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ABSTRACT

Objective: Research on the development of pharmaceutical self-assembled mixed micells systems is in that they have the advantage of keeping the
drug's encapsulating qualities while also enhancing its physicochemical characteristics. The goal of this study was to make the class II
biopharmaceutical quercetin more soluble in water and more bioavailable when taken orally (QCT). The enhancement of encapsulation and
flavonoids loading within mixed micelles using solvent evapouration technique.

Methods: In the present study, pharmaceutical mixed micells of a BCS class II drug, QCT were prepared using solvent evapouration technique
method. Prepared mixed micells were characterized using Critical micelle concentration (CMC), Fourier Transform Infrared (FT-IR), Particle size
and zeta potential, Powder X-Ray Diffract meter (PXRD), In vitro dissolution, Transmission electron microscopy (TEM). In addition In vitro drug
release studies were also performed.

Results: The results of the characterization studies indicated the designing of gallen gum loaded self-assembled mixed micelles system based on
flavonoid phospholipid complex. The CMC of LS-75 and LS-100 binary mixture had shows good results to be 0.0013%. The FTIR spectra of complex
showed characteristic peak of QCT shows abundant effect on O-H (aromatic), C-O (aromatic), C-C, and aromatic C-O is observed at 3282.2, 1620.1,
1058.7, and 1162.2 respectively. The average particle size of design-optimized quercetin mixed micells (QCT-MMs) was demonstrated to be ~116.1
nm, as evaluated by Malvern. From the obtained particle size, it indicated that the particle size of QCT in QCT-MMs was widely distributed. The
polydispersity index (PDI) for QCT-MMs was found in the range of ~ 1.000, zeta potential value for QCT-MMs as evaluated by Malvern was observed
to be ~-99.2 mV. The P-XRD, SEM, showed good powder diffraction results with having good flow property. Also formulation were evaluated for the
In vitro drug dissolution study for rate of extent of drug release and dissolution rate release of QCT from QCT-MMs was sustained up to 72 h. TEM
images of QCT-MMs, where the micelles exhibited relatively regular dark stained shapes appearing more or less spherical or spheroid.

Conclusion: It can be concluded that the QCT-MMs enhance the aqueous solubility of the QCT and increased the bioavailability and retention time.
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INTRODUCTION

Micellar amphiphile compositions for drug delivery are successful.
Due to the hydrophobic core of micelles, water-insoluble drugs can
be easily solubilized and delivered [1]. Targeted drug delivery
systems reduce drug degradation and loss, limit side effects,
promote medication bioavailability, and increase the number of
medicines at the zone of interest [2]. Drug carriers include soluble
and insoluble polymers, microparticles, cells, cell ghosts,
lipoproteins, liposomes, and amphiphilic polymer-based micellar
systems. Globally, people get cancer. Uncontrolled, uncoordinated,
unfavorable cell division characterizes it. Cancer cells continue to
divide and move through the blood and lymph systems, unlike
normal cells [3]. When faulty cells don't die and new cells form when
the body doesn't need them, they can create a malignant tumor or
neoplasm. Mutations can affect normal cell development and
division if cells' DNA is damaged or altered. The major cause of
cancer death is metastasis [4].

National Cancer Institute (NCI) and WHO anticipates that 1.9 million
men and women will be diagnosed with all cancers at some time in
their life. Comparatively, there were enough cancer-related deaths
[5]- Lung, liver, stomach, colorectal, and breast cancers are the most
deadly. High BMI, inadequate fruit and vegetable intake, lack of
exercise, and cigarette and alcohol use cause 81% of cancer fatalities
[6]. Cancer treatments include surgery, chemotherapy, radiation,
immunotherapy, and monoclonal antibody therapy. The sort of
therapy chosen depends on the tumor's location, grade, stage, and
the patient's condition [7]. In cancer patients, physiological changes
resulted in negative energy balance, growth standstill, and weight
loss. In other cases, such as gastrointestinal difficulties, the cause of

decreased intake may be clear [8]. Higher energy consumption in
cancer patients involves both tumor and host energy demands [9].
The tumor's glucose and protein metabolism will be detailed below.
Tumor blood flow may increase heart energy use. Energy
expenditure increases oxygen intake and carbon dioxide production,
which may increase breathing work [10].

Conventional chemotherapy has medication delivery problems.
Particle size, content, and surface charge affect drug transport.
Pathophysiological tumor heterogeneity inhibits uniform drug
delivery throughout the tumor [11]. The acidic tumor
microenvironment destroys acid-sensitive medications [12]. Most
medicines are given orally. The bioavailability pharmacokinetics
profile of an orally administered drug depends on solubility in water
[13]. Oral administration is the most common route due to patient
compliance and reduced manufacturing costs. Limited bioavailability
is a hurdle to oral dose formulations. Poor bioavailability is due to
low aqueous solubility and plasma membrane permeability [13-15].

In the present study developed QCT-MMs using was selected as the
Phospolipid S-100 and phospholipid S-75 carrier and employed in
the micells formulations at various drug/phospholipid ratios. The
QCT-MMs was characterized for CMC, FTIR, particle size and zeta
potential, PXRD, in vitro drug dissolution study.

MATERIALS AND METHODS

Quercetin was gifted by Yucca Enterprises, Mumbai India. Lipoid S-
75, Lipoid S-100, by Ludwigshafen, Germany. Ethanol (Absolute),
Tween 80, Di chloro methene, and Acetonitrile lodine was purchased
from Ozone® International, Ahmedabad, India.
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Preparation of the drug drug-loaded mixed micelles

QCT-MMs solution was prepared by Thin Film Hydration method.
Measured quantities of Quercetin, Phospholipids S-75 and were
dissolved in a 10 ml ethanol (1:1). The solution was sonicated for 1h.
Then after 1hr add Phospolipid S-100 to the solution and attached
the flask to the rotary vacuum evaporator. The solvent was removed
entirely by rotary vacuum evaporation under 45 °C (5 °C) to form a
homogeneous and transparent film. The resulting film was dissolved
in 10 ml of the dispersion medium [16, 17]. The obtained solution
was mixed with 2 % w/v D-mannitol and was then lyophilized using
a lyophilizer under-80 °C for 72 h. The lyophilized QCT-MMs were
reconstituted by ultrapure water when it was used [18].

Physico-chemical characterization
Determination of critical micelle concentration (CMC)

To determine the CMC of QCT-MMs in distilled water, the iodine UV
spectroscopy method was used as previously reported (Gaisford et
al. 1995, 1997). The KI/I2 standard solution was prepared by
dissolving 0.5 g of iodine and 1 g of potassium iodide in 50 ml DI
water. Thirty-seven samples of polymer solution with concentrations
ranging from 0.00001% to 0.1% were prepared. To each of the Lipoid
S-75/S-100 binary mixture (1:2 w/w) solutions, 25 1 KI/I2 standard
preparation was added. The mixtures were incubated for 12 h in a
dark room at room temperature before measurement. The UV
absorbance value of varying polymer concentrations at 366 nm was
measured using a UV-absorbance vis spectrometer (Shimadzu UV-
2401, UV-VIS recording spectrophotometer, Japan). Experiments were
performed in triplicate. The absorption intensity was plotted against
the logarithm of polymer mass concentration. The CMC values
correspond to the concentration of the polymer at which the sharp
increase in absorbance is observed [19].

FT-IR

The FT-IR spectra of all the samples, such as pure QCT, Lipoid S-75,
Lipoid S-100, and QCT-MMs were recorded on an FT-IR
spectrophotometer (Model: FTIR-8300, Shimadzu, Kyoto, Japan) [20].

Particle size and zeta potential

The mean diameter and zeta potential of the QCT-MMs were
determined by a zeta sizer (Nano ZS90, Malvern Instruments Ltd.,
UK). All the measurements were analyzed in triplicate at 25 °C [21].

PXRD

Pure QCT, Lipoid S-75, Lipoid S-100, PM, and QCT-MMs formulation
was analyzed to study the comparative crystalline status of these
samples using powder X-ray diffractometer (Model: D8 ADVANCE,
Bruker AXS, Inc., Madison, WI, USA). The operational procedure for
PXRD analysis has been reported previously [22].

In vitro dissolution test

The properties of QCT release from the QCT-MMs were measured by
the dialysis method. Briefly, 10 ml of QCT-MMs was placed in a
dialysis bag (MWCO: 3500 Da), which was tightened and placed into
a bottle filled with 50 ml of dissolution medium (pH 7.4 phosphate
buffer containing 0.5 % (w/v) Tween 80). The bottle was placed in a
gas bath thermostat oscillator at 37 °C and shaken at 120 rpm over
24 h. Meantime, equivalent QCT and QCT Mesylate dissolved in a
trace of methanol were diluted to 10 ml purified water and gone
through the same operation with QCT-MMs. At specific time
intervals, 1 ml of the sample was taken out for concentration
measurement, and an isometric dissolution medium was added to
the bottle [23].

TEM

The TEM is similar to an optical microscope. It has a very high
resolution, which in the case of lattice images, can be as high as 0.1
nm. As a result, extremely high magnification (close to 1 million
times) is possible. TEM is used to investigate very thin sections (less
than 60 nm in thickness) through cells and tissues, as well as
materials and copies of sample surfaces. TEM analysis of QCT MMs
was performed through Hitachi (H-7500) 120 kV Transmission
Electron Microscope with a CCD Camera With a 40-120 kV working
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voltage, this instrument has a resolution of 0.36 nm (point to point)
and can magnify objects up to 6 lakh times in High-Resolution mode.
They are all included: Electron Diffraction, Tungsten Filament, Low
Dose Function, High Contrast Mode, and an aerodynamic
appearance. The maximum range of views at x700 with dual picture
modes, auto-navigation, the biggest possible field with maximum
contrast, and auto pre-irradiation mode are some of the
instrument's unique features (APIS). The equipment can be
upgraded to an analytical system in the future by adding EELS, EDS,
and STEM attachments [24].

RESULTS AND DISCUSSION
Optimization of preparation and characterization of QCT-MMs

QCT-MMs were prepared using ethanol based-solvent evaporation
method. Before this experiment, the preliminary solubility analysis
was conducted for QCT and LS-75, LS-100. It was found that both of
these compounds are lipophilic and show higher solubility in organic
solvents. This physicochemical property of QCT was utilized in this
study and prepared the phospholipids complex using the solvent
evaporation method. The phospholipids complex are lipid-
compatible molecular aggregates of drug and/or bioactive
phospholipids and their formation is depending upon the complete
dissolution of a drug as well as phospholipids in common solvents
resulting in the formation of stable phospholipids complex. The
solubility problem was overcome by using ethanol as a choice of
solvent because of its semipolar nature, a class III solvent with a low
toxicity profile, and provides higher solubility for QCT and Polymer.
Therefore, based on solubility, ethanol was chosen as an optimal
solvent for the preparation of stable QCT-MMs. Following this, the
QCT-MMs were loaded into gellan gum and developed gellan gum
NPs using the ionic gelation method [25].

CMC

CMC of the micelle-forming compound influences it is in vitro and in
vivo stability and low CMC values of LS-75 and LS-100 binary
mixture underlay the high stability of LS-75 and LS-100 mixed
micelles in solutions upon dilution. In this study, the formation of
micelles was monitored by using iodine as a hydrophobic probe.
Solubilised 12 prefers to participate in the hydrophobic
microenvironment of lipoid-mixed micelles, causing the conversion
of 13- to I2 from the excess KI in the solution to maintain the
saturated aqueous concentration of I2. The absorption intensity of 12
has been plotted as a function of polymer concentration in fig. and
the CMC of LS-75 and LS-100 binary mixture was determined to be
0.0013%. This is a reasonably low concentration, suggesting their
high stability and ability to maintain integrity even upon extreme
dilution in the body [26].

Abs

(R B B T~ By = ] 1M ™ Mmoo dy Oy e
a2 o s e m o P R N B B -
L B B B B Ty ™ [N - S R

Fig. 1: Plot of UV intensity of 12 vs. concentrations of lipoid S-
75/lipoid S-100 in distilled water

FTIR

FT-IR analysis provides vital information about functional group
identification and the IR infrared with other components used in the
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formulation fig. 2, fig. 3, fig. 4, fig. 5, show the FT-IR spectrum of,
Lipoid S-75, Lipoid S-100, QCT, QCT-MMs respectively. The FT-IR
spectrum of Lipoid S-75 fig. 2 shows the presence of absorbance
peak at~3011.7 (=C-H Stretching), 2922.2 (0-H), 1736.9(C=0
Stretching), 1483.5(C=C), 1058.6 (C-0). Lipoid S-100 fig. 3 shows the
presence of absorbance peak at~3794 (0-H), 2862 (COOH),
1736.9(C=0 Stretching), Furthermore, significant peaks could be
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detected at 1408Alkane, 1058.6 (CH3) deformation, 1043(C O)
vibration, 1733(C=0). Quercetin fig. 4 the major peaks of quercetin.
0-H (aromatic), C-O (aromatic), C-C, and aromatic C-O is observed at
3282.2, 1620.1, 1058.7, and 1162.2, respectively. In spectra, all the
functional groups of the drug appeared in the QCT-MMs fig. 4 Thus,
it was accomplished that there was no interaction of quercetin with
the above-mentioned excipients [27, 28].
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Fig. 4: FT-IR of QCT

The particle size and zeta potential

Particle size distribution and zeta potential are important tools used
for the determination of the physical stability of sub-micron

particles in the form of a liquid dispersion. Earlier published report
on diosmin-phospholipids lyophilized phytosomes exhibited
particle size ~536+3.66 nm, found to be suitable for the oral route of
administration due to its enhanced aqueous solubility and oral

125



M. A. Bhange et al.

bioavailability (Freitag et al, 2013). The analyzed particle size
distribution of prepared QCT-MMs is shown in fig. 6. The average
particle size of design-optimized QCT-MMs was demonstrated to be
~116.1 nm, as evaluated by Malvern. From the obtained particle
size, it indicated that the particle size of QCT in QCT-MMs was widely
distributed. The polydispersity index (PDI) for QCT-MMs was found
in the range of ~1.000, which indicates its narrow range of
distribution. Zeta potential (() is one of the significant properties of
the particle, which determine the surface charges surrounding the
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particles. It is a potential indicator of the physical stability of
particles in a liquid dispersion. Zeta potential value greater than
(>30 mV), demonstrates exceptional stability in the formulations.
Fig. 7 shows the zeta potential of prepared QCT-MMs. In the current
study, the zeta potential value for QCT-MMs as evaluated by Malvern
was observed to be ~-99.2 mV. So, the prepared QCT-MMs
formulation with obtained low particle size, lower PDI, and Negative
zeta potential values could be attributable to the better physical
stability of QCT-MMs [29, 30].
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Powder X-ray diffract study

The crystalline nature of the synthesized QCT-MMs was confirmed by
the X-ray diffraction analysis. In fig. 8, fig. 9, fig. 10, fig. 11 and fig. 12
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shows the PXRD pattern of Lipoid S-75, Lipoid S-100, and QCT,
respectively. The unassigned peaks could be due to the crystallization
of the bioorganic phase that occurs on the surface of the QCT-MMs.
The PXRD pattern indicates that the QCT-MMS are crystalline [31].
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Fig. 8: PXRD of LS-75
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Fig. 10: PXRD of QCT

than 90 % of QCT was released from free QCT within 12 h, while the
release of QCT from QCT-MMs was sustained up to 72 h.

In vitro drug dissolution

The in vitro QCT release from the QCT-MMs was studied by dialysis
method using PBS with 0.5% Tween 80 as release medium to get the
sink condition PBS (pH 6.8) at 37 °C. After 8 h, the percentage of QCT
released from QCT and QCT-MMs was 12 % and 30 %; as shown in
fig. 13 QCT showed sustained release behavior from QCT-MMs. More

Due to the insolubility of UA in water, a free QCT solution was
prepared by dissolving QCT in Propylene glycol. The result indicated
that the core stably accommodated the hydrophobic drug resulting
in controlled drug release [32].
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Fig. 13: QCT release Kinetics from free QCT in propylene glycol, QCT-MMs in PBS (pH 6.8) at 37 °C. Data represents mean (n=3)

TEM

The morphology of the selected QCT-MMs formulations was
observed using high-resolution TEM. Fig. 14 shows the TEM images
of QCT-MMs, where the micelles exhibited relatively regular dark
stained shapes appearing more or less spherical or spheroid. Their
diameters appeared to be lower than the results obtained by the PS

experiment, which was mainly due to water evaporation in the TEM
experiments. The micelles were examined in the dry state and lacked
a hydration layer, thus resulting in their shrinkage and smaller. It
was also observed that QCT-MMs fig. 14 was dispersed and more
populated in the field. This finding is from a previous study
reporting a subsequent increase in spherical micelles as a result of
increased poloxamer content [33].
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Fig. 14: TEM images of QCT-MMs 1 pm

129



M. A. Bhange et al.

CONCLUSION

QCT is the BCS class II drug, which is a potent antioxidant and anti-
cancer agent, has low solubility parameters while preparing dosage
forms. QCT-MMs is the finest one because it is easiest as well as
simplest to formulate and inexpensive concerning others and great
patient compliance as compared to others in the treatment of cancer.
From the above study, it can be concluded that QCT-MMs help to
enhance the solubility of the quercetin in addition to enhancing the
stability of the formulation. QCT-MMs can be easily administered
through suitable dosage forms due to their firmness with potent
activity in the treatment of cancer and thus improving patient
compliance. The gum-loaded QCT-MMs can be easily administered
parenterally due to their less viscous nature and thus improving
patient compliance. Also from the above study, it was concluded that
97.65% of drug release was obtained after 8 h.

This system has several advantages due to the use of lipids in the
formulation, such as high tolerability, controlled release, protection
of the drug against harsh exposure, and reducing side effects that
can be caused. This study indicated that the composition of the
formulation and the technique of producing QCT-MMs affected the
physicochemical properties of the QCT-MMs and the release profile
of the QCT.
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