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Quercetin is a well-known natural antioxidant with a wide spectrum of pharmacological activities,
including in oncology, cardiology, ophthalmology, and other areas. Quercetin’s lipophilic nature limits
its clinical use and necessitates the development of effective delivery systems. Liposomal forms of
quercetin are being actively studied and improved.

Aim. The article analyzes modern research on liposomal formulations of quercetin as a promising
drug-delivery strategy.

Materials and methods. Analysis of modern national and foreign research on the creation of liposomal
forms of quercetin and the evaluation of the efficacy of this drug delivery system in the treatment of
oncological, cardiological, viral, and other diseases accompanied by oxidative stress. To search for sources
of information for the study, open-access electronic resources of scientific periodicals were used.

Results. The development of liposomal quercetin formulations enabled increased bioavailability and
expanded administration options, including injection. The use of liposomal quercetin in complex cancer
therapy increased tumor growth inhibition while reducing side effects in healthy tissues. To improve the
efficacy of quercetin delivery to tissues, it was proposed to modify liposome surfaces with hyaluronic
acid, mycophenolic acid, polyethylene glycol, and magnetic particles. The possibility of using other
carriers for quercetin delivery was demonstrated, including solid lipid nanoparticles, gold nanoparticles,
and polymers.

Conclusions. Quercetin nanopreparations demonstrate high pharmacological efficacy and asignificant
increase in quercetin bioavailability, and their safety, biodegradability, and reduced toxicity are also
important.

Key words: quercetin, antioxidant, anticancer therapy, dosage form, drug delivery system,
nanoparticle, liposome, bioavailability.

Natural polyphenolic compounds have
proven themselves in medicine. Quercetin
(3,3',4',5,7-pentahydroxyflavone) is one of the
best-known natural polyphenols with diverse
biological activities, including broad-spectrum
antiviral, antioxidant, and immunomodulatory

effects [1-3]. Quercetin inhibits tumor
cell growth and reduces cardiotoxicity and
nephrotoxicity when used with cytostatics
such as docetaxel, gemcitabine, vincristine,
and mycophenolic acid. The antitumor activity
of quercetin has been demonstrated across
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various cancer types (blood, prostate, lung,
breast, etc.) [4, 5]. Quercetin exhibits pro-
apoptotic activity against tumor cells and
inhibits the growth of various carcinoma cell
lines at different phases of the cell cycle. The
antioxidant activity of quercetin is also well-
known [6, 7]. Quercetin effectively reduces
oxidative stress across a range of pathological
processes by scavenging free radicals in vitro
and in vivo across various human cell lines and
animal models. Quercetin exhibits synergistic
effects with other drugs, improving the
efficacy of therapy [6, 7]. However, the use of
lipophilic polyphenolic compounds is limited
by their extremely low oral bioavailability
due to poor water solubility. Thus, the main
problems with the pharmacological application
of quercetin are its low bioavailability and
rapid metabolism. The aim of this review is to
analyse the use of quercetin both in free form
and as part of drug delivery systems, such as
liposomal and other nanoparticles.

Materials and Methods

To search for sources of information for
the study, open-access electronic resources
of scientific periodicals were used: scientific
databases Google Scholar, PubMed, Clarivate,
Web of Science, Scopus, etc.; electronic
repositories of higher education institutions
and scientific institutions, where dissertation
abstracts, scientific publications, and other
scientific works are stored. Research methods
used: information search, theoretical analysis,
and systematization of data from scientific
sources, and logical analysis.

The Use of Quercetin in Free Form

Although the use of free quercetin has a
number of challenges and is limited primarily
to oral administration, a number of research
are focused on its pharmacological activity, in
particular in the complex treatment of cancer.
Docetaxel is a cytostatic widely used in a
treatment of various types of cancer, including
breast cancer and metastatic prostate cancer.
However, the use of docetaxel is limited by
side effects and tumor resistance. Moreover,
docetaxel is a lipophilic compound, which in
turn requires various auxiliary substances
or encapsulation in nanoparticles for its
administration [8].

The effect of the combination of quercetin
and docetaxel on the human breast cancer
cell line MDA-MB-231 was studied [5]. Cell
viability and apoptosis induction were assessed
using flow cytometry. The role of tumor
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protein p53 in apoptosis was assessed using
gRT-PCR. The levels of BAX, BCL2, ERK1/2,
AKT, and STATS3 proteins were measured
using Western blotting. Monotherapies of
docetaxel or quercetin decreased the viability
of MDA-MB-231 cells after 48 hours, while the
combination of docetaxel (7 nM) and quercetin
(95 nM) resulted in the maximum synergistic
effect, accompanied by upregulation of p53
and a significant increase in BAX levels,
as well as a significant decrease in BCL2,
pERK1/2, AKT, and STATS3 protein levels.
The complex combination of docetaxel and
quercetin inhibited cell growth, inducing
apoptosis and inhibiting cell survival. In
addition, a decrease in docetaxel toxicity was
observed in combination with quercetin, which
increased the possibility of its therapeutic
efficacy [56]. The potential of docetaxel and
quercetin complex was also demonstrated
in the treatment of breast cancer [9]. LEF-1
overexpression is known to be associated with
progression in a number of tumors, leading
to drug resistance. The authors hypothesized
that inhibiting LEF-1 (a potential target)
may resensitize cells to docetaxel. Quercetin
treatment reduced LEF-1 expression and
resensitized cells to docetaxel. LEF-1
inhibition also suppressed the expression
of ABCG2, VIM, and CFV-1 and similarly
reduced activation of the SMAD-dependent
TGF-B signaling pathway. The combination
of docetaxel and quercetin showed synergistic
activity, significantly reducing the viability of
drug-resistant cells.

Docetaxel is a first-line treatment for
metastatic prostate cancer, and the emergence
of resistance reduces the efficacy of docetaxel
therapy. Quercetin has multiple anticancer
effects, including reducing chemoresistance in
many cancer types. The mechanisms by which
quercetin reduces docetaxel resistance in
prostate cancer cells and xenograft models were
studied [10]. The ability of quercetin to reverse
the docetaxel resistance was demonstrated
both in vitro and in vivo models [11]. In a
model of docetaxel-resistant cells (LNCaP/R,
PC-3/R) derived from docetaxel-sensitive cells
(LNCaP, PC-3), quercetin reversed docetaxel
resistance in prostate cancer cells during
proliferation, colony formation, migration,
invasion, and apoptosis. The use of docetaxel
alone had no significant effect on cells
resistant to the cytostatic agent. However,
the combination of docetaxel with quercetin
proved to be significantly more effective. The
combined therapy could maximally inhibit the
PISK/Akt pathway and promote apoptosis. As
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shown in an in vivo study, xenograft tumors
treated with docetaxel and quercetin had poor
growth. Docetaxel-resistant subclones showed
stronger activation of the androgen receptor
and the PISK/Akt pathway, more pronounced
mesenchymal and stem cell phenotypes, and
higher P-gp expression than parental cells.

The protective effect of quercetin was
demonstrated in a rat model of docetaxel-
induced testicular damage [12]. Intraperitoneal
administration of a docetaxel single dose caused
a significant increase in the level of TBARS
(thiobarbituric acid reactive compounds) and
a significant decrease in the levels of SOD,
GPX, CAT, and GSH in testicular tissues
compared to the control group. In contrast,
oral administration of quercetin resulted in
a significant reduction in lipid peroxidation,
as evidenced by decreased TBARS levels and
increased SOD, CAT, GPX, and GSH levels.
After docetaxel administration, sperm motility
and concentration, testicular and epididymal
weights were significantly reduced, while
abnormal sperm velocity and histopathological
changes were increased. However, these effects
of docetaxel on sperm parameters, histological
changes, and tissue weight were reversed by
quercetin treatment. Thus, quercetin treatment
prevented docetaxel-induced testicular damage
(oxidative stress, testicular tissue damage, and
sperm parameters) in rats [12].

The effect of quercetin in the combined
treatment of castration-resistant prostate
cancer with docetaxel was studied [13].
The individual and combined effects of
quercetin and docetaxel at different doses and
combinations on viability, proliferation, and
apoptosis of two prostate cancer cell lines, DU-
145 (moderately aggressive) and PC-3 (highly
aggressive), were assessed. Monotherapy
showed dose-dependent cytotoxicity, but only
docetaxel monotherapy showed a statistically
significant difference in maximum inhibition
(IC5y of 4.05 = 0.52 nM for PC-3 and
2.26 = 0.22 nM for DU-145). The combined
treatment of quercetin and docetaxel
showed the most favorable effect when
quercetin was pretreated for 24 h, followed
by low doses of docetaxel for another 24 h.
Authors observed synergism at low docetaxel
concentrations (0.5 and 1.0 nM) and all
quercetin concentrations (2.0-20.0 uM). An
additive effect was established at moderate
and high docetaxel concentrations (1.5, 2.0,
and 2.5 nM) and all quercetin concentrations
in both cell lines. Quercetin pretreatment also
allowed overcoming docetaxel resistance in
resistant prostate cancer cells and enhanced

the therapeutic effect of docetaxel in the
treatment of resistant prostate cancer.

The efficacy of quercetin combination with
another perspective polyphenolic compound
(curcumin) was demonstrated in inhibiting
the acute respiratory syndrome coronavirus
2 (SARS-CoV-2) [14]. The therapeutic
benefits of the complex oral supplement of
curcumin and quercetin in combination with
standard treatment of the early stage of
COVID-19 infection were studied. Patients
were randomized in two equal groups: the
curcumin/quercetin treatment group (n = 25)
or the control group (n = 25). The curcumin/
quercetin daily supplement consisted of
168 mg of curcumin and 260 mg of quercetin,
administered as two softgels capsules twice
daily for 14 days. A week after the start of
treatment, the majority of patients in the
curcumin/quercetin group demonstrated
accelerated viral recovery (72 %, 18 patients).
The results indicate the potential of curcumin/
quercetin therapy in the early stages of
COVID-19. The authors hypothesized that
the combination of quercetin and curcumin
synergistically inhibits SARS-CoV-2
replication and thus promote rapid recovery in
the early stages of COVID-19.

The Use of Quercetin in a Form of Drug
Delivery Systems

Harmless lipophilic plant-derived
molecules such as quercetin, curcumin,
isoflavones, catechins, hesperidin, etc. have
demonstrated significant adjuvant effects
in the therapy of cancer and cardiovascular
diseases, as well as in reducing the side effects
of chemotherapy [15]. These biologically
active compounds exhibit anticancer effects by
interfering with signaling pathways in cancer
cells. Furthermore, these lipophilic compounds
protect non-cancerous cells from the side
effects of chemotherapy. However, their low
bioavailability significantly limits their use
in oncology, cardiology, ophthalmology, and
other fields. To increase the bioavailability and
efficacy of polyphenols, drug delivery systems
that encapsulate quercetin in nanoparticles
have been proposed.

Liposomal composition of quercetin and
curcumin has been proposed [16, 17]. The
authors used various lipid compositions and
encapsulation methods to eliminate the low
water solubility and instability of polyphenols
in physiological environments.

Liposomal quercetin (trade name
“Lipoflavon”) was developed in Ukraine
[18—20] and licensed in 2006. Lipoflavon is
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a lyophilisate for emulsion for injection. The
vial contains 15 mg of quercetin, 550 mg of egg
phosphatidylcholine (as membrane-forming
lipid), and lactose (as cryoprotectant). The
particle size was 130—160 nm [21]. Indications
for the use of Lipoflavon include acute
myocardial infarction, stable and unstable
angina pectoris, and myocarditis. Lipoflavon is
also used to prevent toxic myocardial damage
during cycles of polychemotherapy for breast
cancer, for example, in case of anthracycline
antibiotics. Lipoflavon is recommended to be
administered 24 hours before the cytostatic
[22—-25]. In ophthalmology, Lipoflavon is
used to treat diabetic retinopathy, cataracts,
uveitis, and other conditions [26].

The use of liposomal quercetin for the
prevention of cardiovascular diseases and
the reduction of cytostatic toxicity in the
treatment of tumors is largely based on
its antioxidative and anti-inflammatory
actions [6, 7, 27, 29]. The first is achieved
by increasing antioxidant mediators (SOD,
GSH, and CAT), and the second by decreasing
proinflammatory mediators (such as IL-6 and
TNF-a) and increasing anti-inflammatory
mediators (such as IL-10).

Liposomal quercetin was used to reduce
the hepatotoxicity of gemcitabine, which is
widely used in the treatment of many tumors
(such as ovarian, bladder, and pancreatic
cancer) [30]. The optimal composition of
liposomal quercetin was determined by particle
size distribution, polydispersity index, zeta
potential, entrapment efficiency, and in
vitro release. The resulting composition was
used to treat rats with gemcitabine-induced
hepatotoxicity. The severity of liver injury
in rats was determined by measuring liver
function tests, antioxidant capacity, anti-
inflammatory markers, and nuclear factor
erythroid 2-related gene (Nrf2) expression.
Orally administered liposomal quercetin
reduced the severity of gemcitabine-induced
hepatotoxicity in rats by improving the liver
function tests and total antioxidant capacity of
the liver, as well as liver tissue histology.

Furthermore, liposomal quercetin
increased Nrf2 mRNA expression. It decreased
hepatic proinflammatory mediator expression,
such as NF-kB and TNF-a, suggesting that
liposomal quercetin may be an effective and
safe hepatoprotector during chemotherapy
[30]. A dose-dependent therapeutic effect
of liposomally encapsulated quercetin was
demonstrated in both liver function and
histopathological studies [31]. Liposomal
composition in different concentrations was
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significantly more effective compared with
traditional quercetin treatment, and even
low concentrations of liposomal quercetin
demonstrated a protective effect against liver
injury in rats.

A novel formulation of a quercetin-
encapsulated liposomal gel stabilized with
hydroxypropyl-B-cyclodextrin (HPCD) was
developed for the treatment of chronic skin
inflammation (psoriasis) [32]. HPCD interacts
with phospholipids via hydrogen bonds, forming
a coating layer on the liposome surface, thereby
increasing stability. HPCD-modified liposomes
interacted with matrix lipids and keratins in
the stratum corneum, thereby increasing skin
permeability and promoting drug penetration
and retention. The developed liposomal gel with
quercetin improves the efficacy of psoriasis
treatment in vivo compared to free quercetin.
The bilayer structure of phospholipids and
the three-dimensional network of hydrogels
delay the release of quercetin from liposomal
nanoparticles. As a result, the thickening of
the skin and a decrease in proinflammatory
cytokines, including TNF-a, IL-17A, and IL-1f3,
were observed. The authors demonstrated that
an HPCD-modified liposomal gel can serve as
a stable carrier for local quercetin therapy in
psoriasis.

Pancreatic cancer is characterized by a
significant increase in tissue pressure in the
tumor’s extracellular matrix, which makes it
resistant to most chemotherapeutic agents.
An increased concentration of hyaluronic
acid in tumor tissue protects it from drug
exposure. To deliver quercetin to tumor
tissue, a liposomal drug delivery system
conjugated with hyaluronidase on its surface
was proposed [33]. The proposed drug was
mainly accumulated in the tumor due to
increased permeability and retention. The use
of quercetin in liposomes with hyaluronidase-
conjugated surfaces suppressed tumor growth
in mice without toxic effects. Developed
composition exhibited strong inhibition of
cell proliferation, leading to cell apoptosis
and G2/M cell cycle arrest in cell lines,
three-dimensional cultured spheroids, and
organoids derived from pancreatic ductal
adenocarcinoma. The authors hypothesized
that a hyaluronidase-conjugated liposomal
surface degrades hyaluronic acid in the tumor
microenvironment, enhances the penetration
of liposomal nanoparticles, inhibits tumor
cell growth, thereby increasing the efficacy of
antitumor therapy [33].

The antitumor activity of a liposomal
quercetin formulation was studied in prostate
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cancer stem cells overexpressing CD44
receptors [34]. Liposomes were modified with
hyaluronic acid. The liposomal particles had
an average size of 134 nm and a quercetin
encapsulation efficiency of 96.9% . Human
prostate cancer cells were treated with
10 uM of free quercetin or with liposomal
quercetin at the same concentration for
72 hours. Free quercetin reduced the viability
of androgen-resistant cells by 16%, while
liposomal quercetin significantly reduced it
by 60% . Induction of apoptosis accompanied
by upregulation of cytochrome C, Bax,
caspases 3 and 8, and downregulation of
surviving and Becl-2 was observed. Unlike free
quercetin, hyaluronic acid-modified liposomal
quercetin composition increased E-cadherin
expression, inhibited cell migration, and
decreased fibronectin, N-cadherin, and
MMP9 expression. Treatment of PC3 cell
tumor spheroids with liposomal quercetin
decreased the number of CD44+ cells and
inhibited the expression of CD44, Oct3/4, and
Wnt. Moreover, the liposomal composition
suppressed p-ERK expression while increasing
p38/MAPK and NF- B protein expression. In
androgen-sensitive LNCaP cells, the efficacy
of liposomal composition was significantly
improved compared to free quercetin,
reducing cell viability from 10% to 52%.
Using hyaluronic acid-modified liposomes as
a drug delivery system for quercetin increased
its efficacy at lower concentrations, reduced
the CD44+ cell population, and effectively
inhibited prostate cancer cell proliferation and
migration [34].

Liposomal quercetin with encapsulation
efficiency of 41%, zeta potential of 0.47 mV,
and particle size of 100 nm was prepared,
and its antiproliferative effect was studied
on MCF-7 human carcinoma cells in vitro
[35]. The effect of liposomal quercetin on
MCF-7 cells was compared with the effect of
empty liposomes and free quercetin. Empty
liposomes showed a minimal effect on cell
viability. Liposomal quercetin significantly
improved the solubility and bioavailability
of quercetin. The inhibitory activity of the
liposomal form was equal to or greater than
equimolar concentrations of free quercetin.
Liposomal quercetin, like free quercetin,
effectively inhibited cell proliferation in vitro,
and the inhibitory effect was dose-dependent.
Thus, when MCF-7 cells were treated with Ls-
quercetin for 48 hours, the level of inhibition
at concentrations of 1 pM/ml, 10 nM/ml,
and 50 uM/ml was 21%, 73%, and 83%,
respectively. Moreover, liposomal quercetin

showed a more pronounced antioxidant effect
in MCF-7 cells compared to free quercetin.

Mycophenolic acid is a natural antitumor
agent derived from the metabolic products
of Penicillium stoloniferum or Penicillium
echinulatum that promotes cancer cell
apoptosis by inhibiting purine nucleotide
synthesis [36]. Combined therapy with
liposomal mycophenolic acid (particle size
of 183+13 nm) and liposomal quercetin
(particle size of 157+9.8 nm) was studied on
breast cancer cells in vitro in comparison with
monotherapy [37]. Higher cellular uptake
and cytotoxicity of the combined therapy
were demonstrated. Pharmacokinetic studies
in female rats showed a 1.94-fold longer
T1/2 for the combination therapy compared
with mycophenolic acid. Furthermore, the
efficacy of breast cancer treatment in vivo
with the combination of liposomal quercetin
and mycophenolic acid was also significantly
higher compared to other groups of rats.

Magnetic CoFe204 nanoparticles were
conjugated to liposomes, and quercetin was
encapsulated in these magneto-liposomes,
forming an original drug delivery system that
can be used under an alternating magnetic
field for chemotherapy/hyperthermia tumor
treatment [38]. Liposomes were characterized
by an average particle size of 38 nm and a
quercetin encapsulation level of 69%. The
high cytotoxic and hypersensitivity effects of
the proposed quercetin drug delivery system
were demonstrated in vitro in MCF-7 breast
cancer cells, inducing 35% early and 55% late
apoptosis.

Polyethylene glycol (PEG) 4000 was used
to surface-modify quercetin-encapsulated
liposomes, thereby increasing quercetin
solubility by 2.2-fold [39]. PEG4000-modified
liposomes had a particle size of 25469 nm,
low polydispersity index of 0.236=+0.018,
zeta potential of —35.4+0.6 mV, quercetin
encapsulation level of 87.6+5.6 %, and PEG
loading level of 22.2 = 6.9% . The antitumor
effect of the liposomal composition was studied
in HeLa cells; the IC50s of PEG-liposomal
quercetin and free quercetin were 16.3 ng/mL
and 88.3 ug/mL, respectively. PEG-liposomes
significantly reduced the cell adhesion and
colony-forming ability of HeLa cells according
to crystal violet staining tests. Moreover,
qPCR analysis of gene expression levels showed
that PEG-liposomal quercetin had a greater
effect on mitochondrial apoptosis in HeLa
cells than free quercetin. Using the hemolysis
assay, the applicability of PEG-liposome for
parenteral use was confirmed.
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Liposomal quercetin composition was
developed based on its binding with copper
[40]. Quercetin ratio of quercetin to lipid
was 1:5, and quercetin concentration in the
resulting emulsion was at least 5, which was
added directly to copper-containing liposomes.
Copper-quercetin complex A molar mg/mL,
ensuring a more than 100-fold increase in
solubility of the polyphenol (solubility of
quercetin in aqueous solution is less than
10 pg/mL). When administered intravenously
to mice, the proposed drug delivery system
showed no toxicity at a dose of 50 mg/kg,
and the AUC(0-24h) of the copper-quercetin
composition at this dose was 8382.1 ng-h/mL.
Furthermore, it was shown that quercetin, not
the copper-quercetin complex, dissociates from
liposomes. Given that the IC50 of quercetin
on lung adenocarcinoma cell lines was at
least 10 utM in the presence of irinotecan,
the authors suggest liposomal quercetin as a
prospective drug delivery system for tumor
chemotherapy [40].

A pharmacologically active liposomal
composition containing quercetin and zinc was
proposed [20]. It exhibits anti-inflammatory
activity and was recommended for use as a
pharmacotherapeutic agent for acute respiratory
distress syndrome by inhalation or injection.

Non-liposomal Drug Delivery Systems for
Quercetin Therapy

A gel of nanocochelates loaded with
quercetin and curcumin was proposed
for the adjuvant therapy of breast cancer
[41]. Previously prepared liposomal forms
of quercetin and curcumin were treated
with CaCl, as a binding agent and used as
a reference. The liposomal quercetin had a
particle size of 327 nm, a zeta potential of
-16.8 mV, and quercetin encapsulation and
release efficiencies of 85.28% and 80.23%,
respectively. The liposomal curcumin had a
particle size of 328.6 nm, a zeta potential of
-15.0 mV, and curcumin encapsulation and
release efficiencies of 82.30% and 77.19%,
respectively. The nanocochleate gel containing
quercetin and curcumin was also characterized
for pH, spreadability, and viscosity. Using the
MTT assay, it was shown that nanocochleates
loaded with quercetin and curcumin exhibited
the greatest in vitro inhibition compared to
the control, quercetin monotherapy, liposomal
quercetin, and nanocochleates loaded with
only quercetin. Thus, a nanocochleate gel
containing quercetin and curcumin may be
a promising drug delivery system for local
treatment of breast cancer.
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Studies aimed at creating polymeric
nanoparticles containing quercetin were
conducted [42-44]. Gold-quercetin nano-
particles in a complex with poly(DL-lactide-
co-glycolide) exhibited antitumor activity by
inhibiting proliferation and inducing apoptosis
in liver cancer cells [44]. Quercetin-containing
nanocomplexes accelerated caspase-9 and -3
cleavage and induced cytochrome C release,
promoting apoptosis in liver cancer cells.
Nanoparticles with quercetin also promote the
inhibition of telomerase reverse transcriptase
(hTERT) by reducing AP-2p expression and
its binding to the hTERT promoter. NPQUE
also inhibits cyclooxygenase 2 (COX-2) by
suppressing NF-«B nuclear translocation
and its binding to the COX-2 promoter. The
nanocomposition also inactivated the Akt
and ERK1/2 signaling pathway. Thus, the
authors suggest that quercetin nanoparticles
exert antitumor effects by inactivating the
caspase/cytochrome C pathway, suppressing
AP-28/hTERT, inhibiting NF-«xB/COX-2, and
interfering with the Akt/ERK1/2 signaling
pathways, making quercetin nanoparticles
a promising agent for potential therapeutic
strategies and targets for the inhibition of
liver cancer.

Polymers such as polyvinylpyrrolidone
(PVP) can be used as carriers for quercetin,
forming a water-soluble complex that allows
intravenous injection. In Ukraine, the drug
“Corvitin” was licensed 25 years ago and is
successfully used in clinical cardiovascular
pathologies. The vial contains quercetin,
which is a complex of quercetin with PVP with
a molecular weight of 7,100-11,000 (0.05 g
of quercetin, 0.45 g of PVP). In this form,
quercetin acts as a modulator of the activity
of various enzymes (such as phospholipase,
phosphogenase, cyclooxygenase) involved
in phospholipid degradation, free radical
processes, and the cellular biosynthesis of
nitric oxide and proteinases. The inhibitory
effect of quercetin on membrane-bound
enzymes, particularly 5-lipoxygenase, leads
to a decrease in leukotriene synthesis (such as
LTC4 and LTB4).

Furthermore, quercetin dose-dependently
increases nitric oxide levels in endothelial
cells, which are critical for its cardioprotective
effect against ischemic and reperfusion injury
of the heart. The Quercetin-PVP complex
has antioxidant and immunomodulatory
properties, reduces the production of cytotoxic
superoxide anion, normalizes the activation of
lymphocyte subpopulations, and reduces their
activation levels. “Corvitin” significantly
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reduces the area of necrotic myocardium and
enhances reparative processes by inhibiting
the production of proinflammatory cytokines
(such as IL-1f and IL-8) [45-47]. A dispersion
of quercetin with PVP-10,000 was developed
[48]. This complex enabled the creation of an
injectable, water-soluble form of quercetin,
increasing its solubility 20,000-fold. This
formulation reduced blood pressure in normal
and spontaneously hypertensive rats, both in
the short- and long-term [48].

Drug delivery systems based on solid
lipid nanoparticles (SLNs) are also being
developed. These spherical particles contain
solid lipids (such as stearic acid), stabilizing
surfactants, and binding agents. SLNs
containing quercetin, Span 60, and Poloxamer
407 were proposed as anthelmintic agents.
In this formulation, the hydrophobic part
of Poloxamer 407 is linked to a stearic acid
lipid core containing quercetin, while the
hydrophilic polyethylene glycol tails of
Poloxamer 407 interact with an aqueous
medium and dissolve quercetin [49]. The
cytostatic activity of quercetin-loaded SLNs
(particle size of 132.6 nm) based on stearic
acid, tripalmitin, Tween 80, and Span 80 was
demonstrated on colorectal adenocarcinoma
cells [50]. The level of quercetin encapsulation
into SLNs was 97.8% . Under the influence of
the drug, apoptosis was a cause of cell death,
while the necrosis rate was insignificant.

Conclusions

The possibility of using various drug
delivery systems (liposomes, SLNs, and
polymers of various structures) for quercetin
encapsulation to increase its bioavailability
and pharmacological efficacy was discussed.
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KBepierun € BijoMuM IPUPOTHUM AHTUOKCHUIAHTOM i3 IIMPOKUM CIEKTPOM (apMaKogoriumHoi
aKTUBHOCTI, Y TOMY YHCJIi B OHKOJIOTi1, Kapaiojorii, opranpmosiorii Ta in. JIlimoginsHa npuposa KBepIEeTHHY
00MeKye HOoTO BUKOPUCTAHHA Y KJIiHiIl i 00yMOBIII0€ TOTPEOY V CTBOPEHHI e()eKTUBHUX CUCTEM TOCTABKU.
JlimocomanbHi (popMU KBEPIEeTUHY aKTUBHO BUBUAIOTHCA Ta BIOCKOHAJIIOIOTHCH.

Mema. CraTTsa NpuUcBsiUYeHa aHAMI3y CYyUYaCHUX AOCJIiAMKeHb JIiMocoMaJabHUX (OPM KBEPIETHHY SAK
IepCcIeKTUBHOI cTpaTerii gocTaBKU JiKiB.

Mamepianu i memodu. AHani3 cyyacHOI BiTUMBHAHUX Ta iHO3eMHUX [JOCIiIKeHb, IPUCBAYEHUX
CTBOPEHHIO JIIMOCOMAaJIbHUX (hOPM KBEPIETHUHY Ta OIiHIII e()eKTUBHOCTI AJAaHOI CUCTEMM MOCTABKU JiKiB
y Teparmii OHKOJIOTiUHUX, KapJioJorivHuX, BIipyCHUX Ta iHINMKWX 3aXBOPIOBaHb, AKi CYIPOBOLKYIOTHCSA
OKCUAATUBHUM cTpecoM. [[J1s IOMIyKy AsKepes iHpopMarrii a1 JocrimKeHHA 6yJI0 BUKOPUCTAHO eJIEKTPOHHI
pecypcH BiIKPUTOTO JOCTYIIY HAYKOBUX NE€PiOAUYHNX BUJAHB.

Pesynvmamu. CTBOpeHHA JinocoMaJbHUX (DOPM KBEPIETHUHY JajI0 MOXKJIUBICTh BUKOPHUCTOBYBATHU
MiABUIMUTH HOT0 0i0JOCTYIHICTh TAa POSIINPUTH CIIOCOOU BBEJEHHSA, Y TOMY UMCJIi in’eKififino. ITokaszamo
JIOCBiJl BUKOPUCTAHHA JIITOCOMAJIbHOTO KBEPIETUHY B KOMILJIEKCHi# Tepamnii paKy, 110 [03BOJIAE IIi IBUIIUTHU
e(eKTUBHICTh iIHTOyBaHHA POCTY NYXJUHHU Ta OJHOUACHO 3HUBUTHU MOOiUHI edeKTH Ha 3M0POBI TKAHWHMU.
g nigBuiieHHa e(heKTUBHOCTIL [OCTaBKY KBEPIIETUHY B TKAHUHY 3aIIPOIIOHOBAHO MoAM(iKaIlifo TOBepXHi
JIIIIOCOM TiaJIypOHOBOIO Ta MiKO(eHOJIOBOI0 KMCJIOTAMU, HOJieTUIeHTIIKOJIeM, MATHITHUMY YaCTUHKAMMY,
To1r0. ITokaszaHo MOKJINBICTh BUKOPUCTAHHS 1HIIMNX HOCIIB AJIS JOCTAaBKU KBEPIIETUHY, cepel HUX TBep/Ii
JimigHI HaHOYACTUHKM, HAHOYACTUHKU 30JI0Ta, IOJiMepH.

Bucnoserxu. HanonpenapaTu KBepIeTUHY JEeMOHCTPYIOTh BUCOKY (DapMaKoJIOTiuHy e(eKTUBHICTH Ta
CYTTEBE MigBUIIEHHA 0i0JOCTYIIHOCTI KBEPIIETUHY, 8 TAKOK BaKJIUBUMU € iX 6e3MeUHiCcTh, 6i0pO3KIagHICTD
Ta 3BHUKEHA TOKCUYHICTB.

Knwmouwosi cnosa: KBeplieTUH, aHTUOKCUAAHT, NIPOTUIYXJNHHA Tepallis, Jikapcbka (opma, crucTema
IOCTaBKH JIiKiB, HAHOUACTUHKA, JimocoMa, 6i0I0CTyIIHICTD.
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