, 1o KOMIO3UTH Ha OCHOBI €KCT-
PAKTIB Ta KpeMHe3eMy IPOSBIIIOTh BUCOKY cTabinbHicTh npu 36epiranni Ta yrnosiabHeny gecop6uiio geskux BAC, Toxi
SIK MaTtepiai Ha OCHOBI eKCTPAKTIB, KPEMHE3eMY Ta JKeJaTHHY 3a0e311edyioTh MTOCTYIIOBE BUBIIbHEHHS BCIX KOMITOHEHTIB
€KCTPaKTiB.

BucuoBku. OpxijiHi € IHHUM JIZKEPEIOM PUPOJHUX aHTUOKCHIAHTIB, PO3p0o06JieHI KOMIIO3UTHU € TIEPCIIEKTUBHUMU [1JIs1
BHUTOTOBJICHHS JIIKAPCHKUX (hOPM /111 TPUBATIOTO BUBIJIbHEHHS aHTUOKCU/IAHTIB.

Kanwuoei crosa: Orchidaceae Juss., pocauHHi eKCTPAKTH, TIOTI(HEHOTBHI CTOMYKH, HAHOPO3MIPHUN KPEMHE3EM, JKeTaTHH,
6i0aKTHBHI KOMIIO3UTH.
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