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Abstract. The numerous beneficial pharmacological properties of quercetin justify its future
clinical application. Nevertheless, the use of quercetin as a safe and effective therapeutic agent
in the treatment of various diseases is limited because of the poor water solubility and membrane
permeability, low bioavailability and instability. Several approaches have been undertaken to im-
prove the bioavailability of quercetin, including the loading in different drug-delivery systems
such as different types of micro and nanoparticles, nanocrystals, polymeric micelle, liposomes,
microemulsions, etc. This review summarizes the beneficial biological properties of quercetin,
discusses the problems of its bioavailability and clinical use, and provides an overview of possible
ways to overcome these problems by its loading in perspective drug-delivery systems.
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Introduction

Flavonoids are a large group of phenolic
compounds that are widely spread in different
plant foods. There are many classes of flavo-
noids, for example flavones, flavonones, iso-
flavones, flavonols, flavanonols, and anthocy-
anins. Quercetin (3,3',4",5,7-pentahydroxyfla-
vone) is a common dietary flavonol with a wide
range of pharmacological activities including
antioxidant, antiplatelet, antiinflammatory, neu-
roprotective, antimutagenic, anticarcinogenic,
antiangiogenic, antibacterial, antitumor, antivi-
ral, antianxiety and hepatoprotective. The ben-
eficial biological properties of quercetin make
it a promising therapeutic agent. Nevertheless,
the pharmacokinetic studies show that poor
absorption and rapid metabolism are the ma-
jor problems and reasons for its low bioavail-
ability. A possible approach to overcome this
problem is loading of quercetin in appropriate
drug delivery systems. The solubility of poor

water-soluble drugs could be improved by de-
creasing crystallinity or incorporation in com-
pexes using compounds such as cyclodextrines.
Encapsulating quercetin in nano-sized drug de-
livery systems, such as polymeric micro- and
nanoparticles, liposomes, micelles, phospholip-
id complexes are novel approaches to enhance
the solubility and permeability and to resolve
the pharmacokinetics and some safety problems
(1). Therefore, we focus our review on discuss-
ing the promises of quercetin use, the problems
in bioavailability and the new approaches to re-
solve them.

Biological effects of quercetin

Antioxidant effects. The beneficial effects of
quercetin are closely related to its antioxidant ac-
tivity by the following mechanisms: scavenging
reactive oxygen and singlet oxygen species (2),
inhibiting enzymes (xanthine oxidase, protein
kinase C, cyclooxygenase, glutathione S-trans-
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ferase) or chelating trace elements, upregulating
or protecting antioxidant defenses (3). Quercetin
has been reported to have antioxidant activity in
several in vivo studies. It has been found to in-
hibit the oxidative stress caused by streptozoto-
cin-induced diabetes in rats (4), to show antiox-
idant effects against lipid peroxidation, induced
by tert-butylhydroperoxide in human sperm cells
(5), and to reduce effectively oxidative damage
caused by an industrial compound CCls using
methanolic extract of Heterotheca inuloides con-
taining quercetin (6). Despite of the well-known
antioxidant activity of quercetin, in certain cir-
cumstances it may act as a pro-oxidant (Fig. 1).
This phenomenon, better-known as “quercetin
paradox” is first explained by Boots et al. (7).
When quercetin scavenges free radicals, it is
chemically converted into oxidation products
(such as ortho-quinone/quinone methide inter-
mediates). These products display a high reactiv-
ity towards thiols and this can be a reason to the
loss of some protein functions. Boots et al. found
that quercetin pre-treatment can protect DNA
from oxidative damage. However, it was found
that quercetin, in presence of hydrogen peroxide,
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led to significant lactate dehydrogenase (LDH)
leakage and intracellular glutathione depletion,
respectively affecting cell viability. Thus, de-
pending of the dose, the apparent antioxidative
protection offered by quercetin could be trade-
off with other type toxicity.

Protection in neurodegenerative disorders.
Because of its antioxidant property, increased
glutathione levels and antioxidant enzyme func-
tion, quercetin has been reported to increase
the intracellular GSH levels in many diseases,
including Alzheimer‘s disease (8, 9). Querce-
tin has been reported to reduce oxidative stress
induced by 6-hydroxydopamine in the striatum
and reduced the dopaminergic neuronal loss in
the rat model of Parkinson’s disease (9). How-
ever, prolonged use of quercetin should be better
evaluated and studied.

Cardiovascular protection. Cardioprotective
properties of quercetin have been reported in pa-
tients. The beneficial effects were supported by
several studies completed in cellular and animal
models (10). It has been shown to decrease blood
pressure and heart rate in spontaneously hyper-
tensive rats (11), to prevent calcium chloride in-
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Fig. 1. Dual anti-oxidant and pro-oxidant effects of quercetin.

In absence of quercetin, cell viability is decreased
by ROS — induced oxidative stress cell damages.
Quercetin, used in low concentrations, scaveng-
es free radicals and protects cells 3. However,
during this process quercetin is converted into

its oxidized thiol reactive form. The excessive
dose of quercetin (<100 uM) leads to increased
GSH consumption, increase in products of lipid
peroxidation (MDA) and lactate dehydrogenase
(LDH) leakage.
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duced abdominal aortic aneurism (12), to reduce
the levels of total cholesterol, triglycerides and
free fatty acids, serum phospholipids, as well as
reduced levels of serum LDL and significantly
increased serum HDL in a model of isoprotere-
nol cardiotoxicity in rats (13) .

Anticancer and antiviral activity. It is consid-
ered that quercetin inhibits the growth and pro-
liferation of cancer cell lines of different origin,
induces senescence, inhibits telomerase, induces
autophagy in cancer cells, possesses anti-angio-
genic activity and it can also activate immune
destruction (10). Quercetin has been reported as
a potent antiviral agent in in vitro studies (14).
This effect is probably related to its ability to re-
duce viral growth, inhibit DNA fragment of in-
fected cells regardless of its antioxidant activity
(15), inhibit viral polymerase and bind viral nu-
cleic acid or viral capsid proteins.

Anti-inflammatory activity. Quercetin can
inhibit several enzymes that are activated in
certain inflammatory conditions. Quercetin has
been shown to inhibit nitric oxide production,
INOS expression, inflammatory causing agents
like NO synthase, reactive C-protein, and cyclo-
oxygenase (COX-2) in several in vivo and in vi-
tro studies (16).

Hepatoprotective activity. 1t is considered that
quercetin has beneficial effects on liver damage.
Quercetin has been reported to protect hepato-
cytes against oxidative stress via phosphonoside
3-kinase activation and to maintain Ca®" level
in the endoplasmic reticulum in mice (17). Fur-
thermore quercetin decreases oxidative damage
induced by ethanol in rat hepatocytes (18).

Clinical applications and safety

There are some in vivo human studies show-
ing that quercetin improve endothelial function
in patients with hypertension and cardiovascular
diseases (19), inhibit LDL oxidation after in vivo
supplementation (20) and was effective in pre-
vention and therapy of allergic and inflammatory
diseases (21, 22). Quercetin showed beneficial
effects in cancer prevention. Experimental data
suggest its role in breast cancer and prostate can-
cer, known to have hormone sensitive compo-
nent. Knekt et al. (23) demonstrated an inverse

relation between total flavonoid intake (a major-
ity of which quercetin ~95%), and overall cancer
incidence, as well as the incidence of lung can-
cer. Quercetin possesses a good safety profile.
Clinical and epidemiological studies of products
containing a standardized quercetin indicate
that the flavonol is well-tolerated in humans; no
significant severe adverse events were reported
during the studies (24-26).

Pharmacokinetic properties and problems in
bioavailability

As it was discussed in a previous section,
quercetin possesses a good efficacy, intrinsic ac-
tivity and has a strong potential as a therapeu-
tic agent. Despite quercetin’s efficacy and safe-
ty, some pharmacokinetic limitations, like poor
bioavailability, continues to be mentioned as a
major concern of it’s use in a clinical practice.
In generally, the main reasons for reduced bio-
availability of biologically active substances are
poor absorption, low intrinsic activity, high rate
of metabolism, inactivity of metabolic products
and/or rapid elimination and clearance from the
body (27). Several studies have revealed querce-
tin’s poor absorption and rapid metabolism.

The water-solubility of quercetin is very low:
about 1pg/mL in water, 5.5pug/mL in simulated
gastric fluid and 28.9 pg/mL in simulated intes-
tinal fluid. Chen et al. (2002) reported that, only
20% of the radiolabeled quercetin was absorbed
following administration of an oral dose to male
rats (28). In experimental pharmacokinetic study,
male Sprague-Dawley rats were treated with
quercetin in a dose 50 mg/kg body weight, p.o.,
once daily. The plasma concentration of the free
quercetin was found to be 0.27 pg/mL; 93% of
the active substance was metabolized after one
hour (29). Low concentrations of free quercetin
were identified in liver and kidney tissues (i.e.,
less than 8% of total quercetin) following p.o.
treatment of rats.

A study in ileostomy patients showed that
24% of total quercetin was absorbed following
ingestion of 100 mg of the quercetin aglycone
(30), while in healthy subjects provided 100 mg
of radiolabeled quercetin, up to 53% of the total
administered radioactivity was absorbed (31).
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Approaches for development of quercetin de-
livery systems

The successful realization of quercetin’s
health benefits depends on technological ap-
proaches for improving its unfavorable ADME
characteristics while retaining its desired phar-
macological effects. In the present review such
strategies are summarized in Table 1.

Nanocrystals. Nanosizing of the active
substance is achieved by wet media milling,
high-pressure homogenization, precipitation or a
combination of methods. This approach allows
an achievement of greater and faster dissolution
(34). For example, quercetin nanosuspension
stabilized with Tween 80, produced by combined
bead milling and high-pressure homogenization

Table 1. Strategies for improving quercetin'’s pharmacokinetics.

Glutamic acid conjugate®?

Biopharmaceutical Quercetin preparation (example) Major outcome
strategy
Nanocrystals SmartCrystals® stabilized with T1dispersion stability
Tween® 806 Twater solubility
Nanosized emulsion produced ©” 1 Caco-2 cells permeability
Microemulsions 1 intestinal absorption in rats
Pentamethyleter conjugate ¥ | water solubility
1 permeability coeff. nude mouse skin (26
times)
Prodrug(40)

1 water solubility,
TMDCK cells permeability

Butyl ester conjugate ¢

1 water solubility,
1 skin penetration

Inclusion complexes
complexes®4)

Modified B-cyclodextrin inclusion

T1water solubility,
Tdissolution rate,
Tantioxidant

Liposomes Liposomes®“:3D

Preserve antioxidant;
Tanti-inflammatory;
CNS delivery (nasal route)

Polymeric micelles MPEG-PCL micelles®®

Pluronic P123 micelles®?”
Mixed micelles®”

PEG-phosphatidylethanolamine micelles®>
PEG-b-oligo(e-caprolactone)©®®

Tantiproliferative effects;
preserve antioxidant activity®®

PLGA™

PLGA, mannose/folic acid conjugated ¢+

preserve antioxidant activity;
cancer ligand targeting

Polymer NPs PLA® preserve antioxidant activity;
Y sustained release
Chitosan®® preserve antioxidant activity;
mucoadhesive
Chitosan-alginate7*") Thypoglycaemic;
mucoadhesive

Alginate™

Pb(II) waste water recovery;
adhesive

Inorganic NPs NH,-MSN®

Tantiproliferative effects
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had 7.56 fold higher saturation solubility than
crude quercetin (35).

Microemulsions (ME) are optically isotro-
pic and thermodynamically stable solutions of
oil, water, surfactant/s and a cosurfactant (36)
Hadrich et al. created a nanosized emulsion by
the hot solvent diffusion method with phase in-
version technique (PIT). Oral administration to
rats was non-toxic and resulted in significant re-
duction of paw edema, comparable to diclofenac
(10 mg/kg, i.p.) (37).

Prodrugs. The five hydroxyl groups of
quercetin enable its conjugation with a variety
of chemical moieties. However, the capping
of these groups may improve solubility at the
cost of decreased pharmacological activity. A
study comparing quercetin glycosides and its
3,5,7,3’,4’-pentamethyl ether concluded that its
ether was less water-soluble but had superior
skin permeability and anti-inflammatory activity
(inhibition of superoxide anion activated neutro-
phils)(38). Among acyl esters at C3, propyl and
butyl ones notably improved water solubility (9-
and 64-fold respectively) and penetration through
excised human skin (enhancement factor of 3.9
and 11.9 respectively) (39). The research on ami-
no acids conjugates with different charge to the
aromatic B-ring showed that negatively charged
aspartic and more notably, glutamic acids had
increased water solubility (45,2- and 53-fold re-
spectively) and permeability across MDCK cell
layers (2,9- and 3-fold respectively) (40).

Inclusion complexes. Cyclodextrins (CD) are
capable of forming inclusion complexes with hy-
drophobic drugs. -CD is inappropriate for paren-
teral administration due to nephrotoxicity but is
non-toxic when administered orally (41). Nowa-
days, cyclodextrins were modified in order to ob-
tain cyclodextrins which are safer and appropriate
for i.v. route (42) The complexation of querce-
tin with methyl-B-cyclodextrin led to increase in
aqueous solubility (254-fold), dissolution rate (3-
fold) and antioxidant activity (10%)(43). Further-
more, a comparison of methylated -cyclodextrin
with sulfobutyl ether-B-cyclodextrin (SBE-B-CD)
and hydroxypropyl-B-cyclodextrin (HP-B-CD)
concluded that quercetin’s antioxidant activity
was strongest in the SBE-B-CD complex (44).

Liposomes are lipid bilayer vesicles with
great potential and application in clinical drug
delivery. A major disadvantage of liposomal
preparations is the high cost of industrial scale
and difficult aseptic manufacturing (45). There
is plenty of research on liposome-loaded quer-
cetin. This approach preserves its pharmacolog-
ical effects (46-50). Noteworthy, Priprem et al.
(51) suggested that such a formulation is effec-
tive in delivering quercetin to the CNS through
the nasal route. Based on their synergism in ad-
ipocyte apoptosis induction and adipogenesis
inhibition, Cadena et al. proposed that encap-
sulation of quercetin and resveratrol in sodium
deoxycholate-elastic liposomes could be an ap-
proach for local fat reduction by subcutaneous
injection (47).

Polymer micelles are composed of amphi-
philic block copolymers with critical micelle
concentrations (CMC) in the order of 10° to
107 M (1000 times less than classical, low mo-
lecular weight surfactants) (52). They allow
very efficient loading of compounds of a wide
lipophylicity range either incorporating them
in the hydrophobic core or hydrophilic corona
(53). Quercetin loading in Pluronic® P104 mi-
celles revealed that the drug could be protect-
ed from oxidation or the instantaneous phase I1
metabolism in cells or plasma (52, 53). Many
reports show that the incorporation of querce-
tin in micelles can amplify its antiproliferative
effects on cell lines (54-59). Recent study also
reported that polymer micelles can preserve
quercetin from oxidation and release it in a sus-
tained manner (60).

Polymer nanoparticles. Polymeric nanoparti-
cles (NPs) are valuable drug delivery platforms
due to their mechanical strength, uptake by cells,
slow drug release and potential for multifunc-
tional modification (1, 61). Some of the most
studied polymers for drug delivery are poly(lac-
tic-co-glycolic acid) (PLGA) and poly-d,l-lac-
tide (PLA) which are biocompatible and biode-
gradable. PLGA NPs have attracted considerable
attention due to their approval by FDA and EMA
as parenteral drug delivery systems (62). En-
capsulation of quercetin in PLA NPs preserved
antioxidant activity and showed sustained re-
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lease under physiological conditions (63). In vi-
tro cytotoxicity assays and in vivo experiments
with IGROV-1 tumor-bearing mice showed that
folate surface-modified PLGA are capable of
tumor-targeted quercetin delivery (64, 65). Chi-
tosan and alginate are natural biopolymers that
are biodegradable and biocompatible. Chitosan
NPs are of interest because of its natural abun-
dance (chitin), low toxicity and mucoadhesive
properties. Its positive charge facilitates its cell
internalization (66). Encapsulation of quercetin
in chitosan NPs preserved and protected its an-
tioxidant activity (67, 68). Dual drug loading,
quercetin and 5-fluorouracil, in chitosan NPs
exerted synergistic cytotoxic effects on pancre-
atic cancer cell line, MiaPaCa2 3D culture and
primary mouse fibroblast cell line (L929) 2D
culture (69). Alginate is a water soluble linear
polysaccharide extracted from brown sea weed.
Like chitosan it is biodegradable and mucoad-
hesive but with negative surface charge. Thus, a
simple method for preparation of nanoparticles
is by electrostatic interaction between both poly-
electrolytes. Quercetin was effectively loaded in
such polymer formulation and had an improved
hypoglycaemic effect in vivo compared to its
free form (70, 71).

Conclusion

Besides numerous beneficial biological activ-
ities, the use of quercetin is limited by its poor
solubility and low bioavailability. The develop-
ment of drug delivery strategies is crucial for its
use in a clinical practice. Therefore, novel de-
livery strategies (micro- and nanoparticles, poly-
meric micelles, liposomes) are promising and
offer a good opportunity to enhance the bioavail-
ability and clinical applications of quercetin.

References

1. Liverside EM, Liversidge GG, Cooper ER.
Nanosizing: A formulation approach for poorly
water soluble compounds. Eur J Pharm Sci 2003;
18: 113-120.

2. Maalik A, Khan F, Mumtaz A, Mehmood A,
Azhar S, Atif M. Pharmacological Applications

of Quercetin and its Derivatives: A Short Review.
Trop J Pharm Res. 2014; 13:1561.

10.

I1.

12.

Pietta PG. Flavonoids as Antioxidants. J Nat
Prod. 2000; 63:1035-42.

Maciel RM, Costa MM, Martins DB, Franga
RT, Schmatz R, Graga DL. Antioxidant and an-
ti-inflammatory effects of quercetin in function-
al and morphological alterations in streptozo-
tocin-induced diabetic rats. Res Vet Sci. 2013;
95:389-97.

Moretti E, Mazzi L, Terzuoli G, Bonechi C,
Iacoponi F, Martini S. Effect of quercetin, rutin,
naringenin and epicatechin on lipid peroxidation
induced in human sperm. Reprod Toxicol. 2012;
34:651-7.

Coballase-Urrutia E, Pedraza-Chaverri
J, Cérdenas-Rodriguez N, Huerta-Gertrudis B,
Garcia-Cruz ME, Montesinos-Correa H. Ace-
tonic and Methanolic Extracts of Heterotheca
inuloides, and Quercetin, Decrease CCI 4 -Oxi-
dative Stress in Several Rat Tissues. Evid Based
Complement Alternat Med. 2013; 2013:1-13.

Boots AW, Li H, Schins RPF, Duffin R,
Heemskerk, JWM, Bast A, Haenen, G.R. The
quercetin paradox. Toxicol Appl Pharmacol.
2007; 222:89-96.

Ansari MA, Abdul HM, Joshi G, Opii WO,
Butterfield DA. Protective effect of quercetin
in primary neurons against AB(1-42): relevance
to Alzheimer’s disease. J Nutr Biochem. 2009;
20:269-75.

Jazvin§c¢ak Jembrek M, Cipak Gasparovié
A, Vukovi¢ L, Vlainié¢ J, Zarkovié¢ N, Or3oli¢ N.
Quercetin supplementation: insight into the po-
tentially harmful outcomes of neurodegenerative
prevention. Naunyn Schmiedebergs Arch Phar-
macol. 2012; 385:1185-97.

Russo M, Spagnuolo C, Tedesco I, Bilotto S,
Russo GL. The flavonoid quercetin in disease
prevention and therapy: Facts and fancies. Bio-
chem Pharmacol. 2012; 83:6-15.

Duarte J, Pérez-Palencia R, Vargas F, Angeles
Ocete M, Pérez-Vizcaino F, Zarzuelo A. Antihy-
pertensive effects of the flavonoid quercetin in
spontaneously hypertensive rats. Br J Pharmacol.
2001; 133:117-24.

Larson AJ, Symons JD, Jalili T. Therapeutic
Potential of Quercetin to Decrease Blood Pres-
sure: Review of Efficacy and Mechanisms. Adv
Nutr Int Rev J. 2012; 3:39-46.

.Prince PSM, Sathya B. Pretreatment with

quercetin ameliorates lipids, lipoproteins and



58

PHARMACIA, vol. 63, No. 4/2016  D. Aluani, V. Tzankova, Y. Yordanov, A. Zhelyazkova, E. Georgieva, K. Yoncheva

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

marker enzymes of lipid metabolism in iso-
proterenol treated cardiotoxic male Wistar rats.
Eur J Pharmacol. 2010; 635:142-8.

Johari J, Kianmehr A, Mustafa M, Abubakar
S, Zandi K. Antiviral Activity of Baicalein and
Quercetin against the Japanese Encephalitis Vi-
rus. Int J Mol Sci. 2012; 13:16785-95.

Song JH, Shim JK, Choi HJ. Quercetin 7-rham-
noside reduces porcine epidemic diarrhea virus rep-
lication via independent pathway of viral induced
reactive oxygen species. Virol J. 2011; 8:460.

Raso GM, Meli R, Di Carlo G, Pacilio M, Di
Carlo R. Inhibition of inducible nitric oxide syn-
thase and cyclooxygenase-2 expression by flavo-
noids in macrophage J774A. 1. Life Sci. 2001;
68:921-31.

Tang Y,LiJ,Gao C, Xu Y, Li Y, Yu X, et al.
Hepatoprotective Effect of Quercetin on Endo-
plasmic Reticulum Stress and Inflammation after
Intense Exercise in Mice through Phosphoinosit-
ide 3-Kinase and Nuclear Factor-Kappa B. Oxid
Med Cell Longev. 2016; 2016:1-12.

Bosch PC, Bosch DC. Treating interstitial cys-
titis/bladder pain syndrome as a chronic disease.
Rev Urol. 2014;16:83-7.

Perez-Vizcaino F, Duarte J, Andrian-
tsitohaina R. Endothelial function and car-
diovascular disease: Effects of quercetin and
wine polyphenols. Free Radic Res. 2006;
40:1054-65.

Chopra M, Fitzsimons PE, Strain JJ, Thurn-
ham DI, Howard AN. Nonalcoholic red wine ex-
tract and quercetin inhibit LDL oxidation with-
out affecting plasma antioxidant vitamin and
carotenoid concentrations. Clin Chem. 2000;
46:1162-70.

Bosch PC, Bosch DC. Treating interstitial cys-
titis/bladder pain syndrome as a chronic disease.
Rev Urol. 2014; 16:83-88.

Kim H, Kong H, Choi B, Yang Y, Kim Y, Lim
MJ. Metabolic and Pharmacological Proper-
ties of Rutin, a Dietary Quercetin Glycoside,
for Treatment of Inflammatory Bowel Disease.
Pharm Res. 2005; 22:1499-5009.

Knekt P, Kumpulainen J, Jarvinen R, Rissanen
H, Heliovaara M, Reunanen A, Hakulinen T,
Aromaa A. Flavonoid intake and risk of chronic
diseases. Am J Clin Nutr 2002; 76:560-568.

Cureton KlJ, Tomporowski PD, Singhal A,
Pasley JD, Bigelman KA, Lambourne K, Trilk

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

JL, McCully KK, Arnaud MJ, and Zhao Q. Di-
etary quercetin supplementation is not ergo-
genic in untrained men. J Appl. Physiol. 2009;
107:1095-104.

Davis JM, Carlstedt CJ, Chen S, Carmichael
MBD and Murphy EA. The dietary flavonoid quer-
cetin increases V02 max and endurance capacity.
Int J Sport Nutr Exerc Metab. 2010; 20:56-62.

Dumke CL, Nieman DC, Utter AC, Rigby
MD, Quindry JC, Triplett NT, McAnulty SR,
McAnulty LS. Quercetin‘s effect on cycling ef-
ficiency and substrate utilization. Appl Physiol
Nutr Metab 2009; 34:993-1000.

Anand P, Ajaikumar B, Kunnumakkara, New-
man RA, Aggarwal BB. Bioavailability of cur-
cumin: problems and promises. Mol. Pharma-
ceutics, 2007; 4: 807-818.

Chen X, Yin OQ, Zuo Z, Chow MS. Pharma-
cokinetics and modeling of quercetin and metab-
olites. Pharm Res. 2005; 22: 892-901.

Justino GC, Santos MR, Cana’rio S, Borges C,
Florencio MH, Mira L. Plasma quercetin metabo-
lites: Structure-antioxidant activity relationships.
Arch Biochem Biophys. 2004; 432: 109-121.

Hollman PC, Van Trijp JM, Mengelers MJ,
De Vries JH, Katan MB. Bioavailability of the
dietary antioxidant flavonol quercetin in man.
Cancer Lett. 1997: 114: 139-140.

Walle T, Walle UK, Halushka PV. Carbon di-
oxide is the major metabolite of quercetin in hu-
mans. J Nutr. 2001; 131: 2648-2652.

Kdadridinen TM, Piltonen M, Ossola B, Kek-
ki H, Lehtonen S, Nenonen T, Lecklin A, Raas-
maja A, Ménnistd PT. Lack of robust protective
effect of quercetin in two types of 6-hydroxy-
dopamine-induced parkinsonian models in rats
and dopaminergic cell cultures. Brain Res. 2008;
1203:149-59.

Cai X, Fang Z, Dou J, Yu A, Zhai G. Bioavail-
ability of quercetin: problems and promises. Curr
Med Chem. 2013; 20:2572-82.

Murdande SB, Shah DA, Dave RH. Impact
of Nanosizing on Solubility and Dissolution Rate
of Poorly Soluble Pharmaceuticals. J Pharm Sci.
2015;104: 2094-102.

Hatahet T, Morille M, Hommoss A, Doran-
deu C, Miller RH, Bégu S. Dermal quercetin
smartCrystals®: Formulation development, anti-
oxidant activity and cellular safety. Eur J Pharm
Biopharm. 2016;102: 51-63.



Quercetin: an overview of biological effects and recent...

PHARMACIA, vol. 63, No. 4/2016 59

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Lawrence MJ, Rees GD. Microemul-
sion-based media as novel drug delivery systems.
Adv Drug Deliv Rev. 2000;45: 89-121.

Hadrich G, Vaz GR, Maidana M, Kratz JM,
Loch-Neckel G, Favarin DC. Anti-inflammatory
Effect and Toxicology Analysis of Oral Delivery
Quercetin Nanosized Emulsion in Rats. Pharm
Res. 2016; 33: 983-93.

Lin C-F, Leu Y-L, Al-Suwayeh SA, Ku M-C,
Hwang T-L, Fang J-Y. Anti-inflammatory activi-
ty and percutaneous absorption of quercetin and
its polymethoxylated compound and glycosides:
The relationships to chemical structures. Eur J
Pharm Sci. 2012 ; 47: 857-64.

Montenegro L, Carbone C, Maniscalco C,
Lambusta D, Nicolosi G, Ventura CA, Puglisi G.
In vitro evaluation of quercetin-3-O-acyl esters as
topical prodrugs. Int J Pharm 2007; 336: 257-62.

Kim MK, Park KS, Yeo WS, Choo H, Chong Y.
In vitro solubility, stability and permeability of
novel quercetin-amino acid conjugates. Bioorg
Med Chem. 2009; 17:1164-71.

Brewster ME, Loftsson T. Cyclodextrins as
pharmaceutical solubilizers. Adv Drug Deliv
Rev. 2007; 59:645-66.

Naguib M. Sugammadex: Another Mile-
stone in Clinical Neuromuscular Pharmacology:
Anesth Analg. 2007; 104:575-81.

Giilec¢ K, Demirel M. Characterization and Anti-
oxidant Activity of Quercetin/Methyl-B-Cyclodex-
trin Complexes. Curr Drug Deliv. 2016;13: 444-51.
Liu M, DongL, Chen A, Zheng Y, Sun D, Wang
X, et al. Inclusion complexes of quercetin with
three B-cyclodextrins derivatives at physiolog-
ical pH: Spectroscopic study and antioxidant
activity. Spectrochim Acta A Mol Biomol Spec-
trosc. 2013;115:854-60.

Pattni BS, Chupin VV, Torchilin VP. New De-
velopments in Liposomal Drug Delivery. Chem
Rev. 2015; 115:10938-66.

Alexopoulou E, Georgopoulos A, Kagkadis
KA, Demetzos C. Preparation and Characteriza-
tion of Lyophilized Liposomes with Incorporated
Quercetin. J Liposome Res. 2006;16:17-25.

Cadena PG, Pereira MA, Cordeiro RB, Caval-
canti IM, Barros Neto B, Pimentel Mdo C, Lima
Filho JL, Silva VL, Santos-Magalhaes NSNano-
encapsulation of quercetin and resveratrol into
elastic liposomes. Biochim Biophys Acta BBA
- Biomembr. 2013;1828: 309-16.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Liu H, Xue J-X, Li X, Ao R, Lu Y. Quercetin
liposomes protect against radiation-induced pul-
monary injury in a murine model. Oncol Lett.
2013; 6:453-9.

Ghosh A, Mandal AK, Sarkar S, Das N. Hepa-
toprotective and neuroprotective activity of li-
posomal quercetin in combating chronic arsenic

induced oxidative damage in liver and brain of
rats. Drug Deliv. 2011;18:451-9.

Landi-Librandi AP, Chrysostomo TN,
Caleiro Seixas Azzolini AE, Marzocchi-Mach-
ado CM, de Oliveira CA, Lucisano-Valim YM.
Study of quercetin-loaded liposomes as poten-
tial drug carriers: in vitro evaluation of human
complement activation. J Liposome Res. 2012;
22:89-99.

Priprem A, Watanatorn J, Sutthiparinyanont
S, Phachonpai W, Muchimapura S. Anxiety and
cognitive effects of quercetin liposomes in rats.
Nanomedicine Nanotechnol Biol Med. 2008;
4:70-8.

Croy SR, Kwon GS. Polymeric micelles for
drug delivery. Curr Pharm Des. 2006; 12:4669—-84.

Parmar A, Singh K, Bahadur A, Marango-
ni G, Bahadur P. Interaction and solubilization
of some phenolic antioxidants in Pluronic®
micelles. Colloids Surf B Biointerfaces. 2011
Sep;86(2):319-26.

Gao X, Wang B, Wei X, Men K, Zheng F, Zhou
Y, et al. Anticancer effect and mechanism of
polymer micelle-encapsulated quercetin on ovar-
1an cancer. Nanoscale. 2012; 4:7021-30.

Tan BJ, Liu Y, Chang KL, Lim BKW, Chiu
GNC. Perorally active nanomicellar formulation

of quercetin in the treatment of lung cancer. Int J
Nanomedicine. 2012; 7: 651-661.

Khonkarn R, Mankhetkorn S, Hennink WE,
Okonogi S. PEG-OCL micelles for quercetin sol-
ubilization and inhibition of cancer cell growth.
Eur J Pharm Biopharm. 2011; 79:268-75.

Zhao L, ShiY, Zou S, Sun M, Li L, Zhai G.
Formulation and in vitro evaluation of quercetin
loaded polymeric micelles composed of pluron-
ic P123 and D-alpha-tocopheryl polyethylene
glycol succinate. J] Biomed Nanotechnol. 2011;
7:358-65.

Xu G, Shi H, Ren L, Gou H, Gong D, Gao X,
et al. Enhancing the anti-colon cancer activity of

quercetin by self-assembled micelles. Int J Nano-
medicine. 2015;10:2051-63.



60

PHARMACIA, vol. 63, No. 4/2016  D. Aluani, V. Tzankova, Y. Yordanov, A. Zhelyazkova, E. Georgieva, K. Yoncheva

59.

60.

61.

62.

63.

64.

65.

66.

Rezaei-Sadabady R, Eidi A, Zarghami
N, Barzegar A. Intracellular ROS protection ef-
ficiency and free radical-scavenging activity of
quercetin and quercetin-encapsulated liposomes.
Artif Cells Nanomedicine Biotechnol. 2016;
44:128-34.

Dian L, Cao X, Xie Y, Zhu T, Liang B, Ou S,
et al. Novel Quercetin-Loaded Mixed Micelles
with Improved Dissolution and Antioxidant Ef-
fect. Adv Sci Eng Med. 2016; 8:233-9.

Kelkar SS, Reineke TM. Theranostics: com-
bining imaging and therapy. Bioconjug Chem.
2011; 22:1879-903.

Danhier F, Ansorena E, Silva JM, Coco R, Le
Breton A, Préat V. PLGA-based nanoparticles:
An overview of biomedical applications. J Con-
trolled Release. 2012; 161:505-22.

Kumari A, Yadav SK, Pakade YB, Singh
B, Yadav SC. Development of biodegradable
nanoparticles for delivery of quercetin. Colloids
Surf B Biointerfaces. 2010; 80:184-92.

Gupta A, Kaur CD, Saraf S, Saraf S. For-
mulation, characterization, and evaluation of
ligand-conjugated  biodegradable  quercetin
nanoparticles for active targeting. Artif Cells
Nanomedicine Biotechnol. 2015; 1-11.
El-Gogary RI, Rubio N, Wang JT, Al-Ja-
mal WT, Bourgognon M, Kafa H, Nacem M,
Klippstein R, Abbate V, Leroux F, Bals S, Van
Tendeloo G, Kamel AO, Awad GA, Mortada ND,
Al-Jamal KT. Polyethylene Glycol Conjugated
Polymeric Nanocapsules for Targeted Delivery of
Quercetin to Folate-Expressing Cancer Cells in
Vitro and in Vivo. ACS Nano. 2014; 8:1384-401.
Rampino A, Borgogna M, Blasi P, Bellich B,
Cesaro A. Chitosan nanoparticles: Preparation,
size evolution and stability. Int J Pharm. 2013;
455:219-28.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Frohlich E. The role of surface charge in cel-
lular uptake and cytotoxicity of medical nanopar-
ticles. Int J Nanomedicine. 2012; 7:5577-91.

Zhang Y, Yang Y, Tang K, Hu X, Zou G. Phys-
icochemical characterization and antioxidant ac-

tivity of quercetin-loaded chitosan nanoparticles.
J Appl Polym Sci. 2008;107(2):891-7.

David KI, Jaidev LR, Sethuraman S, Krishnan
UM. Dual drug loaded chitosan nanoparticles—
sugar-coated arsenal against pancreatic cancer.
Colloids Surf Biointerfaces. 2015;135:689-98.

Hazra M, Dasgupta Mandal D, Mandal T, Bhu-
niya S, Ghosh M. Designing polymeric micro-
particulate drug delivery system for hydrophobic
drug quercetin. Saudi Pharm J. 2015; 23:429-36.
Mukhopadhyay P, Maity S, Chakraborty S,
Rudra R, Ghodadara H, Solanki M, et al. Oral
delivery of quercetin to diabetic animals using
novel pH responsive carboxypropionylated chi-
tosan/alginate microparticles. RSC Adv. 2016;
6:73210-21.

Biasutto L, Zoratti M. Prodrugs of quercetin
and resveratrol: A strategy under development.
Curr Drug Metab. 2014;15:77-95.

Pool H, Quintanar D, Figueroa J de D, Marin-
ho Mano C, Bechara JEH, Luis A. Godinez LA,
Mendoza S. Antioxidant Effects of Quercetin and
Catechin Encapsulated into PLGA Nanoparti-
cles. J Nanomater. 2012; 2012:¢145380.

Qi Y, Jiang M, Cui Y-L, Zhao L, Zhou X. Syn-
thesis of Quercetin Loaded Nanoparticles Based
on Alginate for Pb(Il) Adsorption in Aqueous
Solution. Nanoscale Res Lett. 2015; 10: 408.

Sapino S, Ugazio E, Gastaldi L, Miletto I,
Berlier G, Zonari D, Oliaro-Bosso S. Meso-
porous silica as topical nanocarriers for querce-
tin: characterization and in vitro studies. Eur J
Pharm Biopharm. 2015; 89:116-25.

Corresponding author:
Denitsa Aluani, MPhSci

Department of Pharmacology, Pharmacotherapy and Toxicology

Medical University of Sofia, Faculty of Pharmacy

2 Dunav Str., 1000 Sofia
Tel: +35929236524
E-mail: denitsa.aluani@gmail.com




