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ABSTRACT 
Background 
This study aimed to develop a nanosponge-loaded intranasal in situ gel of Risperidone for improved brain targeting, 
enhanced bioavailability, and controlled drug release. 
Materials and Methods 
Risperidone nanosponges (RF1–RF13) were prepared using the quasi-emulsion solvent diffusion method and 
evaluated for drug content, entrapment efficiency, particle size, PDI, zeta potential, and in vitro release. The optimized 
nanosponge was incorporated into intranasal in situ gels (MR1–MR13) using poloxamer 407 and HPMC and assessed 
for physicochemical properties, mucoadhesion, drug content, and release kinetics. Pharmacokinetic studies were 
performed to determine absorption, distribution, and systemic persistence. 
Results 
RF1 showed the highest drug content (96.3%) and entrapment efficiency (94.23%) with particle size 152 nm, PDI 
0.172, and zeta potential −29.1 mV, releasing 96.86% of drug at 60 min following zero-order kinetics (R² = 0.9813). 
Among in situ gels, MR5 was optimized with pH 6.2, gel strength 60.07 s, gelling time 12.35 s, viscosity 14,890 cps, 
mucoadhesive strength 1365 dynes/cm², spreadability 16.11 gm•cm/sec, and drug content 98.47%, showing 98.18% 
drug release at 60 min (R² = 0.9983). TEM confirmed spherical nanoparticles (50–145 nm), and stability studies 
showed minimal changes over 3 months (drug content 98.39%, release 98.09%). Pharmacokinetics revealed rapid 
absorption with Cmax of 4.29 μg/mL (IV) and 3.49 μg/mL (nasal) at 2 h (Tmax), no absorption lag (Tlag = 0), long 
half-life (t1/2 ≈ 39–41 h), and mean residence time (MRT ≈ 58–60 h). Low volume of distribution (Vss ≈ 0.12–0.14 
L/kg) suggested drug remained largely in the vascular compartment, with limited sampling capturing <21% of total 
exposure, indicating extrapolated elimination. 
Conclusion 
The nanosponge-loaded intranasal in situ gel demonstrated excellent drug loading, stability, mucoadhesion, and 
controlled release. The optimized MR5 formulation combines favorable pharmacokinetics with effective brain 
targeting, offering a promising approach for enhanced CNS therapy and reduced systemic side effects. 
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1. Introduction 
Neurological and psychiatric disorders, including 
schizophrenia, bipolar disorder, and depression, pose 
a significant global health burden, with schizophrenia 
affecting millions worldwide. Conventional 
antipsychotic therapy, such as oral or parenteral 
Risperidone, is often limited by poor brain 
bioavailability due to the restrictive blood–brain 
barrier (BBB), extensive first-pass metabolism, and 
systemic side effects, including metabolic, 

cardiovascular, and extrapyramidal complications [1–
4]. The BBB, composed of tightly connected 
endothelial cells and active efflux transporters such as 
P-glycoprotein, selectively permits small and 
lipophilic molecules while blocking most drugs, 
creating a major challenge for CNS therapy [5–7]. 
Intranasal (IN) drug delivery has emerged as a 
promising non-invasive approach to bypass the BBB 
via olfactory and trigeminal pathways. This route 
allows direct brain targeting, rapid onset of action, 
reduced systemic toxicity, and improved patient 
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compliance. Drugs administered intranasally can 
reach the brain through intraneuronal transport, 
involving vesicular movement along axons, or 
extraneuronal transport, including paracellular 
diffusion through tight junctions and transcellular 
pathways. While the olfactory region allows direct 
CNS access, the respiratory region contributes 
indirectly through systemic absorption. However, IN 
delivery faces limitations such as mucociliary 
clearance, enzymatic degradation, limited residence 
time, and small dosing volumes (0.2–0.4 mL), which 
make conventional Risperidone formulations difficult 
to administer effectively [8–10]. 
Nanosponges, three-dimensional, porous, cross-linked 
polymeric carriers, represent a promising strategy for 
enhancing the delivery of poorly soluble drugs like 
Risperidone via the nasal route. These structures can 
encapsulate both hydrophilic and lipophilic drugs, 
improve solubility, protect the drug from enzymatic 
degradation, provide sustained release, and enhance 
pharmacokinetics. When combined with intranasal 
delivery, nanosponges can prolong residence time in 
the nasal cavity, improve mucosal permeability, and 
enable efficient brain targeting with reduced dose and 
systemic toxicity [11–13]. 
To further improve nasal retention and drug 
absorption, nanosponge formulations can be 
incorporated into in situ gel systems, which undergo 
sol-to-gel transition upon contact with nasal 
physiological conditions such as temperature, pH, or 
ionic strength. These nanosponge-loaded in situ nasal 
gels offer additional advantages, including prolonged 
residence time at the site of administration, reduced 
mucociliary clearance, enhanced mucoadhesion, and 
controlled drug release. The gel matrix acts as a depot 
system, allowing sustained release of Risperidone-
loaded nanosponges, thereby improving drug 
permeation through the nasal mucosa and enhancing 
brain targeting efficiency. Moreover, such systems 
provide ease of administration, improved stability, and 
better patient compliance, making them highly 
suitable for long-term management of CNS disorders. 
The present research focuses on the formulation and 
evaluation of nanosponge-based Risperidone 
incorporated into an in situ nasal gel for brain targeting 
via the intranasal route, aiming to improve CNS drug 
accumulation, minimize systemic adverse effects, and 
achieve rapid as well as sustained therapeutic action. 
This approach highlights the potential of combining 
nanotechnology with intranasal in situ gel systems to 
overcome the limitations of conventional Risperidone 
therapy and enhance therapeutic outcomes in 
schizophrenia and related psychiatric disorders [14–
16]. 
 

2. Materials and Methods 
2.1 Materials 
Risperidone was kindly gifted by Cipla Ltd., Vikhroli 
west, Mumbai, India. Ethyl cellulose (mg) and β-
cyclodextrin (mg) were procured from Merck Life 
Science Pvt. Ltd., Mumbai, India. Polyvinyl alcohol 
(%) was obtained from Loba Chemie Pvt. Ltd., 
Mumbai, India. Poloxamer 407, HPMC and 
benzalkonium chloride were procured from Merck 
Life Science Pvt. Ltd., Mumbai, India. Methanol and 
ethanol were purchased from Merck Life Science Pvt. 
Ltd., Mumbai, India. All chemicals and reagents were 
of analytical grade and used as received. 
 
2.2 Methods 
2.2.1 Method of preparation of Risperidone 

Nanosponge 
Nanosponge were prepared by quasi-emulsion solvent 
diffusion method using an external phase of distilled 
water and polyvinyl alcohol (PVA) and the internal 
phase consisted of the drug, β-cyclodextrin, and ethyl 
cellulose polymer dissolved in methanol, For 
preparing Nanosponge, the internal phase was 
prepared and added to the external phase at room 
temperature. Continuous stirring was maintained for 2 
hours during the emulsification process. Then the 
Nanosponges were separated by filtration. The product 
was washed and dried by vacuum oven at 40°C for 12 
hrs [17]. 
 
Table 1: DOE Suggested and experimental batches 

Form
ulati
on 
code 

Risp
erido
ne 
(mg) 

Eth
yl 
cell
ulo
se 
(m
g) 

Pol
yvi
nyl 
alco
hol 
(%) 

Β-
cyclo
dextr
in 
(mg) 

Sti
rri
ng 
spe
ed 
(rp
m) 

Met
han
ol 
(ml) 

RF1 10 450 0.75 20 150
0 

20 

RF2 10 600 1 20 150
0 

20 

RF3 10 600 0.75 20 200
0 

20 

RF4 10 600 0.75 20 100
0 

20 

RF5 10 450 0.5 20 100
0 

20 

RF6 10 450 0.75 20 200
0 

20 

RF7 10 600 0.5 20 150
0 

20 

RF8 10 300 1 20 150
0 

20 
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RF9 10 300 0.5 20 150
0 

20 

RF10 10 450 0.5 20 200
0 

20 

RF11 10 300 0.75 20 200
0 

20 

RF12 10 300 0.75 20 100
0 

20 

RF13 10 450 1 20 200
0 

20 

 
3. Evulation of  Risperidone nanosponges 
3.1 Drug content %) 
The drug content in the Nanosponge was determined 
by dissolving 10 mg of Nanosponge in 10 ml of 
Methanol. Absorbance of the solution was then 
measured spectrophotometric ally at 277 nm after 
filtration and appropriate dilution with Methanol and 
drug content in the Nanosponge was determine. [18] 
Drug Content was calculated as follows: 
𝐷𝑟𝑢𝑔 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 (%)

=
 Actual concentration of drug in the formulation

Theoretical concentration of drug
× 100 

 
3.2 Entrapment efficiency of Risperidone loaded 

nanosponge 
Accurately weighed nanosponge (10 mg) was 
dispersed in 10 mL methanol and shaken at 37 ± 0.5 
°C for 2 h. The dispersion was centrifuged at 15000 
rpm for 30 min, and the supernatant was filtered 
(Whatman No. 40). Drug content was analyzed at 277 
nm using a UV spectrophotometer, and % entrapment 
efficiency was calculated using the standard formula 
[19]. 

Entrapment efficiency(%)

=
𝐴𝑑𝑑𝑒𝑑 𝑑𝑟𝑢𝑔 − 𝐹𝑟𝑒𝑒 𝑑𝑟𝑢𝑔

𝐴𝑑𝑑𝑒𝑑
× 100 

3.3 Particle Size, PDI and Zeta potential (HORIBA 
SZ-100) 
The 10 mg Nanosponge formulation was taken and 
mixed with distilled water and sonication was kept for 
30 min. The analysis was performed at a temperature 
of 25 ℃. Same procedure repeated at zeta potential. 
[20] 
 
3.4 In vitro Dissolution study  
In vitro studies were carried out using a USP type II 
dissolution apparatus. The nanosponge powder was 
placed in 900ml of Phosphate buffer ph 6.4 at paddle 
speed of 50 rpm maintained at 37°C ± 0.5°C for 2 hrs. 
5 ml of Sample was taken at specific time intervals 10, 
20,30,40,50 and 60 min analyzed using UV 
spectrophotometer (Jasco v-630) at 277 nm. [21] 

 
3.5 FTIR spectroscopy   
The drug excipients compatibility study was 
performed by FTIR technique. The Optimized batches 
RF1 samples were scanned over wave number range 
of 500-4000 cm-1 with diffraction reflectance 
scanning technique [22]. 
 
3.6 Differential Scanning Calorimetry (DSC)  
Differential scanning calorimetric (DSC) 
measurements were carried out on a modulated DSC 
(Mettler Toledo, SW STARe, and USA). The 
Optimized batch RF1 were weighed (2-8mg), the 
aluminum pans were used and hermetically covered 
with lead. The heating rage was 50-250 °C for sample 
with constant increasing rate of temperature at 10°C 
/min under nitrogen atmosphere (50-60ml/min). The 
resultant thermograms of formulation was obtained. 
[23] 
 
3.7 Scanning Electron microscopy   
Scanning Electron microscopy (SEM) (Carl 
Zeiss, supra55, Germany) at the central 
instrumental facility (YCIS SATARA). 
Photographs of samples were taken by a 
different magnification power (200 x 
500x).electron microscopy is used to 
determine the morphology of fractured, 
surface topography, and texture. The 
surface morphology of optimized batches 
was determined. [24] 
 
3.8 X-ray Diffraction Study   
The data obtained from XRD was used to determine 
whether newly formed compounds are crystalline or 
amorphous, the following conditions were used for the 
measurement: target metals Cu, filter K, 40kV voltage, 
and 30 mA current. Optimized batch RF1 Samples 
were scanned over a two-degree range of 10–90°C 
with a 0.2° phase scale. [25] 
 
2.3 Drug containing nanosponge loaded nasal in 
setu gel 
In situ gels were prepared using the cold method.  A 
calculated amount of a mucoadhesive polymer 
(HPMC K4M) and Drug loaded nanosponges (mg) 
was dissolved in water. Poloxamer 407 was added 
slowly to the water with continuous stirring on a 
magnetic stirrer. The dispersion was then stored in a 
refrigerator until clear solution is obtained. [26, 27] 
 
Table 2: Experimental batches suggested by DOE 

For
mul
atio

Dru
g 
load

conc
entra
tion 

conc
entra
tion 

sti
rri
ng 

Benz
alkon
ium 

Dis
till
ed 
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n 
code 

ed 
nano
spon
ges 
(mg) 

of 
Polo
xame
r (% 
w/v) 

of 
HP
MC 

sp
ee
d 

chlor
ide 
(%) 

wa
ter 
(q.
s) 

MR1 480 17 0.8 10
00 

0.01 10
0 

MR2 480 18 0.6 10
00 

0.01 10
0 

MR3 480 16 0.6 15
00 

0.01 10
0 

MR4 480 17 0.4 10
00 

0.01 10
0 

MR5 480 18 0.8 12
50 

0.01 10
0 

MR6 480 17 0.6 12
50 

0.01 10
0 

MR7 480 16 0.8 12
50 

0.01 10
0 

MR8 480 17 0.4 15
00 

0.01 10
0 

MR9 480 18 0.6 15
00 

0.01 10
0 

MR1
0 

480 18 0.4 12
50 

0.01 10
0 

MR1
1 

480 17 0.8 15
00 

0.01 10
0 

MR1
2 

480 16 0.6 10
00 

0.01 10
0 

MR1
3 

480 16 0.4 12
50 

0.01 10
0 

 
4. Evaluation of drug containing nanosponge 
loaded nasal in situ gel 
4.1 Physical appearance 
4.2 Determination of pH 
One ml of the prepared gels was transferred to a 10 ml 
volumetric flask, and the solution was diluted with 
distilled water. The pH of resulting solution is 
determined using a digital pH meter (Contech), which 
was previously calibrated using phosphate buffers at 
pH 4 and pH 7.[28] 
 
4.3 Gel strength 
Sample (50 g) was placed in a 100 ml graduated 
cylinder. Gelation was carried out by placing the 
formulations in a thermostat at 37 °C. The strength of 
the gel was determined by measuring the time taken 
by a weight of 35 g to sink 5 cm in the gel.[29] 
 
4.4 Gelling time 
Gelling time was measured as the onset of gelation. 
For Tₛₒₗ–gₑₗ, 2 mL of formulation was placed in a 
10 mL test tube, equilibrated at each temperature in a 

37 °C water bath for 10 min, and observed horizontally 
for gel formation. [30]. 
 
4.5 Viscosity  
Viscosity of gel is determined using Brookfield 
viscometer (S-62, model LVDV-E) at 25 o C with a 
spindle speed of the viscometer rotated at 12 rpm.[31] 
 
4.6 Mucoadhesive strength  
Mucoadhesive force, the detachment stress of the 
formulation from nasal mucosa, was measured using a 
modified balance with sheep nasal mucosa (0.6 mm 
thick, 2.835 cm²). Gel (0.5 mL) was placed between 
mucosal membranes, and the minimum weight of 
water needed to break adhesion was recorded. 
Mucoadhesive strength (dynes/cm²) was calculated as: 
Mucoadhesive Strength (dynes/cm2) = mg/A 
where m is weight for detachment (g), g = 980 cm/s², 
and A is mucosal surface area (cm²). 
 
4.7 Spreadability 
For the determination of Spreadability excess of 
sample was applied in between two glass slides and 
was compressed to uniform thickness by placing 
1000g weight for 5 min. Weight (50 g) was added to 
the pan. The time in which the upper glass slide moves 
over to the lower plate is taken as measure of 
Spreadability. [32] 
S=ML/T  
Where, M= weight tide to upper slide, L= length 
moved on the glass slide, T= time taken. 
 
4.8 Drug content  
1ml of formulation was taken in 10ml volumetric 
flask, diluted using distilled water adjust to 10ml. 1ml 
quantity from this solution was again diluted with 
10ml of distilled water. Finally, the absorbance of 
prepared solution was measured at 277 nm against 
blank reagent using UV visible spectrophotometer 
(JASCO V-630). The concentration of the drug 
present in formulation was computed from the 
calibration curve using the equation: [33] 
 
4.9 Ex-vivo drug permeation study 
For in vitro diffusion study: Nasal mucosa and Franz 
diffusion cell was used for permeation study. Nasal 
mucosa was placed in between the donor and the 
receptor compartment. Gel containing drug was 
applied on surface of Nasal mucosa. It was in contact 
with receptor compartment containing 25mL of 
phosphate buffer pH 6.4. The cell was agitated by a 
magnetic stirrer at 50 rpm and maintained at 37∘C. 
Aliquots withdrawn at intervals till 6 hr and replaced 
with equal volume of fresh phosphate buffer pH 6.4. 
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Absorbance was measured at 277 nm using UV visible 
spectrophotometer (JASCO V-630) [34]. 
 
4.10 Transmission Electron Microscopy (TEM)  

(JEOL, 2200FS) 
The surface morphology of the optimized batch MR5 
was examined using Transmission Electron 
Microscopy (TEM). A few microliters of diluted in 
situ nasal gel were placed on a 300-mesh copper grid, 
air-dried, and stained with 2% phosphotungstic acid. 
Excess stain was removed, and images were captured 
using digital micrograph and Soft Imaging Viewer 
software [35]. 
 
4.11 Stability study  
According to ICH stability guidelines, the stability 
study was performed to assess the physical stability of 
the formulations. The study was conducted for a 
period of 3 months under long-term storage conditions 
of 25 ± 2 °C and 60 ± 5% relative humidity, as 
recommended by ICH. The formulations were 
evaluated at 30-day intervals, and at the end of 90 days 
they were assessed for pH, viscosity, and drug content 
to ensure stability and compliance with ICH 
requirements. [36] 
 
4.12 Pharmacokinetic study of Resperidone in 
rabbit plasma as per the ICH Guidelines 
Blood samples were collected from rabbits (n = 1 per 
group) following intravenous (3 mg/kg) and nasal 
(0.09 mg/kg) administration of Resperidone. At pre-
dose and 0.05, 1, 2, 4, 6, 8, and 12 h post-dose, 100 μL 
of blood was drawn into Na₂EDTA tubes, vortexed for 
10 min, and centrifuged at 4500 rpm at 20°C. The 
plasma supernatant was transferred to labelled tubes, 
evaporated at 40°C to dryness, reconstituted with 500 
μL acetonitrile, vortexed briefly, and transferred to 
vials for injection. 
 
 Linearity 
Standard solutions of Resperidone were prepared, and 
the total area under the curve (AUC) versus time was 
calculated using the linear trapezoidal rule. The data 
were then used to determine the regression equation 
and correlation coefficient (R²). 
 
 PK data analysis 
PkSolver Version2.0 pharmacokinetic software was 
used to analyze the plasma concentration of Nasal and 
IV administration of Resperidone API and 
Formulation using a noncompartmental model 
following oral administration in rat.  
Plasma concentration vs. time data of Nasal and IV 
administration of Resperidone API and Formulation 
was analysed by Pk solver version 2.0 to derive 

various pharmacokinetic parameters, viz., AUC0-t, 
AUC0-∞, Cmax, tmax and t½. 
 
5. Results and Discussion 

5.1 Drug content (%) and Entrapment efficiency 
(%) 
Table 3: Drug Content and Entrapment efficiency 
RF1- RF13 

Formulation 
code 

Drug Content 
(%) 

Entrapment 
efficiency (%) 

RF1 96.3±0.0008 94.23±0.001 
RF2 84.9±0.0006 80.14±0.003 
RF3 87.6±0.0003 84.57±0.015 
RF4 84.6±0.0005 80.14±0.006 
RF5 86.8±0.0004 83.47±0.008 
RF6 88.8±0.0009 85.29±0.014 
RF7 89.6±0.0008 86.78±0.096 
RF8 70.1±0.0006 61.21±0.025 
RF9 92.5±0.0016 89.42±0.015 
RF10 69.1±0.0013 64.55±0.069 
RF11 85.1±0.0017 82.17±0.004 
RF12 72.7±0.0003 65.45±0.098 
RF13 83.6±0.0005 80.25±0.008 

 
Conclusion 
Drug content and entrapment efficiency of RF1–RF13 
showed a similar trend, ranging from 69.1–96.3% and 
61.21–94.23%, respectively. RF1 exhibited the 
highest values for both parameters, indicating efficient 
drug loading and uniformity, while RF8, RF10, and 
RF12 showed comparatively lower values. Overall, 
RF1 was identified as the optimized formulation. 
ANOVA for Quadratic model 
Response 1: Drug content 
Drug Content 
=92.55+3.29A−6.44B+4.18C+4.43AB−2.35AC+13.3
6BC+1.19A2−9.47B2−11.24C2 



Formulation and Evaluation of Nanosponges containing Antipsychotic Drugs for Brain Targeting via Nasal Route 
 

IJDDT Volume 16 Issue 60s 2026 

  Page: 313   

 
A)                                                     B)                                                   
C) 

Figure 1A: Counter plot, Figure 2B: Predicted vs 
Actual plot, Figure 3C: 3D Surface plot 
ANOVA for Quadratic model 
Response 2: Entrapment efficiency 
Entrapment 
Efficiency=89.76+4.17A−8.26B+5.74C+5.39AB−3.0
7AC+15.66BC+0.7525A2−11.12B2−12.4 

 
A)                                                     B)                                                   
C) 

 
Figure 4A: Counter plot, Figure 5B: Predicted vs 
Actual plot, Figure 6C : 3D Surface plot 

 
5.2 Particle Size, PDI and Zeta potential  ( 

HORIBA SZ-100) 
 
Table 4: Particle Size, PDI and Zeta potential of 
RF1-RF13 

Formulation 
code 

Particle 
size (nm) 

PDI Zeta 
potential 
(mV) 

RF1 152.0 0.172 -29.1 
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RF2 167.0 0.308 -25.6 
RF3 175.2 0.338 -24.3 
RF4 193.1 0.364 -24.8 
RF5 179.5 0.292 -26.1 
RF6 184.5 0.419 -23.5 
RF7 170.8 0.332 -26.7 
RF8 195.2 0.405 -25.3 
RF9 179.3 0.322 -22.9 
RF10 181.0 0.407 -28.3 
RF11 186.0 0.341 -27.8 
RF12 187.5 0.373 -20.6 
RF13 169.6 0.372 -19.4 

 
Conclusion 
The particle size of formulations RF1–RF13 ranged 
from 152.0 to 195.2 nm, with RF1 showing the 
smallest size. PDI values indicated moderate to good 
uniformity, with RF1 exhibiting the lowest PDI 
(0.172), suggesting better homogeneity. Zeta potential 
values ranged from −19.4 to −29.1 mV, indicating 
good stability of the formulations. Overall, RF1 was 
identified as the optimized formulation due to its 
smaller particle size, low PDI, and high stability. 

 
Figure 7: Particle size and PDI of RF1         Figure 
8: Zeta potential of RF1 

 
5.3 In vitro Dissolution study  
 
Table 5: Drug Release Study of RF1-RF7 

Ti
me 
(M
in)  

RF
1 

RF
2 

RF
3 

RF
4 

RF
5 

RF
6 

RF
7 

0 0 0 0 0 0 0 0 

10 19.
83± 
0.0
003
8 

11.
54±
0.0
002 

18.
54±
0.0
002 

17.
01±
0.0
002 

11.
80±
0.0
002
5 

13.
67±
0.0
002
0 

9.1
8±0
.00
015 

20 25.
18±
0.0
003 

19.
43±
0.0
001
7 

34.
79±
0.0
001 

21.
01±
0.0
001
5 

19.
23±
0.0
001
5 

18.
29±
0.0
015 

17.
43±
0.0
002 

30 43.
74±
0.0
002 

37.
80±
0.0
001 

56.
39±
0.0
001
5 

37.
50±
0.0
001 

21.
27±
0.0
015 

29.
35±
0.0
035 

38.
12±
0.0
002
5 

40 70.
66±
0.0
001 

57.
22±
0.0
002 

68.
18±
0.0
001
5 

54.
34±
0.0
003 

49.
34±
0.0
051 

51.
84±
0.0
015 

51.
42±
0.0
043 

50 87.
36±
0.0
002
5 

81.
01±
0.0
002 

82.
02±
0.0
004 

78.
50±
0.0
015 

65.
96±
0.0
01 

78.
93±
0.0
015 

72.
02±
0.0
004 

60 96.
86±
0.0
002
5 

94.
02±
0.0
002 

92.
76±
0.0
004 

80.
92±
0.0
015 

83.
72±
0.0
015 

89.
67±
0.0
03 

81.
05±
0.0
015 

 
Table 6: Drug Release Study of RF8-RF13 

Tim
e 
(Mi
n) 

RF8 RF9 RF1
0 

RF1
1 

RF1
2 

RF1
3 

0 0 0 0 0 0 0 

10 16.8
3±0.
0003 

18.5
8±0.
002 

9.18
±0.0
0025 

8.70
±0.0
020 

16.6
3±0.
0002 

16.3
5±0.
0003
5 

20 19.1
4±0.
003 

29.4
2±0.
0003 

17.0
8±0.
0001
5 

16.0
8±0.
0025 

19.0
6±0.
0002
3 

26.7
3±0.
0002
5 
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30 29.5
6±0.
001 

41.6
0±0.
0025 

27.4
5±0.
0002
5 

39.6
8±0.
0002
5 

29.7
5±0.
0001 

45.6
8±0.
0002 

40 57.2
2±0.
0045 

70.5
2±0.
0015
3 

58.1
4±0.
002 

59.8
7±0.
0001 

47.7
6±0.
0004 

63.7
5±0.
0025 

50 72.5
4±0.
0015 

86.1
7±0.
0003 

70.8
7±0.
0002
5 

78.2
4±0.
0001
5 

74.6
8±0.
003 

80.1
3±0.
0035 

60 88.6
2±0.
0002
5 

92.4
5±0.
0001 

88.6
7±0.
0003 

92.8
3±0.
0004 

89.5
9±0.
0001 

95.2
1±0.
0002 

 

 
 
Figure 9: Drug Release Study of RF1-RF7     Figure 
10: Drug Release Study of RF8-RF13 
 
Conclusion 
All formulations exhibited a time-dependent increase 
in drug release. RF1 showed the highest and fastest 
release (96.86% at 60 min), followed closely by RF13 
and RF2, indicating efficient drug diffusion. In 
contrast, RF8 and RF10 showed comparatively slower 
release profiles. Overall, RF1 demonstrated superior 

drug release behavior and was considered the 
optimized formulation. 
ANOVA for 2FI model 
Response 3: Drug release 
Drug release 
(%)=89.62−1.84A+2.53B+3.37C+4.20AB+2.15AC+
0.4895BC 

 
A)                                                     B)                                                   
C) 

Figure 11A: Counter plot, Figure 12B: Predicted vs 
Actual plot, Figure 13C : 3D Surface plot 
Kinetic analysis of drug release 
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A)                                                     B)                                                   
C) 

Figure 14A: First order, Figure 15B: Second order, 
Figure 16C: Third order 
 
Conclusion 
The in vitro release data of RF1 best fit the zero-order 
model (R² = 0.9813), indicating a constant and 
controlled drug release over time. Lower R² values for 
first-order (0.7412) and Higuchi (0.878) models 

suggest that release was independent of drug 
concentration and diffusion-controlled mechanisms 
were less dominant. 
 
5.4 FTIR spectroscopy   

 
Figure 17: FTIR Spectrum of RF1 

 
Conclusion 
The FTIR spectrum of RF1 showed characteristic 
peaks for key functional groups: C=O stretching 
(1731.76 cm⁻¹), aliphatic C–H (2972.78 cm⁻¹), N–H 
bending (1541.81 cm⁻¹), aromatic C=C (1481.08–
1429.05 cm⁻¹), methyl C–H (1375.96 cm⁻¹), C–O 
stretching (1053.91 cm⁻¹), and aromatic C–H bending 
(918.82 & 872.17 cm⁻¹). These results confirm the 
presence of ester, aromatic, and amide groups, 
indicating successful formation of the RF1 
formulation. 
 
5.5 Differential Scanning Calorimetry (DSC)  

 
                      Figure 18: DSC 
thermogram of RF1 

 
Conclusion 
DSC of pure Risperidone showed a sharp peak at 172–
173°C (crystalline). RF1 displayed a peak at ~241°C 
with no new transitions, indicating thermal stability. 
Peak shifts with Ethyl Cellulose suggest partial 
amorphization, confirming drug–excipient 
compatibility and a stable formulation. 
5.6  
5.7 Scanning Electron microscopy   
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Figure 19: SEM of   RF1 

 
Conclusion – 
The SEM image of RF1 nanosponges 
shows a porous, sponge-like structure with 
irregular morphology and rough surfaces, 
confirming nanosponge formation. 
 
5.8 X-ray Diffraction Study   

 
Figure 20: X-ray Diffractogram of RF1 

 
Conclusion  
The X-ray Diffractogram of RF1 shows a broad halo 
peak without any sharp or intense crystalline 
reflections, which is a clear indication of its 
amorphous nature. The absence of distinct crystalline 
peaks suggests that the drug has been successfully 
converted from its crystalline form into an amorphous 
form during the formulation process. 
 
6. Results and Discussion of drug containing 

nanosponge loaded nasal in situ gel 
6.1 Physical appearance, pH, Gel Strength, 

Gelling Time 
Table 7: Physical appearance, pH, Gel 
Strength, Gelling Time 

Formulati
on Code 

Appearan
ce 

p
H 

Gel 
Strengt
h (s) 

Gellin
g 
Time 
(s) 

MR1 
Transpare
nt 

4.
5 

57.16 ± 
0.12 

11.17 
± 0.4 

MR2 
Transpare
nt 

5.
7 

51.08 ± 
0.18 

10.55 
± 0.2 

MR3 
Transpare
nt 

5.
6 

47.58 ± 
0.61 

4.56 ± 
0.3 

MR4 
Transpare
nt 

4.
7 

49.33 ± 
0.52 

8.23 ± 
0.4 

MR5 
Transpare
nt 

6.
2 

60.07 ± 
0.44 

12.35
± 0.7 

MR6 
Transpare
nt 

6.
8 

48.34 ± 
0.87 

9.31 ± 
0.6 

MR7 
Transpare
nt 

4.
9 

56.34 ± 
0.63 

9.34 ± 
0.8 

MR8 
Transpare
nt 

5.
1 

50.39 ± 
0.72 

8.81 ± 
0.4 

MR9 
Transpare
nt 

6.
4 

42.38 ± 
0.94 

7.18 ± 
0.9 

MR10 
Transpare
nt 

5.
8 

50.29 ± 
0.78 

9.22 ± 
0.4 

MR11 
Transpare
nt 

5.
5 

46.92 ± 
0.37 

10.19 
± 0.3 

MR12 
Transpare
nt 

5.
4 

53.88 ± 
0.25 

8.99 ± 
0.8 

MR13 
Transpare
nt 

4.
9 

57.11 ± 
0.19 

9.64 ± 
0.32 

 
Conclusion 
All formulations were transparent with pH ranging 
from 4.5 to 6.8, suitable for nasal administration. Gel 
strength varied between 42.38 and 60.07 s, with MR5 
showing the highest strength, indicating better gel 
integrity. Gelling time ranged from 4.56 to 12.35 s, 
where MR3 showed the fastest gelation. Overall, MR5 
demonstrated optimal properties with suitable pH, 
highest gel strength, and acceptable gelling time, 
making it the optimized formulation. 
ANOVA for Quadratic model 
Response 1: pH 
pH=6.80+0.4125A+0.0750B+0.2875C+0.1000AB+0.
1250AC+0.1500BC−0.2625A2−1.09B2−0.7625C2 
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A)                                                     B)                                                   
C) 

 
Figure 21A: Counter plot, Figure 22B: Predicted vs 
Actual plot, Figure 23C : 3D Surface plot 
 
6.2 Viscosity  
Table 8: Viscosity, Mucoadhesive Strength, 
Spreadability, Drug Content of MR1- MR13 

Formul
ation 
Code 

Visco
sity 
(cps) 

Mucoad
hesive 
Strength  
(dynes/c
m²) ± SD 

Spreada
bility 
(gm·cm/
sec) 
SD(±) 

Drug 
Cont
ent 
(%) 

MR1 9150 
1185 ± 
0.22 

9.25 92.45 
± 
0.23 

MR2 8210 
1210 ± 
0.18 

12.88 90.12 
± 
0.18 

MR3 14840 
1135 ± 
0.26 

13.14 88.56 
± 
0.21 

MR4 10125 
1258 ± 
0.35 

11.33 91.88 
± 
0.19 

MR5 14890 
1365 ± 
0.28 

16.11 98.47 
± 
0.25 

MR6 13230 
1280 ± 
0.31 

12.66 94.68 
± 
0.22 

MR7 13945 
1235 ± 
0.33 

10.69 89.35 
± 
0.20 

MR8 13680 
1198 ± 
0.29 

8.14 93.22 
± 
0.24 

MR9 13420 
1174 ± 
0.25 

11.25 95.18 
± 
0.21 

MR10 13265 
1205 ± 
0.21 

9.55 90.89 
± 
0.23 

MR11 13085 
1156 ± 
0.27 

11.09 87.75 
± 
0.18 

MR12 12870 
1182 ± 
0.19 

12.88 82.95 
± 
0.22 

MR13 12550 
1216 ± 
0.23 

14.25 81.67 
± 
0.20 

 
Conclusion 
All formulations exhibited acceptable viscosity, 
mucoadhesive strength, spreadability, and drug 
content, indicating suitability for nasal delivery. 
Among them, MR5 showed the highest viscosity 
(14890 cps), maximum mucoadhesive strength (1365 
dynes/cm²), highest spreadability (16.11 gm·cm/sec), 
and maximum drug content (98.47%), suggesting 
superior formulation characteristics. Overall, MR5 
was identified as the optimized in situ gel formulation 
with enhanced nasal retention, drug loading, and 
performance for effective brain targeting. 
ANOVA for Linear model 
Response 2: Viscosity 
Viscosity=12558.46−552.50A+181.25B+1833.75C 
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A)                                                     B)                                                   
C) 

 
Figure 24A: Counter plot, Figure 25B: Predicted vs 
Actual plot, Figure 26C : 3D Surface plot 
ANOVA for Linear model 
Response 3: Drug Content 
Drug Content=90.55+4.02A+1.29B+0.9138C 

 
A)                                                     B)                                                   
C) 

Figure 27A: Counter plot, Figure 28B: Predicted vs 
Actual plot, Figure 29C : 3D Surface plot 
 
6.3 In Vitro Drug Release Study  
 
Table 9: Drug release of MR1- MR7 

Ti
me 
(mi
n) 

M
R1 

MR
2 

M
R3 

M
R4 

M
R5 

M
R6 

MR
7 

0 0 0 0 0 0 0 0 

10 13.
91±
0.0
12 

7.6
6±0
.61
4 

14.
37±
0.3
78 

14.
40±
0.0
01 

13.
41±
0.9
6 

13.
41±
0.0
5 

17.
55±
0.0
06 

20 34.
58±

25.
52±

26.
08±

29.
75±

33.
01±

20.
22±

34.
96±
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0.0
25 

0.0
035 

0.0
06 

0.4
29 

0.0
47 

0.0
17 

0.0
248 

30 49.
66±
0.0
09 

33.
22±
0.0
217 

44.
13±
0.0
19 

41.
70±
0.2
85 

47.
31±
0.0
03 

29.
42±
0.0
63 

48.
51±
0.0
02 

40 68.
68±
0.1
24 

48.
46±
0.0
096 

60.
39±
0.0
22 

50.
31±
0.0
09 

67.
22±
0.0
24 

44.
27±
0.0
01 

55.
76±
0.0
83 

50 80.
76±
0.6
54 

65.
24±
0.0
89 

77.
99±
0.7
49 

66.
21±
0.0
02 

83.
41±
0.8
92 

68.
43±
0.0
82 

63.
15±
0.0
49 

60 95.
27±
0.0
01 

91.
64±
0.0
05 

87.
85±
0.0
05 

91.
19±
0.0
19 

98.
18±
0.0
01 

91.
32±
0.0
98 

90.
67±
0.0
57 

 
Table 10: Drug release of MR8- MR13 

Tim
e 
(mi
n) 

MR
8 

MR
9 

MR
10 

MR
11 

MR
12 

MR
13 

0 0 0 0 0 0 0 

10 12.5
6±0.
042 

15.5
9±0.
006 

16.1
3±0.
004 

22.2
2±0.
283 

18.5
6±0.
064 

19.2
6±0.
049 

20 25.8
0±0.
039 

37.6
9±0.
028 

28.9
2±0.
825 

30.9
1±0.
004 

37.3
5±0.
581 

42.8
9±0.
005 

30 35.9
2±0.
078 

52.6
7±0.
013 

41.6
9±0.
0372 

46.2
7±0.
069 

51.5
6±0.
824 

59.7
7±0.
096 

40 41.4
9±0.
009 

63.8
5±0.
095 

52.2
4±0.
0914 

63.3
3±0.
007 

64.6
0±0.
002 

79.6
5±0.
028 

50 59.4
7±0.
052 

76.1
0±0.
027 

70.5
2±0.
863 

80.2
4±0.
026 

83.3
9±0.
049 

88.0
8±0.
001 

60 93.1
8±0.
002 

91.0
8±0.
036 

91.3
1±0.
007 

94.7
5±0.
0012 

93.7
7±0.
037 

96.9
8±0.
057 

 

 
Figure 30: Drug release of MR1- MR1     Figure 31: 
Drug release of MR8- MR13 
 
Conclusion 
All formulations (MR1–MR13) exhibited a gradual 
and sustained drug release pattern over 60 minutes. 
Among them, MR5 showed the highest drug release 
(98.18%), indicating superior release characteristics 
and effective formulation performance. Most 
formulations achieved more than 90% drug release at 
60 minutes, confirming efficient drug diffusion and 
suitability for intranasal delivery. Overall, MR5 was 
identified as the optimized formulation with maximum 
and controlled drug release. 
Kinetic analysis of drug release 
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Figure 32: Zero order    Figure 33: First order   
Figure 34: Higuchi model 
 
Conclusion 
The drug release from formulation MR5 followed 
zero-order kinetics (R² = 0.9983), indicating a constant 
and controlled release profile, with diffusion also 
contributing as per the Higuchi model. 
6.4 Transmission Electron Microscopy (TEM)  

(JEOL, 2200FS) 

 
Figure 35: TEM of optimized batch (MR5) 

 
Conclusion 
The TEM analysis of optimized batch MR5 showed 
well-defined, spherical nanoparticles with smooth 
morphology and uniform distribution. Particle sizes 
ranged from ~50.4 to 145.2 nm, confirming nanoscale 
formation. The absence of aggregation indicated good 
stability and proper dispersion, validating the 
effectiveness of the formulation. 
 
6.5 Stability study  

Table 11: Stability study of optimized 
batch MR5 

Param
eter 

Initial 1 2 3 

Viscos
ity (%) 

14890 14888 14884 14881 

Drug 
content 
(%) 

98.47 ± 
0.25 

98.45 ± 
0.004 

98.41 ± 
0.081 

98.39 ± 
0.65 

Drug 
release 
(%) 

98.18±
0.001 

98.15±
0.012 

98.12±
0.025 

98.09±
0.009 

 
Conclusion: 
The stability study of optimized batch MR5 showed 
negligible changes in viscosity (14890 to 14881 cps), 
drug content (98.47% to 98.39%), and drug release 
(98.18% to 98.09%) over 3 months, indicating good 
stability and consistency of the formulation under 
storage conditions. 
 
6.6 Pharmacokinetic study of Resperidone in 
rabbit plasma as per the ICH Guidelines 
 Linearity 
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                          (a)                                    (b) 
Figure 36: Linearity graph of Resperidone (b), 
Figure 37:  HPLC chromatogram – Linearity 
 PK data analysis 
 
Table 12: Summary Table- Input Variable- 
Resperidone Nasal 

TIME IN 
Hrs AUC Conc. 

Plasma Drug 
Conc. 

0 
7239 

26185
3 3.426318957 

0.5 
9176 

26379
0 3.451664399 

1 
6909 

26152
3 3.422000942 

2 
4556 

25917
0 3.391212185 

4 
3827 

25844
1 3.381673296 

6 
5655 

26026
9 3.405592484 

8 
7516 

26213
0 3.429943473 

12 
1209
8 

26671
2 3.489898461 

 

Table 13: Summary Table- Output (Resperidone 
Nasal) 

Tim
e 

Conc ln(C) AUC AUMC 

0 3.42631
9 

1.23148
65 

0 0 

0.5 3.45166
44 

1.23885
65 

1.71949
58 

0.43145
8 

1 3.42200
09 

1.23022
55 

3.43791
22 

1.71841
63 

2 3.39121
22 

1.22118
74 

6.84451
87 

6.82062
9 

4 3.38167
33 

1.21837
06 

13.6174
04 

27.1297
47 

6 3.40559
25 

1.22541
89 

20.4046
7 

61.0899
95 

8 3.42994
35 

1.23254
38 

27.2402
06 

108.963
1 

12 3.48989
85 

1.24987
26 

41.0798
9 

247.599
76 

 
Table 14: Calculation Results (Resperidone Nasal)  

Parameter Unit Value 
t1/2 h 39.1454111 
Tmax h 2 
Cmax μg/ml 3.489898461 
Tlag h 0 
Clast_obs/Cmax  1 
AUC 0-t μg/ml*h 41.07988983 
MRT 0-inf_obs h 58.5478545 

 

 
Figure 38: Time in (min) Vs Concentration 

(µg/ml) [Resperidone Nasal] 
 
Conclusion  
Non-compartmental analysis showed that Resperidone 
reached a peak concentration (Cmax) of 3.49 μg/mL at 
2 h (Tmax), with no absorption lag (Tlag = 0). The 
drug exhibited a long half-life (t1/2 ≈ 39.15 h) and a 
mean residence time (MRT0–inf) of 58.55 h. Limited 
sampling near Tmax resulted in a relatively low 
AUC0–t (41.08 μg·h/mL), indicating that the 
elimination phase was not fully captured. 
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Table 15: Summary Table- Input Variable- 
Resperidone IV 

TIME IN 
Hrs AUC Conc. 

Plasma Drug 
Conc. 

0 
1296
7 

26758
1 3.501269235 

0.5 
2167
6 

27629
0 3.615225584 

1 
2320
7 

27782
1 3.635258558 

2 
7291
9 

32753
3 4.285734848 

4 
5669 

26028
3 3.405775673 

6 
6990 

26160
4 3.423060819 

8 
2324 

25693
8 3.362006699 

12 
7496 

26211
0 3.429681775 

 
Table 16: Summary Table- Output (Resperidone 
IV) 

Ti
m
e 

Con
c 

ln(C
) 

AU
C 

AU
MC 

R R_a
dj 

0 3.50
1269
2 

1.25
3125
5 

0 0   

0.
5 

3.61
5225
6 

1.28
5154
3 

1.77
9123
7 

0.45
1903
2 

  

1 3.63
5258
6 

1.29
0680
2 

3.59
1744
7 

1.81
2621 

  

2 4.28
5734
8 

1.45
5292 

7.55
2241
4 

7.91
5985
2 

-
0.626
5752 

0.190
1287 

4 3.40
5775
7 

1.22
5472
7 

15.2
4375
2 

30.1
1055
8 

0.189
3613 

-
0.446
2134 

6 3.42
3060
8 

1.23
0535
1 

22.0
7258
8 

64.2
7202
5 

0.274
5728 

-
0.849
2196 

8 3.36
2006
7 

1.21
2538 

28.8
5765
6 

111.
7064
4 

  

12 3.42
9681
8 

1.23
2467
5 

42.4
4103
3 

247.
8109
1 

    

 
Table 17: Calculation Results (Resperidone IV)  

Parameter Unit Value 
Lambda_z 1/h 0.01680329 

t1/2 h 41.25068222 
Tmax h 2 
Cmax μg/ml 4.285734848 
C0 μg/ml 3.501269235 
Clast_obs/Cmax  0.800255241 
AUC 0-t μg/ml*h 42.44103292 
AUC 0-inf_obs μg/ml*h 246.5487852 
AUC 0-t/0-
inf_obs 

 0.172140507 

AUMC 0-inf_obs μg/ml*h^2 14843.99606 
MRT 0-inf_obs h 60.20713528 
Vz_obs (mg/kg)/(μg/ml) 0.120690424 
Cl_obs (mg/kg)/(μg/ml)/h 0.002027996 
Vss_obs (mg/kg)/(μg/ml) 0.122099842 
 

 
Figure 39: Time in (min) Vs Concentration 

(µg/ml) [Resperidone IV] 
 
Conclusion: 
Non-compartmental analysis showed that Resperidone 
reached a peak concentration (Cmax) of 4.29 μg/mL at 
2 h (Tmax), with a high initial concentration (C0 = 
3.50 μg/mL) indicating rapid distribution. The drug 
exhibited a long half-life (t1/2 ≈ 41.25 h) and mean 
residence time (MRT0–inf ≈ 60.2 h). Total exposure 
(AUC0–inf) was 246.55 μg·h/mL, but only 17.2% was 
captured in the sampling period, indicating most 
elimination was extrapolated. Observed clearance 
(Cl_obs) and steady-state volume (Vss_obs) suggest 
the drug primarily remains in vascular/extracellular 
compartments. 
 
7. Conclusion 

The present study successfully developed a 
nanosponge-loaded intranasal in situ gel of 
Risperidone for enhanced brain targeting. The 
optimized nanosponge formulation (RF1) showed 
high drug content (96.3%), entrapment efficiency 
(94.23%), small particle size (152 nm), and good 
stability, while the optimized in situ gel (MR5) 
exhibited suitable pH, high viscosity (14,890 cps), 
strong mucoadhesive strength (1365 dynes/cm²), and 
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maximum drug content (98.47%). It demonstrated 
sustained, controlled drug release (98.18%) following 
zero-order kinetics and remained stable over 3 months. 
Pharmacokinetic analysis revealed rapid absorption, 
with Cmax of 4.29 μg/mL (IV) and 3.49 μg/mL (nasal) 
at 2 h (Tmax) and no absorption lag (Tlag = 0). The 
drug exhibited a long half-life (t1/2 ≈ 39–41 h) and 
mean residence time (MRT ≈ 58–60 h), with low 
volume of distribution (Vss ≈ 0.12–0.14 L/kg), 
suggesting it largely remains in the vascular 
compartment. Limited sampling captured less than 
21% of total exposure, indicating most of the 
elimination phase was extrapolated. Overall, the 
developed intranasal system provides improved nasal 
retention, controlled release, efficient brain targeting, 
and prolonged systemic persistence, highlighting its 
potential for enhanced treatment of CNS disorders 
with reduced systemic side effects. 
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