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Nano sized particles are promising mediators for the administration of active compounds in 

the nasal and cerebral systems. However, the ability to achieve relevant therapeutic 

concentrations of exogenous molecules in the body is dependent mainly on the capability of 

nanoparticles to break down biological obstructions. In this work, nanoscale formulations 

conveying the minimally soluble model drug Carmustine (CS) were discussed. Box Behnken 

design (QbD tool) was applied to predict the interactions between the independent variable (drug-

lipid ratio (X1), cholesterol (X2) and Critical Process Parameters (sonication time, X3) on the 

dependent variable (Entrapment efficiency (Y1), Particle size (Y2) and in vitro drug release (Y3)).  

The nano scale liposomal optimized Carmustine formulation (NSL-OCS) was investigated for 

their effect on the biopharmaceutical facets decisive for nose-to-brain delivery such as 

permeation across the nasal mucosa. An in vivo pharmacokinetic study was performed in Wistar 

albino rats via intravenous routes. Histopathologic studies support the absence of evidence of 

toxicity. In vitro drug dissemination studies show rapid drug release followed by extended release 

of CS for up to 24 hrs. The Pharmacokinetic parameters of NSLs in brain were higher in 

intranasal route compared to NSLs administered by intravenous route. The findings showed that 

the intranasal pathway can be an effective approach to administering the drug straight to the 

brain and improve the drug's efficacy in the brain to treat brain tumors and become a good 

substitute to oral medication.  

              Keywords: Box Behnken design; Carmustine; intranasal; Liposomes 

INTRODUCTION 

Carmustine (CS) has been proven to be 

effective chemotherapy for treating brain 

tumors1. It is a nitrosourea compound that is very 

lipophilic. It hydrolyses in vivo to generate 

reactive metabolites that cause alkylation and 

cross linking of DNA and RNA. It is known to 

inhibit repair and produce elevated molecular 

complexes by the Denovo purine synthesis2. 

Targeted administration of CS in the brain was 

challenged due to bioavailability issues. The 

systemic drug route has a short elimination half-

life, which frequently leads to side effects such 

as liver toxicityand pulmonary fibrosis3. 

 

 

Nasal administration gets one of the most 

appealing routes for systemic administration of 

drugs and a possible choice to most traditional 

oral and enteral administration. It allows a 

simple and non-invasive administration, avoids 

the hepatic metabolism,4 and possibly provides 

direct access to the central nervous system 

circumvention of the blood-brain barrier (BBB). 

Specifically, administration intranasally is a 

great opportunity. to transport the active 

ingredient into the brain, Benefit from the 

innervations of the nasal cavity, that is, the 

olfactory nerve, linking the olfactory bulb to the 

olfactory region of the nasal cavity, and the 

trigeminal nerve8. In fact, the quantity of drugs 

transported from the nose to the general 
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circulation varies widely., from nearly 100% to 

less than 1% of the dose assumed to be given9&10. 

For molecules whose bioavailability is less after 

nasal administration., it has been shown that the 

administration of therapeutic-relevant quantities 

of drugs has been shown to be highly dependent 

on the availability of effective formulations and 

supports11. In recent years, numerous research 

groups have demonstrated that nanoparticles 

considerably improve the convey of therapeutic 

products through the mucosa of nose12&13. 

This research assumes that CS-sized 

liposomes will be an effective treatment strategy 

to target glioma or brain tumors. Liposomes 

loaded with CS will be target-specific, increase 

therapeutic efficiency, bioavailability and 

stability. As a result, this article discusses 

liposomes loaded with CS and their efficacy in 

treating brain tumors in vivo. 

 

MATERIALS AND METHODS 

 

Carmustine (CS) was acquired as a gift 

sample of SP Accure Labs Private Ltd., 

Telangana, India. Cholesterol, Soya-L-α-

lecithin, 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). 

HPLC-quality solvents were used in the analysis 

of HPLC and all other chemicals and reagents 

were of analytical quality. 

 

Preparation and optimization of Nano sized 

Liposomes 

CS-loaded nanoscale liposomes (NSL) 

were developed with the help of conventional 

thin-film hydration method4, 15. To evaluate the 

interaction effects of the drug-lipid ratio (X1), 

cholesterol (X2) and sonication time (X3) in 

formulations, the 3-level and 3-factor Box 

Behnken method was used. A total of 17 tests 

have been done by Design Expert Version 11. 

The independent variables were drug to lipid 

ratio(X1), Cholesterol (X2) and Sonication time 

(X3) while Entrapment efficiency (Y1), Particle 

size (Y2) and in vitro drug release (Y3) were the 

dependent variables which are given in Table 1. 

 

Nasal Mucosal Permeation / Retention Study 

Mucous permeation surveys were 

evaluated by the Franz diffusion cell. The 

rabbit's nasal mucosa was obtained and plunged 

into a phosphate buffer of pH 6.8 for 15 min. The 

nasal mucosa was fixed between the donor 

compartment and the acceptor compartment so 

that the mucous surface was oriented towards 

the donor compartment and the mucosal surface 

facing the recipient compartment. Nasal mucosa 

of thickness 0.3mm was chosen for this study. A 

dissemination study was conducted on NSL-

OCS containing an equivalent quantity of 10mg 

of medication in the donor compartment. 20 ml 

of phosphate buffer saline (pH 6.8) was filled 

into the receiver compartment and continuously 

stirred using magnetic bead at 300 revolutions 

per minute. While shaking, the phosphate buffer 

solution should be in contact with the serosal 

surface of the nasal mucosa. A temperature of 37 

± 1 °C was maintained throughout the study and 

the tissues were aerated to maintain the living 

conditions of nasal mucosa. The diffusional 

surface area of nasal mucosa was 0.885 cm2, 

sample volume of 1ml was sucked at a time 

intervals of 0.5, 1, 2, 4, 6, 8, 10, 12, 14, 16, 20 

and 24 hrs. Immediately replace same volume 

with phosphate buffer saline solution 

(PBS).Filter samples using a 0.45 µ membrane 

filter (Millipore Merck, Mumbai India) and the 

quantity of drug released was assessed using 

HPLC. Percentage of drug diffused was plotted 

against time (hr), and slope of the line represents 

flux (μg/cm2/h) of formulated OCS-NSLs16&17. 
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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 (%) 

X3=Sonication time (min) 

1:3 

2 

5 

1:4 

4 

10 

1:5 

6 

15 

Dependent variables Goal 

% EE(Y1) 

Particle size (nm) (Y2) 

In vitro release (%) (Y3) 

Maximize 

Maximize 

Maximize 

Nasal Histopathology 
A tissue assessment was performed on the 

nasal mucous membrane of the goat to envisage 

pathological changes following application of 

OCS-NSL. Three membranes of 0.3 mm 

thickness of nasal was selected t. For 1 hr, the 

first piece was treated as a positive control, 

while the second and third pieces which were 

treated with a pH of PBS of 6.8 as a negative 

control and OCS-NSLs respectively. Following 

treatment, the nasal septum was set to 10% 

HCHO for 24 hrs, decalcified and washed with 

tap water, dried with ethanol. The paraffin 

blocks were cut with the 5 µm thick blade to 

drown the nasal mucous membrane. Tissue 

sections have been dewaxed and coloured with 

hematoxylin - Eosin. Treated and untreated 

tissue slides were observed using an optical 

microscope to assess mucosal lesions18. 

 

Assessment of in vitro Cytotoxicity 
The cytototxic effect of the OCS-NSLs was 

assessed on U87MG human glioblastoma cell 

line and the response was compared against the 

equivalent free CS suspension for the MTT 

test..The cell line which is tested was cultured 

inside a CO2 incubator at 37 0C in a medium 

called Dulbecco’s modified eagle’s medium 

contained 10% fetal bovine in a 96 well culture 

plate . The cells treated with diverging 

concentrations of OCS-NSLs, free drug 

suspension and blank NSLs after reaching the 

necessitate density of cells in the plates (~5000 

cells per well). .Among them, some wells were 

treated as a negative control treated with culture 

medium.   . The media from each well was 

discarded and approximately 100 µl of MTT 

solution (1 mg/ml) was added to each well after 

48 hrs and incubated in incubator for other 4 hrs.  

Discard MTT solution from the each well and 

add dimethyl sulfoxide (100 µl).  The addition 

of dimethyl sulfide resulted in the solubilization 

of formazan crystals to produce a purple color. 

The color intensity depends on the number of 

viable cells after processing in the well. The 

optical density was measured at 560 nm by 

micro plate reader (Bio-Red model 680)19. The 

percent viability of the tested formulation and 

the free suspension of the drug were assessed 

using the following formula. 

 
% 𝑪𝒆𝒍𝒍 𝒗𝒊𝒂𝒃𝒊𝒍𝒊𝒕 = 

   
𝑶𝒑𝒕𝒊𝒄𝒂𝒍 𝒅𝒆𝒏𝒔𝒊𝒕𝒚 𝒐𝒇 𝒕𝒉𝒆 𝒔𝒂𝒎𝒑𝒍𝒆 𝒂𝒕 𝟓𝟔𝟎𝒏𝒎 𝒐𝒇 𝒕𝒓𝒆𝒂𝒕𝒆𝒅 𝒄𝒆𝒍𝒍𝒔

𝑶𝒑𝒕𝒊𝒄𝒂𝒍 𝒅𝒆𝒏𝒔𝒊𝒕𝒚 𝒐𝒇 𝒕𝒉𝒆 𝒔𝒂𝒎𝒑𝒍𝒆 𝒂𝒕 𝟓𝟔𝟎𝒏𝒎 𝒐𝒇 𝒕𝒓𝒆𝒂𝒕𝒆𝒅 𝒄𝒆𝒍𝒍𝒔
     

                                                                           × 𝟏𝟎𝟎  

 

Animals 
Male Wistar rats from 200 to 250 g were 

used in the pharmacokinetic studies. They were 

bought from NCLAS, Hyderabad. The animals 

were held in polypropylene cages at standard 

ambient temperature, in a relative humid 

environment of 55% with a normal day and night 

cycle. The study was approved by the 

Institutional Animal Ethical Committee, IAEC 

No: CBRLC/IAEC/01/01-2021. Prior to the 

experiments, animals have been fed with 

required quantity of drinking water. They were 

kept in this environment for 21 days prior to the 

study20.  

 

In Vivo Pharmacokinetic Study 
All animals were accommodated at 20 ºC - 

24 ºC and fasting overnight. Total Animals have 

been divided in 3 groups: Group 1 - Control, 

Group 2 - drug suspension (CS) Intranasal (I.N), 

Group 3 - I.N OCS-NSLs treated group. Drug 

suspension was fixed, and OCS-NSLs 

suspensions were administered, 20 µL in each 

nostril which was set up to be containing CS 

equivalent to 0.81 mg/kg. Blood samples were 

collected from a retro-orbital plexus of rat 

containing anticoagulants and centrifuged. The 

important PK parameters, i.e. Cmax (ng/ml), Tmax 

(h), AUC 0-24 (ng.h/L), AUC0-infi (ng.h/L), Kel  
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(h-1), t ½ (h) were determined by using 

ThermoKinetica (ver. 5.0; Thermo Fischer 

scientific)21. 

 

Statistical analysis 

Data for various endpoints were 

statistically evaluated using variance analysis 

(ANOVA) followed by Tukey tests, and average 

values were considered for the respective 

endpoints. All the values were expressed as 

mean ± SEM (n= 6) 

 

Stability Study 

To investigate physical stability, OCS-

NSLs were store up for 3 months at ambient 

temperature and conditions at 25 ± 2˚C/60% RH 

and 40 ± 2˚C /75% RH. Samples were collected 

at specified time intervals of 0, 1 and 3 months 

and analyzed to determine the change in 

percentage of EE, drug content, physical 

properties and particle size22&23. 

 

RESULTS AND DISCUSSION 

 

As part of this study, various formulations 

given in design containing CS were prepared. 

The optimum formulation of nano sized 

liposomes (OCS-NSL) was selected based on 

the criteria of attaining the required value 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 (25 mg), and Sonication 

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

demands. The 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%developed by 

expert design software, suggesting that the 

optimized formulation was efficient and reliable. 

This formulation was successful in permitting 

the permeation of CS through nasal route. 

 

Nasal Mucosal Permeation / Retention Study 
Ex vivo permeation studies of the dug 

solution and OCS-NSLs have been tested in the 

nasal mucous membrane and the corresponding 

drug permeation through the mucous membrane 

is shown in Figure 1. Flux for OCS-NSL was 

found to be 240.43 ± 1.76 μg/cm2/h. This flow is 

caused by the barrier properties of the nasal 

mucosa and lipid matrix (membrane limiting the 

rate of permeation). Subsequently, the nasal 

mucosa has no lipid digestive enzymes so OCS-

NSL will not be destroyed and remains to protect 

the drug from degradation. By adjusting the data 

in kinetic models, r2 values were compared and 

a good correlation was conflated in the zero-

order kinetics which represents that rate of drug 

release was independent on concentration24& 25. 
 

 

Fig. 1: Ex-vivo drug Diffusion Release Studies of OCS-NSL in Phosphate buffer Saline (pH 6.8) Values 

were expressed as mean ± SD, n=3
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Nasal Histopathology 
The anterior cross-section of the nasal 

chamber after instillation of OCS-NSL was used 

for the examination. The testresults are 

reproduced in the Figure 2 and the results shows 

that after IN administration of OCS-NSL for 15 

consecutive days, there are no sign of 

histopathological lesions was observed and 

compared the nasal mucosa with control group 

for clinical investigation shown in Figure 2. 

Formulated loaded OCS-NSL does not exhibit 

any toxicity indicators like fibrosis and 

inflammation. Hence, OCS-NSL is safer for 

nasal route administration26& 27. 

 

Assessment of in vitro Cytotoxicity 

The percent cell viability versus dose (nM) 

graph (Figure 3) shows that as the concentration 

of CS formulation increased, the rate of cell 

mortality increased.Cell death mediated by 

OCS-NSL was observed to be greater than cells 

treated with free solution and Control, 

respectively. The value of the maximum half-

inhibitor concentration (IC50) of OCS-NSL 

decreased considerably compared to the others. 

IC50 values of CS from OCS-NSLs was found 

at 105.26 ± 2.8nM, which is significantly very 

less in comparison to free-CS (IC50 value, 

233.64 ± 2.1 nM) and control (IC50 value, 

757.575± 1.3 nM) (Figure 3). It was clear that at 

equivalent concentration, there is high death rate 

for cells treated with OCS-NSLs as that of free 

suspension. The data showed a clear 

improvement in the antitumour effectiveness of 

the tested formulation compared to the free drug. 

A higher cytotoxicity of the optimized U87MG 

cell formulation is very important as it would 

promote future in vivo applications. 
 

 

Fig. 2: Invivo nasal toxicity Studies - Histopathological section: (A) Normal nasal mucosa; (B) OCS-

NSL (Images were recorded at a magnification of 100X) 
 

 

Fig. 3: Comparison of U87MG cell viability (%) upon treatment with optimized formulation (OCS-

NSLs), free drug, and blank NSLs. 
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In Vivo Pharmacokinetic Study 
The parameters were calculated using the 

ThermoKinetica (ver. 5.0; Thermo Fischer 

scientific). Various computed pharmacokinetics 

were presented in Table 2. Here we compared 

the distribution of CS intranasally in the brain 

for OCS-NSLs with respect to free CS 

suspension and oral CS suspension during 

administration to rats. Figure 4 shows the level 

of CS with the time profile following 

administration of OCS-NSL and CS suspension. 

T 1/2 (half-life) of the OCS-NSLs 13.60  ± 

0.23hr was found to be superior to CS I.N 

solution 6.34 ±  0.07hr. It has been demonstrated 

that NSLs are more effective at improving the 

bioavailability of CS.28. As shown in Figure 4, 

concentration of drug that reaches after 

intranasal administration was much higher than 

that of oral administration. and the plasma drug 

concentration was much lower which 

demonstrates less drug distribution to other 

organs compared to oral administration, hence 

the peripheral effects of CS are minimized.    

 

Stability Study 
The stability studies of OCS-NSLs at room 

temperature and at accelerated conditions are 

presented in Table 3 which was carried as per 

ICH (Q1A) guidelines. The OCS-NSL was 

evaluated for EE percentage, drug content, 

physical properties and particle size.The 

evaluated OCS-NSLs showed no change in the 

EE%, drug content, physical properties, particle 

size and stability at 25 oC and at 40 oC 

(accelerated conditions).OCS-NSLs were found 

to be stable at 25 0C and 40 oC for 3months29.  

 
Table 2: Pharmacokinetic Parameters for Formulation and Drug Solution in Brain (n = 12) 

S.No. Pharmacokinetic 

Parameter 

Control Drug Solution 

(I.N) 

OCS-NSLs (I.N) 

1 Cmax (ng/ml) 206.62±13.15 198.18±11.52 143.62±11.06 

2 Tmax (h) 6±0.23 4±0.53 6±0.06 

3 AUC0-24 (ng.h/L) 1424.79±3.15 1962.94±2.41 2616.94±1.41 

4 AUC0-infi (ng.h/L) 1616.126±2.42 2165.10±1.74 3784.63±1.15 

5 Kel(h-1) 0.088±0.03 0.10±0.02 0.059±0.0.03 

6 t ½ (h) 6.06±0.01 6.34±0.07 13.60±0.23 
aData show mean ± SD (n=6). *Data were significantly different (p<0.05) where free CS 

drug solution and OCS-NSLs were compared. 
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Fig. 4: Concentration-time curve of CS oral solution, Drug Solution (I.N) and OCS-NSLs (I.N) after 

delivery from various routes
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Table 3: Stability data for various parameters after 3 months 

S.No. Parameters 
Stability Data after 3 months 

25 ± 2˚C/60% RH 40 ± 2˚C /75% RH 

1 EE % 95.13 ± 1.39 94.07 ± 1.24 

2 Drug Content 98.65 ±  2.32 97.98 ± 1.98 

3 Particle size 236 ± 26.54 235 ± 18.35 

4 Physical properties No Change No Change 

Conclusion 

In this study, we successfully designed a 

lipid based nanotransporter for the nasal 

administration of CS.  The QbD approach allows 

us to recognize the critical attributes of materials 

and processes,such as drug to lipid ratio (X1), 

Cholesterol (X2) and Sonication time (X3) in the 

formulations using 3-factor, 3-level Box 

Behnken design. The optimized (OCS-NSL) 

was selected by point prediction method with in 

design space which shown a maximum 

entrapment efficiency (Y1), minimal Particle 

size (Y2) and maximum in vitro drug release 

(Y3). Nasal permeation studies showed a greater 

permeation of the drug NSLs through the nasal 

mucosa because of its minimal particle size and 

improvement of the diffusion surface. Histo-

pathological studies demonstrate that NSL is 

safe for IN administration. In vivo 

pharmacokinetic studies have shown the IN 

pathway to be a potential non-invasive method 

of targeting the brain, of a hydrophilic drug with 

respect to the IV pathway and the loading of the 

drug (CS) into the NLC meets the challenges of 

drug permeation across BBB. In short, current 

research is opening up new possibilities for the 

administration of drugs to the brain via trans-

nasal flow. 
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  نشـرة العـلوم الصيدليــــــة

 جامعة أسيوط
 

 

1
 علوم الصيدلانية ، جامعة جواهر لال نهرو التكنولوجية ، أنانتابور ، أندرا براديش ، الهندقسم ال

2
 قسم الصيدلانيات ، معهد راتنام للصيدلة ، نيلور ، أندرا براديش ، الهند

3
  قسم الكيمياء ، جامعة جواهر لال نهرو التكنولوجية ، أنانتابور ، أندرا براديش ، الهند

 (CS). Box Behnken  

QbD) (X1)  (X2) 

(X3) (Y1) 

(Y2)  .Y3 

(NSL-OCS) 

NSLsNSLs
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