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ABSTRACT 
Successful treatment of glioma remains a hard challenge. This study aims at the development and assessment of nano sized liposomal 

vesicles (NSL) loaded with Carmustine (CS) for the treatment of glioma. The experimental NSLs were developed by conventional lipid layer 

hydration technique and were characterized by different parameters such as % Entrapment efficiency, zeta potential, scanning electron microscopy 

(SEM), transmission electron microscopy (TEM), in vitro drug release study. The optimized Carmustine nanosized liposomes (OCS-NSLs) presented 

the practical values of % EE of CS is 94.27 ± 0.25%, particle size of 235.65 ± 12.87 nm and in vitro drug release of CS 97.089 ± 1.76%. On the base 

of the polynomial equation, it was resolved that as the total lipid to drug concentration increases, the % EE of optimized formulation and this leads to 

more space for the accommodation of drug particle, likewise addition of lipid content as well reduces the escaping of drug into the external phase. 

OCS-NSLs were spherical in shape with a smooth surface as depicted from SEM data. A TEM study confirmed formation of vesicles with intact 

outer bilayer. In vitro drug release of 95.67± 1.54% was reported for the OCS-NSLs along with a sustained release of CS over a 24 h study period 

with desired kinetic values. Hence, the optimized formulation has shown a better response on Carmustine loaded nano liposomal formulation for 

intranasal application. 
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INTRODUCTION 
Glioma is the primary cerebral tumour. It is the most 

destructive type of tumour among humans. Patients with glioblastoma 

(GB) have a survival rate of 8 to 14 months after diagnosis [1]. 

Surgery, chemo and radiation therapy are available in GB. A 

challenge in the treatment of glioma is the blood-brain barrier (BBB), 

which consists of tight specialist and endothelial junctions lining the 

central nervous system. It is proposed that many drug molecules are 

effective in treating brain tumours but failin clinical trials. This is due 

to the inability to enter the blood-brain barrier (BB). Therefore, there 

is a need for improved drug administration strategies [2-4]. 

In certain cases, oral route fails to deliver the therapeutic 

amount of drug to brain due to the presence of certain interfaces like 

blood–brain barrier (BBB), blood–cerebrospinal fluid barrier 

(BCSFB) and efflux transporters (AET) [5]. These barriers control the 

exchange between the peripheral blood flow and the cerebrospinal 

fluid circulatory system (CSF). Other factors, such as the 

physicochemical properties of the drug, also interfere with central 

nervous system (CNS) administration [6]. Therefore, several  

 

approaches like BBB disruption, drug manipulation and alternative 

route of drug administration like intra cerebral ventricular, intrathecal 

and olfactory pathways (intranasal route) are being used for targeting 

of drugs to the brain [7]. In the present scenario, the intranasal route to 

bypass the BBB is an upcoming field, as this route caters a novel, 

practical, simple and non-invasive approach to bypass the BBB and 

reduce the systemic exposure and thus systemic side-effects 

associated with drug [8]. Drug after intranasal administration reaches 

the olfactory epithelium region of the nasal mucosa that acts as a 

gateway for substances entering the CNS due to the neural 

connection between the nasal mucosa and the brain [9]. 

Carmustine (CS) has recently been used as a drug to treat 

glioma [10-12]. However, it has been restricted as a result of side 

effects such as bone marrow suppression [13] and pulmonary fibrosis 
[14]. To reduce toxicity, gliadel wafers [15] were impregnated with CS. 

These gliadel wafers were not successful as they do not show 

effective therapeutic efficacy due to poor penetration, inability to 

prevent tumor recurrence, lack of synergistic action with other 
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chemotherapeutic drugs and/or radiotherapy [16]. To overcome these 

problems, a variety of drug distribution vehicles have recently been 

developed. These include liposomes, nanoshells, dendrimers, 

polymeric micelles, carbon nanotubes, polyglycolicacid (PGA) 

nanoparticles, polylactic acid (PLA) nanoparticles, and poly (D, L-

lactic-coglycolides) acid (PLGA) nanoparticles [17, 18].  

This study hypothesizes that CS nano-sized liposomes was 

designed to formulate a design optimized nano lipid mediated 

intranasal delivery of Carmustine for better targeting and effective 

therapeutic outcome.  

MATERIALS AND METHODS 
Carmustine (CS) was obtained as a gift sample from SP 

Accure Labs Private Ltd., Telangana, India. Cholesterol (CHL), 

Soya-L-α-lecithin (SL), was procured from Merck (Mumbai, India). 

Chloroform was purchased from Hi Media Laboratories Pvt. Ltd 

(Mumbai, India). U87MG human glioma cells were procured from 

National Center for Cell Science (Pune, India). All other chemicals 

used in the experiment were of analytical grade. 

Compatibility study of selected excipients with drug 
The compatibility between lipid, cholesterol and the drug 

has been identified using Fourier transform infrared 

spectrophotometer (Bruker FTIR alpha spectrophotometer, Billerica, 

MA). IR spectra of drug, lipid, cholesterol and physical mixture of 

drug, lipid and cholesterol were scanned from 4000 cm-1 to 400 cm-1 

and recorded [19]. 

Formulation of Nano sized Liposomes 
Nanosized liposomes (NSL) loaded with investigational 

drug were prepared using a conventional thin-film hydration method 

with the required change in process parameters [20]. For preparing 

NSL loaded with CS (CS-NSLs), SL was used as the primary 

phospholipid. Briefly, weighed amount of CS, SL and CHL were 

dissolved in a required volume of chloroform taken in a 250 ml round 

bottom flask. The prepared mixture was then subjected to gentle 

rotation along with the evaporation of the solvent in a rotary vacuum 

evaporator (R-150, Super fit Continental Private Limited, Mumbai, 

India), connected with a water bath. The temperature of the water 

bath was kept at 40 °C. Following evaporation of the chloroform, a 

thin film formed along the inside wall of the round-bottomed flask. 

The flask was then stored in a desiccator overnight, which resulted in 

the removal of any residue of organic solvent still present in the thin 

film. The formed thin film was hydrated with phosphate buffer saline 

(PBS), pH 7.4 for 1 h. After hydration, the blend was subjected to 

sonication in a so nicator (Q Sonica, Cole-Parmer India Pvt. Ltd. 

Mumbai, India). Sonication makes it possible to reduce the large 

vesicles in the desired ultra-small size range. After sonication, the 

formulation was allowed to rest for 1 hour at room temperature, and 

then kept in the refrigerator overnight at 4°C. Lastly, the sample was 

dried in a lyophilizer using propylene glycol (Esquire Biotech, 

Chennai, India) to obtain a dried mass of the sample. 

BBD Design for Optimization of Nano sized Liposomes 
A three factors three levels Box–Behnken experimental 

design was used for optimization and to evaluate the relationship 

between the independent variables like drug to lipid ratio(X1), 

Cholesterol (X2) and Sonication time (X3) and dependent (responses) 

variables, i.e., Entrapment efficiency (Y1), Particle size (Y2) and in 

vitro drug release (Y3). Consequently, by setting the independent 

variables, we studied at three different levels: low (-1), medium (0) 

and high (+1) (Table 1). Different batches (F1–F17) were prepared 

and data were substituted in design expert. The design included 17 

tests (as shown in Table 2) with the computer-generated quadratic 

equation as follows: 

Y = b0 + b1X1+ b2X2+ b3X3+ b12X1X2+ b13X1X3+ b23X2X3 + b11X12+ 

b22X22 + b33X32 

Where Y is the measured response for each factor level 

combination,b0 is constant, b1, b2, b3 are linear coefficients, whereas 

b12, b13,b23 are the interaction coefficients in the mid of the 3 factors, 

henceb11, b22, b33 are the quadratic coefficients of the observed 

experimental values, and X1, X2 and X3 are values for the 

independent variables. Furthermore, the optimal formulation was 

selected using the point-based numerical prediction method using the 

desirability function. Finally, linear regression with ANOVA was 

utilized to choose the most suitable model and p values below 0.05 

were considered statistically significant. 
Table 1: Independent and dependent variables used in Box–Behnken design 

for the development and optimization 
Factor Level used, actual coded 
Independent variables Low (-1) Medium (-1) High (+1) 
X1=Drug to lipid ratio 
X2=Cholesterol (mg) 
X3=Sonication time (min) 

1:3 
5 
5 

1:4 
15 
10 

1:5 
25 
15 

Dependent variables Goal 
% EE(Y1) 
Particle size (nm) (Y2) 
In vitro release (%) (Y3) 

Maximize 
Maximize 
Maximize 

 

Characterization of Prepared NSL 
Particle size, PDI and Surface Charge 

The particle size and Polydispersity Index (PDI) of the 

optimized formulations were determined by Zetasizer 1000HS 

(Malvern Instruments, UK) using photon correlation spectroscopy. 

Before testing, the samples were diluted with Phosphate buffered 

saline (PBS) and filtered using a 0.45 µm membrane filter [21]. 

Zetasizer (Malvern Instruments, Malvern, UK) was used to identify 

the surface charge of the trapped vesicle. The average zeta potential 

of the vesicles was determined [22, 23]. These values are based on three 

distinct experiments, each with three replications. 

% Entrapment efficiency  
The ultracentrifugation technique was applied to learn the 

percent entrapment efficiency (% EE) of CS in all formulations using 
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Ultracentrifuge (Remi lab, Mumbai, India) equipped with SW60 Ti 

Rotor at 60,000 revolutions per minute at 4 °C for 1.5 h. Free CS was 

determined from a supernatant solution after centrifuging and dilution 

with milliQ water. The total amount of CS in the formulation was 

measured after rupturing the vesicles with methanol to a ratio of 1:1 

in the sample and methanol. All samples were filtered through a 0.45 

μm syringe filter membrane and the PR content was tested using a 

UV spectrophotometer. All determinations were made in triplicate 

and the % EE was computed [24].                           

 
Where, % EE is the percent entrapment efficiency, T is the total 

amount of CS in the formulation and F is the free CS amount. 

Vesicular shape and surface morphology 
Vesicular shapeand surface morphology were analyzed 

using, transmitting electron microscopy (TEM) (Jeol electron 

microscope, Japan). The NSL was diluted in an appropriate solvent, 

and a drop of the solution was placed on the carbon-covered grid with 

a sheet of paraffin wax, stored for 1 min. Then the grid was dried at 

room temperature and placed along the drop of phosphotungstate for 

10 s, and the sample was examined by TEM [25]. 

Scanning Electron Microscopy  
Morphology of prepared NSL-OCS have been determined 

using scanning electron microscopy (SEM) JSM 5610 LV SEM, 

JEOL, Japan). The nano-size lipid carrier was diluted in a suitable 

solvent, and a drop of NSL was mounted on gold coated metal stubs, 

under vacuum and then analyzed using SEM [26]. 

In vitro drug release study 
For the in vitro drug release study of the OCS-NSLs, the 

conventional dialysis method was employed [27, 28]. For the 

experiment, a weighed amount of OCS-NSLs was dispersed in PBS 

containing 0.5% w/v sodium lauryl sulfate (SLS) as a solubilizing 

agent (release medium) and an equivalent amount of free-drug 

suspension were reconstituted with 1mL drug release media and 

poured into a dialysis bag. Both ends of the dialysis bag were 

attached with the wire and the entire system was submerged in a 

beaker containing 100 ml of the above release medium. 

Subsequently, the beaker was placed on a magnetic stirrer at a 

rotation of 300 revolutions per minute by means of a magnetic bead. 

At different time intervals for 24 hours, 1 ml of sample was taken 

from the beaker with simultaneous replacement of the fresh release 

medium to maintain the state of the sink. The experiment was carried 

out for 24 h. The samples after collection were filtered with the help 

of membrane filter followed by measurement of the absorbance at 

227 nm in PBS containing SLS was taken as the blank during 

measurement [29]. 

Estimation of drug release kinetics 
Release kinetics helps to predict the mechanism of drug 

release from the tested OCS-NSLs. To achieve this, data from in vitro 

drug release studies were integrated into various kinetic models. We 

found out the release form in three different models such as null-

order (cumulative total of drug released Vs time), Higuchi 

(cumulative total of drug released Vs square root of time), 

Korsmeyer–Peppas (logarithmic value of the accumulated total of 

drug released Vs logarithmic value of time) [30-32]. The linearity of the 

graphs was evaluated based on the computed R2 values. 
 

RESULTS AND DISCUSSION 
Compatibility study of selected excipients with drug 

The compatibility between the drug, lipids and cholesterol 

was determined by FTIR spectrophotometer. FTIR spectrum of CS 

showed the characteristic peaks of the drug structure shown in Figure 

1. The pure drug (CS) exhibited the peaks at 1256 and 1448 cm-1 

belong to COO– groups,1135 cm-1 corresponds to C=H double bond. 

Also, peaks appeared in 1427, 1350, 1316, 634 cm_1 corresponding to 

CH2 bending, aliphatic CH bending, C–N stretch, aromatic CH 

bending, respectively. From the spectra of individual drugs and 

excipients, characteristic peaks of the drug were also seen in the 

FTIR spectrum of the physical mixture of CS, SL and cholesterol 

with no distinct change. This confirmed that there was no chemical 

interaction between the drug, lipid or cholesterol. These results are in 

conformity with previous reports [33] 

Figure 1: FTIR spectra of (a) CS, (b) Cholesterol, (c) Phospholipid, (d) OCS-
NSLs

 
BBD Design for Optimization of Nano sized Liposomes 

The CS-loaded NSL has been prepared using the 

conventional thin-layer hydration method [34]. Using the results of the 

preliminary and pre-optimization studies, three levels of each 

independent variable (factors) were determined (Table 2). For three 

factors and three levels, the Box-Behnken model has been selected. 

On applying three factors and three levels Box–Behnken statistical 

design, 17 runs with five central points were obtained with Design 

Expert 11 (Version 11.0, Stat-Ease Inc.,). All of these batches were 

prepared and assessed for responses such as % entrapping efficiency 
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(R1), particle size (R2), and in vitro drug release (R3). These 3D-

plots are known to study the interaction effects of the factors on the 

responses as well as being useful in studying the effects of two 

factors on the response at one time which is shown in Figure 2. The 

actual and expected values as linear correlation graphs and the 

corresponding residual graphs for different responses were shown in 

the Figure 3. 

All the results were placed in Box–Behnken design of 

Design Expert software to obtain the predicted values and final 

conclusion. All the responses of these runs fitted to first order, second 

order and quadratic models and the best fit model were quadratic 

(p<.0001) with insignificant lack of fit (p>0.05). 

 

Table 2: Observed responses in Box–Behnken design for development and 
optimization 

Factor 1 Factor 2 Factor 3 Response 1 Response 2 Response 3 
 Drug to 
Lipid ratio 

Cholesterol Sonication 
time 

Entrapment 
Efficiency 

Particle size In vitro 
release  

mg min % nm % 
0 -1 -1 80.57±1.23 229.65±10.32 88.25±0.54 
0 1 1 88.53±1.98 220.43±11.32 70.54±0.35 
0 0 0 82.32±1.87 240.12±17.54 82.54±1.23 
-1 1 0 78.54±0.93 195.87±12.78 65.64±1.45 
0 0 0 81.98±0.54 245.98±13.98 80.25±1.28 
0 -1 1 79.76±1.98 230.54±12.09 89.52±1.56 
1 0 1 92.76±2.08 264.32±11.97 82.83±0.34 
1 1 0 96.74±1.76 275.98±10.34 71.45±1.24 
0 0 0 83.87±0.65 242.87±11.76 80.54±0.67 
1 0 -1 93.54±1.23 260.53±10.87 86.56±0.93 
0 0 0 80.21±1.76 240.17±11.65 80.56±1.35 
-1 0 1 76.54±1.98 192.65±16.98 79.56±1.27 
-1 -1 0 74.21±1.45 200.98±19.87 85.25±0.23 
-1 0 -1 75.98±1.76 210.96±12.76 72.92±0.76 
1 -1 0 89.43±1.09 270.42±15.87 96.65±1.23 
0 1 -1 87.62±0.25 235.42±12.82 62.86±1.45 
0 0 0 81.24±2.43 238.87±12.63 81.26±1.78 
Average ± SD for n =3 

Figure 2: 3D-Response surface plots presenting the effect of three selected factors on (A) % EE of CS (B) Particle size (C) In vitro Drug release 
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Response 1 (Y1): effect of independent variables on % EE of CS 
The model F value of 55.85 suggested the model to be 

significant (< 0.0001). The “lack of fit” (F-value of 0.40) meant that 

it was nonsignificant (p=0.7604). The P values below 0.0500 indicate 

that the model terms are important. In this case X1, X2, X1X2, X2 

X3, X12, X22 and X32 in Equation (1) were significant model terms. 

Positive coefficients of factor X1, X2, X1X2, X2 X3, X12, X22, and 

X32 exhibited the synergistic effect on % EE while negative 

coefficients of X2 and X1 X3 indicated the antagonistic effect on % 

EE.  

% EE (Y1) = +81.92 + 8.40 X1 + 3.43 X2 - 0.0150 X3 + 0.7450 X1 

X2- 0.3350 X1 X3 + 0.4300 X2 X3+1.70X12 +1.11X22 +1.09X32 ----

(1) 

The Predicted R2 of 0.9327 was in reasonable agreement 

with the adjusted R2 of 0.9686, indicating the adequacy of the model 

to predict the response of % EE. The “Adeq Precision” of 26.395 

indicated an adequate signal. Therefore, this model was used to 

navigate the design space.   

It was found that the average % EE of all 17 experimental 

trials was 83.75%, such that this value is between the minimum and 

maximum values 74.21% to 96.74%. The 3D-Response graph (Figure 

2a) showed greater %EE of CS with increased drug to lipid content. 

Furthermore, cholesterol and sonication time also play an important 

role in the %EE, as the drug is trapped in the lipid phase. 

On the base of the above polynomial equation, it was 

resolved that as the total lipid to drug concentration increases, the % 

EE of optimized formulation and this leads to more space for the 

accommodation of drug particle, likewise addition of lipid content as 

well reduces the escaping of drug into the external phase [35]. This 

could be due to denser vesicle lipid bilayers and an increased load of 

lipophilic CS in the lipid layer. Sonication time has an insignificant 

impact on EE. Cholesterol was added in the preparation because it 

helps the establishment of less leaky and rigid bilayers as it gets 

intercalated layers of lipid. It is clear from Table 2 that when 

cholesterol was used at a concentration of 15-25mg, the trapping 

increased significantly which is found similar as reported by El-

Laithy et al. [36]. 

Response 2 (Y2): effect of independent variables on Particle size 
The model F value of 56.69 suggested the model to be 

significant (< 0.0001). The “lack of fit” (F-value of 4.23) meant that 

it was non significant (p=0.0986). The P values below 0.0500 

indicate that the model terms are important. In this case X1, X3, 

X1X2 and X1X3 in Equation (2) were significant model terms. 

Positive coefficients of factor X1, X2, X1X2 and X1X3, exhibited the 

synergistic effect of particle size while negative coefficients of X2, 

X2X3, X12, X22, and X32 indicated the antagonistic effect on Particle 

size. 

Particle Size (Y2) = +241.60 + 33.85X1-0.4862 X2+ 3.58X3 + 

2.67X1 X2 + 5.53 X1 X3-3.97 X2 X3---1.34 X12-4.45X22 -8.14X32---

--(2) 

The Predicted R2 of 0.8303 was in reasonable agreement 

with the adjusted R2 of 0.9691, indicating the adequacy of the model 

to predict the response of % EE. The “Adeq Precision” of 26.395 

indicated an adequate signal. Therefore, this model was used to 

navigate the design space.   

It was found that the average particle size of all 17 

experimental trials was 235.0447nm, such that this value is between 

the minimum and maximum size values 192.65nm to 275.98nm. 

The 3D-Response graph (Figure 2b) showed greater particle size of 

CS with increased drug to lipid content. Furthermore, cholesterol also 

plays an important role in the particle size, and sonication time has 

negligible effect. The size of the vesicle was also increased from 

192.65 12.62 nm to 270.42 9.65 nm, when the quantity of lecithin in 

the preparation was increased. Likewise, when the amount of 

cholesterol has increased from 5 to 15 mg, the size of the vesicle 

increases from 200.98 ± 12.67 nm to 264.32 ± 10.30 nm [37]. 

Increased cholesterol levels (15-25mg) also contributed to an increase 

in hydrophobicity, followed by a slight reduction in the size of the 

vesicle [38, 39]. Also, the incorporation of lipophilic drugs into the 

hydrophobic domain of vesicle causes the bilayer molecules to move 

apart from each other, leading to an increase in vesicle size [40]. 

Response 3 (Y3): effect of independent variables on in vitro drug 
release 

The amount of CS (%) released after 24 h at different levels 

of the three factors (X1, X2, and X3) was subjected to multiple 

regressions to get the following second-order polynomial equation in 

Equation (3) The model F value of 119.39 suggests that the model 

was significant (p < 0.0001). The “lack of fit” (F-value of 1.80) 

meant that it was non significant (p= 0.2865). P-values less than 

0.0500 indicate model terms are important. In this case X1, X2, X3, 

X2X3, and X12 were significant model terms. Positive coefficients of 

factor X1, X2, X3, X2X3 and X12 exhibited the synergistic effect on 

% in vitro release while negative coefficients of X1X2, X1X3, X22, 

and X32 indicated the antagonistic effect on % in vitro release. 

% In vitro Release (Y3) =+81.03 + 4.27X1 +11.15X2 +1.48X3 –

1.40X1X2 -2.59X1X3 +1.60 X2X3+0.6962 X12-1.98X22-1.26X32----

(3) 

The Predicted R2 of 0.9362 was in reasonable agreement 

with the adjusted R2 of 0.9852, indicating the adequacy of the model 

to predict the response of % in vitro release. The “Adeq Precision” of 

40.250 indicated an adequate signal. Therefore, this model was used 

to navigate the design space.   

The average % in vitro release of all the 17 experimental 

runs was found to be 79.83 ± 1.45%, hence these values lie between 



DOI: 10.55522/jmpas.V11I2.2159                                                                                                                                                                                 ISSN NO. 2320–7418            

Journal of medical pharmaceutical and allied sciences, Volume 11 – Issue 2, 2159, March – April 2022, Page – 4518 – 4526                                                      4523 

the minimum and maximum value of the size 62.86 ± 1.24 % to 

96.65 ± 0.98%. The %CS released after 24 h from the different 

liposomal formulae showed a wide variation ranged from 62.86 ± 

1.24 % to 96.65 ± 0.98% (Table 2). The 3D-Response graph (Figure 

2c) showed greater % in vitro release of CS with increased drug to 

lipid content. Furthermore, cholesterol also plays an important role in 

the % in vitro release, and sonication time has optimum effect. 

The decrease in % CS released is found due to an increase in the 

cholesterol concentration. This high cholesterol concentration led to 

reduce the membrane permeability by lowering the membrane 

fluidity and thus hindering the entrapped CS to escape. Therefore, CS 

released from the liposome vesicles was reduced [41]. 

 

The optimization was done based on the principle of achieving the 

desirable values of % EE, particle size and In vitro drug release by 

applying numerical point prediction method. The formulation 

composition with drug to lipid ratio (1:4), Cholesterol (25mg), and 

Sonication time (10 min) has been set up to comply with the 

demands. The optimized Carmustine nanosized liposomes (OCS-

NSLs) presented the practical values of  %EE of CS is 94.27 ± 

0.25%, Particle size of 235.65 ± 12.87 and in vitro drug release of CS 

97.089 ± 1.76%. These practical values of %EE of CS, Particle size 

and in vitro drug release yielded by the OCS-NSLs formulation were 

found in conformity with the predicted value of %EE of CS is 91.27 

± 0.25%, Particle size of 242.35 ± 10.87 and in vitro drug release of 

CS 96.099 ± 1.66%. 
Figure3: Actual and predicted values as linear correlation plots (A, C, E, and G) and the corresponding residual plots (B, D, F, H) for various responses 

 
Characterization of optimized NSL 
Particle size, PDI and Zeta Potential 

The mean particle size for OCS-NSL was 235.65 ±12.87 

nm, which proved appropriate for nasal brain targeting. PDI value 

was 0.124, indicating the uniformity of the particle size of the 

developed NSLs [19]. The particle size for OCS-NSLs is illustrated in 

Figure 4. The zeta potential of optimized formula was −51.4 mV 

(Figure 5). The mean particle size proved appropriate for nasal brain 

targeting. The PDI is primarily the ratio of the standard deviation to  

 
the average particle size. Owing to tight junctions present in the nasal 

epithelial cells, which open and shut down in accordance to activation 

of signaling mechanisms, however size plays a significant function in 

relation to absorption through intranasal route [37]. A PDI value equal 

to or less than 0.3 indicates uniform particle size. The Zeta potential 

is the measure of the electric charge that is on the surface of the 

particles. The zeta potential is the electrostatic charge of the particle 

surface which acts as a repulsive energy barrier controlling the 
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stability of dispersion and opposing the proximity of the particles and 

aggregation. This high potential for zeta (±40 to ±60 mV) indicates 

that the lipid formulation [42] is stable. 
Figure 4: Particle size distribution of OCS-NSLs 

 
Figure 5: Zeta Potential of OCS-NSLs 

 
Vesicular shape and surface morphology 

Transmission electron microscopy (TEM) images of OCS-

NSLs as shown in Figure 6 revealed that particle sizes were 240 nm. 

Transmission electron microscopy (TEM) images from OCS-NSLs 

showed spherical form and uniform distribution of liposomes. It 

showed a mono dispersed distribution without any aggregation [43]. 
Figure 6: TEM image of OCS-NSLs 

 
Scanning Electron Microscopy 

The size of OCS-NSLs using SEM (Figure 7) was found to 

be 250 nm, which is well correlated with the particle size obtained 

with particle size analyzer. The external morphological structure of 

the OCS-NSLs was investigated using SEM, which revealed the 

spherical size of the NSL, and neither drug crystal nor particle 

aggregation was observed. The result of particle size was found to be 

in good agreement with the result established by SEM study [44]. 
Figure 7: SEM image of OCS-NSLs 

 
In vitro drug release study 

The comparative in vitro release of CS from the 

experimental formulation (NSLs) and free-drug solution was done by 

dialysis method and the result was expressed as cumulative drug 

release percentage against time in hour (h).  More than 95% of CS 

released within 6 h from free drug solution. The release of CS from 

free-drug solution was faster than NSL-OCS. The maximum release 

of CS from the NSL-OCS is 95.13 ± 1.230% up to 24 hrs (Figure 8). 

The OCS-NSLs showed the initial burst release of 30.94 ± 6.29%. 

Thereafter, OCS-NSLs showed sustained drug release with maximum 

drug release of 95.13 ± 1.230% in 24 h. OCS-NSLs showed the 

biphasic release from the prepared NSL, initially the drug release 

rapidly from the lipid surface, tracing the slow freeing of the drug 

owing to degradation of lipid core. The initial burst release may be 

ascribed to the presence of free drug in the external phase and 

adsorbed drug onto the surface of particles, while the slow release 

may be owed to the encapsulated drug within the lipid matrix [19,45]. 
Figure8: In vitro drug release of OCS-NSLs. Data show mean ± SD (n =3) 

 
Estimation of drug release kinetics 

Widely used mathematical models such as zero order, first 

order, Higuchi and Korsemeyer-Peppas were applied to determine 

release kinetics from an optimized formulation (Table 3). Higuchi's 

equation was the best fit model as r2> 0.99 suggesting the diffusion-

controlled release between 5–24 h as shown in Figure 8. This result 
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supports the fact that the vesicle lipid bilayer acts as a factor limiting 

the slow and controlled release rate of the drug when administered. 

Similar results were observed by Afzal Hussain [35] who developed 

elastic vesicular liposomes loaded with Rifampicin. Therefore, 

prolonged drug release is achieved, where the lipid bilayer acts as a 

rate limiting membrane for CS diffusion across its membrane [46]. 

Table 3: Release kinetic models for OCS-NSLs formulation 
Optimized Zero order (r2) Higuchi model Korsmeyer–Peppas First order(R2) 

ONSLs 0.857 0.996 
(r2) n 

0.927 
0.945 0.570 

CONCLUSIONS 
Liposomal carrier has been optimized for intranasal 

administration of CS. OCS-NSLs has been developed with the help of 

the BBD design, which presents an optimized preparation of the best 

particle size and trapping efficiency. A reasonable drug encapsulation 

was reported to OCS-NSLs along with a sustained drug release 

property in a 24 h study period. Thus, OCS-NSLs serve as potential 

drug delivery vehicles in treating glioblastoma effectively invitro.  
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