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ABSTRACT 

Objective: The main objective of the present study was to develop and optimize quercetin-loaded phytosomes using the Quality by Design (QbD) 
methodology and to evaluate their in vivo efficacy. 

Methods: The rotary evaporation technique was used to formulate phytosomes. The experimental design utilized a box-Behnken model with three 
levels and three different components and produced 17 batches. The interactions between dependent and independent variables across different 
levels were analyzed using a polynomial quadratic equation. The optimized phytosomes were characterized through various techniques, including 
Fourier Transform Infra-Red (FTIR), Differential Scanning Calorimetry (DSC), Zeta potential and Particle Size (PS), X-Ray Diffraction (XRD), Nuclear 
Magnetic Resonance (NMR), Transmission Electron Microscopy (TEM), Entrapment Efficiency (EE), and Percentage Yield (PY). 

Results: FTIR analysis identified key peaks and functional groups, confirming phytosome formation. It was determined that the average particle 
size was 204.6 nm. DSC tests provide evidence of the development of inclusion complexes and drug amorphization in quercetin phytosome with 
endothermic peaks at 198.29 °C and 274.75 °C. Zeta potential was determined to be-28.6mV. The crystalline and thermal characteristics of the 
optimized phytosome were determined by XRD Analysis. The phytosome's diffraction pattern showed intense and crisp crystalline peaks at 2θ of 
20.20000, 18.22000, and 19.62000, and the crystallinity index was found to be 16.7%, indicating its amorphous nature. The difference in The NMR 
spectra of quercetin phytosome can be attributed to the presence of L-α Phosphatidylcholine, which may cause a minor shift in the chemical shift of 
quercetin. According to the TEM investigation, the phytosome displayed a stable, spherical, self-enclosed shape. The in vitro data demonstrated 
enhanced dissolution and faster drug release (98.1%) of quercetin phytosome compared to free quercetin (68.4%) at the end of 7 h. The in vivo data 
demonstrate that these phytosomes efficiently decreased body weight (165±0.29) by comparing with standard drug atorvastatin(162±0.17) with p 
value less than 0.05, showing this is a significant. 

Conclusion: The present study efficiently employed QbD Methodology to formulate and optimize quercetin phytosomes.  

Keywords: Quercetin, Obesity, Phytosome, QbD methodology, Bioavailability, Optimization 

© 2025 The Authors. Published by Innovare Academic Sciences Pvt Ltd. This is an open access article under the CC BY license (https://creativecommons.org/licenses/by/4.0/) 
DOI: https://dx.doi.org/10.22159/ijap.2025v17i4.54075 Journal homepage: https://innovareacademics.in/journals/index.php/ijap 

 

INTRODUCTION 

Oral drug delivery is often preferred due to its convenience in 
administration; however, the major challenge associated with 
numerous herbal drugs lies in their poor solubility, limited 
absorption, and degradation within the gut [1]. To address these 
issues, new technologies are required to enhance its solubility and 
therapeutic efficacy [2]. Phytosomes have emerged as a novel 
approach to natural product delivery, which it attracted significant 
attention recently [3]. These complexes are created by binding plant 
extracts to phospholipids, forming a unique molecular complex that 
enhances the bioavailability and efficacy of these natural products 
[4]. The significance of phytosomes resides in their ability to 
overcome the limitations of traditional delivery techniques, 
including poor solubility and absorption [5]. One key advantage of 
phytosomes is their improved solubility in both water and lipids [6]. 
Additionally, phytosomes can directly interact with cell membranes 
due to the presence of phospholipids, leading-improved cellular 
uptake [7]. This interaction significantly boosts the bioavailability of 
natural products and maximizes their therapeutic potential [8]. 
Encapsulating plant extracts within phospholipid complexes, 
phytosomes protect these sensitive compounds from degradation by 
enzymes or harsh conditions within the gastrointestinal tract [9]. 
This targeted delivery system ensures that the active ingredients are 
delivered specifically to tissues or organs where they exert their 
desired effects [10]. Consequently, phytosomes offer greater 
accuracy in the delivery of natural products and potentially reduce 
side effects associated with non-targeted distribution. 

Due to the dominance of bad eating patterns and sedentary 
lifestyles, obesity has become a serious problem in today's world 
[11]. Since obesity impacts a person's psychological as well as 

physical health, there is a greater need to address this issue [12]. We 
must be aware that obesity can lead to several medical 
complications, such as Cardio Vascular Problems (CVP), diabetes, 
and joint problems [13]. These conditions not only lower one's 
quality of life but also raise healthcare expenditures for both the 
affected person and society at large [14]. Furthermore, combating 
obesity is essential for improving the mental health of the public 
[15]. Research indicates that individuals who are overweight are 
more likely to develop psychological problems, such as anxiety and 
stress, compared to those with a healthy weight [16]. This 
phenomenon can be attributed to societal stigmatization faced by 
obese individuals, leading to low self-esteem and feelings of isolation 
[17]. Additionally, the lack of physical activity associated with 
obesity aggravates these mental health issues due to the crucial role 
of Endorphins released during exercise in maintaining positive 
mood states [18]. While conventional methods are available for 
weight loss, such as dieting and exercise, some individuals may 
prefer more natural approaches [19]. Fortunately, several natural 
products have demonstrated efficacy in treating obesity [20]. 
Quercetin is especially noteworthy among them, and it is known as 
3,3,4,5,7-pentahydroxyflavone according to International Union of 
Pure Applied Chemistry (IUPAC). Several fruits and vegetables 
contain quercetin, a polyphenolic flavonoid that possesses multiple 
pharmacological properties. It has drawn much attention because of 
its potential as an anti-obesity agent [21]. Several studies have 
demonstrated quercetin's capability to efficiently suppress 
lipogenesis, which is the process of formation of fat cells in the body 
[22]. This lipogenesis is especially significant given the alarming rise 
in global obesity rates [23]. Targeting lipogenesis, quercetin offers a 
promising solution to combat excess weight gain and its associated 
health risks [24]. Quercetin appears to help prevent excessive fat 

International Journal of Applied Pharmaceutics 

ISSN- 0975-7058                                    Vol 17, Issue 4, 2025 

mailto:sangeetha.sa@ktr.srmuniv.ac.in
https://creativecommons.org/licenses/by/4.0/
https://dx.doi.org/10.22159/ijap.2025v17i4.54075
https://innovareacademics.in/journals/index.php/ijap
https://orcid.org/0000-0003-0681-7399
https://orcid.org/0000-0001-5226-4268
https://orcid.org/0000-0001-7211-2528


S. Kamireddy et al. 
Int J App Pharm, Vol 17, Issue 4, 2025, 344-357 

345 

storage through a dual mechanism. On one hand, it has been shown 
to inhibit fat production by down-regulating key transcription 
factors such as CCAAT/enhancer-binding protein(C/EBP)α and 
Peroxisome Proliferator-Activated Receptor (PPAR)γ that are 
essential for the differentiation of preadipocytes into fat-storing 
adipocytes. In several cell-based studies like 3T3-L1 adipocytes, 
quercetin treatment reduced the activity of enzymes like glycerol-3-
phosphate dehydrogenase, which is a marker of lipid accumulation, 
and lowered the messenger RiboNucleicAcid (mRNA) expression of 
adipogenic markers, suggesting suppression of new fat formation. 
On the other hand, it can also promote fat breakdown by activating 
AMP-activated protein kinase (AMPK). It is a cellular energy sensor 
that limits lipogenesis. This dual action, reducing the formation of 
new fat cells and enhancing the breakdown of stored lipids, 
contributes to an overall anti-obesity effect. In an animal study, 
quercetin supplementation led to lower weight gain and reduced fat 
accumulation compared to control groups [25]. Researchers 
observed that the gene expression reduced related to lipid synthesis 
and the gene expression increased related to the breakdown of fatty 
acids [26]. These findings suggest that quercetin may prevent 
excessive fat storage by inhibiting fat production and promoting fat 
breakdown [27]. Additionally, a separate study investigated the 
impact of quercetin on individuals with metabolic syndrome, a 
condition often linked to obesity-related issues such as hypertension 
and insulin resistance [28]. Participants who received quercetin 
supplements experienced improvements in several metabolic 
parameters, including reduced waist circumference and decreased 
fasting glucose levels [29]. However, one challenge with quercetin is its 
low oral bioavailability. The therapeutic efficacy of quercetin is 
inhibited by its gastrointestinal instability, poor aqueous solubility 
and, minimal oral bioavailability, extensive first-pass metabolism. To 
lessen these limitations, recent studies relied on phytosome 
technology, which was discussed first, explains its role in enhancing 
drug delivery of a poorly water-soluble drug. A Phytosome is a 
formulation in which quercetin molecules are complexed with 
phospholipids, forming a lipid-compatible molecular complex that 
enhances water solubility and oral bioavailability of quercetin by up to 
20 times compared to unformulated quercetin [30]. 

In the present work, quercetin-loaded phytosomes were initially 
formulated to enhance solubility and bioavailability by using the 
Rotary evaporation technique and it is optimized by box-behnken 
design using Quality By Design (QbD) initiative that incorporates the 
Design of Experiments (DoE) [31]. DoE uses a risk and science-based 
development strategy to specify the ideal qualities of a product and 
the control approach required to attain those qualities. DoE makes it 
possible to generate complex directions with few experimental runs 
by systematically changing the parameters and evaluating the effects 
of several variables at once. The QbD idea replaces conventional 
experimental pharmaceutical development with a risk-based 
methodology. The Physiochemical properties of the quercetin 
phytosomes were characterized and pharmacokinetics were 
investigated in rats [32]. 

In spite of its convenience, oral drug delivery is limited for many 
herbal medications because of their poor absorption and solubility 
[1]. To address these issues, new technologies are required to 
enhance its solubility and therapeutic efficacy [2]. Plant extracts are 
bound to phospholipids to produce phytosomes [3], which improve 
cellular uptake and shield natural compounds from gastrointestinal 
degradation while increasing their solubility, stability [4] and 
bioavailability [5-10]. Poor diet and a sedentary lifestyle are the 
main causes of obesity, a serious health problem that has been 

related to metabolic, psychological, and physical problems [11-20]. 
Certain natural substances, such as quercetin, a polyphenolic 
flavonoid present in a variety of fruits and vegetables, have 
demonstrated anti-obesity properties [21-24]. By activating AMP-
activating protein kinase (AMPK), quercetin increases fat 
breakdown and prevents the synthesis of fat (lipogenesis) by 
activating downregulating important transcription factors (PPARγ, 
C/EBPα) [25]. Quercetin has been linked to better metabolic 
indicators, decreased weight gain, and decreased lipid buildup, 
according to studies [26]. 

Although quercetin has potential, its limited solubility and first-pass 
metabolism result in poor oral bioavailability [27, 28]. In order to 
get around this, quercetin-phospholipids complexes were made 
using phytosome technology, which increased its solubility and 
bioavailability by up to 20 times [29, 30].  

In this work, rotatry evaporation was used to create quercetin-
loaded phytosomes, and Box-Behnken Design (BBD) a Quality by 
Design (QbD) tool, was used to optimize the process [31]. Design of 
Experiments (DoE) uses a risk and science-based development 
strategy to specify the ideal qualities of a product and the control 
approach required to attain those qualities. DoE makes it possible to 
generate complex directions with few experimental runs by 
systematically changing the parameters and evaluating the effects of 
several variables at once. The QbD idea replaces conventional 
experimental pharmaceutical development with a risk-based 
methodology. The physico-chemical properties of the quercetin 
phytosomes were characterized and pharmacokinetics were 
investigated in rats [32]. 

MATERIALS AND METHODS 

Materials 

Quercetin was sourced from Sigma Aldrich Pvt Ltd, Bangalore, India, 
while L-α-phosphatidyl choline was acquired from Himedia 
Laboratories Pvt Ltd, Mumbai. Then, all additional substances and 
reagents used in this research were analytical and commercial 
grade. Mahaveer Enterprises of Malakajgiri, Telangana offered 
healthy Wister Albino rats weighing between 150 g to 200 g. The 
subjects were acclimatized to laboratory conditions, maintained at a 
temperature of 25±1 °C and a relative humidity of 50±15%, 
following a 12 h light-dark cycle. The rats were housed in standard 
polypropylene cages with unrestricted access to standard feed and 
water. Before the experiment, the rats fasted for 12 h while having 
access only to water. The experimental design was based on a BBD, 
incorporating three factors at three levels. 

Methods 

Preparation of quercetin phytosomes 

Rotary evaporation was used to synthesize quercetin phytosomes. In 
a 250 ml round bottom flask coupled to a rotary evaporator, 
carefully weighed amounts of quercetin and L-α phosphatidylcholine 
[1%w/w, 2%w/w, 3%w/w] were dissolved in 30 ml of 
tetrahydrofuran. The mixture was then rotated at a temperature of 
40 °C/50 °C/60 °C [33, 34] for 1.5, 2.5, or 3.5 h, based on the BBD, as 
illustrated in table 1. A thin film was generated from the sample, 
which was subsequently mixed with n-hexane and stirred 
continuously using a magnetic stirrer. The resulting precipitate was 
collected, dried under vacuum, and stored in an airtight container at 
a temperature between 2-8 °C. 

 

Table 1: Independent and dependent variables studied during formulation of quercetin loaded phytosomes using BBD DoE)) factors at 
three levels regions 

Box-behnken design (BBD)  Codes  Levels 
Independent Factor -1 0 +1 
Phospholipid concentration (%w/w) (L-α phosphatidyl choline) A 1.0 2.0 3.0 
Temperature (degree Celsius) B 40 50 60 
Time (in hours) C 1.5 2.5 3.5 
Dependent variables R1 Entrapment efficiency (%) 
Dependent variables R2 Percentage yield (%) 
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Optimization of the quercetin phytosome by box-behnken 
design (BBD)  

The Design Expert program was used to optimize the formulation of 
quercetin phytosomes. The factorial, three-level Box-Behnken 
Design (BBD) was used in this investigation [35, 36]. Table 2 
displays the experimental design, which included three independent 
factors (phospholipid content, mixing temperature, and mixing time) 
and measured responses (Dependent variables; R1 Entrapment 
efficiency (EE). R2 Percentage Yield (PY)). Design Expert® from 
Stat-ease Inc., Minneapolis, was used to create three-dimensional 

and two-dimensional models (3D, 2D Models), as well as quadratic 
equations. The resultant quadratic polynomial equation is shown 
below:  

Y=XO+X1A+X2B+X3C+X12AB+X13AC+X23BC+X11A2+X22B2+X33C2. (1) 

Where y is the response (EE,PY)) at each factor combination level, 
XO  serves as the intercept, while to are regression coefficients 
derived from the experimental response values of Y. The variables A, 
B, and C, along with their interaction terms (AB, AC, BC) and 
quadratic terms (A², B², C²), represent the combined interactive 
effects of two factors on the observed responses. 

 

Table 2: Box-behnken design layout with experimental values of response variables of quercetin-loaded phytosomes [Batch1-17] 

Bbd run Factor A phospholipids 
(%W/W) 

Factor B temperature 
(Degree celsius) 

Factor C time 
(Hour) 

Response (R1)(EE) Response (R2) (PY) 

FI 1 60 2.5 84.48 82.01 
F2 2 60 3.5 85.36 84.35 
F3 2 50 2.5 85.51 85.12 
F4 1 50 1.5 85.73 86.54 
F5 2 50 2.5 86.48 85.19 
F6 2 40 1.5 85.27 84.28 
F7 3 50 3.5 86.53 86.17 
F8 2 60 1.5 85.53 85.34 
F9 1 40 2.5 86.48 86.46 
F10 1 50 3.5 88.59 87.56 
F11 3 60 2.5 85.89 85.67 
F12 2 50 2.5 87.41 87.17 
F13 2 40 3.5 88.26 88.06 
F14 2 50 2.5 86.53 86.14 
F15 3 50 1.5 87.41 87.17 
F16 2 50 2.5 85.46 85.16 
F17 3 50 2.5 86.57 86.16 

 

Fitness and analysis of response model 

The optimal model for analyzing the response variable was selected 
based on sequential p-values and lack-of-fit p-values for linear, 2-
factor Interaction (2-FI), quadratic, and cubic models. An analysis of 
variance was conducted to determine the p-values for independent 
parameters. Contour and response surface plots were generated to 
visually represent the relationship between independent and 
response variables. The quadratic polynomial equation needed for 
statistical validation was obtained through Analysis of Variance 
(ANOVA). To identify the optimal composition within the 
experimental range, 2D and 3D response surface models were 
employed. These models were used to assess and confirm the 
statistically significant coefficients and R-squared values from 
triplicate center points across seventeen experimental runs. 

Characterization 

Optimized batches of quercetin phytosomes were actually analysed 
for compatibility, Particle Size (PS), and Zeta Potential (ZP) using 
Fourier Transform Infra-Red (FTIR), Differential Scanning 
Calorimetry (DSC), Zeta potential and Particle Size (PS), X-Ray 
Diffraction (XRD), Nuclear Magnetic Resonance (NMR), 
Transmission Electron Microscopy (TEM). Additionally, the batches 
were assessed for Percentage Yield (PY) and Entrapment Effeciency 
(EE) in order to optimally synthesise quercetin phytosomes [37, 38]. 

Fourier transform infrared (FTIR) analysis 

For the FTIR analysis [39, 40] of the optimized quercetin phytosome 
formulations, an FTIR instrument (Model: IFS 25, Bruker, Germany) 
with software-controlled data processing was used. The optimized 
formulation was individually mixed with Infra-Red-grade Potassium 
Bromide (KBr) at a 1:100 ratio and compressed into pellets. The 
pellet samples were analyzed in triplicate, using plain KBr pellets as 
the blank reference. Infrared transmission data were recorded over 
a wave number range of 4500 cm⁻¹ to 500 cm⁻¹ at a resolution of 2 
cm⁻¹. The functional groups in the sample were identified by 
comparing the obtained spectral data with a reference spectrum. 

Differential scanning calorimetry (DSC) studies 

For the DSC studies, [41] the thermograms of the optimized 
quercetin phytosome formulations were obtained using a Shimadzu 

DSC-60. The analysis was performed with aluminum pans, and dry 
samples weighing 2.00 to 10.00±5 mg were precisely measured and 
then sealed in aluminum containers. The samples were heated at a 
rate of 10 °C per minute within a temperature range of 30 °C to 360 
°C, with nitrogen flowing at a rate of 40 ml/min to maintain optimal 
conditions. The quercetin samples were individually placed on metal 
supports for electron expansion and coated with gold through 
particle sputtering [42]. Subsequently, the preparations were 
scanned, and digital images were captured to examine any 
irregularities in strain at various magnifications. 

Particle size (PS) and zeta potential 

A key aspect of phytosome research that provides valuable insights 
into the quality and various forms of a sample is the evaluation of 
particle size and shape. The optimized phytosomes were 
characterized for both PS and Zeta Potential. Particle size was 
measured using the Dynamic Light Scattering (DLS) technique with a 
particle size analyzer (SZ-100 Nano Particle Analyzer). The 
Polydispersity index (PDI) is a crucial parameter in nanoparticle and 
colloidal systems, calculated by using the following formula. 

PDI = [
Standard deviation of particlesize

Z−Average
] … …. (2) 

The surface charge of the optimized phytosomes was analyzed 
through photon correlation spectroscopy [43] using a ZS-90 
Zetasizer (Malvern Instruments, UK), also utilizing the Dynamic 
Light Scattering (DLS) method. The sample was diluted with distilled 
water and sonicated for 5 min. Measurements were conducted in a 
0.1 N KCl aqueous solution at 25 °C with a detection angle of 90°. 
Each analysis was repeated three times, and the values were 
adjusted to a standard reference temperature of 25 °C. 

X-ray diffraction (XRD) analysis 

XRD analysis is a non-destructive technique that offers detailed 
information about the crystallographic structure, chemical 
composition, and physical properties of a material [44]. The powder 
XRD pattern of the optimized phytosome was recorded using a 
Shimadzu XRD-7000 diffractometer with a Cu-Kα radiation source 
operating at 40 kV. The diffraction data were collected across a scan 
range from 10.000° to 80.000°. The experiment employed Bragg-
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Brentano geometry with a 2θ scan rate of 0.020°/min at room 
temperature. The crystalline properties of the phytosome were 
analyzed using Origin Lab Software and the Crystallinity Index (CI) 
was calculated by using the following formula. 

CI = {
Intensityof crystalline peak−Intensity of amorphousbackground

Intensityofcrystaline peak
}x100 … (3) 

Nuclear magnetic resonance (NMR) 

NMR is a flexible analytical method that provides detailed structural 
information about both organic and inorganic molecules. In NMR, 
magnetic nuclei of certain isotopes are aligned by a strong external 
magnetic field and exposed to electromagnetic radiation at a specific 
frequency. The principle behind NMR is that certain nuclei occupy 
distinct spin states when exposed to an external magnetic field. This 
study utilized proton NMR, which focuses on hydrogen-1 nuclei 
within a molecule to determine its structure [45]. The sample was 
placed in a thin-walled glass vial and positioned inside an electronic 
coil, which was housed within a powerful magnet at the core of the 
NMR spectrometer (Model: Varian 400 MHz NMR system). The 
magnet aligns the atomic nuclei within the sample, creating a 
consistent resting orientation. 

Transmission electron microscope (TEM) 

TEM is a commonly employed method for observing phytosomes. 
For TEM analysis, a drop of the suspension was applied to a carbon-
coated 400 mesh copper grid. The excess water was gently removed 
by blotting the grid with filter paper, and the sample was then 
stained with a 2% (w/v) phosphotungstic acid solution for 20 min 
[46]. Following staining, the sample was allowed to air-dry. The 
morphology of the phytosomes was observed with a transmission 
electron microscope (Model: JEM-F200Kv), and images were 
captured using the TEM. 

Evaluation of response variables of quercetin phytosomes 

Determination of entrapment efficiency (EE) 

EE was evaluated through the use of the ultracentrifugation method. 
A precisely weighed amount of the phytosome complex (10 mg) was 
dissolved and diluted in methanol. The solution was subsequently 
ultra-centrifuged at 15,000 rpm for 15 min at room temperature, 
and the supernatants were left undisturbed for 20 min [47]. The 
quercetin concentration in the solution was assessed by measuring 
absorbance at 370 nanometers with a Ultra Violet (UV)-visible 
spectrophotometer. The EE was calculated by determining the 
amount of quercetin in the total yield. The percentage of entrapment 
efficiency was calculated using the formula provided below. 

%EE =
Actual drugloaded

Theoretical drug loaded
 X 100 ... (4) 

Percentage yield (PY) 

The PY was calculated as the weight fraction of the phytosome 
complexes relative to the initial total mass or weight of quercetin 
and L-α-phosphatidylcholine [48]. The resulting phytosome 
complexes were drained in a desiccator and then measured weight 
to determine the final quantity [49]. The PY was computed using the 
formula provided below.  

PY =
Actual yield

Theoretical yield
X100 …. (5) 

In vitro drug release studies 

In vitro drug release studies of quercetin phytosome and free 
quercetin powder are conducted using the USP-I Dissolution 
apparatus. Simulated gastric fluid (at pH 1.2) and Phosphate buffer 
(at pH 6.8) were used as dissolution medium. Samples collected at 
0,15,30,60,120,240,480 min. Quantification of drug release was done 
at 256 nm by using a UV-Vis spectrophotometer.  

Stability study 

Stability testing is essential for assessing how the quality of a drug 
substance or product is affected over time by environmental factors 
like temperature, humidity, and light. This evaluation is crucial for 
determining the retest period of the drug substance, the shelf life of 

the drug product, and the optimal storage conditions. The 
formulated products were stored for two months at 40±2 °C in a 
stability chamber and at 4.0±1 °C in a refrigerator to assess their 
stability. Both chemical aspects, including entrapment efficiency and 
drug content, and physical attributes, such as consistency, phase 
separation, and clog formation, were evaluated. The stability 
assessment of the optimized formulation adhered to the guidelines 
established by the International Conference on Harmonization (ICH). 

In vivo experimental procedure 

The study received approval from the Institutional Animal Ethical 
Committee (IAEC) under project proposal number 
009/IAEC/NCPA/PhD21-22 and employed an anti-hyperlipidemic 
model induced by a cholesterol-rich diet. Wistar Albino rats, which 
weigh between 150 g to 200 g, were used as the subjects and 
acclimatized to the laboratory at temperature (25±1) C, relative 
humidity (50±15)%, 12 h light-dark cycles, kept in standard 
polypropylene cages and given standard diet and water ad-libitum 
the treatment period was extended for 21 d. The high-cholesterol 
diet pellets consisted of ingredients such as maize, soybean pulp 
(okara), sunflower seed, Bonquality bread flour, alfalfa pellets 
(lucerne), molasses (maple syrup), meat and bone meal, poultry 
meal, sepiolite (meerschaum), inorganic dicalcium phosphate (DCP), 
vitamins, minerals, and cholesterol. The dose for the study was 
determined to be 500 mg per kg body weight based on data from 
acute toxicity studies. 

Drug protocol for the study 

After a week of acclimatization, the animals were categorized into 
four groups: control, toxic, standard, and test, which included 
quercetin pure drug and quercetin phytosome formulations [51]. 
Each group had six animals. The first group was administered 
normal saline orally, while the second group was given a standard 
cholesterol diet combined with Atorvastatin (10 mg/kg of body 
weight) [52], and the third group received only a cholesterol diet. In 
the fourth group, animals received a cholesterol diet combined with 
pure Quercetin at a dosage of 500 milligrams/kg of body weight, 
while the fifth group was provided with a cholesterol diet al. ong 
with Quercetin phytosomes at a dosage of 100 milligrams/kg of 
body weight [53]. The treatment period lasted 20 d, during which 
the average weight of the animals was regularly monitored. On the 
21st day, blood samples of rats were collected from arterial lesions 
to assess serum levels of Total cholesterol (TC), Tri Glycerides (TG), 
High-Density Lipoprotein (HDL), and Low-Density Lipoprotein 
(LDL) Very Low-Density Lipoproteins (VLDL) 

After the study, rats were anesthetized using ether to allow for blood 
collection through cardiac puncture. The blood was then placed in 
heparinized tubes, and the serum was separated for analysis. The 
serum samples were thoroughly mixed and incubated at 4 °C for 2-3 
h [54]. Plasma was isolated by centrifuging at 2500 rpm for 30 min, 
divided into aliquots, and kept at 4 °C for later analysis. The 
evaluation focused on obtaining fresh, clear, and non-hemolyzed 
serum. Serum TC, TG, and HDL cholesterol levels were measured 
using kits from Beacon Diagnostic Pvt Ltd. Triglyceride levels were 
determined using a diagnostic kit that employed an enzymatic test 
with glycerol-3-phosphate oxidase for calorimetric endpoint 
detection[55]. A triglyceride solution with a concentration of 200 
mg/dl was used as a standard. Absorbance was measured at 505 
nanometres against a reagent blank with a 1 cm optical path length. 
The serum triglyceride levels were calculated by comparing the 
absorbance of the test sample with that of the standard. For total 
serum cholesterol estimation, Friedwald’s formula was applied to 
calculate serum LDL and VLDL levels. 

RESULTS AND DISCUSSION  

Design analysis 

Throughout the design of tests for the three-level responses, the 
observed response ranges (R1:EE) for seventeen batches ranged 
from 84.48 to 88.59%, while (R2:PY) ranged from 82.01 to 88.06%. 
Table 3 displays the optimized formula for both responses. In 
addition to statistically significant term coefficients, the table shows 
the best-fitting model R-square values, which are 0.996 for response 



S. Kamireddy et al. 
Int J App Pharm, Vol 17, Issue 4, 2025, 344-357 

348 

R1 and 0.992 for response R2. The collected data were analyzed 
using Design Expert software, applying first-order, second-order, 
and quadratic models for comparison. From the analysis, it was 

found that a p-value>0.05 indicates the lack of fit is non-significant. 
This is a good sign indicates the model adequately fits well and this 
model is appropriate. 

 

Table 3: Quadratic model polynomial equation and R-square value of response 1[R1] Entrapment efficiency (EE), response 2 [R2] 
percentage yield (PY) 

Quadratic model R2 Adjusted R2 Predicted R2 SD %CV 
Response 1 0.996 0.65 0.48 0.64 0.75 
Response 2 0.992 0.68 -0.58 0.80 0.94 
Response surface model(RSM)  2nd order polynomial equation 
R1= 86.28+0.039A-0.554B+0.6C+0.55AB-0.93AC-0.79BC+0.168A2-0.81B2+0.62C2 

R2= 85.78+0.0087A-0.59B+0.35C+1.70AB-0.50AC-1.19BC+0.023A2-1.413B2+1.08C2 

 

Models (RSM; 2 and 3-D displays) and equation analysis 

Two (fig. 1, fig. 2), three-dimensional plots (fig. 3), and overlay plots 
(fig. 4) are used statistically to examine the interaction effect of their 
two factorial combinations on the responses at one time, both 
separately and simultaneously. The positive and negative terms in 
the 2nd-order polynomial equation indicated direct and inverse 
relationships between the factors and the responses [56]. 
Additionally, the quadratic equation was used to demonstrate the 
interaction between the independent variables and the responses. 
The variables A, B, and C represent lipid concentration (L-α 
phosphatidylcholine), temperature, and time, respectively, while R1 
and R2 refer to entrapment efficiency and percentage yield. The 

quadratic equation (table 3) highlighted the significant effects of A, 
B, C, AB, AC, BC, A², B², and C², with strong model terms. The 
correlation coefficients (R²) were 0.996 for response 1 and 0.992 for 
response 2, indicating an excellent fit. Furthermore, the a lack of fit 
values (0.9206 for R1 and 06699 for R2). Observing predicted and 
adjusted values as shown in table 3 ensures constant variance and 
shows a random scatter with no clear pattern, indicating that this 
model is valid. 

The optimized quercetin phytosomes produced using the rotary 
evaporation method and they were assessed for their percentage 
yield, particle size, entrapment efficiency in order to identify the 
optimal formulation. 

  

 

Fig. 1: Two-dimensional response surface plots showing the effect of independent variables such as phospholipid concentration (mg) (L-α 
phosphatidyl choline) (A), mixing temperature (C) (B) and mixing time (Hours) (C) on % entrapment efficiency (R1). Image a 
representing BC Plot (mixing time and mixing temperature), b representing AC Plot (L-α phosphatidyl choline, mixing time), c 

representing AB Plot (L-α phosphatidyl choline, mixing temperature) 
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Fig. 2: Two dimensional response surface plots showing the effect of independent variables such as phospholipid concentration (mg) (L-α 
phosphatidyl choline) (A), mixing temperature (C) (B) and mixing time (Hours) (C) percentage yield (R2). Image A representing 

representing AB Plot (L-α phosphatidyl choline, mixing temperature), B representing AC Plot (L-α phosphatidyl choline, mixing time), C 
representingBC Plot (mixing time and mixing temperature) 

 

 

Fig. 3: Three dimensional 3D-response surface plots showing the effect of independent variables such as phospholipids concentration 
(mg) (L-α phosphatidyl choline) (A), mixing temperature (C) (B) mixing time (Hours) (C) on Percentage entrapment efficiency (R1) and 
percentage yield (R2) respectively. Image(A) Represents the AB, plotted between L-α phosphatidyl choline, mixing time, A1 Represents 

BC, Plotted between mixing temperature and mixing time, A2 Represents AC, plotted between L-α phosphatidyl choline and mixing time. 
Image (B) Represents the AB Plot,(BI) Represents BC,(B2) Represents AC 
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Fig. 4: Overlay plot (where the design space is highlighted in yellow) of entrapment efficiency [R1], percentage yield [R2] depicting predicted 
optimized values of dependent and independent variables (in square box) of optimized phytosome. here (A) phospholipids concentration 

(mg) (L-α phosphatidylcholine), (B) Mixing temperature (C), and (C) Mixing time (Hours), Image(A) Represents the AB, plotted between L-α 
phosphatidylcholine, mixing time, A1 Represents BC, Plotted between mixing temperature and mixing time, A2 Represents AC, plotted 

between L-α phosphatidylcholine and mixing time. Image (B) Represents the AB Plot,(BI) Represents BC,(B2) represents AC 

 

FTIR study of optimized quercetin phytosome 

The FTIR spectrum of the optimized Quercetin phytosome 
composition was analyzed to identify characteristic functional group 
shifts and determine the nature of molecular interactions and it is 
depicted in fig. 5. The spectrum of phospholipids exhibited 
characteristic absorption bands at 3000-3500 cm-1, corresponding to-
OH or N-H stretching vibrations. Peaks in the 2800-3000 cm-1 range 
were attributed to C-H stretching, while the 1600-1800 cm-1 region 
represented the C=O stretching of ester groups. Quercetin showed 
strong absorption in the 3200-3500 cm-1 range, attributed to O-H 
stretching, indicating intermolecular hydrogen bonding. Additionally, 
peaks at 1600 cm-1 and 1500 cm-1 corresponded to aromatic C=C 
stretching, while the 1650-1750 cm-1 band was assigned to C=O 

stretching vibrations. The O-H stretching band shifted from 3400 cm-1 
to a lower wavenumber (3200 cm-1), suggesting the formation of 
hydrogen bonds between quercetin and phospholipids. A shift in C=O 
stretching (1650 cm-1) to lower wavenumbers further indicates 
hydrogen bonding interactions [57]. No significant changes in the C-H 
stretching region (2800-3000 cm-1) suggest that van der Waals 
interactions are minimal compared to hydrogen bonding. The 
quercetin-phytosome complex's observed redshift in O-H and C=O 
stretching vibrations reveals a strong hydrogen connection between 
the phospholipids and the hydroxyl/carbonyl groups of quercetin. In 
the phytosome formulation, this interaction probably improves 
quercetin's stability and solubility. Vander Waals forces appear to be a 
minimal factor in molecular interactions within the complex, as 
evidenced by the lack of significant shifts in the C-H region. 

  

 

Fig. 5: The FTIR spectrum of the L-Alpha phosphatidylcholine, pure quercetin and optimized quercetin phytosome showing distinct 
absorption peaks 
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Differential scanning calorimetry (DSC) study of optimized 
phytosomes 

DSC is a widely used analytical method for studying the thermal 
behavior of materials [58], offering insights into phase transitions, 
thermal stability, heat capacity, and other thermodynamic 
properties. DSC studies have documented notable shifts in the 
endothermic peaks of quercetin when it forms complexes with other 
molecules, such as phospholipid. These shifts are indicative of 
interactions that alter the thermal behavior of the compound. This 
was incorporated with reference DSC data from the literature for 
comparing both quercetin and its phytosomal complex. In the DSC 
thermogram of quercetin, endothermic peaks were observed at 

155.22 °C and 189.22 °C, as shown in fig. 6(c). The DSC analysis of 
the phytosome complex revealed endothermic peaks at 198.29 °C 
and 274.75 °C, as depicted in fig. 6(a), with fig. 6(b) providing a 
comparative thermogram of pure quercetin and the quercetin-
phytosome complex. This significant shift in the melting point of 
quercetin, decreased crystallinity and enthalpic changes serves as a 
strong indicator of amorphization and enhanced solubility. The 
quercetin thermogram displayed a smaller area under the curve 
compared to the phytosome complex [59], likely due to the melting 
behavior of the fat components and their interaction with the 
quercetin. This serves as evidence of the interaction between the 
components in the binary systems, indicating the formation of an 
inclusion complex and drug amorphization. 

  

 

Fig. 6: DSC graph showing endotherms of (a) Quercetin, (b) L-α phosphatidyl choline, (c) Quercetin phytosome 

 

 

Fig. 7: Shows a) PS of optimized phytosome b) zeta potential of optimized phytosome 
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Particle size (PS) and zeta potential of optimized phytosome 

The optimised phytosome PS were consistent, with a narrow size 
dispersion and an average median of 204.6 nm. Polydispersity index 
(PDI) was calculated with Z-average of 143.35 nm, mean of 213.7 nm 
and is found to be 0.45 indicates a more uniform distribution, 
improving stability and performance. 

The surface charge of nanoparticle systems can be assessed by 
measuring the phytosome's zeta potential [60]. The zeta potential of 
quercetin phytosomes was determined with a ZS-90 Zetasizer 
(Malvern Instruments, UK). Phytosomes with a zeta potential 
exceeding-30 mV are considered stable, as the electrical repulsions 
prevent particle aggregation, according to reports. In this 
investigation, it was determined that the zeta potential of the 
optimised formulation is-28.6mV, as illustrated in fig. 7. 

Powder X-ray diffractometry (XRD) 

Fig. 8 shows the XRD of an optimized phytosome. The phytosome's 
diffraction pattern showed intense and crisp crystalline peaks at 2θ 
of 20.20000, 18.22000, and 19.62000. Quercetin pure showed peaks 
at 27.800, 19.030, and 22.210. L-α-phosphatidyl choline showed 
peaks at 19.74000, 18.80000, and 20.44000. The signals shown in 
fig. 10 are characteristic of quercetin phytosomes, pure quercetin, 
and L-α-phosphatidyl choline. Thus, the obtained data for quercetin 
phytosomes, pure quercetin, and L-α-phosphatidyl choline have a 
good correlation with thermophysical investigations, and quercetin 
may be molecularly dispersed in L-α-phosphatidyl choline, and they 
exist in an amorphous form. 

Crystallinity index (CI) of phytosome was found to be 16.8% indicates 
more amorphous nature that can able to improve bioavailability. For 
pure quercetin CI is 86.7% indicates more crystalline nature. 

 

 

Fig. 8: XRD patterns of (A). Pure quercetin (B). L-α-phosphatidyl choline (C). Quercetin phytosome 

 

Nuclear magnetic resonance (NMR) study of optimized 
phytosome 

Interpreting the NMR spectrum of quercetin phytosomes requires 
understanding both the structure of quercetin and the 
characteristics of the phytosome complex. The presence of 
phospholipids in the quercetin phytosome might slightly shift the 
chemical shifts of quercetin. The results of NMR spectra of quercetin 
phytosome, L-α phosphatidylcholine, and quercetin pure were 
shown in fig. 9. The NMR spectra of the compound entitled quercetin 
phytosome exhibit 21 distinct proton environments with chemical 
shifts ranging from 2.3 to 6.2 and the integration of the peaks range 
from 0.3-3.0 matching the expected hydrogen distribution the 
splitting patterns that are observed in different regions confirm the 
presence of hydrogen bonds of the protons The NMR spectra of the 
L-alpha phosphatidylcholine exhibits 12 distinct proton 
environments with a chemical shift of range 0-5.3 and integration 
within 0.9-11 this compound exhibits 1:2 ratio of doublet and singlet 
splitting confirming the presence of hydrogen bonds on adjacent 
sides. Quercetin pure has specific functional groups that will give 
distinct signals in the NMR spectrum. The NMR spectra of the 
compound quercetin pure exhibit 9 proton environments with 
chemical shifts ranging from 1.0-2.4and the integration peaks are 
observed from the 3.0-6.2 range a singlet splitting pattern was 

observed near every peak, confirming the presence of hydrogen 
bonds [61]. When quercetin interacts with L-α phosphatidylcholine 
to form a phytosome, its protons and carbon atoms undergo changes 
in their electronic environment, which is echoed as shifts in the 
chemical shift of the NMR spectra. These shits indicate that 
quercetin is not free but is allianced with the L-α 
phosphatidylcholine confirming complex formation. The shifts 
observed in NMR spectra, particularly in the aromatic and hydroxyl 
regions of quercetin confirm its interaction with the phospholipid 
bilayer [L-α phosphatidyl choline]. The NMR data provides 
molecular-level proof of encapsulation, leading to the formation of a 
stable phytosome. This interaction increases the bioavailability of 
quercetin. 

Transmission electron microscopy (TEM) of optimized 
phytosomes 

Transmission electron microscopy (TEM), which also uses an 
electron beam to interact with the extremely fine sample, can 
provide the most precise and high resolution imaging data on the 
size, shape, morphology, state of aggregation, and distribution of 
nanoparticles at nanometre resolution. Fig. 10 shows the TEM 
pictures of an optimised phytosome. The TEM investigation 
showed that the phytosomes had a spherical shape with a 
uniform size in the nanometre range and no aggregation [62].  
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Fig. 9: Depicted nuclear magnetic resonance of (A) optimized Quercetin phytosome (B) L-α phosphatidylcholine (C) Quercetin pure 

 

 

Fig. 10: Transmission electron micrographs of quercetin phytosomes at different scale bars. Image (A) with particle size of 500 nm, (B) 
with particle size of 200 nm, (c) with particle size of 100 nm 
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Evaluation of entrapment efficiency (EE) and percentage yield (PY) 

The quadratic model was chosen for EE (R1) as it demonstrated the 
highest R² value of 0.996 with the equation of line 
y=0.0101x+0.0076. The limit of detection [LOD] was found to be 
1.63μM and the Limit of quantification was found to be 4.95μM. The 
quadratic Equation for EE, derived from multiple regression 
analysis, is presented in Equation 4. 

The quadratic model was chosen for percentage yield (R2) because 
it exhibited the highest R² value of 0.992. Indicate an excellent fit of 
the model to the experimental data; over 99% of the variability in 

the response variables can be explained by the selected model. The 
quadratic Equation for percentage yield is shown in Equation 5. 

The entrapment efficiency and percentage yield of different batches 
of formulations are listed in table 2, the maximum entrapment 
efficiency was 88.59%, and the minimum was 84.48%. Phytosomes 
showed a good percentage yield as shown in table 2, which might be 
an essential aspect for enhancing drug delivery with 88.06% as the 
maximum suggested optimized condition for formulation and 
82.01% as the minimum value highlight process variability. These 
values gave valuable insights into formulation robustness and 
reproducibility, which are essential for drug delivery optimization. 

 

Table 2: Box-behnken design layout with experimental values of response variables of quercetin-loaded phytosomes [Batch1-17] 

Bbd 
run 

Factor A phospholipids 
(%W/W) 

Factor B temperature 
(Degree celsius) 

Factor C time 
(H) 

Response (R1) entrapment 
efficiency (EE) 

Response (R2) 
percentage yield (PY) 

FI 1 60 2.5 84.48 82.01 
F2 2 60 3.5 85.36 84.35 
F3 2 50 2.5 85.51 85.12 
F4 1 50 1.5 85.73 86.54 
F5 2 50 2.5 86.48 85.19 
F6 2 40 1.5 85.27 84.28 
F7 3 50 3.5 86.53 86.17 
F8 2 60 1.5 85.53 85.34 
F9 1 40 2.5 86.48 86.46 
F10 1 50 3.5 88.59 87.56 
F11 3 60 2.5 85.89 85.67 
F12 2 50 2.5 87.41 87.17 

 

In vitro dissolution studies 

Quercetin showed significantly higher release compared to free 
quercetin. The %drug release at different time intervals is as follows. 
At 15 min quercetin phytosome (QP) shows 28.3±2.2% where, as 
free quercetin (FQ) shows 10.1±1.2%, at 30 min 45.8±2.6 (QP), 
18.5±2.1(FQ), at 60 min 68.2±3.1(QP), 30.2±2.6(FQ), at 120 min 
85.6±3.6(QP), 42.6±3.1(FQ), at 240 min 93.1±4.6 (QP),55.5±3.6(FQ), 
at 480 min 98.1±6.59(), 68.6±7.6(FQ) respectively indicating its 
potential for improved oral bioavailability [63]. 

Accelerated stability studies 

The produced formulations were kept for two months at 40±200c in 
a stability testing chamber and 4.0±100c in a refrigerator to assess 
their stability. Their physical and chemical characteristics, such as 
phase separation, clog presence and consistency, content of drug and 

entrapment were assessed. There was not a noticeable modification 
in the formula for the parameters listed above. 

In vivo animal studies 

The animals were categorized into five groups, each group 
consisting of six subjects. Group I is known as the control, while 
Group II is known as the cholesterol-induced toxicity group. Group 
III received a standard drug, atorvastatin, at a dosage of 10 
milligrams/kg body weight. Group IV was treated with pure 
quercetin at 500 mg/kg body weight, and Group V received the 
quercetin phytosome formulation at a dose of 100 milligrams/kg 
body weight [64]. The animals in the toxic, standard, and test groups 
were fed a cholesterol-rich diet for 21 d along with their respective 
drugs. The average body weight of all selected animals was 
measured every 5 d, starting from day 0 up to day 20. The recorded 
average body weights are presented below. 

 

Table 4: Results of the body weight of the animals during the treatment process 

Groups Initial day 5th day 10th day 15th day 20th day 
Control 142± 0.45 142±0.56 143±0.47 144±0.18 144±0.36 
Cholesterol 143±0.67 150±0.67 165±0.12 178±0.27 198±0.38 
Standard 142±0.23 146±0.35 149±0.25 154±0.36 162±0.17 
Quercetin pure drug (500 mg/kg body weight) 141±0.34 146±0.21 152±0.16 159±0.58 170±0.18 
Quercetin phytosome (100 mg/kg body weight) 142±0.46 145±0.32 149±0.29 154±0.89 165±0.29 

Data are represented as mean±standard deviation, n=3, P<0.05 value when compared with standard and control, the represented values 
demonstrate significant difference P<0.05 in comparison to both the control group and standard group 

 

On the 21st day, a 2 ml blood sample was collected from the retro-
orbital plexus for analysis of total cholesterol, triglycerides, HDL, 
VLDL, and LDL levels across all this groups. The values of the toxic 
group were compared to control group, the standard group was 
compared to the toxic group, and the test group results were 
compared to those of the standard group. 

The total cholesterol levels of the toxic group were found to be 
178.1±2.7, whereas for the standard group, it was found to be 
143.21±2.83. In the case of the control group, the total cholesterol 
values were found to be 65.98±2.12; for quercetin pure drug-treated 
group, it was 143.24±0.34; for Quercetin phytosome, it was 

131.21±0.24. This indicates that quercetin phytosome has 
individually shown profound action in controlling Triglyceride levels 
when compared to another group. 

Excess levels of Triglycerides may lead to excess accumulation of 
LDL cholesterol in blood vessels, which may lead to hyper tri 
glyceridemia condition. Triglyceride levels of the toxic group were 
found to be 153.21±2.24, whereas for the standard group, it was 
found to be 94.12±0.21. In the case of the control group, the total 
cholesterol values were found to be 55.92±0.93; in the case of the 
quercetin drug-treated group, it was found to be 119.42±0.34, 
Quercetin phytosome it was 93±0.21, this indicates that quercetin 
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phytosome, individually, has shown profound action in controlling 
triglyceride levels when compared to the other group. 

High-density lipoproteins are the protecting agents against the 
accumulation of LDL in the blood vessels, if there is a decrease in HDL 
levels in the blood, it may act as one of the causative agents for the 
hyperlipidemic condition. HDL levels of the toxic group were found to 
be 14.32±0.21 whereas, for the standard group, it was found to be 
37.23±0.12; in the case of the control group, HDL values were found to 
be 27.21±1.1. Upon comparison with test groups, for the Quercetin 
pure drug-treated group It was 36.14±0.31; for Quercetin phytosome, 
it was 39.12±0.432. This indicates that quercetin phytosome increases 
HDL levels compared to other groups. 

Very low-density lipoproteins have less protein level and high 
concentration of phospholipid composition. Their accumulation will 
trigger scarification of the blood vessels, and the increase in VLDL 
levels in the blood may act as one of the causative agents for the 
hyperlipidemic condition. VLDL levels of the toxic group were found 
to be 34.23±0.23 whereas, for the standard group, it was found to be 
20.12±0.32; in the case of the control group, VLDL values were found 
to be 12.67±0.4, for Quercetin pure drug-treated group, it was 
26.33±0.14, for Quercetin phytosome it was 19.23±0.91. This 
indicates that the quercetin phytosome, individually, has shown 

profound action in declining VLDL levels when compared to another 
group [65] 

Low-density lipoproteins have less protein level and a high 
concentration of phospholipid composition. Their accumulation will 
trigger the scarification of the blood vessels, and the increase of LDL in 
the blood may act as one of the causative agents for hyperlipidemic 
conditions. LDL levels of the toxic group were found to be 117.27±0.21; 
for the standard group, it was found to be 50.12±0.71; in the case of the 
control group, LDL values were found to be 16.5±2.7; in the case of 
Quercetin pure drug-treated group, it was 89.16±0.31; for Quercetin 
phytosome, it was 42.43±0.24. This indicates that the quercetin 
phytosome, individually, has shown profound action in reducing the LDL 
levels when compared to another group. The results of all biochemical 
parameters are listed in the below table 5. To validate our biochemical 
findings, one-way ANOVA was performed among groups for total 
cholesterol, triglycerides, HDL, VLDL, and LDL levels. Results showed 
highly significant differences (p<0.01) across all parameters. Following 
ANOVA, independent t-tests between specific groups. Cholesterol group 
(total cholesterol, HDL, VLDL, and LDL) vs. Control and quercetin 
phytosome vs. cholesterol group shows (p<0.001), whereas quercetin 
phytosome vs. standard drug (Atorvastatin) shows no significant 
difference (p>0.05). These results confirm that quercetin phytosome 
significantly reduces lipid levels. 

 

Table 5: Results of the biochemical parameters of the animals during the treatment process 

Group Total cholesterol 
(mg/dl)>200 

Triglycerides 
(mg/dl)>150 

High-density 
lipoproteins 
(mg/dl)≤40 

Very low-density 
lipoproteins 
(mg/dl)≥30 

Low-density 
lipoproteins 
(mg/dl)≥100 

Control 65.98±2.12 55.92±0.93 27.21±1.1 12.67±0.4 16.5±2.7 
Cholesterol 178.1±2.7** 153.21±2.24** 14.32±0.21** 34.23±0.23** 117.27±0.21** 
Standard 143.21±2.83** 94.12±0.21** 37.23±0.12** 20.12±0.32** 50.12±0.71** 
Quercetin pure drug (500 mg/kg b. w.) 143.24±0.34* 119.42±0.34* 36.14±0.31* 26.33±0.14* 89.16±0.31* 
Quercetin phytosomes (100 mg/kg b. w.) 131.21±0.24* 93±0.21* 39.12±0.43* 19.23±0.91* 42.43±0.24* 

Data are represented as Mean±Standard deviation, n=3, **P≤0.01 value when compared with control group, *P≤0.01 upon comparison of values 
with standard group, The represented values demonstrate a significant difference (p<0.01) in comparison to both the control group and the 
standard group 

 

CONCLUSION 

The Box-Behnken design was employed in the study to produce and 
optimize quercetin phytosomes. Important parameters like phospho 
lipid concentration, mixing temperature, and mixing duration were 
chosen because of their effects on the stability and production of 
phytosomes. Techniques such as Transmission Electron Microscopy, 
FTIR, Differential Scanning Calorimetry, X-ray diffraction, Particle 
size, zeta potential, and drug release experiments were used to 
characterize the phytosomes. Quercetin has the potential to be an 
anti-obesity agent because it can control fat cell differentiation and 
encourage lipolysis. Quercetin has also demonstrated potent 
antioxidant properties that aid in reducing oxidative stress, which is 
often linked to obesity. This makes it a safe and natural substitute 
for synthetic medications, to address this relevant references related 
to toxicity evaluations and safety studies are included [66]. Its 
efficacy in drug delivery applications has to be confirmed by more 
clinical research, formulation scalability, and long-term stability. 
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