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ABSTRACT 

Purpose:The purpose of this study was to develop optimize and characterize Quercetin 

loaded chitosan (CS) nanoparticles. 

Method:Chitosan nanoparticles of chitosan have been prepared using modified ionic gelation 

method. Box Behenken design with 15-runs was implemented. Polynomial equation, contour 

and 3D response surface plots were generated to relate the factors and responses. Prepared 

nanoparticles were characterized for particle size, Zeta potential, polydispersity index, 

entrapment efficiency, in-vitro release study along with FTIR, Differential scanning 

calorimetric and Scanning electron microscopy. 

Result: It was proved that there was no any interaction showed between drug and 

excipients.A formulation showed prolonged drug release of up to 8 hrs by 45-52 %, smaller 

particle size, and narrow particle size distribution with good entrapment efficiency. 

Conclusion:Processing parameters of chitosan nanoparticles were optimized by using box 

behenken design. 

Keywords: Chitosan, Box Behenken Design, Ionic gelation method, Quercetin 

INTRODUCTION 

Nanoparticles are solid colloidal particles 

with diameters ranging from 1-1000 nm. 

They consist of macromolecular materials 

and which are therapeutically used as 

adjuvant in vaccines or as drug carriers, in 

which the active substance is dissolved, 

encapsulated, adsorbed or chemically 

attached. Nanoparticles can be made from a 
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wide range of materials, including proteins, 

polysaccharides and synthetic polymers. 

There are several studies have been 

suggested that nanoparticles systems can be 

preferably suited as a vehicle for sustained 

release therapy. [1]. 

Polymeric nanoparticulate systems, 

biodegradable and biocompatible polymers 

are interesting for controlled drug delivery 

and drug targeting. Polymeric nanoparticles 

are solid, colloidal particles of 1 to 1000 

nm in diameter. Polymeric nanoparticles 

having an advantages as compare to 

conventional formulations such as high 

stability, high specificity, high drug 

carrying capacity, produce controlled 

release, possibility to use in different route 

of administration and the capability to 

deliver both hydrophilic and hydrophobic 

drug molecules [2]. Among the different 

polymers, much  attention  has  been  paid  

to  the  nanoparticles  made  of 

biodegradable polymers such as chitosan 

(CS )  due  to  its good  biocompatibility,  

biodegradability,  and  novel  drug release   

behaviour.   Chitosan is the most important 

derivative of chitin, produced by removing 

the acetate moiety from chitin. Chitosan   

nanoparticles   are   potential delivery 

systems for vaccines, genes, and anticancer 

agents. Chitosan is a polysaccharide, 

similar in structure to cellulose [3-8]. 

Chitosan has many advantages specially for 

nanoparticles such as its ability to control 

the release of active agents, it avoids the 

use of hazardous organic solvents while 

fabricating particles since it is soluble in 

aqueous acidic solution, it is a linear 

polyamine containing a number of free 

amine groups that are readily available for 

crosslinking, its cationic nature allows for 

ionic crosslinking with multivalent anions 

along with its mucoadhesion nature [9-12]. 

The use of complexation between 

oppositely charged macromolecules to 

prepare chitosan nanoparticles has attracted 

much attention because the process is 

simple. In addition, reversible physical 

cross-linking by electrostatic interaction, 

instead of chemical cross-linking, has been 

applied to avoid the possible toxicity of 

reagents and other undesirable effects. 

Tripolyphosphate (TPP) is a polyanion, 

which can interact with the cationic 

chitosan by electrostatic forces. 

QCT, or 3, 3′, 4′, 5, 7-pentahydroxyflavone, 

1 of the 6 subclasses of flavonoids, has a 

wide range of biological activities. 

Quercetin, a widely distributed 

bioflavonoid, is well known to induce 

growth inhibition in a variety of human 

cancer cells. Quercetin glucuronides are the 

main circulating metabolites after dietary 

supplements with quercetin in humans. 

Quercetin is a plant-based flavonoid 

polyphenol and a super-antioxidant that is 

found in a broad spectrum of vegetables 

and fruits, such as green tea to grape skins, 
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apples and tomatoes. Quercetin is a strong 

chemoprotective natural compound for a 

wide range of cancers because of the multi-

targeted way it relates to cancer cells in 

general. Quercetin strongly inhibited cell 

proliferation, and increased sub-G1 and 

apoptotic cell populations regardless of 

p53. Quercetin has the ability to stop the 

process that can turn healthy cells into 

malignant ones by protecting cellular DNA 

from mutations that can lead to cancer. 

Their biological activities mainly include 

electron transfer of free radicals, the 

activation of antioxidant enzymes, and the 

ability to inhibit oxidative stress [13-17]. 

MATERIALS AND METHODOLOGY 
Material 
Quercetin was purchased from Sigma 

Aldrich, Mumbai (India), Chitosan (M.W 

190-310 kDa) was gifted by Cognis Gmbh 

Pvt. Ltd. Germany, Sodium 

Tripolyphosphate (Cross-linking agent) and 

Tween 80 were purchased from sigma 

Aldrich, Mumbai (India),  All other 

excipients, solvents were of pharmaceutical 

and analytical grade. 

Method 

Nanoparticle was prepared by modified 

ionic gelation method [18]. Different 

concentrations of chitosan (Medium 

Molecular weight, 190-310 kDa) was 

dissolved in 1% (v/v) Glacial acetic acid 

solution. Quercetin was dispersed in above 

solution with stirring condition at room 

temperature. Sodium tripolyphosphate 

solutions of different concentrations were 

prepared by dissolving in distilled water. 

Tween-80 (1%) was added as a surfactant. 

Sodium tripolyphosphate solutions was 

added drop wise to chitosan solution under 

constant magnetic stirring and stirring was 

continued for 1 hour. Chitosan nanoparticle 

suspension was centrifuged at 18,000 rpm 

for 20 min using Laboratory centrifuge and 

nanoparticles were collected. Supernatant 

was discarded by after confirmed the 

absence of free drug residue. The prepared 

nanoparticles were characterized in terms 

of particle size, Zeta Potential, Poly 

dispersity index and drug entrapment 

efficiency. 

Optimization of formulation using Box-

Behnken design 

On the basis of preliminary trial batches, 

Concentration of chitosan (X1), 

Concentration of Sodium tripolyphosphate 

(X2) and Speed of homogenization (X3) 

were selected as independent variables and 

Particle size (Y1), Encapsulation Efficiency 

(Y2) and Drug Release at 8 Hr. (Y3) were 

selected as dependent variables (Table 1).  

Box-behnken design with coded value and 

actual value was given in table and All the 

statistical evaluation with Box-Behnken 

design were carried out using Design 

Expert Software 7.0.0 trial version (Stat-

EaseInc, Minneapolis, Minnesota). A 

statistical mathematical model terms was 
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utilized to evaluate responses as shown in 

equation 1. 

Y = b0 + b1X1+b2X2 + b3X3 + b12X1X2 + 
b13X1X3 + b23X2X3 + b123X123 b11X11 + 

b22X22 + b33X33(1) 
Where, Y is the measured response, 

b0 is the constant, 
b1, b2, b3 are the coefficient for the factor X1, X2,X3, 
b12, b23, b13, b123 are the coefficient of interaction 

b11, b22, b33 are the coefficients of the quadratic 
terms 

All the batches were prepared according to 

the experimental design shown in Table 2 

summarizing an account of the 15 runs 

tested, their factor combinations, and the 

translation of the coded levels into the 

experimental units employed during the 

analysis.

 

Table 1: Transformation of coded value into actual value 
Variables Level of variables 

Independent variables Low (-1) Medium (0) High (+1) 
A = Concentration of chitosan (%w/v) 1 1:5 2 

B = Concentration of STPP (%w/v) 0.5 0.6 0.7 
C = Speed of homogenization (RPM) 10,000 15,000 20,000 
Dependent variables;  Y1 = Particle size (nm); Y2 = Entrapment efficiency (%); Y3 = Drug Release at  8 Hr. 

 
Table 2: Design matrix of Box-Behnken Design 

Batch no Independent variable 
Coded value 

Independent variable 
( Real value ) 

 X1 
( %w/v ) 

X2 
( %w/v ) 

X3 
(RPM) 

X1 
( %w/v ) 

X2 
( % w/v) 

X3 
( RPM ) 

B1 0 0 0 1.5 0.6 15000 
B2 0 -1 -1 1.5 0.5 10000 
B3 -1 0 -1 1 0.6 10000 
B4 -1 -1 0 1 0.5 15000 
B5 1 0 -1 2 0.6 10000 
B6 -1 0 1 1 0.6 20000 
B7 0 0 0 1.5 0.6 15000 
B8 0 1 1 1.5 0.7 20000 
B9 -1 1 0 1 0.7 15000 

B10 0 1 -1 1.5 0.7 10000 
B11 1 -1 0 2 0.5 15000 
B12 1 1 0 2 0.7 15000 
B13 0 0 0 1.5 0.6 15000 
B14 0 -1 1 1.5 0.5 20000 
B15 1 0 1 2 0.6 20000 

 

  Data optimization and validation of 

response surface methodology (RSM) 

A multiple linear regression modeling 

approach was used to produce polynomial 

model including interaction and quadratic 

terms for all the response variables. The 

models were assessed on statistically 

significant coefficients and values of R2. 

The software constructs 3-D surface plots 

and 2-D contour plots. Two formulations 

were eventually selected as batches for 

checkpoints. The actual observed responses 

were compared with the predicted 

responses, and the measurement of 

percentage error. A linear regression plot 

was plotted between the real and expected 

reactions [19, 20]. 

Characterization of Nanoparticle of 

Quercetin 

Drug Excipient compatibility Study 
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Fourier Transforms Infrared 

Spectroscopy 

This study was carried out by FTIR. 

Samples was kept in a sample holder of 

FTIR spectrophotometer (Nicolet IS 10, 

Thermo scientific) and scanned in the range 

of 400-4000 cm-1 at a resolution of 4 cm-1.  

Differential Scanning Calorimetric study 

(DSC) 

Differential   scanning   calorimeter   

measurements   were   carried   out   with   

a differential scanning calorimeter (DSC-

60, TA 6OWS, Shimadzu) under nitrogen 

purging. DSC runs were conducted over a 

temperature range of 35 to 250 °C at 

10°C/min under nitrogen flow rate of 100 

ml/min. 

Measurement of Particle size, Zeta 

potential and Polydispersity index (PDI) 

Particle size, Zeta potential and PDI value 

of nanoprticle were determined using 

Zetatrac (MicrotracInc., USA).Every 

sample was diluted with distilled water. 

The surface charge (Zeta potential) was 

determined by measuring the 

electrophoretic mobility of the 

nanoparticles in the aqueous medium.  

Measurement of Drug Entrapment 

Efficiency (DEE) 

20 ml of suspension containing 

nanoparticles was centrifuged at 14000 rpm 

at 40 0C for 20 minutes. Nanoparticles were 

separated and supernant was collected. 1 ml 

of supernatant was diluted to 10 ml with 

Phosphate buffer pH 7.4 buffer solution. 

This solution was analyzed by UV-Visible 

Spectrophotometer at 253 nm. It expressed 

the amount of un-entrapped drug in the 

supernant. The Drug Entrapment Efficiency 

was calculated by following equation 2 

% 𝑬𝒏𝒕𝒓𝒂𝒑𝒎𝒆𝒏𝒕 𝒆𝒇𝒇𝒊𝒄𝒊𝒆𝒏𝒄𝒚 =

 𝐃𝐚ି𝐃𝐬

𝐃𝐚
∗ 𝟏𝟎𝟎 --------- (2) 

Where, 
Da= Amount of drug added into 
formulation 
Ds= Amount of un-entrapped drug 
In Vitro drug release study 

The dialysis bag diffusion technique was 

used to perform In vitro drug release of the 

nanoparticle. Nanoparticles equal to 100 

mg of Quercetin were filled in the dialysis 

bag and immersed in the 300 ml phosphate 

buffer pH 7.4 containing receptor chamber. 

Stirred at 100 RPM the system was 

maintained at 37 ± 0.50C.Five millilitre 

sample was withdrawn at predetermined 

time intervals and diluted appropriately. 

The absorbance was measured by UV-

Visible spectrophotometer at 253 nm. The 

result of in vitro drug release from 

nanoparticles was analyzed using model 

dependent approach. Different kinetic 

models such as zero order, first order, 

higuchi, Hixson crowell, and webul model 

were applied to obtain the mechanism for 

drug release from chitosan nanoparticle. 

Scanning electron microscopy (SEM) 
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The nanoparticles ' shape and surface 

morphology was visualized by scanning 

electron microscopy (SEM). 10 mg of the 

dried particle sample was mounted on a 

scanning electron microscopy stub (SEM). 

The stub was put into a sample holder and 

positioned in a scanning electron 

microscope vacuum chamber. The surface 

characteristics of the nanoparticles were 

observed. 

RESULTS AND DISCUSSION 

Chitosan nanoparticles have been 

successfully prepared using modified ionic 

gelation method with several advantages 

compared with other solvent-based 

preparation methods due to the absence of 

non-toxic solvent, higher yield, better 

entrapment and easier process. 

Drug – Excipient Compatibility study 

Fourier Transform Infra Red 

Spectroscopy (FT-IR) 

The FTIR spectrum of Quercetin (A) was 

shown in Figure 1. All the principal peaks 

were found in the FTIR spectra of the 

Quercetin (A) which indicate that the drug 

was in the pure form. Various absorption 

bands within the 4000-400 cm-1 range 

were recorded in the FTIR spectra of 

chitosan, Different stretching vibration 

bands were observed in the range 3425-

2881 cm-1 related to(N-H) in (NH2) assoc. 

in primary amines [21, 22, 23]. The band at 

3425-3422 cm-1 could beassigned to (N-

H), (O-H) and (NH2) which present in 

chitosan in different amounts, among 

which NH2 groups being the least 

Moreover, within the 1300-1200 cm-1 

region, the absorption bands at 1262 cm-1 

and 1205 cm-1 were observed, which could 

be assigned to complex vibrations of 

NHCO, with characteristic frequencies for 

secondary amides only [24]. 

Physical mixture of Drug and Polymer 

shows same peaks that indicate there was 

no interaction between drug and excipient. 

Quercetin loaded formulation of 

nanoparticles shows complete 

disappearances of Quercetin's characteristic 

peak; a fact that the drug was molecularly 

dispersed within the polymer matrix and 

shows the same Polymer peak. FT-IR 

spectra of Quercetin, Chitosan, Physical 

mixture and Quercetin loaded nanoparticle 

formulation shows in Figure 1A, 1B, 1C, 

1D respectively. 

Differential Scanning Colorimetery 

(DSC): 

The pure Quercetin DSC thermogram 

indicates large endothermic peak at 318.49 

° C, which corresponds to its melting point. 

The chitosan DSC thermogram showed an 

endothermal peak between 82.48 -84.34oC 

and an exothermic peak between 190.25 -

192.68oC as shown in Figure 2. The 

endothermic peak also called the 

temperature of dehydration (TD), is 
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attributed to the water loss associated with 

chitosan hydrophilic groups [25, 26]. 

Nanoparticulate formulation DSC 

thermogram shows complete disappearing 

of Quercetin's characteristic peak; a fact 

that the drug was molecularly disperded 

within the polymeric matrix. The DSC 

curve Quercetin and Quercetin loaded 

nanoparticles shows in Figure 2A and 2B 

respectively. 

POLYMERIC NANOPARTILCE 

Ionic Gelation Method 

The  CSNPs  are formed    due    to    the    

electrostatic    interaction    between 

positively  charged  amine  group  of  

chitosan  and  negatively charge  group  of  

polyanion  such  as  tripolyphosphate.  This 

technique   offers  a  simple  and  mild  

preparation  method  in the aqueous 

environment [27]. 

Optimization of formulation using Box-

Behnken design 

Nanoparticles were optimized by Box 

behenken design and results of independent 

variables are shown in below Table 3. 

Effect on Particle Size 

If increase in conc.of chitosan lower to 

high, lead to increase in the particle size 

due to the larger emulsion droplets are 

formed when chitosan concentration was 

high and this will lead to the formation of 

larger particle. Particle size was reduces 

with increase in TPP concentration because 

higher amount of cross linking agent 

hardens the chitosan nanoparticle and 

formed the small rigid matrix. The DEE, 

particle size, zeta potential and PDI of all 

15 batches were shown in Table 3. 

Increasing homogenization speed decreases 

particle size because higher speed inhibits 

particle aggregation and produces 

gravitational forces in the homogenization 

gap resulting in decreased nanosize liquid 

droplet. Zeta potential was increase with 

increase in speed of homogenization due to 

the higher mechanical force was present 

and lead to the lower amount of anionic 

molecule was adsorbed on nanoparticle 

surface. 3D Plot and Contour plot for 

particle size shown in Figure 3. 

Effect on Entrapment Efficiency 

The DEE, particle size, zeta potential and 

PDI of all 15 batches were shown in table 

3. If increase in concn of chitosan lower to 

high, lead to increase in the DEE because 

of presence of higher amount of chitosan 

increase in matrix density. If increase in 

TPP concentration lower to high, increase 

in entrapment efficiency due to the more 

amount of TPP could cross link greater 

amount of chitosan and hence entrap the 

higher amount of drug. The DEE was found 

to be decrease with increase in speed of 

homogenization due to the formation of 

small particle and hence small amount of 

drug should be entrapping in the 
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nanoparticle.3D Plot and Contour plot for 

Entrapment efficiency shown in Figure 4. 

Effect on Drug Release at 8 Hrs. 

The results of in vitro studies suggested a 

significant decrease in the rate and extent 

of drug release with an increase in polymer 

concentration, which may be due to an 

increase in polymer matrix, gel strength, 

and the formation of gel layer with a longer 

diffusion path, resulting in a reduction in 

the drug diffusion coefficient.As shown in 

Figure 8, the release rate of Quercetin  

increased as the amount of TPP increased. 

The effect of homogenization time on the 

drug release was evaluated for 

Nanoparticle. There is no significant 

difference were observed between them as 

in the particle size results. The release of 

quercetin prepared at three different 

homogenization speeds. The drug release 

from the nanoparticle prepared at higher 

speed was higher than the formulations 

prepared with lower speed.This finding was 

attributed to the smaller particle size of the 

formulation. While decrease in the size of 

nanoparticle, an increase in drug release 

was obtained. 3D Plot and contour plot 

were shown Figure 5 [28]. 

Fitting of the data to the Model 

The optimum formulation of NPs loaded 

with quercetin was selected based on 

achieving minimum particle size, 

maximum entrapment efficiency and drug 

release. Using Design –Expert software, all 

the response observed for 15 formulations 

prepared were fitted simultaneously to first 

order, second order and quadratic model. It 

was observed that best fitted model was 

Quadratic for all response Y1 (Particle 

size), Y2 (Entrapment efficiency) and Y3 

(Drug release at 8 Hr) 

A stepwise multivariate linear regression 

was performed to evaluate the observations. 

The statistical evaluation of the result was 

carried out by Analysis of Variances 

(ANOVA)  

Table 4 illustrates the fitted polynominal 

equation (Full model) relating to the 

transformed factors. The polynominal 

equation could be used to draw a 

conclusion after considering the magnitude 

of the coefficient and mathematical sign, 

i.e. positive or negative, that it carried. The 

Full model word having a significant p 

value (p < 0.05). 

The result of ANOVA, performed to 

identify insignificant factors. Here, Fcal is 

less than Ftab for all response such as 

Particle size, Entrapment efficiency and 

drug release at 8 Hrs.. So, model is valid 

for both. Result of ANOVA shown in 

Table 5.  

Optimization and Validation of model: 

For optimization of model Overlay plot 

shows in Figure 6.  

Check point batches obtained from 

extensive grid search. Check point batch 

CP1 was formulated using Chitosan 
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concentration 0.42, TPP concentration 0.65 

and Homogenization speed 18625 RPM 

having predicted Particle size 315.57 nm 

and Entrapment efficiency 41.69% and 

drug release after 8 Hr. 9.33. Actual 

Particle size 316.5 nm and Entrapment 

efficiency 40.23% and drug release at 8 Hr 

9.65% respectively that shows error less 

than 8%.(Table 6) Graph of Actual value 

of Particle size shows in Figure 7. 

% Yield, Drug content, Zeta potential 

and PDI 

Results of physicochemical characterization of 

Quercetin loaded Chitosan nanoparticles were 

shown in (Table 7). 

TThe average yields of nanoparticles were 

about 48.26 ± 2.01% to 56.36 ± 0.45%. The 

average loading in the formulations were 

found to increase with an increase in 

polymer concentration used in the 

formulations.  PDI value of all batches are 

less than 1, Hence it’s indicate uniformity 

of particles in all batches. The results 

showed quercetin loaded chitosan 

nanoparticles had zeta potential value of 

22.3±0.98 to 37.4±1.56 mV. The positive 

surface charge of all formulations may be 

due to the use cationic polyelectrolyte 

(Chitosan) and the addition of STPP in the 

formulation aids to reduce aggregation of 

nanoparticles may indicate the good 

stability of the formulations [29]. 

Drug Release 

Release studies were carried out by using 

three different release medium, phosphate 

buffers at pH 7.4, 

Likewise, this result suggests that due to 

the partition of the drug into the surface-

active agent layer adsorbed at the droplet 

surface some of the drug is localized on the 

surface of the nanoparticles. After this 

initial burst, drug release is Show in 

sustained release pattern, and around 76% 

drug release at 8 hrs as per depicted in 

Figure 8. 

Scanning electron Microscopy 

Scanning electron microscopy was 

performed to identify the morphology of 

the optimized Nanoparticles. Scanning 

electron microscopy image of 

Nanoparticles (Figure 9) had shown that 

particles are smooth and spherical in shape. 
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Figure 1: FTIR Spectra of A) Quercetin, B) Chitosan, C) Physical mixture and D) Formulations 
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Figure 2:  DSC Thermogram of A) Quercetin, B) Formulations 

 

 

 

 

 

Figure 3: 3D and over lay plot for Particle Size 
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Figure 4: 3D and over lay plot for Entrapment Efficiency 

 

 

 

Figure 5: 3D and over lay plot for Drug Release at 8 Hr 
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Figure 7: Particle Size distribution graph 

 

Figure 8: Drug Release of all batches 
 

 
Figure 9: Scanning Electron Microscopy of Optimized Nanoparticle formulations 
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Table 1: Transformation of coded value into actual value 
Variables Level of variables 

Independent variables Low (-1) Medium (0) High (+1) 
A = Concentration of chitosan (%w/v) 1 1:5 2 

B = Concentration of STPP (%w/v) 0.5 0.6 0.7 
C = Speed of homogenization (RPM) 10,000 15,000 20,000 
Dependent variables;  Y1 = Particle size (nm); Y2 = Entrapment efficiency (%); Y3 = Drug Release at  8 Hr. 

 
Table 2: Design matrix of Box-Behnken Design 

Batch no Independent variable 
Coded value 

Independent variable 
( Real value ) 

 X1 
( %w/v ) 

X2 
( %w/v ) 

X3 
(RPM) 

X1 
( %w/v ) 

X2 
( % w/v) 

X3 
( RPM ) 

B1 0 0 0 1.5 0.6 15000 
B2 0 -1 -1 1.5 0.5 10000 
B3 -1 0 -1 1 0.6 10000 
B4 -1 -1 0 1 0.5 15000 
B5 1 0 -1 2 0.6 10000 
B6 -1 0 1 1 0.6 20000 
B7 0 0 0 1.5 0.6 15000 
B8 0 1 1 1.5 0.7 20000 
B9 -1 1 0 1 0.7 15000 

B10 0 1 -1 1.5 0.7 10000 
B11 1 -1 0 2 0.5 15000 
B12 1 1 0 2 0.7 15000 
B13 0 0 0 1.5 0.6 15000 
B14 0 -1 1 1.5 0.5 20000 
B15 1 0 1 2 0.6 20000 

 
Table 3:Results for particle size (Y1), Entrapment efficiency (Y2) and CDR at 8 Hrs 

Batch 
No. 

Chitosan Conc. 
X1 ( % ) 

STPP Conc. 
X2 ( % ) 

Homogenization Speed 
X3 ( RPM ) 

Particle Size 
(nm) 

EE (%) CDR at 8 Hr (%). 

1 1 0.7 15000 899±0.12 34.12±1.02 74.25±1.21 
2 1.5 0.5 10000 678±0.33 39.15±1.23 65.32±1.54 
3 2 0.5 15000 410±0.82 40.12±0.56 61.25±0.65 
4 1 0.6 10000 156±0.78 47.13±0.98 58.65±0.45 
5 1 0.6 20000 419±0.64 44.59±0.55 50.21±1.56 
6 1.5 0.5 20000 104±0.45 41.89±0.42 75.63±1.21 
7 2 0.6 20000 319±0.32 36.12±0.22 69.67±0.36 
8 1 0.5 15000 210±0.25 29.12±1.02 76.36±0.77 
9 1.5 0.6 15000 108±0.11 39.12±1.56 69.55±0.54 

10 2 0.7 15000 184±0.72 41.15±0.69 78.56±1.32 
11 1.5 0.7 10000 944±0.64 43.12±1.21 85.36±0.89 
12 1.5 0.7 15000 137±0.65 46.52±0.25 61.25±0.65 
13 2 0.6 10000 388±0.54 40.13±0.36 58.63±2.12 
14 2 0.6 15000 123±2.20 29.1±0.68 51.23±1.25 
15 2 0.6 15000 184±1.25 28.18±0.87 54.56±0.25 

 
Table 4: Result of Regression Analysis 

Particle Size 
(nm) 

B0 B1 B2 B3 B12 B13 B23 B1² B2² B3² 

FM 53.35 11.25 -15.7 -13.3 -18.9 7.75 14.52 -10.9 -8.97 -14.6 
 

Entrapment 
efficiency (%) 

B0 B1 B2 B3 B12 B13 B23 B1² B2² B3² 

FM 36.79 -0.731 -0.323 -4.59 2.852 -4.54 -0.49 5.62 1.55 -3.71 
 

Drug 
Release at 

8 Hr. 
B0 B1 B2 B3 B12 B13 B23 B1² B2² B3² 

FM 9.44 -0.413 0.645 0.366 -0.157 -0.435 -0.512 -0.704 -0.77 0.480 
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Table 5: Result of ANOVA 

Particle size 
 

Df SS MS F value R² value 

Regression FM 9 35.58 19.76 4.63 0.9852 

Residual FM 7 18.56 22.62 2.12 0.9645 

 

Entrapment 
efficiency  

Df SS MS F value R² value 

Regression FM 10 55.16 12.13 5.05 0.9597 

Residual FM 9 12.13 32.15 3.23 0.8924 

 

Drug Release at 
8 Hr.  

Df SS MS F value R² value 

Regression FM 10 42.13 12.39 4.21 0.9227 

Residual FM 7 11.21 29.35 2.23 0.8952 

ANOVA: Analysis of Variance, df: Degree of Freedom, SS: Sum of Square, MS: Mean of Square, F: Fischer’s ratio, 
R: Regression coefficient, FM: Full model 

 
Table 6: Composition of Check point batch 

Batch 
no. 

X1 

(%) 
X2 

(%) 
X3 

(RPM) 
Response Actual value 

Predicted 
value 

% Error 

CP1 0.42 0.65 18625 

Y1 316.5 nm 315.57 nm 0.29 

Y2 40.23% 41.69% 3.62 

Y3 9.65% 9.33% 3.31 
 

Table 7: Physiological parameters of all batches 
Batch No. PDI Zeta Potential Pdt Yield (%) 

1 0.22 24.9±0.32 57.60±0.66 
2 0.244 27.9±0.66 57.29±1.12 
3 0.259 24.1±1.45 50.34±0.54 
4 0.168 35.1±1.36 52.80±2.10 
5 0.25 32.5±0.65 62.21±1.02 
6 0.11 37.4±1.56 52.52±0.92 

7 0.246 32.8±2.25 51.23±0.65 

8 0.21 28.9±0.65 54.21±0.47 

9 0.212 35.3±1.05 49.25±1.52 

10 0.181 22.3±0.98 48.26±2.01 

11 0.179 28.4±0.45 63.25±1.25 

12 0.195 24.7±2.25 61.23±0.85 

13 0.209 29.8±0.56 56.36±0.45 

14 0.185 30.2±1.25 55.32±0.36 

15 0.221 34.4±0.22 59.89±0.25 

 
 

CONCLUSION  

In   the   current   research,   the   effect   of   

some   process variables  on  the  particle  

size,  entrapment  efficiency, and in   vitro 

drug   release   of   the   Nanoparticles    of 

quercetin  was  studied  by  Box Behenken  

design. The lower Particle size, higher drug 

release, and higher entrapment of drugs can 

be obtained by enhancing the concentration   

of   polymer,   enhancing   the   
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concentration of STPP and optimize the 

homogenization speed. 
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