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Abstract  Original Research Article 
 

Quercetin nanoparticles were developed in order to accomplish poor aqueous solubility of quercetin and enhancement 

of drug absorption rate to nasal mucosa by increasing drug retention time using single emulsion technique. For this 

purpose, Eudragit® RS 100 was chosen as mucoadhesive polymer and used at different drug/polymer ratios in the 

nanoparticles formulations. The lyophilized nanoparticles were evaluated with respect to the drug loading, entrapment 

efficiency, solubility analysis, particle size, mucoadhesive property, in vitro drug release, in vitro drug diffusion, ex 

vivo permeation study and histopathological study, Fourier transform infrared spectroscopy (FTIR) and powder X- ray 

diffraction study (P-XRD) showed molecular dispersion and conversion of the drug into amorphous form. Size and 

surface morphology of nanoparticles was analyzed by scanning electron microscopy (SEM) and found to be spherical 

in shape with smooth surface. The solubility studies of QCT NPs (61.27 ± 0.89µg/ml) were found to be increased than 

pure QCT (2.55 ± 0.76 µg/ml). Nanoparticles showed adequate mucoadhesion, the mucoadhesive potential of 

optimized QCT NPs showed a higher percentage of mucoadhesion (73.45 ± 1.16%) and do not have any destructive 

effect on nasal mucosa. Hence, QCT NPs based on a Eudragit RS 100 may be a promising nasal delivery system 

improved permeation profile for longer period of time and thereby increasing the patience compliance. 

Keywords: Quercetin, Eudragit® RS100, nasal drug delivery, single emulsion technique, solubility, in vitro 

mucoahesion. 
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INTRODUCTION 
Drug delivery to the brain is challenging 

because of the presence of the blood–brain barrier 

(BBB). As a noninvasive treatment, intranasal 

administration bypasses the BBB and allows direct 

access to the brain through olfactory and trigeminal 

nerve pathways, which has led to its receiving 

significant attention in recent years [1, 2]. It offers 

advantages such as brain targeting, no gastrointestinal 

irritation, fast onset of action, avoidance of first pass 

metabolism, and fewer systemic side effects [3]. 

However, nasal mucociliary clearance is a significant 

limiting factor for nasal drug delivery [4]. It severely 

limits the time available for drug absorption and 

effectively rules out sustained nasal drug administration 

[5]. 

 

To improve the nasal residence time of the 

formulation, Eudragit® RS100, has shown great 

potential, by decreasing mucociliary clearance due to its 

bioadhesive and permeation-enhancing properties 

Eudragit® RS100, a co-polymer of poly (ethylacrylate, 

methyl–methacrylate methacrylate), contains 4.5–6.8% 

of quaternary ammonium groups [6]. The latter 

chemical groups provide positive surface charge to the 

polymer, by which it may interact with negatively 

charged drugs or cellular surface of the target tissues. 

This characteristic may subsequently maximize the 

cellular uptake of drug–polymer complex
 
[7, 8].  

 

Quercetin is a unique bioflavonoid compound 

commonly found in fruits and vegetables, has been 

reported with a potential antioxidant, free radical 

scavenging, anti-inflammatory, anti-ischaemic [9], 

anticancer [10], antiviral, antisiabetic [11] activities and 

as anticoagulant property [12]. In addition, 

neuroprotective effects with improved morphological as 

well as functional activity. Quercetin is found in onions, 

broccoli apples, berries and red wine [13, 14]
 
Quercetin 

is having low aqueous solubility (ranging from 2.15 to 

7.7µg/mL at 25◦C) [15, 16]
 

poor permeability, 

instability in physiological medium, less absorption, 

short biological half- life, extensive first pass 

metabolism before reaching the systemic circulation, 

resulting in low oral bioavailability and this have 
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limited the wide application of quercetin in 

pharmaceutical field [17]. 

 

To overcome this problem of Quercetin for 

enhancement of solubility, absorption, and biological 

half-life by emerging formulation strategy that is 

mucoadhesive nanoparticles for intranasal drug 

delivery. The present work was based on the 

enhancement of solubility and drug retention time of 

Quercetin by the formulation of surface modified 

nanoparticles with the help of single emulsion 

technique (solvent evaporation method). 

 

MATERIALS AND METHODS 
MATERIALS 

Quercetin was obtained from Merck India Pvt. 

Ltd. Mumbai, Eudragit® RS 100 was obtained from 

Chemsworth, India. Disodium dihydrogen Phosphate, 

Dimethyl sulfoxide, Acetonitrile were obtained from 

Loba Chemie Pvt. Ltd., Mumbai, India. 

Tetrahydrofuron, Sodium Bicarbonate, Polyvinyl 

alcohol, Disodium Hydrogen Phosphate were purchased 

from Sigma Aldrich. All other chemicals used were of 

analytical grade. 

 

Formulation of Nanoparticles 
The nanoparticles of Quercetin with eudragit® 

RS100 were prepared using solvent 

evaporation/extraction technique (the single emulsion 

technique) [18, 19]. Normally, 25 mg of drug with 

different ratios of polymer (1:1, 1:2, 1:3) were co-

dissolved in the mixture of tetrahydrofuron (5 ml) and 

acetone (5 ml) at room temperature. The resulted 

solution was slowly dropped with a speed into water 

(25 ml) containing PVA as an external phase. During 

this process, the mixture was homogenized using a high 

speed homogenizer (IKA® Digital T18 ULTA 

TURRAX®, Germany), at the various agitation speeds 

of 10,000, 12,000 and 14,000 rpm and kept on iced-

water bath. The formed oil-in-water (O/W) emulsion 

was gently stirred at room temperature for 24 h to 

evaporate the organic solvents. The nanosuspensions 

were then centrifuged at 14,000 rpm, 20◦C for 20 min. 

Supernatants from previous step were undergone for a 

further centrifugation to ensure for obtaining all the 

dispersed nanoparticles. The collected nanoparticles 

were washed 3 times with distilled water using 

previously described centrifugation approach and then 

lyophilized using lyophilizer (Labtro Freeze Dryer) 

[19].
  

 

Table-1: Formulation of Nanoparticles
 

Sr. 

No 

Batch 

(F1-F9) 

Drug (QCT) 

mg 

Polymer 

(mg) 

PVA 

(%) 

Speed of homogenizer 

(rpm) 

Addition of solution 

(ml/min) 

1 F1 25 75 0.5 14000 1 

2 F2 25 25 1 12000 1 

3 F3 25 75 1 10000 1.5 

4 F4 25 25 1.5 14000 1.5 

5 F5 25 25 0.5 10000 0.5 

6 F6 25 50 1.5 10000 1 

7 F7 25 75 1.5 12000 0.5 

8 F8 25 50 1 14000 0.5 

9 F9 25 50 0.5 12000 1.5 

 

Physicochemical Characterization 

Particle Size and Zeta Potential 

The particle size and zeta potential analysis of 

optimized NPs formulation was carried out using 

dynamic light scattering method. The nanosuspension 

of nanoparticles was examined using a particle size 

analyzer. The equipment was sensitive in the range of 1 

nm to 10 µm, and flexibility of positioning the sample 

to optimize the count rate using the associated software. 

A nano particle analyzer equipped with dynamic light 

scattering was used to measure zeta potential of the 

QCT-NPs formulation. Cell temperature was 25˚C with 

a detection angle of 90˚. All measurements were 

performed in triplicate. The measurements were 

conducted at room temperature within the equipment 

sensitivity range of -200 to +200 mV.  

 

Scanning Electron Microscopy (SEM) 

Approximately 5µg/ml nanosuspension of NPs 

was transferred to a cover slip, which in turn was 

mounted on a specimen tab. The samples were allowed 

to dry at room temperature. The particle size of the 

formulation was viewed and photographed using 

Scanning Electron Microscope. The particles were 

coated with platinum by using vacuum evaporator and 

thus, the coated samples were viewed and photographed 

in JEOL JSM-6701F Field Emission SEM.s 

 

Percent encapsulation efficiency and (%EE) percent 

drug-loading (%DL)  

An accurately weight amount of QCT NPs was 

added to 2 ml acetonitrile and then carefully transferred 

to centrifugation tube. The QCT NPs in the form of 

pellets were separated from the solution by 

ultracentrifugation at 15,000 rpm at 4˚ C for 40 min. 

The supernatant (1ml) was carefully decanted and make 

the volume up to 10 ml and analyzed by UV 

spectrophotometer (Model: V-630, JASCO 

International Co. Ltd., Tokyo Japan) [20]. The %EE 

and % DL was calculated using equation as given 

below [21], 
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Fourier Transform Infrared Spectroscopy (FTIR) 

Pure quercetin, eudragit® RS 100, the physical 

mixture of quercetin and Eudragit® RS 100 and the 

optimized NPs formulation were further chemically 

characterized and compared using FTIR spectroscopy. 

The samples were tested using FTIR 

spectrophotometer. Sample preparation involved 

preparing potassium bromide (KBr) pellets containing ~ 

2mg air dried samples. Thin transparent discs of KBr 

were compressed on a Mini Hand Press at a pressure of 

10 ton/Nm
2
, individual samples discs were scanned 

within a wavelength ranging from 4000 to 400 cm
-1

, 

with a scan resolution of 4 cm
-1

 the obtained spectra 

were analyzed by the software associated with the 

instrument. 

 

Powder X-ray Diffraction Studies (P-XRD) 

The comparative crystalline nature of Pure 

quercetin, eudragit® RS 100, the physical mixture of 

quercetin and Eudragit® RS 100 and the optimized NPs 

formulation were studied using a PXRD on a x-ray 

diffractometer equipped with Braggs-Brentano 

geometry (θ/2θ) optical setup. The method reported 

previously was used to analyze the samples. 

 

Aqueous Solubility Study of QCT, Optimized QCT 

NPs Physical Mixture (QCT and Eudragit RS 100) 

Solubility analysis of QCT, Physical mixture 

(QCT and Eudragit RS 100) and prepared QCT NPs in 

water was carried out by a method previously described 

in the literature
 [21]

 .Briefly the suspension of samples 

was prepared by adding an excess amount of QCT, 

Physical mixture (QCT and Eudragit RS 100) and 

prepared QCT NPs formulation in screw cap glass vials 

containing 10 ml of distilled water. Prepared suspension 

in vials was then agitated on rotary shaker (Model: RS- 

24 BL, REMI Laboratory Instruments, Remi House, 

Mumbai, India) at 37˚C for a period of 24 hours. After 

agitation solution was then centrifuge at 10000 rpm for 

20 minutes and filtered via membrane filter (0.45µm). 

The filtrate was collected, withdrawn 1 ml aliquots, 

diluted to 10 ml with distilled water and assayed the 

resulting solution for the estimation of QCT at 389 nm 

using UV spectrophotometer (Model: V-630, JASCO 

International Co., Ltd., Tokyo, Japan). 

 

Functional Characterization 

In-Vitro Dissolution Study 

The comparative in vitro release performance 

of QCT and prepared QCT NPs were carried out using 

dialysis method reported earlier [22, 23]. A dialysis 

membrane (LA393-5MT, dialysis membrane -70, 

average flat width 29.31 mm, average diameter 17.5 

mm and capacity 2.41 ml/cm; HIMEDIA Laboratories, 

Mumbai, India), which used to prepare dialysis bags for 

the samples. The QCT as well as prepared 

nanoparticles, (all containing 2 mg QCT) were added to 

the dialysis bag and tied the tied membrane bag was 

suspended into a beaker containing phosphate buffer 

saline p
H
 7.4 with 0.1% Tween 80. The contents of the 

beakers were stirred at 50 rpm using magnetic stirrer at 

37
˚
C. At predetermined time intervals, 5 ml sample was 

withdrawn from the dissolution medium and replaced 

with an equivalent amount of release media. The drug 

concentrations from the aliquots were analyzed using 

UV spectrophotometer (Model: V-630, JASCO 

International Co. Ltd., Tokyo, Japan) at 370 nm. The 

amount of drug released was calculated using a 

calibration curve of QCT in phosphate buffer at pH 7.4. 

The cumulative amount of the released QCT was 

calculated considering the replaced volume of the 

dissolution medium and the cumulative percentage of 

the released QCT was plotted versus time. 

 

In-Vitro Diffusion Study  

An in vitro drug release test of the 

nanoparticles was performed using Franz diffusion cells 

with dialysis membrane. A dialysis membrane (LA393-

5MT, dialysis membrane -70, average flat width 29.31 

mm, average diameter 17.5 mm and capacity 2.41 

ml/cm; HIMEDIA Laboratories, Mumbai, India), which 

used as a diffusion barrier. The donor compartment 

contained a pure QCT (25mg) and prepared QCT NPs 

(equivalent to 25 mg of QCT) while the receptor 

compartment was filled with 22 ml phosphate buffer 

solution (pH 6.6, 22ml) that was within the pH range in 

the nasal cavity. The donor chamber was placed in such 

a way that it just touched the diffusion medium in the 

receptor chamber. The temperature was maintained 

constant at 37±1°C using magnetic stirrer (50 rpm). At 

predetermined time intervals, Samples (1ml) were 

periodically withdrawn from the receptor compartment, 

replaced with the same amount of fresh pre-warmed 

buffer solution, and assayed using a UV 

spectrophotometer (Model: V-630, JASCO 

International Co. Ltd., Tokyo, Japan) at 370 nm for 

QCT. After suitable dilutions and the concentrations of 

QCT were calculated using calibration curves [24]. 

 

Ex- vivo Drug permeation study 

The permeation efficiency of pure QCT and 

QCT from prepared QCT NPs across biological 

membrane was studied using Franz diffusion cells. 

Briefly, freshly cut nasal mucosa was obtained from a 

local slaughterhouse, cleaned and rinsed with simulated 

nasal electrolyte solution. After rinsing the membrane 
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was placed on the Franz diffusion cell apparatus with 

mucosal surface towards donor compartment and the 

serosal surface towards the receptor compartment. The 

receptor compartment was filled with phosphate buffer 

(pH 6.6, 22ml) maintained at 37˚C, with continuous 

stirring (50 rpm). The pure QCT (25mg) and the 

prepared formulation i.e. QCT NPs (containing 

equivalent to 25 mg QCT) was loaded onto the mucosal 

surface of the mucosal tissue (donor compartment). As 

per predetermined time intervals, samples (1ml) were 

periodically withdrawn from the receptor compartment, 

replaced with the same amount of fresh pre-warmed 

buffer solution, and assayed using a UV 

spectrophotometer (Model: V-630, JASCO 

International Co. Ltd., Tokyo, Japan) at 370 nm for 

QCT. After suitable dilutions and the concentrations of 

QCT were calculated using calibration curve [24, 25]. 

 

 

 

In Vitro Mucoadhesion Study 

The mucoadhesion behavior of the prepared 

QCT NPs was evaluated on goat nasal mucosa using a 

method “Falling liquid film technique”. Freshly, cut 

nasal mucosa was obtained from a local slaughterhouse, 

cleaned and rinsed with simulated nasal electrolyte 

solution. A 5 cm long strip of goat nasal mucosa was 

mounted on a polyethylene plate, placed an angle of 

45˚. Accurately weighed QCT NPs formulation 

(containing 25 mg of QCT) was carefully sprinkled on 

the tissue. Phosphate buffer (pH 6.6, preheated at 37 ˚C) 

was peristaltically pumped over the mucosa at a rate of 

5 ml/min for a period of 1 hour. After 1 hour, the 

mucosal perfusate containing non-adhered nanoparticles 

was collected, diluted suitably, and the absorbance of 

the resulting solution was analyzed using UV 

spectrophotometer (Model: V-630, JASCO 

International Co. Ltd., Tokyo, Japan) at 370 nm for 

QCT [24, 25]. The mucoadhesive potential was 

calculated by following formula, 

 

 
 

Histopathological Study 

Histopathological studies were carried out to 

investigate any adverse anatomical or structural 

influences of the prepared QCT NPs on the nasal 

mucosa. Freshly cut goat nasal mucosa was obtained 

from local-slaughterhouse, cleaned and rinsed with 

Simulated Nasal Electrolyte Solution (SNES). After 

thorough rinsing, the tissue was cut into two equal 

parts. One part of nasal mucosa was treated with QCT 

NPs (containing ~25 mg QCT) and the other part of 

nasal mucosa treated with Phosphate buffer (pH 6.6) 

and considered as control. After treatments, the tissue 

was stored at ambient temperature (25˚C) for a period 

of 1 hour. After 1 hour, both the QCT NPs and 

phosphate buffer treated (control) tissues were 

preserved in neutral buffered formalin solution (10% 

v/v) until additional processing, The tissue was then 

sectioned, and stained with hematoxylin-eosin reagent. 

The stained images were observed with an optical 

microscope (Model: DM 1802) and there images were 

captured to detect any damages to the tissue [22, 23]. 

 

RESULTS AND DISCUSSIONS 
Particle size and zeta potential 

The particle size and zeta are valuable 

predictors of effective distribution and physical stability 

of nanoparticles. According to Gioia et al., 2015 the 

particle size (100-300 nm), indicating a narrow size 

distribution [26]. Such particle sizes and narrow size 

distributions were considered favorable for intranasal 

administration. In the present study the formulation 

prepared by single emulsion technique displayed 

particle size at about 297.8 ± 0.67 nm with 

polydispersity index (PDI) i.e. 0.41 ± 0.09 for 

optimized QCT NPs (batch F8) is appropriate for nasal 

drug delivery. The low PDI indicates narrow range of 

particle size distribution. 

 

Zeta potential (ζ) an important tool used for 

determination of stability and surface charges on the 

particles. The zeta potential value in the range of -30 

mV to +30 mV indicates ideal physical stability of the 

nanocarriers. The zeta potential value for optimized 

QCT NPs (F8 batch) -11.0 ± 0.34 mV which is found 

within the desired range as above mentioned. Therefore, 

the obtained mean particle size, lower PDI and suitable 

zeta potential value demonstrates the suitability of 

optimized QCT NPs formulation for intranasal 

administration accompanied with an excellent physical 

stability. 

 

 
Fig-1: Particle size of optimized QCT NPs 
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Fig-2: Zeta potential of optimized QCT NPs 

 

Scanning electron microscopy (SEM)  

Pure QCT, as shown in Figure-3, formed 

cuboidal particles with a wide range from several to 

dozens of micron. Eudragit® RS 100 as shown in 

Figure-4, appeared as amorphous particles as they are 

spherical in shape. Surface morphology of QCT NPs as 

examined by scanning electron microscopy was 

illustrated in Figure-5. The QCT NPs was made up of 

Quercetin and Eudragit® RS 100 appeared as 

amorphous particles. When at 7000X magnifications, it 

could be seen that the presence of spherical shape of 

QCT NPs with a relative smooth surface for the 

resultant nanoparticle.  

 

 
Fig-3: The scanning electron microscope images of Quercetin 

 

 
Fig-4: The scanning electron microscope image of Eudragit® RS 

100 

 
Fig-5: The scanning electron microscope images of Optimized 

QCT NPs 

 

Fourier transform infrared spectroscopy (FT-IR)  

The spectra obtained from the FTIR analysis 

of pure quercetin, Eudragit® RS 100, physical mixture 

of QCT and eudragit® RS 100 and QCT and QCT NPs 

formulation are shown in Figure 6 to 9. Pure quercetin 

revealed characteristic absorption bands at 3391.91 cm-

1 and 3257.7 cm-1 (related to phenolic O-H stretching) 

(Figure 17). Other minor absorption bands observed for 

quercetin included the ones at 1658.7 cm-1 and 1602.8 

cm-1 (C=O stretching), 1520.8 cm-1 (aromatic 

stretching), 1446.2 cm-1 and 1379.1 cm-1 (C-H 

stretching), and 1315.8 cm-1 and 1162.9 cm-1 (C-O-C 

stretching). The Eudragit® RS 100 spectrum showed 

the peak at 3418.0 cm-1 (O-H stretching), 1725.8 cm-1 

(C=O stretching), 11480 cm-1 (strong C-O stretching) 

and 838.7 cm-1 (strong C-Cl stretching) (Figure 18). 

The physical mixture of quercetin and Eudragit® RS 

100 exhibited absorption bands associated with both 

compounds i.e., at 1725.8 cm-1, 1610.2 cm-1, 1166.7 

cm-1, 1198.8 cm-1, 1013.8cm-1, 1319.5 cm-1, 1561.5 

cm-1, and 1662.67 cm-1. The FTIR spectrum of QCT 

NPs formulation is shown in Figure 20. Major 

absorption bands were observed at 823.5 cm-1, 1192.7 

cm-1, 1725.8 cm-1, 1166.8cm-1, 1319.5cm-1, 1298.47 

cm-1, 1539.4 cm-1, and 1666.1 cm-1. This spectrum 

revealed some peaks that were unique to QCT NPs 

formulation, and some that were associated with either 

the pure components or the physical mixture of the 

components. The peaks associated with the pure 

components or the physical mixture was observed to be 

slightly shifted, possibly due to the weak intermolecular 

interactions between the two molecules during the 

formation of the nanoparticles. 
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Fig-6: FTIR spectra of pure Quercetin 

 

 
Fig-7: FTIR spectra of Eudragit RS 100 

 

 
Fig-8: FTIR spectra of physical mixture (QCT and Eudragit® RS 

100) 

 

 
Fig-9: FTIR spectra of QCT NPs 

 

X-Ray Powder Diffraction (X-RPD) 

The comparative structural characteristics of 

pure quercetin, eudragit® RS 100, physical mixture of 

QCT and eudragit® RS 100, and QCT NPs, as 

determined by PXRD analysis are shown in the form of 

X-ray diffractograms in the Figure 10 to 13. Figure 10 

shows the diffractogram of pure quercetin. Quercetin 

exhibited five sharp peaks of high intensity at 11°, 

12.5°, 16°, 24°, and 27° 2θ, attributable to the 

crystalline nature of quercetin. The diffraction pattern 

of eudragit® RS 100, revealed one peak 13.97° 2θ, 

indicating the partial-amorphous nature of the 

compound. The physical mixture of quercetin and 

eudragit® RS 100 showed a blend of peaks with 

varying intensities at 10.89°, 12.52°, 15.95°, 24.09° and 

27.50° and 2θ. The low intensity peaks were similar to 

those observed with pure quercetin; whereas, the single 

broad peak can be assigned to the eudragit® RS 100 

molecule. The decreased intensity of quercetin peaks in 

the physical mixture has been reported to be caused by 

the lower amount of quercetin in mixture, interference 

by eudragit® RS 100 molecule. Finally, the 

diffractogram of QCT NPs exhibited two peak at 2θ= 

12.51, 27.53°. Moreover, it is possible that the 

diffraction peaks observed are due to any crystalline 

components remaining in the prepared complex. It is 

assumed that, in the prepared QCT NPs, quercetin is 

molecularly dispersed within the polymeric matrix 

resulting in a change in the crystalline nature of 

quercetin. Not-surprisingly, the intense crystalline 

peaks of quercetin is thus expected to be suppressed.  

 

 
Fig-10: P-XRD pattern of Pure QCT 

 

 
Fig-11: P-XRD pattern of Eudragit RS 100 
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Fig-12: P-XRD pattern of PM of QCT and Eudragit® RS 100 

 

 
Fig-13: P-XRD pattern of QCT NPs 

 

Solubility study of QCT, optimized nanoparticles 

and physical mixture (QCT and eudragit® RS 100) 

The results of the measured solubility of the 

pure QCT, PM and QCT NPs in water are shown in 

Table-2. Pure QCT was observed to have poor aqueous 

solubility (2.55 ± 0.76 µg/ml), and the physical mixture 

(PM) revealed significant increase in the aqueous 

solubility compared to that of pure QCT (2.55 ± 0.76 

µg/ml). Though the optimized (F8) QCT NPs 

formulation (based on highest entrapment efficiency 

and drug loading) exhibited a significant elevated 

aqueous solubility (61.27 ± 0.89 µg/ml) in the aqueous 

solubility compared to that of pure QCT (2.55 ± 0.76 

µg/ml) and physical mixture. Partial amorphization 

(reduced molecular crystallinity) of QCT, and the 

overall nature of surface modified nanoparticles showed 

increase in aqueous solubility. The solubility of pure 

QCT, PM and QCT NPs performed in distilled water at 

25˚C. The results indicated that the solubility of QCT 

NPs in distilled water was improved (~24 fold) in 

comparison to pure QCT. And the solubility of physical 

mixture in distilled water was improved (~11.26) in 

comparison to pure QCT 

Table-2: Solubility study of QCT, optimized Nanoparticles and physical mixture (QCT and Eudragit® RS 100) 

Sr. No Samples Solubility in distilled water 

µg/ml ± SD 

1 Pure Quercetin 2.55 ± 0.76 µg/ml 

2 PM of QCT and Eudragit® RS 100 28.73± 0.45 µg/ml 

3 QCT NPs 61.27 ± 0.89 µg/ml 

 

Estimation of entrapment efficiency and drug 

loading 

Results of QCT in prepared QCT NPs 

formulations are shown in Table-3. The entrapment 

efficiency and drug loading of QCT in all prepared 

QCT NPs formulations i.e. F1 to F9, was found to be in 

the range 65.32 to 97.26 % w/w and 11.70 to 42.13 % 

w/w respectively. However, the F8 batch (nanoparticles 

prepared with the agitation speed of 14,000 rpm, 1:2 

drug: polymer ratio, 1% w/v PVA concentration, and 

the 0.5 ml/min solution addition speed) exhibited 

highest entrapment efficiency (97.39 ± 0.71 % w/w) 

and drug loading (42.13 ± 1.28 % w/w), and thus 

selected as optimized formulations were preferred for 

further assessments due to their highest entrapment 

efficiency and drug loading. 

 

Table-3: Entrapment efficiency and Drug loading of bath F1 to F9 

Sr. No Formulation code Entrapment Efficiency (% w/w) Drug Loading (% w/w) 

1 F1 95.20 ± 0.89 35.39± 1.12 

2 F2 89.16 ± 1.23 22.28± 0.94 

3 F3 78.30 ± 2.39 19.46± 1.53 

4 F4 90.16 ± 1.68 34.99± 0.87 

5 F5 65.39 ± 0.45 11.70± 2.36 

6 F6 86.52 ± 1.79 24.21± 1.09 

7 F7 81.23 ± 1.54 22.65± 0.59 

8 F8 97.26 ± 0.71 42.13± 1.28 

9 F9 86.92 ± 0.67 24.30± 0.72 

 

In vitro dissolution studies 

The result of the comparative dissolution 

profiles of pure QCT and prepared QCT NPs 

formulations i.e. batch F1 to F9 in phosphate buffer 

saline (7.4) are shown in figure 6.25. The release 

profiles of QCT appeared up to 49.53 ± 1.25% at 12 

hrs. This lower amount of release in dissolution media 

could be due to poor aqueous solubility of QCT. 

Prepared QCT NPs formulations were showed an 

enhanced rate and extent of dissolution. QCT NPs 

formulations i.e. batch F1, F2, F3, F4, F5, F6, F7 and 

F9 demonstrated an enhanced dissolution rate as 

compared to pure QCT. Amongst these formulations 

Batch F8 showed an excellent release rate at about 
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75.57 ± 0.878% up to 12 hrs. Pure QCT has low 

aqueous solubility which is shown to improve by the 

Eudragit® RS 100; QCT is assumed to change from 

crystalline state to a partially amorphous state in the 

QCT NPs., which may extend the rate and extent of 

dissolution up to 12 hrs.; and change in the structural 

morphology of crystalline QCT improved solubility. 

 

Various kinetic models viz., zero order, first 

order, matrix, korsmeyer-peppas and Hixon crowell 

were explored to determine the model fit of the release 

profile of QCT NPs. Korsmeyer-Peppas model was 

found to be the best representative model for F8 batch, 

describing the dissolution of QCT NPs, based on the 

obtained value of the regression coefficient 

(R2=0.9997). Additionally, the release exponent value 

(n) was estimated to be 1.1385 thus indicating a non-

Fickian diffusion release. Hence QCT NPs was found to 

significantly enhance both the rate and extent of QCT 

release compared to pure QCT. 

 

 
Fig-14: The in vitro dissolution profiles of QCT release from QCT suspension and QCT NPs formulation (batch F1 to F9). Values are mean ± 

Std. dev (n=3) 

 

In vitro diffusion studies 

The drug release characteristics of the 

formulation were studied in In vitro conditions by using 

semipermeable membrane in PBS pH 6.6. The release 

profiles of QCT appeared up to 39.49 ± 0.8897% at 12 

hrs. QCT NPs has shown release of 51.47 ± 0.7929% at 

11 hrs; and 63.56 ± 0.3615% at 12 hrs. Thus, QCT NPs 

was found to significantly enhance both the rate and 

extent of QCT release compared to pure QCT. Various 

kinetic models viz., Zero order, First order, matrix, 

Korsmeyer-Peppas and Hixon-Crowell were explored 

to determine the model fit of the release profile of QCT 

NPs. Based on the obtained value of the regression 

coefficient (R=0.9573), Zero order kinetics model was 

found to be the best representative model describing the 

dissolution of QCT NPs. Additionally, the release 

exponent value (n) was estimated to be 0.8464, thus 

indicating a non-Fickian diffusion release. Hence QCT 

NPs was found to significantly enhance both the rate 

and extent of QCT release compared to pure QCT. 

 

 
Fig-15: The in vitro drug diffusion profile of QCT release from 

QCT suspension and QCT NPs formulation (F8 batch).Values are 

mean ± Std. dev (n=3) 

 

In vitro mucoadhesion studies  

The in vitro mucoadhesion study was executed 

to ensure the adhesion of formulation to the nasal 

mucosa for a prolonged period of time at the site of 

absorption. Result suggested that the QCT NPs had 

satisfactory mucoadhesion properties 73.45 ± 1.16 % 

and could adequately adhere on the goat nasal mucosa. 

The mucoadhesive property of formulation depends on 

the presence of functional groups favoring 

mucoadhesion by interaction with mucin and polymers 

rich in aforesaid functional groups which shows higher 

percentage of mucoadhesion. 

 

Ex-vivo permeation studies 

The pure drug and optimized formulation was 

further subjected to ex vivo permeation studies using 

the goat nasal mucosa in PBS pH 6.6. The formulation 

(QCT NPs) shows 67.79 ± 0.4796% of drug permeated 

in 12 hrs. Various kinetic models viz., zero order, first 

order, matrix, korsmeyer-peppas and Hixon crowell 

were explored to determine the model fit of the release 

profile of QCT NPs. The permeation profiles of QCT 

follow zero order kinetics model as it evident by 

correlation coefficients (R=0.9845). The release 

exponent value (n) was estimated to be 0.7955, thus 

indicating a non-fickian diffusion release. Hence, QCT 

NPs was found to be significantly enhanced both rate 

and the extent of QCT permeation through goat nasal 

mucosa compared to pure QCT. The results of drug 

permeation from QCT NPs through the goat nasal 

mucosa confirmed that QCT was released from 

formulation and permeated through the goat nasal 
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mucosa, hence could possibly permeate through the 

human skin. 

 

 
Fig-16: The ex vivo drug permeation study of QCT release from 

QCT suspension and QCT NPs formulation. Values are mean ± 

Std. dev (n=3) 

 

 
 

Histopathological studies of nasal mucosa 

It is necessary to examine histological changes 

in nasal mucosa caused by formulations, if it is to be 

considered for practical use. Histological studies 

showed control mucosa that is normal nasal mucosa 

stained with hematoxylin-eosin (Figure-17A) and the 

effect of formulation on goat nasal mucosa, 1 hour after 

applying the QCT NPS (Figure-17B). No change in 

mucosal structure was seen when treated with 

formulation as compared to the control. Ciliated 

respiratory epithelium and normal goblet cell were 

observed. This confirms that formulation does not cause 

any deleterious response and adverse effect on nasal 

mucosa. No severe signs of damage such as appearance 

of epithelial necrosis or sloughing of epithelial cells 

were detected on the integrity of nasal mucosa. The 

epithelium layer was intact and there were no 

alterations in basal membrane and superficial part of 

sub-mucosa as compared with PBS treated mucosa. 

Thus, in-situ gel formulations seem to be safe with 

respect to nasal administration. 

 
Fig-17: Light photomicrograph of the nasal mucosa [Untreated mucosa (A) and QCT NPs treated mucosa (B)] 

 

CONCLUSION 
The particle size, zeta potential and SEM 

showed the Nano form and amorphous nature of 

formulation. The physical-chemical characterization 

including FTIR and P-XRD of the prepared formulation 

supported the formation of nanoparticles, and indicated 

involvement of weak intermolecular interactions 

between quercetin and eudragit® RS 100. Optimized 

QCT NPs formulation showed extended release of QCT 

than pure QCT suspension. The in vitro diffusion study 

of QCT NPs formulation showed extended release of 

QCT than pure QCT until 12 hrs. The in vitro 

mucoadhesion study of NPs formulation showed 

satisfactory mucoadhesive property by adhering the 

formulation to goat nasal mucosa. The ex-vivo skin 

drug permeation study of optimized QCT NPs 

formulation (F8 batch) showed extended skin 

permeation of QCT than pure QCT until 12 hrs. The 

histopathology study of NPs formulation showed no 

structural change in epithelium i.e., no damage of 

mucosa found. Therefore, it can be concluded that the 

above NPs formulation has the potential for nose to 

brain drug delivery improved permeation profile for 

longer period of time and thereby increasing the 

patience compliance. 
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