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Article History Abstract

Quercetin, a potent pharmacological active phytocompound, plays a
Received: crucial role in drug therapy. However, its essential role is limited due to
Revised: poor water solubility and low bioavailability. To overcome these
Accepted

limitations and enhance oral bioavailability, Quercetin loaded Eudragit
nanoparticles were prepared using a single emulsification solvent
evaporation method and optimized by applying Box-Behnken design.
This study aimed to investigate the anti-hyperlipidemic potential of
Quercetin in Triton WR-1339 induced hyperlipidemic rats.
Hyperlipidemia was induced in rats using Triton WR-1339, and the
hypolipidemic potential of Quercetin was evaluated at doses of 50 and 100
mg/kg. The results revealed that Quercetin significantly (p <0.005) altered
the serum levels of total cholesterol (TC), triglycerides (TG), low-density
lipoprotein cholesterol, and high-density lipoprotein cholesterol, bringing
them close to normal levels in Triton WR-1339 induced hyperlipidemic
rats.

Furthermore, both doses of Quercetin (50 and 100 mg/kg) showed
significant reductions in TC and TG levels when compared to the standard
atorvastatin treatment. The novel formulation of Quercetin loaded
Eudragit polymeric nanoparticles displayed remarkable potential as a
green antihyperlipidemic agent.

These findings suggest that Quercetin loaded Eudragit nanoparticles can
effectively mitigate hyperlipidemia and have the potential to be a
promising therapeutic option for lipid disorders. The enhanced
bioavailability and bioactivity of Quercetin delivered through this novel
formulation open new possibilities for its clinical application in managing
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hyperlipidemia. Further research and clinical studies are warranted to
explore its translational potential and wider applications in drug therapy.

CC License Keyword:- Quality by Design, Box-Behnken design, Nanoformulation,
CC-BY-NC-SA 4.0 Hyperlipidemia, Eudragit RL.100, Atorvastatin

1. Introduction

In recent years, there has been a growing interest in the development of nanotechnology-based drug delivery
systems to enhance the therapeutic efficacy of various bioactive compounds. Among these, polymeric
nanoparticles have gained significant attention due to their unique properties, such as small size, high surface
area-to-volume ratio, and controlled release capabilities. In particular, Eudragit RL 100, a biocompatible and
biodegradable polymer, has shown great potential in the formulation of nanoparticles for drug delivery
applications.

Quercetin, a natural flavonoid (1)compound found in various fruits and vegetables, has been recognized for its
numerous health benefits, including antioxidant, anti-inflammatory, and anticancer properties. However, the
clinical application of quercetin is often limited by its poor aqueous solubility and low bioavailability(2). To
overcome these challenges, the encapsulation of quercetin into polymeric nanoparticles can provide an
effective strategy for improving its stability, solubility, and targeted delivery to specific sites of action.

In this study, we aimed to develop and optimize quercetinloaded Eudragit RL 100 polymeric nanoparticles as
a potential drug delivery system. The formulation of these nanoparticles involved the preparation of Eudragit
RL 100-based nanocarriers using various techniques such as solvent evaporation, emulsion-solvent
evaporation, or nanoprecipitation. The optimization process was carried out to achieve desirable nanoparticle
characteristics, including particle size, encapsulation efficiency, and drug release profile(3).

The characterization of the formulated nanoparticles was conducted using various in vitro techniques.
Physicochemical properties such as particle size, morphology, and zeta potential were evaluated using dynamic
light scattering and scanning electron microscopy. The drug encapsulation efficiency and drug release kinetics
were assessed using validated analytical methods. Furthermore, in vitro studies were performed to evaluate the
cytotoxicity and cellular uptake of the quercetinloaded nanoparticles using relevant cell lines.

The results obtained from this study will provide valuable insights into the formulation, optimization, and in
vitro characterization of quercetinloaded Eudragit RL 100 polymeric nanoparticles. These findings may
contribute to the development of a novel drug delivery system for enhanced therapeutic outcomes of quercetin
in the treatment of hyperlipidemia(4), ultimately leading to its potential clinical applications in the field of
medicine and healthcare.

2. Material and Methods

2.1Materials

For the preparation and characterization of quercetinloaded Eudragit RL 100 polymeric nanoparticles, various
materials and reagents were employed. Quercetin, a natural flavonoid compound, was obtained from Sigma
Aldrich, India. Eudragit RL 100, a biocompatible and biodegradable polymer suitable for nanoparticle
formulation, was also procured from Sigma Aldrich, India.In addition to the specific components, other
chemicals and solvents necessary for the experimental procedures were purchased from Fisher Scientific,
Mumbai, India. Throughout the entire experimentation process, Water for Injection (WFI) was utilized as the
solvent for preparing solutions and suspensions, ensuring the purity and quality of the samples.

Male Wistar albino rats weighing between 160 and 200 gm were used. The animals were obtained from a
vendor registered with the Committee for the Purpose of Control and Supervision of Experiments on Animals
(CCSEA). On April 10, 2017, the Institutional Animal Ethics Committee (IAEC/SHUATS/ PA/2017111/
SVKS02) approved the study, indicating that it complied with ethical standards and recommendations for the
humane treatment of animals in research. The rats were kept in a polyacrylic cage with environmental
conditions that comprised a humidity range of 60%-65% and a room temperature range of 24°C-27°C that
mimicked natural light patterns.

2.2 Methods
2.2.1 Formulation of Quercetin loaded Eudragit RL 100 polymeric nanoparticles

Available online at: https://jazindia.com 323



Journal of Advanced Zoology

Dissolution of Quercetin and Eudragit RL 100: Quercetin (1mg) and Eudragit RL 100 (5.16 mg) were
accurately weighed and dissolved in acetone, forming the organic phase. The organic phase acts as the carrier
for quercetin and the polymer, Eudragit RL 100. Preparation of Aqueous Phase: An aqueous solution of
4.5%w/v Polyvinyl alcohol (PVA) was prepared. PVA served as the agueous phase for the emulsification
process. Emulsification: The organic phase, containing quercetin and Eudragit RL 100, was added dropwise
into the aqueous phase while continuously stirring the mixture. This step is crucial for forming the emulsion.
Homogenization: The emulsion was further homogenized using an IKA high shear homogenizer at 16000 rpm
for 10 minutes. The high shear forces during homogenization help in reducing the particle size and ensuring
uniform distribution of the components. Sonication: The homogenized mixture was subjected to sonication
using an Ultra Probe sonicator (UP50H, Hielscher) for 12 minutes. Sonication aids in breaking down larger
aggregates and promotes the formation of stable nanoparticles. Solvent Evaporation: The sonicated emulsion
was left to stir overnight on a magnetic stirrer (IKARH digital) at a speed of 500 rpm. This step allowed the
organic solvent (acetone) to evaporate slowly, leaving behind the quercetinloaded Eudragit RL 100
nanoparticles. Product lsolation: Once the organic solvent was completely evaporated, the resulting
nanoparticle product was obtained. To remove any residual solvent or unencapsulated quercetin, the product
was subjected to centrifugation. Lyophilization: The centrifuged product was then subjected to lyophilization
(freeze-drying) to convert the nanoparticles into a dry, stable powder form. Lyophilization helps to enhance
the long-term stability of the nanoparticles. Storage: The lyophilized quercetinloaded Eudragit RL 100
nanoparticles were stored in airtight vials to ensure their integrity and prevent any degradation until further
characterization and use(3, 5).

2.2.2 Risk assessment Studies

In the context of formulating Quercetin, the application of Quality by Design (QbD) principles can help ensure
an efficient manufacturing process and reduce the risk of potential product failure. QbD involves a systematic
approach that incorporates real-time scientific knowledge to design and develop a robust formulation. The first
step in QbD is defining the Quality Target Product Profile (QTTP). This involves setting clear objectives for
the desired characteristics and performance of the dosage form containing Quercetin. The QTTP serves as a
reference point for all subsequent development and optimization activities.Critical Quality Attributes (CQAS)
are then determined, which are the key attributes that directly impact the safety, efficacy, and quality of the
formulated product(6). In the case of Quercetin, these CQAs may include parameters such as particle size,
encapsulation efficiency (EE%), and zeta potential. Formulation investigations led to the selection of the
experimental components that were dependent and independent, as shown by the Ishikawa diagram(Figure
1)(7).

Risk assessments play a crucial role in QbD, helping identify potential failure modes and associated risks
during the formulation process. By conducting risk assessments, critical material attributes (CMAS) and critical
process parameters (CPPs) can be identified(8).
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Figure 1: Ishikawa diagram
2.2.3 Factor Screening Design Studies
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The design of experiments (DOE) is a systematic approach used to efficiently and effectively gather
information and optimize processes(9). The DOE involves preliminary screening and surface response
methodology (RSM), and the Plackett-Burman design (PBD) was employed for factor screening. Minitab™
17 software was used to estimate the correlation between factors and responses(10).

Preliminary screening is the initial step in the DOE, where a large number of factors that could potentially
influence the response are identified. These factors can be related to a manufacturing process, a chemical
reaction, or any other system you are trying to optimize or improve(11). The objective of preliminary screening
is to identify the most important factors that have a significant impact on the response. However, it is not
designed to optimize the process but rather to select the most influential factors to be studied further. Once the
significant factors are identified through the Plackett-Burman design, the next step is to optimize the process
using the surface response methodology (RSM). RSM is a collection of statistical and mathematical techniques
used to model the relationship between the response variable and the significant factors(12). The goal is to find
the optimal conditions or settings for these factors that lead to the best possible response. RSM helps to
construct a response surface, which is a mathematical model that predicts how the response variable behaves
based on the levels of the significant factors. Minitab™ 17 was used to estimate the correlation between the
factors identified through the Plackett-Burman design and the responses obtained from the surface response
methodology. The software allows you to perform regression analysis to build the response surface models
and assess the relationship between factors and responses.

2.2.4 Optimization and statistical analysis

The independent variables (factors) that significantly affect the answer have now been found. The
concentration of the surfactant (A), polymer (B), homogenizer speed (C), and ultrasonication time (D) are
these variables. We created a mathematical model to describe the link between the response and the
independent variables (A, B, C, and D). Given that there are four elements, a quadratic equation that includes
both linear and interaction terms is probably the best fit. Curvature and interaction effects can be accounted
for using the quadratic model(13).

Using the experimental data from the PBD and possibly additional experiments. This model involved the main
effects (A, B, C, D), interaction terms (AB, BC, AD, AC, BD, CD), and the quadratic terms (A2, B2, C"2,
D”2). The equation was:

Response = B0 + B1A + B2B + B3C + B4D + B12AB + B13AC + B14AD + B23BC + p24BD + B34CD +
B11AN2 + f22B"2 + 33C"2 + 44D"2 + Error
Where B0, 1, 2, ..., P44 are the coefficients estimated from the data.

We projected the ideal values of the independent variables (A, B, C, and D) that will lead to the desired
response using the fitted quadratic equation. For your particular response variable, this predicted formulation
provides the circumstances that are anticipated to produce the greatest results.

The in-vitro characterization process used the expected formulation that was derived from the optimization
step. In-vitro characterization entailed conducting studies or tests without using a living thing to evaluate the
formulation's numerous qualities and features.

2.3Determination of Particle size, shape and surface

The particle size of Quercetin loaded Eudragit RL 100 nanoparticles is measured using two techniques: Zeta
sizer and photon correlation spectroscopy. Both methods are based on the principle of light scattering. The
Zeta sizer and photon correlation spectroscopy provide information about the average particle size and size
distribution of the nanoparticles in a sample(14). Particle size is a critical factor in nanoparticle formulations,
as it directly influences their stability and bioavailability(15). Optimal particle size is often desired to ensure
uniformity and efficient delivery to the target site. Transmission electron microscopy (TEM) was employed to
visualize the morphology of the Quercetin loaded Eudragit RL 100 nanoparticles. TEM offers higher resolution
images that allow visualization of internal structures and finer details of the nanoparticles. The TEM helps in
gaining a comprehensive understanding of the physical characteristics of the nanoparticles. Surface charge of
the nanoparticles, also known as zeta potential(16), is determined using the dynamic scattering analyzer (Desla
Nano C, Beckman Coulter, UK) in a polystyrene cuvette. Zeta potential is a measure of the electrical charge
at the nanoparticle surface and provides valuable information about their stability and potential interactions
with biological systems. Nanoparticles with appropriate surface charge properties are less likely to aggregate,
which is essential for maintaining their stability in various applications, including drug delivery(17).
2.4Determination of entrapment efficiency
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Entrapment efficiency is a measure of how much of the drug is successfully encapsulated within the
nanoparticles during the drug loading process(18). A higher entrapment efficiency indicates a larger proportion
of the drug is retained within the nanoparticles, which is desirable for efficient drug delivery(19). The method
used to determine entrapment efficiency involves separating the nanoparticles from the free drug in the
supernatant using centrifugation.

A known quantity of Quercetin loaded Eudragit RL 100 nanoparticles was suspended in acetone. Acetone was
used to break down or disrupt the nanoparticle matrix and release the drug. The suspension of nanoparticles in
acetone was subjected to centrifugation at 10,000 rpm for 10 minutes. Centrifugation was used to separate the
nanoparticles from the acetone and the released or unencapsulated drug. After centrifugation, the supernatant
containing the free drug was separated from the nanoparticles, which form a pellet at the bottom of the
centrifuge tube. The supernatant was analyzed using a UV-visible spectrophotometer at the absorption band
of 240-280 nm(20). Quercetin had characteristic absorbance in this wavelength range, allowing for its
quantification. Entrapment efficiency was calculated based on the difference between the initial amount of
drug used for loading and the amount of free drug detected in the supernatant after centrifugation.

%oEE = Dirug incorporated — free drug *100%
Drug incorporated

2.5In vitro drug release studies

The in-vitro drug release study of Quercetin from Quercetin loaded Eudragit RL 100 nanoparticles was
conducted using the dialysis membrane (bag) method. This method allows for the controlled release of the
drug from the nanoparticles into a surrounding medium, which in this case is pH 7.4 PBS saline. The drug
release kinetics were evaluated using various mathematical models, including zero-order, first-order, Higuchi
model, and Peppas-Korsmeyer model(21, 22).

An optimized volume of Quercetin loaded Eudragit RL 100 nanoparticles was taken and placed into a dialysis
bag with a molecular cut-off of 12,000-14,000(23). A beaker containing 100 ml of pH 7.4 PBS saline was used
as the release medium. The pH of 7.4 is designed to simulate the physiological conditions of the body and
temperature of the release medium was maintained at 37°C + 0.5°C. At specified time intervals (0.5, 1, 2, 4,
6, 8, 12, and 24 hours), aliquots of the release medium were collected to quantify the amount of Quercetin
released. The samples were collected in triplicate to ensure accuracy and reproducibility (n=3). To maintain
sink conditions, the same quantity of pH 7.4 PBS saline was supplemented into the release medium each time
a sample was collected. The collected samples were analyzed using a UV-visible spectrophotometer at the
absorption band of 240-280 nm.

To evaluate the best-fit model, the regression coefficient (R?) values were compared. A value closer to 1
indicates a better fit of the model to the experimental data. The model with the highest R? value is considered
the standard drug release kinetic data(24) for Quercetin loaded Eudragit RL 100 nanoparticles in the given
experimental conditions.

2.6 Cytotoxicity

The MTT assay was used to investigate the cytotoxicity of Quercetin loaded Eudragit RL 100 nanoparticles
on HeLa cell lines (Sigma Aldrich, India). The MTT assay is a widely used method for assessing cellular
viability, and it is based on the reduction of the MTT reagent (Sigma Aldrich, India) to formazan crystals inside
living cells. HeLa cell lines were seeded in 96-well plates at a density of 1x10* cells per well in 100 pL of
growth medium. The cells were allowed to adhere and grow for 24 hours before the experiment. After 24
hours, the growth medium was removed, and the cells were exposed to various concentrations of Quercetin
loaded Eudragit RL 100 nanoparticles aqueous dispersions. The nanoparticles were added to the cells in 100
pL of fresh medium. The cells were then incubated with the nanoparticles for an additional 24 hours under
standard cell culture conditions (37°C, 5% CQO2). After the incubation with the nanoparticles, 20 pL of MTT
stock solution (5 mg/mL in PBS) was added to each well. MTT is a yellow tetrazolium salt, and it is taken up
by viable cells. The cells were further incubated for 4 hours at 37°C. During this time, viable cells metabolically
reduce the MTT reagent to formazan crystals, which appear dark blue. After the 4-hour incubation, the medium
was carefully removed from each well, and 150 pL of dimethyl sulfoxide (DMSQ) was added to solubilize the
formazan crystals. DMSO is used as it can dissolve the formazan crystals, producing a colored solution. The
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absorbance of the colored solution was measured at 570 nm using an enzyme-linked immunosorbent assay
(ELISA) reader(25). The absorbance at this wavelength is directly proportional to the number of viable cells
in each well. The obtained absorbance data were averaged, and the percentage of cell viability was calculated
using a standard equation. The experiments were performed three times, with each experiment conducted in
triplicate. This provides multiple data points to ensure the reproducibility and reliability of the results.

Cell Viability (%) = (OD'reatment — ODmedive) X 100
(DDmutrul - ODmB:Imn)

Where, OD= Optical density

2.7Stability studies

To evaluate the product quality throughout time and in response to diverse environmental factors, the stability
testing study for quercetinloaded Eudragit RL 100 nanoparticles was crucial. In order to assess the
nanoparticles' long-term performance and shelf life, stability testing was performed under various storage
circumstances, including temperature, humidity, and light. The formulations' freeze-dried powder was packed
and sealed in amber-colored glass vials and placed in the stability chamber. According to the International
Council for Harmonization of Technical Requirements for Pharmaceuticals for Human Use (ICH)
recommendations, the stability chamber was adjusted at a temperature of 40°C and a relative humidity (RH)
of 75°C(26).

Over the course of six months, the nanoparticles were tested for stability. Samples were periodically collected
for analysis during this time. Particle size, zeta potential, and entrapment efficiency of quercetinloaded
Eudragit RL 100 nanoparticles were examined.

2.8Triton WR-1339 induced hyperlipidemia

The developed nanoformulation's antihyperlipidemic property was evaluated against an animal model of
hyperlipidemia induced by Triton WR-1339 injections (200 mg/kg, intraperitoneal) in phosphate-buffered
saline (pH 7.4). The animals were given free access to food and water throughout the experiment(27).

Five groups of six animals each were created by randomly dividing the animals. Rats in the control group (GP-
1) were fed a typical pellet diet and given the treatment vehicle (distilled water). Triton WR-1339 (200 mg/kg,
intraperitoneal) was administered to the hyperlipidemic control group (GP-II) in addition to vehicle. Triton
WR-1339 (200 mg/kg, intraperitoneal) was administered to the GP-I1l1 and GP-IV (Quercetintreated groups)
and Quercetin (developed nanoformulation, 50 mg/kg and 100 mg/kg, p.o.) respectively. Atorvastatin (20
mg/kg, p.o.) and Triton WR-1339 (200 mg/kg, intraperitoneal) were administered to the control group (GP-
V).

Blood samples were taken through retro-orbital sinus after the prescribed treatment period of 24 hours (28).
Using a Beckman Coulter AU480 automated analyzer, the following parameters were measured: total
cholesterol (TC), triglycerides (TG), high-density level cholesterol (HDL-C), low-density level cholesterol
(LDL-C), and very low-density level cholesterol (VLDL-C).

3. Statistical analysis

The experimental data obtained from the study were expressed as Mean + Standard error of the mean (SEM).
Statistical analysis of the data was performed using analysis of variance (ANOVA). After ANOVA, the
Dunnett test was used for post hoc analysis when necessary. The Dunnett test is a multiple comparison test
that compares the mean of each group to a control group. GraphPad Prism 5, a popular software package, was
used for statistical analysis and graph representation. p-value < 0.05 was considered statistically significant,
indicating that there is less than a 5% chance of observing the results due to random variation alone. For
formulation optimization, different software tools were used i.e. Minitab™ 17 (UK) was employed for primary
factor screening and Design Expert 10 (MN, USA) was used for response surface methodology (RSM).

4. Result and Discussion
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4.1Box-Behnken Design

BBD is a response surface methodology used for optimizing processes and analyzing the interactions between
multiple factors. Here, BBD was applied to optimize the formulation of a system with 4 factors, each having
3 levels (Table 1)(25). Additionally, 3 center points were included to help define the region of interest and
provide replication for assessing experimental variability. BBD generated a total of 31 runs, each representing
a unique combination of factor levels. The factors being studied were likely related to the formulation of the
Quercetin loaded Eudragit RL 100 nanoparticles, such as the concentrations of polymers, surfactants,
homogenizer speed, and ultrasonication time. After conducting the experiments, the data for particle size,
entrapment efficiency, and zeta potential were analyzed using ANOVA at a 95% confidence interval. Using
the significant factors identified from the ANOVA, a quadratic equation was generated using Minitab™ 17
software. The coefficients in the quadratic equation are denoted by positive and negative signs, representing
their synergistic and antagonistic effects, respectively. The generated quadratic equation is used to create
response surface plots and contour plots. These plots help visualize the correlations and interactions between
the independent variables (factors) and the measured responses (particle size, entrapment efficiency, and zeta
potential).

Table: 1: Independent and dependent variables along with their levels in BBD

Levels

Independent Variables (Factors) Low (-1) Medium (0) High (+1)
A Polymer concentration 1 55 8
B. Surfactant concentration 1 2.5 6

C. Homogeniser speed (rpm) 15000 16500 18000

D. Ultra-Sonication time (min) 10 125 15

Dependent variable (response) Constraint

R3= Entrapment efficiency (%) Maximum

R1=Particle size (nm) 100-200
R2=Zeta potential (mV) Maximum

Table 2 summarizes the results of the dependent variables (particle size, zeta potential, and entrapment
efficiency) obtained from the optimized values of the independent variables. These optimized values were
predicted using the quadratic equation generated through the BBD and RSM analysis. The table includes both
the predicted values and the corresponding experimental findings for comparison. The independent variables
polymer, surfactant, homogenizer speed, and ultrasonication time had respective expected values of 2.56 mg,
2.97 mg, 135000 rpm, and 15 min(Figure 2). The fact that the predicted values showed a satisfactory
correlation and minimum bias with the experimental findings is an important finding. It indicates that the
guadratic equation derived from the BBD accurately represents the relationship between the independent
variables and the dependent variables (particle size, zeta potential, and entrapment efficiency). The good
correlation between the predicted and experimental values suggests that the model generated through the BBD
accurately reflects the behavior of the system and can be relied upon for further optimization and formulation
studies. As a result of the satisfactory correlation between predicted and experimental values, the optimized
formulation was selected for further studies. This means that the formulation with the specific set of optimized
values for the independent variables (such as polymer concentration, surfactant concentration, homogenizer
speed, and ultrasonication time) was found to have the desired characteristics in terms of particle size, zeta
potential, and entrapment efficiency. The successful optimization of the formulation through the BBD and
RSM analysis was a critical step in the development of an effective and reliable Quercetin loaded Eudragit RL
100 nanoparticle system. This formulation now used for further tested and evaluated in more comprehensive
in vitro and in vivo studies to assess cytotoxicity and antihyperlipidemic profile.

Table2: Optimized value of Independent Variables using BBD:
Independent Variables for response optimisation

A Polymer (mg) 2.56
B. Surfactant (mg) 2.97
C. Homogeniser speed (rpm) 13500
D. Ultra-Sonication time (min) 15
Optimised Result
Dependent variable (response) Predicted Value  Experimental
Value*
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R1=Particle size (nm) 154.66 183 +5.26
R2=Zeta potential (mV) +17.09 +18+£2.13
R3= Entrapment efficiency (%) 71.92 69.87 +1.73
* Value expressed in Mean * (SEM) (n=3)
Table 3: Statistical Analysis of Linear model:
Response Linear model
F-Value p-Value* R-Sq (%) Lack of fit Remark
P. size 04.81 <0.05 81.26 0.651 Significant
% EE 14.31 <0.05 84.26 0.692 Significant
ZP (mV) 06.32 <0.05 87.72 0.316 Significant
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Figure 2: Optimization plot
Influence of independent variables on Particle size

Particle size is indeed a crucial factor in nanoparticle-based drug delivery systems, as it significantly influences
various aspects of the formulation's behavior and performance(29). The quadratic model was used to study the
relationship between the independent variables (such as polymer concentration and ultrasonication time) and
the dependent variable (particle size) (30)in the Quercetin loaded Eudragit RL 100 nanoparticles.

The quadratic model used to predict particle size demonstrated statistical significance with a p-value < 0.05.
A low p-value suggests that the model is highly significant, indicating that the independent variables have a
significant effect on particle size. The F-value of 04.81 represents the goodness of fit of the model. The
regression coefficient of 81.26% (Table 3) indicates the proportion of the total variation in particle size that
can be explained by the model. A high regression coefficient suggests that the model provides a good
representation of the relationship between the independent variables and particle size. The lack of fit test is
used to assess whether the model adequately describes the experimental data. A lack of fit p-value greater than
0.05 (0.651 in this case) indicates that there is no significant lack of fit, meaning that the model adequately fits
the experimental data. The results indicate that polymer concentration is the most influencing parameter on
particle size. This means that changing the polymer concentration has a significant impact on the resulting
particle size of the nanoparticles. On the other hand, ultrasonication time has an inverse relationship with
particle size(31). An increase in ultrasonication time leads to the formation of smaller-sized particles due to
the increased shear stress during the ultrasonication process.

Particle size was predicted to be 154.66 nm. This value was calculated, simulated, and derived from a
theoretical model. Particle size was measured experimentally was 183 + 5.26 nm, through the actual
measurements and experiments (Figure 3).

Available online at: https://jazindia.com 329



Journal of Advanced Zoology

Quadratic equation for particle size= 526- 9.2 A+ 30.2 B- 0.0316 C- 24.3 D - 0.154 A*A- 0.201 B*B
+ 0.000000 C*C- 0.101 D*D- 0.314 A*B+ 0.000833 A*C- 0.114 A*D - 0.001800 B*C+ 0.260 B*D
+0.001667 C*D
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Figure 3: Effect of surfactant and polymer on Particle size A: Contour Plot, B: 3D Surface Plot, C: Interaction
Plot

Influence of independent variables on Zeta potential

The polymeric nanoparticles (PNPs) showed a Zeta potential (ZP) ranging from +14 to +19 mV, indicating a
confident level of variables and signifying a homogenous distribution. This homogenous distribution of Zeta
potential ensures long-term stability of the nanoparticles, which is essential for their storage and potential
application as drug delivery carriers(32).
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The quadratic model used to predict Zeta potential showed statistical significance with an F-value of 06.32
and a p-value < 0.05. This indicates that the independent variables (such as polymer concentration, surfactant
concentration, homogenizer speed, and ultrasonication time) collectively have a significant effect on the Zeta
potential of the nanoparticles. The regression coefficient of 87.72 (Table 3) suggests that the model can explain
approximately 87.72% of the total variation in the Zeta potential data. A high regression coefficient indicates
that the model provides a good fit and accurately represents the relationship between the independent variables
and Zeta potential under the specified experimental conditions. The lack of fit test is used to assess whether
the model adequately describes the experimental data. In this case, the lack of fit p-value was 0.316(p>0.05),
indicating the absence of significant lack of fit in the model. The results suggest that surfactant concentration
has a significant impact on the Zeta potential of the nanoparticles. An increase in surfactant concentration led
to a significant increment in the Zeta potential. This observation can be attributed to interfacial phenomena,
where the surfactant molecules play a role in stabilizing the nanoparticles by forming a protective layer at the
interface between the particles and the surrounding medium.

The Predicted value of Zeta potential was +17.09 mV while the experimental value was +18 + 2.13 mV,
indicating the precision and dependability of the adopted prediction model. This outcome exemplifies a sound
prediction and offers useful information about the Zeta potential of the nanoformulation (Figure 4).

Quadratic equation for zeta potential = -16.7- 099 A + 0.75 B+ 0.00485 C- 037 D
- 0.0041 A*A- 0.0881 B*B- 0.000000 C*C+ 0.0119 D*D+ 0.0714 A*B+ 0.000024 A*C + 0.0286 A*D
-0.000133 B*C + 0.1400 B*D - 0.000033 C*D
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Figure 4: Effect of surfactant and polymer on %Zeta Potential A: Contour Plot, B: 3D Surface Plot, C:
Interaction Plot

Influence of independent variables on entrapment efficiency

The entrapment efficiency of the Quercetin loaded Eudragit RL 100 nanoparticles varied between 67% to 77%.
The F-value of 11.31 represents the goodness of fit of the model for entrapment efficiency. The regression
coefficient of 84.26 (Table 3) indicates that the model can explain approximately 84.26% of the total variation
in the entrapment efficiency data. A high regression coefficient suggests that the model provides a good
representation of the relationship between the independent variables and entrapment efficiency and can
accurately predict entrapment efficiency under the specified experimental conditions(33). A lack of fit p-value
greater than 0.05 (0.692 in this case) indicates that there is no significant lack of fit in the model. This means
that the model fits the experimental data well and is suitable for predicting entrapment efficiency. The results
suggest that the Eudragit RL 100 polymer concentration has a positive influence on entrapment efficiency. As
the concentration of Eudragit RL 100 RL100 polymer increases, the entrapment efficiency of the Quercetin
loaded Eudragit RL 100 nanoparticles also increases. This indicates that higher concentrations of the polymer
can enhance the entrapment of Quercetin in the nanoparticles, leading to a higher entrapment efficiency. The
positive influence of Eudragit RL 100 RL100 polymer concentration on entrapment efficiencysuggests that
optimizing the polymer concentration could be a key factor in achieving higher entrapment efficiency and
thereby improving the overall performance and effectiveness of the Quercetin loaded Eudragit RL 100
nanoparticles for drug delivery applications.

A theoretical model was used to calculate, simulate, and determine the estimated value (71.92%) of entrapment
efficiency. While the experimental value of entrapment efficiency was 69.87 + 1.73 %, through the actual
measurements and experiments (Figure 5).

Quadratic equation for entrapment efficiency = 99.1- 0.60 A - 0.51 B - 0.0021 C - 2.31 D - 0.0324 A*A

- 0.024 B*B + 0.000000 C*C + 0.116 D*D + 0.021 A*B+ 0.000155 A*C - 0.136 A*D + 0.000117 B*C
-0.090 B*D + 0.000017 C*D
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Figure 5: Effect of surfactant and polymer on %EE A: Contour Plot, B: 3D Surface Plot, C: Interaction Plot

4.2Morphological study
The optimized nanoformulation was observed by using Transmission Electron Microscopy (TEM) (Technai-
20G2, Philips). The purpose of TEM analysis is to visualize the individual particles in the formulation and
obtain detailed information about their size, shape, and morphology. The optimized nanoformulation was
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applied to a carbon-coated copper grid for TEM observation. This preparation method ensures that the
nanoparticles are distributed evenly on the grid and allows for better imaging. The TEM images revealed that
the individual particles in the optimized formulation were spherical in shape. The particle size range observed
through TEM was between 142 to 185 nanometers (nm). The size range is crucial as it confirms that the
nanoparticles fall within the desired range obtained from the previous analysis. The images showed that the
particles in the optimized formulation appeared homogenous, meaning that they were similar in size and shape.
Homogeneity is essential for consistent and reproducible drug delivery performance(34). The particles were
observed to be discrete, indicating that they are separate entities and not aggregated or fused together. This is
a favorable characteristic for nanoparticle-based drug delivery systems as it ensures uniform drug distribution
and controlled drug release.

4.31n vitro release of Quercetin

The in-vitro release rate of Quercetin loaded Eudragit RL 100nanoformulation in a simulated biological
environment (PBS at pH 7.4). The release profile was analyzed using a kinetic model, specifically the Peppas-
Korsmeyer model. The regression coefficient, which is a statistical measure of how well the model fits the
experimental data, was found to be 0.872 for the Peppas-Korsmeyer model(35). The Peppas-Korsmeyer model
is considered more suitable than the Higuchi model for describing the release profile of Quercetin from the
nanoformulation in this study (Figure 6). It suggests that the release of Quercetin from the nanoparticles
follows a complex mechanism that is not solely based on diffusion through the matrix, as the Higuchi model
assumes. The smaller particle size of the Quercetin loaded Eudragit RL 100 nanoparticles provided more
surface area, facilitating the release of Quercetin from the formulation. This increased surface area allows for
better interaction and movement of Quercetin across the gastrointestinal mucous membrane, potentially
enhancing its absorption and availability for pharmacological action. Overall, the in-vitro release rate of
Quercetin from the nanoformulation was found to be significant for its pharmacological action. This suggests
that the formulated nanoparticles have the potential to deliver Quercetin effectively and efficiently, which can
be advantageous for its therapeutic use in managing various medical conditions.
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Figure 6: In-vitro release profile of QES-PN from nanoformulation in PBS (pH 7.4)

4.4Cytotoxicity

The MTT assay was used to assess the cytotoxicity of Quercetin loaded Eudragit RL 100 nanoparticles on
HelLa cells. The cells were treated with different concentrations of the nanoparticles ranging from 0.5 pg/mL
to 200 pg/mL(36). The results of the MTT assay indicated that there was no statistically significant decrease
(P< 0.05) in HeLa cell viability as the concentration of Quercetin loaded Eudragit RL 100 nanoparticles
increased. This suggests that the nanoparticles, at different dilutions, did not have a significant negative impact
on the viability of HeLa cells. A lack of statistically significant decrease in cell viability implies that the
Quercetin loaded Eudragit RL 100 nanoparticles did not cause significant cell death or cytotoxicity within the
concentration range tested. This finding is promising as it indicates that the nanoparticles may have good
biocompatibility with HelLa cells and did not exert substantial toxic effects on the cells at the tested
concentrations. It suggests that the nanoparticles could be considered as a safe carrier for delivering therapeutic
agents like Quercetin to target cells without causing significant harm to healthy cells. The non-toxic nature of
the nanoparticles at the tested concentrations opens up potential opportunities for their use in various
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biomedical applications, particularly in drug delivery systems. It suggests that the nanoparticles could be
considered as a safe carrier for delivering therapeutic agents like Quercetin to target cells without causing
significant harm to healthy cells. Additional in vitro and in vivo studies, as well as detailed toxicity
assessments, are essential to confirm the safety and efficacy of the Quercetin loaded Eudragit RL 100
nanoparticles for their intended applications.

4.5Hypolipidemic activity

Triton WR-1339 causes acute hyperlipidemia by encouraging cholesterol production in the liver and blocking
its excretion, delaying or preventing plasma clearance. After 24 hours of therapy, the levels of total cholesterol
(TC), triglycerides (TG), HDL cholesterol (HDL-C), LDL cholesterol (LDL-C), and VLDL cholesterol
(VLDL-C) were assessed in several experimental groups (Figure?).
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Figure 7: Effect of QES-PN on serum TC, TG, HDL-C, LDL-C, VLDL-C levels in Triton WR-1339 induced
animal model (Values are expressed in Mean &+ SEM (n=6), p <0.05, compared with hyperlipidemic control
group (non-treated) with other treated groups)

The results indicate that treatment with Quercetin loaded Eudragit RL 100 nanoparticles (GP-11l and GP-1V)
and atorvastatin (GP-V) effectively reduced total cholesterol levels in hyperlipidemic animals compared to the
hyperlipidemic control group (GP-II). The results showed that GP-1 and GP-II had total cholesterol levels of
61.45+4.89 mg/dL and 231.43+3.12 mg/dL, respectively. The treated groups (GP-Ill to GP-1V) had total
cholesterol levels that were, respectively, 97.45+£2.73 mg/dL, 93.16+3.99mg/dL, and 84.98+2.91 mg/dL. These
findings suggest that both Quercetin loaded Eudragit RL 100 nanoparticles groups may have potential
therapeutic effects in reducing hyperlipidemia by lowering total cholesterol levels in the experimental animals.
This indicates that these treatments might be beneficial in managing lipid metabolism and potentially lowering
the risk of cardiovascular diseases associated with hyperlipidemia. However, these are experimental results
confirmed the potential therapeutic effects of Quercetin loaded Eudragit RL 100 nanoparticles in reducing
hyperlipidemia.

Triglyceride levels for GP-I and GP-1l were 87.11+5.01 mg/dL and 221.46+1.32mg/dL, respectively. The
triglyceride levels in the treated groups (GP-1Il1 and GP-1V) with Quercetin loaded Eudragit RL 100
nanoparticles and the group (GP-V) treated with atorvastatin were significantly reduced compared to the
hyperlipidemic control group. The triglyceride levels in these treated groups were found to be 111.21+3.02
mg/dL, 103.12+2.13 mg/dL, and 98.14+2.11 mg/dL, respectively. These results further support the potential
therapeutic effects of both Quercetin loaded Eudragit RL 100 nanoparticles groups in reducing hyperlipidemia
by lowering triglyceride levels in the experimental animals. Lowering triglyceride levels can indeed be
beneficial in managing lipid metabolism and reducing the risk of cardiovascular diseases associated with
hyperlipidemia.

LDL-cholesterol is often referred to as "bad cholesterol™ because high levels of LDL-cholesterol are associated
with an increased risk of atherosclerosis and cardiovascular diseases. The LDL-cholesterol level in the normal
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control group (GP-1) was 22.45+5.14 mg/dL, while in the hyperlipidemic control group (GP-II), it was
increased to 143.23+1.67 mg/dL. This increase in LDL-cholesterol in the hyperlipidemic control group
indicates successful induction of hyperlipidemia. As for the treated groups (GP-I11 and GP-I1V) with Quercetin
loaded Eudragit RL 100 nanoparticles and the group (GP-V) treated with atorvastatin, the data provided earlier
showed a significant reduction in LDL-cholesterol levels compared to the hyperlipidemic control group. The
LDL-cholesterol levels in these treated groups were reported to be 41.01+1.06 mg/dL, 36.01+1.12 mg/dL, and
33.44+1.41 mg/dL, respectively. These results suggest that both Quercetin loaded Eudragit RL 100
nanoparticles and atorvastatin treatments have potential therapeutic effects in reducing LDL-cholesterol levels
in hyperlipidemic animals. This reduction in LDL-cholesterol levels is beneficial for managing lipid
metabolism and potentially lowering the risk of cardiovascular diseases associated with hyperlipidemia.

The VLDL-cholesterol level in the normal control group (GP-1) was 13.14+0.89 mg/dL, while in the
hyperlipidemic control group (GP-II), it was significantly increased to 19.37+1.82 mg/dL. This significant
increase in VLDL-cholesterol in the hyperlipidemic control group indicates successful induction of
hyperlipidemia. VLDL-cholesterol is a type of lipoprotein that is primarily responsible for transporting
triglycerides from the liver to peripheral tissues. Elevated VLDL-cholesterol levels are associated with
increased cardiovascular risk. The results show that treatment with Quercetin loaded Eudragit RL 100
nanoparticles and atorvastatin led to a significant reduction in VLDL-cholesterol levels in the treated groups
(GP-111, GP-1V, and GP-V) compared to the hyperlipidemic control group (GP-II). The VLDL-cholesterol
levels in these treated groups were found to be 18.17+0.89 mg/dL, 17.81+0.26 mg/dL, and 15.21+0.36 mg/dL,
respectively. These findings suggest that both Quercetin loaded Eudragit RL 100 nanoparticles groups may
have potential therapeutic effects in reducing VLDL-cholesterol levels in hyperlipidemic animals. Lowering
VLDL-cholesterol can be beneficial in managing lipid metabolism and reducing the risk of cardiovascular
diseases associated with hyperlipidemia.

High-density lipoprotein (HDL) cholesterol levels were 34.33+1.87 mg/dL in GP-1 and 24.78+1.23 mg/dL in
GP-Il. The HDL-cholesterol levels in the treated groups (GP-I11 and GP-1V) with Quercetin loaded Eudragit
RL 100 nanoparticles and the group (GP-V) treated with atorvastatin were significantly improved compared
to the hyperlipidemic control group. The HDL-cholesterol levels in these treated groups were found to be
33.14+1.31, 32.99+0.92 and, 33.89+0.83 mg/dL, respectively. These results further support the potential
therapeutic effects of both Quercetin loaded Eudragit RL 100 nanoparticles and atorvastatin in increasing
HDL-cholesterol levels in hyperlipidemic animals. As mentioned earlier, HDL-cholesterol is considered "good
cholesterol” because it plays a critical role in removing excess cholesterol from the bloodstream and
transporting it to the liver for excretion, which can help reduce the risk of cardiovascular diseases. The findings
indicate that the treatments might have a positive impact on HDL-cholesterol levels, which is beneficial for
managing lipid metabolism and cardiovascular health in hyperlipidemic conditions.

Overall, the possibility that both Quercetinloaded Eudragit RL 100 nanoparticles and atorvastatin treatments
may have a positive effect on the lipid profile, including lowering Quercetin levels of LDL cholesterol, VLDL
cholesterol, triglycerides, and total cholesterol while raising levels of HDL cholesterol in hyperlipidemic
animals(37, 38).

4.6Stability Studies

As per the ICH guideline Q1A (R2), accelerated stability studies were conducted over a period of 6 months at
40£2°C, 75+5% RH [Guideline, 2003] to assess the stability (39)of the Quercetin loaded Eudragit RL 100
nanoparticles. During the 6-month storage period, some changes in the physical characteristics of the
nanoparticles were observed (Table 4). The particle size of the nanoparticles increased marginally from 183 +
5.26 nm to 196 + 4.01 nm over the 6-month storage. This increase in particle size suggests that there might
have been some aggregation or agglomeration of the nanoparticles during the storage period. It is not
uncommon for nanoparticles to undergo slight changes in size over time, especially under accelerated storage
conditions. The entrapment efficiency of the nanoparticles decreased from 69.87 £ 1.73% to 67 + 1.67% during
the 6-month storage. A decrease in entrapment efficiency may indicate that some of the drug (Quercetin) was
released from the nanoparticles over time, possibly due to changes in the nanoparticle structure or stability.
The zeta potential of the nanoparticles also decreased from +18 £ 2.13mV to +17 £ 1.02mV during the storage
period (Table 4). A decrease in zeta potential may be attributed to changes in the surface charge of the
nanoparticles, which could influence their stability and interaction with the surrounding environment.
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Despite the observed changes in particle size, entrapment efficiency, and zeta potential, the findings were
statistically significant (p<0.05), indicating that the prepared batches of the nanoformulation remained stable
throughout the 6-month storage period. While there were some changes in the nanoparticle characteristics,
these changes did not compromise the overall stability of the formulation. It is important that accelerated
stability studies are conducted under more severe conditions than long-term stability studies, and the results
obtained from accelerated studies provide valuable information about the potential stability issues that may
arise in the formulation(40, 41). Further long-term stability studies under more moderate storage conditions
would be necessary to confirm the stability of the Quercetin loaded Eudragit RL 100 nanoparticles over an
extended period.

Table 4: Stability profile for particle size, zeta potential and % entrapment efficiency for 90 days storage

period
Months %EE ZP PS
0 69.87+1.73 +18+2.13 183 £5.26
1 69+1.11 +18 £ 1.61 188 £ 2.31
3 68+ 1.74 +18+2.91 191 +3.79
6 67 +1.67 +17 £1.02 196 + 4.01
(Mean = SEM)

5. Conclusion

The present study marks a significant advancement in the field of hyperlipidemia treatment through the
successful development and optimization of a nanoformulation containing Quercetin. The characterization of
Quercetin loaded Eudragit polymeric nanoparticles has revealed their impressive lipid-lowering potential, as
evidenced by the reduction in TC, TG, LDL-C, VLDL-C, and the increase in HDL-C levels in Triton WR-
1339 induced hyperlipidemic rats. The rapid response observed within just 24 hours of treatment with the
nanoformulation is particularly noteworthy, as it led to the normalization of plasma lipid levels in both
nanoformulation-treated groups. This indicates the formulation's effectiveness in addressing hyperlipidemia
and its potential to be a promising therapeutic option for managing lipid disorders. The study also highlights
the importance of dosage optimization, with GP-I1V, administered at a higher dose of 100 mg/kg, yielding more
encouraging results than GP-Ill at 50 mg/kg. This finding underscores the relevance of exploring higher
dosages to enhance the efficacy of the nanoformulation in combating hyperlipidemia. Overall, the findings of
this research have substantial clinical significance and open up promising avenues for the treatment of
hyperlipidemia using Quercetin loaded Eudragit polymeric nanoparticles. The ability to rapidly and effectively
modulate lipid levels presents a potential alternative or complementary approach to current therapies, offering
hope for improved outcomes in managing lipid disorders.
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