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The application of nanotechnological innovations to increase the
effectiveness of the bioflavonoid quercetin is considered. The ability to
functionalize with specific ligands that target specific organs or cells is
very important because it is possible to increase the concentration of quer-
cetin at the desired target level while reducing side effects. Quercetin,
as a flavonoid antioxidant, is widely used to reduce oxidative stress and
activate important signalling pathways in cells. However, poor solubility
in water, intensive first-pass metabolism limits its use. A strategy for the
development of nanocomposites is presented, which involves combining
quercetin obtained from agricultural waste with selenium nanoparticles.
In vitro results demonstrated that quercetin-nanoselenium has high water
solubility compared to individual flavonoids. It has been proven that quer-
cetin-nano-selenium nanoparticles are capable of reducing 1,1-dipheny
1-2-picrylhydrazyl (DPPH) radicals and are characterized by high anti-
oxidant activity. The ability to functionalize nanoparticles with specific
ligands that target the modulation of specific signaling pathways (Keap1/
Nrf2/ARE, Nf-kB, mTOR) in individual cells is very important, as it al-
lows increasing the concentration of quercetin to the desired level while
reducing side effects.

Considering the beneficial effects of quercetin, a strategy has been
developed that involves the use of selenium nanoparticles to deliver quer-
cetin in a specific and controlled manner. Research in this direction is
promising, as it will contribute to clarifying the expediency of using such
nanosystems, which have not yet been widely used. The use of onion
waste and its extracts in biotechnology, biomedicine, pharmaceuticals and
the agro-industrial sector can be an optimal solution for reducing environ-
mental damage. In addition, it will provide an economically determined
alternative for the production of feed additives for animals and poultry.
Compounds of quercetin with nanoselenium should take a worthy place
in clinical medical practice, biology and agriculture. The beneficial effects
of quercetin can be further enhanced with the help of nanotechnology,
which will contribute to the effective use of this compound with such great
biological potential.

Key words: nanobiotechnologies, waste, onion peel, 1,1-dipheny
1-2-picrylhydrazyl, antiradical activity.
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Introduction. Bionanotechnology emerged
as an integration of biotechnology and nano-
technology for the development of biosynthetic
and environmentally safe technologies for the
synthesis of nanomaterials, and "green" synthe-
sis and surface modification of nanoparticles are
crucial in this field [34]. Nanoparticles (NPs),
synthesized using plant extracts or phytocompo-
nents, are of great importance in the development
of various therapeutic and diagnostic tools [30].
Biogenic, "green" synthesis of metal nanoparti-
cles, metal oxides and metalloids with the partic-
ipation of plants and microorganisms combines
biological principles with biochemical approach-
es to obtain nano-sized functional particles with
the necessary properties. Environmental cleanli-
ness of the production of nanostructures, the use
of which is growing at a significant rate, is an
urgent problem today. The advantages of further
synthesis by biological means, i.e. using micro-
organisms (yeast, fungi, bacteria) and plant parts
(stem, root, leaves, bark, flowers, etc) include
non-toxicity, easy reproducibility and economic
efficiency [5, 40, 41].

Various strategies and biomodifiers are used
for surface modifications/functionalization of
these nanomaterials, in particular with the partic-
ipation of flavonoids. Flavonoids are one of the
most widespread classes of compounds found in
vegetables and fruits. Flavonoids are divided into
classes, and although structurally unique, they
share a common core structure formed by three
rings known as the flavan core. The position of
the hydroxyl group (-OH) in one of the rings de-
termines the mechanisms of action of flavonoids
and reveals complex multifunctional activity. Fla-
vonoids are widely used as antioxidants, analge-
sics, and anti-inflammatory agents, showing safe
preclinical and clinical profiles [16]. Flavonoids
are divided into classes: flavones (flavone, apigen-
in, and luteolin), flavonols (quercetin, kaempferol,
myricetin, and fisetin), and flavanones (flavanone,
hesperetin, and naringenin).

Quercetin  (Q) (3,3'.4",5,7-pentahydroxyfla-
vone) is a flavonol found in various types of fruits,
vegetables, and plants, including: berries, apples,
tomatoes, cocoa, onions, and certain medicinal
plants [17, 27].

The properties of quercetin as a dual-acting
antioxidant are due to its ability to act as a direct
antioxidant, removing active forms of oxygen and
nitrogen. These highly reactive ions are formed
during metabolic processes or come from exog-
enous sources such as pollution, radiation, etc In
addition, quercetin may act as an indirect antioxi-
dant by activating the Nrf2 signaling pathway and
the transcription of antioxidant enzymes.

Quercetin is an antioxidant flavonoid that ex-
hibits anti-inflammatory activity due to the inhibi-
tion of pro-inflammatory cytokines [18], oxidative
stress [6, 7, 9, 42], NLRP3 inflammasome activity
in macrophages [13], activation of p65 NF-xB [19,
26], MAP kinase signaling in macrophages [26],
p50 NF-kB activation in primary human keratino-
cytes [44], and TNF-a, IL-1B, and IL-6 produc-
tion in LPS-stimulated cells [10]. In addition to
the inhibition of the above-mentioned pro-inflam-
matory signaling pathways, part of this effect is
carried out due to the activation of the Nrf2/ HO-1
pathway [7, 19]. Quercetin can activate the AMPK
pathway to modulate mTOR in a dose-dependent
manner and contribute to the reduction of nuclear
translocation of NF-«B to inhibit pro-inflammato-
ry processes [8].

However, poor water solubility and intensive
first-pass metabolism limit the clinical use of
quercetin. It was found that selenium nanoparti-
cles conjugated with quercetin inhibit the aggre-
gation of amyloid-f structures, which are a sign of
Alzheimer's disease, and exhibit antioxidant prop-
erties. Such nanocomposite carriers significantly
increase water solubility and bioavailability of
quercetin (QNPSe) [37].

Biological synthesis is one of the most en-
vironmentally friendly methods of synthesis of
nanostructures. Moreover, if the synthesis is car-
ried out with the help of waste, in particular plants,
then the synthesis process not only becomes green,
but also environmentally friendly. Onion husks
are one of these vegetable wastes. In the case of
onion processing at the domestic or industrial lev-
el, a large amount of waste is generated, including
unfit for food: the upper and lower parts, the outer
skin and two outer layers [12]. It is reported that
among all producers, only European countries can
generate almost 0.6 million tons of onion waste
annually [23]. In addition, these wastes can have a
harmful effect on the environment if not properly
disposed of, as they are not suitable for making
feed, nor can they be used as fertilizer [2]. There-
fore, onion waste remains underutilized even af-
ter establishing the fact that it is a rich source of
bioactive compounds such as phenols, flavonoids,
and flavanols. Thus, increasing the value of onion
waste and its extracts in the field of biotechnology,
biomedicine, pharmaceuticals and the agro-indus-
trial sector can be an optimal solution to reduce
environmental damage and provide an economi-
cal, inexpensive alternative for the production of
medical supplements or drugs [24].

Onion husks are considered to be waste, which
is detected 20 times more quercetin and glycosides
of quercetin than the edible part [25]. It is believed
that onions have numerous phytochemicals, flavo-
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noids and enzymes that help in the synthesis of
nanoparticles [24].

Despite the differences in varieties or ex-
traction methods, the main phenolic compound
identified in onions is quercetin. The identified
compounds included quercetin 4'-o-glucoside and
quercetin, as well as other quercetin glycosides,
cyanidine 3-O-glucoside and a number of degra-
dation products and oxidation of quercetin [24].

Quercetin has a protective effect on cancer
and cardiovascular diseases, chronic inflamma-
tion, oxidative stress and neurodegenerative pa-
thology due to its anti-radical and anti-inflamma-
tory properties, however, its poor bioavailability
inhibits the potential beneficial effects of this fla-
vonoid. In this sense, different types of nanosis
have been developed to improve quercetin solu-
bility, as well as to develop fabric-specific deliv-
ery systems. These studies allow you to improve
the bioavailability of quercetin and increase its
concentration in the right places. Thus, querce-
tin can become a promising compound if you use
nanotechnology as a tool for improving its thera-
peutic efficacy [33].

Instead of using commercially affordable but
expensive quercetin, as a stopping agent for the
synthesis of gold nanoparticles, researchers [38]
used onion husks as a cheap quercetin source,
which can act as a strong reducing agent, as
well as a calculating agent, and its synergistic.
In this work, giving priority to the rational use
of natural resources, all the crude onion extract
was cleaned up to four fractions, namely: ethyl
acetate (EA), butanol, methanol and water [31].
Unlike the use of organic extractants, studies [1]
used aqueous onion husk extract in case of green
synthesis of silver nanoparticles. Among the var-
ious nanostructures of selenium nanoparticles are
characterized by unique properties, such as high
catalytic and biological activity, and biogenic se-
lenium nanoparticles obtained by "green" chem-
istry methods, affect the redox-sensitive Keapl/
NRF2/are different stressful effects by activating
transcription and synthesis of a number of anti-
oxidant and detoximizing enzymes [4]. Querce-
tin has been proven to counteract neuro-steam-
ing by activating NRF2/HO-1 and inhibiting the
transmission of NF-KB signals [39]. Thus, the
functionalization of selenium nanoparticles can
contribute to the effects of nanocomposition on
transcription factors NRF2 and NF-KB, key path-
ways that regulate the subtle balance of cellular
oxidative status and response to stress and in-
flammation. Our studies are aimed at synthesis
of nanobioconjugates selenium with quercetin for
the use of water extract of onion husk, which is a
waste of agro-industrial production.

44

The aim of the research is studying the pro-
cess of synthesis of functionalized flavonoids of
selenium nanoparticles for the use of water extract
of onion husk, research of radical-absorbent activ-
ity of nanobioconjiangists of selenium.

Material and methods of research. Onion
(Allium cepa L), widely known as common on-
ion, belongs to the Amaryllidaceae family. Onion
husks were used as a source of flavonoids for the
preparation of functionalized selenium nanoparti-
cles. The onion husks were washed several times
with distilled water to remove dust and dirt on it,
and dried in the air. The dried vegetable raw ma-
terial was crushed and sifted through a sieve and
placed in the extractor. The extraction was carried
out in the ratio of raw materials: extractant - 1:25
at extraction temperatures 90 °C for 15 minutes.
Water was purified as extractants. In the event of
extraction, the extracts were filtered through filter
paper. For the preparation of selenium nanoparti-
cles as a stabilizing factor and the reducing agent
used fresh extract made from onion husk. 50 ml
of filtrate was taken for synthesis of nanoparticles
(NPs). Selenium nanoparticles (SeNPs) were per-
formed as follows: 200 ml of 10 mm of sodium
selenite (Na,SeO,) were dissolved by the precur-
sor in distilled water and added drops of onion
husk extract with constant mixing to change the
color of the reaction mixture. The solution was left
in mixing conditions for 3 hours after the incuba-
tion time confirmed the synthesis of the SeNPs.
UV- and visible spectra of functionalized selenium
nanoparticles were recorded in various chrono-
logical intervals (1 hour, 2, 3 hours). Antioxidant
(radical-absorbent) activity of synthesized nanos-
lenium compounds was determined by the method
based on the ability of antioxidant molecules of
the test substance to restore free radical radicals
2.2-dipheny 1-1-1-pyxilhydrazil (DPPH). DPPH is
a stable free radical, the solution of which is pur-
ple. The DPPH solution (0.4 mm in 80 vol. The
absorption was measured at 517 nm using a spec-
trophotometer [46].

Results and discussion. Selenium nanoparti-
cles obtained from onion husks, which were dis-
carded as biowaste in landfills, were used as the
object for this study.

The reduction of sodium selenite to zero-va-
lent selenium was monitored using a UV-visible
spectrophotometer, and the presence of a strong
surface plasmon resonance, a characteristic phe-
nomenon exhibited by selenium nanoparticles,
confirmed the presence of nanoselenium in the
medium.

Visual coloring is the first stage of research
into the process of selenium nanoparticle forma-
tion. At the first stage of the reaction, the color of
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the mixture was yellow, which gradually changed
to red-brown over time (Fig.1). After 3 hours of in-
cubation, no further color changes were observed.
The appearance of a red-brown color is caused by
the excitation of plasma resonance surface oscil-
lations by selenium nanoparticles, which provides
spectroscopic evidence of their formation. Analy-
sis of the spectrum showed an absorption peak at
A=370 nm, which confirms the formation of sele-
nium nanoparticles.

The acquired color can also reveal the mor-
phology of the nanoparticles, as red solutions tend
to be monocyclic or amorphous (spherical), while
dark and black solutions tend to be triangular,
linear, or rod shaped [14, 22]. The height of the
absorption peak increased with time, but no fur-
ther increase in its intensity was observed after 3
hours of reaction, which indicates the maximum
transformation of SeO,* into Se’. (Fig. 2). As are-
sult of the conducted research, a pronounced rad-

Onion peel

ical-absorbing effect of nanoselenium conjugates
with phenolic compounds from aqueous extracts
of the husk was established, compared to the stan-
dard — a quercetin solution. Quercetin showed
its properties as a reducing agent by 72,4 %, and
nanoselenium conjugates reduced DPPH radicals
by DPPH on 86,7 %.

DPPH is a compound that contains a nitrogen
radical in the centre and has a deep purple colour
in ethanol solution. It was established that in the
presence of conjugated selenium nanoparticles
with flavonoids (QSeNPs) from onion peel, the
color of the DPPH solution gradually changes
from intense purple to light yellow, which corre-
sponds to the transition of DPPH into a non-radi-
cal form (Fig. 3). The evolution of the reaction was
observed by analysing the UV-visible spectrosco-
py at the absorption peak at A=517 nm (character-
istic UV-visible peak of DPPH) in the presence of
the QSeNPs catalyst.

+NaxSe(x

QSeNPs

Extract

Fig.1. Synthesis of nanobioconjugates of selenium and quercetin using
aqueous onion peel extract.
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Fig. 2. Absorption spectra of selenium nanoparticles and conjugates
of nanoselenium with quercetin (QSeNPs).

45



Texnonoeisn eupobnuymea i nepepobxu npooykyii meapunnuymea, 2022, Ne 2

tvppt.btsau.edu.ua

Fig. 3. Conversion of 1,1-diphenyl-2-picrylhydrazyl
(DPPH¥) to 1,1-diphenyl-2-picrylhydrazine DPPN-H by
quercetin-nanoselenium (QSeNP) conjugates and color

change from purple to light yellow.

The colour change occurs due to the conver-
sion of 1,1-diphenyl-2-picrylhydrazyl (DPPH¥*)
into 1,1-diphenyl-2-picrylhydrazine DPPN-H by
quercetin-nanoselenium conjugates (QSeNPs).
The reaction proceeds according to the scheme:

0
\: O O
1,1-diphenyl-2-picrylhydrazyl (DPPH*)

H'/e @ QSeHY

)

"C:" ¥ N T w
\ [ "
N O &)

1,1-diphenyl-2-picrylhydrazine DPPN-H

Thus, the obtained selenium nanoconjugates
show high anti-radical activity against DPPH*
due to their hydrogen/electron transfer ability.

Numerous studies, conducted mainly in vitro,
show that flavonoids can be classified as non-enzy-
matic antioxidants capable of directly or indirectly
attenuating or preventing cell damage caused by
free radicals [36].The antioxidant properties of
many flavonoids are much stronger than those of
vitamins C and E [35].

Flavonoids can prevent cell damage caused by
free radicals by various mechanisms (Fig. 4).

The mechanism of free radical binding by fla-
vonoids was proposed and supported by a number
of researchers for the first time in the form of a
hypothesis [32, 36]. The proposed hypothesis in-
cludes three main targets (Fig. 5).

- direct absorption of reactive oxygen species (ROS)
= activation of antioxidant enzymes [29]
é = chelating activity of metals
E: "H reduction of a-tocopheryl radicals [20; 21]
é - inhibition of oxidases [11; 20]
<K alleviation of oxidative stress caused by nitric oxide [43]
- increase in the level of uric acid [28]
~ increasing the antioxidant properties of other antioxidants [45]

Fig. 4. Main metabolic pathways of flavonoids action.
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Fig. 5. The main targets in the flavonoid molecule
(using the chemical structure of quercetin as an
example) that ensure the binding of free radicals

(adapted from [6]).

1) Hydroxyl groups 3’and 4" associated with
ring B (catechal structure) are the main character-
istic of flavonoids, necessary for "quenching" free
radicals. At the same time, the hydroxyl groups
in the B-ring probably play the most important
role in the sequencing of reactive oxygen species
(ROS), while similar substituents in the A rings
have a much lower antioxidant effect.

2) The double bond 2, 3 in conjugation with
the 4-oxo-(ketone)-group in ring C provides elec-
tron delocalization from ring B. Electron delocal-
ization of aromatic rings is known to stabilize the
formed radicals (probably due to resonance) when
flavonoid interacts with RFK.

3) Hydroxyl groups connected to rings A and
C in the 3rd, 5th and 7th positions, together with
the 4-oxo group, also increase the antioxidant ac-
tivity of flavonoids, probably ensuring hydrogen
bonding with the oxo group.

In vitro experiments have established that fla-
vonoids, which are characterized by all the not-
ed features of the chemical structure, have the
greatest ability to inactivate free radicals. Such
polyphenols include the flavonols quercetin and
myricetin, as well as flavan-3-oleepicatechinaga-
late, epigallocatechin and, especially, epigallocat-
echin gallate. At the same time, a significant role
in increasing antiradical activity is played by the
hydroxyl group in position 3, which brings addi-
tional activity to flavonols and flavan-3-ols [36].

Conclusion. The paper presents an innova-
tive "green" synthesis of quercetin-functionalized
selenium nanoparticles using onion peel extract,
which allows the use of biological waste for the
preparation of environmentally friendly nano-
conjugates. The presented bionanotechnology
is effective, environmentally safe, economically
attractive and allows obtaining stable composite

selenium nanoparticles. Selenium nanoparticles,
functionalized with quercetin, synthesized from
agricultural waste (onion husks), are biocompat-
ible, have antioxidant / antiradical properties and
can be included in feed additives for animals and

poultry.

REFERENCES

1. Abdullah, H.S.T.S.H., Asseri, S.N.A.R.M.,
Mohamad, WIN.K.W,, Kan, S.Y., Azmi, A.A., Julius,
F.S.Y., Chia, P.W. (2021). Green synthesis, character-
ization and applications of silver nanoparticle medi-
ated by the aqueous extract of red onion peel. Envi-
ronmental Pollution, 271, 116295 p. DOI:10.1016/j.
envpol.2020.116295

2. Benitez, V., Molla, E., Martin-Cabrejas, M.A.,
Aguilera, Y., Loépez-Andréu, F. J., Cools, K., Esteban,
R. M. (2011). Characterization of industrial onion
wastes (Allium cepa L.): dietary fibre and bioactive
compounds. Plant foods for human nutrition. 66(1), pp.
48-57. DOI:10.1007/s11130-011-0212-x

3. Bibi Sadeer, N., Montesano, D., Albrizio, S.,
Zengin, G., Mahomoodally, M. F. (2020). The versa-
tility of antioxidant assays in food science and safety
— Chemistry, applications, strengths, and limitations.
Antioxidants, 9(8), 709 p. DOI:10.3390/antiox9080709

4. Bityutsky, V.S., Tsekhmistrenko, S.I., Tsekhmis-
trenko, O.S., Tymoshok, N.O., Spivak, M.Y. (2020).
Regulation of redox processes in biological systems
with the participation of the Keapl/Nrf2/ARE signal-
ing pathway, biogenic selenium nanoparticles as Nrf2
activators. Regulatory Mechanisms in Biosystems.
11(4), pp. 483—493. DOI:10.15421/022074

5. Bityutskyy, V., Tsekhmistrenko, S., Tsekhmist-
renko, O., Oleshko, O.A., Heiko, L.M. (2020). Influ-
ence of selenium on redox processes, selenoprotein
metabolism and antioxidant status of aquaculture fa-
cilities. Taurian Scientific Bulletin. Agricultural sci-
ences. Issue 114, pp. 231-240. DOI:10.32851/2226-
0099.2020.114.28 (in Ukrainian)

6. Borges Bubols, G., da Rocha Vianna, D., Medi-
na-Remon, A., von Poser, G., Maria Lamuela-Raven-
tos, R., Lucia Eifler-Lima, V., Cristina Garcia, S.
(2013). The antioxidant activity of coumarins and fla-
vonoids. Mini reviews in medicinal chemistry. 13(3),
pp- 318-334. DOI:10.2174/ 138955713804999775

7. Borghi, S.M., Mizokami, S.S., Pinho-Ribeiro,
F.A., Fattori, V., Crespigio, J., Clemente-Napimoga,
J.T., Verri Jr, W.A. (2018). The flavonoid quercetin in-
hibits titanium dioxide (TiO,)-induced chronic arthritis
in mice. The Journal of Nutritional Biochemistry, 53,
pp. 81-95. DOI:10. 1016/j.jnutbio. 2017.10.010

8. Cao, J.H., Xue, R., He, B. (2021). Quercetin
protects oral mucosal keratinocytes against lipopoly-
saccharide-induced inflammatory toxicity by suppress-
ing the AKT/A. pp. 519-526. DOI:10.1080/08923973
.2021.1948565

9. Casagrande, R., Georgetti, S.R., Verri Jr, WA.,
Dorta, D.J., dos Santos, A.C., Fonseca, M.J. (2006).
Protective effect of topical formulations containing
quercetin against UVB-induced oxidative stress in

47



Texnonoeisn eupobnuymea i nepepobxu npooykyii meapunnuymea, 2022, Ne 2

tvppt.btsau.edu.ua

hairless mice. Journal of Photochemistry and Photo-
biology B: Biology, 84(1), pp. 21-27. DOI:10.1016/j.
jphotobiol.2006.01.006

10. Cho, S.Y., Park, S.J., Kwon, M.J., Jeong,
T.S., Bok, S.H., Choi, W.Y., Jeong, K.S. (2003). Quer-
cetin suppresses proinflammatory cytokines produc-
tion through MAP kinases and NF-«B pathway in
lipopolysaccharide-stimulated macrophage. Molec-
ular and cellular biochemistry, 243(1), pp. 153-160.
DOI:10.1023/A:1021624520740

11. Cos, P, Ying, L., Calomme, M., Hu, J.P., Ci-
manga, K., Van Poel, B., Berghe, D.V. (1998). Struc-
ture— activity relationship and classification of flavo-
noids as inhibitors of xanthine oxidase and superoxide
scavengers. Journal of natural products, 61(1), pp. 71—
76. DOI:10.1021/np970237h

12. Crnivec, 1.G.O., Skrt, M., Seremet, D., Stern-
isa, M., Farénik, D., Strumbelj, E., Ulrih, N.P. (2021).
Waste streams in onion production: Bioactive com-
pounds, quercetin and use of antimicrobial and antiox-
idative properties. Waste Management, 126, pp. 476—
486. DOI:10.1016/j.wasman.2021.03.033

13. Domiciano, T.P., Wakita, D., Jones, H.D.,
Crother, T.R., Verri, W.A., Arditi, M., Shimada, K.
(2017). Quercetin inhibits inflammasome activation
by interfering with ASC oligomerization and prevents
interleukin-1 mediated mouse vasculitis. Scientific re-
ports. 7(1), pp. 1-11. DOI:10.1038/srep41539

14. Dong, H., Quintilla, A., Cemernjak, M.,
Popescu, R., Gerthsen, D., Ahlswede, E., Feldmann, C.
(2014). Colloidally stable selenium@ copper selenide
core@ shell nanoparticles as selenium source for man-
ufacturing of copper—indium—selenide solar cells. Jour-
nal of colloid and interface science, 415, pp. 103—110.
DOI:10.1016/j.jcis.2013.10.001

15. Ferrali, M., Signorini, C., Caciotti, B., Sugher-
ini, L., Ciccoli, L., Giachetti, D., Comporti, M. (1997).
Protection against oxidative damage of erythrocyte
membrane by the flavonoid quercetin and its relation to
iron chelating activity. FEBS letters, 416(2), pp. 123—
129. DOI:10. 1016/S0014-5793(97)01182-4

16. Ferraz, C.R., Carvalho, T.T., Manchope, M.F.,
Artero, N.A., Rasquel-Oliveira, F.S., Fattori, V., Verri
Jr, W.A. (2020). Therapeutic potential of flavonoids in
pain and inflammation: mechanisms of action, pre-clin-
ical and clinical data, and pharmaceutical develop-
ment. Molecules. 25(3), 762 p. DOI:10.3390/molecules
25030762

17. Ferraz, C.R., Silva, D.B., Prado, L.C.D.S.,
Canabrava, H.A.N., Bispo-da-Silva, L.B. (2019).
Antidiarrhoeic effect and dereplication of the aque-
ous extract of Annona crassiflora (Annonace-
ae). Natural product research, 33(4), pp. 563-567.
DOI:10.1080/14786419.2017. 1396589

18. Guazelli, C.F., Fattori, V., Colombo, B.B.,
Georgetti, S.R., Vicentini, F.T., Casagrande, R., Verri
Jr, W.A. (2013). Quercetin-loaded microcapsules ame-
liorate experimental colitis in mice by anti-inflamma-
tory and antioxidant mechanisms. Journal of natural
products, 76(2), pp. 20-208. DOI:10.1021/ np300670w

19. Guazelli, C.F., Staurengo-Ferrari, L.,
Zarpelon, A.C., Pinho-Ribeiro, F.A., Ruiz-Miyazawa,

48

K.W., Vicentini, F.T., Verri Jr, W.A. (2018). Quer-
cetin attenuates zymosan-induced arthritis in mice.
Biomedicine & pharmacotherapy, 102, pp. 175-184.
DOI:10.1016/j.biopha. 2018.03.057

20. Heim, K.E., Tagliaferro, A.R., Bobilya, D.J.
(2002). Flavonoid antioxidants: chemistry, metabo-
lism and structure-activity relationships. The Jour-
nal of nutritional biochemistry, 13(10), pp. 572-584.
DOI:10.1016/S0955-2863(02)00208-5

21. Hirano, R., Sasamoto, W., Matsumoto, A.,
Itakura, H., Igarashi, O., Kondo, K. (2001). Antioxi-
dant ability of various flavonoids against DPPH radi-
cals and LDL oxidation. Journal of nutritional science
and vitaminology, 47(5), pp. 357-362. DOI:10.3177/
jnsv.47.357

22. Ho, C.T., Kim, J.W., Kim, W.B., Song, K.,
Kanaly, R.A., Sadowsky, M.J., Hur, H.G. (2010). She-
wanella-mediated synthesis of selenium nanowires and
nanoribbons. Journal of Materials Chemistry, 20(28),
pp- 5899-5905. DOI:10.1039/ COJM00690D

23. Katsampa, P., Valsamedou, E., Grigorakis,
S., Makris, D.P. (2015). A green ultrasound-assist-
ed extraction process for the recovery of antioxidant
polyphenols and pigments from onion solid wastes
using Box—Behnken experimental design and kinet-
ics. Industrial Crops and Products, 77, pp. 535-543.
DOI:10.1016/j.indcrop.2015.09.039

24. Kumar, M., Barbhai, M.D., Hasan, M., Punia,
S., Dhumal, S., Rais, N., Mekhemar, M. (2022). On-
ion (Allium cepa L.) peels: A review on bioactive
compounds and biomedical activities. Biomedicine &
Pharmacotherapy, 146, 112498 p. DOI:10.1016/j.bio-
pha.2021.112498

25. Kwak, J.H., Seo, JM., Kim, N.H., Arasu,
M.V., Kim, S., Yoon, M.K., Kim, S.J. (2017). Varia-
tion of quercetin glycoside derivatives in three onion
(Allium cepa L.) varieties. Saudi Journal of Biologi-
cal Sciences, 24(6), pp. 1387-1391. DOI:10.1016/].
$jbs.2016.05.014

26. Lee, HN., Shin, S.A., Choo, G.S., Kim, H.J,,
Park, Y.S.,Kim, B.S., Jung, J.Y. (2018). Anti-inflamma-
tory effect of quercetin and galangin in LPS-stimulated
RAW264. 7 macrophages and DNCB-induced atopic
dermatitis animal models. International Journal of Mo-
lecular Medicine, 41(2), pp. 888—898. DOI:10.3892/
1jmm.2017.3296

27. Li, Y., Yao, J., Han, C., Yang, J., Chaudhry,
M.T., Wang, S., Yin, Y. (2016). Quercetin, inflam-
mation and immunity. Nutrients, 8(3), pp. 167—181.
DOI:10.3390/nu8030167

28. Lotito, S.B., Frei, B. (2006). Consumption
of flavonoid-rich foods and increased plasma anti-
oxidant capacity in humans: cause, consequence, or
epiphenomenon?. Free Radical Biology and Medi-
cine, 41(12), pp. 1727-1746. DOI:10.1016/].freerad-
biomed.2006.04.033

29. Nijveldt, R.J., Van Nood, E.L.S., Van Hoorn,
D.E., Boelens, P.G., Van Norren, K., Van Leeuwen,
P.A. (2001). Flavonoids: a review of probable mecha-
nisms of action and potential applications. The Amer-
ican journal of clinical nutrition, 74(4), pp. 418-425.
DOI:10.1093/ajcn/ 74.4.418



tvppt.btsau.edu.ua

Texnonoeis supobnuymea i nepepodxu npooykyii meapunnuymea, 2022, Ne 2

30. Pandian, S., Kunjiappan, S., Ravishankar,
V., &Sundarapandian, V. (2021). Synthesis of querce-
tin-functionalized silver nanoparticles by rapid one-
pot approach. Bio Technologia, 102(1), pp. 75-84.
DOI:10.5114/bta.2021.103764

31. Phukan, K., Devi, R., Chowdhury, D. (2021).
Green synthesis of gold nano-bioconjugates from onion
peel extract and evaluation of their antioxidant, anti-in-
flammatory, and cytotoxic studies. ACS omega, 6(28),
pp. 17811-17823. DOI:10.1021/acsomega.1c00861

32. Pietta, P.G. (2000). Flavonoids as antioxi-
dants. Journal of natural products, 63(7), pp. 1035-
1042. DOI:10.1021/np9904509

33. Pinheiro, R.G., Pinheiro, M., Neves, A.R.
(2021). Nanotechnology innovations to enhance the
therapeutic efficacy of quercetin. Nanomaterials.
11(10), 2658 p. DOI:10.3390/ nano11102658

34. PonMatheswari, P., Jenit Sharmila, G., Muru-
gan, C. (2022). Green synthesis of selenium nanopar-
ticles using Delonix regia and Nerium oleander flower
extract and evaluation of their antioxidant and antibac-
terial activities. Inorganic and Nano-Metal Chemistry,
pp. 1-12. DOI:10.1080/24701556.2021.2025099

35. Prior, R.L., Cao, G. (2000). Antioxidant phy-
tochemicals in fruits and vegetables: diet and health
implications. Hort Science, 35(4), pp. 588-592.
DOI:10.21273/HORTSCI.35.4.588

36. Prochazkova, D., Bousova, 1., Wilhelmova, N.
(2011). Antioxidant and prooxidant properties of flavo-
noids. Fitoterapia. 82(4), pp. 513-523. DOI:10.1016/j.
fitote.2011.01.018

37. Qi,Y.,Yi, P, He, T, Song, X., Liu, Y., Li, Q.,
Zhang, Y. (2020). Quercetin-loaded selenium nanopar-
ticles inhibit amyloid-p aggregation and exhibit anti-
oxidant activity. Colloids and surfaces A: physico-
chemical and Engineering Aspects. 602, 125058 p.
DOI:10.1016/j.colsurfa. 2020.125058

38. Rawat, K.A., Kailasa, S.K. (2014). Visual
detection of arginine, histidine and lysine using quer-
cetin-functionalized gold nanoparticles. Microchimica
Acta, 181(15), pp. 1917-1929. DOI:10. 1007/s00604-
014-1294-6

39. Singh, S., Nagalakshmi, D., Sharma, K.K.,
Ravichandiran, V. (2021). Natural antioxidants for neu-
roinflammatory disorders and possible involvement
of Nrf2 pathway: A review. Heliyon, 7(2), ¢06216.
DOI:10.1016/j.heliyon.2021.06216

40. Tsekhmistrenko, O., Bityutskyy, V., Tsekhmis-
trenko, S., Melnichenko, O., Tymoshok, N., Spivak, M.
(2019). Use of nanoparticles of metals and non-metals
in poultry farming. Animal Husbandry Products Pro-
duction and Processing. 2, pp. 113—130. (in Ukrainian)

41. Tsekhmistrenko, O., Tsekhmistrenko, S., Bi-
tyutskii, V. (2019). Nanoscale cerium dioxide as a mimetic
of antioxidant protection enzymes. Multi disciplinary con-
ference For young researchers. pp. 68—71. (in Ukrainian)

42. Tsekhmistrenko, O., Bityutskii, V., Tsekhmis-
trenko, S., Kharchyshyn, V., Tymoshok, N., Spivak,
M. (2020). Efficiency of application of inorganic and
nanopreparations of selenium and probiotics for grow-
ing young quails. Theoretical and Applied Veterinary
Medicine. 8(3), pp. 206-212. (in Ukrainian)

43. Vanacker, S.A., Tromp, M.N., Haenen, G.R.,
Vandervijgh, W.J.F., Bast, A. (1995). Flavonoids as
scavengers of nitric oxide radical. Biochemical and
biophysical research communications. 214(3), pp. 755—
759. DOI:10.1006/bbrc.1995.2350

44. Vicentini, F.T., He, T., Shao, Y., Fonseca,
M.J., Verri Jr, W.A., Fisher, G.J., Xu, Y. (2011). Quer-
cetin inhibits UV irradiation-induced inflammatory cy-
tokine production in primary human keratinocytes by
suppressing NF-kB pathway. Journal of dermatologi-
cal science, 61(3), pp. 162—-168. DOI:10.1016/j.jderm-
s¢i.2011.01.002

45. Yeh, S.L., Wang, W.Y., Huang, C.H., Hu, M.L.
(2005). Pro-oxidative effect of B-carotene and the inter-
action with flavonoids on UVA-induced DNA strand
breaks in mouse fibroblast C3H10T1/2 cells. The Jour-
nal of nutritional biochemistry, 16(12), pp. 729-735.
DOI:10. 1016/j.jnutbio.2005.03.012

46. Yeo, J., Shahidi, F. (2019). Revisiting DPPH
(2, 2-diphenyl-1-picrylhydrazyl) assay as a useful tool
in antioxidant evaluation: A new IC100 concept to
address its limitations. J Food Bioact, 7, pp. 36—42.
DOI:10.31665/JFB.2019.7196

BuxopucranHsi BigxogiB ciibcbkorocmnoaap-
CbKOTO BUPOOHHMIITBA Y 0i0HAHOTEXHOJIOTII CHHTE3Y
(pyHK1HiOHATI30BAHUX HAHOYACTHHOK CeJIeHY

Bitoubknii B.C., HexmicTpenko C.I., [lemuen-
ko O.A., HexmicTtpenko O.C., Meabanuenko O.M.,
Oaemko O.A., Meabauuenko 10.0.

Po3rstHyTO 3acTOCYBaHHS HAHOTEXHOJIOTIYHUX 1H-
HOBAII} 1IOMO TiIBHINEHHS €()EeKTUBHOCTI Aiibiodma-
BOHOI/la KBEPIETHHY. 3AATHICTh M0 (YHKITIOHATi3aIii
3a JIOMOMOror0 crenu(pivyHUX JIraHaiB, sKi HaliICeHI
Ha MeBHI OpraHu abo KIJIITHHY, Ty)Ke BaXKIIUBA, OCKLJIb-
KA MOXKHA 30UIBIIMTH KOHICHTPAIlF0 KBEPIICTUHY Ha
OakaHOMY ITUIBOBOMY PiBHi, OJJHOYACHO 3MEHIIYIOUH
nobiuHi edextn.KBepuernH, sk (aaBoHOIOHMIA aHTH-
OKCHIAHT, ITMPOKO BUKOPHCTOBYETHCS UIST 3MCHIICH-
HS OKCHJIATHBHOTO CTPECy Ta aKTHBAIli Ba)KIMBHX
CUTHAJIBHUX NUIAXIB y KiiThHaX. OJHAK MOraHa po3-
YHHHICTh y BOJi, IHTGHCUBHHHA METa0OJi3M IepIIo-
TO TPOXOKEHHS OOMEXYIOTh HOTO 3acCTOCYBaHHSL.
IIpencraBnena cTpareris po3poOKH HaHOKOMIIO3HTIB,
AKa Tepeadadae MoeaHAHHS KBEPLETHHY, OJCPKAHOTO
3 BIIXOMIB CUIBCHKOTOCHOAAPCHKOTO BHPOOHHIITBA, 3
HaHOYACTHHKaMU celieHy. Pesynpraru invitro mpoge-
MOHCTpPYBAJIH, M0 KBEPIIETUH-HAHOCEJICH MA€ BUCOKY
PO3YMHHICT Y BOJIi TIOPIBHSAHO 3 OKpeMUMH (praBoHO-
inamu. JloBeAeHO, 110 HAHOYACTUHKHM KBEPLIETHH-Ha-
HOCEJICHY 37aTHI JOBiTHOBJICHHS paaukaiis 1,1-aude-
Hin-2-nikpwiriapasuwty (DPPH) Ta xapakrepusytoTscst
BHUCOKOI) AHTHOKCHIAHTHOIO AaKTUBHICTIO. 3/IaTHICTh
¢yHKIiOHaTI3anii HAHOYAaCTHHOK 32 JOTIOMOTOIO CIIe-
nUpIYHUX JITaHIIB, SKI HAUJIEHI HA MOIYJAIIIO CIie-
mugpivanx curHanbHux moiixiB  (Keapl/Nrf2/ARE,
Nf-kB, mTOR) y okpeMux KJIiTHHaX, Iy>Ke BaKIIMBa,
OCKUTBKH JI03BOJISIE 30UTBIIMTH KOHIICHTPAILIF0 KBEp-
LETUHY Ha 0a)kaHOMY DiBHI, OJJHOYACHO 3MEHIIYIOUH
noO14YHiI eeKTH.

3BakalouM Ha CHPUATIUBUI BIUIMB KBEPLETHHY,
po3pobiieHa cTpaTeris, ska mnepeadadae BUKOPUCTAH-
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HSl HAHOYACTHHOK CEJICHY Ul JOCTaBKH KBEPLIETHUHY
crieruGiYHIM 1 KOHTPOJIbOBaHUM criocobom. Tleperek-
TUBHUM € JIOCJI/DKEHHS y LIbOMY HAIpPSIMKY, TaK sK
CIPHUIATUMYTh 3’ ICYBAHHIO JOLIIBHOCTI BUKOPHCTAHHS
TaKAX HAHOCHCTEM, sIKi HE OCpKajd II¢ LIHPOKOTO
3acTocyBaHHs. BukopucTaHHS BigxomiB muOymi Ta ii
eKCTpakTiB y OioTexHomorii, OiomemumuHi, hapma-
IEBTHUIII Ta arporpOMHUCIOBOMY CEKTOpPi MOXKE CTaTh
ONTHUMAIBLHUM PILICHHSIM Uil 3MEHILICHHS [IKOAU Ha-
BKOJIMIIHBOMY cepenoBuiy. OkpiM Toro ne 3abesne-
YUTh EKOHOMIYHO OOYMOBJIEHY aJIbTEPHATHBY JUISl BH-

() @
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POOHUIITBA KOPMOBHX J00ABOK IS TBAPUH Ta IITHIII.
CroiyKH KBEpIETHHY 13 HAHOCEIICHOM ITOBUHHI 3aifHSI-
TH JOCTOWHE MicCIle y KIiHIYHIM MeAWdHid MpaKTHIl,
6ionorii Ta cimbebkoMy rocrogapctsi. Kopuchi edexru
KBEPLETHHY MOXYTh OyTH J0JaTKOBO MOCHIICHI 3a JI0-
IIOMOT'0I0 HAHOTEXHOJIOTIH, M0 CrpusiTUME e()eKTHB-
HOMY 3aCTOCYBAHHIO I[i€i CIIONYKH 3 TaKUM BEJIHKAM
610JIOTIYHIM TIOTECHIIIATIOM.

Karouosi cioBa: nano6iorexnosorii, Cenen, Bij-
XOIM,JTyINUHEA 1Oy, 1,1-nudenin-2-nikpunrigpa-
3WJI, aHTHPAINKATbHA AKTHBHICTb.
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