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ABSTRACT

The plant-derived flavonoid quercetin is well-known for its anti-inflammatory and antioxidant
qualities, but because of its extremely low oral bioavailability, it is challenging to evaluate its
potential for therapeutic use. The development of a self-emulsifying drug delivery system
(SEDDS) to increase quercetin's oral bioavailability was the primary goal of this effort.
Solubility of quercetin was determined in various vehicles. SEDDS is mixture of oils,
surfactants, and co-surfactants, which are emulsified in aqueous media under conditions of
gentle agitation and digestive motility that would be encountered in the gastro-intestinal tract.
A series of formulations with different compositions were selected in the microemulsion region
for assessment of self-emulsification time and droplet size. Emulsification time and the mean
droplet size were found to be 1minute and 18.0 £ 0.25 nm, respectively, for the optimum
formulation. Dilution study was also performed for optimization of formulation. The
absorption of quercetin from SEDDS form resulted about 3.5-fold increase in bioavailability
compared with the pure drug solution. The formulation is suitable for oral administration of
quercetin. It would be useful to conduct efficacy studies of quercetin in diseased animal models
and subsequently for toxic kinetics studies.
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1. INTRODUCTION

One of the most often utilized methods for medication delivery and administration is the oral
route. The slow start time, potential for irregular absorption, and the potential for digestive
enzymes to break down some particular medications are the primary drawbacks of this
approach. Drugs that are not well soluble in water, such HIV protease inhibitors, glycoprotein
inhibitors, and anticancer medications, have difficulty being produced and being well soluble
in the gastrointestinal system.

The drug delivery industry scientists are used a wide range of methods to improve the
dissolution rate of poorly water-soluble drugs, including formulations containing
nanoparticles, a solid solution formulation or self-emulsifying drug delivery system (SEDDS),
and stable amorphous form of the drug.[1] In recent years, however, much attention has been
focused on lipid-based formulations, with particular emphasis on self-emulsifying drug
delivery system (SEDDS) and self-micro emulsifying drug delivery system (SMEDDS). [2]
SEDDS is an isotropic mixture of oil, surfactant and/or co-surfactant can be used for
formulations to improve the absorption of drugs in gastrointestinal tract and solve the solubility
problems. SEDDS can produce fine oil/water emulsion after dilution in gastrointestinal fluids
and provide large interfacial area for drug partitioning between oil and water phases and so
increase in solubility rate and extent of absorption.[3]

1.1 For selecting a suitable self-emulsifying vehicle, it is important to assess:
a. the drug solubility in various components;

b. the area of self-emulsifying region in the phase diagrams;

c. droplet size distribution following self-emulsification.

1.2 Various modes of enhanced drug absorption from the SEDDS formulation can be
hypothesized as follows:

e The chylomicron production of the fatty components of the digestible oil phase of an emulsion
might facilitate the lymphatic absorption of drugs. In reality, bile salt micelles may be used to
absorb a lipophilic medication which ideally stays in the oil droplets along with the lipid
carrier's metabolite.[4]

e Bates and Sequeria proposed that prolonged medication dissolution and absorption from the
lipid phase of the emulsion may be possible due to the reduction of stomach motility brought
on by its presence.

e Increase mucosal permeability via incorporation of lipid from mixed micelles and enhanced
mesenteric lymph flow may be responsible for the enhanced drug absorption.[5]

e A hydrophilic medication may diffuse straight into the portal supply rather than being
absorbed via the lymphatic (chylomicron) system. Therefore, in this instance, increased
medication absorption may be a result of increased dissolution from the wide surface area
provided by the emulsion.[6]

o [JA relatively less focused consideration is the presence of surfactant in formulation, which
may also play a role in increasing the absorption of the drugs.
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For selecting a suitable self-emulsifying vehicle, it is important to assess:

a. the drug solubility in various components;

b. the area of self-emulsifying region in the phase diagrams;

c. droplet size distribution following self-emulsification (Kang, Lee, Cho, Jeong, Yuk, Khang,
Lee, & Cho, 2004).

Most edible fruits and vegetables contain quercetin (QT, 3,3,4,5,7-pentahydroxyflavone), a
plant flavonoid that was isolated and extracted from Sophora japonica L. It has a wide range
of physiological activities, including anti-inflammatory and anti-proliferative effects on a
variety of human cancer cell lines, osteoporosis, and inhibition of glycolysis, macromolecule
synthesis, pulmonary and cardiovascular diseases, as well as anti-aging properties. [7]
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FIGURE 1. The Structure of quercetin

However, QT has a very low oral bioavailability (16.2%) due to its low solubility in water
(0.127-7.7g/ml) and artificial gastric juice (5.5 ssg/ml) and artificial intestinal juice (28.9 g/ml)
So its application is restricted in clinic.[8] Therefore, formulation strategies have been designed
to increase the solubility and improve the oral absorption of QT. At micromolar concentrations,
studies have shown that quercetin can stimulate cell differentiation and enhance cell death in a
variety of cancer cell types, including lung cancer, colon cancer, prostate carcinoma, and
pancreatic tumour cells.[9]

In this study, Oil (Castor oil) a non-ionic surfactant (Tween 80) and cosurfactant (PEG) were
used to formulate a SES for Quercetin (QT), a poorly water-soluble drug. The objectives of
this study were to develop and characterize the optimal formulation of SEDDS containing
quercetin for to increase absorption leading to improvement in bioavailability, to reduce dose
leading to reduction in dosing frequency, to achieve sustained release effect. Its bioavailability
compared with pure drug solution in male albino rats.[10]

2. MATERIALS AND METHODS

2.1 Materials

QT was purchased from Sigma—Aldrich Chemical Co. Tween 80, castor oil and PEG 600 was
purchased from Lob chem. (Mumbai, India). Potassium dihydrogen orthophosphate, HCL, and
NaOH were purchased from Loba chem. (Mumbai, India). Methanol (HPLC grade) was also
from Loba chem. Ltd, (Mumbai, India). All other Chemicals were reagent grade.
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2.2 Solubility of QT in oils and surfactants

To find out the suitable oil and surfactant as compositions of SEDDS, the solubility of QT in
various oils such as paraffin oil, castor oil, peanut oil, ethyl oleate, and surfactants including
Cremophor EL-40, Tween 80, poloxamer 188 and emulsifier OP was measured. An excess
amount of QT was added to 3 g oil or 20 ml 12.5% (w/v) surfactant solutions and then the
resulting mixture was shaken in a water bath at 37°C for 24 h followed by centrifugation for
10min at 12,000rpm [11]. The supernatant was diluted with ethanol appropriately and the drug
concentration was determined by high performance liquid chromatography (HPLC) analysis.
The oil and surfactant that showed higher solubility for QT were selected as the compositions
of SEDDS. [12]

2.3 Fourier Transform Infrared Spectroscopy

The FT-IR spectra of the samples were obtained on a Perkin- Elmer 2000 spectrophotometer
(Perkin-Elmer, Norwalk, CT, USA). Each sample and potassium bromide were mixed by an
agate mortar and compressed into thin tablets. The scanning range was 370-4000 cm ™ and the
resolution were 1 cm™. Each sample was measured and recorded in triplicate. [13]

2.4 Compatibility tests

Cosurfactants were screened by the compatibility tests with the tested cosurfactants mixing
with the systems of different oils and chosen surfactant solution. 6ml Tween 80 micelle solution
(10%, w/v) was mixed with 0.05 g oil, and then the resulting mixture was titrated by
cosurfactant under proper magnetic stirring till the appearance of resulting solutions was
subjected to a change from turbid to clear and transparent. Samples were left to equilibrate for
at least 10min before being examined for transparency. The added amounts of cosurfactant
were recorded. The transparency of resulting solution was determined by ocular inspection and
was used as an index to evaluate the compatibility of oil, cosurfactant and surfactant
solution.[14] Under same conditions of clearance and transparency of obtained solution, the
less amounts of added cosurfactant showed better compatibility with the oil and surfactant
solution. Co-surfactants such as dehydrated ethanol, 1,2-propylene glycol, glycerine and
PEG400 were chosen to drop to the mixed systems composed of emulsifier Tween 80 (10%,
w/v) and oil such as ethyl oleate, paraffin oil, castor oil or peanut oil, and the results were
recorded as shown in table-1

2.5 Pseudo ternary phase diagram study

Pseudo ternary phase diagrams of oil, surfactants/cosurfactant or cosolvents, and water were
developed using the water titration method. The mixtures of oil and S/CoS at certain weight
ratios were diluted with water in a drop wise manner. For each phase diagram at a specific ratio
of oil and Smix, i.e. (1:9 to 9:1) and S/CoS (i.e. 1:1, 2:1, 3:1, 4:1 and 5:1 wt/wt), a transparent
and homogenous mixture of S/CoS was formed.[15] Then, each mixture was titrated with water
and visually observed for phase clarity and flow ability. After the identification of
microemulsion region in the phase diagrams, the microemulsion formulations were selected at
desired component ratios. In order to form the stable microemulsion, a series of SEDDS
formulations were prepared [16]
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2.6 Preparation of SEDDS formulations

A series of SEDDS formulations were prepared using castor oil as the oil, Tween 80 as
surfactants, and PEG 600 as cosurfactant shown in (Table 2). In all the formulations, the level
of Quercetin was kept constant. Accurately weighed QT was placed in a glass vial, and oil
(castor oil) was added and mixed by gentle stirring on a magnetic stirrer at 40°C until QT was
completely dissolved. The remaining components, i.e. Tween 80, and PEG 600 (Smix) were
added with constant stirring at 40°C until stable mixture was formed.[17]

TABLE 2
Formulation table

Components Smix(3:1)F(A) Smix(4:1)F(B) Smix(5:1)F(C)
QT (wiw) 10 10 10
Castor 10% 18.36% 9.09%
oil(w/v)
Tween

0, [0) 0
80(WIV) 67.5% 65.32% 75.69%
PEG

0, [0) 0
600(W/Y) 22.5% 16.32% 15.22%

3.0 Characterization and evaluation of the formulation

3.1 Dilution study

SEDDS formulations containing 10 mg of QT (1 part) were diluted with 10 parts of distilled
water, 0.1 N HCI and Phosphate buffer of pH 6.8 and visually observed drug content

0.1 ml volume was extracted from final preparation and poured into 10 ml volumetric flask
volume was make up by adding methanol. QT content in the methanolic extract was analysed
spectrophotometrically at 370 nm, against the standard methanolic solution of QT [18]

3.2 Self-emulsification and precipitation assessment

Assessment of the self-emulsifying properties of SEDDS formulations were performed by
visual assessment. Different formulations were categorized on the basis of Speed of
emulsification, clarity, and apparent stability of the resultant emulsion. Visual assessment was
performed by dropwise addition of the SEDDS into 250 mL of distilled water at room
temperature, and the contents were gently stirred magnetically at ~ 1100 rpm.[19] Precipitation
was evaluated by visual assessment of the resultant emulsion after 24 h. The formulations were
then categorized as clear (transparent or transparent with bluish tinge), non-clear (turbid),
stable (no precipitation at the end of 24 h), or unstable (showing precipitation within 24 h)

3.3 Viscosity determination

SEDDS (1 mL) was diluted 10 and 100 times with the distilled water in beaker with constant
stirring on magnetic stirrer. Viscosity of the resultant microemulsion and undiluted SEDDS
was measured using viscometer (Brookfield-DV-E).[20]
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3.4 Droplet size analysis

The Malvern Particle Size Analyzer, Model No. 2600 (Malvern Inst., South borough, MA),
with a 63 mm lens was used to measure emulsion droplet size. The average droplet size is
indicated as d (0.5). The instrument is based on the principle of laser diffraction. The system
inherently measures the integral light scattering from all particles present in the beam. As
material flows through the beam, the measured light scattering is continuously changing to give
the instantaneous integral of the material illuminated by the analyzer beam. Approximately
0.002 % of emulsion concentration in water was incorporated into a 15 mL volume cell, and
under slow agitation, the scattered light intensity was measured.[21]

3.5 Zeta-potential determination

SMEDDS (1 mL) was diluted 10 times and 100 times with distilled water in beaker with
constant stirring on a magnetic stirrer. Zeta-potential and electrophoretic mobility of the
resulting microemulsion was determined using the Zetasizer. (Malvern Instruments) [22]

3.6 In vitro dissolution studies

The purpose of in vitro dissolution study was to check the dissolution rate of SEDDS.

The quantitative in vitro release test was performed in 900 mL of phosphate buffer pH 6.8
maintained at 37 £ 0.5°C using USP XXIV type Il dissolution apparatus (Electrolab TDT-08L,
India). The paddles were rotated at 100 rpm. The SEDDS formulations were filled into
transparent hard gelatin capsules (0 sizes) and used for drug release studies. Five mL aliquots
were collected periodically and replaced with fresh dissolution medium. Aliquots, after
filtration through Whatman filter paper (No. 41), were analysed spectrophotometrically at 270
nm for QT content [23]

3.7 In vitro drug diffusion studies

The purpose of in vitro diffusion study was to check the permeation of drug through biological
membrane. In vitro diffusion studies were carried out by using the dialysis technique. One end
of pretreated cellulose dialysis tubing (7 cm in length) was tied with thread and 0.5 mL of self-
emulsifying formulation (equivalent to 10 mg QT) was placed in it along with 0.5 mL of
dialyzing medium (phosphate buffer pH 6.8). The other end of tubing was also secured with
thread and was allowed to rotate freely in the dissolution vessel of a USP XXIV type Il
dissolution test apparatus that contained 900 mL dialyzing medium (phosphate buffer pH 6.8)
maintained at 37 £ 0.5°C and stirred at 100 rpm. Placebo formulation (blank SEDDS, without
drug) was also tested simultaneously under identical conditions so as to check interference, if
any.[24] Aliquots were collected periodically and replaced with fresh dissolution medium and
analysed spectrophotometrically at 270 nm for QT content.

3.8 Stability studies

Chemical and physical stability of optimized QT SEDDS formulation was assessed at 40°C,
60°C, 93% Rh, 75% Rh, and 33% Rh as per ICH Guidelines SEDDS equivalent to 10 mg QT
was filled in 5ml glass bottle, packed in aluminium strips and stored for three months in
stability chamber Samples were analysed at 0, 15 and 30 days for drug content, disintegration
time and in vitro dissolution profile.[25]
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4.0 RESULTS AND DISCUSSION

4.1 Solubility studies

http://ymerdigital.com

The solubility of QT in various vehicles was analysed in order to screen suitable components
for ME. In four tested surfactant solutions (12.5%, w/v), QT had the highest solubility in Tween
80 solution (887.7ug/ml), followed by Cremophor EL (522.4pg/ml) and Poloxamer
(320.8pg/ml). It was almost insoluble in poloxamer 188 (73.3g/ml). Therefore, Tween 80 was
chosen as surfactant for emulsion. In the four tested oils, the solubility of QT was highest in
castor oil (835.1 pg/ml), followed by peanut oil (772.4 pg/ml), and the solubility of QT in
paraffin oil or ethyl oleate was 702.3 ug /ml. So castor oil was initially considered as a good

oil phase [26]

When the mixture of Tween 80 and castor oil was titrated with different cosurfactants the
stability of ME varied greatly. In tested cosurfactants, PEG 600 can form stable ME chosen as
cosurfactant Since PEG 600 has a good ability in forming ME with castor oil and Tween 80.
In conclusion, Castor oil, Tween 80 and PEG 600 were subsequently chosen as the oil phase,
surfactant and cosurfactant for the formulation of QT-loaded SEDDS in this study[27]

Solubility in various vehicles

Name of vehicles

Solubility
pg/mL

Castor oll
Mustard oil
Sun flower
Peanut oil
Ethyl oleate
Tween 80
Cremophor EL
Poloxamer
PEG 600

832 pg/mL
443 png/mL
726 pg/mL
772 ug/mL
702 pg/mL
887 ug/mL
522.4 ug/mL
73.3 pg/mL
452 pg/mL

4.2 Fourier Transform Infrared Spectroscopy

FIGURE 2. Fourier Transform Infrared Spectroscopy of Quercetin
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IR spectroscopies of the quercetin and its complex were achieved by Perkin-Elmer, Norwalk
CT, USA, in order to gain more information about the complex structure. The presence of peak
at 424.81 cm™ in IR spectrum of the complex indicates formation of (O—Sn) bond through the
complex. The C=0 stretching mode of the free ligand (Fig.2) occurs at 1666.41 cm™. By the
interaction of ligand with stannous chloride it has been shifted to 1642.90 cm-which can be
explained by coordination of carbonyl oxygen with metal ion.[28] The bands located in 1611.0
cm™and 1262.64 cm-1, respectively are related to v(C=C) and v(C—O—C) vibration frequencies
in ligand spectrum which are slightly shifted after complexation with tin. Moreover, an increase
in bond order (from 1319.09 cm-1 in the ligand to 1341.85 cm-1 in the complex) indicates
involving of v(C—-OH) deformation mode, which is obvious when ortho-dihydroxy group in
quercetin B ring coordinates in metal chelation. The big bound of v (O—H) vibration frequency
(from 3408.10 to 3384.82 cm™?) indicates the existence of water in the compound.[29]

4.3 Pseudo ternary phase diagram

When self-emulsifying systems are added to aqueous medium, they create fine oil-water
emulsions with very little agitation. At the contact, surfactant and co-surfactant are
preferentially adsorbed, lowering the interfacial energy and acting as a mechanical barrier to
coalescence. The microemulsion formulation's thermodynamic stability is subsequently
enhanced by the reduction in the free energy needed for emulsion formation. As a result, the
choice of surfactant and oil, as well as the proportion of oil to S/CoS, are crucial for the
microemulsion’'s creation.[30] After performing solubility studies, components in which drug
showed more solubility put forwarded for phase behaviour study. In the present study,
combinations of surfactants (Smix) with high and low HLB values were used. PEG 600 has
low HLB value (5-6) and Tween 80. The combination of low and high HLB surfactants leads
to more rapid dispersion and finer emulsion droplet size on addition to aqueous phase.[31] PEG
600 and Tween 80 in the ratio of 3:1, 4:1 and 5:1 showed wider microemulsion existence area
and rapid emulsifications compared with 1:1 and 2:1. Shown in (Fig 3, Fig 4 and Fig 5)
Respectively. An increase in the microemulsion area as increase in S/Cos ratio from 3:1 to 5:1.
But in 1:1 and 2:1 ratio the concentration of surfactants goes beyond limit, hence authors
selected 3:1, 4:1 and 5:1 S/Cos ratio for formulation. PEG 600 is reported to be incompatible
with hard gelatin capsules when used in high concentrations (> 15% W/W of total formulation).
Thus PEG 600 concentration was kept below 15% w/w in formulation.[32]
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Smix(3:1)
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FIGURE 3. Smix (3:1) Formulation (A)

Smix(4:1)

Smix

FIGURE 4. Smix (4:1) Formulation (B)

S:1(Smix)

FIGURE 5. Smix (5:1) Formulation (C)
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4.4 Characterization and evaluation of the formulation

4.4.1 Dilution study

The objective of the dilution study was to study the degree of emulsification and
recrystallization of the drug, if any Viscosity of diluted and undiluted SMEDDS was measured
to study the effect on emulsification time. Dilution may better mimic conditions in the stomach
following oral administration of SMEDDS pre- concentrate. Dilution study was carried out to
access the effect of dilution on SMEDDS pre-concentrates. Accurate mixture of emulsifier is
necessary to form stable microemulsion, for the development of SEDDS formulation when one
part of each SEDDS formulation was diluted with 10 parts of distilled water, 0.1 HCI and
phosphate buffer 6.8 pH (Table 4). It implies that the formulation (A) 1:9 of Smix 5:1 was more
stable because there was no precipitation or crystallization of drug.[33]

TABLE 4
Dilution study
Vehicles  Smix(3:1)F(A)1:9 Smix(4:1)F(B)2:8 Smix(5:1)F(c) 1:9

Distil Stableupto5hrs  Stableupto5hrs  Stable upto 5 hrs
water
0.INHCL Stableupto5hrs Stableupto3hrs Stable upto5 hrs

Phosphate Stableupto1l hrs Stableuptol1lhrs Stableupto5 hrs
buffer 6.8

4.4.2 Drug content
Drug content of the SEDDS formulations is shown in (Table 5) which was in the limit (98—

102%).
TABLE 5
Characterization and evaluation parameter

Parameters Smix (3:1) F(A) Smix(4:1)F(B) Smix (5:1) F(c)
Drug content
(%) 80.8 815 85.6
Precipitation Stable Unstable Stable
Clarity Bluish Turbid Stable
Viscosity (Cp)

1.6347 1.867 1.392
(1:50) 63 8670 3926
Droplet 68.0828 90.2016 63.7696

size(micron)
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4.4.3 Self-emulsification and precipitation assessment

It was discovered that there was turbid and unstable dispersion above and below the 49%
surfactant concentration threshold, at which point the self-emulsification time (SET) decreased.
This might be because of excessive water evaporation into the oil, which disrupts the interfacial
layer and ejects droplets into the bulk aqueous phase. Higher surfactant levels, however, lower
the drug's solubility limit and may therefore cause precipitation. Given the proportional
increase in surfactant concentration, it is reasonable to presume that the self-emulsification
time has decreased. Because low HLB surfactants acted as coupling agents for high HLB
surfactants, a mixture of high and low HLB value surfactants was employed.

Furthermore, using a blend of low and high HLB surfactants may also lead to more rapid
dispersion and finer emulsion droplet size on addition to an aqueous phase.[34] As
concentration of surfactant increases the molecular volume increases which affects penetration
at the interface hence SET decreases. Therefore, we were found formulation(A) of Smix 5:1
takes less time to emulsifying compare to other two optimize formulation. (Table 5)

4.4.4 Viscosity determination

As SEDDS was diluted 10 and 100 times with water, viscosity of the system was decreased,
which indicates that oral administration of SEDDS formulation will be diluted with the stomach
fluid and viscosity will be decreased and therefore absorption from the stomach will be fast.

4.4.5 Droplet size analysis

The droplet size of the emulsion is a crucial factor in self-emulsification performance because
it determines the rate and extent of drug release as well as drug absorption. Also, it has been
reported that the smaller particle size of the emulsion droplets may lead to more rapid
absorption and improve the bioavailability. It was observed that increasing the S/CoS ratio led
to decrease in mean droplet size. It is well known that in microemulsion systems the addition
of surfactants stabilizes and condense the interfacial film, while the addition of cosurfactant
causes the film to expand; thus, the relative proportion of surfactant to cosurfactant has varied
effects on the droplet size. The SEDDS was found to be clear transparent after the 100 times
dilution with distilled water and remained stable.

In vitro dissolution studies.[35]

Drug release from the SEDDS formulation 5:1(Smix) F (C) was found to be significantly
higher as compared with other formulation ratio (Shown in Fig 5). The result indicates that
5:1(Smix) F (C) shows 14% of drug release within 10 min and 74% of drug release in 90
min, which is higher than the other formulation. It could be suggested that the SEDDS
formulation resulted 5:1(Smix) F (C) in spontaneous formation of a microemulsion with a small
droplet size, which permitted a faster rate of drug release into the aqueous phase, much faster
than that of other formulation.
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FIGURE 6. In vitro dissolution studies of developed formulations

4.4.6 In vitro drug diffusion studies

Conventional dissolution testing of SEDDS has a limitation in mimicking its real time in vivo
dissolution and such a technique can only provide a measure of Dispersibility of SEDDS in the
dissolution medium. Alternatively, for evaluating the in vitro performance of SEDDS, drug
diffusion studies using the dialysis technique are very popular and well documented in many
literatures. Diffusion studies were performed for SEDDS 3:1(Smix) F (A), 4:1(Smix) F (B) and
5:1(Smix) F(C). The release of QT from these dosage forms was evaluated in phosphate buffer
pH 6.8; the release percentage of 5:1(Smix) F (C) was significantly higher than that of
3:1(Smix)F(A) and 4:1(Smix) F (B).

120.0

100.0

80.0

== 3:1(smix)F(a)
== 4:1(smix)F(b)
5:1(Smix)F(a)

60.0

%Diffusion

40.0

20.0

0.0 F
0 100 200 300 400

Time(min)

FIGURE 7. In vitro diffusion studies
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4.4.7 Stability studies

TABLE 6 Stability study data

At Room Time(da Colour Clarit PH Emulsification
Temp RH ys) y time (Sec)
0 Golden Clear 8.4 48
Yellow
Golden
7 | A4 1
33% Yellow Clear 84 5
15 Golden Clear 84 43
Yellow
30 Golden Clear 84 52
Yellow
0 Golden Clear 8.4 45
Yellow
Golden
7504 7 vellow Clear 8.4 53
15 Golden Clear 84 56
Yellow
30 Golden Clear 84 47
Yellow
0 Golden Clear 8.4 49
Yellow
Golden
93% 7 vellow Clear 8.4 53
15 Golden Clear 84 51
Yellow
30 Golden Clear 84 49
Yellow

http://ymerdigital.com

Optimized formulations 3:1(Smix) F (A), 4:1(Smix) F (B) and 5:1(Smix) F (C) are filled into
5 ml glass bottles the final dosage form. However, liquid-filled are prone to leakage, and the
entire system has a very limited shelf life owing to its liquid characteristics and the possibility
of precipitation of the drug from the system. Thus, the optimized formulations were subjected
to stability studies to evaluate its stability and the integrity of the dosage form.[36] No change
in the physical parameters such as homogeneity and clarity was observed during the stability
studies. Shown in (Table 6). There was no major change in the drug content, disintegration
time, and in vitro dissolution profile. It was also observed that the formulation was compatible.
Also, there was no phase separation, and drug precipitation was found at the end of two -month
stability studies indicating that QT remained chemically stable in SEDDS.
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5.0 Summary & Conclusion

Bioavailability is major concern of the most therapy involving with hydrophobic drugs. The
current study demonstrated a successful and simple method to prepare self-emulsifying
delivery system produced emulsion with uniform droplet size to enhance its aqueous solubility
and dissolution rate. Zeta potential of the optimal system was neutral so we can conclude that
system is stable. SEDDS appeared to be an interesting approach to improve problems
associated with oral delivery of Quercetin. Quercetin SEDDS formulation was superior to
marketed formulation in respect to in vitro dissolution profile. It also shows better in vivo
antioxidant activity than pure quercetin. Thus, there is improvement of oral bioavailability of
quercetin was successfully achieved in SEDDS formulation as delivery system. Thus, SEDDS
can be regarded as a novel and commercially feasible alternative to current quercetin
formulations.

References:

1. Kim J, De Jesus O. Medication Routes of Administration. [Updated 2023 Aug 23]. In:
StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 2023 Jan-. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK568677/

2. Salawi A. Self-emulsifying drug delivery systems: a novel approach to deliver drugs. Drug
Deliv. 2022 Dec;29(1):1811-1823. doi: 10.1080/10717544.2022.2083724. PMID: 35666090;
PMCID: PMC9176699.

3. Salimi A, Sharif Makhmal Zadeh B, Hemati AA, Akbari Birgani S. Design and Evaluation of
Self-Emulsifying Drug Delivery System (SEDDS) Of Carvedilol to Improve the Oral
Absorption. Jundishapur J Nat Pharm Prod. 2014 Jun 21;9(3):e16125. doi: 10.17795/jjnpp-
16125. PMID: 25237644; PMCID: PMC4165178.

4. Yahez JA, Wang SW, Knemeyer IW, Wirth MA, Alton KB. Intestinal lymphatic transport for
drug delivery. Adv Drug Deliv Rev. 2011 Sep 10;63(10-11):923-42. doi:
10.1016/j.addr.2011.05.019. Epub 2011 Jun 13. PMID: 21689702; PMCID: PMC7126116.

5. Markovic M, Ben-Shabat S, Aponick A, Zimmermann EM, Dahan A. Lipids and Lipid-
Processing Pathways in Drug Delivery and Therapeutics. Int J Mol Sci. 2020 May
4;21(9):3248. doi: 10.3390/ijms21093248. PMID: 32375338; PMCID: PMC7247327.

6. LiaoH, GaoY, Lian C, Zhang Y, Wang B, Yang Y, Ye J, Feng Y, Liu Y. Oral absorption and
lymphatic transport of baicalein following drug-phospholipid complex incorporation in self-
microemulsifying drug delivery systems. Int J Nanomedicine. 2019 Sep 6; 14:7291-7306. doi:
10.2147/1JN.S214883.

7. Kim BH, Chung EY, Ryu JC, Jung SH, Min KR, Kim Y. Anti-inflammatory mode of
isoflavone glycoside sophoricoside by inhibition of interleukin-6 and cyclooxygenase-2 in
inflammatory response. Arch Pharm Res. 2003 Apr;26(4):306-11. doi: 10.1007/BF02976960.
PMID: 12735689.

8. Yang Y, Zhao C, Diao M, Zhong S, Sun M, Sun B, Ye H, Zhang T. The Prebiotic Activity of
Simulated Gastric and Intestinal Digesta of Polysaccharides from the Hericium erinaceus.
Molecules. 2018 Nov 30;23(12):3158. doi: 10.3390/molecules23123158. PMID: 30513668;
PMCID: PMC6321054.

VOLUME 22 : ISSUE 12 (Dec) - 2023 Page No0:1878



YMER || ISSN : 0044-0477 http://ymerdigital.com

9. Hashemzaei M, et al., Anticancer and apoptosis-inducing effects of quercetin in vitro and in
vivo. Oncol Rep. 2017 Aug;38(2):819-828. doi: 10.3892/0r.2017.5766. Epub 2017 Jun 28.
PMID: 28677813; PMCID: PMC5561933.Ichikawa H, Watanabe T, Tokumitsu H, Fukumori
Y. Formulation considerations of gadolinium lipid nanoemulsion for intravenous delivery to
tumors in neutron-capture therapy Curr. Drug Deliv., 2007, 4: 131-40

10. Jain S, Jain AK, Pohekar M, Thanki K. Novel self-emulsifying formulation of quercetin for
improved in vivo antioxidant potential: implications for drug-induced cardiotoxicity and
nephrotoxicity.  Free  Radic  Biol Med. 2013 Dec; 65:117-130. doi:
10.1016/j.freeradbiomed.2013.05.041. Epub 2013 Jun 19. PMID: 23792276.

11. Bollenbach L, Buske J, Mader K, Garidel P. Poloxamer 188 as surfactant in biological
formulations - An alternative for polysorbate 20/80? Int J Pharm. 2022 May 25;620:121706.
doi: 10.1016/j.ijpharm.2022.121706. Epub 2022 Apr 1. PMID: 35367584.

12. Jahan RN, Khan Z, Akhtar MS, Ansari MD, Solanki P, Ahmad FJ, Aqil M, Sultana Y.
Development of Bedaquiline-Loaded SNEDDS Using Quality by Design (QbD) Approach to
Improve Biopharmaceutical Attributes for the Management of Multidrug-Resistant
Tuberculosis (MDR-TB). Antibiotics. 2023,; 12(10):1510.
https://doi.org/10.3390/antibiotics12101510

13. Ang LF, Darwis Y, Por LY, Yam MF. Microencapsulation Curcuminoids for Effective
Delivery in  Pharmaceutical ~ Application.  Pharmaceutics.  2019;  11(9):451.
https://doi.org/10.3390/pharmaceutics11090451

14. Azeem A, Rizwan M, Ahmad FJ, Igbal Z, Khar RK, Agil M, Talegaonkar S. Nanoemulsion
components screening and selection: a technical note. AAPS PharmSciTech. 2009;10(1):69-
76. doi: 10.1208/s12249-008-9178-x. Epub 2009 Jan 16. PMID: 19148761; PMCID:
PMC2663668.

15. Dixit AR, Rajput SJ, Patel SG. Preparation and bioavailability assessment of SMEDDS
containing valsartan. AAPS PharmSciTech. 2010 Mar;11(1):314-21. doi: 10.1208/s12249-
010-9385-0. Epub 2010 Feb 25. PMID: 20182825; PMCID: PMC2850450.

16. Khan F, Islam MS, Roni MA, Jalil RU. Systematic development of self-emulsifying drug
delivery systems of atorvastatin with improved bioavailability potential. Sci Pharm. 2012 Oct-
Dec;80(4):1027-43. doi: 10.3797/scipharm.1201-06. Epub 2012 Jul 22.

17. Buya AB, Beloqui A, Memvanga PB, Préat V. Self-Nano-Emulsifying Drug-Delivery
Systems: From the Development to the Current Applications and Challenges in Oral Drug
Delivery. Pharmaceutics. 2020 Dec 9;12(12):1194. doi: 10.3390/pharmaceutics12121194.

18. Sabitri Bindhani, Snehamayee Mohapatra, Rajat Kumar Kar; Preparation, characterization and
stability studies of solid self-emulsifying drug delivery system of nifedipine , Int J App Pharm,
Vol 12, Issue 2, 2020, 94-102.

19. Rehman FU, Farid A, Shah SU, Dar MJ, Rehman AU, Ahmed N, Rashid SA, Shaukat I, Shah
M, Albadrani GM, et al. Self-Emulsifying Drug Delivery Systems (SEDDS): Measuring
Energy Dynamics to Determine Thermodynamic and Kinetic Stability. Pharmaceuticals. 2022;
15(9):1064. https://doi.org/10.3390/ph15091064

20. Nair AB, Singh B, Shah J, Jacob S, Aldhubiab B, Sreeharsha N, Morsy MA, Venugopala KN,
Attimarad M, Shinu P. Formulation and Evaluation of Self-Nanoemulsifying Drug Delivery
System Derived Tablet Containing Sertraline. Pharmaceutics. 2022 Jan 31;14(2):336. doi:
10.3390/pharmaceutics14020336.

VOLUME 22 : ISSUE 12 (Dec) - 2023 Page No0:1879



YMER || ISSN : 0044-0477 http://ymerdigital.com

21. Gross-Rother J, Blech M, Preis E, Bakowsky U, Garidel P. Particle Detection and
Characterization for Biopharmaceutical Applications: Current Principles of Established and
Alternative  Techniques. Pharmaceutics. 2020  Nov  19;12(11):1112.  doi:
10.3390/pharmaceutics12111112.

22. Janakiraman, A.K., Islam, T., Liew, K.B. et al. Improved oral bioavailability of poorly water-
soluble vorinostat by self-microemulsifying drug delivery system. Beni-Suef Univ J Basic Appl
Sci 11, 99 (2022). https://doi.org/10.1186/s43088-022-00279-z

23. Shen J, Burgess DJ. In Vitro Dissolution Testing Strategies for Nanoparticulate Drug Delivery
Systems: Recent Developments and Challenges. Drug Deliv Transl Res. 2013 Oct 1;3(5):409-
415. doi: 10.1007/s13346-013-0129-z. PMID: 24069580; PMCID: PMC3779615.

24. Hiral A. Makadia, Ami Y. Bhatt, Ramesh B. Parmar, Ms. Jalpa S. Paun, H.M. Tank. Self-nano
Emulsifying Drug Delivery System (SNEDDS): Future Aspects. Asian J. Pharm. Res. 3(1):
Jan.-Mar. 2013; Page 20-26.

25. Silva NHCS, Mota JP, Santos de Almeida T, Carvalho JPF, Silvestre AJD, Vilela C, Rosado
C, Freire CSR. Topical Drug Delivery Systems Based on Bacterial Nanocellulose: Accelerated
Stability Testing. International Journal of Molecular Sciences. 2020; 21(4):1262.
https://doi.org/10.3390/ijms21041262

26. Rich GT, Buchweitz M, Winterbone MS, Kroon PA, Wilde PJ. Towards an Understanding of
the Low Bioavailability of Quercetin: A Study of Its Interaction with Intestinal Lipids.
Nutrients. 2017 Feb 5;9(2):111. doi: 10.3390/nu9020111.

27. Alhakamy NA, Aldawsari HM, Hosny KM, et al. Formulation design and pharmacokinetic
evaluation of docosahexaenoic acid containing self-nanoemulsifying drug delivery system for
oral administration. Nanomaterials and Nanotechnology. 2020;10.
d0i:10.1177/1847980420950988

28. Parlak, C., Ramasami, P. Theoretical and experimental study of infrared spectral data of 2-
bromo-4-chlorobenzaldehyde. SN Appl. Sci. 2, 1148 (2020). https://doi.org/10.1007/s42452-
020-2935-5

29. Uivarosi V, Barbuceanu SF, Aldea V, Arama C-C, Badea M, Olar R, Marinescu D. Synthesis,
Spectral and Thermal Studies of New Rutin Vanadyl Complexes. Molecules. 2010;
15(3):1578-1589. https://doi.org/10.3390/molecules15031578

30. Nikolaev B, Yakovleva L, Fedorov V, Li H, Gao H, Shevtsov M. Nano- and Microemulsions
in Biomedicine: From Theory to Practice. Pharmaceutics. 2023; 15(7):1989.
https://doi.org/10.3390/pharmaceutics15071989

31. Hassan AK. Effective Surfactants Blend Concentration Determination for O/W Emulsion
Stabilization by Two Nonionic Surfactants by Simple Linear Regression. Indian J Pharm Sci.
2015 Jul-Aug;77(4):461-9. doi: 10.4103/0250-474x.164773.

32. Kittithammavong, V., Charoensaeng, A. & Khaodhiar, S. Decontamination of oil-
contaminated sand using anionic—nonionic mixed surfactant-based microemulsion formation:
the study of surfactant and oil balances. Int. J. Environ. Sci. Technol. (2023).
https://doi.org/10.1007/s13762-023-05372-z

33. Cheng, G., Hu, R., Ye, L. et al. Preparation and In Vitro/In Vivo Evaluation of Puerarin Solid
Self-Microemulsifying Drug Delivery System by Spherical Crystallization Technique. AAPS
PharmSciTech 17, 1336-1346 (2016). https://doi.org/10.1208/s12249-015-0469-8

VOLUME 22 : ISSUE 12 (Dec) - 2023 Page No0:1880



YMER || ISSN : 0044-0477 http://ymerdigital.com

34. Tadros, T. (2013). Surfactants. In: Tadros, T. (eds) Encyclopedia of Colloid and Interface
Science. Springer, Berlin, Heidelberg. https://doi.org/10.1007/978-3-642-20665-8_40

35. Nasr A, Gardouh A, Ghorab M. Novel Solid Self-Nanoemulsifying Drug Delivery System (S-
SNEDDS) for Oral Delivery of Olmesartan Medoxomil: Design, Formulation,
Pharmacokinetic and Bioavailability Evaluation. Pharmaceutics. 2016 Jun 27;8(3):20. doi:
10.3390/pharmaceutics8030020.

36. Gonzalez-Gonzalez O, Ramirez 10, Ramirez Bl, O’Connell P, Ballesteros MP, Torrado JJ,
Serrano DR. Drug Stability: ICH wversus Accelerated Predictive Stability
Studies. Pharmaceutics.2022;14(11):2324.https://doi.org/10.3390/pharmaceutics14112324

VOLUME 22 : ISSUE 12 (Dec) - 2023 Page No0:1881



