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Abstract

Background and Objectives The importance of quercetin and flavonoids in the diet and as food supplements is well known,
and literature studies support their potential use to treat several human diseases. Many beneficial properties have been
described for quercetin, so much effort has been directed into overcoming the major drawbacks of this natural compound—its
poor solubility and low oral absorption. The aims of this study were to compare a new food-grade lecithin-based formulation
of quercetin, Quercetin Phytosome®, to unformulated quercetin in terms of solubility in simulated gastrointestinal fluids and
oral absorption in a randomized crossover pharmacokinetic study of healthy volunteers.

Methods The solubility of the new formulation was determined by in vitro incubation in simulated gastrointestinal fluids, and
quercetin was detected by ultra performance liquid chromatography. A single-dose, randomized, six-sequence/three-period crosso-
ver clinical trial (33X 3 crossover design) with a balanced carryover effect was conducted in healthy volunteers under fasting
conditions. Twelve healthy volunteers of both sexes with an age range of 18-50 years were recruited; one dose of quercetin and two
different doses of Quercetin Phytosome were administered orally as film-coated tablets. Pharmacokinetic samples were collected at
twelve time points (from O h to 24 h) after administration, and quercetin levels were measured by HPLC/MS/MS. Data were ana-
lyzed using the Phoenix WinNonlin (v.6.4) software package, and the most significant pharmacokinetic parameters were calculated.
Statistical analysis involved performing a two-way ANOVA with repeated measures followed by post hoc analysis (Tukey’s test).
Results Significant improvements in both in vitro solubility and oral absorption (in terms of both exposure and maximum
concentration achieved) by healthy volunteers in a human clinical study were obtained with the Quercetin Phytosome for-
mulation as compared to unformulated quercetin.

Conclusions A more soluble formulation of quercetin based on lecithin, Quercetin Phytosome, has recently been developed,
and was found to facilitate the attainment of very high plasma levels of quercetin—up to 20 times more than usually obtained
following a dose of quercetin—when the novel formulation was administered orally in human volunteers, and it did not have
any notable side effects. These results suggest that Quercetin Phytosome allows the oral administration of quercetin in a safe
and bioavailable manner, thus facilitating the effective utilization of this natural compound to treat various human diseases.

It is well known from the literature that flavonoids, espe-
cially quercetin, are very important biological molecules,
strongly suggesting their potential use to treat several
human diseases

A new food-grade lecithin-based formulation of querce-
tin, Quercetin Phytosome, was developed and validated
in healthy volunteers.

Quercetin Phytosome overcomes the low bioavailability
hurdle of quercetin and should help to fulfill the great

health benefit potential of this flavonoid in the diet and
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1 Introduction

Quercetin (3,3',4",5,7-pentahydroxyflavone) is a natural fla-
vonoid compound widely found in vegetables, fruits, and
nuts. Major dietary sources of quercetin are apple, onions,
tomatoes, broccoli, lettuce, and black and green tea [1]. A
great number of important biological activities of quercetin
have been discovered in recent years by different groups,
so interest in giving benefit to human health by administer-
ing quercetin as a food supplement or dietary component
has rapidly grown. Quercetin has been reported to exhibit
antioxidant, antitumoral, antinflammatory, antimicrobial,
antibacterial, and antiviral properties [2, 3]; moreover, it
has been found to exert anti-aging, antithrombotic, antiag-
gregatory, and vasodilatory effects [4—6].

However, the low solubility and low absorption of querce-
tin limits its practical use [2], so a great deal of research
has been directed into overcoming those liabilities. Dif-
ferent delivery systems to enhance the water solubility of
quercetin have been developed, including systems based
on liposomes, nanoparticles, nanoemulsions, and micelles.
The encouraging results of those studies, mainly performed
in vitro and evaluated in vivo in rodent species, support the
hypothesis that increasing the water solubility of quercetin
would enhance its oral bioavailability. For this reason, in
the work reported in the current paper, we focused on a new
formulation of quercetin called Quercetin Phytosome, in
which food-grade lecithin is utilized to deliver the quercetin.
This novel formulation of quercetin was studied and tested
to evaluate its potential advantages in terms of both solu-
bility and bioavailability in healthy human volunteers over
unformulated quercetin.

2 Methods
2.1 Formulation

Quercetin (batch no.: 45092, formula: CsH,,0,, CAS
no. 117-39-5) and its lecithin formulation Quercetin
Phytosome® (QUERCEFIT™, batch no.: 06/16/PA) used in
the study were prepared and provided by Indena SpA (Milan,
Italy). Quercetin Phytosome consists of quercetin and sun-
flower lecithin in a 1:1 weight ratio along with about a fifth
part of food-grade excipients that are added to improve the
physical state of the product and to standardize it to a HPLC-
measured total quercetin content of about 40% (patent appli-
cation no. 171816341).

For the clinical study, 500 mg of quercetin were for-
mulated by Indena SpA into film-coated tablets contain-
ing anhydrous calcium phosphate (Di-Cafos® A150,
Budenheim, Germany), hydroxypropylmethylcellulose
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(Methocel™ E15, Dow, Germany), silicon dioxide (Syloid®
244FP, Grace GmbH, Germany), polyvinylpolypyrrolidone
(Kollidon® CL, BASF, Germany), talc (Microtalc Pharma
50, Mondo Minerals BV, Netherlands), and magnesium stea-
rate (Ligaf00d®, Peter Greven, Netherlands). For the clinical
study, 250 mg of Quercetin Phytosome were formulated by
Indena SpA into film-coated tablets containing anhydrous
calcium phosphate, Isomalt (GalenIQ™ 960, Beneo GmbH,
Germany) polyvinylpolypyrrolidone, silicon dioxide, talc,
and magnesium stearate.

All tablets were coated with a hydroxypropylmethylcel-
lulose-based film coating system (Opadry White, Colorcon
Inc., USA). Before releasing the film-coated tablets con-
taining quercetin (batch no. 89107) or Quercetin Phyto-
some (batch no. 89108), their appearance, average mass,
uniformity of mass, HPLC-measured content of quercetin,
disintegration time, and microbiological quality were tested.

2.2 Solubility Study

The solubility of Quercetin Phytosome was determined
under saturation conditions and compared with that of unfor-
mulated quercetin under the same saturation conditions and
in the following simulated gastrointestinal media: FaSSGF
pH 1.6 (fasted-state simulated gastric fluid), FaSSIF pH 6.5
(fasted-state simulated intestinal fluid), and FeSSIF pH 5.0
(fed-state simulated intestinal fluid). In order to clarify the
influence of the manufacturing process of Quercetin Phy-
tosome on the solubility of quercetin, a physical mixture
with the same quali/quantitative composition as Quercetin
Phytosome was also prepared and submitted to the solubil-
ity study. Biological media (Biorelevant.com, London, UK)
were prepared according to the manufacturer’s instructions.
In order to ensure that the quercetin concentrations in all of
the samples were very similar, about 20 mg of quercetin,
about 50 mg of Quercetin Phytosome and about 50 mg of the
physical mixture, with the same composition as Quercetin
Phytosome, were added to 10 ml of each simulated biologi-
cal fluid. The resulting suspensions were left for 2 h at room
temperature under constant magnetic stirring. After that
period, an aliquot of each suspension was filtered through
a 0.2-um polytetrafluoroethylene (PTFE) syringe dispos-
able filter, and 1 pl of the clarified solution was injected
and analyzed for its content of quercetin by ultra perfor-
mance liquid chromatography (UPLC). Chromatographic
separation of quercetin was achieved by a reversed-phase
UPLC method, with UV detection at 371 nm, using a Waters
Acquity UPLC system. Briefly, a Waters Acquity BEH C18
column (100 mm X 2.1 mm, particle size 2.7 um) kept at
27 °C was eluted at constant flow of 0.368 ml/min with
a gradient of H;PO, 0.3% in water as solvent A and ace-
tonitrile as solvent B according to the following timetable
(linear gradient): initial conditions B 15%; 1.55 min B 15%;
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5.33 min B 44%; 7.59 min B 50%; 8.73 min B 55%; 9.10 min
B 95%; 10.60 min B 95%; total run time (including the re-
equilibration step): 12.00 min. The samples were kept at
5 °C in silanized glass vials prior to analysis.

2.3 Clinical Study

A single-dose, randomized, six-sequence/three-period cross-
over clinical trial (3 X3 X3 crossover design) with a bal-
anced carryover effect was performed in healthy volunteers
under fasting conditions to evaluate the oral absorption of
the Quercetin Phytosome in comparison to that of quercetin.

2.4 Subjects

Healthy volunteers of both sexes who were within the age
range of 18-50 years inclusive and had body mass index
values within the range 18.5-27 participated in the study. No
evidence of significant organic or psychiatric diseases (based
on history, physical examination, and additional tests) was
observed, and negative serology for hepatitis B (HBV) and C
(HCV) viruses as well as for human immunodeficiency virus
(HIV) was verified. Laboratory tests (blood count, biochem-
istry, and urine sediment) were performed according to the
normal reference values of the laboratory of biochemistry,
University Araba Hospital, Txagorritxu headquarters, Vito-
ria-Gasteiz. Whether variations were acceptable depended
on the clinical judgment of the investigator. Vital signs
(blood pressure, heart and respiratory rate, temperature)
and ECG results were monitored to ensure that they were
within normal limits, and pregnancy tests were performed
in the women by determining plasma human f-chorionic
gonadotropin (f-HCG) levels during the selection phase and
in urine before each experimental period.

The study was carried out in accordance with the rel-
evant guidelines of the Declaration of Helsinki (1964) and
its amendments and the general principles of the ICH Har-
monised Tripartite Guidelines for Good Clinical Practice
(ICH Topic E6, CPMP/ICH/135/95). At the beginning of
the study, written informed consent (reviewed by the ethics
committee) was obtained from all individual participants
included in the study, which was performed in accordance
with the ICH-GCP, the Declaration of Helsinki, and the
regulatory and legal requirements of Spain. The Spanish
Research Ethics Committee of Araba University Hospital
(Vitoria-Gasteiz, Alava, Spain) approved the study on 20th
January 2017.

2.5 Study Design
A randomized crossover pharmacokinetic clinical study of

the three different treatments of quercetin administered in a
single dose to healthy volunteers under fasting conditions

was performed. Patients were told not to consume quercetin-
containing foods from at least 72 h prior to day 1 until the
end of the study. There was no control group who used a
placebo or another treatment; each individual acted as his/
her own control. The volunteers were selected, and in each
case an anamnesis was compiled and a physical examination,
ECG, and analytical tests were performed. Participants were
asked to refrain from excessive consumption of quercetin-
containing foods (a list of quercetin-containing foods was
provided to them) at least from 72 h prior to day 1 until the
end of the study. Each experimental session required hospi-
talization, and participants remained in hospital under the
supervision of qualified personnel for up to 12 h after the
administration of the product, with subsequent monitoring
at 24 h post-administration. Additional tests for substance
abuse and pregnancy were performed before the administra-
tion of the product.

On each experimental day (a day when the product was
given), an indwelling cannula for blood sample collection
in a forearm vein was placed, the product was administered
orally, and blood sampling was performed at the predefined
times.

At least 1 week after completing the third experimental
period, the final examination was performed. This involved
a new clinical and analytical evaluation of all participants,
including a new physical examination, ECG, and analytical
tests that were similar to the original set of tests but with the
serology (hepatitis, HIV), substance abuse test, and p-HCG
determination omitted. Therefore, clinical safety (evaluation
of vital signs and adverse systemic effects) and biological
safety (evaluation of each subject’s blood count and blood
chemistry results) were monitored to determine the toler-
ability of the treatments.

Each volunteer received one film-coated tablet of querce-
tin 500 mg (treatment A, batch no. 89107), one film-coated
tablet of Quercetin Phytosome 250 mg (treatment C, batch
no. 89108), and two film-coated tablets of Quercetin Phyto-
some 250 mg (500 mg total; treatment B, batch no. 89108)
on the three experimental days, administered according to a
previously randomized sequence. Treatments were known to
the investigator (the clinical research products were identi-
fied as A, B, or C), but the aliquoted samples for pharma-
cokinetic analysis were not labeled according to the treat-
ment applied, i.e., the analyst was blinded to the treatment
associated with each sample.

A balanced carryover effect in healthy volunteers was
realized, with washout periods of at least one week between
the three treatment periods.

In order to determine quercetin levels, blood samples
were collected at the following 12 time points: before dos-
ing (time 0), at 15, 30, 45, and 60 min, and at 2, 3, 4, 6, 8, 12,
and 24 h after the administration of the compounds.
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2.6 Sample Preparation and Analysis

Blood and blank samples (8 ml each) were transferred to
pre-labeled K2-EDTA Vacutainer tubes on ice. After cen-
trifugation, 1 ml of each plasma sample was mixed with
100 ul of ascorbic acid solution 10% v/v as a preservative
and stored at — 80 °C until it was analyzed. Pretreatment of
the blank human plasma with ascorbic acid (10% v/v) was
necessary to stabilize the quercetin before the extraction pro-
cess. Samples (220 pl) were analyzed using a method previ-
ously validated by Kymos Pharma Services S.L. Briefly, the
free quercetin component was determined by HPLC MS/
MS (HPLC: Agilent series 1100 with a Luna C18(2) col-
umn, 5 pm 4.6 X 50 mm, Phenomenex 008-4252-EO; MS:
MDS Sciex API-3200 equipped with a TurbolonSpray ion
source, used in conjunction with the Analyst software pack-
age, version 1.4.2) after a liquid—liquid extraction with ethyl
acetate. The same procedure was applied for total quercetin
(free and conjugated), but the samples were subjected to
enzymatic hydrolysis by p-glucuronidase from Helix poma-
tia (BBI Enzymes GH2G) before liquid extraction. Analy-
sis was performed in the presence of the internal standard
quercetin-d3. The concentration range of the method, in
which a linear fitting model (1/5%) was applied, was set from
the lower limit of quantification (1 ng/mL) to 1000 ng/mL.
The method proved to be selective, linear, precise, and accu-
rate when applied to quercetin determination. The plasma
samples were analyzed in four chromatographic batches
for free quercetin and six chromatographic batches for total
quercetin. Each batch included a set of calibration stand-
ards (concentration range: 1-1000 ng/mL), blanks (blank
human plasma), a zero sample (blank spiked with internal
standard), and quality control samples at three different con-
centrations (nominal concentrations of 3, 30, and 800 ng/
mL). The chromatographic batches were accepted if they
complied with the acceptance criteria defined for the cali-
bration curve and quality control samples. Quality control
samples corresponding to three concentration levels (3, 30,
and 800 ng/mL) were prepared in each validation batch. In
each chromatographic batch, the minimum number of qual-
ity control samples (in multiples of three) was at least 5%
of the number of unknown samples or six quality control
samples, whichever was greater.

Plasma concentrations were analyzed by a noncompart-
mental model, and the following major pharmacokinetic
parameters were calculated by Phoenix WinNonlin (v.6.4;
Pharsight): C,,,, (maximum plasma concentration), T,
(time to achieve Cmax), AUC,,, (area under the plasma
concentration vs time curve), ¢, (elimination half-life), and
MRT (mean residence time).

Statistical data analysis was performed by two-way
ANOVA with repeated measures followed by post hoc analy-
sis (Tukey’s test).

A\ Adis

Table 1 Results of studying the solubility of quercetin in several sim-
ulated fluids

Material Quercetin (mg/ml)

FaSSGF pH 1.6

Quercetin Phytosome 0.0082

Physical mixture 0.0001

Quercetin <LOD
FaSSIF pH 6.5

Quercetin Phytosome 0.0838

Physical mixture 0.0199

Quercetin 0.0075
FeSSIF pH 5.0

Quercetin Phytosome 0.2166

Physical mixture 0.0291

Quercetin 0.0191

FaSSGF fasted-state simulated gastric fluid, FaSSIF fasted-state
simulated intestinal fluid, FeSSIF fed-state simulated intestinal fluid,
LOD limit of detection

3 Results
3.1 Solubility Studies

The results of the comparative solubility study of querce-
tin, Quercetin Phytosome, and the physical mixture with
the same quali/quantitative composition as Quercetin Phy-
tosome in simulated gastrointestinal fluids are reported in
Table 1. Under strongly acidic conditions (FaSSGF pH 1.6),
no detectable solubility was observed in the quercetin sam-
ples, and the quercetin in both the Quercetin Phytosome and
the physical mixture was found to have very low solubil-
ity. In FeSSIF pH 5.5, the phospholipid was seen to have a
positive effect on quercetin solubility, as there was a clear
increase in the solubility of the quercetin in the Quercetin
Phytosome as compared to that in the physical mixture. This
improvement in solubility was also noted, albeit to a lesser
extent, when FaSSIF pH 6.5 was utilized.

3.2 Pharmacokinetic Studies

Taking into account that solubilization in the gastrointesti-
nal fluids is a well-known prerequisite for effective absorp-
tion, and based on the highly promising results for Querce-
tin Phytosome obtained in the solubility study described
above, a clinical study in healthy volunteers was performed
in order to verify that the enhanced solubility of the new
phytosome-based formulation permits greater absorption of
quercetin in humans. The aim of this study was to compare
the pharmacokinetic profiles of quercetin and Quercetin
Phytosome® when used as active ingredients. The influence
of the dosage on this comparison was minimized because
the two formulations involved in the study (both of which
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were film-coated tablets) were characterized by similar dis-
integration times. A total of 12 subjects were enrolled in the
study. The mean + SD values for the age, weight, bone min-
eral density, and height were 25.0+7.5 years, 64.1 +11.0 kg,
22.5+2.4 g/m?, and 168.4+9.0 cm, respectively.

No withdrawal occurred in the trial.

All chromatographic batches were found to be acceptable
based on the acceptance criteria defined for quality control
samples (see the “Methods” section). For free quercetin, the
mean precision was below or equal to 6.75%, and the accu-
racy of the quality control samples ranged between —0.43%
and 7.39%. The correlation coefficients were higher than
0.99 and the intercepts were close to zero.

For total quercetin, the mean accuracy ranged between
2.13% and 7.17% and the precision was below or equal to
5.07%. Figure 1 shows chromatograms of a blank sample
only, a zero sample (basal) with the internal standard, and
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samples spiked with quercetin standards of various concen-
trations. The quercetin plasma concentrations, expressed
in ng/mL, obtained for each treatment during the clinical
study are reported in Fig. 2. The concentrations observed
with both doses of Quercetin Phytosome were statistically
significantly higher than those seen after quercetin adminis-
tration. While the quercetin concentration was always below
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maximum quercetin concentrations of about 100 ng/mL and
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Table 2 shows the calculated pharmacokinetic param-
eters obtained with the three treatments. A C_,, of 223 ng/
ml was achieved with Quercetin Phytosome 500 mg, i.e.,
about 20-fold higher than that attained with quercetin, and
the AUC for Quercetin Phytosome 500 mg was about 18-fold
larger than that of quercetin, demonstrating a statistically
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Fig.2 Pharmacokinetic profile of quercetin in the clinical study. The
plasma concentrations of quercetin obtained after single oral adminis-
tration of the unformulated quercetin at 500 mg/tablet and after single
oral administration of its corresponding lecithin formulation, Querce-

Table 2 Pharmacokinetic parameters

tin Phytosome, at a dose of either 500 or 250 mg are shown. Data are
plotted as the mean value+SD, n=12 for each point. “P < 0.0001 in
comparison to treatment A (Tukey’s test). P < 0.005 in comparison
to treatment C (Tukey’s test)

Parameters Treatment
A (quercetin 500 mg) B (Quercetin Phytosome 500 mg) C (Quercetin Phytosome 250 mg)
AUC,, (min X ng/ml) 4774.93+1190.61 96,163.87 £9291.31%% 50,401.53 +6418.22*
C.ax (ng/ml) 10.93+2.22 223.10+16.32%% 126.35+14.79%
T ax (Min) 290.00+31.19 202.50+35.97 228.75+36.61
t,, (min) 375.63+75.51 226.84+8.13 201.63+13.18
MRT last (min) 410.41+£24.24 372.94+20.12 386.29+21.04

Values are the mean + SD, n=12; post hoc tests after one-way ANOVA. *P <0.0001 in comparison to treatment A (Tukey’s test). P <0.005 in

comparison to treatment C (Tukey’s test).
C

max time taken to achieve C

maximum plasma concentration, 7,

max

max?®

AUC,,,, area under the plasma concentration vs time curve from time zero

to the time of the last quantifiable concentration, ¢, elimination half-life, MRT mean residence time

significant improvement in quercetin absorption when using
the lecithin formulation rather than the unformulated querce-
tin at the same dose.

Administering Quercetin Phytosome 250 mg resulted in
the same pharmacokinetic profile as produced by Quercetin
Phytosome 500 mg but with the values of C,,, and AUC
half those seen with the highest dose, implying the presence
of a dose-dependent relationship.

3.3 Safety

No significant differences were observed between the three
treatments in vital signs, physical examination results, or
ECG results, so the study demonstrated that the new formu-
lation is safe and well tolerated, and is as safe as unformu-
lated quercetin.
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4 Discussion

In the present work, a more soluble quercetin utilizing a
delivery system based on food-grade lecithin—Quercetin
Phytosome—was developed. The solubility of quercetin
in that formulation was shown to be considerably higher
than that of unformulated quercetin, leading to a significant
improvement in quercetin bioavailability when the new for-
mulation was administered to human volunteers in a clini-
cal study. Dose linearity was also demonstrated for the new
quercetin formulation, based on the two doses administered.
It is noteworthy that the Quercetin Phytosome treatment was
well tolerated and that no notable side effects were reported.

Like other similar antioxidant flavonoids, quercetin is
considered to be a free-radical scavenger of highly reac-
tive species such as peroxynitrite and the hydroxyl radical
[7]; for that reason, quercetin is considered to have nota-
ble beneficial health effects. Quercetin has been reported to
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exhibit antimicrobial [8], anti-allergic and anti-inflammatory
[9, 10], angioprotective (in heart disease) [11], anticancer
[12—14], anti-obesity, anti-diabetic, and gastroprotective [15,
16] effects. Therefore, quercetin (together with flavonoids
in general) is an important dietary supplement for relieving
human disorders.

It is well known that quercetin is a compound with low
water solubility (only 0.01 mg/ml [17]), low stability (which
depends on the temperature, pH, presence of metal ions, and
glutathione), and low bioavailability. These characteristics
limit its benefits and mean that a high dosage (500-1000 mg)
must be applied to achieve the desired biological effects. The
poor water solubility of this compound has always made oral
delivery of quercetin problematic, because the compound
must ideally be in solution for it to be well absorbed from
the gastrointestinal tract.

Furthermore, when it is administered orally, quercetin
undergoes a series of metabolic degradation steps [2, 18] at
different levels of the gastrointestinal system: interactions
with salivary gland proteins to form aggregates in the mouth
[19], degradation to phenolic acids (e.g., protocatechuic
acid) with limited absorption in the stomach at low pH, as
well as extensive glucuronidation, sulfation, and methyla-
tion at the intestinal and hepatic levels [20]; and reconver-
sion of the resulting glucuronide derivatives to quercetin by
enzymes (p-glucosidase) present in microbiota [21]. A large
number of metabolites are therefore produced, including
quercetin-3-O-p-p-glucuronide (Q3GA), which is the major
metabolite of quercetin that circulates in the bloodstream.

Several attempts have been made to improve quercetin
bioavailability by reformulating the quercetin. Quercetin-
loaded nanoparticles [22], where the hydrophobic quercetin
fits well into the lipid structure of a nanocarrier, have been
utilized to deliver quercetin to cancer cells [23]. Self-assem-
bling lecithin-based mixed polymeric micelles (LMPM)
containing quercetin [24] have also been described. Good
results were obtained with these LMPM after oral exposure
of male Sprague—Dawley rats, including an approximately
threefold increase in AUC, a longer half-life, and reduced
clearance when compared to unformulated quercetin. How-
ever, no data are currently available for quercetin-LMPM in
humans. The same profile in terms of improved values of
pharmacokinetic parameters in rat species was achieved with
a quercetin-containing self-nanoemulsifying drug delivery
system (Q-SNEDDS), a formulation described in 2014
[25]. These nanotechniques show great promise and have
enabled researchers to identify new drug delivery systems;
however, they also require highly specialized laboratories
and facilities.

A number of recent studies utilizing less sophisticated
but still useful and complex techniques have shown the ben-
eficial effects of phospholipid complexation for improving

the solubility, oral absorption, and biological effects of
active substances [26]. A solubility study demonstrated that
phospholipid complexation increased the water solubility
of quercetin approximately 13-fold; when the resulting for-
mulation was administered orally to rats, three- to fourfold
increases in the AUC and C,,, were observed with respect
to the corresponding values of free quercetin.

Liposomes can also improve the water solubility, reduce
the toxic effects of, and control the release of substances
entrapped in them. The liposomes protect the encapsulated
compound from external stimuli, such as light, enzymes,
extreme temperatures, and pH variations [27, 28]. Polymeric
micelles have also been found to be very useful for encapsu-
lating many drugs, including quercetin [29].

In the present work, a new formulation of quercetin
based on a phytosome delivery system created, developed,
and industrialized by Indena was studied. A phytosome is
a solid dispersion of natural substances including lecithin.
Therefore, phytosomes can be used to naturally promote the
solubilities of poorly bioavailable active natural ingredients
and their abilities to cross biological barriers, leading to
significant improvements in bioavailability and thus bio-
logical activity [30]. Water-soluble phytoconstituents such
as quercetin are incorporated into the phospholipids in a
phytosome, in contrast to a liposome, which is an aggregate
of phospholipid molecules, including unbound active mol-
ecules. The hydrophilic quercetin is released from the phyto-
some into the lipid environment of an enterocyte membrane,
allowing it to penetrate into the bloodstream. Data in the pre-
sent work showed that incorporation into phytosomes led to
increased quercetin solubility, and consequently to a signifi-
cant improvement in its bioavailability in humans. Results
obtained from pharmacokinetic human studies showed
substantial increases in absorption, AUC, and C_,,, when
Quercetin Phytosome was administered rather than quercetin
alone. Dose linearity was demonstrated for Quercetin Phyto-
some, based on the two doses administered. In addition, the
Quercetin Phytosome treatment was well tolerated and no
notable side effects were reported.

5 Conclusions

In conclusion, a new safe formulation of quercetin, Querce-
tin Phytosome, was successfully developed and validated
in human healthy volunteers. The application of this new
quercetin formulation overcomes the low bioavailability
hurdle of quercetin.
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